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LAMPIRAN 

1. Perhitungan uji kekerasan Vickers 

VHN = 
      

   

Keterangan : 

VHN = Vickers Hardnes Number (VHN) 

P = Beban penekan (kg) = 588 N (59,96 kg) 

d = Diameter injakan penetrator  (mm)  

A. Raw Alumunium 5083 

Titik 1. VHN = 
      

   

37,11 = 
           

   

37,11 = 
         

   

d
2
 = 

         

     
 

 d
2
 = 2,99558 mm 

HV = 
      

   

= 
           

       
 



= 
         

       
 

= 37,11 HV 

Titik 2. VHN = 
      

   

37,38 = 
           

   

37,38 = 
         

   

d
2
 = 

         

     
 

 d
2
 = 2,9739 mm 

VHN = 
      

   

= 
           

      
 

= 
         

      
 

= 37,38 HV 

Titik 3. VHN = 
      

   

36,60 = 
           

   



36,60 = 
         

   

d
2
 = 

         

     
 

 d
2
 = 3,0373 mm 

VHN = 
      

   

   = 
           

      
 

   = 
         

      
 

   = 36,60 HV 

Rata-rata   
                 

 
 = 37,03 HV 

B. Aluminium pengelasan variasi 80A 

1. Pada titik las  

 Titik 1. VHN = 
      

   

29,03 = 
           

   

29,03 = 
         

   



d
2
 = 

         

     
 

 d
2
 = 3,8293 mm 

HV = 
      

   

= 
           

      
 

= 
         

      
 

= 29,03 HV 

Titik 2. VHN = 
      

   

24,47 = 
           

   

24,47 = 
         

   

d
2
 = 

         

     
  = 4,5429 mm 

VHN = 
      

   

= 
           

      
 



= 
         

      
 

= 24,47 HV 

Titik 3. VHN = 
      

   

25,86 = 
           

   

25,86 = 
         

   

d
2
 = 

         

     
 

 d
2
 = 4,2987 mm 

VHN = 
      

   

   = 
           

      
 

   = 
         

      
 

   = 25,86 HV 

Rata-rata   
                 

 
 = 26,46 HV 

 



2. Pada titik HAZ 

 Titik 1. VHN = 
      

   

26,72 = 
           

   

26,72 = 
         

   

d
2
 = 

         

     
 

 d
2
 = 4,1603 mm 

HV = 
      

   

= 
           

      
 

= 
         

      
 

= 26,72 HV 

Titik 2. VHN = 
      

   

25,05 = 
           

   

25,05 = 
         

   



d
2
 = 

         

     
 

 d
2
 = 4,4377 mm 

VHN = 
      

   

= 
           

      
 

= 
         

      
 

= 25,05 HV 

Titik 3. VHN = 
      

   

26,97 = 
           

   

26,97 = 
         

   

d
2
 = 

         

     
 

 d
2
 = 4,1218 mm 

 

VHN = 
      

   



   = 
           

      
 

   = 
         

      
 

   = 26,97 HV 

Rata-rata   
                 

 
 = 26,25 HV 

3. Pada titik logam induk 

 Titik 1. VHN = 
      

   

30,63 = 
           

   

30,63 = 
         

   

d
2
 = 

         

     
 

 d
2
 = 3,6293 mm 

HV = 
      

   

= 
           

      
 

= 
         

      
 



= 30,63 HV 

Titik 2. VHN = 
      

   

33,36 = 
           

   

33,36 = 
         

   

d
2
 = 

         

     
 

 d
2
 = 3,3323 mm 

VHN = 
      

   

= 
           

      
 

= 
         

      
 

= 33,36 HV 

Titik 3. VHN = 
      

   

30,63 = 
           

   

30,63 = 
         

   



d
2
 = 

         

     
 

 d
2
 = 3,6293 mm 

HV = 
      

   

= 
           

      
 

= 
         

      
 

= 30,63 HV 

 

