LAMPIRAN 1

Surat Keterangan Uji SEM & EDX di Lab. FMIPA UM

E<

LABORATORIUM SENTRAL

FMIPA UNIVERSITAS NEGERI MALANG (UM)
J=/11. Semarang 5 Malang, Telp. (0341) 9001088 / 551312 (psw 200) / (0341) 574895

Email: laboratoriumsentralum@yahoo.co.id ; Website : central-laboratory.um.ac.id

SURAT KETERANGAN
Nomor: LSUM.00674.2014

Bersama ini kami menerangkan bahwa mahasiswa berikut :

No Nama Judul Skripsi
1 | Ahmad Aminnudin S Pengaruh Feed Rate dan Dept of Cuts terhadap Surface Roughness
NIM 115060201111017 | di Side Surface pada Proses Milling dengan Bantuan 4 Axiz CNC
Mesin
2 | Sulthan Adib Pengaruh Feed Rate dan Dept of Cuts terhadap Surface Roughness
NIM 125060200111080 | di Bottom Surface pada Proses Milling dengan Bantuan 4 Axiz CNC
Mesin
3 | Vidi [lham Patria Pengaruh Cuting Speed dan Dept of Cuts terhadap Surface
NIM 125060200111110 | Roughness di Bottom Surface pada Proses Milling dengan Bantuan
4 Axiz CNC Mesin
4 | Moch. Latif Prasetya Pengaruh Variasi Feed Rate, Geometri Pahat dan Cutting Fluid
NIM 0810620077 terhadap Kekasaran Aluminium 6061 Pada Proses Turning
5 | Satrio Muktiwibowo Pengaruh Jenis Cutting Fluid dan Variasi Depth of Cut terhadap
NIM 0810623072 Surface Roughness Aluminium 6061 Hasil Proses Turning

telah melakukan kegiatan pengujian 1 (satu) sampel Aluminium 6061 dengan rincian sbb.

: SEM (Scanning Electron Microscopy) FEI Inspect S-50 / EDX AMETEK

: Laboratorium Sentral, Gd. 04 FMIPA UM

: Hari Jumat, Tanggal 10 Oktober 2014

Pengujian : Analisis Unsur
Alat

Tempat

Waktu

Teknisi : Nur Zulaicha, S. Si

Demikian surat keterangan ini kami buat untuk digunakan sebagaimana mestinya.

Malang, 18 Desember 2014
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LAMPIRAN 2
Hasil Pengujian SEM & EDX (komposisi aluminium)

Microanalysis Report EM'

Prepared for: Sulthan Adib AMETEK"
Prepared by: Laboratorium Sentral FMIPA UM 10/1/2014

C:\Edax Service\Data Files\UB\TM\suitan\Al 6061 01-Oct-2014 14£19:50
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LAMPIRAN 3

Material Notes Aluminiun 6061-T6

PO Box 217

Leander, TX 78646-0217
USA

800-621-9598
www.glemco.com
sales@alemco.com

6061-T6 Aluminum

Material Notes

Component Wt. % || Component | Wt. % Component | Wt. %

Al 95.8-98.6 || Mg 08-12 Si 04-08

Cr 0.04-0.35 || Mn Max 0.15 Ti Max 0.15

Cu 0.15-04 || Other, each | Max 0.05 Zn Max 0.25

Fe Max 0.7 || Other, total Max 0.15

Physical Properties Metric English Comments

Density 2.7 glec 0.0975 Ib/in® AA; Typical

Mechanical Properties

Hardness, Rockwell B 60 60 Converted from Brinell Hardness Value

Hardness, Vickers 107 107 Converted from Brinell Hardness Value

Ultimate Tensile 310 MPa 45000 psi . .

Strength AA; Typical

Tensile Yield Strength 276 MPa 40000 psi AA; Typical

Elongation at Break 12% 12% AA: Typical: 1/16 in. (1.6 mm) Thickness

Modulus of Elasticity 68.9 GPa 10000 ksi AA; Typical; Average of tension and compression. Compression
modulus is about 2% greater than tensile modulus.

Poisson's Ratio 0.33 0.33 Estimated from trends in similar Al alloys.

