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Fig. 1 Large flange blind bolted rivets tensile process
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Fig. 2 Force analysis after the installation of the blind bolted rivets

with large flange
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Fig.3 Force analysis of the tensile process of blind bolted rivets with

large flange
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Tab.1 Key dimensional parameters at critical locations

JU 7R 7 I3 N
Geometric schematic Component diagram Dimensions
h /mm 10.00
h/mm 3.15
<
P d/mm 410
ddl
| d,/mm 4.13
Rdl
| d/mm 2.50
I
R, /mm 0.15
d/mm 4.178
—I—- hy/mm 15.86
T
I
al || R, s < hy,/mm 12.9
t <
; h/mm 0.9
\_'/Qv
Oleou o, /() 130
R/mm 0.60
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Fig. 4 Finite element geometry model, mesh model and contact pair

(b) PIEARIEY
(b) Mesh model

settings

T A AE SO i Tt Al ) 57 B e AR R A e i
HOk X R Y R R, A 2 R it T el )
(EE2 S EDE NN R R R ABUE s FIOE AL IBUN T A VA7
HR I 5 O BNET RSE s, o B AR 4 i 50
BRI E . TEARI AT REORSE T, Ak A 1Y 1)
F&HCE 3 000, 1R JEARAR AR (1) 1/100 , A% 287k /4y
RUZS TR ZPE 5 D8RR 43 55T C3DSR . 4% 40 1 KL=
BEHR2,

F2 MRRMESY

Tab.2 Materials and performance parameters

4+ Component
Rl
s we PR e
Forming
Corerod Nut sleeve Insert
sleeve
304 A~
PR A286 Ti6AL4V 304 stai!fifjs AR
Material POM
steel
¥ Density/(g/em’)  7.92 4.43 7.93 1.42
SRR
21 11 2 2.
Elastic modulus/GPa 0 3 03 ?
JAHA L Poisson ratio 0.3 0.34 0.3 0.4
Jett A i
124
Yield strength/MPa 0 970 350 60
s i
Tensile strength/MPa 1400 1700 680 120
JLK 2 Elongation/% 8 5 40 40

2.1.2 4TEEAES
ZERNET DK T unfE e TN S T T
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Fig. 5 Geometry model and mesh model of nut sleeve
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Fig. 6 Finite element boundary conditions and contact settings of

nut sleeve
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Fig. 7 Stress variation of the forming sleeve during the tensile
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Fig. 8 Stress variation at the head during the tensile process
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Fig. 9 Stress variation of the nut sleeve countersunk head during the
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Fig. 10 Installation plate
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Tab.3 Installation plate dimensions

d d d

1 2

JUsf Dimensions /mm ~ 4.178 40 55 16 21.215

.
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Fig. 11 Core pulling rivet installation forming

Upper sleeve

—= 3% i Blade

— &R

Lower sleeve

J7777 7777
E12 RARREREE
Fig. 12 Schematic diagram of the test principle
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Fig. 13 Hydraulic testing system and specimen clamping
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Tab.4 Maximum tensile force data record

i IfE
Number 1 R, R, R, R, Ry Average
value

e iﬁ«%%%ﬁest result
- - - {453 Simulation result

2_

3% 77 Clamping force /kN
W
T

Pl WEIL B BT
| Stage [ Stage 11 Stage 111

0 L 1 1 L 1 1 L
0.2 0.4 0.6 0.8 1.0 1.2 1.4

Hi {7 Tensile displacement/mm

El16 HESKENGEH -G HELT

Fig. 16 Comparison of test and simulation force-displacement curves
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Tab.5 Simulation prediction and test verification

results for type 06 rivet

F,_ /&N 605 607 605 611 621 6.13 6.10

Imax’

16 7R T 38 3 47 EAR AU L 95 ) 45 15 3] Y e
PRI AS 2R H AR g6 25 5k 6 AR A B3
RN 2R o s 5 0 L 45 S % b R B, iR S
KPR SO T R B X3 Sy iU R A, HAE R A
- &Y & RAF. R 16 A, 5
15 BLAE B B T (B AR X R 25 4 0. 36% , [y B 1 1A
FHXT 1R 224 0. 85% , BUT AT Iy T 4 Bsf () R X 138 2
1. 529 , 45 FL W0 fe KAPLAR 21074 6. 12 kN, 56 0 45
B KPR R 6. 10 kKN, X2 224 0. 85% (RIES 2
WA S X L) o X — 5% P IR BA 1 {5 ELASE A B AT S
PUh i B TN 7 v i R

Ry i — 25 B TR TN i i TR L 3 6 TR
— VR B A SR R 4.9 mm Y RIS IR S h T,

[,
. — T Rpr gy
HE 15 L5 . .

K i Simulati It Maximum tensile
ey positions imulation results

yP force/kN
AN ERN A
Maximum principal
stress/MPa
1700.0
|t
[AES 1275.0 ‘
N | (1)9113%.3 20.281
ut sleeve 2200
708.3
566.7
425.0
283.3
141.7
0
RN
Maximum principal
stress/MPa
1 400.0
i
e .
ASFF 1.050.0 15.35
Core rod 323 '
700.0
583.3
460.7
350.0
233.3
0
RKER
Maximum
principal stress/MPa
N
s o
i 3859
Folrmlng ﬁgz 10.03
sleeve 134
—-147.0
-280.3
—413.5
—546.8
—680.0
- M5 RALAT g
PAR IR R Average
Failure mode Test results maximum tensile
force /kN
IRAIE AL
Failure of the
. 10.21
forming

sleeve .
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Study on tensile strength prediction and test validation of blind bolted rivets
with large flange

SUN Yuyin' FENG Jiaming' JIN Wanjun®> LIAO Ridong'
(1. School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China)
(2. China Aviation Industry Standard Parts Manufacturing Co., Ltd., Guiyang 550014, China)

Abstract: Blind bolted rivets with large flange are widely used as standard fasteners for single-side connection in the
aerospace industry, and their minimum tensile load is one of the clearly specified mechanical properties. However, the current
method for calculating the tensile strength of blind bolted rivets with large flanges is not yet fully developed. In order to
improve the forward design process of blind bolted rivets with large flanges and predict their tensile strength, the failure modes
during the tensile process were investigated. First, mechanical analysis reveals three failure modes due to stress concentration:
the breakage of the forming sleeve, breakage of the head, and indentation of the nut sleeve. Then, a finite element simulation
was used to propose a prediction method for the tensile strength of blind rivet nuts with large flanges, which helps obtain the
failure modes and predict the tensile strength. Finally, a hydraulic testing system was used to conduct tensile tests on a specific
model of blind bolted rivets with a large flange, the specific failure modes and force-displacement curves are obtained. The
accuracy of the proposed prediction method is verified by the test result. This study provides a reference for improving the
connection strength of blind bolted rivets with large flanges and enables the prediction of tensile strength in the forward design
process.

Key words: Blind bolted rivets with large flange; Failure modes; Tensile strength; Prediction method; Test validation
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