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Study on Cold Extrusion Strengthening Technology of Split Sleeve of Hole
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[ABSTRACT] The technology of cold extrusion strengthening holes with split sleeve is widely used in aviation
manufacturing, maintenance and other fields to improve the fatigue life of aircraft structural holes. The residual stress
distribution and fatigue life of cold extrusion strengthened hole of split sleeve were studied by simulation analysis
method. Firstly, based on the finite element software ABAQUS, a finite element model of extrusion strengthening of 7050
aluminum alloy components was established, and the simulation results under different extrusion amounts were obtained,
and the accuracy of the model was analyzed. Secondly, based on the results of the strengthened model, the fatigue life
of the strengthened hole was predicted by using the fatigue analysis software Fe-Safe. Finally, a fatigue test comparison
between the unextruded hole and the extrusion-strengthened hole with split sleeve was carried out. The results show that
the most reasonable residual stress distribution can be obtained when the designed extrusion amount is 4.0%—4.5%. When
the extrusion amount exceeds 4.5%, the maximum residual compressive stress at the extrusion end basically remains
unchanged. After extrusion, the hole diameter changes in a saddle shape along the axial direction, and the hole wall metal
flows out toward both ends of the hole. This strengthening process has obvious effect on the fatigue gain of holes, and the
fatigue life of strengthened holes is about 10 times that of unreinforced holes.
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Fig.1 Cold extrusion strengthening assembly model of split sleeve
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Table 1 Material performance parameters of each part of
the assembly model
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Fig.2 Finite element mesh generation model
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Fig.3 Distribution of circumferential residual stress of dangerous

section
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Fig.4 Circumferential residual stress distribution of holes under

different extrusion amounts
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Fig.5 Axial flow of hole metal
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Fig.6 Axial metal flow at extrusion side under different extrusion
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Fig.7 Radial deformation of dangerous cross-section
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Fig.9 Z-direction overall deformation diagram of extrusion end of
test plate
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Fig.10 Z-direction displacement of extrusion end circumferential node
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Fig.11 Variation of mandrel tension with displacement under
different extrusion amounts

102 i hEEAR - 20244556748 552110

AL AT DL LS SR, R BT R AR T 4% B, B
SRR 7 T ) 4 S R B RN, (R A R N (B
/N BT 4.5% B R AR SR R R, W S R
B 000 4 e AR U R g R A R A S
B IX NIRRT, BEARHOE 97 i BEXTARSY
MR IO, 35 5 4.0%~4.5% I, 0] LATERS /N
B AEm I & @A sl T, A B H R FR A RN 1 A4 ]
AT, Toie e o AR &5 T 2l R i vl SR
JEAER

3 BUILMEFTEGHR

31 EmEEGHE

Hﬂ?ﬁﬁ@?ﬁﬂtfﬁ[‘%—tﬁﬁﬁ% B E R Hes
AN ST — W ARARES , FLBEAS 23 7= A 440, X% 5505 B
ﬁ‘*ﬁﬁ’”ﬁ*ﬁﬁﬁd\ WA AN RS %)LEJU%% L4z )
Fe-safe H1'5 A$F 58 BUS BIAT BRITI 7 — AR 1% LA
ﬁ%ﬁﬁﬂﬁﬁ%fhﬁﬁfhg,fﬁtﬁﬁtﬂiﬁﬁﬁ Fe-safe 1
Elasic Block 78 NIE 5% IE 56 B 55 #if f Lo He
ATt B 12 s

TE U B AH A BHE B GRS 5T, B4R Fe-safe
A RO A REEE  (H A SO R BHE N S TE,
FH P AT DLGE 2o 152 st R 45 S0 2 AR i S- NV il
25, PR A IR I 5t o L A Tl B . A5 S
SIS EE Y, R HITER S8 R %0 K =2.816 W /] It
R=0.06 T1Y S—N [, il 13 firzs . AL 55 5y
B 7 2 R A 1 5 J81 9% 55 719519 Goodman ~F-34 1 7
BIE . 5E, DL 4.5% B a6, 5 55 R h B 5

JIT 32 A8 AR AT 7 ) HE L, 9% 55 FF w24 R 837529 IR, HLAA

WAL B AEFLBESE B A s — ], 4nf&l 14 Pros .

ANTRIBE it T 95 55 i 5 B O AR 2 BN, A
FLEE TR T AL S AR A 98 55 i s TN i Ak 1 Al
P, ELREFT 5 B B AR A 1 98 55 77 At B 38 n L 5
IR F] 5.0% BF, TR 3SR, 9557 B TR,
{HERALASCR A I 5 FE A SR AL 4

BHELRE R |—

|
|
| st X |— pren
|

RMSHEL | —

12 ESeHFafERiEE
Fig.12 Flow chart of fatigue full life simulation



PN
RESEARCH mﬂr&x

220 -

200 |

180 |

160 |

K F1/MPa

140 -

i

120

100 -

1 1
45 50 55 60 65 70 75 80
X B 5 5 i
13 7050 s & S-N Hi%k
Fig.13 S—-N curve of 7050 aluminum alloy

LOGLife-Repeats/iX
(P72 100%)

+7.000e+00

+6.910e+00

+6.820e+00

= +6.731e+00

= +6.641e+00

+6.551e+00

AN~ —

+6.461e+00
+6.3726+00
L +6282¢+00
L[ +6.192¢+00
Ll +6.102¢+00

X Y
+6.013e+00 Y
+5.923e+00 Z

14 EZBIMIE
Fig.14 Fatigue damage position

Bl

32 EFRE

J T UE TP SR B B R A AL ASOR , BEBGRE BT
FEETE 4.5% W 7 AR B T8 Rt AL . KSRk 1)
R EAL 2 5 AR A g FLAR AR R] , 20179 57 1K
¥, 9% 771890 7F Instron8801 (10 t) 71 8804 (20 t ) ix
IOHL - EAT, 180 By BEOE 5% 0% 08 | S RAEBOLEFLIA
FESRFE 1Y 33% 0 J1HE 0.06 SR 15 Hz, S lcH: h—He
TSR A T R R, AR R A 55 1 . 1l
eJetnlEl 15 w5 2R R 3 Ui,

NG e S DSBS DR I A O i N
WA N, FEARRME IR A R A VEF T, 4.5% £ ik
A5 BRE AT 285280t 100 J7 W B9% S5 IR ER 0T , T R
BRI RE By AR 10 TR, JTHERT B Rk
IRFEZEAFLIG 3 55 A /08T 10 500 Lo i A
57 EEHE XS LR B, BARAAAE— e i 2%  (HHAG —
FE S TR

P ST WAL B AN 16 fis  TEhipi s AR, i
U5 A i o 48 TP A DT AL ik BT IX AR AR , 5 BT 22 450,
PRI R BT REAE o S T T R S A 1 17 T, 9
57 W7 A FE I8 55 4 S0UR X 7 57 48P e X M KT X 3

x2 TREFEETESHFHHESER

Table 2 Fatigue life simulation table of different extrusion amount
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Table 3 Fatigue test results
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Fig.16 Fatigue fracture position of test plate
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