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RINGKASAN

Pada era sekarang ini, perkembangan industri semakin meningkat
khususnya dari aspek alat dan mesin. Salah satu komponen mesin yang bisa
membuat industri semakin berkembang yaitu roda gigi. Secara tradisional roda gigi
diproduksi menggunakan logam. Roda gigi logam digunakan untuk waktu yang
lama dalam berbagai aplikasi tetapi di zaman modern, roda gigi plastik
menggantikan roda gigi logam. Pada penelitian ini roda gigi yang akan dilakukan
pengujian yaitu roda gigi lurus dan roda gigi miring. Material plastik yang
digunakan yaitu PLA, ABS, dan Nylon. Penelitian ini bertujuan menganalisis
tegangan material plastik pada roda gigi lurus dan roda gigi miring, serta
membandingkan jenis roda gigi untuk mendapatkan hasil yang paling kuat.

Pada penelitian ini roda gigi lurus dan roda gigi miring didesain
menggunakan software solidworks. Metode yang digunakan yaitu metode
kuantitatif dengan jenis eksperimen. Percobaan eksperimen yang dilakukan
menggunakan metode elemen hingga dengan berbantuan software ANSYS.
Pengujian tegangan dilakukan tanpa gesekan secara statis dengan moment sebesar
5.000 N.mm pada roda gigi lurus dan roda gigi miring.

Hasil tegangan pada penelitian ini yaitu equivalent stress, deformation dan
safety factor. Hasil equivalent stress roda gigi lurus material PLA 4,9438 MPa,
sedangkan roda gigi miring 11,612 MPa. Material ABS roda gigi lurus 4,9376 MPa,
sedangkan roda gigi miring 11,559 MPa. Material Nylon 4,9683 MPa untuk roda
gigi lurus, sedangkan roda gigi miring 11,79 MPa. Material PLA hasil deformation
untuk roda gigi lurus 0,0227 mm, sedangkan roda gigi miring 0,029055 mm.
Material ABS roda gigi lurus 0,040565 mm, sedangkan roda gigi miring 0,051934
mm. Material Nylon 0,016162 -mm untuk roda gigi lurus, sedangkan roda gigi
miring yaitu 0,020669 mm. Hasil safety factor roda gigi lurus untuk material PLA
9,0618, sedangkan roda gigi miring 3,8581. Material ABS roda gigi lurus 8,2429,
sedangkan roda gigi miring 3,521. Material Nylon 9,3795 untuk roda gigi lurus,
sedangkan roda gigi miring 3,9523.

Kata kunci : Roda Gigi, Tegangan, Metode Elemen Hingga, ANSYS
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ABSTRACT

In the current era, industrial development is increasing, especially in terms
of tools and machines. One of the machine components that can make industry
develop further is gears. Traditionally gears are manufactured using metal. Metal
gears were used for a long time in various applications but in modern times, plastic
gears are replacing metal gears. In this research, the gears that will be tested are
spur gears and helical gears. The plastic materials used are PLA, ABS and Nylon.
This research aims to analyze the stress in plastic materials in spur gears and
helical gears, as well as comparing the types of gears to get the strongest results.

In this research, spur gears and helical gears were designed using
Solidworks software. The method used is a quantitative method with an
experimental type. Experimental experiments were carried out using the finite
element method with the help of ANSYS software. Stress testing was carried out
without static friction with a moment of 5,000 N.mm on spur gears and helical
gears.

The stress results in this research are equivalent stress, deformation and
safety factor. The equivalent stress result for the spur gear of PLA material is
4.9438 MPa, while the helical gear is 11.612 MPa. ABS material for spur gears is
4.9376 MPa, while helical gears are 11.559 MPa. Nylon material is 4.9683 MPa
for spur gears, while helical gears are 11.79 MPa. The deformation of the PLA
material for spur gears is 0.0227 mm, while for helical gears it is 0.029055 mm.
ABS material for spur gears is 0.040565 mm, while helical gears are 0.051934 mm.
Nylon material is 0.016162 mm for spur gear, while helical gear is 0.020669 mm.
The safety factor result for the spur gear for PLA material is 9.0618, while the
helical gear is 3.8581. ABS material has 8.2429 spur gears, while 3.521 helical
gears. Nylon material is 9.3795 for the spur gear, while the helical gear is 3.9523.

