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*  

  

                         

 .

     

- 

     

 .

                         

 .

                       

)0.94J (

        

(0.32 ,0.60J) .

                  

)0.94J (

       

.  

 

 :

       

  

 

.  

                                                             

* 

   

- 

    

- 
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1- :  

                         

(Wear) 

(Corrosion) (Oxidation) 

    

]1,2,3[.                                                        

                  

.                                                                           

         

(104 W/cm2) 

               

(103-106 C/s) 

 

 .

          

(Focus) 

                                  

]4,5,6[  .                                                          

     

(Laser Surface 

Hardening) 

      

(Surface Heat Treatment)  

           

]7.[                                                                      

           

(Archard) 

             
]8.[

 
(Victor G.)

        
]9.[ (Yaseen 

S. K) 

       

[10]. 

            

]11[  

                   

.

                              

.     

2- 

   

 :  

                                             

.              

        

(Brittleness) 

                                      

. 
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.

             

.

                  

.  

                                            

 .

    

:   

- 

  

(Laser beam hardening).  

- 

 

(Flame hardening)  .  

- 

 

 .(Induction hardening)  

- 

   

.(Electron beam 

hardening)  

3- 

  

:  

 

:

      

.

                      

:   

1- 

                         

.      

2- 

            

.           

3- 

                 

 .

4- 

            

.  

5- 

        

.  

6- 

    

  .

7- 

               

 .

8- 

 

: 

                            

.  

 

)(:  

1-.(Solid-state Laser)   

2-(Gas Laser).  

3-(Excimer Laser)
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.  

4-(Dye Laser) .  

5-(Semiconductor Laser) .  

.

-(Nd-glass)

 

  

:(Nd-YAG)

 

(Nd-glass)Co2.  

                                                                                       

 .

                                                  
. 

                          

.

                                                  

.  

4-:  

                 

. 

              

.  

5- 

 

:  

   

(10mm) 

 

(20mm)

             

.

          

SiC 

  

(220, 320, 

500,1000, 1200) 

   

)(Polishing 

                     

(1µm)  
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(0.3µm) 

      

(0.05µm) 

     

   

        

.   

6 - 

 

:  

            

(Atomic 

Absorption type IL 457) 

         

 .

 

(1) 

    

.  

(1): 

    

Fe%  Cu  Mo Ni  Cr S Si P Mn C  

96.222 0.15  0.03 0.08 1.81  0.011 0.24 0.017 0.42 1.02  

7- 

 

 : 

                        

.

                 

.

                

( =1060nm) 

 

( =300 s).

    

(0.32 , 0.60 , 0.94J) 

 

.  

8- 

 
  : 

      
(ASTM 

E8)  

       

(600).

           

Inestron) (Universal 

Testing Machine

       

(Vickers Test)

             

.

  

(2)

  

(Mechanical Properties)

 

 .  

 

(2) :

    

  

HV (kg/mm2)  Elong.%

 

u(kg/mm2)  y(kg/mm2)

 

216 7.1 86.2 31.8 
  

9- 

   

:  

              

(15mm) 

(20mm) 

                  

(230, 500, 600 ,800, 

1000, 1200).

       

(5µm) 

    

.  

9-1 - 

 

:  

    

(Dry Sliding Wear 

Machine) 

  

)(

 

(Pin-

on-Disk)
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(48HRC) 

 
(430r.p.m) 

   
.

 
   

                     

 .

   

:                                                                     

   

(5,15,20,25N) 

       

(30min) 

  

(5cm).                    

   

(1.35, 2.25, 3.15, 4.05, 4.5 

m/s) 

    

(20min) 

      

(20N). 

9-2 - 

  

 :  

   

(Wear Rate)

  

. 

              

0.0001g 

  

(Denver).

     

:  

(g/cm)     W/SD = (wear rate)  

W = W0 W1       

SD = 2 .r.n.t    

:     

W:

  
(g). 

W0, W1 :

  
(g).  

SD  :

 
)cm.(  

r :

  

)

()cm.(              

    n :

   

(r.p.m) .  

t :

 

(min) 

 

(Sliding velocity)

 

:  

  

:  

 :V  .(m/s)  

D :.(m)  

N :.(430 r.p.m)  

 

(3)

(2.25m/s) .)1.(  

  

 

:(3)

               

(2.25 m/s)  

)(N 5  15  20  25 

)g/cm(  1.71*10-8  3.4*10-8  3.6*10-8  3.80*10-8  
)g/cm  (0.32 J 1.15*10-8  2.58*10-8  2.77*10-8  3.21*10-8  

)g/cm  (0.60 J  7.10*10-9  1.85*10-8  2.42*10-8  2.72*10-8  
)g/cm  (0.94 J  4.80*10-9 1.57*10-8 2.11*10-8 2.30*10-8 
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)1(: 

     

  
  

  

 

(1) 

                         

.

