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  '1  :     
  

3.   .)N.H.B(Brinell Hardness Number    
    :  ASTM; E- 10 -54T             )(  

                                             DIN; 5031                  )(  
              

 1 ,2.5 ,5  -10  " .  )B.H.N. (           

)  1 .(  kgf/mm2  

                                       

B.H.N.
P

D

2
D D

2
d

2

  
P (kgf)          -   .  

 D (mm)         -  .  

d (mm)           -      ,      .   - 15 - 10 
.  

         ,          
        .   )    

     (               :              P=KD2  

    - K : 2.5 ,5 ,10  -30 .        
      2.  

  
  
  
  
  
  

D

Brinell
steel or tungsten 

carbide

d
d

P

Vickers
Diamond

pyramid

136
0 d

1

Knoop

microhardness
Diamond

pyramid

P

P
t

b

l

120 0

t

Rockwell

Diamond

cone

A

C

D
}

B

F

G

E

}1/16 in. diameter 

steel sphere

1/8 in. diameter 

steel sphere

60 kg†† 

150 kg 

100 kg 

100 kg 

60 kg † 

150 kg 

100 kg

RA=

RC=

RD=

RB=

RF=

RG=

RE=

100-500 t

135 -500 t

}

}

KHN=14.2 P/l
2

VHN=1.72 P/ d1
2

 

BHN =
2P

D(D- D2 -d2)

10 mm sphere of

 t500100

 t500130

t
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  '2:               
  

kgfkgf D 03 2  D 01 2 kgf D 5 2 kgf D 2.5 2P  P P  P  
Ball 

dia.  

Simple 

thickn.  

Lead and  Lead 

alloys  

Soft copper  Brass, copper  

Duraluminum  

Still      

unhardness  

D, 

mm  Bearling metal  
mm  

Not 

below 6  
1000  250  

  
500  

  
3000  10  

15/64  

62.5 125  250  750  5  

Not 

below 3  

1/8  

2.5  

15.625  31.25  62.5  187.5  
  

Not 

below 

1.2  

0.047  

  5  10  30  1  

Not 

below 

0.5  

0.020  

  
     - K      :30= K     )  (10 = 

K       ,    .5= K     

 .2.5= K       .  
       )    2 (   

   .     250 " .     
         .  

  
:  

      .  10= K     5 "  250 " , 
2.5 "  62.5 "   1 "  10 " .      

 )  .(    ,    .   
       ,   .  

  
  

         .  

  D=2.5  K=30  ; B.H.N. 30/2..5 = 240 ± 5 Kgf/mm2 )         2  .(  

  P=187.5  D=2.5  ; B.H.N. 2.5/187..5 = 240 ± 5 Kgf/mm2)    2  K(   
  

   (Hardness Brinell ) H.B.       B.H.N.   

      B.H.N   .  d       
  D  - P.    

  
4.  ,   

  .          d  

  .       d         1  .  
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 1 :  

  
 .      .        

 500 kgf/mm
2
    ,       700 kgf/ mm

2 .       
          .  

 .            .  
  

 .        .     - 10 t  

   )t  -   .(         ,      
         .  

  
 .       .   d2.5    .  

 .  B.H.N.     -5%         

)   U.T.S. (    :  

U.T.S.= 0.36 B.H.N.                                                                       
  

 .        ) ' (   . Meyer  

 -  P ,P = ad
n -  ,d -   ,a  - n    .  n    2 --2.5 . 

       - 2.5=< n     n  =< 2.  
  

5 .    Vickers Hardness Number  
     

                                    ASTM ; E 92 -52 T      )(  
                                  DIN ;50 133                   )(  

       ,  136       

V.H.N.   D.P.N.   Diamond Pyramid Hardness Number   

 

  
             .V.H.N.   

       .     d)  

     (        kg/mm2  

V.H.N. = 1.85 P/d2                                                    
             )  

  .(      1 - 120 kg  
    120 "        .  

  
                

   .      - - (Micro-hardness) . 
              .  

 ,   ,        .      
    .           

   .  
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   '2  :       

     :  
 .     .  
 .        ,          
     .  

