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A Study on Cold Working Properties of Aluminum Plates
for Aircraft Structure

Dong-Suk Lee’, Joon-Hyun Lee”

ABSTRACT

In a structure, many components are fastened together using bolts, nuts and rivets through drilled holes. Not
only do these fastened joints enable easy assembly and dismantling, they are also able to transfer as well as to
distribute loads applied onto the structures. The major drawback of such connections, however, is that the fatigue
life of the components is reduced by the presence of the hole since the stress concentration around the hole is
increased. In addition, the hole drilling process itself may introduce defects or roughness at the surfaces of the
hole that may cause further decrease in fatigue performance of the components. For applications where fatigue
loadings are important, one way to compensate the decrease in fatigue life of the components is by introduction
of beneficial compressive residual stress around the hole using cold working. The material used for this research
were Al2024-T351 and Al7050-T745] using the primary member of aircraft. We present, In this paper, the

characteristics of coldworking by evaluation of the hole expansion ratio, residual stress distribution, and fatigue
properties.

Key Words : Cold working(*§7t7}&), Residual stress(ZF-53), S-N curves(S Z-9HE-3A)

i

1. ME 2 A3H ¥ 2E 29 2 sog 59 HayE
o] 43} xﬂ@ﬂoa stk 18 & 397 897

AABFAAY TR AARE 5& & FRE AAY ATTHAA nAT A &
83 44, 34 2 WEHF 52 WA U, £ F99 EAAYS|Y 5ol W2REs} B2

# LR % 59 FUSAHY o459 BYAA Gk 0@ AW} A: FRBANE £4 F
8o lstel 43 2FE) WY, Askx o] AR VFFES FRALE 23 249
dste] Mzutng Yol Bk 53] el ¥ Wol ojubA Hu, ANzt Hany WY
A7 ol we FzESe Afadel g st o WA Ho

SaA 0 hPssle] s glel, Aael Aol W rdsE BEHA TRAAE o] o
A9n gk Mo e FEESe & ¥ /M AR B4 2 Qojok g, 729 7}

vor 20023 79 29¥Y H<
* FAtd) b oiEkgd
*x FArosta 7] AR

165



o) FA . o]Fd : AFAYFE3I A A204d AT

BEY 7)%d B2gHE aHFA 2AHEo g
83} E=3 F2eFo] FR3e A= Ul
TAEEE At JAA, 53 AANEE
g d77F B dFAE o8 o] Fo)A gt
dub FF7)A 73 g AMEEE Aol Al2000
Adz Al7000A149] &FHE FFelth. oF
AlR024F M2 B3} Q3ge] F2 3 7
Bo| A5, A17050& RFES} Al U £4
Aol A7 = 4o A& =3 WFAYEFE
£ 9QlEld Eo| B=7l 2 Fd(bushing)yS F3
3l $-8g ZAAIE WA, o iF ZHd
£ E o] J(shot peening)H ] & 3l YA FE
Hol o3 WFAHES FA7IE HEE HL3ln
Ak £33 H T F Lol FEA Qe PR
o = (mandrel) ¥ 2328 &E H(split sleeve)E ©]
|3l £& &3 o 2N HE ¢EAFLEHS
o] &3l “P7t7FE(cold working)HH*? Fo] glot.

B AFdMe 37 FRE0E Wol AEH
= ¢FuE A9 d7F A" F 2 a9E
HAE37] $18te]  A12024-T3513%  A17050-T74519]
Hey g A &g o83t WhE A

g 3ok =3 Wb A € AEHE X
A HAYE o] R3] FFIHERE ENS Hrls
doy, HAFES B39 H2RAx 4 dEA4F
EAQe EAM). o3 AdE EAE AHd
gE Yo & FZ3E, IHE 5 € Wt

T WUy g AA SRt
2. A8

21 A2 W AIEHH

B dFo) A14E MeE 3F7) FxL02 @
o] AREEE AI2024-T3513} Al7050-T7451°)1, 7]
A AL Table 13} Zv} Table 28 ¥ H ol
A AHEE F 77 F(coldworking ; CW)YA S} ]
Zt7}F(non-coldworking ; NCWYAe] Z+ AlEH =
AL AFE BAFI gk Fig. 12 £ A A
49 ANEHY Yol AEH AFHYFe 7Y
AAurgke] olo] FAQl L-TEel) APHAY
17V E Fig 2014 ¢F 2o] 7had Eof =y ¢
223 &EgB F& o]&dd Fy3en, o
™ (reamer)E ©]-83td v sHgich

s ] B
S—
P M I
- ,QK/‘F. e,gs____& _____ i m.of
S

Fig. 1 Specimen configuration

Table 1 Mechanical properties of Al2024-T351 and Al7050-T7451

. Yield strength Tensile strength Young's modulus Elongation X .
Material Poisson's ratio
(MPa) (MPa) (MPa) (%)
Al2024-T351 289.7 4414 73,798.7 12.0 0.33
Al7050-T7451 4414 510.4 71,039.9 9.00 0.33

Table 2 Conditions and dimensions of test specimens

. . Width Thickness Hole Diameter
Specimen Material Treatment
(W, mm) (mm) (9, mm)
2CW Al2024-T351 25.40 6.00 6.35 Coldworking
2NCW Al2024-T351 25.40 6.00 6.35 Non-Coldworking
TCW Al7050-T7451 25.40 6.00 6.35 Coldworking
TNCW Al7050-T7451 25.40 6.00 6.35 Non-Coldworking
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Table 3 Measuring condition of residual stress

X-Ray diffraction Condition
Target Cr
X-Ray source Voltage 35.0kvV
Current 1.5mA
Effective focus ¢ 2.0mm
Ly -15°, 0°, 15°
Calculation method 26 -sin’¥
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Fig. 3 Hardness distribution produced by coldworking
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Table 4 Condition of cold working for test specimen
Hole Diameter(mm)
Material .. After Expansion
Initial . .

coldworking | ratio(%)
Al12024-T351 571 5.92 3.68
Al7050-T7451 5.71 5.86 2.63
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