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Table 2 Orthogonal experimental result

S i1 /N FRIE /pm WRIRIEY RWHLEEE /um  RIEARNS) /MPa BRI /um o Bl /)
1 400 3 1 0.13 —513.9 130 13.3
2 400 5 2 0.07 —509.3 110 11.7
3 400 7 3 0.13 —512.0 190 16.3
4 800 3 2 0.10 —523.2 190 12.0
5 800 5 3 0.06 —556.4 150 14.7
6 800 7 1 0.08 —557.2 270 10.3
7 1200 3 3 0.09 —549.5 270 12.7
8 1200 5 1 0.09 —521.0 350 10.7
9 1200 7 2 0.16 —570.7 230 13.7
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Fig.1 Variation trend diagram of surface roughness (a), hardened layer depth (b), surface residual stress (c) and

impact absorption energy (d) of sample with process parameters
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Table 3 Variance analysis of performance

Eiztan ViE-%.3 T 25 I Al SR ¥y F b
S 0.002 064 2 0.001 032
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Fig. 2 Residual stress (a) and microhardness distribution (b) along layer depth of samples after

ultrasonic rolling with different process parameters
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Fig. 3 Microstructure of samples after ultrasonic rolling with different process parameters
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Table 4 Linear combination coefficient and weight results
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Fig.4 Grey correlation response diagram

32

JET.Z:BBONEES1400 N, JRIE 7 pm, EIEIEIK 3,
WM o R R 0 DB B e K, D2 T S A P R o
RERLLT

3 & i

(1) Bl 7 L RIESE T, 45 810 0 2 1A
REJEI R, IR T UGN BERS ST L IR E | 7R
FE YR, 38 £ 2 11 SR A TR I W AT 4R Bl
i S IRIEE N, BEALZ RS R, B R Tl
I, BE AR J= TR B el N E M . Bl i ) A
SRUEHE N, ol WS et NE IR, BV e TE
I, AR

(2) XF R HDHLRE BE | R HIFR AN ) | BE AL R IR
Aol WS B R A PR 2R 0 B A IR W T
it S IR HIE R

(3) FRe Al AR Ik T 2 S BON## I J7 400 N, 4k
7 pm, JRE 3T, M ARHEURE I (8 SCHR JE Fr o, i
SEREMERT b PERERLS

S

(1] XIS, B . SN ™ & B se AR K s At rp
I SR L )t [T ] S bt 2021, 41(1): 11-22.



YL EHH

MATERIALS FOR MECHANICAL ENGINEERING

[10]

§MFREILAHTASAT ZERS P EREGHT R

LIU M T, TANG T G. Key physical problems in
the expanding fracture of explosively driven metallic
shells[J]. Explosion and Shock Waves, 2021, 41(1):
11-22.

AR, ZRBE R, oRAHAR . 45 Y RE FAAE Y b o R K
WrRHLBRAIESE [T ], k5 iy, 2014, 34(3): 322-327.
YE X P,LI Y L,ZHANG Z G. Mechanism of
expanding fracture of 45 steel cylinder shells driven by
modified SHPB[J ] . Explosion and Shock Waves, 2014,
34(3): 322-327.

MR, vin R, iR, 5 RIS RERBEES
SEALXT LU RTINS RILT |, TRy 784 , 2022, 39(5):
16-25.

WEI Q,JIA Y F, YANG X F, et al. Effects of
ultrasonic surface rolling process and combined oxygen
boost diffusion treatment on fracture toughness of pure
titanium[J ] . Pressure Vessel Technology, 2022, 39(5):
16-25.

EERI A PR ORI THARWITE (D] WL AR
JeRE#, 2015.

WANG X G. Research on ultrasonic rolling finishing
technology[ D ] . Shenyang: Northeastern University,
2015.

FEVEVE, Abki, B, 45 R IR RO AL A
MEFEBAR [T ] SRR, 2021, 50(2): 160-169.
TANG Y Y, LIL B, WANG C, et al. Research status
of USRP nanocrystallization technology[J]. Surface
Technology, 2021, 50(2): 160-169.

ZHANG K M, LIU Y X, LIU S, et al. Coordinated
bilateral ultrasonic surface rolling process on aero-
engine blades[J ]. The International Journal of Advanced
Manufacturing Technology, 2019, 105(10): 4415-4428.
ZHANG QL, HUZQ, SUW W, et al. Microstructure
and surface properties of 17-4PH stainless steel by
ultrasonic  surface rolling technology[J]. Surface and
Coatings Technology, 2017, 321: 64-73.

YE H, SUNX, LIU Y, et al. Effect of ultrasonic surface
rolling process on mechanical properties and corrosion
resistance of AZ31B Mg alloy[J]. Surface and Coatings
Technology, 2019, 372: 288-298.

WANG Z, XIAO Z Y, HUANG C S, et al. Influence
of ultrasonic surface rolling on microstructure and wear
behavior of selective laser melted Ti-6Al-4V alloy[J].
Materials, 2017, 10(10): 1203.

