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Abstract: The object of this study considers corrosion fatigue improvement of 7075-T6 aluminum by using shot
peening treatment on 3.5% NaCl solution at room temperature. Aluminum alloy is generally used in aerospace
structural components because of the light weight and high strength characteristics. Many studies have shown that an
aluminum alloy can be approximately 50% lighter than other materials. Mostly, corrosion leads to earlier fatigue crack
propagation under tensile conditions and severely reduces the life of structures. Therefore, the technique to improve
material resistance to corrosion fatigue is required. Shot peening technology is widely used to improve fatigue life and
other mechanical properties by induced compressive residual stress. Even the roughness of treated surface causes pitting
corrosion, the compressive residual stress, which is induced under the surface layer of material by shot peening,
suppresses the corrosion and increases the corrosion resistance. The experimental results for shot peened specimens
were compared with previous work for non treated aluminum alloy. The results show that the shot peening treatment
affects the corrosion fatigue improvement of aluminum alloys and the induced compressive residual stress by shot
peening treatment improves the resistance to corrosion fatigue.
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Table 1 The advantageous of aluminum alloy

Lightness, Thermal conductivity

Electrical conductivity, Corrosion resistance

Suitability for surface treatments

Diversity of aluminium alloys

Ease of recycling

Table 2 Chemical composition of aluminum 7075-T6
(wt%)"'”

Al Mn Si Fe Cu Mg Ti Cr Zn
1.60 24 0.19 575

0.03
165 25 020 S8

Bal. 0.14 0.15 029

Table 3 Mechanical properties of aluminum 7075-T6"”
Ultimate Yield Floneation
Element Strength Strength 0 (5) 0
(MPa) (MPa) 0
Values 635 578 9
R57.25
4 a
Tos =
- 3
30 30 30—

*ASTM E466

Fig. 1 Geometry of sPecimen: rotary banding fatigue
test specimen(10

Impeller#1,#2

O Shot ball
Dent __ Surface

Residual stress
\ )
\ Vi

ess depth [

7075-T6 aluminum
alloy test specimen

Fig. 2 Process of the shot peening treatment on
aluminum alloy test specimen



AT EFE AR FANZAF VAL LENY Dvel] o WA R

21 £ENE Jts  FAAMH

AaAgol A ARES BRI A3 o R
Fig. 29} Zo] Algdd 2EIY7IES A
o dFrE Al T4 i aEEC] FF
HEE g BRoflas FEste] EYY 7
T TSI AEYYIMES AP AT A
A48 A 9d 7 = (optimum peening intensity) <!

0.341mmAY o 2 23t o I 7S Table
49} #r} BANANS QA AA wiche] ot
A TEE Vo HAAF AH3sk 3.5%
NaCl(35g salt/ ¢ )F2&HS R®EEo]  AFE3H
o} U4 Fig 33} fro] WH &S

Aol &2 87] UF && AxE AASN
B2 7]17F E<¢F NaCle] FAS w317
AAwg D715 wakeldth AlgEE 22
AlZroll st AlgH S FA87]0A Ao &
25 Ed dES AAST] fEiA AFHE AA
stFom, Az & Ao A Hzee] xw
Z A (Mitutoyo, SJ-400)S A-&3ke] F-27|7HH
AR xZWe A HI#HR) A AR

= = fe;

-z
4

il

£EY 7he F 9 9F HeE BUEl
BAE wEE A

#2000 sand paper= W H AZ7] Fk(Ra)ol
0.03m 744 =% dAvf st om, nfolAz H]
A2 dEA(Micro  Vickers Hardness tester,
JP/FM-T)E  ARgsle] FHORHE 20mitEo=
A BEXE SAsnt

Table 4 Shot peening process conditions

Content Shot peening
Shot ball diameter 0.8 mm
Exposure time 6 min
Coverage above-average 100%
Arc height (Almen A strip) 0.341 mmA

3.5% NaCl solution

7075-T6 aluminum alloy

(shot-peened and un-peened)

Fig. 3 Schematic view of the experimental set-up
for corrosion test

517] 13
(SHIMADZU, H7)&

>

‘]

d

23 H249

£EIY 7he A Aldds o

443 33 ) Z A E
] A

1383

Ak F2ZAE79 3 ATE 2,000£10 rpmo =
AdAQsHA dAsta = w3 &8 dHe Y
HAE ofgfel 2 A (o= AR
M 16 PL
0p="7C id? )
o714 o, w3 8 M WY REE
I AAARHE P A g3t
L RUE A d Aldd A7
2.4 TCHHEA

