LAMPIRAN 1
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LAMPIRAN 2

PERHITUNGAN PROSES PRODUKSI



CUTTING SPEED (sfpm) z

MATERIAL FLAIN MILLING CUTTERS END MILLING CUTTERS
Roughing Finishing Roughing Finishing
Aluminum . 400 to 1,000 400 to 1,000 400 to 1,000 400 to 1,000
Brass, compoilhon ......... 125 to 200 90 to 200 20 to 150 90 to 150
Brass, yallow. . . 150 to 200 100 to 250 100 to 200 100 to 200
Bronze, phospho: ahd
manganese ..... 30 to 8O 25 to 100 30 to 80 a0 to BO
Cast iron (hard) . ......_..... 25 to 40 10 to 30 25 to 40 20 to 45
Cast iron (soft and
medium) ........ o 0. 40 to 75 25 to 80 a5 to 65 30 to BO
Monel metal . AR 50 1o 75 50 1o TS 40 to 60 40 to 60
Steel, ‘nard 25 to 50 25 to 7O 25 to 50 25 to TO
Steel, soM................... 60 to 120 45 to 110 50 to 85 45 te 100

Tabel 7 1. Kecepatan potong untuk proses frais untuk pasangan
benda kerja dan pisau HSS.
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benda kerja yang dikerjakan (satuan dalam inchi).

Tabel 7 2. Tebal beram per gigi untuk beberapa tipe pisau frais dan

Tabel 8.1 Kecepatan Potong Beberapa Jenis Bahan (Anonim, 2016ar)
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MATERIAL STRAIGHT TURNING SPEED THREADING SPEED
FEET PER | METERS PER FEET PER | METERS PER
MINUTE MINUTE MINUTE MINUTE
LOW-CARBON STEEL BO-100 24.4-30 6 35-40 10.7-12.2
MEDIUM-CARBON STEEL B0-80 18.3-24.4 25-30 7.8-9.1
HIGH-CARBON STEEL 36-40 10.7-12.2 15.20 4881
STAINLESS STEEL 40-50 12.2-16.2 15-20 4.8-8.1
ALUMINUM AND . i
ITS ALLOYS 200-300 61.0-91.4 50-80 16.2-18.3
ORDINARY BRASS . . . Y
AND BRONZE 100-200 30.6-81.0 40-50 12.2-15.2
HIGH-TENSILE BRONZE 40-60 12.2-18.3 20-26 6.1-7.8
CAST IRON E0-B0 16.2-24 4 20-25 8.1-7.8
COPPER B80-80 18.3-24.4 20-25 6.1-7.8

NOTE Spesds lor chrbide-tlippec bils can be 2 103 times 1ha spead recommended for high-apeed slesl
Tabel 6 8. Kecepatan potong proses bubut rata dan proses bubut ulir

untuk pahat HSS.
Warkpiece Terwile ‘l Cutting angle | Fewd in mm/irey. Coolant and Lubricant )
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| O yo mimin
1
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] i) T .
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CL20,C 1.2 ey
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Copper Rardness B (4] o5 | B5| &8
alloys Brinell
80...120 Gg 5 6 600 | 530 | 450 | 400 dry EorL |avy
E 4] 63 83| 43
Ost brome G 5 0 355 | 280 | 236 | 200| EorlL |dey
Light alioys §g 12 30 400 | 300 118 Eor P Ear P
aluminium Gy 12 a0 1320 (1120 | 950 | 850 AOME Spi- | SOSD D4
"t it
Alurminium ~ 185 |12 8 00| 67| 45| 30
alioys
(11 13%Si G 12 18 224 | 190 | 160 | 140 E OuSiord
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L Ible ol
Platics and 8 |12 10
hard rubber G 12 10 300 | 280 | 250 | 224 dry diy
Bakelite, Novo- é 2 4
text,Pertinax G, 12 14 2W0 | 212 | 170 | 132 dry dry
hard plustic

Tabel 6 3. Penentuan jenis pahat, geometri pahat, v, dan f (EMCO).




Tabel § 2. Putaran mata bor dan gerak makan pada beberapa jenis
bahan.
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Tabel 8 1. Data material, kecepatan potong, sudut mata bor HSS, dan

cairan pendingin proses qurdi.



