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JOINING PROCESS AND OPTIMIZATION OF VEHICLE COMPONENTS BY 
MECHANICAL CLINCHING 

 
 

 
Bursa Uludag University 

Graduate School of Natural and Applied Sciences 
Department of Automotive Engineering 

 
Supervisor:  

 
With the development of technology and with the aim of reducing carbon emissions, 
lightening efforts in passenger cars have been increasing. For these reasons, the use of 
different types physical and chemical properties of materials on the vehicle also have been 
increasing. As the use of different types of materials increases, new production methods 
are needed. Although the patent of clinch dates back to the 19th century, it could not find 
wide use in industry for a long time. However, its use has been increasing day by day, 
especially in the automotive sector. Clinch offers the opportunity to join the same or 
different types of materials. It is an alternative method to spot welding. The most 
important advantage over spot welding is that it can be used for joining different types of 
materials. It creates a physical clamp between the materials by creating plastic 
deformation on the material. With the help of this physical clamp, the materials are joined. 
 
In this study, some geometric parameters of clinch tools that affect the quality of clinch 
connections were examined. The correlation of the finite element model with the 
experimental data of two 6xxx series aluminum sheets with 0.8 mm thickness was 
investigated. Amount of physical clamp, neck thickness, pulling force, seperation force 
are discussed. In this study, How which parameters of clinching tools affects the strength 
was investigated by Taguchi method. 
 
Keywords: Clinch, automotive, clamping, strength optimization, Taguchi, mechanical 
joining, sheet metal parts 
2021, ix + 77 pages 
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1.  

 (clinch) olarak da bilinmektedir. Teknolojik 

 karbon 

 mekanik kenetlemeli bir  

i olan form punta  

 form punta 

(clinch)  

klerinden birisi  

Form punta  klerinden birisi,  

  (Kaya 2012). 

 

getirmektedir. 

 

form punta 

 (Kaya 2012). 

 ya, elektronik   

 

 ve 

 

  Form punta 

lar

. Form punta , k

 Form punta ve kaynak ile birl

 Form punta 



2 

 

Form punta 

  

belirlenmesidir. 

na etki eden parametreler incelenecektir.  

6XXX 

 

 

  

sanayide 

de bahsedilecektir. 

 

 

.  
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2. KURAMSAL TEMELLER ve  

2.1.   

 

 

 

2.1. -
new-volvo-  

 

form punta 

 

2.2.   

Form punta, iki veya daha fazla sac malzemenin yla 

mekanik kenet meydana gelir ve r. 

uygulanabilir. Form punta  0

metal levhalar   tek 
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, , form punta (self-piercing rivet) ve 

dairesel formlu form punta 

 form punta  (Di Lorenzo ve 

Landolfo 2004). 

 (Varis 

2003).  

 Z

 

(penetrasyon) 

 (de Paula ve ark. 2007). 

 

 

2.2. Form punta  

M. Carboni 

form punta 

 

 

r ve b

 (Carboni ve ark. 2006). 

lzemelerin, , form punta gibi 

 form punta 

form 

punta 

tir (Nordberg 2005).  

  a 

  levha, 

 

Form punta 
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  max 

  (Mucha ve ark. 2011). 

 

 

, formu ve 

 

proses form punta 

mekanik kenetleme 

(Mucha 2011). 

 

. 

dan hangisinin daha uygun ol

  

ka

 

2.3. Form Punta  

Form punta ile nin, 

 maliyet 

 2.3  2.4 m form punta 

ve nokta in   

. 
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2.3. Form punta 'ten 
) 

2.4. Form punta prosesi birim maliyet  
2005 ) 

Form punta 

form 

punta  

 

 

0

2000

4000

6000

8000

10000

12000

14000

Form
Punta

Nokta Vidalama

<750 mm

>750 mm

0
20
40
60
80

100
120
140
160
180
200

Form
Punta

Nokta Vidalama

M
al

iy
et

 

<750 mm

>750 mm
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2.1.  
 

Malzeme 
Form 
Punta 

Nokta 
 

Vidalama   

  X    

  X    

      

  X    

 

Form punta  

  

  

  

 idalama    

 T  

 Proses ne gerek yoktur 
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2.5.  

Kaynak

Punta 

Patlatma 

Elektrot
Karbon 
Elektrot

-
MAG TIG Oksi-Asetilen 

Oksi-Hidrojen 

Ultrasonik 
Kaynak Lazer Kaynak Plazma 

Lehim

Sert Lehim

Bindirme 

Kenetleme

Tek Kenet

Pimli 
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2.4. Form Punta Prosesi  

Form punta  meydana gelir. Z

  

 

 form punta  

 

2.6. Form punta prosesi 

Form punta     

 (Eshtayeh ve Hrairi 2016). 

 

2.7. Form punta  

Form punta (Bilal ve ark. 2018): 

 Sabit matrisli form punta 

 form punta 

 Matrissiz form punta 

 Delikli form punta 

 Hibrit form punta 
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 Sabit Matrisli Form Punta 

form punta  

incele

statik  a . 

 

Statik  metodunu kullanarak bu kodun 

, 

a r. 

 (Hamel ve ark. 2000). 

 

 kuvvetini ve hata modunu 

Form punta 

(2.1) 

Deform-

 (Lee ve ark. 2010). 

 

 (2.1) 

 

2.8

form punta da kenetlemeyi 

nin 1000 kN gibi 

 (Israel ve ark. 2013). 

 

 

2.8. 6+4 m form punta kesiti (Israel ve ark. 2013'ten 
) 
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 Form Punta 

form puntada,  ve 

 r (Eshtayeh ve Hrairi 2016). 

form puntada ve sabit matrisli form puntada malzemelerin 

form punta 

. Zheng ve ark  ise 

 form punta 

 ark. 2012).  

 

 

2.9. form punta prosesi 

 Matrissiz Form Punta 

Matrissiz form punta  ve k , 

  ve me r.  

