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Resear ch on the Optimum Design of Tapered Semi-Circular Head Rivet Based
on the Uniformity of Rod Defor mation
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Changsha University of Science and Technology, Changsha 410114, China)

ABSTRACT: In order to solve the problem that the rivet rod had upsetting deformation in the process of riveting and the uni-
formity of rod deformation affected the mechanical properties of the riveted joints, a type of variable diameter rivet with taper
on rivet rod is proposed to improve the uniformity of deformation of the rivet rod. Based on three-dimensional finite element
simulation, the quasi-static riveting processes were simulated, and the deformations of rivet rod of tapered rivet and conven-
tional rivet were obtained. Furthermore, the changes of residual stress of plates were compared and analyzed. Finally, a gray
system composed of deformation uniformity of rivet rod, rivet size and pier head height was established. Through correlation
calculation and analysis of the system, the influences of rivet size and pier head height on uniformity were determined. After
deformation, the tapered rivet has better uniformity of rivet rod than the conventional rivet. After riveting with different rivets,
the changes of residual stress of plates have the same trend. The gray correlation analysis of evenness shows that evenness is

highly correlated with rivet size and pier head height. The correlation calculation results of rivet size and pier head height on the
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deformation uniformity of rod were 0.608 and 0.596 respectively. The influence of rivet size on uniformity is greater than that of
the upset head height. The tapered type rivet has a good effect on improving the deformation uniformity of rivet rod.

KEY WORDS: riveting; finite element model; interference; grey correlation analysis

1 HERISTRITSARTHE
1.1 #RPETR

(1]

[2—3] [4] (5—6] 1 3
[7]
1
1
(8] (9] —mh(R* +1* + Rr) = nR} by )]
[10] 3
h R r
hy R
3
4.8 mm 4.6 mm 4.4 mm
Chakherlou !
44
5.0 4.8 4.6
3 & <> Fﬂ
(2] - w o
(= D — o
= < 2 0
[13—18] v
50 5.0 5.0 5.0
[13—15] 5.0 mm 4.8 mm 4.6 mm 4.4 mm
*l'l 1 1 ]
Szymczyk [1o!7 ¥ A;@ll’ﬂ %&%lfmg

Fig.1 Comparison of dimensions between tapered rivet
and conventional rivet

: [18]
fiang 12 (HEMER
2 6082
2A10
4 mm
QJ-782A-2005 14.0 mm
2 1/4
C3D8R
232
11 456 6840

Abaqus

(1] Johnson-Cook

2A10



13 4

87

a:(pB+6185”)@+001xm41
€o

& & &
6082
6500
ngf Ee
2
y
2 mm/min

2

W sz EE LR

Fig.2 Simulation model

1.3 HEIE

Instron 5985 2 mm/min

0.77% 0.15%

2 HR5HH

2.1 STERSH

4
QJ-782A—2005
D 7~8 mm

0.59%

121%  0.63%
0.64% \\\u///

)
WAL |
Yk 2
A 3
WAL 4
WAL 5

a GIETASTEXT H
10

R
Bf —a— fiomit 2

FESF1/KN

-05 00 05 1.0 15 20 25 3.0 35 4.0

{7 % B /mm
b WSk R - 2
3
Fig.3 Comparison of experiment and simulation

D
>

}(&>|

(| 1) =

3a

> N L

3b 4
Fig.4 Geometric dimensions of riveted joints
before and after riveting

H

x100% 4




88 2021 7

1 2
1 3 ;b h I+ 5)
5.76% 2.13% an 5
7.94% 2 4.39% 2.2% 1.62% 5
3 4 5 I=>(1,-1,p (6)
i=1
3 I I,
o o V)
7.86% 0.39% 9.42% 4 44 46 4.8mm
o o o 0
20.17% 7.14% 20.38% 5 53.8% 6.804 6072 653 6.1528
50.29% 72.51% 3
b2 44mm 4.8 mm
4.6 mm
y
H
6 3
- 5
y
x1 HETHENELER
Tab.1 Simulation measurement results of interference
72+
/
7.0+
mm 1 2 3 4 5
2.290 4.320 2.410 1.285 0.476 —0.171 1.664 6.8
4.8 mm il
2.294 4.071 2.309 1.386 0.572 —0.079 1.652 g 6.6
4.6 mm
2.291 4.228 2.357 1.290 0.51 —0.085 1.660 6.4
4.4 mm 62|
2.293 3.977 2.371 1.406 0.573 —0.047 1.656
6.0 L 1 L I 1
12 T 2.25 2.26 227 228 2.29
—=— 5.0 mm HH Bk R B /mm
—4— 4.6 mm HEILIET . 6 - 4
gL —v— 4.4 mm #IBEET Fig.6 Uniformity-upset head height curves
£ of 22 MEEIRAT
5N
Ho4r
P 4.8 mm
2—4
0 i 1 1 1 1 1 1 7 8
0 1 2 3 4 5 6
fi#% & /mm 7 g
> 2
Fig.5 Punch loading process comparison
2