Keywords: Gear, Stress, Finite Element Method, ANSYS

viii



DAFTAR ISI

HALAMAN JUDUL ...ttt e [
HALAMAN PERSETUJUAN ....coiiiiieieieee e i
HALAMAN PENGESAHAN ...t s ii
PERNYATAAN KEASLIAN ..ottt iv
KATA PENGANTAR ...ttt %
RINGKASAN ..ottt ettt re et e s besaeanesreereens vii
ABSTRACT ettt bbbttt b et bbb enes viii
DN 1A = 1 s ST iX
DAFTAR GAMBAR ...ttt re s Xi
DAFTAR TABEL ..ottt Xiv
DAFTAR SIMBOL ..ottt XV
DAFTAR LAMPIRAN ..ottt XVi
DAFTAR ISTILAH DAN SINGKATAN ....oocoiiiiiiiinensieiee e XVii
BAB | PENDAHULUAN

1.1, Latar BelaKang ........ccooiiiiiiiiiiiiieee e 1
1.2, Perumusan Masalah..........c.cccooiiiiiiininieic e 3
1.3, Batasan Masalah.........cccoiirieiiieiiecece e 3
1.4, .~ Tujuan................ OMMEIIIIIL. .................ccooveeneennenesidonenneensenssenaen s sonigliiliEY: 3
15, MANTAAL........o iR 4
BAB Il TINJAUAN PUSTAKA

2.1, Definisi RO GIGI .o.veiveiiiiiiiiiiiiiieieieee e 5
2.2, FUNGSi RO Gl c.vveivieiiiiiiiiiciece ettt 5
2.3, ROAA GIgI LUIUS ..coviiiieiiiiieieee e 5
2.4, R0AA GIgi MIFING c.voiiiiiieiiiiece et 6
2.5. Bagian-Bagian ROGA GIgl ........cccveieiiriiiiiiieiiiiiiseseeee e 7
P T =T -1 g [0 - o RPN 10
2.7, REGANGAN .....oiiiiiiiieeite ettt b e nr e ne e 10
2.8.  Hubungan Tegangan-Regangan .............cccccueveevieieeieeiie e seeseesreesneennens 11
2.9.  Metode EIemen HINGQa........cooviiiiiiiiiieienseseee e 12
2.9.1. Definisi Metode Elemen HiNGga..........coeiveiiiieiieie e 12
2.9.2. Langkah Dasar Metode Elemen Hingga ..........ccooviviiiiiieneieniscsen 14
2.9.3. Aplikasi Metode Elemen HINQQa..........ccooveiiiiieiicie e 14
2.10.  SOftware SOIAWOIKS........ccuiiieii et e 15
2.10.1. Definisi SOHAWOIKS .....cviiiiiiiiiiiieiieite ettt 15
2.10.2. FUNGST SOHAWOIKS ..ot 15
2.11.  SOftWAre ANSY S, .. ittt s sb e sreesbeanne s 15
2.12. Equivalent Stress (VON-MISES STFESS) .....c.evverviririeiiniiiieieenie e 16
2.13.  DEfOrMALION ....cceiiiiiiiiie ettt 17
2.14.  SAFELY FACION ...ocueiiiiieie e 17
2.15. Material PIastiK ..o 19
2.15.1. PLA (Polylactic ACId) .......ccceiiiiiiiieiece e 19
2.15.2. ABS (Acrylonitrile Butadiene Styrene).........ccccevvevieiieesiesieesie e 19
2.15.3 NYION . 20



2.16. Sifat Mekanik Material PIasStiK.............ueuuueeueeeeeeeeeeeeeeees 21

BAB Il METODOLOGI

3.1.  Diagram Alir Penelitian ..........cccocviiiiieeiiie e 23
3.2, Alat dan Bahan .........coiiiiiiiiiiieeeee e 25
B2 L. Al e 25
3.3, Variabel Penelitian ........c.cccooiiiiiiiiiieiiee e 26
3.3.1. Variabel BEDas ......c.cccoiiiiiiiiiiiee 26
3.3.2. Variabel TErKAL.........c.coveiiiieeieie i 26
3.3.3. Variabel KONtrol...........oiiiiiiiiiiiieiie i 26
3.4, Desain ROGA GIGI ...viereeirieiieiieiieiiesiesieesiesiesaee e stee e see e seesreesreennens 28
3.5.  Perancangan Desain RO Gigi........ccooueruviieeieiiieniiieeie e 28
3.6, ProSes SIMUIASH ....ccviieiiieiiiieiies et 38
3.7.  Tempat dan Waktu Penelititan ............cccccoevveiiiiiiiiiiesie e 48
3.7.1. Tempat PeNnelitian ..o 48
3.7.2. WaKtu Penelitian ..........coocoieiiiiiiiieieie e 48
3.8.  Teknik Pengumpulan Data..........ccccevueiieiienieiiniiisieieeee e 48
3.8. 1. STUI PUSTAKA ... .cveeviiiiiriiieiieiie it 48
3.8.2. DOKUMENTASE.c..vevvereeerieiieeieariesteesieeeesteeteseesteeaeeseesteetesreesreeeeareesreeneens 49
3.8.3. Tesatau PercobDaaN ..........ccceieiiiiiieieieie e 49
3.9, Teknik ANaliSiS DAta.......ccceeveiierieeieiieeiieieseesie s see e 49
BAB IV HASIL DAN PEMBAHASAN

