
LAMPIRAN 1 

Surat Keterangan Uji SEM & EDX di Lab. FMIPA UM 

 

 
 

 

 



LAMPIRAN 2 

Hasil Pengujian SEM & EDX (komposisi aluminium)  

 

 

 

 



LAMPIRAN 3 

Material Notes Aluminiun 6061-T6   

 

 

 

 

 

 

 

 

 

 

 



LAMPIRAN 4 

Sertifikat Material dari PT.Global Contromation Indonesia 

 

 

 



LAMPIRAN 5 

Surat Keterangan Penelitian di Lab. CNC Lanjut POLINEMA 

 

 

 

 

 



LAMPIRAN 6 

Spesifikasi  Mesin CNC Milling 4-axis DAHLIH MCV 1020-BA 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



LAMPIRAN 7 

Catalog Cutter Milling 1026 KESTAG  

 

 
 

 

 

 

 



LAMPIRAN 8 

Table Techanical Data Coblat HSS dan HSS End Mills  

 

 
 

 

 



LAMPIRAN 9 

Kode Program 4-axis CNC Milling DAHLIH MCV 1020-BA 

 
 (DATE=DD-MM-YY - 29-12-14 TIME=HH:MM - 02:13) 
(MCX FILE - C:\DOCUMENTS AND SETTINGS\ADMINISTRATOR\MY DOCUMENTS\MY 
MCAMX5\MCX\SULTHAN_MCX\SULTHAN.OPTIMISTIC@GMAIL.MCX-5) 
(NC FILE - C:\DOCUMENTS AND SETTINGS\ADMINISTRATOR\MY DOCUMENTS\MY 
MCAMX5\MILL\NC\SPINDLE_SPEED_FEED_RATE.NC) 
(MATERIAL - ALUMINUM MM - 6061) 
( T2 |    4. FLAT ENDMILL | H2 ) 
N100 G21 
N102 G0 G17 G40 G49 G80 G90 
N104 T2 M6 
N106 G0 G90 G54 X-3. Y0. A-3.3833 S6000 M3 
N108 G43 H2 Z16. 
N110 G1 Z12. F200. 
N112 X.266 F24. 
N114 X3.607 A-3.1858 
N116 X6.519 A-3.0126 
N118 X9.858 A-2.8131 
N120 X16.107 A-2.439 
N122 X19.018 A-2.2652 
N124 X22.355 A-2.0668 
N126 X23. A-2.0287 
N128 A-2.8796 
N130 X21.393 A-2.9746 
N132 X18.481 A-3.1478 
N134 X15.142 A-3.3473 
N136 X8.893 A-3.7214 
N138 X5.982 A-3.8952 
N140 X2.645 A-4.0936 
N142 X-.266 A-4.2656 
N144 X-3. 
N146 G0 Z16. 
N148 A-3.3833 
N150 G1 Z11 F200. 
N152 X.266 F24. 
N154 X3.607 A-3.1858 
N156 X6.519 A-3.0126 
N158 X9.858 A-2.8131 
N160 X16.107 A-2.439 
N162 X19.018 A-2.2652 
N164 X22.355 A-2.0668 
N166 X23. A-2.0287 
N168 A-2.8796 
N170 X21.393 A-2.9746 
N172 X18.481 A-3.1478 
N174 X15.142 A-3.3473 
N176 X8.893 A-3.7214 
N178 X5.982 A-3.8952 
N180 X2.645 A-4.0936 
N182 X-.266 A-4.2656 