 

2.10. Matrissiz form punta (Gerstmann ve Awiszus 2014 ) 

Deform-

form punta ile 
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.  

(Neugebauer ve ark. 2008). 

 

 Matrissiz form punta,  form puntaya 

 (Neugebauer ve ark. 2008). 

 

 

2.11. Matrissiz form punta 

 Delikli Form Punta 

Delikli form punta

(Bilal ve ark. 2018). 

 

2.12. Delikli form punta  

2.5. Form Punta nin Pratikteki  

Form punta Manuel form 

punta 

form punta a

erin

mevcuttur.  
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2.13. Manuel form punta  

 

2.14. Bollhoff marka manuel form punta a (https://www.boellhoff.com/tr-
en/products-and-services/assembly-technology/clinching-systems-rivclinch.php, 
tarihi: 11.08.2020) 

Otomatik form punta 

 Sistem otomasyonel olarak kontrol edilebilir. 

Genellikle 50 - 80 kN form punta   

  da 

 

2.6. Form Punta  

Form punta 

- -alt -

kalitesine  fiziksel kenet 

 veya  mayabilir. 
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Genel olarak, toplam 

 Alt sac   

 tir. B  bilirlik 

larda  

duruma elde e  ( ). 

 

 

2.15. Form punta   

n, m form punta  

 ki  

da  

mekanik kenet  

 

 

Form punta   belirleyen ki mekanik kenetleme 

formunun   ve b

 

, 

 

 ( ). 

 

malzeme malzeme 

malzeme Gevrek malzeme 
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 malzemeler 

da uygulanmaz.  

2.7.  

Form punta gerek duyulursa 

 

form punta  

 

 

2.16.  

 

2.17.  

 

2.18.  
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2.8.   

Form punta yle ilgili 

incelemeler vard Form punta -lineer problemler, 

  

bilinmektedir.  sonlu elemanlar metoduyla modellerken ABAQUS, LS-

dinamik olarak,  veya  (implicit, explicit) tekniklerle 

. 

 

form punta 

 (Eshtayeh ve 

Hrairi 2016). 

2.9. Hasar Modelleri 

Form punta 

kriteri . Lambiase ve Di Ilio form punta 

Kurulan 

(Lambiase ve Di Ilio 2016). Zhao ve 

form punta 

(Zhao ve 

ark. 2014). , 

form punta 

on-Tvergaard-Needleman (GTN) hasar 

. GTN hasar 

modeli  (Song ve ark. 2019). 

2.10. Malzeme Modelleri 

ain 

 a  
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gerilme-  

 Plastisite 

irilebilir. 

modellerde  

(Ceylan 2008). 

 

-plastik malzeme modelleri olarak Johnson-Cook (JC), Cowper-

Symonds (CS), Zerilli-Armstrong (ZA), Piecewise, Gurson malzeme modelleri ele 

 

2.11. Johnson-Cook Malzeme Modeli 

Johnson-

(2.2) 

 

 

 (2.2) 

 (2.3) 

 

 

2.19.  (Ceylan 2008 ) 
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2.19 a 

 (Ceylan 2008). 

2.12. Cowper-Symond Malzeme Modeli 

Cowper-Symond malzeme modeli elastik plastik bir malzeme modelidir. Johnson-Cook 

-Cook malzeme 

 

 

 (2.4) 

 

bilinen Chard  

 (Ceylan 2008). 

 

 

2.20.   (Ceylan 2008 ) 

2.13. Piecewise Malzeme Modeli 

, olan bir  Gerinim 
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o

belirlenmelidir. D

 (Ceylan 2008). 

 

 

 

 (2.5) 

 

 

2.21. Piecewise lineer gerilme-  (Ceylan 2008 ) 

2.14. Gurson Tvergaard Needleman (GTN) Modeli 

 Bu 

evreler;  dir. 
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  ( ). 

 

Gurson,  

in plastik potansiyel fonksiyonu 

2.6  (Song ve ark. 2019); 

 

 (2.6) 

 

  

Gurson 

 

 durumlarda 

Tvergaard, 

ge Tvergaard (G T) modeli olarak 

isimlendirilir (Corigliano ve ark. 2000). 

 

 (2.7) 

 

q1, q2, q3 

  

Gurson-Tvergaard modeli, 

 daha etkin hesaplayacak ve daha 

model  Gurson Tvergaard Needleman (GTN) 

modeli olarak isimlendirilir (Slimane ve ark. 2015). 
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 (2.8) 

 

 (2.9) 

 

 (2.10) 

 

 (2.11) 

 

 

 

 (2.12) 

 

fc 

- f -hacim 
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2.22.  oransal deformasyonu   (Slimane 
ve ark. 2015  

  parametreleri 

 

kadar  Gurson modelinin sonucunun 

hassasiyetini  luk hacmi f0, 

c 

n   

  

  

 (Tu 2018). 

 f0 Etkisi 

b GTN modelinde b luk 

modelindeki 0 

0  
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2.23. f0 c=0,05; 
fn=0,01; n =0,2; lc=0,05)   

 

2.24. f0 c=0,05; 
fn=0,01; n=0,2; lc=0,05)  

-  

0 , c e 

 0 -

etkilemez. Fakat,  kuvvetin 

 0 

 0 -
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 0 

 

 (Tu 2018). 

 

 

2.25. f0 -
(Malzeme: S355; fc= 0,05; fn=0,01; ff=0,2; n=0,2 lc=0,05)  

 

2.26.  
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2.27.  