4.1, Uji KONVErgensi IMESN.....ccciuiiiiiicic ettt o
4.2, Uji Validasi MOMENT ......cooiiiiiiiiieieieee e 52
4.2.1. RO GIGI LUIUS ..ottt 53
4.2.2. RO GIQi MITING .o.viiiieiiieiieie ettt re e 54
4.3, HaSH SIMUIAST ....ueeiiiiieciieciiee et 55
4.3.1. RO GIGi LUIUS ...ocvierieiiieiti ettt are e 55
4.3.2. RO GIgi MITING ..oeeiiiiiiiie bbb 64
4.4. Hasil Simulasi Roda Gigi Lurus dan Roda Gigi Miring ...........cccceveen.. 73
4.5,  Hasil Validasi SIMUIAST ..........ccoveiiiiiiieeee e 75
BAB V PENUTUP

5.1, KESIMPUIAN.......ooiiii e re e 78
5.2.  SQaran......c....... QAN ............ 00 L.cccceneneatiseeneennes SUSREIRENRNE | 79
DAFTAR PUSTAKA ..o etttk a et snesaesneananbaareenis 80
LAMPIRAN ...ttt ettt e ek b b beare e st ene e st e aebenbebesneereenes 84
BIODATA PENULIS



Gambar 2.1
Gambar 2.2
Gambar 2.3
Gambar 2.4
Gambar 2.5

Gambar 2.6
Gambar 2.7
Gambar 2.8
Gambar 2.9
Gambar 2.10

Gambar 3.1
Gambar 3.2
Gambar 3.3
Gambar 3.4
Gambar 3.5
Gambar 3.6
Gambar 3.7
Gambar 3.8
Gambar 3.9
Gambar 3.10
Gambar 3.11
Gambar 3.12
Gambar 3.13
Gambar 3.14
Gambar 3.15
Gambar 3.16
Gambar 3.17
Gambar 3.18
Gambar 3.19
Gambar 3.20
Gambar 3.21
Gambar 3.22
Gambar 3.23
Gambar 3.24

DAFTAR GAMBAR

RO GIgI LUIUS ... 6
ROda Gigi MITING ..o 7
Bagian-Bagian ROAa GIgi..........ccceririniiiniiiciec e 7
Grafik Hubungan Tegangan-Regangan............cccccevevenenennnnnnn. 11
Model dua dimensi dari (a) bendungan diskrit dan (b) kunci pas

sepeda diskrit (Beban yang diterapkan tidak diperlihatkan) ....... 13
ANSY S ... e .. 15
FIHAMEN PLA ..ot 19
FIAMEN ABS ...t 20
FIHAMEN NYION ..o 20

Pemanjangan aksial dan kontraksi lateral batang prismatik
dalam keadaan tarik: (a) batang sebelum pembebanan, dan (b)

batang setelah pembebanan. (Deformasi batang sangat

berlebinan.) ..o 22
Diagram Alir Penelitian...........ccoociviiiiininiecec e 23
L APIOP e 25
Software SOlAWOIKS .........cccooviiiiiie e 25
Software ANSYS Student 2023 R2..........cccovviieieeiieiie e 26
Desain Roda Gigi LUIUS ........c.ocviiiriiiiiiiieeeeee e 28
Desain Roda Gigi MIring ........cccooeiiiiieninieieeesiesie e 28
Membuka software SOlIAWOIKS ..........cccccveiviieieiie e 29
Menambahkan EQUatioNS .............ccoeiiiiriiiniceccsc e 29
Sketsa Front PIane ...........cccooviieiiiie e 30
Sketsa lINGKAraN............ccoveviiieiiiie e s 30
BOSS-EXITUE. .....ccveivieiieiieieie et 30
Sketsa Gigi RO GIgi......ccecveivieiiiiieiicie e 31
CUL-EXETUAR .ttt e 31
Fillet ....... . R ...............c.ccocennennn b ERRIRRIRRY . . 31
Circular Pattern ........cccooviiiiiiiieese st e 32
Menambahkan EqQUAtiONS ..............cceivevieiiiiineie e 32
Desain Roda Gigi LUIUS ......covveiiieiieeiiie i 32
Menambahkan EQUAtIONS ...........ccccvueeiieiiiieiie i 33
Garis dengan Sudut KEMIriNgan ..........cccevveeiiiviecieesie e 33
Project Curve Garis Miring........cccoovevieiiienie e 33
CUL-LOTE. e 34
FHHEE oo 34
Circular Pattern .......ooooiieie e 34
Desain Roda Gigi Miring Kanan...........cccccovvevieenieiiec e, 35