Fatigue Strength 96.5 MPa 14000 psi | Aa: 500,000,000 cycles completely reversed stress; RR Moore

machine/specimen
Fracture Toughness 29 MPa-m*2 26.4 ksi-inz KIC: TL orientation.
Shear Strength 207 MPa 30000 psi AA; Typical

Electrical Properties

Electrical Resistivity

3.99e-006 ohm-

3.99e-006 ohm-cm

AA; Typical at 68°F

cm

Thermal Properties
CTE., linear 68°F 23.6 ym/m-"C 13.1 pin/in-°F AA; Typical; Average over 68-212°F range.
CTE, linear 250°C 25.2 pm/m-"C 14 pin/in-°F Estimated from trends in similar Al alloys. 20-300°C.
Thermal Conductivity 167 Wim-K 1160 BTU-infhr-fj: AA; Typical at 77°F
Melting Point 582-652°C 1080 - 1205 °F AA; Typical range based on typical composition for wrought
products 1/4 inch thickness or greater; Eutectic melting can be
completely eliminated by homogenization.
Solidus 582 °C 1080 °F AA; Typical
Liquidus 652 °C 1205 °F AA; Typical
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Sertifikat Material dari PT.Global Contromation Indonesia
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LAMPIRAN 5
Surat Keterangan Penelitian di Lab. CNC Lanjut POLINEMA

KEMENTERIAN PENDIDIKAN NASIONAL
POLITEKNIK NEGERI MALANG

JURUSAN TEKNIK MESIN

Terakreditasi A, Sesuai Kpts BAN No.:014/BAN-PT/Ak-VI/Dpl-11/V1/2006
J1. Veteran PO. Box 04 Malang 65145 Telp/Fax. (0341)550180

http://www.poltek-malang.ac.id
SURAT KETERANGAN
NOMOR : 4§3/PL2.TM/KM/2014
Yang bertanda tangan dibawah ini :
Nama : Agus Dani, STMT
NIP : 197908152005011004
Jabatan :  Kepala Laboratorium CNC Lanjut

Jurusan Teknik Mesin - Politeknik Negeri Malang

Menerangkan dengan sesungguhnya bahwa mahasiswa :

Nama :  Sulthan Adib

Nim : 125060200111080
Jurusan :  Teknik Mesin (S1)
Fakultas : Teknik

Universitas Brawijaya Malang

Benar benar telah melaksanakan praktek CNC Milling 4-axis DAHLIH MCV 1020-BA di Jurusan
Teknik Mesin Politeknik Negeri Malang pada tanggal 22 Nopember 2014 sampai dengan 11 Desember
2014, guna keperluan penyusunan skripsi.

Demikian surat keterangan ini dibuat untuk dipergunakan sebagaimana mestinya.

Malang, 15 Desember 2014
Kepala Laboratorium CNC Lanjut
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Spesifikasi Mesin CNC Milling 4-axis DAHLIH MCV 1020-BA

SPECIFICATIONS

MODEL

TABLE

Working Surfaca
T-Slots (Size x Number)
Max. Table Load
TRAVEL

Longitudinal Travel {X)
Cross Travel (Y)
Headstock Travel (2]

Distance Between Spindle End and
Table Top

Distance Between Spindle Center and

Column Surface

SPINDLE

Spindle Nose

Spindle Speeds

Spindle Speed Range
FEED

Cutting Feed

Rapid Traverse

Minimum Input Increment
ATC (Automatic Tool Changer)
Tool Holder

Tool Storage Capacity
Max. Tool Dia. x Length
Max. Tool Weight

Max. Tool Dia. (adjacent pots are
empty)

Tool Selaction

MOTORS

Spindle Drive

Motor

Drrive Motors

mm (inch)
mm (inch)

kg (Ibs)

mm (inch)
mm (inch)

mm (inch)

mm (inch)

mm (inch)

rpm

mmy/min {inch/min)
m/min (inch/min)

mm (inch)

Tools
8 x mm (inch)

kg (Ibs)

g x mm (inches)

Continuous Rating
LW (HP)

Rated Output for 20
Min
kW (HF)
X, ¥, Z Axis
kW (HF)

