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Recently, in the automobile industry, the development of technology that can
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automobiles with a large amount of aluminum use general wire welding (MIG,
Keywor ds': o TIG) to bond aluminum components to each other. However, for complex
Hybrid clinching joint three-dimensional shapes and dissimilar materials, traditional welding methods
Dissimilar material . . . S . .

. of inducing metal bonding and joining access are difficult to implement.
Aluminum alloy Therefore, in such cases, joining techniques should be used. In this study, the
Interlock mechanical properties of clinching joints without rivets are studied amon,
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various mechanical joint methods for weight reduction.
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Fig. 1 Automotive parts with clinching joints
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Table 1 Classification of aluminium alloy

Type Main Component Series
Al 1000
Non-heat Al-Mn 3000
treated AL-Si 4000
-Si
P . type alloy
rocessing AlMg 5000
alloy
Al-Cu 2000
Heat-treated Al-Mg- Si 6000
type alloy
Al-Zn 7000
Non-heat Al-Cu -
. -treated
Casting type alloy Al-Mg -
allo
Y Heat-treated Al-Cu -
type alloy Al-Si-Mg -

Side Structure

Al6000 Series

Al7000 Series

Fig. 2 Aluminium patch work side structure
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Fig. 3 Creation of clinching joint
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Fig. 5 Geometrical parameters variable dimension

Table 2 Clinching joint specimen condition

Material (mm) Press force
Case -
Up Mid Low (kN)
#1 | Al6451(2) AI7075 (1.5) "
#2 Al6451 (2) | Adhesive | Al17075 (1.5)
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B Aol NE AT AI7075, Sk Ale4512 AES Y
¢ Fig. 61} Zo] Al70759] Y2 QAIEZ QlIsto] THie] aido]
uhdstol] wheh A Al6451, 3HE Al7075 27102 AZLNE
T/3dsto] ZRSI3iTh Table 29} 7ol £ 27FHA] Case®
A2 Zegsiion, AlH FEe Al6451 2 mm, SHS
Al7075 1.5 mmE YZ0)E o|£ A2 LAsto] Adslyich
Case #1& 7|29 294 Aoz A3Y5l9 o Case 2=
:,Lx_& x—lxl-zﬂ Type E. oﬂ al xﬂ— ]-.Q.o} o}o]tla]t x—l oP___i
Z134sto] Case #13} Hlaslgoz 42§ HaAPE S84 Ay
9 7174114 AR Ulﬂ%

p

3.2 FH A AlE)
24 A3 AZAHS 99l Fig. 87 o] gt AT A} s
o] MTS 810 ZHlE ARESRITt. Al W2 Fig. 99 KS B

0801 F&AS g Al 74 2 KS B 0802 F5A1S A
A wp ol wek ARe Sastent.

SAAEEHE ol 8ot | A ¥
Table 39} 7t} Fig. 109] (a)= AA|
(bE 71& 28 Aloj= 2EHH 2E, (¢)

2P Afo|= AEZZ, (d)= 5lo]

it

=
= O
£

111 rlr

70

Al6451

Failure

| /7 Ao
]

Fig. 6 Failure mode of hybrid clinching joint in Al7075-Al6451
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Fig. 7 Typical stroke-load curve and cross-section of clinching
joint

Fig. 8 Tensile test machine (MTS810)
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(b) Steel side structure

(d) Patch work side structure [T

Fig. 10 Impact test specimen

Table 3 Impact test condition

NO. Item Value
1 Drop height Max 6.8 m
2 Impact velocity Max. 11.5 m/s
3 Impact energy 199.9 kJ
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Fig. 11 Result of clinching joint cross section factor
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Table 4 Clinching joint veriable factor

Table 5 Result of tensile test

P fers (mm) Case CASE Tensile strength (N)
arameters (mm
#1 #2 1 2 3 Mean
Die diameter (Dg) 8 #1 2129 2174 2071 2124
Bottom thickness (X) 1 #2 8190 8250 8154 8198
. Ny 0.61 0.53 Increase rate 3.84 3.79 3.93 3.85
Neck thickness
N2) 1.15 1.06
Undercut (u) 0.10 0.05 9000
14 14 7000 + ]
= 6000 4
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o 0 T T T
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29| —a— Casett Al451 -AI7075 01 792 Measure Number
oo —«ijcase#ZAIG451 -Adhesivel-AI7075 0.05 : 00 Fig. 13 Result Of tensile test
N, N, u
Fig. 12 Clinching joint veriable factor Table 6 Result of impact test
. o B No Displacement | Impact energy
T£0] 57] wjifeg HeH ) (mm) (kT
Steel side structure 157.1 5.704
4.2 BX AE(oIZ AlE) & |' Patch work side structure I 149.5 5.607
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Fig. 14 Impact test result graph
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