Xi



Gambar 3.25
Gambar 3.26
Gambar 3.27
Gambar 3.28
Gambar 3.29
Gambar 3.30
Gambar 3.31
Gambar 3.32
Gambar 3.33
Gambar 3.34
Gambar 3.35
Gambar 3.36
Gambar 3.37
Gambar 3.38
Gambar 3.39
Gambar 3.40
Gambar 3.41
Gambar 3.42
Gambar 3.43
Gambar 3.44
Gambar 3.45
Gambar 3.46
Gambar 3.47
Gambar 3.48
Gambar 3.49
Gambar 3.50
Gambar 3.51
Gambar 3.52
Gambar 3.53
Gambar 3.54
Gambar 3.55
Gambar 3.56
Gambar 3.57
Gambar 3.58
Gambar 3.59
Gambar 4.1

Gambar 4.2

Gambar 4.3

Gambar 4.4

Gambar 4.5

Desain Roda Gigi Miring Kirl.........ccocvvviiiiiiiiieccesee 35
Sketch LINgKaran ..........cccooviiiiiiiiic e 35
Memasukkan ROAa Gigi .......cccooerviriniiiiiiieeee e 36
Mate ROUA GIGH ...veveviiieiieieieie e 36
ATUF ROAA GHGH c.vevieiiieiice e 36
Hasil Desain Roda Gigi LUIUS........c.covveriiiiienieeiie e 37
Hasil Desain Roda Gigi MIriNg.........cccovvvenieniiie e 37
Membuka Software ANSY'S Student 2023 R2..........c.ccccvvvrvnnne 38
Edit Engineering Data..........c.coccoieiiiiiinninieieec e 38
Menambahkan Library Material Plastik................cc.ccoccooininnnnns 39
Memasukkan Sifat Material ............ccooeveriieniieiiinie e 39
Menambahkan Material Engineering Data............c.cocevcvnvnnnnne 39
Menambahkan Static Structural ............ccocooeiiiininne 40
Menambahkan GeOMELIY..........ccoceviiiiiiiiieicee e 40
Edit Geometry in SpaceClaim ............ccoovviiiiieieienc s 40
Tampilan SpaceClaim ... 41
Repair Desain Roda Gigi di ANSYS SpaceClaim..........ccccceeue. 41
Hasil Repair Desain RO GIgi .......cccvvvrieieieieieiesc i 41
IMOGEL ... e 42
Menambahkan Material pada GEOMELIY .........cccevviieiiiineninnnns 42
Contact Region ROAa Gigi.........coerveririniniiinieeie e 42
MeSh BOAY SIZING ....cvveieiiiieieiie e 43
MeSh BOAY SIZING ....cvvvieiiiieieie e 43
Mesh CoNtaCt SIZING .......coeveriiiirieiere e 43
Mesh CoNtaCt SIZING .......ccevveriiiirieierie e 44
Generate MESN.......cui e e 44
HaSil MESNING .....coviiieiice e 44
KONAIST BALAS.....cveiviieieiieieieieie e 45
INSert FiXed SUPPOIt.........cccveviiiecieee et 45
Insert Frictionless SUPPOIt..........ccoveiviiieiiecece e 45
INSEIt MOMENT......c..iiiiiiiieee e 46
Insert Deformation .........cccioeeveiiieie it 46
Insert EqQUIVAlENt StFeSS........cooviiiiiiie e 47
Insert Safety FacCtor ........ccooiveiiiiiie e 47
SOV o et ivienreeresnen s SRR A R A R AR AR R SRR e e eeseesneesrnnaessnnanns 48
Hasil uji konvergensi mesh pada roda gigi lurus................c........ 51
Hasil uji konvergensi mesh pada roda gigi miring...................... 52
Equivalent Stress Roda Gigi Lurus PLA..........cccooeiiievie e, 55
Total Deformation Roda Gigi Lurus PLA...........cccovviieeiiecies 56
Safety Factor Roda Gigi LUrUS PLA ..., 57

xii



Gambar 4.6

Gambar 4.7

Gambar 4.8

Gambar 4.9

Gambar 4.10
Gambar 4.11
Gambar 4.12
Gambar 4.13
Gambar 4.14
Gambar 4.15
Gambar 4.16
Gambar 4.17
Gambar 4.18
Gambar 4.19
Gambar 4.20
Gambar 4.21