Rata-rata   
                 

 
 = 31,54 HV 

C. Aluminium pengelasan variasi 90A 

1. Pada titik las  

 Titik 1. VHN = 
      

   

24,20 = 
           

   

24,20 = 
         

   

d
2
 = 

         

     
 



 d
2
 = 4,5636 mm 

HV = 
      

   

= 
           

      
 

= 
         

      
 

= 24,20 HV 

Titik 2. VHN = 
      

   

29,21 = 
           

   

29,21 = 
         

   

d
2
 = 

         

     
 

 d
2
 = 3,8057 mm 

VHN = 
      

   

= 
           

      
 

= 
         

      
 



= 29,21 HV 

Titik 3. VHN = 
      

   

30,53 = 
           

   

30,53 = 
         

   

d
2
 = 

         

     
 

 d
2
 = 3,6412 mm 

VHN = 
      

   

   = 
           

      
 

   = 
         

      
 

   = 30,53 HV 

Rata-rata   
                 

 
 = 27,98 HV 

 

 

 



2. Pada titik HAZ 

 Titik 1. VHN = 
      

   

26,89 = 
           

   

26,89 = 
         

   

d
2
 = 

         

     
 

 d
2
 = 4,1340 mm 

HV = 
      

   

= 
           

      
 

= 
         

      
 

= 26,89 HV 

Titik 2. VHN = 
      

   

26,25 = 
           

   

26,25 = 
         

   



d
2
 = 

         

     
 

 d
2
 = 4,2348 mm 

VHN = 
      

   

= 
           

      
 

= 
         

      
 

= 26,25 HV 

Titik 3. VHN = 
      

   

25,86 = 
           

   

25,86 = 
         

   

d
2
 = 

         

     
 

 d
2
 = 4,2987 mm 

VHN = 
      

   

   = 
           

      
 



   = 
         

      
 

   = 25,86 HV 

Rata-rata   
                 

 
 = 26,33 HV 

3. Pada titik logam induk 

 Titik 1. VHN = 
      

   

34,04 = 
           

   

34,04 = 
         

   

d
2
 = 

         

     
 

 d
2
 = 3,2657 mm 

HV = 
      

   

= 
           

      
 

= 
         

      
 

= 34,04 HV 



Titik 2. VHN = 
      

   

31,74 = 
           

   

31,74 = 
         

   

d
2
 = 

         

     
 

 d
2
 = 3,5023 mm 

VHN = 
      

   

= 
           

      
 

= 
         

      
 

= 31,74 HV 

Titik 3. VHN = 
      

   

31,74 = 
           

   

31,74 = 
         

   



d
2
 = 

         

     
 

 d
2
 = 3,5023 mm 

VHN = 
      

   

= 
           

      
 

= 
         

      
 

= 31,74 HV 

Rata-rata   
                 

 
 = 32,51 HV 

D. Aluminium pengelasan variasi 100A 

1. Pada titik las  

 Titik 1. VHN = 
      

   

29,77 = 
           

   

29,77 = 
         

   

d
2
 = 

         

     
 

 d
2
 = 3,7341 mm 



HV = 
      

   

= 
           

      
 

= 
         

      
 

= 29,77 HV 

Titik 2. VHN = 
      

   

26,02 = 
           

   

26,02 = 
         

   

d
2
 = 

         

     
 

 d
2
 = 4,2723 mm 

VHN = 
      

   

= 
           

      
 

= 
         

      
 

= 26,02 HV 



Titik 3. VHN = 
      

   

26,17 = 
           

   

26,17 = 
         

   

d
2
 = 

         

     
 

 d
2
 = 4,2478 mm 

VHN = 
      

   

   = 
           

      
 

   = 
         

      
 

   = 26,17 HV 

Rata-rata   
                 

 
 = 27,32 HV 

2. Pada titik HAZ 

 Titik 1. VHN = 
      

   

27,46 = 
           

   



27,46 = 
         

   

d
2
 = 

         