ABA] $4 71708

i=]
.
8 FAFHEAREA Y] A (scanning

7+

Hardness, (Hy)

220

200

0.0

N
¥

NEQ3 H2AF 3

electron
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----- Reference
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Fig. 4 Vickers hardness distribution of shot peened
material
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Fig. 5 Effect of corrosion exposure duration on
fatigue life

7075-T6 Aluminum

(]
(]

Ra, (um)
0\0
b 0\

= Corrosion test : 3.5% NaCl solution

week ~ 24 weeks

= Conditions : Shot-peened (0.341 mmA) |
« Evaluation length(L) : 4 mm

0.0 b . . . . . .
0 4 8 12 16 20 24

Exposure time, (W eeks)

7075-T6 Aluminum
- - ]
———0.08
40 o/ 7
o—
./ —1021
‘° 1
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g °
=
= 355 228
E
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T
L] « Corrosion test : 3.5% NaCl solution
+ Exposure time : | week — 24 weeks
30 « Conditions : Shot-peened (0.341 mmA)
+ Evaluation length(Z) : 4 mm L
o . : ; : : ty
0 4 8 12 16 20 24

Exposure time, (Weeks)
Fig. 6 Effect of corrosion exposure duration on
surface roughness of shot peened specimen:
Ra(top) and Rmax(bottom)
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Corrosion (%)

Time (vear)

ooy

Transition period

Initiation stage

Stabilization period

Fig. 7 Stages of atmospheric corrosion of aluminium”
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Shot-peened Un-peened

/ Shot-peened surface

| Compressive residual

(e

stress layer (0.2~0.25mm)

Propagating crack

Initial crack point

Crack growth
by corrosion

Fig. 8 Schematic illustration for the model of crack propagation under corrosion environment:
shot-peened(left) and un-peened(right)

Mag. 100 x E Mag. 100.x

(a) Shot-peened and uncorroded (b) Un-peened and uncorroded

Fig. 9 SEM fractography of 7075-T6 aluminum fatigue facture surface, an arrow indicates the initial crack
point: (a) shot-peend fracture surface; and (b) un-peened fracture surface

(a) Shot-peened and corroded for 4 weeks (b) Un-peened and corroded for 4 weeks

Fig. 10 SEM fractography of corrosion fatigue test for 7075-T6 aluminum in 3.5% NaCl solution, an arrow
indicates the initial crack point: (a) shot-peend fracture surface; and (b) un-peened fracture surface
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(a) Shot-peened and corroded for 8 weeks (b) Un-peened and corroded for 8 weeks

Fig. 11 SEM fractography of corrosion fatigue test for 7075-T6 aluminum in 3.5% NaCl solution, an arrow
indicates the initial crack point: (a) shot-peend fracture surface; and (b) un-peened fracture surface

(a) Un-peened with corroded for 4 weeks (b) Un-peened and corroded for 8 weeks

Fig. 12 Comparison of corrosion fatigue fracture surface for subsurface pit growth in the initiation point:
(a) un-peend and corroded for 4weeks; and (b) un-peened and corroded for 8weeks. The critical
pits are marked with a dotted line

Fig. 8& AA179] 2188 dFujyF 549 o] Agolle x7|a#o] o] WG Aw i
A g e Abslt Fs Bl Sh(passivation) & How FE wAro] FYo] AAFAT KE
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of #d 7hadk AlFHT 1¥A e AlEH o] 917} W AR o] FetA Hol BH F-2

S0 s

B4 @AY AEAS E4S EAGom B o] wAs
asielot. WY AEAE oA e AdE @ Aom wuEnd
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Air (a) 3.5% NaCl solution (b) 3.5% NaCl solution (c)

Shot peened surface

Aluminum 7075-T6

3.5% NaCl solution (d) 3.5% NaCl solution (B) Air (f)
Passivation stage Fatigue test (R=-1)

Fig. 13 Schematic illustration of the assumption used in the modeling of pitting corrosion growth and initial
crack point on 3.5% NaCl solution; shot peened specimen

3.5% NaCl solution

@ Initial crack point

V/7zzZZ) Pitting corrosion area

preeT
uncorroded 3 weeks 4 weeks 8 weeks

 J

Fig. 14 Schematic illustration of the assumption used in the modeling of pitting corrosion growth and initial
crack point on 3.5% NaCl solution; un peened specimen
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