LAMPIRAN 3

STANDAR PENGUJIAN KEKERASAN MATERIAL



Standar pengujian kekerasan rockwell ASTM E18-15

Ad4.5 Standardization Procedure

A4.5.1 A test block is standardized by calibrating the
average hardness of the test surface to a specific Rockwell
hardness standard. Only one surface of the test block shall be
calibrated. When possible, the test blocks should be calibrated
traceable to national Rockwell standards (see Note A4.2). The
Rockwell standard to which the test blocks are traceable shall
be stated in the certification.

Note A4.2—In the United States, the national Rockwell hardness
standardizing laboratory is the National Institute of Standards and
Technology (NIST), Gaithersburg, MD 20899,

MNote A4.3—Primary standardized test blocks are available as Standard
Eeterence Material trom NINT, Gaithersburg, MD 20894,

TABLE A4.1 Physical Reguirements of Standardized Test Blocks

Test Block Parameter Tolerance

Thickness =6.0 mm (0.236 in.)
=16.0 mm (0.630 in.)

Test surface area =2600 mm® (4 in.2)
Deviation from surface flatness =0.005 mm (0.0002 in.)
itest & bottom)
Deviation from anrface parallalism =0.0002 mm par mm
(test & bottom) {0.0002 in. perin.)
Mean surface roughness A, = 0.003 mm (12 pin.)
(test & bottom) center line average

Tabel 3.6 Skala Kekerasan Rockwell (Bolton, 1998; 59)

Scale Indenter Addirional load kg Typical applications

A Dramond &0 Extremely hard materials, ¢ g tool steels

B Ball 1. 588 mm dia. 100 Softer materials, ¢ g Cu alloys, Al alloys, mild steel

C Diamond 150 Hard materials, e g steels, kard cast irons, alloy steels

D Diamond 100 Medium case hardened materials

E Ball 3175 mm dia. 100 Soft materials, e g Al alloys. Mg alloys, bearing metals

F Ball 1 582 mmdiz 60 As E, the smaller ball being more appropriate where
inhomogeneities exist

G Ball | 388 mm dia 150 Malleable irons, gun metals, bronzes

H Ball 3175 mm dia. 60 Sofl aluminium, lead, zinc, thermoplastics

K Ball 3175 mmdix 150 Aluminium and magnesum alloys

L Ball 6350 mmdia 60 Soft thermoplastics

M Ball & 350 mm dia 100 Thermoplastics

R Ball 1270 mmdia 60 Very soft thermoplastics

Note: the diameter of the balls arise from standard sizes in inches, 1,588 mm being 1/16 in, 3 175 mm being
/8 in, 6,350 mm being 1/4 in, and 12 70 mm being 172 in.



