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LAMPIRAN 1 

HASIL PENGUJIAN KOMPOSISI 
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 Data mentah hasil pengujian komposisi as-cast paduan aluminium 

tuang AC4B 

 

Unsur 
paduan 

Komposisi AC4B 
Tanpa 

Penambahan Ti 

Komposisi AC4B 
Penambahan 0.02 

wt% Ti 

Komposisi AC4B 
Penambahan 0.03 

wt % Ti 
Si 9,412 8.879 8.748 
Cu 2,837 2.663 2.557 
Mg 0,222 0.138 0.13 
Zn 0,712 0.562 0.55 
Fe 0,658 0.949 0.91 
Mn 0,242 0.82 0.261 
Ni 0,049 0.071 0.062 
Ti 0,029 0.048 0.058 
Pb 0,124 0.074 0.073 
Sn 0,043 0.023 0.25 
Cr 0,021 0.025 0.027 
Al Remains Remains Remains 
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LAMPIRAN 2 

HASIL PENGUJIAN KEKERASAN 
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Data mentah hasil pengujian kekersan as-cast sampel cylinder head pada 

bagian tipis dan tebal, disertai standar deviasi dan persentase kesalahan 

relatif. 

 

HASIL PENGUJIAN KEKERASAN BAGIAN TIPIS 

Komposisi 
Ti (wt%) 

No 
urut 
titik X Y 

rata-
rata 

Nilai 
kekerasan 

BHN 
Nilai Rata-rata 
Kekerasn BHN S.Dev 

0% 

1 0.62 0.691 0.6555 91.63 

87.48 
2 0.676 0.681 0.6785 85.45   
3 0.681 0.674 0.6775 85.71 2.49
4 0.672 0.672 0.672 87.13   
5 0.683 0.663 0.673 86.87   

                

0.019% 

1 0.647 0.632 0.6395 96.32 

90.25 

  
2 0.67 0.64 0.655 91.77   
3 0.679 0.665 0.672 87.13 3.92 
4 0.685 0.661 0.673 86.87   
5 0.663 0.666 0.6645 89.14   

                

0.029% 

1 0.64 0.66 0.65 93.20 

92.73 

  
2 0.635 0.65 0.6425 95.42   
3 0.633 0.657 0.645 94.67 2.63 
4 0.654 0.658 0.656 91.49   
5 0.652 0.679 0.6655 88.87   
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HASIL PENGUJIAN KEKERASAN BAGIAN TEBAL 

 

 

 Kesalahan Relatif (%) 

Variabel Ti (wt %) Bagian Tipis Bagian Tebal 

0 2.9 3.5 

0.019 4.3 3.8 

0.029 2.8 2.6 

 
Contoh cara perhitungan % kesalahan relatif kekerasan untuk 0 wt % Ti pada 

bagian tipis : 

% kesalahan relatif = %9.2%100
48.87
49.2

=x  

Komposisi 
Ti (wt%) 

No 
urut 
titik X Y 

rata-
rata 

Nilai 
kekerasan 

BHN 
Nilai Rata-rata 
Kekerasn BHN S.DEV 

0% 

1 0.701 0.66 0.681 84.95 

83.22 

  
2 0.697 0.715 0.706 78.85   
3 0.687 0.693 0.690 82.59 2.88 
4 0.669 0.68 0.675 86.48   
5 0.682 0.691 0.687 83.45   

              

0.019% 

1 0.685 0.695 0.690 82.59 

85.04 

  
2 0.7 0.687 0.694 81.75   
3 0.67 0.676 0.673 86.87 3.19 
4 0.68 0.685 0.683 84.44   
5 0.663 0.663 0.663 89.54   

                

0.029% 

1 0.666 0.667 0.667 88.60 

87.78 

  
2 0.666 0.665 0.666 88.87   
3 0.674 0.661 0.668 88.33 2.32 
4 0.679 0.692 0.686 83.70   
5 0.659 0.668 0.664 89.41   
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Hardness Conversion Table 

Approximate Hardness Equivalents Covering Range of Rockwell C and 
Rockwell B Scales 
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LAMPIRAN 3 

HASIL PENGUJIAN KEKUATAN TARIK 
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 Data mentah hasil pengujian tarik untuk tiap variasi wt. % Ti disertai 

standar deviasi dan kesalahan relatif 

 

 
 Kesalahan ralatif (%) 

Variasi Ti (wt %) Kekuatan Tarik Elongasi 

0 35% 35% 

0.019 10% 28% 

0.029 11% 27% 

 