MACHINE WEIGHT SPACE AND PACKING

Floor Space

Net Weight

Specifications may change according to optional accessories. The manufacturers represented reserve the right to modify

mm (inch)

Kg (lbs)

MCV-1020BA

MCV-1020A

1250 x 660 (49 x 25.98)
18 % 5 (0.71 x 5)
1000 (2200)

1020 (40.16)
550 (21.65)
560 (22.05)

150-710 (5.91-27.95)

8000

Infinitly variable

600 (23.62)

NT40

&000

Two Gears Variable

10000 (393.7)
30/ 30/ 20 (1181 / 1181 / 787)
0.001 (0.0001)

24 CAM

BT40

23 Arm Type

77 % 300 (2.03 % 11.81)

Bi-Directional

7 (15)

127 (5)

7.5 (10)

11 (14.7)

Random

3.0 (4), 2.0 (4), 4.2 [5.5)

3260 x 2060 (128.325 x 120.47)

6000 (13200)

the design, sperifications and mechanisms of the machine without notice.

8000 (17600)
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Catalog Cutter Milling 1026 KESTAG

D, ‘ 0, |
| | | |
L, ) )
! !
| |
L L,
i
VA
A D,
i . % —7 y -‘.%\7—
+ yot
HS5-Co8 TiAIN HS5-Co8 TiAIN
Typ Type N N Typ Type N N
Norm Narme DIN32Z7D | DIN327D Naorm Narme DIN327D | DIN3ZI D
= DIN
¥ ¥ ~14° ~14° ¥ ¥ ~14° ~14°
b ) ~30° ~30° ) ) ~30° ~30°
Katalog-Nr. N° de catalogue 1026 ... 1027 ... Katalog-Nr. N* de catalogue 1026 ... 1027 ...
D, 0, L L z Ident. § CHF/Stiick | CHF/Stiick 0, D, L L Ident. § CHF/Stick | CHF/Stiick
e8 hb 1 z M= CHFpigce | CHEpigce ek hb 1 2 z N° CHF/piéce | CHF/pidce
[ 4 43 2 ... 020 10.55 19.20 18 16 13 79 2 ... 160 29.10 46—
25 [ 5 49 2 ... 025 11.10 19.20 17 16 19 79 2 .. 170 35.10 -
6 5 49 2 ... 030 10.55 17.15 18 16 19 79 2 .. 180 35.10 55.80
35 6 fi 50 2 .. 135 11.10 19.70 19 16 19 79 2 .. 190 43.20 -
4 6 7 51 2 ... 040 10.55 17.15 20 20 2 83 2 v 200 n— 65.60
45 6 7 51 2 . 045 11.10 19.70 21 0 2 83 2 e 210 55.50 -
5 [ 8 52 2 .. 050 10.55 17.15 2 il 2 83 2 v 220 55.50 B4.20
55 [ ] 52 2 .. 055 11.10 19.70 3 il 2 83 2 .. 230 70.90 -
i [ 8 52 2 .. 060 10.55 17.15 29 il 26 102 2 e 240 70.90 -
6,5 10 10 60 2 ... DB 12.60 2240 5 5 26 102 2 .. 250 70.90 107.70
7 10 10 il 2 ... 070 12.85 18.40 26 5 26 102 2 .. 260 B9.70 -
15 10 10 il 2 ... 075 14.05 25.10 28 5 26 102 2 . 280 B89.70 -
8 10 n fi1 2 ... 08O 12.85 2250 30 5 26 102 2 ... 300 102.50 -
85 10 n Bi1 2 ... 0B 15.60 2180 32 2 32 12 2 .. 320 115.50 -
9 10 n b1 2 ... 090 15.60 28— 4 2 32 nz2 2 .. 340 149.70 -
95 10 n Bi1 2 ... 195 17.25 29.80 35 k1] 32 nz2 2 e 350 149.70 -
10 10 13 63 2 ... 100 15.60 25.30 36 2 32 nz2 2 ... 360 149.70 -
10,5 12 13 70 2 .. 108 19.45 - 38 32 38 *118 2 v 380 188.70 -
n 12 13 T0 2 w110 19.60 34.20 L0 32 38 *118 2 .. 400 188.70 -
1,5 12 13 70 2 ... 115 21.30 -
12 12 16 73 2 w120 19.60 30.20
13 12 16 73 2 ... 130 2530 4180
14 12 16 73 2 ... 140 2m— 3170
15 12 16 13 2 ... 150 29.10 -
Bestell-Nr: Entsprechende Katalog-Nummer und Ident. N* in dieser N de commande: Joindre dans cet ordre au numéro de catalogue
Reihenfolge zusammenfiigen, 2.B.: 1026 020 Ildent. \°, parexemple: 1026 020

