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Research Progress of Metal Surface Mechanical Treatment Technology

ZHANG Zi-peng, SONG Xu, LI Xiao-qiang, HAN Kai, GUO Gui-giang, LI Yong, LI Dong-sheng

(School of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China)

ABSTRACT: This paper introduces the metal surface mechanical treatment technology, including surface mechanical press-in
gradient deformation, surface grinding gradient deformation, surface rolling gradient deformation and surface combined gradient
deformation processes. Various specific process methods and the metal microstructure characteristics and property changes are
summarized, and finally the development trend of metal surface mechanical treatment technology is prospected. The future de-
velopment of this technology should be oriented toward large-scale, industrial production applications, further research on the
mechanism of metal grain refinement under the joint action of multiple factors, and realize the efficient preparation of nanoma-
terials with large size and controllable internal microstructure.
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Tab.1 Surface mechanical press-in gradient defor mation process parameters and structural characteristics

/

/Hz /um . /nm
/mm /min 1%
RASP 3 30 85 1 X. Wang!”!
SMAT 8 50 30 10 1 K. Wang!!"
SMAT 8 50 60 370 9 SinaShahrezaei!!
SMAT 10 50 120 TC4 10 5 Quantong Yaol'?
USSP 3 20 000 20 20 SMA490BW 50 Bo-li He!'?!
. L TR 25 TR 5 A8 A T R R A 2
Surface SMGT 14
mechnical grinding treatment SMGT
77 K
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Tab.2 SMGT process parameters
/pm /(r'minfl) /(mm~s71) /mm
SMGT 40 6 600 3 6 w. L. Lil*¥
SMGT 40 6 600 3 6 T. H. Fang!"!
SMGT 30 8 300 6 6 X. C. Liu ¥
SMGT 60 3000 0.1 1 Pingwei Xu !'”}
SMGT 30 7 360 10 8 P. F. Wang!'®
SMGT 30 4 300 6 8 w. Xul'”!
SMGT 40 6 600 3 6 X. Zhou®”
SMGT 40 6 600 10 6 J. I. Wang?!
#*3 SMGTAEREENREELEHESR
Tab.3 Structural characteristics of metal nano-gradient after SMGT treatment
/nm 1% /%
SMGT 22 2 W. L. Li"'¥
SMGT 20 1 12 T. H. Fang!'™
SMGT 11 0.8 10 X. C. Liut?"
SMGT 11 0.8 25 X. C. Liut®
SMGT Al12024 31 0.04 2.2 Pingwei Xul'”
SMGT 42 X. Zhou!*"!

SMGT 43 0.8 11.7 J. 1. Wang?!
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/KN / MPa / , , / : . / /
pm min (r'min ) (mm-s ) /mm
SMRT 40 9 60 0.3 8 Hfén‘;’m]
SMRT 15 4 450 540 8 S. L. Xiet™
SMRT 40 5 316 10 8 P. F. Wang!*”!
HPSR 104 30 2 8 Liu. M
DR 20 30 2 8 Q.Y. He™®!
DR 20 50~200 132 0.15 30]
DR 20 5~20 132 0.15 Xiao LiP*"
FMRR 4 30 1600 26]
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Tab.5 Structural characteristics of the material after surfacerolling type gradient deformation
/nm /%
SMRT 316L 30 H. W. Huang!*}
SMRT Ti-Nb IF 80 S. L. Xiel*
SMRT 316L SS 40 P. F. Wang!®!
HPSR TC4 20 Liu. M}
DR 110 33 Q. Y. He!®!
DR 250 (301
DR Xiao Lil*!
FMRR 45" 100 0.2 (261
FMRR 50 4 Yaping Wang*?!
PR 5~16 3 (271
UIRT T. H. Fang!"®’  SMAT
55 nm 310 pm 7% 10 SMAT
2 15%
. LE
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Tab.6 Hardness values obtained after mechanical treatment of different processes and material surfaces

(HV)

RASP 144 1.6 X. Wang!”
SMAT 124 1.3 SinaShahrezaeit'!)
SMAT 189 1.9 W.L.Lil"
HPSR 123 2.3 Q. Y. Hel?™

PR 130 1.2 27
SMGT 576 4.6 X. C. Liut

DR 200 1.7 130]

DR 220 1.9 Xiao Lil!
SMRT IF 252 2.8 S. L. Xiet*™
SMGT IF 282 3.1 P. F. Wang!'®
USSP 7225 305 4.2 A. Karimi®*¥
SMRT 316L SS 495 35 P. F. Wang!®”!
FMRR 45" 280 1.8 26]
SMRT 316L 495 3 H. W. Huang'®
HESP TC4 550 1.6 Quantong Yaol'™
HPSR TC4 490 1.3 M. Liu®¥
UIRT TC11 519 1.7 Xiaohui Zhaol**!
SMAT Fe 342 2 K. Lu®
FMRR 280 1.8 Yaping Wang?

SMGT Al2024 260 1.6 Pingwei Xul*”
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