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Experimental investigation of the joinability of three-layer aluminum/ polymer/
aluminum composite sheets by the clinching process
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Article Information Abstract
Original Research Paper Three-layer aluminum/polymer/aluminum laminate sheets are one of the new materials used to decrease the
Received: 18 April 2021 weight and air pollution of vehicles. Using the conventional methods for joining these sheets have lots of

First Decision: 8 May 2021

Accepted: 15 June 2021 challenges. In this paper, the jointability of the three-layer aluminum/polymer/aluminum to a single-layer 1-

mme-thick aluminum sheet is investigated, using the clinching process, which is a joining by forming process.

Keywords: The three-layer aluminum/polymer/aluminum sheets are prepared under laboratory conditions using the

Clinking Process aluminum 5754 and in 0.5/0.6/0.5 thickness arrangement. The effect of the pin penetration depth and pin
Three-Layer Aluminum/ Polymer/ conical angle on the joint properties is investigated. The joint cross-section is considered to compare the neck
Aluminum Sheet thickness and interlock in different joining conditions. Also, the joints’ strength is investigated using shear and
Tool Geometry Effect peel tests. The results indicate that increasing the pin penetration depth to an optimum value, improves the

Joining by Forming interlock and joint strength. Additionally, the strength of the joint created by the straight pin is higher than that

of the 3deg conical pin, in the same pin penetration depth. In all test conditions, the best joining conditions
happened when the failure mode was a combination of the bottom separation and neck fracture.
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Fig. 1 Common methods used for joining of three-layer
metal/polymer/metal sheets a) Mechanical fasteners b) Adhesive
bonding c) hemming [9]

SVl (@08 yacly 155 e sl g Sl Jgloza cslo s, 1 S
[9] &5,55 (€ (oo YL (b SlSo

e 6Kl jleslanal 12020 Lo s ) Sen 5 Letul,
s 41y 08 Ll 15 4 a5 59 sl 4l
e Gl blanl 2 JSs Gllas gy cnl 5o 150,85 Jate
D9bge dlml AVan 5, 50 » 50 (Sogil Al (5 N
Jlesl b e35 59 0ad sbml JLed ;o adl> cul (6,01 51 e
Soge @ Sk s (45,0 Glalgiul adl> s 920 jL2d
bate KuSs 4 Iy Jlail ey 90 g Wl JSB et (olads
[9] w5’ oo

® Hemming

4 o )leis 8 ©)93 A1400)._~.3‘QI),\.| Sgd 9wl waie

dlge [2] wblyse (551 Bpan SRl Az 0 5 4l Sl
Syg0 Caiuo (pl 0 a5 diis s olge alex 3l S S
FSis alizes oolo a..>l;2 3 olge cpl il 423§ )18 axgs
& oS 5 Oge adg Sl ol Gaa dly o aisd o
oole S o Calizs ool wiz slacuogaze ialS g oy e
[3] cusl a>lg

Se Jlal b oSt wls 952y (oS 5 olge 5l (lacgerne
Jol> oy Glaa¥ Grizmen 5 L 8 slaa¥ Gleys
S 45 518 Ly 1518 (clacy oalS Ll 4y 5 i o
oo & o JLail b Ygono olge cnl iliie sloas¥
0 gl Y So e S5 obal Gyge 0 Wl Jate
S Sy b g ol ABgte (Gam yorly Y 4 e, L S S
3B CanSd & (nl 4 azg b cnlplo @sdoe oS S 5
S am n £y S Ay 5 G5 alyz b Ysene (Sius
e B3 (0 (59, Y S DY gaze (nl )3 (Sl LA6
¥ Spslme ;0 pSee 5 pdvars s BB aY jpas
Gl bwgs 551 @iz g iy GlPl coge ey
aiile 5 dlge oyl [3] Sgdiso ;590 Slge b annlin ;o olge
Wyl 1y 095 cnims LSad olge plgs a5 oS 5 olge o
4] sin s 050 s yoely 5 558 Y 53 52 (ol |