J-  J-integral metodu, elastik-

ile  

 

 

 fc Etkisi 

GTN modelinde fc GTN 

modelindeki fc c c 

- numune 

c -

 c 

 c 

 (Tu 2018). 
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2.28. c'nin etkisi (Malzeme: S355; f0=0,0001; fn=0,01; 
ff=0,2; n=0,2; lc=0,05)  

 

2.29.  etkisi (Malzeme: S355; f0=0,0001; 
fn=0,01; ff=0,2; n=0,2 lc=0,05)  
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2.30. c'nin J-  (Malzeme: S355; 
f0=0,0001; fn=0,01; ff=0,2; n=0,2 lc=0,05)  

c 

 

 ff  Etkisi 

GTN modelinde ff

 c  

ki etkisi 

 R e   ff 

i R  
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2.31.  f'in etkisi (Malzeme: S355; f0=0,0001; 
fc=0,05; fn=0,01; n=0,2 lc=0,05)  

 

2.32. f'in etkisi (Malzeme: S355; f0=0,0001; fc=0,05; 
fn=0,01; n=0,2 lc=0,05)  
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2.33. f 0=0,0001; 
fc=0,05; fn=0,01; n=0,2 lc=0,05)  

 fn Etkisi 

GTN modelinde fn 

c 

 JR i  

 

 

2.34. 0=0,0001; 
fc=0,05; ff=0,2; n=0,2; lc=0,05)  
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2.35. n'in etkisi (Malzeme: S355; f0=0,0001; fc=0,05; 
ff=0,2; n=0,2; lc=0,05)  

 

2.36. n 0=0,0001; 
fc=0,05; ff=0,2; n=0,2; lc=0,05)  

 n Etkisi  

n 

n  n 

-  

n i 
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R 

olur. 

 

 

2.37. testinde n'nin etkisi (Malzeme: S355; f0=0,0001; 
fc=0,05; ff=0,2; fn=0,01; lc=0,05)  

 

2.38. n'in etkisi (Malzeme: S355; f0=0,0001; fc=0,05; 
ff=0,2; fn=0,01; lc=0,05)  
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2.39. n'in JR 0=0,0001; 
fc=0,05; ff=0,2; fn=0,01; lc=0,05)  

f0, fc, fn, n 

f 

 

 

 

2.40. GTN parametrelerinin etkisi: a) f0, fc,fn, n etkisi, b) ff etkisi, c) f0, fc, n etkisi 

2.15. Taguchi Metodu 

Deneysel t  

Ronald Aymler  

 

A
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.  

 

sonuca olan etkisi incelenir. 

 Maliyet 

 

 

mayabilmektedir. 

Metodu, ortogo  etkilerini 

minimize etme  metodudur. Taguchi Metodu, 

 

 

Taguchi 

-en iyi, -en iyi ve nominal-

 hesap  

 

; 

 (2.13) 

 

 

 (2.14) 

 

Nominal en iyi; 

 (2.15) 

 

nda 

optimum  seviyesini  olabilir. 
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Seviye: Deneylerde  

seviyeli deneyler seviyel

seviyeli deneyler de tasarlanabilir. 

 

 

 K , kalite 

ve sonuca  

 

 

 metodunun temelini meydana getirir. Taguchi 

 ( ). 

 

 

seviyeli: L8, L12, L16, L32 

seviyeli: L9, L18, L27 

seviyeli: L16, L32  

 

2.2. Taguchi T  

 2 Seviyeli 3 Seviyeli 4 Seviyeli 5 Seviyeli 

L4 2-3    

L8 2-7    

L9  2-4   

L12 2-11    

L16 2-15    
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L16   2-5  

L25    2-6 

L27  2-13   

L32 2-31    

2.3. Taguchi L27 Ortogonal Dizisi 

Deney 
No 

A B C D E F G H I 

1 1 1 1 1 1 1 1 1 1 

2 1 1 1 1 2 2 2 2 2 

3 1 1 1 1 3 3 3 3 3 

4 1 2 2 2 1 1 1 2 2 

5 1 2 2 2 2 2 2 3 3 

6 1 2 2 2 3 3 3 1 1 

7 1 3 3 3 1 1 1 3 3 

8 1 3 3 3 2 2 2 1 1 

9 1 3 3 3 3 3 3 2 2 

10 2 1 2 3 1 2 3 1 2 

11 2 1 2 3 2 3 1 2 3 

12 2 1 2 3 3 1 2 3 1 

13 2 2 3 1 1 2 3 2 3 

14 2 2 3 1 2 3 1 3 1 

15 2 2 3 1 3 1 2 1 2 

16 2 3 1 2 1 2 3 3 1 

17 2 3 1 2 2 3 1 1 2 

18 2 3 1 2 3 1 2 2 3 

19 3 1 3 2 1 3 2 1 3 

20 3 1 3 2 2 1 3 2 1 

21 3 1 3 2 3 2 1 3 2 

22 3 2 1 3 1 3 2 2 1 
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 Taguchi L27 Ortogonal Dizisi  

23 3 2 1 3 2 1 3 3 2 

24 3 2 1 3 3 2 1 1 3 

25 3 3 2 1 1 3 2 3 2 

26 3 3 2 1 2 1 3 1 3 

27 3 3 2 1 3 2 1 2 1 
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3. MATERYAL ve  

form punta , sonlu elemanlar model  ve 

deneysel verileri Form punta  etki eden 

 ndan elde 

edilen 

 ve sonlu 

 form punta 

 

 

 

3.1.  

3.1.  

Form 

punta  sonra

olarak sonlu elemanlar modeli k r. 

 

, 

  (remeshing)  

  

 

 

Form punta Malzeme 
verilerinin 
girilmesi

Sonlu 
elemanlar 
modelinin 

Test ve sonlu 
elemanlar 
metodu 
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3.2. Sonlu elemanlar mesh mode

  

(a) 

(e) 

(d) (c) 

(b) 
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3.3. : (a , (b) Proses 
%25, (c) Proses  %50, (d) Proses %75, (e) Proses  

%100 ve  

 

 

(a) (b) 

(c) (d) 

(e) 
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3.4.  
 

 

 

 

 

 

 

(a) 
(b) 

(c) (d) 

(e) 
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3.5. 
 

3.2.  