Ligferung ab Lager () ab Werkslager Livraison du stock () du stock d'usine
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Table Techanical Data Coblat HSS dan HSS End Mills

COBALT HSS AND HSS END MILLS

Speed and Feed Data - Applications in Various Materials
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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
MCAMXS\MILL\NC\SPINDLE_SPEED_FEED_RATE.NC)
(MATERIAL - ALUMINUM MM - 6061)

(T2 | 4.FLATENDMILL | H2)

N100 G21

N102 GO G17 G40 G49 G80 G90

N104 T2 M6

N106 GO G90 G54 X-3. YO. 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 GO 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 GO 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 GO 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 GO 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 GO 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 GO 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 GO 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 GO Z16.

N468 A-18.4663

N470 G1 Z12. F200.
N472 X.266 FAS.

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 GO 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 GO 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 GO 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 GO 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 GO 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 GO 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 GO 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 GO 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
N9O80 X2.645 A-34.2598
N982 X-.266 A-34.4317
N984 X-3.

N986 GO 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 GO Z16.

N1068 M5

N1070 G91 G28 Z0.
N1072 G28 X0. YO. AO.
N1074 M30



LAMPIRAN 10
Surat Keterangan Pengukuran di Lab. Metrologi Industri UB

KEMENTERIAN PENDIDIKAN DAN KEBUDAYAAN ¢ ﬂ
FAKULTAS TEKNIK JURUSAN MESIN UNIVERSITAS BRAWIJAYA —~ )
LABORATORIUM METROLOGI INDUSTRI Aq :
JI. Mayjen Haryono 167 Telp. 553286 Pes. 216 Malang 65145 o

Lampiran : 1 lembar

SURAT KETERANGAN
Nomer. 001/UN10.6/LK/MI/2015

Yang bertanda tangan dibawah ini adalah kepala laboratorium Metrologi Industri
Jurusan Teknik Mesin Fakultas Teknik Universitas Brawijaya, menerangkan bahwa

mahasiswa :

Nama : SULTHAN ADIB

NIM 1 125060200111080

Jurusan . Teknik Mesin, Fakultas Teknik - Universitas Brawijaya

Telah melaksanakan penelitian pengukuran kekasaran permukaan hasil proses bubut
pada Surface Roughness Tester SJ-301 dan pengolahan data dengan judul skripsi :
"PENGARUH SPINDLE SPEED DAN FEED RATE TERHADAP BOTTOM
SURFACE ROUGHNESS PADA PROSES MILLING CNC 4 AXIS"

di Laboratorium Metrologi Industri Jurusan Teknik Mesin Fakultas Teknik Universitas

Brawijaya.

Malang, 15 Januari 2015
Asisten Pendamping : Ka.Lab. Metrologi Industri

Mochamat Kurniawan
Nim. 1110623034

LAMPIRAN 11




Hasil Pengukuran Kekasaran Permukaan

KEMENTERIAN PENDIDIKAN DAN KEBUDAYAAN ' ﬁ)
FAKULTAS TEKNIK JURUSAN MESIN UNIVERSITAS BRAWIJAYA q-«
LABORATORIUM METROLOGI INDUSTRI A_" _
Laberutary.