LAMPIRAN 4

DOKUMENTASI PROSES PRODUKSI



Proses pemotongan

Proses pengelasan

Proses gurdi




Proses frais




Proses perakitan




LAMPIRAN 5

DOKUMENTASI PENGUJIAN MESIN



Pengujian fungsi pemanas

Pengujian fungsi pendingin




Pengujian fungsi penggerak




LAMPIRAN 6

DOKUMENTASI PENGUJIAN MATERIAL



Material uji raw material

Material uji hardening

Material uji tempering




Proses pengujian kekerasan




Angka Kekerasan Hardening

Angka Kekerasan Tempering




LAMPIRAN 7

BIAYA OPERASIONAL MATERIAL



BIAYA OPERASIONAL MATERIAL

A | Rangka Mesin
1 | Rangka bawah A-01 Besi hollow 30x30x1.2 mm batang Rp 138.000 500 4 Rp 46.000,00
2 | Rangka atas A-02 Besi hollow 30x30x1.2 mm batang Rp 138.000 500 4 Rp 46.000,00
3 | Rangka kaki A-03 Besi hollow 30x30x1.2 mm batang Rp 138.000 940 4 Rp 86.480,00
4 | Rangka tengah A-04 Besi hollow 30x30x1.2 mm batang Rp 138.000 440 5 Rp 50.600,00
Jumlah Rp  229.080,00
B | Sistem Penggerak
1 | Main shaft B-01 Stainless steel 304 batang Rp 50.000 500 2 Rp 100.000,00
2 | Ballscrew + ballsrew nut B-02 & B-03 @12x500 mm buah Rp 344.900 500 1 Rp 344.900,00
3 | Nut housing B-04 Aluminium alloy @24 mm buah Rp 49.900 24 1 Rp 49.900,00
4 | Main shaft holder B-05 Aluminium alloy @12 mm buah Rp 19.900 12 4 Rp 79.600,00
5 | pillow block @10 mm B-06 Pillow block @10 mm buah Rp 21.000 10 1 Rp 21.000,00
6 | pillow block @8 mm B-07 Pillow block @8 mm buah Rp 15.500 10 1 Rp 15.500,00
7 | Linear bearing B-08 @12 mm buah Rp 33.000 12 2 Rp 66.000,00
8 | Bracket siku B-09 Aluminium 20x20 mm buah Rp 3.900 20 2 Rp 7.800,00
9 | Shaft support mount B-10 Aluminium alloy @20 mm buah Rp 30.500 20 1 Rp 30.500,00
10 | Rigid shaft coupler B-11 Aluminium @6x@8 mm buah Rp 15.900 20 1 Rp 15.900,00
11 | Motor stepper B-12 Nema 23 buah Rp 239.800 50 1 Rp 239.800,00
12 | BautL M5 B-13 M5 buah Rp 700 10 23 Rp 16.100,00
13 | Bracket pillow block @10 mm B-14 Plat SPHC 8 mm lembar Rp 10.000 67 1 Rp 10.000,00
14 | Bracket pillow block @8 mm B-15 Plat SPHC 9 mm lembar Rp 10.000 55 1 Rp 10.000,00
15 | Socket set screw M8 B-16 M8 buah Rp 1.500 10 2 Rp 3.000,00
16 | Base holder B-17 Plat SPHC 3 mm lembar Rp 15.000 180 1 Rp 15.000,00
17 | Holder arm (L) B-18 Aluminium alloy 12 mm lembar Rp 15.000 180 1 Rp 15.000,00
18 | Jointarm B-19 Aluminium alloy 10 mm lembar Rp 15.000 40 1 Rp 15.000,00
19 | Holder arm (R) B-20 Aluminium alloy 12 mm lembar Rp 15.000 180 1 Rp 15.000,00
20 | Shaft holder B-21 Aluminium alloy @21 mm batang Rp 10.000 225 1 Rp 10.000,00
21 | Object holder B-22 S45C @32x80 mm buah Rp 33.000 80 1 Rp 33.000,00
Jumlah Rp 1.113.000,00




C | Dudukan Komponen Elektronik
1 | Lantai pemanas C-01 Plat besi lembar Rp 40.000 495 1 Rp 40.000,00
2 | Dinding komponen C-02 Triplek lembar Rp 20.000 500 1 Rp 20.000,00
3 | Dudukan pemanas C-03 Triplek lembar Rp 20.000 495 1 Rp 20.000,00
4 | Dudukan elektronik C-04 Calsiboard lembar Rp 10.000 160 1 Rp 10.000,00
5 | Klem psu 48V C-05 Plat besi lembar Rp 10.000 251 2 Rp 20.000,00
6 | Klem psu 24V C-06 Besi siku batang Rp 5.000 70 2 Rp 10.000,00
7 | Spacer C-07 Aluminium buah Rp 1.500 30 4 Rp 6.000,00
Jumlah Rp  126.000,00
D | Plat Penutup
1 | Lantai D-01 Plat zinc lembar Rp 75.000 500 1 Rp 75.000,00
2 | Cover D-02 Plat zinc lembar Rp 117.000 1500 1 Rp 117.000,00
3 | Atap D-03 Plat zinc lembar Rp 16.000 500 1 Rp 16.000,00
4 | Pintu depan D-04 Plat zinc lembar Rp 32.000 1000 1 Rp 32.000,00
5 | Pintu belakang D-05 Plat zinc lembar Rp 16.000 500 1 Rp 16.000,00
Jumlah Rp  256.000,00
E | Komponen Elektronik
1 | Modul pemanas induksi - 2000 watt buah Rp 1.004.100 - 1 Rp 1.004.100,00
2 | Driver motor stepper - TB6600 buah Rp 109.900 - 1 Rp 109.900,00
3 | MCB - DC 1 pole 600 VVdc buah Rp  40.000 - 1 Rp 40.000,00
4 | Thermocouple - Type K buah Rp 150.000 - 1 Rp 150.000,00
5 | Thermocontrol - MAX6675 buah Rp  45.000 - 1 Rp 45.000,00
6 | Modul relay 2 channel - Relay 5V buah Rp  14.500 - 1 Rp 14.500,00
7 | Led20x 4 - 20x4 buah Rp  71.000 - 1 Rp 71.000,00
8 | Relay SSR - Fotek 50 amper buah Rp  65.000 - 1 Rp 65.000,00
9 | Psu24V 15A - 24V 15A buah Rp 115.000 - 1 Rp 115.000,00
10 | Psu 48V 43A - 48V 43A buah Rp 500.000 - 1 Rp 500.000,00
11 | Modul step down - In 3.40V out 1,5-35V 3A buah Rp  12.400 - 1 Rp 12.400,00
12 | Pompa pendingin - 1000 liter / jam (7 watt) buah Rp  45.000 - 1 Rp 45.000,00
13 | Arduino uno R3 - R3 CH340 ATMEGA 328P buah Rp 109.500 - 1 Rp 109.500,00
Jumlah Rp 2.281.400,00




