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Micro-analysis of Fatigue Behavior in Ultrasonic Strengthened 2D12 Aluminum Alloy
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(a. Key Laboratory of Fundamental Science for National Defense of Aeronautical Digital Manufacturing Process, b. College of
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Abstract: The fatigue fracture behavior and post fracture surface of 2D12 aluminum alloy that was treated by ultrasonic
strengthening technology were investigated by optical and scanning electron microscopic analysis in combination with the in
situ crack length tracking method. The results show that the grain size on the surface of 2D12 aluminum alloy is refined after
ultrasonic strengthening treatment. The fatigue sources are mainly generated on the surfaces, while several cracks initiated
from the inside of the strengthened specimens. The fatigue life is enhanced to about 8 times that of the base material after
being strengthened. The reason is that the residual compressive stress is introduced on the surface of the specimen due to the
strengthening process which can reduce the crack propagation rate between two flaws, while the crack propagation process
tends to connect the defects along the crack propagation path. On the other hand, grain refinement leads to an increase in grain
boundary density, which can enhance the resistance to crack propagation and thus contribute to the improvement of crack
propagation life.
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Table I Chemical composition of the 2D12 aluminum alloy

(W/%)
Element Si Fe Cu Mn
Content 0.2 0.3 3.8-4.9 0.3-0.9
Element Mg Zn Ti Al
Content 1.2-1.8 0.1 0.1 Bal.
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Fig.4 Three-dimensional metallographic of the ultrasonic

strengthened 2D 12 aluminum alloy

T3 ) b4 A i~ I A dob, 35X 5 A A 7 1)
AR, L-TV-i ok 8 sl & i o 5] I WS¢ L-S 1
THANHE RN, AR b 5 AL T, ORE N 4
Ko L-Tv T-S. L-SHI3ANF 1 -F-285 dbokr )R~ 43 5l
H112. 107F189 pm.

G2 JEIRL P TBAS AT B o I A AT, A
P B (I D) R IR 55 R SU A AR R e AT 4
M. J# IS SEM-EDX 73 AT (L &l 5) 4411, 2D12¢
AW EZENS(CuA)H(HEAL, Cu), & L4
FHAL. Cuv Mn. Feflior LA, X EeHl /2 4 )
WG Wrbs WS AR

700

Al
600 |-
500 |-
g
S 400 |
B
2 300 |
5 Mo
=
200 L ¥
100 | Mn
N l.A l - |
0 2 4 6 8 10

E/keV

5 2D G KA KISEM-EDX 73 At
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Table 2 Fatigue life of the cylindrical specimen

Mid value life /
10° cycle

Fatigue life /

Material state 10° cycle

297.6
2596.4
2633.1 1603.130
15175
3429.6

Ultrasonic
strengthened

307.5
91.2
Unstrengthened 184.3 196.671
243.6
233.7




18 b B xR T LT IR

2016 4F

PR RN 15 1 RRE (A frNS0=1 603 130/)#,
L2 N5 A bt T 241815 .

2.3 BEBURGEEEITASH

F i P SR AL URE EAT I 57 5, MR R IR
I3 A FES 000K FI15 000K i, 78 7] — {7 B FREL
6 R ER (LI 6) . A EIE AT 4R 58
T, 210 2 Bl 1 DX B A R PR R AE 0 B
PR B ok 1 ) — X 3o IRk 6 AR BB 3 17 4
LUV BT N7 10, BT AR T K S ) 4%
g0 (L6 8 ) JF AR BE LT . X Lk oy DL
e, B 57 RIS AT, X e 4k GO Ik
B, Woregsr DRI T 57 HEURE,
Ko Lk T HEFT R, A 480 L T HAH
B NE AR, B S A N
BT I HE L8, ORI I L T 2k
E S 3K S DR A T 4 A W S e 1 4 s
T TF ) 2 L BE B, T DA R EABURE 1) 4% SUHE 47
By ) ERERTT T AR RN EE B a, RIS R EE
Ha-cos®, Hrhoko8007 17 MIKV-J7 1) 1) A