J1. Mayjen Haryono 167 Telp. 553286 Pes. 216 Malang 65145

DATA HASIL PENGUKURAN

(=Y

0,59
0,60
0,60
0,59
0,62
0,63
0,60
0,61
0,65
0,62
0,62
0,63
0,61
0,62
0,66
0,63
0,64
0,64
0,63
0,65
0,65
0,64
0,64
0,66
0,65
0,65
0,67

24

72

24

72

24

72
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Spindle Speed 6000 rpm, feed rate 24 mm/menit
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Mitutoyo
DATE 14-12—-2014
TIME 10:57:54
STAND J1S2001
PROF ILE R
FILTER GAUSS
EVA-L .Omm
L 1.0mm
Ac 0.8mm
As 2.5#m
TILT-COMP. ALL
M—-SPEED 0.5mm/s
RANGE AlEJs
PRE/POST ON
DRIVE STAND

R—PROF ILE
EVA-L 1.0mm
L 1.0mm
Ra 0.60um
Rz 3.92um
Rq 0.76um

R—PROF ILE

EVA-L 1.0mm

L=1.0mm

—x 5K
x 200
Ver. 2.0um/
Hor. 50.0um/gm
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Spindle Speed 6000 rpm, feed rate 48 mm/menit

Hor. 50.0#m/cm
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DATE 14-12-2014
TIME 11:16:14
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DATE 14-12-2014
TIME

11 E5%
STAND J 152001
PROFILE
FILTER GAUSS
EVA-L mm
L 1.0mm
Ac 0.8mm
As 2.54m
TILT-COMP ALL
M-SPEED mn¥s
RANGE lélsg
PRE/POST
DR IVE STAND
R—PROF ILE
EVA-L 1.0mm
L 1.0mm
Ra 0.62um
Rz 3.61um
Rq 0.764m
R—PROF ILE
EVA-L 1.0mm
L=1.0mm
ﬁx5K
1!
x200
Ver. 2.0u
Hor. 53 Qlim/em
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Spindle Speed 6000 rpm, feed rate 72 mm/menit



MItUtDYO Surftest SJ-301
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Spindle Speed 5000 rpm, feed rate 24 mm/menit



14-12-2014
11:30:40

Mitutoyo
DATE

TIME
STAND J1S2001
PROFILE
FILTER GAUSS
EVA-L 1.0mm
B 1.0mm
G g.gmm

s .
TILT-COMP. “ ALL
M—-SPEED 0.5mm/s
RANGE AU
PRE/POST EgN
DRIVE STAND
EVA-L 1.0mm
I 1.0mm
Ra 0.62um
Rz 3.65#m
Rq 0.77pm

R—PROF ILE

EVA-L 1.0mm

L=1.0mm

—x 5K
x 200

Ver. 2.0u#m/cm

Hor. 50.0um/cm
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DATE 14-12-2014
TIME 11:39:50
STAND J1S2001
PROFILE R
FILTER GAUSS
EVA-L 1.0mm
L 1.0mm
Ac 0.8mm
As 2.9¢m
TILT-COMP ALL
M-SPEED 0.5mn_‘[s
RANGE AU 8
PRE/POST E(S)N
DRIVE STAND

R—PROF ILE
EVA-L 1.0mm
5 1.0mm
R 0.62
Rz 3.78um
Rq 0.78um

R—PROF ILE

EVA-L 1.0mm

L=1.0mm

‘——»x 5K
v
x200
A .0

Her: 55:8limyom

v'"V”'M'\m,~lW'MN"VW»«MW”M’W.:'*‘\Vwrm;,‘* e Mﬂ\"{”mw
W

i

Surftest SJ-301

14-12-2014
11:46:53

E
ED J 182001

Mitutoyo

mMTMow»w —

e
| =00

N

o

=

3

o =0

172)

)

m

m

(w)

o

o —
=t
L [7)

2
m
3
@
S

-

Ra

Rz

Rq
R—PROF ILE

EVA-L
L=1.0mm

owo
~NoOYo
I~
i3
3

x 200

Ver. 2.0u
Heor. 58:Qlimyom

FR

=X
3

i
:
{
5

N

-
5

Spindle Speed 5000 rpm, feed rate 48 mm/menit
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DATE 14-12-2014
11:53:51

