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Investigation of Microstructural Properties of 5140 Steel with 316 Stainless 

Steel Joined by Friction Stir Stud Method 

Abstract 

This study investigated the joinability of AISI 5140 heat treatable steel and AISI 316 austenitic 
stainless steel joined by friction stir stud welding. Besides having different properties, these 
steels are widely used in industrial applications. Weldings was applied on steels with the 
parameters of 1000, 1500 and 2000 rev/min turning speed and 8 and 10 sec friction time by 
milling machine. After the welding process, hardness testing was applied to determine hardness 
strength of welded samples. Additionally, in order to determine the microstructural features, 
the optical microscope was used with scanning electron microscope (SEM) energy-dispersive 
(EDS), Xray Spectroscopy analysis tests were done. The data obtained from AISI 316 and AISI 
5140 steels that are seamlessly joined with friction stirring studs were evaluated. These steels 
with different properties have been successfully combined. 
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1.  

 
-  

 316 ti
l

[1]. 

 

 
 saplama  

 
ru yoktur [4]. FSSW, sarf malzemesi 

  AISI 
ergitme kaynak 

 
 

2.  

2.1. Malzemeler 
 

saplama kaynak 
.  de 

 
 

Tablo 1.   
 

Material Elements of composition 
%C %Cr %Si %Mn %P %S %Mo %Ni %Fe 

AISI 316 0.008 16-18 1.0 2.0 0.045 0.03 2-3 10-14 Balance 
AISI 5140 0.41 0.8 0.22 0.8 0.035 0.04 - - Balance 

 
2.2.  
 

 
m ve 2000 rpm olan kaynak 
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2.3.  
 

  sap ikroskopu 
(SEM) ve enerji- . n AISI 

esit ara kesilerek 
r. 

ve parlatma  
 
2.4  
 

  mikrosertlik 
ana 

. 

3.  

3.1.  
 
FSSW 
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3.2.  
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3.3.  
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ana malzemeler denir. olan DZ ve FDZ'de 
 

o-
-  

, her 
 . Elde edilen sertlik 

tir,  
  . En 

. 
  i 

. 
 

.   Bunun ana 
nedeni, AISI 5140 

 
 

 
  

 
 
3.4. EDX Analizi 
 

 
 Tablo 2'de  

mektedir. EDX analizinden Fe, Cr, W, C ve Ni 
EDS noktala    Bu elementlerin 

 ana 
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Tablo 2.
 

Elt. Line 
Intensity 
(c/s) 

Error 
2-sig 

Conc Units 1 

B Ka 0,00 1,649 0,000 wt.%   
C Ka 127,31 8,120 23,038 wt.%   
Ne Ka 14,66 4,130 1,780 wt.%   
S Ka 33,72 6,402 0,867 wt.%   
Cr Ka 408,00 13,539 12,680 wt.%   

Fe Ka 1090,87 21,211 53,997 wt.%   

Ni Ka 95,72 7,090 6,847 wt.%   
W La 1,79 3,058 0,791 wt.%   
    100 wt.% Total 

 

Elt. Line 
Intensity 
(c/s) 

Error 
2-sig 

Conc Units  2 

B Ka 0,00 1,496 0,000 wt.%   
C Ka 5,36 3,222 1,569 wt.%   
Ne Ka 16,09 4,014 2,931 wt.%   
S Ka 29,43 5,953 1,078 wt.%   
Cr Ka 387,59 13,073 15,945 wt.%   

Fe Ka 1029,09 20,642 67,843 wt.%   

Ni Ka 95,04 6,888 9,164 wt.%   
W La 2,49 2,904 1,470 wt.%   

    
100 wt.% Total 

 

Elt. Line 
Intensity 
(c/s) 

Error 
2-sig 

Conc Units  3 

B Ka 0,00 1,720 0,000 wt.%   

C Ka 98,33 7,197 22,524 wt.%   

Ne Ka 0,00 2,993 0,000 wt.%   

S Ka 2,09 4,457 0,070 wt.%   

Cr Ka 36,74 5,197 1,051 wt.%   

Fe Ka 1177,79 21,980 74,173 wt.%   

Ni Ka 4,35 3,108 0,407 wt.%   

W La 3,11 2,491 1,775 wt.%   

    100 wt.% Total 
 

 
4.  
 

    
: 

 
1.   

. 
2. , FSSW 

. 
3. saplama 

   
4. 

nedeniyle tamamen deforme ol  
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