13 4 89
8
8
2—4 3
2.1
s ey ey
RIZE PEEQ PEEQ
PEEQ
CEH: 75%) CFH: 75%) S: (75% )
— +5.295e—01 +1.263e—00
:00as03 +4.854e-0] +1.158e—00
+6.449¢—02 +4.413e—01 +1.053e-00
+5.804e—02 +3.971e—01 +9.476e—01
+5.159e—02 +3.530e—01 +8.423e—01
+4.514e—02 +3.089e—01 +7.370e—01
+3.869e—02 +2.648¢—01 +6.317e—01
+3.224e—02 +2.206e—01 +5.264e—01
+2.580e—02 +1.765¢—01 +4.211e-01
+1.935e—02 +1.324e—01 +3.159¢—01
y +1.290e—02 +8.825¢—02 +2.106e—01
+6.449¢—03 +4.413e—02 +1.053e—01
| +0.000e+00 +0.000e+00 +0.000e+00
z
a b
7
Fig.7 Simulation of riveting process (red arrow represents material flow)
L N J1/MPa
262 S.S11
2.60 - (Y. 75%)
+5.581e+02
258 €——>I
£ B BER T
256 F «—»y ! +2.811e+02
+1.888e+02
g 254t | N 19647¢+01
W 252 i = WA 2 18}1;‘1‘338(1)
i o —e— W3 +1.805¢+02
2501 P! —a— EHIET-4 +277286+02
A Loy
246l ! —o— SIEHILT-3 +5.498e+02 z
244 1 A & BRARIANEL
' 0 1 2 3 4 5 150 -
A /mm 1001
8 g sof
Fig.8 The radius change curves of each position of b ol
the rivet during the riveting process R
B ot
23 BABAHH & ol s b
RN —e— 4.8 mm #JP
' S ~150 | —a— 4.6 mm EILHIET
—v— 4.4 mm HETEHET
—200 -
(201 2 0 2 4 6 8 10 12 14 16 18
BEFL3% P S /mm
[21] b _FARJE RN ST
150
100 |
[16] %’ 50 -
O -
R
= 50 +
? %gk’ -100 —=— 5.0 mm ﬁfﬂ;@}ﬂ’ﬂ‘
3 —e— 4.8 mm 4EFEINET
~150 —a— 4.6 mm HEILHIET
200 1 —v— 4.4 mm ZETEHET

-2 0 2 4 6 8 10 12 14 16 18

9

BRFLIABE S /mm
¢ TARFIMERANL ST % b

Fig.9 Comparison of residual stresses



90 2021 7
2.4 HEEREXBES p 0.5 minmin 4,
maxmaxA,-j
i J
10 i j
i
11
1 L
=26k i=12 (11)
125
2 11
0.608 0.596
*k2 HMAERBRHZSH
Tab.2 Uniformity gray system parameterstable
/mm /mm
1 6.8040 5.0 2.290
2 6.9196 5.0 2.281
3 7.2044 5.0 2.253 £3 SEEBRNULESR
4 6.1528 4.8 2.294 Tab.3 Dimensionless results of parameters
5 6.3080 4.8 2.282
6 6.4872 4.8 2.253
7 6.5300 4.6 2.291 1 0.646 1.000 0.905
8 6.6924 4.6 2.280 2 0.748 1.000 0.690
9 6.8900 4.6 2.254 3 1.000 1.000 0.024
10 6.0720 4.4 2.293 4 0.071 0.667 1.000
11 6.1716 4.4 2.281 5 0.208 0.667 0.714
12 6.4420 4.4 2.252 6 0.367 0.667 0.024
7 0.404 0.333 0.929
8 0.548 0.333 0.667
9 0.722 0.333 0.048
10 0.000 0.000 0.976
11 0.088 0.000 0.690
7 12 0.327 0.000 0.000
3
X 3 #iE
X, _ N T imin 22,3, =1,2,..,12 (7) =R
Ximax ~ Ximin
Xl Xij i 3
J
Y
Y:{Y(j)|j:1,2,....,12} (8)
9 1 H
3
minmin | Y (/) - X; (/) [ +pmax max | Y(j) - X;(/) |
E (k) =—L— . Lt . 44mm 4.8 mm
1Y (/)= X;(j)|+pmaxmax | Y(j)—X;(j)]
i J 4.6 mm
)
Ay‘ =[Y()-X; (D]
min min 4; + p max max 4; 2
&) =—~~ — (10)

4+ p mlax mj;lx 4;



91

0.608

0.596

SR :

(1]

[J]. , 2020, 49(4): 1—6.
HONG Teng-jiao, DONG Fu-long, DING Feng-juan, et
al. Application of Aluminum Alloy in Automotive
Lightweight[J]. Hot Working Technology, 2020, 49(4):
1—o6.
SKORUPA M, MACHNIEWICZ T, SKORUPA A, et al.
Effect of Load Transfer by Friction on the Fatigue Be-
haviour of Riveted Lap Joints[J]. International Journal
of Fatigue, 2016, 90: 1—11.
JIANG H, SUN L Q, LIANG J S, et al. Shear Failure
Behavior of CFRP/Al and Steel/Al Electromagnetic
Self-Piercing Riveted Joints Subject to High-Speed
Loading[J]. Composite Structures, 2019, 230: 111500.

