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Fig.1 Schematic illustration of the SMAT technique
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2024-T3 FA-EG 4 R0 HLAR o R 3t A Rs o, , R0 0 FH T2 i R k. % 1 25 T AP R
HE FER . L5 2024-T3 45 7 AR 439 0.3 mm .GLARE MR 9 E & 04 kHZ 2
L) 3 B AT AE PR AR A i b A, LR R EE R 0.155 mm JHARFRBREE R 1 900 MPa, 54
WA 54 GPa.

R 2024-T3 WA SR E ERMS (RESE(%))
Tablel  Other compositions of 2024-T3 ( weight ratio (%))

Si Fe Cu Mn Mg Cr Zn Ti
6061-T6 0.4~0.8 <0.7 0.15~0.4 <0.15 0.8~1.2 0.04~0.35 <0.25 <0.15
2024-T3 0.5 0.5 3.8~4.9 0.3~0.9 1.2~1.8 0.10 0.25 0.15

1.2 FHEAEHREIT SMAT &I K GLARE g $l &
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anodization
* cuting the
fibre prepreg
paint gluing
layup
heat pressing
2 FPERRYE LA S A A AL TR (B LR 10 V) B 3 GLARE ZE4Riil# T4
Fig.2 Alkali wash, deoxidization and anodization( DC 10 V) Fig.3 Fabrication process of GLARE

®2 WMEEHRALLHP R

Table 2 The steps of anodizing treatment on aluminium alloy

step reagent condition
1 cleaning acetone wiping
2 alkali wash NaOH: 25~30 g/L; Na,CO5: 25~30 g/L 50~60 °C; 0.5~1 min
3 rinse clean water 2~5 min
4 deoxidization HNO; : 300~500 g/L room temp; 2~5 min
S rinse clean water 2~5 min

temp: 25+5 °C, DC: 10+1 V,

6 anodization H;PO,: 120~140 g/L
time; 201 min
7 rinse water 5 min
8 weting - 60 °C; 15 min

- i .
0°S2-glass / epoxy (0.155 hlm) ‘ [ 100 mm |
0°S2-glass / 0.155mm
glass /epoxy ( ) 20 mm ‘ 20 mm:
0.9 mm 1.9 mm
3 v

4 GLARE 2 2/1 #R g A B5 fff iS5 B A
Fig.4 Schematic of the GLARE 2 specimens Fig.5 Illustration of the experimental
in 2/1 configuration set-up for the tensile test
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W 2 FiR SERCT 8 A S B AL AL B 22 )5 | EAT Al 2 AR B9 IN T, 28 T 4w AR 3
R 4 250 T RSP R B, GLARE A RHE B L FH)Z 0.3 mm JE 1 2024-T3 i1 0.155
mm J5 (4 5 2 B B8 2T 24 R 8 i 2 AR LR, L eF Al E O X [ 0000, i IR &2 A AR (i
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Fig.6  Illustration of the tensile test

2 R 58

2.1 SMAT 2 EXT$8 G £ 2 BIRL 4% 68 YR 0

SCHR[ 18] Fh ] LAFE HAE X AT SMAT AbHE S , ZEHE B A1 BRI 60 wm 38 Bl Y A9 ok R
PR A AR R T SRR ST AR 10 nm, SRR ST BEE AR S A4 ) TR B 1 T 2
TAZEPERE N, 72 BE B 2211 60 wm AL, ok RSTIAE] 300 nm &1 7 45 T 0.3 mm JEEfY 2024-T3 47
Bzt SMAT AbFR 5 , A RE 5 A Load A B R HL P REXT He N 7 WT LA Hh &
SMAT &b ¥ B SR 25 (AT AR AR BR R g AR RS A8 A7 A8 5 /NI B2 1 970 | {H & 28 SMAT 4b B
J AT LAAR Bk b 385 A 6 04 etk F 2 7 S ARz g r 388 o2 v Rk 2R 1T RS Ao 1) At A T ER
THREZ T SMAT 2035 N R 3 G b 2 — 28 /N DL R BR AR 7 ), X SR 25 [ AIRE ) 1Y)
FEJEPE SMAT Ab 3 B AR 25 B fk /1N 2024-T3 AN BRBRFE , I HL20dl/ Dbk 2 Je | {H AT LA
BRI JE IR, 7, 7 RS RRRR A 375 T LAARAS I A BRI,
2.2 SMAT fR& £ H1% A GLARE #RIBIHLfH1EEE

KT L4482 MBI PLARBFFE, Volt 251 B T 42 8 B 43 $X (metal volume fraction,
MVF) BHif .

