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Influence of Residual Stress from Riveting on Vibration Fatigue Performance

of Countersunk Rivets

FU Bin"*, AN Luling', CHEN Hao®

(1. College of Mechanical and Electronic Engineering , Nanjing University of Aeronautics & Astronautics, Nanjing 210016,

Chinaj; 2. State-Owned Wuhu Machinery Factory, Wuhu 241007, China)

Abstract: This paper addresses the fatigue fracture phenomenon of countersunk rivets installed on the air

intake flange under vibration loads, analyzes the failure cause from the perspective of riveting residual stress.

Based on the finite element method (FEM) , simulations of the rivets’ random vibration process and riveting

process are conducted to obtain the rivet’s vibration equivalent stress and riveting residual stress. The Dirlik

method 1s adopted to calculate the vibration fatigue life of the rivets, and a vibrational fatigue test is designed

to verify the simulation results. The research indicates that riveting residual stress is a key factor leading to the

degradation of vibrational fatigue life; therefore, the influence of residual stress must be considered in fatigue

life prediction. The research conclusions can provide a reference for the life prediction and optimal design of

aviation riveted structures.

Key words: riveting; vibration; fatigue; load spectrum; residual stress
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Fig.1 Situation of engine damage caused by the falling-off

of countersunk rivets on the air intake flange
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Fig.2 Macroscopic morphology of the faulty countersunk

rivet fracture surface
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sunk rivet fracture surface
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structure
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right air intake flange
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Fig.6 Modification of the acceleration sensor on the right

outer side of the left air intake flange
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Fig.7 Vibration load spectrum at the riveted joint of the air

intake flange
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Fig.8 Air intake flange riveted structure model
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Table 1 Material parameters of the riveted structure for
the air intake flange
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Fig.13 Riveting simulation model of the rivet on the air in-

take flange
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Fig.14 Directions of radial and circumferential stresses

E IV CH)

K BNET b BT Sk 55 BT A0 2 2 A0 BB D 16 B AR

R2 FARBRREATHHES

B A BT £ B DX A0 2 S 1 AR A N S A A
WmE 15 Frs .

S/MPa Y

(Avg: 75%)
+1.296e+02
+1.090e+02
+8.831e+01
+6.764e+01
+4.697e+01 X
+2.631e+01
+5.640e+00
-1.503e+01
-3.570e+01
—5.636e+01
=7.703e+01
-9.770e+01
—1.184e+02

FI15 B e b B AR 4 v )

Fig.15 Residual stress in the critical region of riveting

AL, B0 S e K Bk A IE N ) R 129.6 MPa,
{7 F HBO65 X 4 B £T 1 5T 3k 5 T A1 1 3% 42 b, Uy
TR 1] (Xl ) 1 v Bl B S0E, 5 BE BIL R B ) i R 46
RN 7 W A —

) Bt pl 00 2o A v B A L 2 i BRI
SR AR A L T 23 /0 T W A0 4 15 B s R ) e R
B o AR S BR B2 Ja oA R AT ART 35 B 8% 4 1 0 i T
20, B B SRR RE T BRI S AR A A HLAOIN TR A
L 319 10%~35 %", Fb 4% 14 5% 4% B 1475 v fig
HE ST 2 %% 31 25 0 0 IR Bl 9 57 5 A AR BRI
S
3.2 YRR AR

X (3) 25 W 0 A1 kL H B0 C R m AR 4 Good-
man 23 2 HE AT 8 B, T 7= A BT SNl 2k
AL S ER AR N T o XA 55 A7 A S A, T

ilz/f\.ﬁo

(-

S,=S|1—
Su
A2 S, 0 N T3 R L, S AR BN AT, S, O R R
T3, SRR A PR 65
% T84 B AR B T B SN 2t B A Ui

£

(6)

Sm m
S’”N\ZC(l) (7)

S.
B (DAL, S BEPL AT 26 1F T, %
JE T A L ) 9% 55 75 1B IE

o
C(l‘s)
T——\  Ou) (8)
E,jsms)ds
FR T 2 2 1 0k A3 22 3 B AT 4R 3

FF AR 2N .

BREBGPETES Fw bR

Table 2 Comparison of fatigue life of rivets on the air intake flange under different residual stresses
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