     
 

 d
2
 = 4,0482 mm 

HV = 
      

   

= 
           

      
 

= 
         

      
 

= 27,46 HV 

Titik 2. VHN = 
      

   

25,49 = 
           

   

25,49 = 
         

   

d
2
 = 

         

     
 

 d
2
 = 4,3611 mm 

VHN = 
      

   



= 
           

      
 

= 
         

      
 

= 25,49 HV 

Titik 3. VHN = 
      

   

24,97 = 
           

   

24,97 = 
         

   

d
2
 = 

         

     
 

 d
2
 = 4,4519 mm 

VHN = 
      

   

   = 
           

      
 

   = 
         

      
 

   = 24,97 HV 

Rata-rata   
                 

 
 = 25,97 HV 



3. Pada titik logam induk 

 Titik 1. VHN = 
      

   

25,41 = 
           

   

25,41 = 
         

   

d
2
 = 

         

     
 

 d
2
 = 4,3748 mm 

HV = 
      

   

= 
           

      
 

= 
         

      
 

= 25,41 HV 

Titik 2. VHN = 
      

   

29,39 = 
           

   

29,39 = 
         

   



d
2
 = 

         

     
 

 d
2
 = 3,7824 mm 

VHN = 
      

   

= 
           

      
 

= 
         

      
 

= 29,39 HV 

Titik 3. VHN = 
      

   

30,34 = 
           

   

30,34 = 
         

   

d
2
 = 

         

     
 

 d
2
 = 3,6640 mm 

VHN = 
      

   

= 
           

      
 



= 
         

      
 

= 30,34 HV 

Rata-rata   
                 

 
 = 28,38 HV 

2. Perhitungan Uji Tarik 

Rumus tegangan tarik : 

𝜎 = 
 

  
 

Rumus regangan tarik : 

ɛ = 
        

  
 x 100  

 = 
  

  
 x 100 

Keterangan : 

𝜎 = Tegangan tarik (N/mm²) 

F = Beban (N) 

Ao = Luas penampang (mm²) 

ɛ = Regangan 

li = Panjang akhir (mm) 

lo = Panjang awal (mm) 

Δl = Pertambahan panjang (mm) 

 



a) Raw Material 

1) Diketahui : 

F = 16,13 KN = (16130 N) 

Ao = 5.00 x 14,66 = (73,3 mm
2
) 

li = (56,17 mm) 

lo = (50 mm) 

Δl = (6,17 mm) 

Ditanya : 𝜎 = Tegangan Tarik (N/mm
2
) 

ɛ = Regangan 

𝜎 = 
 

  
 

= 
     

    
 

= 220,05 N/mm2 

ɛ = 
        

  
 x 100  

= 
  

  
 x 100 

ɛ = 
         

  
 x 100  

= 
    

  
 x 100 

= 12,34 % 

 



b) Variasi arus 80A 

1) Diketahui : 

F = 3,21 KN = (3210 N) 

Ao = 5,32 x 13,12 = (69,7984 mm
2
) 

li = (50,54 mm) 

lo = (50 mm) 

Δl = (0,54 mm) 

Ditanya : 𝜎 = Tegangan Tarik (N/mm
2
) 

ɛ = Regangan 

𝜎 = 
 

  
 

= 
    

       
 

= 45,99 N/mm2 

ɛ = 
        

  
 x 100  

= 
  

  
 x 100 

ɛ = 
         

  
 x 100  

= 
    

  
 x 100 

= 1,08 % 

 

 



2) Diketahui : 

F = 4,15 KN = (4150 N) 

Ao = 5,46 x 13,32 = (72,7272 mm
2
) 

li = (50,84 mm) 

lo = (50 mm) 

Δl = (0,84 mm) 

Ditanya : 𝜎 = Tegangan Tarik (N/mm
2
) 

ɛ = Regangan 

𝜎 = 
 

  
 

= 
    

       
 