2t

P =, (2)

tlam

X, @, HEBRERDEL, 0, APRBEERELL ;1,7 GLARE JZH ISR P VIRE




LML E ( SMAT) B AR X 3 58 4 4 1055 41 4 8 )2 ( GLARE ) i BE 4 52 1 1111

et R AL
250
[ )
N ﬁﬁﬁ‘fﬁﬁ@@%nggﬁg%ﬁﬁﬁg S
200 4 e alite =i % B
o el djjdjj ® d
& P %8
§ 1504  # ﬁ %0
< i
°
érg 1004
504
o without SMAT
o & # with SMAT
0 5 10 15 20 25

strain ¢ / %
Bl 7 AJC SMAT 3 0.3 mm J5 2024-T3 584 4 B J7 -1 25 1t & %F 1

Fig.7 Stress-strain curves of the specimens (0.3 mm-thick Al-2024) with/without SMAT
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Table 3 The tested tensile properties of the specimens of Al-2024-T3 with/without SMAT and epoxy glass fiber composite

. ultimate stress ultimate strain  elasticity modulus yield stress
specimen
(o /MPa) (/%) (E /GPa) (o, /MPa)
non-SMATed 2024-T3 230.6 18.5 56.4 113.4
SMATed 2024-T3 for 1 min 224.3 16.5 59.1 151.0
epoxy glass fiber composite(0°) 1900 - 54 -
4 GLARE W fikfe £ 224 Mt
Table 4 The theoretical tensile properties of GLARE
ultimate stress elasticity modulus yield stress
specimen
o /MPa E /GPa o, /MPa
GLARE with non-SMATed 2024-T3 aluminium 798.2 55.6 111.8
GLARE with SMATed 2024-T3 aluminium 794.0 57.4 146.6

F 8 41 T &t SMAT AbFEFIE A £k SMAT AbFEAY 2024-T3 454 4 % 1) GLARE

FIPLH A RS 2 X He AEZE 5 45 T X PIAh GLARE A8 i RIS 77 R BR 87 7 52 56 i) B
B Hedss R TP AT DLE H  SMAT b BT 1 2024-T3 #4519 GLARE 19 J IR 58 25 25 55 20%

EAH
2

b AR R 55 I8 AN F 7 9. 38 1 S RT AR BRSO RS BE S A B T GLARE
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Fig.8 Strain-stress curves from the tensile tests of GLARE of 2024-T3 aluminium with/without SMAT

R5 TP GLARE )i N 3 A BN g S 36 F -5 BEIE R A R

Table 5 Comparison of yield stress and ultimate stress between the theoretical and experimental results

ultimate stress o, /MPa yield stress oo /MPa
GLARE theoretical experimental percentage theoretical experimental percentage
result result of error result result of error
non-SMATed 798.2 720 10.9 111.8 101 10.7
SMATed 794.0 673 18 146.6 124.5 17.8
percentage of increase 105 165 a1 t23.3

or decrease

3 4t 1

1) SEEERT 2024-T3 458 4 AT A A SMAT AbHE (i 7545 4 4 M 76 W PR 388 2 R, PRI
AP IAR /NI T, A SO T ARG AR GRS

2) TE GLARE MERMAR th 5| AZid SMAT H AR AN 5 & 4 A, 18 0 BRIS T3 32 56 4y
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£ % ik ( References) :

[1] Chen X H, Lu J, Lu K. Tensile properties of a nanocrystalline 316L austenitic stainless steel
[J]. Scripta Materialia, 2005, 52(10) : 1039-1044.

[2] Zhao Y H, Liao X Z, Cheng S, Ma E, Zhu Y T. Simultaneously increasing the ductility and
strength of nanostructured alloys[ J]. Advanced Materials, 2006,18(17) . 2280-2283.

[3] Waltz L, Retraint D, Roos A, Olier P. Combination of surface nanocrystallization and co-roll-
ing: creating multilayer nanocrystalline composites[ J |. Scripta Materialia, 2009, 60(1) ; 21-
24.

[4] Chen AY, Li D F, Zhang J B, Song H W, Lii J. Make nanostructured metal exceptionally



F BT (SMAT ) HA X B B LT 2E R 5 45 8 Ji JZ AR ( GLARE) S A PE RE A 52 1) 1113

(5]

(6]
(7]
(8]

(9]

[10]

[11]

[13]

[14]

[17]

[18]

[19]

tough by introducing non-localized fracture behaviors[ J . Scripta Materialia, 2008, 59(6) :
579-582.

Cortes P, Cantwell W J. The prediction of tensile failure in titanium-based thermoplastic fibre-
metal laminates| J]. Composites Science and Technology, 2006, 66(13) ;. 2306-2316.

Petch N J. The fracture of metals[ J]. Progress in Metal Physics, 1954, 5. 1-52.