 

 

(a) (b) 

(c) (d) 

(e) 
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3.6. AA6XXX-T4 malzemesi gerilme-gerinim  

3.1. AA6XXX-  
(https://www.makeitfrom.com/material-properties/6XXX-T4-Aluminum
20.09.2020) 

Al Si Mg Fe Mn Zn Cu Ti Cr  

96,4 
98,8 

1,0 
1,5 

0,25 
0,6 

0 
0,5 

0 
0,2 

0 
0,2 

0 
0,2 

0 
0,15 

0 
0,1 

0 
0,15 

 

AA6XXX-T4 malzemesine ait gerilme gerinim 3.6 da  

,  form punta 

3.7 e 2 e  

olan  3.8

 m

 Saclar deforme olabilir malzeme ve 

form punta  2 de, kurulan 

sonlu elemanlar modelin 3 e  

 

0

50

100

150

200

250

300

350

400

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

G
er

ilm
e 

(M
Pa

)

Gerinim
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3.7. form punta  

 

3.8.  

 

3.9. Form punta sonlu elemanlar modeli gerinim sonu  
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3.10.  deneyi sonlu elemanlar modeli gerinim sonu  

 

3.11.  sonlu elemanlar modeli gerinim sonu  

3.2. Form punta geometrik  

sac 
(mm) 

Alt 
sac 

(mm) 
 

Dz 
(mm) 

Dm 
(mm) 

tmd 
(mm) 

tsk 
(mm) 

Kenet 
 

(ts1+ts2)/2 

 
kuvveti 

 (N) 

 
kuvveti 

(N) 

0,8 0,8  ,2 ,1 1 0,5 0,04 95 1048 

3.3. Form punta s  

sac 
(mm) 

Alt 
sac 

(mm) 
 

Dz 
(mm) 

Dm 
(mm) 

tmd 
(mm) 

tsk 
(mm) 

Kenet 
 

(ts1+ts2)/2 

 
kuvveti 

(N) 
kuvveti 

(N) 

0,8 0,8  ,2 ,1 1 0,5 0,044 101 1002 
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3.12.  kuvveti-  

 

3.13. i-d  

12 ve 13  gibi  

r  

  form punta 

ndirilecektir.  
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4. BULGULAR ve T  

4.1. Taguchi Deneyi 

Form punta 

 veya  Bu 

 form punta inden hangilerinin 

   lar 

12 adet  Bu 

 

 

4.1.  

 

4.2.  

geometrik 
parametrelerin 
belirlenmesi

Parametrik 

Malzeme 
verilerinin 

girilmesi ve 
sonlu 

elemanlar 
modellerinin 

Verilerin 
Taguchi 

metoduyla 
analiz 

edilmesi
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 deney yapmak 

gerekecekti. Taguchi metodu   

4.1. Geometrik parametreler ve seviyeleri 

Seviye A B C D E F G H J K L M 

Seviye 1 2,6 0,2 0 4 2,4 0,8 1 85 0,1 0,2 150 4,3 

Seviye 2 2,7 0,3 3 4,1 2,5 1 1,1 90 0,2 0,3 155 4,4 

Seviye 3 2,8 0,4 6 4,2 2,6 1,2 1,2 95 0,3 0,4 160 4,5 

 

12 

 

oturma , J; matris , K; matris 

 M; bask    

analiz sonu  zelge 

4.2 4.3, 4.4, 4.5   

4.2.  

Deney 1 

 

Deney 2 Deney 3 

 

Deney 4 Deney 5 

 

Deney 6 
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4.2.   

 

Deney 7 Deney 8 

 

Deney 9 

Deney 10 

 

Deney 11 Deney 12 

 

Deney 13 

 

Deney 14 

 

Deney 15 

Deney 16 

 

Deney 17 

 

Deney 18 

 

Deney 19 

 

Deney 20 

 

Deney 21 
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 Taguchi  

 

Deney 22 

 

Deney 23 

 

Deney 24 

 

Deney 25 

 

Deney 26 
 

Deney 27 

4.3. Taguchi deney  

Deney 
No 

A B C D E F G H J K L M 

1 2,6 0,2 0 4 2,4 0,8 1 85 0,1 0,2 150 4,3 

2 2,6 0,2 0 4 2,5 1 1,1 90 0,2 0,3 155 4,4 

3 2,6 0,2 0 4 2,6 1,2 1,2 95 0,3 0,4 160 4,5 

4 2,6 0,3 3 4,1 2,4 0,8 1 90 0,2 0,3 160 4,5 

5 2,6 0,3 3 4,1 2,5 1 1,1 95 0,3 0,4 150 4,3 

6 2,6 0,3 3 4,1 2,6 1,2 1,2 85 0,1 0,2 155 4,4 

7 2,6 0,4 6 4,2 2,4 0,8 1 95 0,3 0,4 155 4,4 

8 2,6 0,4 6 4,2 2,5 1 1,1 85 0,1 0,2 160 4,5 

9 2,6 0,4 6 4,2 2,6 1,2 1,2 90 0,2 0,3 150 4,3 

10 2,7 0,2 3 4,2 2,4 1 1,2 85 0,2 0,4 150 4,4 

11 2,7 0,2 3 4,2 2,5 1,2 1 90 0,3 0,2 155 4,5 

12 2,7 0,2 3 4,2 2,6 0,8 1,1 95 0,1 0,3 160 4,3 

13 2,7 0,3 6 4 2,4 1 1,2 90 0,3 0,2 160 4,3 

14 2,7 0,3 6 4 2,5 1,2 1 95 0,1 0,3 150 4,4 

15 2,7 0,3 6 4 2,6 0,8 1,1 85 0,2 0,4 155 4,5 
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16 2,7 0,4 0 4,1 2,4 1 1,2 95 0,1 0,3 155 4,5 