TIME
STAND J1S2001
PROF ILE
FILTER GAUSS
EVA-L 1.0mm
= 1.0mm
ic g.gmm

s 3
TILT-coMP. ~ALT
M-SPEED 0.5mm/s
RANGE AlEJsg
PRE/POST ON
DRIVE STAND

R—PROF ILE
EVA—-L 1.0mm
L 1.0mm
Ra 0.66um
Rz 3.96um
Rq 0.82um

R—PROF ILE

EVA- 1.0mm

L=1.0mm

—x 5K
:
x200

Ver. 2.0um/cm
Hor. 50.0#m/cm

LS MJL .
‘L)W“f 114‘/ ;

Mitutoyo
DATE  14-12-2014

TIME 1:57:35
STAND J1S2001
PROF ILE R
FILTER GAUSS
EVA-L 1.0mm
L 1.0mm
Ac 0.8mm
As .ou
TILT-COMP. ALL
M-SPEED 0.5mm/s
RANGE AUTO
ESC
PRE/POST ON
DRIVE STAND
R—PROF ILE
EVA-L 1.0mm
5. 1.0mm
Ra 0.62um
Rz 3.87um
Rq 0.79um
R—PROF ILE
EVA-L 1.0mm
L=1.0mm
—x 5K
.
x200
Ver. 2.0u
Hor. o5 SLimyom
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DATE 14-12-2014
TIME 11:59:31
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Spindle Speed 5000 rpm, feed rate 72 mm/menit



Mitutoyo

DATE 14—-12-2014
TIME 12:02:02
STAND J1S2001
PROFILE
FILTER GAUSS
EVA-L 1.0mm
L 1.0mm
Ac 0.8mm
As 2.5um
TILT-COMP ALL
M-SPEED 0.5 s
RANGE AUTO
ESC
PRE/POST ON
DRIVE STAND
R—PROF ILE
EVA-L 1.0mm
i 1.0mm
Ra 0.64um
Rz 4.11um
R9 0.79um
R—PROF ILE
EVA-L 1.0mm
L=1.0mm
—x5K
x 200
Ver. 2.0u
Hor. s Dlirmyem
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DATE 14-12-2014
TIME 12:06:01
STAND J1S2001
PROF ILE

FILTER GAUSS
EVA-L 1.0mm
L 1.0mm
Ac 0.8mm
As 2.54m
TILT-COMP. ALL

EVA—L 1.0mm

Ra 0.64um
Rz 3.794m
Rq 0.80um

R—PROF ILE
EVA-L 1.0mm
L=1.0mm

—»x 5K
x 200

Ver. 2.0um/
Hor. 50.01m/cm
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DATE 14-12-2014
TIME 12:09:58
STAND J1S2001
PROF ILE R
FIL GAUSS
EVA-L 1.0mm
L 1.0mm
Ac 0.8mm
As 2.5um
TILT—C%MP ALL
M-SPEED  0.5mm/s
RANGE AlEJsg
Pl T
PRIVECST  sTAND
EVA-L 1.0mm
L 1.0mm
Ra 0.63um
Rz 3.93um
Rq 0.79um

EVA-L 1.0mm

L=1.0mm

in 5K
¢
x200
o
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Spindle Speed 4000 rpm, feed rate 24 mm/menit
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Perhitungan Gaya Potong

1. Untuk Spindle Speed 6000 rpm.
a. Feed Rate 24 mm/min

TN
fz = 6000.2
f, = 0,002 mm/min
2N 0,002
= arc an12’9_2
6 = 0,010°
h = tan.0,010.2 4 22 12,9 — 2
=tan. 0,010
h=1,103mm
I _ cos 30
' h — sin 30
4 , cos 30
b = arctan =230
$ = 55,132°
F, = 207.2.1.103 TN
L T 6in 55,132 cos( 55,132 + 25 — 30)
F, = 9,268 N

2. Untuk Spindle Speed 6000 rpm.
b. Feed Rate 48 mm/min
48
f: = 00022
f, = 0,004 mm/min
0,004

12,9 — 2

0 = arc tan
6 =0,019°

12,9 —
h =tan.0,019.2 + —— (12,9 - 2)

cos 0,021
h = 2,207 mm
cos 30

=arct
¢ = arctan oo 30
b = 26,905°
F, = 207.2.2,207

F, = 29,567 N

cos(25 — 30)
sin 26,905 cos( 26,905 + 25 — 30)