F | Lain-lain

1 | Socket AC - buah Rp 30.000 1 Rp 30.000,00
2 | Kabel power PSU - buah Rp 9.500 1 Rp 9.500,00
3 | Kabel motor stepper - buah Rp 7.900 1 Rp 7.900,00
4 | Roda castro - buah Rp 6.900 4 Rp 27.600,00
5 | Timah solder - buah Rp 3.500 1 Rp 3.500,00
6 | Kabel jumper - buah Rp 15.000 1 Rp 15.000,00
7 | Kabel telfon 4mm 500hm - buah Rp 9.000 1 Rp 9.000,00
8 | Lem besi - buah Rp 16.000 1 Rp 16.000,00
9 | Ember besi - buah Rp 29.300 1 Rp 29.300,00
10 | Engsel - buah Rp 2.500 2 Rp 5.000,00
11 | Papan pch - buah Rp 5.000 1 Rp 5.000,00
12 | Batu gerinda poles - buah Rp 9.500 1 Rp 9.500,00
13 | Batu gerinda potong - buah Rp 3.500 2 Rp 7.000,00
14 | Mata gerinda amplas - buah Rp 7.000 2 Rp 14.000,00
15 | Elektroda - box Rp 36.000 1 Rp 36.000,00
16 | Cat - buah Rp 42.000 1 Rp 42.000,00
17 | E-poxy - buah Rp 22.000 1 Rp 22.000,00
18 | Thinner - buah Rp 38.000 1 Rp 38.000,00
19 | Amplas - lembar Rp 10.000 1 Rp 10.000,00
20 | Pompa Plastik - buah Rp 16.000 1 Rp 16.000,00
21 | Rivet - buah Rp 300 50 Rp 15.000,00
22 | Tombol push on - buah Rp 3.000 3 Rp 9.000,00
23 | Socket 3p - buah Rp 2.500 1 Rp 2.500,00
24 | Baut L M5 x 40 + mur - buah Rp 1.700 16 Rp 27.200,00
25 | Glasswool - lembar Rp 5.200 6 Rp 31.200,00
26 | Panel akrilik - buah Rp 50.000 1 Rp 50.000,00
27 | Kabel - meter Rp 8.500 2 Rp 17.000,00
28 | Jek DC - buah Rp 1.500 1 Rp 1.500,00
29 | Klem kabel - buah Rp 2.500 1 Rp 2.500,00
Jumlah Rp 508.200

G | Jumlah Biaya Material Rp 4.513.680,00
H | Biaya Sewa Mesin Rp  250.450,00
1 Biaya Listrik Rp 26.200,32
J | Biaya Tenaga Kerja Rp  624.097,80
Jumlah Total Rp 5.414.428,12