[1. , 2020(5): 53—56.
LIU La-la, LIU Zhu-huan, SHI Tao, et al. Microstruc-
ture and Properties of Resistance Spot Welded Joint of
Dissimilar Aluminum Alloys[J]. Welding and Joining,
2020(5): 53—56.
[J1. , 2020, 40(6):
59—70.
WANG Qiang, JIA Pu-rong, ZHANG Long, et al. Fail-
ure Analysis of Carbon Fiber Reinforced Composite
Countersunk Bolt Joint[J]. Journal of Aeronautical Ma-
terials, 2020, 40(6): 59—70.

[J1. , 2020, 40(10): 56—65.
YANG Qiang, HUI Xu-long, BAI Chun-yu, et al. Dy-
namic Tensile Response and Failure Mechanism of
Hi-Lock Bolt Joint[J]. Explosion and Shock Waves,
2020, 40(10): 56—65.

s >

, . 2A10
[J1. , 2020,
27(7): 94—102.
GONG Cheng-peng, ZHANG Chen-hao, MA Tian-yu, et
al. Research on Deformation Process of 2A10 Alumi-
num Alloy Rivet Head in Electromagnetic Riveting[J].
Journal of Plasticity Engineering, 2020, 27(7): 94—102.
[ , 2019, 33(S2): 431—440.
CHEN Yu-hao, XUE Song-bai, WANG Bo, et al. De-
velopment Status and Future Direction of Welding
Technology in the Automotive Lightweight[J]. Materials
Reports, 2019, 33(S2): 431—440.

b}

[10]

[12]

[13]

[15]

[16]

[17]

[20]

[21]

[J1. ,2012, 33(4): 755—762.
ZHANG Qi-liang, CAO Zeng-qiang. Study on Factors
Influencing the Performance of Composite Bolted Con-
nections[J]. Acta Aeronautica et Astronautica Sinica,
2012, 33(4): 755—762.

, , , . MLI10

[ , 2021, 28(3): 92—97.

HU Xin, TAN Yuan-an, DUAN Chao-qi, et al. Study on
Mechanical Properties of Electromagnetic Riveted
Joints with ML10 Steel Rivets[J]. Journal of Plasticity
Engineering, 2021, 28(3): 92—97.
CHAKHERLOU T N, MIRZAJANZADEH M,
ABAZADEH B, et al. An Investigation about Interfer-
ence Fit Effect on Improving Fatigue Life of a Holed
Single Plate in Joints[J]. European Journal of Mechan-
ics-A/Solids, 2010, 29(4): 675—682.
JIANG H, ZENG C C, LI G Y, et al. Effect of Locking
Mode on Mechanical Properties and Failure Behavior of
CFRP/Al Electromagnetic Riveted Joint[J]. Composite
Structures, 2021, 257: 113162.
, : [J]. )
2007, 14(1): 120—123.
CAO Zeng-qiang, LIU Hong. Electromagnetic Riveting
Technology[J]. Journal of Plasticity Engineering, 2007,
14(1): 120—123.
[ ,2012, 37(3): 123—126.
FENG Dong-ge, CAO Zeng-qiang. Quality Comparing
Analysis of Electromagnetic Riveting and Pneumatic
Riveting[J]. Forging and Stamping Technology, 2012,
37(3): 123—126.
DENG JH, YU H P, LI C F. Numerical and Experimental
Investigation of Electromagnetic Riveting[J]. Materials
Science and Engineering: A, 2009, 499(1/2): 242—247.
SZYMCZYK E, JACHIMOWICZ J, SEAWINSKI G, et
al. Influence of Technological Imperfections on Resid-
ual Stress Fields in Riveted Joints[J]. Procedia Engi-
neering, 2009, 1(1): 59—62.
SKORUPA M, SKORUPA A, MACHNIEWICZ T, et al.
Effect of Production Variables on the Fatigue Behaviour
of Riveted Lap Joints[J]. International Journal of Fa-
tigue, 2010, 32(7): 996—1003.
JIANG H, CONG Y J, ZHANG J S, et al. Fatigue Re-
sponse of Electromagnetic Riveted Joints with Different
Rivet Dies Subjected to Pull-out Loading[J]. Interna-
tional Journal of Fatigue, 2019, 129: 105238.
CUI J J, ZENG C C, JIANG H, et al. Flat Spiral Coil
Design for Higher Riveting Force and Energy Saving in
the Electromagnetic Riveting Process[J]. Journal of
Manufacturing Science and Engineering, 2019, 141(10):
101014.
ZENG C, LIAO W H, TIAN W. Influence of Initial Fit
Tolerance and Squeeze Force on the Residual Stress in a
Riveted Lap Joint[J]. The International Journal of Ad-
vanced Manufacturing Technology, 2015, 81(9/10/11/
12): 1643—1656.
RANS C, STRAZNICKY P V, ALDERLIESTEN R.
Riveting Process Induced Residual Stresses Around
Solid Rivets in Mechanical Joints[J]. Journal of Aircraft,
2007, 44(1): 323—3209.