Contoh cara perhitungan % kesalahan relatif kekuatan tarik untuk 0 wt % Ti : 

% Kesalahan relatif : %35%100
89.12
5.4

=x  

 

 

 

 

 

Penambahan 
Ti No.urut 

Do 
(mm) 

A0 
(mm2)

Gauge 
length 

Pmaks 
(kg/mm2) ΔL 

UTS 
(kg/mm2) 

elongasi 
(%) 

0 
1 15.1 178.99 50 1300 0.25 7.26 0.5 
2 15.1 178.99 50 2350 0.5 13.13 1 
3 14.7 169.63 50 3100 0.5 18.27 0.5

Rata-rata   12.89 0.67 
STDEV   4.50 0.24 

 

0.019% 
1 14.8 171.95 50 2900 0.5 16.87 1 
2 14.7 169.63 50 2300 0.5 13.56 1 
3 14.8 171.95 50 2450 0.25 14.25 0.5 

Rata-rata   14.89 0.83 
STDEV   1.42 0.24 

     

0.029% 
1 15 176.63 50 2875 1 16.28 2 
2 14.5 165.05 50 3000 0.75 18.18 1.5 
3 15.7 193.49 50 2700 0.5 13.95 1 

Rata-rata   16.14 1.5 
STDEV   1.73 0.41 
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LAMPIRAN 4 

HASIL PENGUJIAN SEM/EDS 
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Hasil Pengamatan SEM as-cast aluminium AC4B dengan penambahan 0.019 

wt % Ti etsa HF 0.5 % 

 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1

2 
3

4

Studi pengaruh penambahan..., Muhammad Husni Harion, FT UI, 2008



79 
 

                                    
 

1 2 

Studi pengaruh penambahan..., Muhammad Husni Harion, FT UI, 2008



80 
 

                                     

3 4 

Studi pengaruh penambahan..., Muhammad Husni Harion, FT UI, 2008



81 
 

                
 

               

1 

3 

2 

4 

Studi pengaruh penambahan..., Muhammad Husni Harion, FT UI, 2008



82 
 

Hasil Pengamatan SEM as-cast aluminium AC4B dengan penambahan 0.029 

wt % Ti etsa HF 0.5 % 
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LAMPIRAN 5 

CHECK SHEET 
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CHECK SHEET 
     
Temp melting  :      
Komposisi penghalus butir : 0%     
Temp penambahan penghalus 
butir : -      
Jenis Penghalus butir  : -      
Waktu GBF   : 8 menit     
Kelembaban   : 80%     
Berat aluminium cair : 450kg  
         

No shot No Dies Temp Dies oC 
Temp 

molten Tekanan mesin 
menit 

ke 
Jenis 
cacat 

Jenis 
Cacat 

    Upper  Lower       LPDC  Machining 
1 26 201.5 335.9 707 250       
  25 191.8 345.3       
2 26 210.3 343.8 706 250     Bocor 
  25 200.1 354.4     Bocor 
3 26 213.9 345.8 707 250       
  25 202.3 356.5       
4 26 227.9 359.6 708 250       
  25 207.9 367.9       
5 26 223.9 349.8 708 250   Blow hole   
  25 210.6 369.4       
6 26 231.2 364.2 709 250       
  25 214.6 373.8       
7 26 239.7 369.7 709 250       
  25 226.4 380.1       
8 26 235 367.9 709 250       
  25 219.8 379.5       
9 26 238.1 372.9 709 250       
  25 221.9 384.4 Blow hole

10 26 245.4 382.3 709 250   
  25 228.6 392       

11 26 246.8 382.9 709 250       
  25 231.3 390.8       

12 26 257 389 709 250       
  25 237.1 399.7       

13 26 256.9 386.6 710 250       
  25 236.6 395.2       

14 26 238.9 351.7 709 256       
  25 221.6 360.4       

15 26 254.6 231.3 707 256       
  25 376.7 384.4   inklusi pasir   

16 26 250.1 232.8 708 256       
  25 314.5 387.5     Bocor 

17 26 260.7 239.6 708 256       
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  25 289.3 394.4     Bocor 
18 26 253.9 238.1 709 256       
  25 360.7 371.8       