       

:

       

.

                           

(5-15N). 

  

(Transition wear) 

   

(15-20N)

                          

. 

        

)20N(.

                                          

]16.[

        

.

                     

]17[. 

                            

)0.94J.(  

 

(4)

            

(20N).  
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)4(: 

  
(g/cm) 

        
(m/s) 

 
) (20N 

 
1.35 2.25  3.15  4.05 4.5 

  3.77*10-8  3.29*10-8  3.23*10-8  2.9*10-8  2.7*10-8  

)0.32 J(  3.09*10-8  2.86*10-8  2.73*10-8  2.4*10-8  2.21*10-8 

)(0.60 J  2.78*10-8  2.45*10-8  2.18*10-8  2.08*10-8  2.04*10-8 

)(0.94 J  2.54*10-8  2.19*10-8  1.86*10-8  1.72*10-8  1.66*10-8 

 

  

)2(: 

     

  

 

)2(

               

. 

                              

.

            

]18[. 

                

.

                          

.

        

)0.94J (

              

 (0.32 , 0.60J).  

10- 

  

:   

   

)Micro-hardness Test( 

              

)500g(  

       

 .                   

     

:  
HV = 1.8544 P/d2

(avg)  (kg /mm2) 

: 

HV :

 

)kg/mm2.(  

P :

 

(kg). 
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davg :

     
(mm).  

11- 

  
: 

      

  

        

(Hardening Depth) 

             
.

                

.

  

)5 (

     

) 

  

 (

      

 .

  

)3.(  

)5(: 

  

(HV) 

      

  

) mµ(  8.03 18.01  30.00 40.55 50.83 60.65  81.5  
0.32J  

 

  589 550 382  325  314  304  250  

) mµ(  6.2 23 34 52 66.2 74.3 81.3 
0.60J  

 

  667  600 525 423 376 357 318 

) mµ(  5.3 24.3 40.3 49.4 59.5 70,1 82.2 
0.94J 

 

  731 681 618  512 449 386 341 

 

  

)3( :

     

  

 

)3(

          

)0.32, 0.60, 

0.94 J(.
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.

      
)0.94J(

                          

.    

12- 

   

   :                                                             

 

)Talysurf-4(

   

(Average Roughness) 

                   

.

 

)6( 

    
)Ra(

          
)0.32, 0.60, 0.94J(. 

          

  

         

 .

                          

]12,13[. 

)6(: 

   

)Ra (

    

  
)J(  

  

W/cm2)( 

  

) mµ(  

1.4*105 0.31 

2.2*105 0.38  

3.4*105  0.46  
0.32  

3.6*105 0,56 

2.4*105 0.34  

3.6*105 0.40  

5.6*105 0.48  
0.60 

6.7*105 0.59 

4.2*105 0.39 

6.5*105 0.43  

7.4*105  0.47  
0.94  

9.6*105 0.61 
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)4(: 

      

  

  

(4)

                             

.

       

)0.94J (

           

)0.32, 0.60J(.      

13- 

  

:  

  

(grinding) 

            

SiC 

     

(500, 600, 800, 1000)

(polishing) 

.(Etching) 

(2%)

(98%)

.  

.)5(

.

 

0.94J

.

.  
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(0.32J)  

               

  

    

  

    

  

 

(0.60J)  

 

(0.94J)  
  

  

14-: 

                     

:

                         

]12. [

    

:

                             

]13,14.[ 

     

: 

           

.     

               

(scuffing) 

  

(scoring) 

 

(seizing) 

             

(Galling)]15[. 

    

: 

     

-

   

 .

                 

.

   

-

                 

.  

)5(:

             

  

  

200X.
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.

           

. 

 

(1) 

                         

 .

       

 :

       

 .

                          

(5-15N).

  

(Transition wear) 

   

(15-20N)

                          

.                                                  

        

)20N .(

                                         

]16.[

        

.

                     
]17[. 

                            

)0.94J.( 

 

)2(

               

. 

                             

.

            

]18[. 

                

.

                          

.

        

)0.94J(

              

(0.32 , 0.60J).  

           

 .

      

 .

                    

.

           

.
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.

           

.

 

)3 (

          

)0.32, 0.60, 0.94 J(.

                                 

.

       

)0.94J(

                          

. 

  

(4)

                             

.  

)5(

.

 

0.94J

 

.

.  

15- :

1 .

      
 .   

2.

              

.3.

      

 .  

4 .

       

.

5.

         

)0.94J( 

                 

.6.

            

)0.94J(.   .

       

)0.94J(

           

)0.32, 0.60J(.    

8.

                                    

.  

9 .

         

.                      

10.

                                       

 .           
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