17 2,7 0,4 0 4,1 2,5 1,2 1 85 0,2 0,4 160 4,3 

18 2,7 0,4 0 4,1 2,6 0,8 1,1 90 0,3 0,2 150 4,4 

19 2,8 0,2 6 4,1 2,4 1,2 1,1 85 0,3 0,3 150 4,5 

20 2,8 0,2 6 4,1 2,5 0,8 1,2 90 0,1 0,4 155 4,3 

21 2,8 0,2 6 4,1 2,6 1 1 95 0,2 0,2 160 4,4 

22 2,8 0,3 0 4,2 2,4 1,2 1,1 90 0,1 0,4 160 4,4 

23 2,8 0,3 0 4,2 2,5 0,8 1,2 95 0,2 0,2 150 4,5 

24 2,8 0,3 0 4,2 2,6 1 1 85 0,3 0,3 155 4,3 

25 2,8 0,4 3 4 2,4 1,2 1,1 95 0,2 0,2 155 4,3 

26 2,8 0,4 3 4 2,5 0,8 1,2 85 0,3 0,3 160 4,4 

27 2,8 0,4 3 4 2,6 1 1 90 0,1 0,4 150 4,5 

4.4.  

Deney No 
tn 

(mm) 
ts 

(mm) 
Fa 

(N) 
Fc 

(N) 
Fz 

(kN) 

1 0,518 0,124 622,4 1112,2 13,75 

2 0,485 0,141 665,1 1087,8 15 

3 0,453 0,121 676,4 1039,7 16,1 

4 0,581 0,067 584,2 1027,2 13,8 

5 0,552 0,061 565,6 938 13,7 

6 0,489 0,102 659,7 1016,4 13,6 

7 0,62 0,002 28,2 222,5 13,1 

8 0,569 0,026 249,4 692,8 13,3 

9 0,54 0,03 297,1 726,3 13,4 

10 0,477 0,083 621,6 989,9 13,6 

11 0,557 0,119 687,2 1153,7 16,5 

12 0,523 0,103 687,7 1058,3 17,6 

13 0,432 0,147 644,8 1053,9 17,4 

14 0,514 0,091 566,7 1017,7 21,9 
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15 0,5 0,142 674,3 1069,1 19,7 

16 0,512 0,063 541,9 898,7 19,9 

17 0,595 0,064 572,7 985,1 16,4 

18 0,553 0,081 617,3 1012,5 14,3 

19 0,461 0,178 707,3 1116,2 17,8 

20 0,428 0,165 693,2 1106,5 19,3 

21 0,488 0,097 568,1 1091,5 25,3 

22 0,545 0,106 710,9 1109,1 17 

23 0,481 0,115 675,8 1087,6 15,5 

24 0,585 0,118 705,2 1146,4 18,2 

25 0,462 0,109 586,5 1009,2 22,6 

26 0,447 0,157 659,9 1106,7 19,3 

27 0,509 0,093 581,1 1039,7 22,3 

4.5.  

 

Deney 1 

 

Deney 2 
 

Deney 3 

 

Deney 4 
 

Deney 5 

 

Deney 6 

 

Deney 7 

 

Deney 8 

 

Deney 9 
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Deney 10 
 

Deney 11 

 

Deney 12 

 

Deney 13 
 

Deney 14 
 

Deney 15 

 

Deney 16 
 

Deney 17 
 

Deney 18 

 

Deney 19 

 

Deney 20 

 

Deney 21 

 

Deney 22 

 

Deney 23 
 

Deney 24 

 

Deney 25 

 

Deney 26 

 

Deney 27 
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4.6.  

 

Deney 1 

 

Deney 2 
 

Deney 3 

 

Deney 4 

 

Deney 5 

 

Deney 6 

 

Deney 7 

 

Deney 8 Deney 9 

 

Deney 10 

 

Deney 11 

 

Deney 12 

 

Deney 13 

 

Deney 14 
 

Deney 15 

 

Deney 16 

 

Deney 17 

 

Deney 18 
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Deney 19 

 

Deney 20 

 

Deney 21 

 

Deney 22 

 

Deney 23 

 

Deney 24 

 

Deney 25 

 

Deney 26 

 

Deney 27 

 

 

analizi ile elde edilebilir. 

4.7.  

Terim  SE  T-  P-  VIF 

Sabit 0,129 0,201 0,64 0,532  

A -0,2228 0,0251 -8,88 0,000 1,00 

B 0,2317 0,0251 9,24 0,000 1,00 

C -0,003241 0,000836 -3,88 0,002 1,00 

D 0,3206 0,0251 12,78 0,000 1,00 

E 0,0178 0,0251 0,71 0,490 1,00 

F -0,0097 0,0125 -0,78 0,451 1,00 
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G -0,3933 0,0251 -15,68 0,000 1,00 

H -0,000400 0,000502 -0,80 0,439 1,00 

J 0,0294 0,0251 1,17 0,260 1,00 

K 0,0722 0,0251 2,88 0,012 1,00 

L 0,000311 0,000502 0,62 0,545 1,00 

M -0,0067 0,0251 -0,27 0,794 1,00 

4.8.  

S R-sq R-sq(adj) R-sq(pred) 

0, 0106405 97,72% 95,77% 91,05% 

4.9.  

Kaynak DF Adj SS Adj MS F-  P-  

Regresyon 12 0,067983 0,005665 50,04 0,000 

A 1 0,008933 0,008933 78,90 0,000 

B 1 0,009660 0,009660 85,33 0,000 

C 1 0,001701 0,001701 15,03 0,002 

D 1 0,018496 0,018496 163,36 0,000 

E 1 0,000057 0,000057 0,50 0,490 

F 1 0,000068 0,000068 0,60 0,451 

G 1 0,027848 0,027848 245,96 0,000 

H 1 0,000072 0,000072 0,64 0,439 

J 1 0,000156 0,000156 1,38 0,260 

K 1 0,000939 0,000939 8,29 0,012 

L 1 0,000044 0,000044 0,38 0,545 

M 1 0,000008 0,000008 0,07 0,794 

Hata 14 0,001585 0,000113   

Toplam 26 0,069568    
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4.3.  

n A, B, C, 

D, G, K 

1  

4.10.  