19 26 265.3 241.7 709 256       
  25 383.3 415.8       

20 26 262 239.3 709 256       
  25 384.9 399.2       

21 26 258.3 241.1 709 256       
  25 383.9 396.6       

22 26 270 249.2 710 256       
  25 398 401       

23 26 262.2 245.8 710 256       
  25 376.1 380.2       

24 26 270.1 249.2 709 256   shrinkage   
  25 385.6 395.8   Blow hole   

25 26 270.8 251.9 710 256       
  25 403.8 410.2       

26 26 269.9 253 709 262   
  25 401 409.5     Bocor 

27 26 272.9 254 708 262       
  25 383.5 432.2       

28 26 274.4 259.3 707 262       
  25 400 409.1       

29 26 275 256.6 706 262       
  25 389.8 398.1       

30 26 276.9 258.7 705 262       
  25 394.6 402.4     Bocor 

31 26 279.9 261 704 262   Blow hole   
  25 379.9 389.7       

32 26 279.3 258.3 703 262       
  25 399.4 412.3       

33 26 279.2 260.9 702 262       
  25 379.4 390.1       

34 26 288.5 262.7 703 262       
  25 405.4 416.1       

35 26 282.5 260.9 703 262       
  25 391.3 406.1       

36 26 282.2 263.3 703 268       
  25 385.9 395.6       

37 26 284.9 265.2 704 268       
  25 410.3 415.4       
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Temp melting   : 800 oC 
Komposisi + Grain refiner : 0.019 wt.% Ti 
Temp penambahan grain refiner : 742 oC 
Jenis Grain Refiner  : Coveral - 2815 
Waktu GBF   : 8 menit 
Humidity   : 72 % 
Berat Molten   : 436 kg 

 
No 

shot 
No 

Dies Temp Dies © Temp Tekanan Menit 
ke Jenis cacat Jenis 

Cacat 
  Upper Lower molten mesin  LPDC Machining 
1 26 247.1 359 TRIAL 250 0     
  25 224,7 365.7     
2 26 255.6 361 TRIAL 250       
  25 243.4 381.3     
3 26 261.3 371.6 693 250     Bocor 
  25 244.7 389.5     
4 26 261.5 371 694 250     Bocor 

 25 244.7 393.4     
5 26 262.2 376.8 696 250   shrinkage (R)   
  25 245.4 396.5   Bocor 
6 26 268.2 377.9 696 250       
  25 247.8 397.1     
7 26 270.4 382.4 697 250       
  25 250 404     
8 26 267.9 386.8 698 250 30     
  25 249.7 405.5     
9 26 270.5 390.9 698 250       
  25 250.7 404.7     

10 26 270.9 393.6 699 250       
  25 252.3 410.3     

11 26 271.9 393.9 700 250       
  25 255.8 414.8     

12 26 273.8 398.3 701 250       
  25 259.5 418     

13 26 280.8 405.7 701 250       
  25 263.7 421.8     

14 26 274.9 395.7 702 256       
  25 260.8 416     

15 26 272.9 399.1 702 256   shrinkage (R)    
  25 261 414.2     

16 26 278.1 466.3 702 256 60     
  25 264.9 419.1     

17 26 282.5 406.7 703 256   shrinkage (R)    
  25 268.9 415.9     

18 26 278.9 404.5 705 256     Bocor 
  25 267.9 422.8     

Studi pengaruh penambahan..., Muhammad Husni Harion, FT UI, 2008



89 
 

19 26 276.8 400.9 705 256       
  25 267.6 421     

20 26 278 402.5 705 256       
  25 267.5 419.7     

21 26 282.8 407.1 705 256   shrinkage (R)   
  25 270 423.8     

22 26 282.7 407.8 706 256       
  25 269.8 420.8     

23 26 285.2 411.9 707 256 90     
  25 271.7 427.7     

24 26 285.5 413.9 707 256      
  25 271.9 429.7     

25 26 286.1 413.9 707 256       
  25 272.9 428.7     

26 26 287.4 417 707 256       
  25 274.1 434.7 shrinkage (R)   

27 26 286.8 415.4 707 262       
  25 274.1 430.7     

28 26 288.1 417 707 262      
  25 274.2 427.3     

29 26 287.5 415.2 707 262     Bocor  
  25 273.6 425.6     

30 26 286.1 416.6 707 262 120     
  25 273 425.6     

31 26 289.2 416.2 707 262       
  25 276.1 421.8 Misrun (R)   

32 26 288.5 418.2 707 262       
  25 274.2 426.8     

33 26 288.5 417.4 707 262       
  25 273.6 430.4     

34 26 284.6 412.9 706 262       
  25 270.9 427.3     

35 26 186.7 417.3 705 262      
  25 271.8 429.9     

36 26 291 418.7 703 262       
  25 273.9 416.7     

37 26 290.2 415.1 704 262       
  25 273.2 425.5     

38 26 290.3 413.6 704 262       
  25 272.6 426.3     

39 26 277.1 407.3 705 262       
  25 262.5 407.9 shrinkage (R)   