= 57,06 N/mm2 

ɛ = 
        

  
 x 100  

= 
  

  
 x 100 

ɛ = 
         

  
 x 100  

= 
    

  
 x 100 

= 1,68 % 

3) Diketahui : 

F = 4,29 KN = (4290 N) 

Ao = 6.00 x 13,70 = (82,2 mm
2
) 



li = (51,50 mm) 

lo = (50 mm) 

Δl = (1,50 mm) 

Ditanya : 𝜎 = Tegangan Tarik (N/mm
2
) 

ɛ = Regangan 

𝜎 = 
 

  
 

= 
    

    
 

= 52,19 N/mm2 

ɛ = 
        

  
 x 100  

= 
  

  
 x 100 

ɛ = 
         

  
 x 100  

= 
    

  
 x 100 

= 3,00 % 

c) Variasi arus 90A 

1) Diketahui : 

F = 3,74 KN = (3740 N) 

Ao = 6,42 x 14,52 = ( 93,2184 mm
2
) 

li = (51,48 mm) 

lo = (50 mm) 



Δl = (1,48 mm) 

Ditanya : 𝜎 = Tegangan Tarik (N/mm
2
) 

ɛ = Regangan 

𝜎 = 
 

  
 

= 
    

       
 

= 40,12 N/mm2 

ɛ = 
        

  
 x 100  

= 
  

  
 x 100 

ɛ = 
         

  
 x 100  

= 
    

  
 x 100 

= 2,96 % 

2) Diketahui : 

F = 5,25 KN = (5250 N) 

Ao = 5,92 x 13,96 = (82,6432 mm
2
) 

li = (51,52 mm) 

lo = (50 mm) 

Δl = (1,52 mm) 

Ditanya : 𝜎 = Tegangan Tarik (N/mm
2
) 

ɛ = Regangan 



𝜎 = 
 

  
 

= 
    

       
 

= 63,53 N/mm2 

ɛ = 
        

  
 x 100  

= 
  

  
 x 100 

ɛ = 
         

  
 x 100  

= 
    

  
 x 100 

= 3,04 % 

3) Diketahui : 

F = 3,35 KN = (3350 N) 

Ao = 5,90 x 13,06 = (77,054 mm
2
) 

li = (51,54 mm) 

lo = (50 mm) 

Δl = (1,54 mm) 

Ditanya : 𝜎 = Tegangan Tarik (N/mm
2
) 

ɛ = Regangan 

 

 



𝜎 = 
 

  
 

= 
    

      
 

= 77,63 N/mm2 

ɛ = 
        

  
 x 100  

= 
  

  
 x 100 

ɛ = 
         

  
 x 100  

= 
    

  
 x 100 

= 3,08 % 

d) Variasi arus 100A 

1) Diketahui : 

F = 6,80 KN = (6800 N) 

Ao = 6,86 x 13,98 = (95,9028 mm
2
) 

li = (51,40 mm) 

lo = (50 mm) 

Δl = (1,40 mm) 

Ditanya : 𝜎 = Tegangan Tarik (N/mm
2
) 

ɛ = Regangan 

 



𝜎 = 
 

  
 

= 
    

       
 

= 70,91 N/mm2 

ɛ = 
        

  
 x 100  

= 
  

  
 x 100 

ɛ = 
         

  
 x 100  

= 
    

  
 x 100 

= 2,80 % 

2) Diketahui : 

F = 4,26 KN = (4260 N) 

Ao = 6,40 x 14,32 = (91,648 mm
2
) 

li = (51,42 mm) 

lo = (50 mm) 

Δl = (1,42 mm) 

Ditanya : 𝜎 = Tegangan Tarik (N/mm
2
) 

ɛ = Regangan 

 

 



𝜎 = 
 

  
 

= 
    

      
 

= 46,48 N/mm2 

ɛ = 
        

  
 x 100  

= 
  

  
 x 100 

ɛ = 
         

  
 x 100  

= 
    

  
 x 100 

= 2,84 % 

3) Diketahui : 