Terim   T-  P-  VIF 

Sabit 0,498 0,336 1,48 0,160  

A 0,2578 0,0419 6,15 0,000 1,00 

B -0,2811 0,0419 -6,71 0,000 1,00 

C -0,00102 0,00140 -0,73 0,478 1,00 

D -0,2350 0,0419 -5,61 0,000 1,00 

E 0,0044 0,0419 0,11 0,917 1,00 

F -0,0100 0,0210 -0,48 0,641 1,00 

G 0,1156 0,0419 2,76 0,015 1,00 

H -0,002578 0,000838 -3,08 0,008 1,00 

J 0,0617 0,0419 1,47 0,163 1,00 

K -0,0461 0,0419 -1,10 0,290 1,00 
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L 0,000356 0,000838 0,42 0,678 1,00 

M 0,0017 0,0419 0,04 0,969 1,00 

4.11.  

S R-sq R-sq(adj) R-sq(pred) 

0, 0177773 90,65% 82,63% 66,65% 

4.12.  

Kaynak DF Adj SS Adj MS F-  P-  

Regresyon 12 0,042888 0,003574 11,31 0,000 

  A 1 0,011961 0,011961 37,85 0,000 

  B 1 0,014224 0,014224 45,01 0,000 

  C 1 0,000168 0,000168 0,53 0,478 

  D 1 0,009940 0,009940 31,45 0,000 

  E 1 0,000004 0,000004 0,01 0,917 

  F 1 0,000072 0,000072 0,23 0,641 

  G 1 0,002404 0,002404 7,61 0,015 

  H 1 0,002990 0,002990 9,46 0,008 

  J 1 0,000684 0,000684 2,17 0,163 

  K 1 0,000383 0,000383 1,21 0,290 

  L 1 0,000057 0,000057 0,18 0,678 

  M 1 0,000000 0,000000 0,00 0,969 

Hata 14 0,004424 0,000316     

Toplam 26 0,047312       
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4.4.  

A, B, D, H ve G 

66

sahiptir. 

.  

4.13.  

Terim   T-  P-  VIF 

Sabit -30 311 -0,10 0,924  

tn 526 511 1,03 0,313 2,14 

ts 3458 619 5,59 0,000 2,14 

4.14.  

S R-sq R-sq(adj) R-sq(pred) 

92,0437 68,03% 65,36% 53,10% 

4.15.  analizi 

Kaynak DF Adj SS Adj MS F-  P-  

Regresyon 2 432614 216307 25,53 0,000 
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  tn 1 9008 9008 1,06 0,313 

  ts 1 264359 264359 31,20 0,000 

Hata 24 203329 8472     

Toplam 26 635943       

 

 

4.5.  

eder.  

 

  etkiye sahip 

  

Kenet 

kuvvetinin belirlenmesinde 53

r. 
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,  ve  kuvvetine etki eden parametreleri incelemek 

istatistiksel veri analizlerinde de 

   

L27 ortogonal 

   delta ve 

4.15, 4.16 ve   

4.16. Boyun k  

Seviye A B C D E F G H J K L M 

1 0,534 0,488 0,525 0,48 0,512 0,517 0,552 0,516 0,512 0,505 0,512 0,515 

2 0,518 0,52 0,511 0,518 0,514 0,512 0,517 0,514 0,512 0,516 0,515 0,513 

3 0,49 0,534 0,506 0,544 0,516 0,513 0,473 0,512 0,518 0,52 0,515 0,514 

Delta 0,045 0,046 0,019 0,064 0,004 0,005 0,079 0,004 0,006 0,014 0,004 0,002 

Rank 4 3 5 2 11 8 1 9 7 6 10 12 

4.17.  

Seviye A B C D E F G H J K L M 

1 0,075 0,126 0,104 0,125 0,098 0,106 0,086 0,11 0,097 0,102 0,095 0,102 

2 0,099 0,105 0,099 0,098 0,104 0,092 0,105 0,105 0,094 0,105 0,107 0,096 

3 0,126 0,069 0,098 0,078 0,099 0,102 0,109 0,085 0,109 0,093 0,099 0,103 

Delta 0,052 0,056 0,006 0,047 0,007 0,014 0,023 0,026 0,015 0,012 0,012 0,007 

Rank 2 1 12 3 11 7 5 4 6 8 9 10 

4.18.  

Seviye A B C D E F G H J K L M 

1 483,1 658,8 643,1 630,8 560,9 582,6 546,2 608,1 590,3 590,1 583,9 597,2 

2 623,8 643,0 625,9 612,2 592,8 571,4 607,1 609,0 582,8 601,7 582,4 566,4 

3 654,2 459,3 492,1 518,1 607,4 607,2 607,8 544,1 588,0 569,3 594,9 597,5 

Delta 171,1 199,4 151,0 112,7 46,6 35,7 61,6 64,9 7,5 32,3 12,5 31,1 

Rank 2 1 3 4 7 8 6 5 12 9 11 10 
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4.6. Boyun  

G Z

 

parametrelerdir. 

 

4.7.  

En 

, G ve H 
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 , matris duvar kenet 

 en fazla etki eden parametrelerdir. 

 

4.8.  

 

  

eden parametrelerdir. 

 ve daha 

 

 

Form punta , 

z

 Mat

 

 Matris ve 

 

cektir.  
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4.2.  

Form punta 

 

4.9 da  

 

4.9. Form punta   

 

, , ,

4.10 da  

 

 

 

4.10.  

10

15

20

25

30

35

40

0,10,20,30,40,50,60,70,80,9
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 4.11

 

 

4.11.  