N184 X-3. 
N186 G0 Z16. 
N188 A-7.154 
N190 G1 Z12. F200. 
N192 X.266 F48. 
N194 X3.607 A-6.9565 
N196 X6.519 A-6.7834 
N198 X9.858 A-6.5839 
N200 X16.107 A-6.2098 
N202 X19.018 A-6.036 
N204 X22.355 A-5.8375 
N206 X23. A-5.7994 
N208 A-6.6504 
N210 X21.393 A-6.7454 
N212 X18.481 A-6.9186 
N214 X15.142 A-7.1181 
N216 X8.893 A-7.4921 
N218 X5.982 A-7.6659 
N220 X2.645 A-7.8644 
N222 X-.266 A-8.0363 
N224 X-3. 
N226 G0 Z16. 
N228 A-7.154 
N230 G1 Z11. F200. 
N232 X.266 F48. 
N234 X3.607 A-6.9565 
N236 X6.519 A-6.7834 
N238 X9.858 A-6.5839 
N240 X16.107 A-6.2098 
N242 X19.018 A-6.036 
N244 X22.355 A-5.8375 
N246 X23. A-5.7994 
N248 A-6.6504 
N250 X21.393 A-6.7454 
N252 X18.481 A-6.9186 
N254 X15.142 A-7.1181 
N256 X8.893 A-7.4921 
N258 X5.982 A-7.6659 
N260 X2.645 A-7.8644 
N262 X-.266 A-8.0363 
N264 X-3. 
N266 G0 Z16. 
N268 A-10.9248 
N270 G1 Z12. F200. 
N272 X.266 F72. 
N274 X3.607 A-10.7273 
N276 X6.519 A-10.5541 
N278 X9.858 A-10.3546 
N280 X16.107 A-9.9806 
N282 X19.018 A-9.8068 
N284 X22.355 A-9.6083 
N286 X23. A-9.5702 



N288 A-10.4212 
N290 X21.393 A-10.5162 
N292 X18.481 A-10.6893 
N294 X15.142 A-10.8888 
N296 X8.893 A-11.2629 
N298 X5.982 A-11.4367 
N300 X2.645 A-11.6352 
N302 X-.266 A-11.8071 
N304 X-3. 
N306 G0 Z16. 
N308 A-10.9248 
N310 G1 Z11. F200. 
N312 X.266 F72. 
N314 X3.607 A-10.7273 
N316 X6.519 A-10.5541 
N318 X9.858 A-10.3546 
N320 X16.107 A-9.9806 
N322 X19.018 A-9.8068 
N324 X22.355 A-9.6083 
N326 X23. A-9.5702 
N328 A-10.4212 
N330 X21.393 A-10.5162 
N332 X18.481 A-10.6893 
N334 X15.142 A-10.8888 
N336 X8.893 A-11.2629 
N338 X5.982 A-11.4367 
N340 X2.645 A-11.6352 
N342 X-.266 A-11.8071 
N344 X-3. 
N346 G0 Z16. 
N347 S5000 M3 
N348 A-14.6956 
N350 G1 Z12. F200. 
N352 X.266 F24. 
N354 X3.607 A-14.4981 
N356 X6.519 A-14.3249 
N358 X9.858 A-14.1254 
N360 X16.107 A-13.7513 
N362 X19.018 A-13.5775 
N364 X22.355 A-13.3791 
N366 X23. A-13.341 
N368 A-14.1919 
N370 X21.393 A-14.2869 
N372 X18.481 A-14.4601 
N374 X15.142 A-14.6596 
N376 X8.893 A-15.0337 
N378 X5.982 A-15.2075 
N380 X2.645 A-15.4059 
N382 X-.266 A-15.5779 
N384 X-3. 
N386 G0 Z16. 
N388 A-14.6956 