F = 3,81 KN = (3810 N) 

Ao = 6,16 x 12,66 = (77,9856 mm
2
) 

li = (51,72 mm) 

lo = (50 mm) 

Δl = (1,72 mm) 

Ditanya : 𝜎 = Tegangan Tarik (N/mm
2
) 

ɛ = Regangan 

𝜎 = 
 

  
 



= 
    

       
 

= 48,86 N/mm2 

ɛ = 
        

  
 x 100  

= 
  

  
 x 100 

ɛ = 
         

  
 x 100  

= 
    

  
 x 100 

= 3,44 % 

3. Perhitungan uji impact charpy 

HI = 
 

 
 

E = G x R (𝑐𝑜𝑠 ᵦ - 𝑐𝑜𝑠 𝛼) 

Keterangan :  

E = Energi yang diserap untuk mematahkan specimen (J)  

G = Berat hammer (N)  

R = Panjang pendulum (m)  

HI = Harga impact per satuan luas (J/mm
2
)  

A = Luas penampang specimen (mm
2
)  

𝛼 = Besarnya sudut awal jatuh pendulum (⁰)  

ᵦ = Besar sudut pantul pendulum setelah menabrak specimen (⁰) 



a) Raw Material 

1) Energi impact  

G= 390,63 N 

R= (0,72 m)  

𝛼 = (140º)  

𝛽= (130º)  

Ditanya : Nilai impact J/mm
2
  

E= KV = G.R (cos 𝛽-cos 𝛼)  

 =390,63 x 0,72 (cos (130) - cos (140))  

 = 281,25 x 0,12325 

 = 34,67 J  

Nilai impact I = 
 

 
 

= 
     

     
 

= 0,863 J/mm
2
 

Jadi nilai impact adalah 0,863 J/mm² 

2) Energi impact  

G= 390,63 N 

R= (0,72 m)  

𝛼 = (140º)  

𝛽= (131º)  

 

 



Ditanya : Nilai impact J/mm
2
 
 

E= KV = G.R (cos 𝛽-cos 𝛼)  

=390,63 x 0,72 (cos (131) - cos (140))  

= 281,25 x 0,10998 

= 30,93 J  

Nilai impact I = 
 

 
 

= 
     

     
 

= 0,771 J/mm
2 

Jadi nilai impact adalah 0,771 J/mm² 

3) Energi impact  

G= 390,63 N 

R= (0,72 m)  

𝛼 = (140º)  

𝛽= (130º)  

Ditanya : Nilai impact J/mm
2
  

E= KV = G.R (cos 𝛽-cos 𝛼)  

 =390,63 x 0,72 (cos (130) - cos (140))  

 = 281,25 x 0,12325 

 = 34,67 J  

Nilai impact I = 
 

 
 

= 
     

     
 



= 0,863 J/mm
2
 

Jadi nilai impact adalah 0,863 J/mm² 

b) Variasi arus 80A 

1) Energi impact  

G= 390,63 N 

R= (0,72 m)  

𝛼 = (140º)  

𝛽= (139º)  

Ditanya : Nilai impact J/mm
2
  

E= KV = G.R (cos 𝛽-cos 𝛼)  

 =390,63 x 0,72 (cos (139) - cos (140))  

 = 281,25 x 0,01133 

 = 3,19 J  

Nilai impact I = 
 

 
 

= 
    

     
 

= 0,080 J/mm
2
 

Jadi nilai impact adalah 0,080 J/mm² 

2) Energi impact  

G= 390,63 N 

R= (0,72 m)  

𝛼 = (140º)  

𝛽= (138º)  



Ditanya : Nilai impact J/mm
2
 
 

E= KV = G.R (cos 𝛽-cos 𝛼)  

=390,63 x 0,72 (cos (138) - cos (140))  

= 281,25 x 0,02289 

= 6,44 J  

Nilai impact I = 
 

 
 

= 
    

     
 

