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State of the Art of Ultrasonic Surface Rolling Technology and
Its Combination Technology

TAO Guan-yu, LUO Xiao-shuang, SUN Qing-yun, DUAN Hai-tao

(Wuhan Research Institute of Materials Protection Co., Ltd., Wuhan 430030, China)

ABSTRACT: Metal materials, known as "industrial skeleton", are widely used in communication, electronics,
transportation, medical, and other fields because of their good physical, chemical, and mechanical properties. However,
corrosion, abrasion, fatigue, and other failure modes generally occur on the metal surface, which greatly limits the service
life and effect of the material. As a new and environment-friendly surface strengthening technology, the ultrasonic surface
rolling process (USRP) has become a research focus because of its great application potential in the field of material
surface protection. The work aims to introduce the protection status of USRP in the field of wear, fatigue, and corrosion in
China and internationally, and discuss the mechanism of USRP on the surface protection of metal materials.

However, with the development of modern science and technology, higher requirements are put forward for the

surface properties of materials or parts. To a certain extent, the single USRP can not meet the high-performance
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requirements of equipment for parts. The existing problems of USRP technology are summarized. For example, when the
plastic deformation degree of the surface strengthening layer reaches a certain limit, it is not only difficult to further
improve the performance but also easy to lead to surface defects such as wrinkling and cracking, which will affect the
service performance of the material. In addition, the strengthening effect of USRP is often subject to the processing
material. For example, due to the high hardness of high-strength alloy, it is difficult to form a deep strengthening layer on
the surface through USRP processing, so the expected effect can not be achieved. Therefore, based on the existing USRP,
the combined USRP surface strengthening treatment technology is formed by combining other surface strengthening
processes to solve the limitations and technical barriers of a single technology.

According to the time sequence of the combined process, USRP was applied to the front end, back end and
synchronous processing of the combined process. The front-end combination was to pretreat the material surface through
USRP to improve the processing efficiency and processing performance of subsequent processes, mainly including USRP
combined Plasma Infiltration technology, USRP combined Micro-arc Oxidation technology, USRP combined Physical
Vapor Deposition technology, etc. In addition, in the process of part processing and manufacturing, some processing
technologies inevitably affected the surface quality of the workpiece to a certain extent. At this time, the technical
advantage that USRP could greatly improve the surface integrity of materials was used as the back-end process of
combined process, to enhance the overall performance of parts. The back-end combination process mainly includes Heat
Treatment combined USRP technology, Laser Shock combined USRP technology, Laser Cladding combined USRP
technology, Laser Selective Melting combined USRP technology, etc. In the development process of the USRP combined
process, researchers have also successively developed synchronous composite process. USRP technology is combined
with electric pulse and temperature field to strengthen the material surface, to improve the material surface properties.

Under appropriate process conditions, USRP can effectively improve the surface quality of metal materials. Scholars have
researched the protection against typical failures such as wear, fatigue, and corrosion, and achieved some results. However, the
theory of USRP energy conversion is not clear. The relationship between the transformation of USRP from mechanical energy
and ultrasonic energy into the energy required for material deformation is not clear, and the relevant theoretical support is blank,
which is also one of the main factors limiting the development and performance improvement of the USRP process. Secondly,
the combined USRP process provides a good technical way for improving the service performance of engineering materials and
equipment and shows a good application prospect. However, the matching degree between the combined processes still needs to
be improved, and the mechanism of material processability needs to be further discussed.

KEY WORDS: metal protection; ultrasonic rolling; surface combination process; carbon neutralization
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a RESEMIES

7 USRP/MAO 5 MAO iz 31 SEM JESH . fLER A5
Fig.7 (a) SEM morphology and (b) porosity analysis of USRP+MAO and MAO films®%
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PVD coating
deposition

[57]

23 RimAE
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iF, AT USRP i TR DA ol 35 0 ) 35 1 52 4%
PERIE AR S, B HAE ML E T2/ R TR, Ll
B R TR R R IR P RE

Li P SR M ARG & IERE (HIP) T.Z
il T Ti6AlAV & &M, b5 76 5123 ot i 47
AL o ] USRP ARG H g mb 1w fe, It
TERE T hiAh P RE FE 57 HERE AU IE , S5 WK 3. H
3 AR, FERLARPERE T, 7 A5 A AR S
FHEE T 3.6%F1 3%, THFRY D R F 50 Il FEAIR
T 30.9%F1 13.1%. JE55VEREDT T, BHRME = S8 55
Wb, JF 55 3R BE M 530 MPa 4275 % 570 MPa., X 3
BG4 THACBEA USRP AR B4 &40 1 4
R 2 S0 B, JEK T RN ) T B9 57
fire B4 BEPO bl iR L S USRP HARMIS,
G, RIZAA T 207 AR BT 22 19 db ks o — 25
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FHAE B2 AR 22 52, JF b T R 2R Ab i By ) 4
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Ti6Al4V &4 NI x %, B E T2, 718
T HA FAEMERE R HOEE XL SLMORUEEL & 4,
B R USRP AR Jig Ab 38 T 200 b4 R SR 1A

2 T AL, 255K, HE—%) SLM b3k
i, SLM-USRP 214 T 2 AL B AT AT O R AL ) )
FTE RS R, RS R AR AR RN ), HRZ B R
AN T AEA, s v At R T, tksh, Fu ZELN
T EERLK SR IL (AWIP) ZH4 USRP AR, 4
7% T AWJP-USRP /il T-%F 40CrNiMo 42 fif 52 B P 1l
PO S5 PERE U R AL . 25 SR LM, SR &R
YO T2 T M AL 3 2 A B RE R AP RS RE 4544, HL
H TR RRE BE R A, B RER i, N2 4L 480 B Ak
I A EE B TR A A A R B 9 5 PR R i B R .
A, Ye SFEOUE B E AR Cr-Ni &M AE
EAE 1045 KT, SRF5RH USRP HARME N f5 4L 3
TZ, e HRERE . 45 R E1W, #MO6HE -USRP
A T LT LUAT S D 5 — SO0 78 AR A B A )
() T 0 de 22 B () AL, BB T AR oA bERE . X
A 55 T4 USRP BTG AW E T2, vl
F B ATOR o 21T O RELRE B2, O L SR 2 TE U /N it
W, DT HGSE TR Ak B 2 T b SRl B8, o403 T R T bT
ZaPERE, VEFPLERANIE 9 BN

25 BRTIR, USRP M TAENAA T 205 vk B ()
JRRUNT ¢ 2l 2l A T 2000 T XA ek 2 1 s Al i) S
R, ISR RLRE RGO B AE; SR m AR
) J08 R REE B, A R BE R S5 4, 5 AR RN J7
TR R B PE REAS B4 T .

*®3 BEFRELEAEHERONEERSESER

Tab.3 Tensile and fatigue properties of samples before and after ultrasonic rolling

[58]

Sample Tensile Yield Rate of reduction Eloneation/% High-cycle

P strength/MPa strength/MPa in area/% & 0 stress/MPa
Heat-treated 1 005 921 43.8 16.5 530
USRP+Heat-treated 1 042 949 12.9 34 570
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