N390 G1 Z11. F200. 
N392 X.266 F24. 
N394 X3.607 A-14.4981 
N396 X6.519 A-14.3249 
N398 X9.858 A-14.1254 
N400 X16.107 A-13.7513 
N402 X19.018 A-13.5775 
N404 X22.355 A-13.3791 
N406 X23. A-13.341 
N408 A-14.1919 
N410 X21.393 A-14.2869 
N412 X18.481 A-14.4601 
N414 X15.142 A-14.6596 
N416 X8.893 A-15.0337 
N418 X5.982 A-15.2075 
N420 X2.645 A-15.4059 
N422 X-.266 A-15.5779 
N424 X-3. 
N466 G0 Z16. 
N468 A-18.4663 
N470 G1 Z12. F200. 
N472 X.266 F48. 
N474 X3.607 A-18.2688 
N476 X6.519 A-18.0957 
N478 X9.858 A-17.8962 
N480 X16.107 A-17.5221 
N482 X19.018 A-17.3483 
N484 X22.355 A-17.1498 
N486 X23. A-17.1117 
N488 A-17.9627 
N490 X21.393 A-18.0577 
N492 X18.481 A-18.2309 
N494 X15.142 A-18.4304 
N496 X8.893 A-18.8044 
N498 X5.982 A-18.9782 
N500 X2.645 A-19.1767 
N502 X-.266 A-19.3486 
N504 X-3. 
N506 G0 Z16. 
N508 A-18.4663 
N510 G1 Z11. F200. 
N512 X.266 F48. 
N514 X3.607 A-18.2688 
N516 X6.519 A-18.0957 
N518 X9.858 A-17.8962 
N520 X16.107 A-17.5221 
N522 X19.018 A-17.3483 
N524 X22.355 A-17.1498 
N526 X23. A-17.1117 
N528 A-17.9627 
N530 X21.393 A-18.0577 
N532 X18.481 A-18.2309 



N534 X15.142 A-18.4304 
N536 X8.893 A-18.8044 
N538 X5.982 A-18.9782 
N540 X2.645 A-19.1767 
N542 X-.266 A-19.3486 
N544 X-3. 
N586 G0 Z16. 
N588 A-22.2371 
N590 G1 Z12. F200. 
N592 X.266 F72. 
N594 X3.607 A-22.0396 
N596 X6.519 A-21.8664 
N598 X9.858 A-21.6669 
N600 X16.107 A-21.2929 
N602 X19.018 A-21.1191 
N604 X22.355 A-20.9206 
N606 X23. A-20.8825 
N608 A-21.7335 
N610 X21.393 A-21.8285 
N612 X18.481 A-22.0016 
N614 X15.142 A-22.2011 
N616 X8.893 A-22.5752 
N618 X5.982 A-22.749 
N620 X2.645 A-22.9475 
N622 X-.266 A-23.1194 
N624 X-3. 
N626 G0 Z16. 
N628 A-22.2371 
N630 G1 Z11. F200. 
N632 X.266 F72. 
N634 X3.607 A-22.0396 
N636 X6.519 A-21.8664 
N638 X9.858 A-21.6669 
N640 X16.107 A-21.2929 
N642 X19.018 A-21.1191 
N644 X22.355 A-20.9206 
N646 X23. A-20.8825 
N648 A-21.7335 
N650 X21.393 A-21.8285 
N652 X18.481 A-22.0016 
N654 X15.142 A-22.2011 
N656 X8.893 A-22.5752 
N658 X5.982 A-22.749 
N660 X2.645 A-22.9475 
N662 X-.266 A-23.1194 
N664 X-3. 
N706 G0 Z16. 
N707 S4000 M3 
N708 A-26.0079 
N710 G1 Z12. F200. 
N712 X.266 F24. 
N714 X3.607 A-25.8104 