 .          d.   

 .             .  1>1.5 d) 

1 :  .(    t =1/ 7 d : t )   (        

   1=10 t  ,           '2.  
 .         .   5- "    -.  

  
6.  ,   

 .          :  .  
 .               

 .  
 .          ) .(  
 .         .  
 .      d .  "        

 )      140     .(     
      )    600   -.(  

            .  
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7.    
      - .      )  1 .(

            t =1/30  
         - .    

     ,      '.  
  

         l  )   (   

K.H.N.= 14.2 P /12                                                                                                                        
   ,  ,     .  

  
8.   Rockwell Hardness  

       :          ASTM; E 18-42        )(  
DIN ; 50103                                                           ) (  

    ,            
 .  
      15     .  

    )   '3.(  
  

  '3:    ) 15  (    
    

_____________________________________________________________________________ 

 Scale Indenter Major load Typical test material 

____________________________________________________________________________     
                                                                                                                                                      
  A Diamond cone (black scale)   60 kg Contented carbides thin steel

 B T 1/16 in. ball (red scale) 100 kg Cu alloy, steels, Al alloys  

 C Diamond cone (black scale) 150 kg Steels, hard cast irons, Ti alloys

 F T 1/16 in. ball (red scale)   60 kg Annealed Cu alloys, thin soft sheet  

                                                                                                                                                            

C )RC (   
        0120   0.2 " .  150 " .  

    .     0-100 ,      -  

RC20 . ,   ) (    -   RC  67.  
  

 A )RA(  
     C ,    60 " .       ,  

   .  
  

 B)RB(  
      "1/16 . 100 " .      

  - RC 20 .  4     .  
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  '4  
       .       

 )  (   .  
  

       HRC                HRA                HRA 

 penetrate Min     Vickers indicat

P 5kg ion  depth   

   µ m    

Thickn. 

mm     

indicat-

 ion    

penetrate

 depth 

   µ m 

  min.

thickn

   mm

Brinell

Vickers

   

indicat

   ion   

Penetrate

 Depth  

µ m    

    min. 

thickn. 

  mm  

234 20 160 1.6 60.5 79 0.79 73 75 210 2.1 

262 25 150 1.5 63 74 0.74 76 30 200 0.2  

298 30 140 1.4 65.5 69 0.69 79 35 190 1.9 

341 35 130 1.3 68 64 0.64 83 40 180 1.8 

392 40 120 1.2 70.5 59 0.59 88 45 170 1.7 

453 45 110 1.1 73 54 0.54 92 50 160 1.6 

526 50 100 1.0 76 48 0.43 98 55 150 1.5 

612 55 90 0.9 78.5 43 0.43 105 60 140 1.4 

715 60 80 0.8 81 38 0.38 112 65 130 1.3 

840 65 70 0.7 84 32 0.32 121 70 120 1.2 

940 68 64 0.6 85.5 29 0.29 131 75 110 1.1 

  

1.0  100  80  144  

0.9  90  85  199  

0.8  90  177  80  

0.7  70  95  200  

0.6  60  100  232  
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   )P1 ( 10 ")   .(          

    ,     .     t0 .  

     )P2) (     .( ,    100 

" , 10 " = P1    - 90 " = P2    

     f .    P2 )  P1   .(    

       P2   - t.  

     :  

                               R

R

C

A 100 500 t    ,      RB = 130 500 t
  

      . , RA  - RC ,      0 - 100 ,

  - t   0 "  -0.25 - " .    0.2 "    

 0.  

        ,         

      .  

  

10.  ,   

 .           .  

 .    ,    .  

 .      10   )  4.(  

 .      ,     .  

 .      .       

0.002 "     RA - RC  

 .          .  

 .  )     (   .      

      .  .  
    6 "  RC 20   6    ,   

.  

  

11 .    
            .Shore Scleroscope .           

 "10     )rebound .(        

 .             .  

           . Shore      .     ) (

        .     

)  ( - Shore A ,Shore B....   

 *    "  "  

  .  ,. .  , .  , . .  :199-203. 