 

sac nde 

seviyede   

0

0,05

0,1

0,15

0,2

0,25

0,3

0,10,30,50,70,9
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4.12. si 

taban sac 

 

 

4.3.  

 alt sac, alt sac    

Modeli 

unabilir. Fakat, deneysel 

4.18 d  

 

0

100

200

300

400

500

600

700

800

0,10,20,30,40,50,60,70,80,9
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4.19. ki   

Malzeme Malzeme 
 

Alt sac 
Alt sac/ 
Matris 

 
 

 
Pot 

 
 

AL5754 AL5754 0,3 0,1 0,1 - 
[Oudjene ve 
Ben-Ayed 

2008] 

M-S 7075 AL 0,30 0,25 0,25 0,15 
[Eshtayeh 
ve Hrairi 

2016] 

7075 AL 7075 AL 0,15 0,25 0,25 0,15 
[He ve ark. 

2014] 

AL-5052 AL-5052 0,1/0,2 0,1/0,2 0,1/0,2 0,1/0,2 
[Zheng ve 
ark. 2012] 

 

-

 

4.20.  

Seviye 
 

A 
 

B 
 

C 
 

D 

Seviye 1 0,1 0,1 0,1 0,1 

Seviye 2 0,2 0,2 0,2 0,2 

Seviye 3 0,3 0,3 0,3 0,3 

 

4.20 e  
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4.21.  

Deney A B C D 
Kenet 

 
(mm) 

Boyun 
 

(mm) 

 
Kuvveti 

(kN) 

 
Kuvveti 

(N) 

Deney 1 1 1 1 1 0,123 0,521 17,1 633,8 

Deney 2 1 2 2 2 0,134 0,523 19,4 657,1 

Deney 3 1 3 3 3 0,141 0,525 20,4 672,5 

Deney 4 2 1 2 3 0,119 0,527 21,2 635,4 

Deney 5 2 2 3 1 0,131 0,528 21,6 656,2 

Deney 6 2 3 1 2 0,134 0,509 18,9 677,7 

Deney 7 3 1 3 2 0,116 0,53 22,2 630,1 

Deney 8 3 2 1 3 0,117 0,509 19 655,8 

Deney 9 3 3 2 1 0,128 0,516 21,7 674 

 

4.20 e 

 

B

 kenet 

g  

4.22.   

Seviye A B C D 

1 0,1327 0,1193 0,1247 0,1273 

2 0,1280 0,1273 0,1270 0,1280 

3 0,1203 0,1343 0,1293 0,1257 

Delta 0,0123 0,0150 0,0047 0,0023 

Rank 2 1 3 4 
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4.23.  

Seviye A B C D 

1 654,5 633,1 655,8 654,7 

2 656,4 656,4 655,5 655,0 

3 653,3 674,7 652,9 654,6 

Delta 3,1 41,6 2,8 0,4 

Rank 2 1 3 4 

 

 

4.13. S  

 

4.14. S  

4.13  

- -

4.14 te -alt sac 
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4.24.  

Seviye A B C D 

1 18,97 20,17 18,33 20,13 

2 20,57 20,00 20,77 20,17 

3 20,97 20,33 21,40 20,20 

Delta 2,00 0,33 3,07 0,07 

Rank 2 3 1 4 

 

 

4.15. 

4.15 te -

sac ve alt sac-

saclar ve form punta 
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4.4.  

 

 

  bilinir. Matematiksel ve 

  

optimize etmek 

  , Box-Behnken 

 ve  (  2019). 

 

 

  , maksimum hedef 

 4.25 teki  

4.25.  

Kaynak DF Adj SS Adj MS F-Value P-Value 

Model 20 626827 31341 20,63 0,001 

Lineer 6 474048 79008 52,00 0,000 

A 1 131738 131738 86,71 0,000 

B 1 178981 178981 117,81 0,000 

C 1 102544 102544 67,49 0,000 

D 1 57133 57133 37,61 0,001 

G 1 2093 2093 1,38 0,285 

H 1 2465 2465 1,62 0,250 

Kare 6 91585 15264 10,05 0,006 

A*A 1 18234 18234 12,00 0,013 

B*B 1 42297 42297 27,84 0,002 

C*C 1 20424 20424 13,44 0,010 

D*D 1 8555 8555 5,63 0,055 
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G*G 1 953 953 0,63 0,459 

H*H 1 1376 1376 0,91 0,378 

 8 19486 2436 1,60 0,291 

A*G 1 827 827 0,54 0,489 

A*H 1 331 331 0,22 0,657 

B*G 1 3850 3850 2,53 0,163 

B*H 1 5963 5963 3,92 0,095 

C*G 1 4284 4284 2,82 0,144 

C*H 1 4359 4359 2,87 0,141 

D*G 1 313 313 0,21 0,666 

D*H 1 169 169 0,11 0,750 

Hata 6 9116 1519   

Toplam 26 635943    

4.26.  

S R-sq R-sq(adj) 

38,9781 98,57% 93,79% 

4.27.  

A B C D G H 
 

Fit  

2,78 0,21 0 4,01 1 94,89 908,29 

 

4.26 da  
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5.  

form 

punta 

 

 

 

 

 

 

 

incelmeler meydana gelir ve  

 

 

 

 

 / ince sac,  c / gevrek sac  

gibi 

   

 

 

 

 

5.1.  
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Form punta in etki 

. , 

  ve boyun 

form punta . 

 

 

 

 mdir stenilen mekanik performans 

  

maliyeti,  

. 

form punta    

dahil edilmesiyle, 

 ve kalitesinde daha kesin  

form punta 

malzemelerin b  

 

  



74 

 

KAYNAKLAR 

Apte, P. R. Taguchi Template. Indian Instituve of Technology Bombay, Department of 
 

Bilal, H.,  2018. 
Analizlerinin . 9th International Automotive Technologies Congress 
(OTEKON), Bursa. 
Carboni, M., Beretta, S., Monno, M. 2006. Fatigue behaviour of tensile-shear loaded 
clinched joints. Engineering Fracture Mechanics, 73(2): 178 190. 

 Metallerin Plast ekillendirilmesinde  
Modellerinin Sonlu Elemanlar ile Analizi. , 

, 
. 