N716 X6.519 A-25.6372 
N718 X9.858 A-25.4377 
N720 X16.107 A-25.0636 
N722 X19.018 A-24.8898 
N724 X22.355 A-24.6914 
N726 X23. A-24.6533 
N728 A-25.5042 
N730 X21.393 A-25.5992 
N732 X18.481 A-25.7724 
N734 X15.142 A-25.9719 
N736 X8.893 A-26.346 
N738 X5.982 A-26.5198 
N740 X2.645 A-26.7182 
N742 X-.266 A-26.8902 
N744 X-3. 
N746 G0 Z16. 
N748 A-26.0079 
N750 G1 Z11. F200. 
N752 X.266 F24. 
N754 X3.607 A-25.8104 
N756 X6.519 A-25.6372 
N758 X9.858 A-25.4377 
N760 X16.107 A-25.0636 
N762 X19.018 A-24.8898 
N764 X22.355 A-24.6914 
N766 X23. A-24.6533 
N768 A-25.5042 
N770 X21.393 A-25.5992 
N772 X18.481 A-25.7724 
N774 X15.142 A-25.9719 
N776 X8.893 A-26.346 
N778 X5.982 A-26.5198 
N780 X2.645 A-26.7182 
N782 X-.266 A-26.8902 
N784 X-3. 
N826 G0 Z16. 
N828 A-29.7787 
N830 G1 Z12. F200. 
N832 X.266 F48. 
N834 X3.607 A-29.5811 
N836 X6.519 A-29.408 
N838 X9.858 A-29.2085 
N840 X16.107 A-28.8344 
N842 X19.018 A-28.6606 
N844 X22.355 A-28.4621 
N846 X23. A-28.4241 
N848 A-29.275 
N850 X21.393 A-29.37 
N852 X18.481 A-29.5432 
N854 X15.142 A-29.7427 
N856 X8.893 A-30.1167 
N858 X5.982 A-30.2905 



N860 X2.645 A-30.489 
N862 X-.266 A-30.661 
N864 X-3. 
N866 G0 Z16. 
N868 A-29.7787 
N870 G1 Z11. F200. 
N872 X.266 F48. 
N874 X3.607 A-29.5811 
N876 X6.519 A-29.408 
N878 X9.858 A-29.2085 
N880 X16.107 A-28.8344 
N882 X19.018 A-28.6606 
N884 X22.355 A-28.4621 
N886 X23. A-28.4241 
N888 A-29.275 
N890 X21.393 A-29.37 
N892 X18.481 A-29.5432 
N894 X15.142 A-29.7427 
N896 X8.893 A-30.1167 
N898 X5.982 A-30.2905 
N900 X2.645 A-30.489 
N902 X-.266 A-30.661 
N904 X-3. 
N946 G0 Z16. 
N948 A-33.5494 
N950 G1 Z12. F200. 
N952 X.266 F72. 
N954 X3.607 A-33.3519 
N956 X6.519 A-33.1787 
N958 X9.858 A-32.9793 
N960 X16.107 A-32.6052 
N962 X19.018 A-32.4314 
N964 X22.355 A-32.2329 
N966 X23. A-32.1948 
N968 A-33.0458 
N970 X21.393 A-33.1408 
N972 X18.481 A-33.3139 
N974 X15.142 A-33.5134 
N976 X8.893 A-33.8875 
N978 X5.982 A-34.0613 
N980 X2.645 A-34.2598 
N982 X-.266 A-34.4317 
N984 X-3. 
N986 G0 Z16. 
N988 A-33.5494 
N990 G1 Z11. F200. 
N992 X.266 F72. 
N994 X3.607 A-33.3519 
N996 X6.519 A-33.1787 
N998 X9.858 A-32.9793 
N1000 X16.107 A-32.6052 
N1002 X19.018 A-32.4314 



N1004 X22.355 A-32.2329 
N1006 X23. A-32.1948 
N1008 A-33.0458 
N1010 X21.393 A-33.1408 
N1012 X18.481 A-33.3139 
N1014 X15.142 A-33.5134 
N1016 X8.893 A-33.8875 
N1018 X5.982 A-34.0613 
N1020 X2.645 A-34.2598 
N1022 X-.266 A-34.4317 
N1024 X-3. 
N1066 G0 Z16. 
N1068 M5 
N1070 G91 G28 Z0. 
N1072 G28 X0. Y0. A0. 
N1074 M30 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



