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Figure 1 Schematic of the UNSM process
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Table 1 Factors and levels

K #EJi/MPa  [EEE/mm 3 #EE/(mmemin™")

1 0.1 0. 05 1 500
2 0.2 0.1 2 000
3 0.3 0.15 2 500
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Figure 2 3D topography of sample No. 7
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Figure 3 The indentation image of cross-sectional

microhardness with depth of sample No. 7

1.3 HIESHAE

% T AR J3E (LR SR 0 T2 R JRE K, b e Y i
7 72 5 % TR B2 R0 BRI | 1 7 46 P R BOBU N 41
LA 2 55 S0 ME 7 A, T 48 i R S5 PERE . N
TG MR AL UNSM HOR 9 25 5 5 AL ROR R
ZARAR 2N NPT 23 X R 1) 26 T A | 3 T KL R
FEE RORE Al 22 TR B AT DAL i R i Bk B
PRANE X T4 W45 b 09 e AL 45 21, I 10 9 5 e 22
SERE 1 73 5 H A IRE 2 TR AR 19 70 580, AR 408 47
LA B AR SCIN 3% T RE B | 3 TS B2 A
BP0 2 TR 52 Xk b e 25 P B 1 52 o A B A Y, 3
TR ARALE AR R 1, R PRy A X 30 = 3%
TSR 2 53 L+ 2% 1R J3E i+ B 4 S22 TR 70 (L

2 GBRE5SH

MG 6 I 5 45 RO AR L 3R O 1 AT
M, v AT B IE A2 IR 25 2R AT a2 R . E
(N SN L B TR W i VTR g SR A VTR
MI7 220 Mk o W B ik nl LIRS I8 T 22



28 SN s o | S G )

2020 4

B B AR AL A, M 3E U7 25 A AR R AT B M
B, AT DL BE ™ THORS i b 75 30 45 1K 95 R R X 45 2R 1
SRR NI, R T MR M I 56 Y R AT
3 HT R W 0 A1 i R A% UNSM F7 R b 3 4% 4
G TESENEREAS R 2050k nir
A DR 2T 2 THI RS R | 3R THIREDRS B2 A Ak )2 R R 1)
SRR, R D) A 2) i e T
12N T7 2250 85 RN R 3~6 iR
MS, SS/f,
Fi= s, “ssr

(1)

" 2
o, (3
ssjzjglg— j=1,2,3, (2)

’
n

b F o375 s MS; O 1 35 8 22 °F O A
MS, D9V ¥R 22 8 227 J5 M5 SS; N B R 1
B2 07 RS f, R A IR A i SS, iR
ZERE R TT RS, MR ZE e B9 A W 5 IR
Bosn RiX B BB m KB K, 4 R
B A KT R 0 3K 56 25 R 22 xSk B ALK B
45 R 1E .

®2 UNSMABEMEXRKEER
Table 2 Orthogonal test results after UNSM treatments

g T/ i8] ./ % gl B/ Eiagld Bl fififk )2 WA

- MPa mm (mm-min") BE/HV s R/ um R/ um
1 0.1 0.05 1 500 86. 1 0.337 250 18.5
2 0.1 0.10 2 000 85.7 0. 495 200 7.4
3 0.1 0.15 2 500 83.3 0.522 200 4.6
4 0.2 0.05 2 000 90. 6 0.535 250 13.7
5 0.2 0.10 2 500 89.3 0.368 250 19.5
6 0.2 0.15 1 500 92.3 0.474 250 17.3
7 0.3 0.05 2 500 95.0 0.417 300 26.0
8 0.3 0.10 1 500 95.3 0.563 300 20. 4
9 0.3 0.15 2 000 96. 1 0.505 300 23.3
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Table 3 Variance analysis results of surface hardness
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Table 4 Variance analysis results of surface roughness
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IE S 0. 003 2 0. 002 0. 107
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BEEE  0.009 2 0. 005 0.321
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Figure 4 Cross-sectional microhardness of LA106
Mg-Li alloy with depth after UNSM treatments
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Table 5 Variance analysis results of depth of

hardening layer

R SS f MS F
#ES 10 555.56 2 5277.78 19
[&] B 555.56 2 277.78 1

% 5 555. 56 2 277.78 1
W2 e 555. 56 2 — —

24

NN\

01 02 03 005 010 0.15 1500 2000 2500
## k. J1/MPa ¥E/mm  #30%E/(mm/min)

BS5 REENEABUBRE
Figure 5 Comprehensive enhancement effect plot of
UNSM of every factors
R6 GABUHRNAEZESNER
Table 6 Variance analysis results of comprehensive

enhancement effect
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Strengthening Research of Mg-Li Alloy Based on Ultrasonic Nanocrystal
Surface Modification

ZOU Yun'?, WANG Qilong"?, LI Yang', LU Zhengtong"?, LIU Shuhao'*, ZHANG Yinxia'’

(1.School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China; 2.Henan Province Engi-
neering Laboratory of Anti-Fatigue Manufacturing Technology, Zhengzhou University, Zhengzhou 450001, China)

Abstract: To obtain the influence of process parameters (static pressure, scanning speed and feed) of ultra-
sonic nanocrystal surface modification (UNSM) technology on the surface performance indexes ( microhard-
ness, surface roughness and depth of hardening layer) of LA106 magnesium-lithium ( Mg-Li) alloy, the
microhardness tester and the three-dimensional surface topography measurement system were utilized to test the
microhardness and surface roughness of LA106 Mg-Li alloy after UNSM treatments. Combined with the saliency
method, the orthogonal experimental results were analyzed, and the multi-objective optimization design method
was used to study the comprehensive enhancement effect under the different UNSM process parameters. The
results showed that the order of UNSM process on the comprehensive enhancement effect of LA106 Mg-Li alloy
was as follows: static pressure, feed, and scanning speed. After multi-objective optimization design, the
optimal combination of UNSM process parameters of LLA106 Mg-Li alloy was obtained through intuitive
analysis; static pressure of 0.3 MPa, scanning speed of 1 500 mm/min and feed of 0. 05 mm. Therefore, the
effect of static pressure should be mainly considered when UNSM technology was utilized to strengthen LA106
Mg-Li alloy.

Key words: ultrasonic nanocrystal surface modification technology; Mg-Li alloy; orthogonal experiment;

multi-objective optimization design



