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(a) 7050-T7451 &4x; (b) 2A97-T84 &4
Fig.1 Microstructure of the two alloys
(a) 7050-T7451 alloy; (b) 2A97-T84 alloy
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Fig.2 Shape and size of the oblique lug (mm)
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Table I The chemical compositions of two alloys (%)

Alloy Zn Mg Cu Mn Fe Si Ti Cr Zr Li Be Al
7050 5.670 1.920 1.890 0.004 0.077 0.062  0.037 0.003 0.092 - - Bal.
2A97 0500 0.500 3.800 0.300 0.060 0.020 0.020 - 0.100 1.400 0.002 Bal.
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Fig.3 S-N curve of oblique lugs before and after extrusion
(a) 7050 alloy; (b) 2A97 alloy
F 2 PERGERIE R 9T e (W fH B 772 100MPa)

Table 2 Fatigue properties of the oblique lugs (Peak stress is 100MPa)

Average fatigue life, N¢/cycle
Alloy  Peak stress /MPa Increase degree/ %
Before cold-expansion  After cold-expansion

7050 100 38230 42739 11.8
2A97 100 76815 132024 71.87
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Fig.4 Residual stress distribution curve of oblique lugs before and after extrusion



(a) 7050 alloy; (b) 2A97 alloy
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Fig.5 Circumferential residual stress nephogram of the squeeze and extrusion end of oblique lugs
(a) The squeeze in end of 7050 alloy; (b) The squeeze in end of 2A97 alloy; (c) The extrusion end of 7050
alloy; (d) The extrusion end of 2A97 alloy
2.3 WYBLRDH
Kl 6 MG eI @M AL LA, LF S ML R RO 20U 4

T FLEFERT, 7050 A &2 40/NIERIR n (MgZng) SRAGAHFIZDIR n' (MgZny) #7 AR (&
6a) , 2A97 F TN R BUN EORREECR ) SHHAM Ty MR 45 RAR (8 6b) . TE
LBFE )G, BTPRG S LN EER Z &8 2 20 B 57 A4 1 RIZIR LA,
RAERE A, I AR A R P A T KRB IR g 2 A R R S5 K (B8] 6. 6d) 5 H.
TE 2A97 G TIEHL TR 2 A A0/ ML ER, A 2A97 SR IBRIR 8 S EHIR T AH R 245
e, RIILHEYER, SUROAEIME, RNERERERT, RIERGUAE, #E
Ry ey . Wik, fLEE)E 2A97 & <8 Fr (095 57 4 e mlR BEAH EE 7050 &4 K1k,



Ko W& efLE s al)E iE s HHN

(a) 7050 HEHFHAT:  (b) 2A97 S HEHT: (o) 7050 GE&FEF:  (d) 2497 AEHFER
Fig.6 TEM microstructure of the two alloys before and after extrusion
(a) 7050 alloy before extrusion; (b) 2A97 alloy before extrusion; (c) 7050 alloy after extrusion; (d) 2A97
alloy after extrusion
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Fig. 7 Macro-fracture morphology before and after extrusion

(a) 7050 alloy before extrusion; (b) 2A97 alloy before extrusion; (c) 7050 alloy after extrusion; (d) 2A97

alloy after extrusion
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Fig. 8 Micro-fracture morphology before and after extrusion
(a) 7050 H&HFERT;  (b) 2A97 HEFHEHT:; (¢ 7050 G&HFE/F;  (d) 2497 HEHFE/GE
(a) 7050 alloy before extrusion; (b) 2A97 alloy before extrusion; (c) 7050 alloy after extrusion; (d) 2A97

alloy after extrusion
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Effect of hole extrusion on fatigue properties of different

aluminum alloys oblique lugs

LIU Ying-ying, REN Kai-xin, LI Jie-jie, ZHOU Nian

(School of Metallurgical Engineering, Xi'an University of Architecture and Technology, Xi'an 710055, China)

Abstract: The oblique lugs of 7050 aluminum alloy and 2A97 alloy by mandrel direct extrusion were
investigated, and the fatigue properties of the two kinds of alloy of oblique lugs before and after hole
extrusion were compared and analyzed. Then the microstructure, fatigue fracture morphology and
residual stress distribution of the two alloys were investigated by OM, SEM, XRD TEM and Abaqus
software. The results show that the fatigue properties of these oblique lugs can be improved effectively by
the hole extrusion strengthening process, especially for the 2A97 aluminum alloy oblique lugs. For
example, while the peak stress is 100 MPa, the fatigue cycles of the strengthened 7050-T7451 alloy and
2A97-T84 alloy lug are increased by 11.8% and 71.87%, respectively. There are two main reasons for the
increase in fatigue cycles. One reason is the variation of fatigue source position and number around the
lug hole, they change from the surface of inner wall to near inner wall and the number of the fatigue
sources is decreased obviously. The other reason is the formation of dislocation cell structure and residual
compressive stress around the hole during extrusion. In addition, more smaller dislocation loops and
larger residual stress are produced in the 2A97 alloy during extrusion, which makes the rate of initiation
and propagation of fatigue crack decrease in some degree. Therefore, the strengthening effect of the 2A97
alloy d is better.

Key words: 7050 aluminum alloy; 2A97 alloy; oblique lugs; hole extrusion; fatigue properties
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