3. Untuk Spindle Speed 6000 rpm.
c. Feed Rate 72 mm/min

R\

R 6000.2

fz = 0,006 mm/min

A . 0,002
= qarctan 12’9 . 2

6 = 0,029°



12,
h = tan.0,029.2 + 2050029 0.029 —-(129-2)
h = 3,309 mm
cos 30

h —sin 30
cos 30

3,309 — sin 30

tand =

$ = arc tan
¢ =17,132°
F, = 207.2.3,309

F, = 66,524N
4. Untuk Spindle Speed 5000 rpm.
d. Feed Rate 24 mm/min
24

/2 = 55002
fz = 0,002 mm/min
0,002

129 -2

cos(25 — 30)
sin 17,132 cos( 17,132 + 25 — 30)

0 = arc tan

0 =0,012°

h = tan.0,012.2 + —220— 12,9 — 2
-t URRes T s 0,012 (12, )

h=1,324mm

cos 30

h — sin 30
cos 30

1,324 — sin 30

tand =

b = arc tan
d = 46,421°
F, = 207.2.1,324
F; = 11,994N

cos(25 — 30)
sin 46,421 cos( 46,421 + 25 — 30)

5. Untuk Spindle Speed 5000 rpm.
e. Feed Rate 48 mm/min

48
f2 = 5000.2
fz = 0,005 mm/min
0 — oo g 2005
= qarc tan 12,9 )
6 = 0,023°
h = tan.0,023.2 4 22— 12,9 — 2
= teg.s T
h =2,648mm
; A N\Egs 30
and=3—=30
§ | cos 30
b = arctan e in30

$ = 21,960°

F, = 207.2.2,648 RGN =B
LT 6in 21,960 cos((21,960 + 25 — 30)




F, = 42,364N

6. Untuk Spindle Speed 5000 rpm.
f. Feed Rate 72 mm/min

T
f2 = 5000.2
f, = 0,007 mm/min
;AN 0,007
= arctan 12’9_ 2
6 = 0,035°
h = tan.0,035.2 4 2220~ 12,9 -2
X i cos 0,035 U )
h =3971mm
. _ cos 30
g o h — sin 30
4 . cos 30
b =arctan o030
$ = 14,010°
F, = 207.2.3,971 PN
o E " 6in 14,010 cos( 14,010 + 25 — 30)
F, = 96,605N

7. Untuk Spindle Speed 4000 rpm.
g. Feed Rate 24 mm/min

24
f2 = 4000.2

fz = 0,003 mm/min
0,003

129 -2

0 = arc tan
6 =0,014°

12,9 —
h =tan.0,014.2 + ———— — (12,9 - 2)

cos 0,014
h =1,655mm
cos 30

h — sin 30
cos 30

1,655 — sin 30

tand =

b = arc tan
¢ = 36,861°
F, = 207.2.1,655
F, = 17,325N

cos(25 — 30)
sin 36,861 cos( 36,861 + 25 — 30)

8. Untuk Spindle Speed 4000 rpm.
h. Feed Rate 48 mm/min
48
fz

~ 2000.2
f, = 0,006 mm/min




0,006

0 = 3 8 ot
arctanlz’g_z

6 =0,029°
12,9 —
h =tan.0,029.2 + —————— (12,9 — 2)

cos 0,029
h = 3,309 mm
cos 30

h —sin 30
cos 30

3,309 — sin 30

tand =

b = arc tan
¢ =17,132°
F, = 207.2.3,309
F, = 66,524N

cos(25 — 30)
sin17,132 cos( 17,132 + 25 — 30)

9. Untuk Spindle Speed 4000 rpm.
I. Feed Rate 72 mm/min

72
f2= 4000.2

f, = 0,009 mm/min
0,009

129 -2

0 = arc tan
6 = 0,043°

12,9 —
h =tan.0,043.2 + ——— (12,9 - 2)

cos 0,043
h =4962mm
cos 30

h — sin 30
cos 30

4,962 — sin 30
$ = 10,983°

F, = 207.2.4,962
F, = 152,776N

tan =

$ = arc tan

cos(25 — 30)
sin 10,983 cos( 10,983 + 25 — 30)

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
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Gambar foto: Pengukuran Kekasaran Permukaan