100 um

(a) Fatigue crack at 5 000 cycles

100 um

(b) Fatigue crack at 15 000 cycles

6 B ARG IR 5 RO LR AL
Fig.6 Characteristics of fatigue crack initiation of ultrasonic

strengthened specimens

[7i) B 7KV 5 T 1) 2 SU i [ 7 968 2 TN 7 LU A8 2%
LUK P BAZKV-J5 18] 2% SUK B2 W) A KRy 1)
(K140,

X A ol 2 TR 28 B R AR PR HEAT BB V5 A
BL, AR SRR (98 55 W™ A A RE R I, 1f
A A e PR IR I 55 U 2 KM T A R i A
B AN Tl 1R H IR 7 95 ) A S e A 1) A DL (KL
7)o 0 i 2 b AR A (R 98 57 A7 i REAT S v 0 Bl
BB, R R R (R 7 77 iy ) B TR o
W, X5 A L 2R E R
WREE S BUEBOR IS AR B N A R (LI 8) o M
BRI N A R B AT S B A A R
EHPFEIN ) (0 <o, ILIE9), AT i 57 2R
Ui E I SR 1K O B R, SRR R Y
FRI5 TN 2 B8 N A% 1A R 0 7 s 0 2808, T A
SONERG 2 R 7 B SR i 2B L R 9 R 40 1 1
YEM o BRI N S IRAA AR, 3R T BUB 57 R
LR RSB RY F), doe K I Ty AR 10 2 T
i AR, A 55 R G RTTAE LUE e R, %
FFURAL T AFAE R R IRAR T N ) I DI, e 73R

1
{

(b) Unstrengthened sample

K7 BRI 7 R

Fig.7 Position of fatigue crack sources on cylindrical samples



5 6 3] I, &% A SRA2D 125045 S o7 W R R O 20 19

50 ry

50 L
-100
-150 £

-200 F

Residual stress / MPa

-250
[

-300 H

—=#— Unstrengthened
—e— Ultrasonic strengthened
1 1

-350

0 0.2 0.4 0.6 0.8 1.0
Distance to the surface / mm
8 EEFRAL I AR AR Y D 23 AR Ee
Fig.8 Comparison of residual stress distribution before and after
ultrasonic strengthening

o/ MPa

Unstrengthened
-~~~ Strengthened

Time /s

B9 BARINE 0 7 B AT K PR
Fig.9 Effects of the residual stress on fatigue load level

LG T, WHIRSCRRY R, FRERGNYT
JEETH AR AR, P 9 de KB AR s N A7 AE
TARBE IR RS2 VA T 1R R i 1 B 2 5 AN B
PE, RSN Sy 8Ay A oy A A AR S N R TN
1113 51 AR 2 7 R 5t o TR0 2 A 390 ) ke 4% 2 A% st
WRRAE B S,  XRPRHTOR 57 Pk B AT AR A
HRf AT R

24 BEBURLE RITAZH

TR AR LY AR, IR IR EUA
FN105IRET, RERGOHAT OO S, KILE10(a)
T34 R GU I Je A s R BRI, AT (E )5
SRy RS, SRR R AT B A Ab
W, 9B RMEHE, w LUK 2 R4
AR —E s aR . maEu T R
WA, 4keuisR, ARG OLEmN
EI10(b)). Zx LIk, @hFERAAAE A LN TEAZ 1
BET RAFR AR, e T MR MERE . IR DY RAL

(b) Interconnection of cracks

10 95 55 RGO I R AH ELAE
Fig.10 Interaction of the fatigue crack with defect

B R YD AR AR TR JBE 52 e 2 M) s T e 2 6. 5 1
SN, R 57 RS0 eI 0 A S Rt
R X I

CRREENE VL G ASE U LA TR SR 347
AR P W LB 15, i B BT LU
A AL A A SR AR AT LE AR SR AR K T
PRE, W] R SR AN M B A, IR DR R e A
MALRHIC . A ANBUE, ARZ M
MR o d TR R BT R A A, 55 A0 S TR
o (HEl o B, D BEVEAR TR AR R
RIZWWRALGUR AL T W AR, Sk RS H X
N, GRS . b /N, RE0E
K P B A R N R, SRR N, X
U RE R PR 2 o, HL AR SCAE AN R IA) 4%
AN R P A O S IR, XA 2R TR TR U
V5o IR RGO el ) T F R Bk
I EAREAT T RO Ak 2R SO B SR
JEBRARIRAL T RAFIMIA0E, P oAb 5 (K R il
O FEHARANS B B

MPETT(0) AR, AN G 7 B AT R B
WY A SR AN T B o D TR HT AL, A B 45
8 OB R b 7 58 A TR AR 55 IO T 11 BEAT U 5 (AL



20 b B xR T LT IR

2016 4F

Loading direction

(a) Crack shape comparision

.= %\‘ 250

B (_ g O @ \ A (\«\f <=>Q< 2363

=\ Qé ’kk' = 2025

-:neul » AZ 1.688

) 1.350
1.013
0.675
0337
0

(b) Schematic of near-surface fractography flatness
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fractography flatness
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