REN K, YUE W, ZHANG H Y. Surface modification
of Ti6Al4V based on ultrasonic surface rolling
processing and plasma nitriding for enhanced bone

regeneration[J ] . Surface and Coatings Technology,

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

2018, 349: 602-610.
ZHANG Y L,LAI F Q,QU S G, et al. Effect
of ultrasonic surface rolling on microstructure and
rolling contact fatigue behavior of 17Cr2NiZMoVNb
steel[ J]. Surface and Coatings Technology, 2019, 366:
321-330.

LI L, KIM M, LEE S, et al. Influence of multiple
ultrasonic impact treatments on surface roughness and
wear performance of SUS301 steel[J]. Surface and
Coatings Technology, 2016, 307: 517-524.

Bhal Je, E AR, SREALET, A5 R AR R T IR T AL X
AZ3IBBES BAIGURITERE R M [J] . R A, 2022,
51(1): 368-375.

GENG J L, YAN Z F, ZHANG H X, et al. Effect
of ultrasonic surface rolling treatment on the structure
and properties of AZ31B magnesium alloy[J]. Surface
Technology, 2022, 51(1): 368-375.

MR, TR, 4R 54K, 45 . B TR AL B 7B85 &
SRS R T ] A O REL A S TR,
2021, 12(6): 80-87.

CHENW Q, XUGM, CUIZY, et al. Microstructure
and mechanical properties of 7B85 alloy ultrasonic rolling
treated 7B85 alloy[J]. Nonferrous Metals Science and
Engineering, 2021, 12(6): 80-87.

Jo B, SRR, BRI e, AF R A SR R RN XS
20CrMoH 4 JEE f5% JB 464 1 BE A9 2 Wi [T]. 3% 1 £k,
2022, 51(2): 211-222.

QU S G, WU Z B, ZHANG Y L, et al. Effect of
ultrasonic surface rolling on friction and wear properties
of 20CrMoH steel[J]. Surface Technology, 2022,51(2):
211-222.

TR, BB A 2 TR TR AL X A5 B BE 45 A M R
AR BALEE [T ], MUK TRERRE, 2017, 41(8): 44-48.
ZHANG F,ZHAO Y C.

surface rolling processing on tribological performance of

Influence of ultrasonic

45 steel and its mechanism[J ]. Materials for Mechanical
Engineering, 2017, 41(8): 44-48.

DANG J Q, AN Q L, LIAN G H, et al. Surface
modification and its effect on the tensile and fatigue
properties of 300M steel subjected to ultrasonic surface
rolling process[J]. Surface and Coatings Technology,
2021, 422:127566.

WANG P C, PAN Y Z, LIU Y J, et al. Research on
surface properties of Ti-6Al-4V alloy by multi-ultrasonic
rolling[J ] . Proceedings of the Institution of Mechanical
Engineers, Part C: Journal of Mechanical Engineering
Science, 2021, 235(21): 5594-5602.

DANG J Q, ZHANG H, AN Q L, et al. Surface

33



YL EHH

MATERIALS FOR MECHANICAL ENGINEERING

WOR,E. R BERELLAKSTASRE S 2 S A6 Y a

integrity and wear behavior of 300M steel subjected Ultrasonic surface rolling strengthening and its parameter
to ultrasonic surface rolling process[J]. Surface and optimization on bearing raceway[J]. Materials and
Coatings Technology, 2021, 421: 127380. Design, 2023, 232: 112156.

[20] CHENG Y J, WANG Y S, WANG Z J, et al.

34

Effect of Ultrasonic Rolling Process Parameters on Surface Integrity and
Impact Performance of 45 Steel

JIA Qi, DU Dongxing, KONG Jinxing, LIU Silai, PENG Zhaobo, YANG Quanwei
(Institute of Machinery Manufacturing Technology, China Academy of Engineering Physics, Mianyang 621999, China)

Abstract: Ultrasonic rolling orthogonal tests were designed with static pressure (400, 800, 1 200 N), amplitude
(3,5, 7um), rolling pass (1, 2, 3) as variables, surface roughness, residual stress, microhardness and impact absorption
work as response. The effect of ultrasonic rolling parameters on the surface integrity and impact properties of 45 steel
was studied. The results show that with the increase of static pressure and amplitude, the surface roughness of the
sample increased, and the effect of rolling pass was small. With the increase of static pressure, amplitude and rolling
pass, the surface residual compressive stress of the sample increased slightly. The depth of hardened layer increased with
the increase of static pressure and amplitude, and first decreased and then increased with the increase of rolling pass.
The impact absorption work first decreased and then increased with the increase of static pressure and amplitude, and
increased with the increase of rolling pass. The most influential factors of surface roughness, surface residual stress,
hardened layer depth and impact absorption work were amplitude, static pressure, static pressure and rolling pass,
respectively. The optimum ultrasonic rolling parameters were as follows: static pressure of 400 N, amplitude of 7 pm,
rolling pass of 3. Under the eptimal parameters, the gray correlation degree of the sample was the largest, and the surface
integrity and impact performance were good.

Key words: ultrasonic surface rolling process; surface integrity; impact fracture; residual stress