LAMPIRAN 10 

Surat Keterangan Pengukuran di Lab. Metrologi Industri UB 

 

 

 
 

 

 

LAMPIRAN 11 



Hasil Pengukuran Kekasaran Permukaan  

 

 

 

 

Spindle Speed 6000 rpm, feed rate 24 mm/menit 



 

 

Spindle Speed 6000 rpm, feed rate 48 mm/menit 



 

 

Spindle Speed 6000 rpm, feed rate 72 mm/menit 



 

 

Spindle Speed 5000 rpm, feed rate 24 mm/menit 



 

 

Spindle Speed 5000 rpm, feed rate 48 mm/menit 



 

 

Spindle Speed 5000 rpm, feed rate 72 mm/menit 



 

 

Spindle Speed 4000 rpm, feed rate 24 mm/menit 



 

 

Spindle Speed 4000 rpm, feed rate 48 mm/menit 



 

 

Spindle Speed 4000 rpm, feed rate 72 mm/menit 



 

 

LAMPIRAN 12 



Perhitungan Gaya Potong 

 

1. Untuk Spindle Speed 6000 rpm. 

a. Feed Rate 24 mm/min 

   
  

       
 

                

         
     

       
 

         

              
      

        
          

           

     
     

       
 

         
     

           
 

          

              
          

                               
 

           
 

2. Untuk Spindle Speed 6000 rpm. 

b. Feed Rate 48 mm/min 

   
  

       
 

                

         
     

       
 

         

              
      

        
          

           

     
     

       
 

         
     

           
 

          

              
          

                               
 

            
 

3. Untuk Spindle Speed 6000 rpm. 

c. Feed Rate 72 mm/min 

   
  

       
 

                

         
     

       
 

         



              
      

        
          

           

     
     

       
 

         
     

           
 

          

              
          

                               
 

           
4. Untuk Spindle Speed 5000 rpm. 

d. Feed Rate 24 mm/min 

   
  

       
 

                

         
     

       
 

         

              
      

        
          

           

     
     

       
 

         
     

           
 

          

              
          

                               
 

           
 

5. Untuk Spindle Speed 5000 rpm. 

e. Feed Rate 48 mm/min 

   
  

       
 

                

         
     

       
 

         

              
      

        
          

           

     
     

       
 

         
     

           
 

          

              
          

                               
 



           
 

6. Untuk Spindle Speed 5000 rpm. 

f. Feed Rate 72 mm/min 

   
  

       
 

                

         
     

       
 

         

              
      

        
          

           

     
     

       
 

         
     

           
 

          

              
          

                               
 

           
 
 

7. Untuk Spindle Speed 4000 rpm. 

g. Feed Rate 24 mm/min 

   
  

       
 

                

         
     

       
 

         

              
      

        
          

           

     
     

       
 

         
     

           
 

          

              
          

                               
 

           
 

8. Untuk Spindle Speed 4000 rpm. 

h. Feed Rate 48 mm/min 

   
  

       
 

                



         
     

       
 

         

              
      

        
          

           

     
     

       
 

         
     

           
 

          

              
          

                               
 

           
 

9. Untuk Spindle Speed 4000 rpm. 

i. Feed Rate 72 mm/min 

   
  

       
 

                

         
     

       
 

         

              
      

        
          

           

     
     

       
 

         
     

           
 

          

              
          

                               
 

            
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LAMPIRAN 13 



Dokumentasi Kegiatan Penelitian  

 

 

 
 

Gambar foto: 4-axis CNC Milling Machine  

 

 

 

 
 

Gambar foto: Personal Komputer  

 

 

 

 



 
 

Gambar foto: Proses Milling  

 

 

 

 
 

Gambar foto: Cutter Milling Flat End Mills KESTAG  

 

 



 
 

Gambar foto: Spesimen Uji  

 

 

 

 
 

Gambar foto: Pengukuran Kekasaran Permukaan 