Clinch Products BOLLHOFF, https://www.boellhoff.com/tr-en/products-and-services/ 
assembly-technology/clinching-systems-rivclinch.php ). 
Corigliano, A., Mariani, S., Orsatti, B. 2000. Identification of Gurson-Tvergaard 
material model parameters via Kalman filtering technique. I. Theory. International 
Journal of Fracture, 104(4): 349 373. 

 
 

 
 2010. -  

. Electronic Journal of 
Machine Technologies, 7(4): 25-38. 
De Paula, A. A., Aguilar, M. T. P., Pertence, A. E. M., Cetlin, P. R. 2007. Finite 
element simulations of the clinch joining of metallic sheets. Journal of Materials 
Processing Technology, 182(1 3): 352 357. 
Di Lorenzo, G., Landolfo, R. 2004. Shear experimental response of new connecting 
systems for cold-formed structures. Journal of Constructional Steel Research, 60(3 5): 
561 579. 
Eshtayeh, M. M., Hrairi, M. 2016. Recent and future development of the application of 
finite element analysis in clinching process. International Journal of Advanced 
Manufacturing Technology, 84(9 12): 2589 2608. 
Eshtayeh, M., Hrairi, M. 2016. Multi objective optimization of clinching joints quality 
using Grey-based Taguchi method. International Journal of Advanced Manufacturing 
Technology, 87(1 4): 233 249. 
Gerstmann, T., Awiszus, B. 2014. Recent developments in flat-clinching. 
Computational Materials Science, 81: 39 44. 
Hamel, V., Roelandt, J. M., Gacel, J. N., Schmit, F. 2000. Finite element modeling of 
clinch forming with automatic remeshing. Computers and Structures, 77(2): 185 200. 
He, X., Zhao, L., Yang, H., Xing, B., Wang, Y., Deng, C., Gu, F., Ball, A. 2014. 
Investigations of strength and energy absorption of clinched joints. Computational 
Materials Science, 94(C): 58 65. 
Israel, M., Mauermann, R., Schellnock, J. 2013. Thick Sheet Clinching Joining up to 
20 mm Total Thickness. , 2: 1 10. 
Kahraman, S. 2017. 

. 
Tezi, , , 



75 

 

, Bursa. 
Kaya, H. 2012. Form Punta (Clinchin

.  , 
, , Afyon. 

S. 2019. 
, Fen 

 
Lambiase, F., Di Ilio, A. 2016. Damage analysis in mechanical clinching: Experimental 
and numerical study. Journal of Materials Processing Technology, 230: 109 120. 
Lee, C. J., Kim, J. Y., Lee, S. K., Ko, D. C., Kim, B. M. 2010. Design of mechanical 
clinching tools for joining of aluminium alloy sheets. Materials and Design, 31(4): 1854
1861. 
Malzeme Aluminium 6XXX T4. https://www.makeitfrom.com/material-
properties/6XXX-T4-Aluminum . 
MSC Simufact Forming Mechanical Joining Tutorials. 2020. 

 2011. Joining the car-body sheets using clinching 
process with various thickness and mechanical property arrangements. Archives of Civil 
and Mechanical Engineering, 11(1): 135 148. 
Mucha, Jacek 2011. The analysis of lock forming mechanism in the clinching joint. 
Materials and Design, 32(10): 4943 4954. 

 Workbook  Experimental design exercises in Matlab, Aalto 
University, School of Chemical Engineering, Department of Bioproducts and 
Biosystems, Finland. 
Neugebauer, R., Kraus, C., Dietrich, S. 2008. Advances in mechanical joining of 
magnesium. CIRP Annals - Manufacturing Technology, 57(1): 283 286. 
Neugebauer, R., Todtermuschke, M., Mauermann, R., Riedel, F. 2008. Overview on 
the state of development and the application potential of dieless mechanical joining 
processes. Archives of Civil and Mechanical Engineering, 8(4): 51 60. 
Oudjene, M., Ben-Ayed, L. 2008. On the parametrical study of clinch joining of metallic 
sheets using the Taguchi method. Engineering Structures, 30(6): 1782 1788. 

 2005. Framework of consideration productivity for 
assembling operations in sheet metalworking. Mechanika, 55(5): 51 55. 
Slimane, A., Bouchouicha, B.,  Benguediab, M., Simane, S.A. 2015. Parametric study 
of the ductile damage by the Gurson Tvergaard Needleman model of structures in 
carbon steel A48-AP. Journal of Materials Research and Technology, 4(2): 217-223. 
Song, Y., Yang, L., Zhu, G., Hua, L., Liu, R. 2019. Numerical and experimental study 
on failure behavior of steel-aluminium mechanical clinched joints under multiple test 
conditions. International Journal of Lightweight Materials and Manufacture, 2(1): 72
79. 
Tu, H. 2018. Numerical Simulation and Experimental Investigation of the Fracture 
Behaviour of an Electron Beam Welded Steel Joint. Doctoral Thesis, Tongji University 
School of Aerospace Engineering and Applied Mechanics, China. 

  

Doktora Tezi,   
, Bursa. 

Varis, J. P. 2003. The suitability of clinching as a joining method for high-strength 
structural steel. Journal of Materials Processing Technology, 132(1 3): 242 249. 



76 

 

Volvo V60 2020, https://www.carbodydesign.com/2018/02/the-new-volvo-v60/ 
tarihi: 20.09.2020). 

 
 J-  

. 
Zhao, S. D., Xu, F., Guo, J. H., Han, X. L. 2014. Experimental and numerical research 
for the failure behavior of the clinched joint using modified Rousselier model. Journal of 
Materials Processing Technology, 214(10): 2134 2145. 
Zheng, J., He, X., Xu, J., Zeng, K., Ding, Y., Hu, Y. 2012. Finite element analysis of 
energy saving jointing method base on energy materials: Clinching. Advanced Materials 
Research, 577: 9 12. 