Gleiter H. Nanocrystalline materials[ J]. Progress in Materials Science, 1989, 33. 223-315.
VRIS, PEA, MM, KL, 2R 45 R 2 AR oh i S BT B[], A MRER,
2014, 31(3): 733-740. doi: 10.13801/j.cnki.fhclxb.2014.03.026. ( CHEN Yong, PANG Bao-jun,
ZHENG Wei, ZHANG Zhi-yuan. Experimental tests and numerical simulation on low velocity
impact performance of fiber metal laminates| J |. Acta Materiae Compositae Sinica, 2014, 31
(3): 733-740. doi; 10.13801/j.cnki.fhclxb.2014.03.026. (in Chinese) )

DMk, SR, BERSIN. MR v~ FML SR AR A E M I8 G X LU AFSR [ J]. Aias 224, 2014,
35(1): 1-10.(MA Yu-e, HU Hai-wei, XIONG Xiao-feng. Comparison of damage in fibre metal
laminates, aluminium and composite panel subjected to low-velocity impact[ J]. Acta Aero-
nautica et Astronautica Sinica, 2014, 35(1) . 1-10.(in Chinese) )

Seo H, Hundley J, Hahn H T, Yang J M. Numerical simulation of glass-fiber-reinforced alu-
minium laminates with diverse impact damage[J]. ATAA Journal, 2010, 48(3) . 676-687.
Sadighi M, Parnanen T, Alderliesten R C, Sayeaftabi M, Benedictus R. Experimental and nu-
merical investigation of metal type and thickness effects on the impact resistance of fiber-met-
al laminates [ J]. Applied Composite Materials, 2012, 19(3) . 545-559.

WREAZS, AR, 2590, P4 R G &R kR SN[ J]. Aias 2240, 1991, 12(12) ; 589-
597.( CHEN Shao-jie, ZHU Shan, LI Ping. Development and application of a fiber reinforced
aluminium laminates[ J ]. Acta Aeronautica et Astronautica Sinica, 1991, 12(12) . 589-597.
(in Chinese) )

Alderliesten R C, Benedictus R. Fiber/metal composite technology for future primary aircraft
structures[ J]. Journal of Aircraft, 2008, 45(4) . 1182-1189.

Guo X, Leung AY T, Chen AY, Ruan H H, Lii J. Investigation of non-local cracking in lay-
ered stainless steel with nanostructrued interface[ J]. Scripta Materialia, 2010, 63(4) : 403-
406.

Chen X H, Lii J, Lu L, Lu K. Tensile properties of a nanocrystalline 316L austenitic stainless
steel[ J]. Scripta Materialia, 2005, 52(10) :1039-1044.

Zhang H W, Hei Z K, Liu G, Lu J, Lu K. Formation of nanostructured surface layer on AISI
304 stainless steel by means of surface mechanical attrition treatment[ J]. Acta Materialia,
2003, 51(7) . 1871-1881.

Cho K T, Song K, Oh S H, Lee Y K. Surface hardening of aluminum alloy by shot peening
treatment with Zn based ball[ J |. Materials Science and Engineering A, 2012, 543(13) . 44-
49.

Wu X, Tao N, Hong Y, Xu B, Lu J, Lu K. Microstructure and evolution of mechanically-in-
duced ultrafine grain in surface layer of Al-alloy subjected to USSP [J]. Acta Materialia,
2002, 50(8) : 2075-2084.

Volt A, Gunnink J W. Fiber Metal Laminates| M ]. Netherlands: Kluwer Academic Publish-
ers, 2001; 73-75.



1114 il = TR W J& A R =k g

Effect of Surface Mechanical Attrition Treatment ( SMAT)
on the Tensile Performance of Fibre Reinforced
Aluminium Laminates

WAN Yun', WANG Zhen-ging', ZHOU Li-min’>, ZHANG Ji-feng'
(1. College of Aerospace and Civil Engineering, Harbin Engineering University,
Harbin 150001, P.R.China;

2. Department of Mechanwical Engineering, Hong Kong Polytechwic
University, Hong Kong, P.R.China)

( Contributed by WANG Zhen-qing, M. AMM Editorial Board)

Abstract: The surface mechanical attrition treatment (SMAT) , as a technology that the metal
sample surface is hit in random directions by a large amount of tiny hard balls in high frequency
vibration within a short period of time, was applied to aluminium laminates. Then, the metal’s
grain sizes, especially those near the surface, got smaller; and therefor the metal’ s yield
strength got enhanced. After the SMAT process, the aluminium laminates’ ultimate stress and
ultimate strain decreased a little, while the yield stress increased obviously. The glass fibre rein-
forced aluminium laminates were fabricated through heat pressing process with SMATed alu-
minium and glass fibre epoxy prepreg. From the tensile tests and theoretical calculation, the re-
sults show that the SMATed aluminium effectively improves the yield strength of the aluminium-
based composite.

Key words: surface mechanical attrition treatment ( SMAT ) ; GLARE; metal volume fraction

theory; tensile test
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