40 26 280.7 414.6 705 268       
  25 265.9 425.9     
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Temp melting : 786 C     
Komposisi penghalus butir : 0.029%     
Temp penambahan penghalus 
butir : 741 C     
Jenis Penghalus butir  : Coveral 2815    
Waktu GBF   : 8 menit     
Kelembaban   : 73%     
Berat aluminium cair : 453.2 kg     
         

No 
shot 

No 
Dies Temp Dies © 

Temp 
molten 

Tekanan 
mesin  

menit 
ke 

Jenis 
cacat 

Jenis 
Cacat 

    Upper  Lower        LPDC Machining 
1 26 256.7 350.5 693 250 0-30     
  25 241.4 374.4     
2 26 255.6 361 693 250 0-30     
  25 243.4 381.3 shrinkage   
3 26 261.3 371.6 693 250 0-30     
  25 244.7 389.5     
4 26 261.5 371 694 250 0-30     
  25 244.7 393.4     
5 26 262.2 376.8 695 250 30-60     
  25 245.4 396.5     
6 26 268.2 377.9 695 250 30-60   Bocor 
  25 247.8 397.1     
7 26 270.4 382.4 696 250 30-60   Bocor 
  25 250 404   Bocor 
8 26 267.9 386.8 696 250 30-60   Bocor 
  25 249.7 405.5     
9 26 270.5 390.9 697 250 30-60   
  25 250.7 404.7   

10 26 270.9 393.6 697 250 30-60     
  25 252.3 410.3     

11 26 271.9 393.9 698 250 30-60     
  25 255.8 414.8     

12 26 273.8 398.3 698 256 60-90     
  25 259.5 418     

13 26 280.8 405.7 699 256 60-90     
  25 263.7 421.8     

14 26 274.9 395.7 699 256 60-90     
  25 260.8 416     

15 26 272.9 399.1 700 256 60-90     
  25 261 414.2     

16 26 278.1 466.3 700 256 60-90     
  25 264.9 419.1     

17 26 282.5 406.7 700 256 60-90     
  25 268.9 415.9     
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18 26 278.9 404.5 700 256 90-120     
  25 267.9 422.8     

19 26 276.8 400.9 701 256 90-120     
  25 267.6 421     

20 26 278 402.5 701 256 90-120     
  25 267.5 419.7     

21 26 282.8 407.1 702 256 90-120     
  25 270 423.8     

22 26 282.7 407.8 703 256 90-120     
  25 269.8 420.8     

23 26 285.2 411.9 703 256 90-120     
  25 271.7 427.7     

24 26 285.5 413.9 703 256 120-180     
  25 271.9 429.7     

25 26 286.1 413.9 704 262 120-180     
  25 272.9 428.7     

26 26 287.4 417 704 262 120-180     
  25 274.1 434.7   

27 26 286.8 415.4 704 262 120-180     
  25 274.1 430.7     

28 26 288.1 417 705 262 120-180     
  25 274.2 427.3     

29 26 287.5 415.2 705 262 120-180     
  25 273.6 425.6 shrinkage   

30 26 286.1 416.6 706 262 180-210     
  25 273 425.6     

31 26 289.2 416.2 706 262 180-210     
  25 276.1 421.8     

32 26 288.5 418.2 707 262 180-210     
  25 274.2 426.8     

33 26 288.5 417.4 707 262 180-210     
  25 273.6 430.4 misrun   

34 26 284.6 412.9 708 262 180-210   Bocor 
  25 270.9 427.3     

35 26 186.7 417.3 708 262 180-210     
  25 271.8 429.9   Bocor 

36 26 291 418.7 708 262 180-210     
  25 273.9 416.7     

37 26 290.2 415.1 708 262 210-240     
  25 273.2 425.5     

38 26 290.3 413.6 709 268 210-240     
  25 272.6 426.3   Bocor 

39 26 277.1 407.3 709 268 210-240     
  25 262.5 407.9     

40 26 280.7 414.6 708 268 210-240   Bocor 
  25 265.9 425.9     
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LAMPIRAN 6 

TECHNICAL DATA SHEET COVERAL GR 2815 
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Gambar mikrostruktur dan tabel komposisi Coveral GR pada perbesaran 800X 

 
F rata2  = 34,15 wt.% 
Na rata2  = 0,55 wt.% 
Cl rata2 = 1,34 wt.% 
K rata2 = 32,84 wt.% 
Ti rata2 = 14,95 wt.% 
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