Vb (59 4 plotinl S gzmen (Al Shlse e 4
)l g Dgo plp e pog Gile 9 Vb 5 Lie el
21 o3 laoyls b Lady [ 50alS o
Alod S o i b g 9,085 G [0 Ay iz slocond
S AN&Y) iyl g lao 28lS s wiilys e olse ol [5]
slacs b o Vgazme (ol igh @Bly asie aldis flug
Aoz 5P 3nagil sl S B3 055 asgame 5 S3lus st
OS] QEONE SR TP 315 BT IPPETE L g
i) slags s ool [B] wloas eolizal . 5 298 o5l
Ngbon aiFlo 3,55 5 Eld sty Lawgs Ygere a¥an
[7]

doojln cole jo fluwes 8 0lge 5l crwg b Ll
S)Sez pyzmen (oo ]lail Jolate (slahy; Sl eslitul
03,5 axlge His b 7 SolKe o¥lasl 5 oz sd
a>,5 900 1 800 wdlsl cde a0 Jlo lgie [8] <l

o9y ) oolanwl pgiagll 5 oVgs gd sles o ol 5 ol

! Metal/polymer/metal
2 Noise and Vibration,
% Fiat Chrysler Automobiles
4 Mechanical fasteners

28



Ve 9 ()35 Jgw)

SiaialS” Sl b boangs egninegIT/ rosls /09aiseg)T &aVam S )gaels Glad )9 JUasl cahild (225 w2

Sl S8 et olml g msle 0i> 35 L
g oo Jate oSy 4 Jlasl e o (rdsge

Fig. 3 using point resistance welding (RSW) method to joining three-
layer sheet [10]
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Fig. 4 Using self-pierce riveting to joining three-léyer sheet [11]
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Fig. 5 Parameters of the clinching process[13]
[13] Smds anl)p sla il L 5 S

“ Interlock
® Wall thickness

29

Fig. 2 Using a cylindrical ring to join three-layer metal/polymer/metal
sheets [9]
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Fig. 6 Schematic of three-layer aluminum / polymer / aluminum
composite
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Table 1 Chemical composition of 5754 aluminum sheet

%Al %Si %Fe %Mg %Mn

%Cr %Cu %Ti %Zn %Res.

94/2-97/4 0/4 0/4 0/5 2/6-3/6 0/3 0/1 015 02 0/15

! shear test
2 peel test
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Table 3 Properties of Maleic glue used Table 2 Properties of polyethylene used
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Fig. 7 Steps of preparing three-layer sheet
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Fig. 8 specimen Details of the shear test (a) and peel test (b).
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Fig. 11 Geometry of the pin to investigate the effect of the penetrétion
depth (The values used for h are: 7.2, 7.4, 7.6 and 7.8)
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Fig. 9 Setup used to perform the clinching joint.
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Fig. 12 Geometry of clinching pin to investigate the effect of pin angle
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Fig. 13 Geometry of the matrix for the clinching process
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Fig. 14 Preparation of the clinched specimens to perform the shear and
peel tests
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Fig. 15 Cross-sections of the joints created with different pin benetration deptha) 2.2 b) 24 c) 2.6 d) 2.8 mm
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Fig. 16 failure modes of the clinched joint a) neck fracture, b) bottom
separation and ¢) combined type
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Fig. 17 Force-displacement diagrams to investigate the effect of penetration depth a) 2.2 b) 2.4 ¢) 2.6 and d) 2.8 mm
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Table 5 Data obtained from four joining conditions to investigate the effect of the pin penetration depth
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Fig. 19 Cross-sections of the joints created with pin angle of a) 0 and b) 3 degree
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Fig. 20 The effect of the pin angle of a) 0, b) 3on the Force-displacement curves

Table 6 Effects of pin angle on joint characteristics
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