= 0,160 J/mm
2 

Jadi nilai impact adalah 0,160 J/mm² 

3) Energi impact  

G= 390,63 N 

R= (0,72 m)  

𝛼 = (140º)  

𝛽= (137º)  

Ditanya : Nilai impact J/mm
2
  

E= KV = G.R (cos 𝛽-cos 𝛼)  

 =390,63 x 0,72 (cos (137) - cos (140))  

 = 281,25 x 0,0346 

 = 9,76 J  

Nilai impact I = 
 

 
 

= 
    

     
 



= 0,243 J/mm
2
 

Jadi nilai impact adalah 0,243 J/mm² 

c) Variasi arus 90A 

1) Energi impact  

G= 390,63 N 

R= (0,72 m)  

𝛼 = (140º)  

𝛽= (138º)  

Ditanya : Nilai impact J/mm
2
  

E= KV = G.R (cos 𝛽-cos 𝛼)  

 =390,63 x 0,72 (cos (138) - cos (140))  

 = 281,25 x 0,02289 

 = 6,44 J  

Nilai impact I = 
 

 
 

= 
    

     
 

= 0,160 J/mm
2
 

Jadi nilai impact adalah 0,160 J/mm² 

2) Energi impact  

G= 390,63 N 

R= (0,72 m)  

𝛼 = (140º)  

𝛽= (138º)  



Ditanya : Nilai impact J/mm
2
  

E= KV = G.R (cos 𝛽-cos 𝛼)  

=390,63 x 0,72 (cos (138) - cos (140))  

= 281,25 x 0,02289 

= 6,44 J  

Nilai impact I = 
 

 
 

= 
    

     
 

= 0,160 J/mm
2 

Jadi nilai impact adalah 0,160 J/mm² 

3) Energi impact  

G= 390,63 N 

R= (0,72 m)  

𝛼 = (140º)  

𝛽= (139º)  

Ditanya : Nilai impact J/mm
2
  

E= KV = G.R (cos 𝛽-cos 𝛼)  

 =390,63 x 0,72 (cos (139) - cos (140))  

 = 281,25 x 0,01133 

 = 3,19 J  

Nilai impact I = 
 

 
 

= 
    

     
 



= 0,079 J/mm
2
 

Jadi nilai impact adalah 0,079 J/mm² 

d) Variasi arus 100A 

1) Energi impact  

G= 390,63 N 

R= (0,72 m)  

𝛼 = (140º)  

𝛽= (138º)  

Ditanya : Nilai impact J/mm
2
  

E= KV = G.R (cos 𝛽-cos 𝛼)  

 =390,63 x 0,72 (cos (138) - cos (140))  

 = 281,25 x 0,02289 

 = 6,44 J  

Nilai impact I = 
 

 
 

= 
    

     
 

= 0,160 J/mm
2
 

Jadi nilai impact adalah 0,160 J/mm² 

2) Energi impact  

G= 390,63 N 

R= (0,72 m)  

𝛼 = (140º)  

𝛽= (138º)  

Ditanya : Nilai impact J/mm
2
  

 



E= KV = G.R (cos 𝛽-cos 𝛼)  

=390,63 x 0,72 (cos (138) - cos (140))  

= 281,25 x 0,02289 

= 6,44 J  

Nilai impact I = 
 

 
 

= 
    

     
 

= 0,160 J/mm
2 

Jadi nilai impact adalah 0,160 J/mm² 

3) Energi impact  

G= 390,63 N 

R= (0,72 m)  

𝛼 = (140º)  

𝛽= (139º)  

Ditanya : Nilai impact J/mm
2
  

E= KV = G.R (cos 𝛽-cos 𝛼)  

 =390,63 x 0,72 (cos (139) - cos (140))  

 = 281,25 x 0,01133 

 = 3,19 J  

Nilai impact I = 
 

 
 

= 
    

     
 

= 0,079 J/mm
2
 

Jadi nilai impact adalah 0,079 J/mm² 
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