Gambar 4.22
Gambar 4.23

Equivalent Stress Roda Gigi Lurus ABS..........cccccviiiiiniinnnnnns 58
Total Deformation Roda Gigi Lurus ABS...........ccccviiininnnnnn. 59
Safety Factor Roda Gigi Lurus ABS..........cccoeveiiiinencnee 60
Equivalent Stress Roda Gigi Lurus Nylon..........cccccoevvneiienns 61
Total Deformation Roda Gigi Lurus Nylon.............cccccoovviennne 62
Safety Factor Roda Gigi Lurus Nylon ...........cccceoeiiiinciinnnne 63
Equivalent Stress Roda Gigi Miring PLA ... 64
Total Deformation Roda Gigi Miring PLA ... 65
Safety Factor Roda Gigi Miring PLA ... 66
Equivalent Stress Roda Gigi Miring ABS..........c.ccocoiinininnne 67
Total Deformation Roda Gigi Miring ABS........ccccccoeiininennnne 68
Safety Factor Roda Gigi Miring ABS...........ccoceeiiiencneee 69
Equivalent Stress Roda Gigi Miring Nylon..............ccccoonininns 70
Total Deformation Roda Gigi Miring Nylon..............cc.cc v 71
Safety Factor Roda Gigi Miring Nylon............cccoeviieinininnnne 72
Grafik Equivalent Stress Roda Gigi Lurus dan Roda Gigi Miring

..................................................................................................... 74
Grafik Deformation Roda Gigi Lurus dan Roda Gigi Miring..... 74

Grafik Safety Factor Roda Gigi Lurus dan Roda Gigi Miring.... 75

Xiii



DAFTAR TABEL

Tabel 2.1 Sifat Mekanik Material PIastiK .............ccooviiiiiiiiiiice 21
Tabel 3.1  Proporsi Standar Sistem R0Oda Gigi .........ccovrvrieiieiieieiinesiieias 27
Tabel 3.2 Parameter Desain ROAA GIgl......ccccvveeiieieniiiiene e 27
Tabel 4.1  Hasil uji konvergensi mesh pada roda gigi lurus.............ccccceeeenee 51
Tabel 4.2 Hasil uji konvergensi mesh pada roda gigi miring ..........c.cccceeeveee 52
Tabel 4.3  Validasi Moment Roda Gigi Lurus pada Material PLA ................ 53
Tabel 4.4  Validasi Moment Roda Gigi Lurus pada Material ABS ................ 53
Tabel 4.5  Validasi Moment Roda Gigi Lurus pada Material Nylon .............. 53
Tabel 4.6  Validasi Moment Roda Gigi Miring pada Material PLA............... 54
Tabel 4.7  Validasi Moment Roda Gigi Miring pada Material ABS .............. 54
Tabel 4.8  Validasi Moment Roda Gigi Miring pada Material Nylon............. 54
Tabel 4.9  Hasil Simulasi Roda Gigi LUIUS ...........ccocooiiiiiniiiece 64
Tabel 4.10 Hasil Simulasi Roda Gigi Miring .........ccccoovviiiniiniienenenenens 73
Tabel 4.11 Hasil Simulasi Roda Gigi Lurus dan Roda Gigi Miring................ 73

Xiv



DAFTAR SIMBOL

Simbol Keterangan Satuan Petlsoarpnoaran
do Diameter pitch mm 1,2
da Diameter luar pitch mm 2
tc Circular pitch mm 3
ta Diameteral pitch mm 4
m Modul mm 5
o Tegangan N.mm 6
F Gaya N 6
A Luas penampang mm 6,12
€ Regangan mm 7
AL Pertambahan panjang mm 7
0 Deformasi mm 12
L Panjang mula-mula mm 7,12
Oe Tegangan von Mises MPa 8,11
E Modulus Elastisitas GPa 12
sf Safety Factor - 13

oyield strength  1€gangan yield strength MPa 13
Ovon Tegangan von Mises MPa 13
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DAFTAR ISTILAH DAN SINGKATAN

PLA : Polylactic Acid
ABS : Acrylonitrile Butadiene Styrene
AGMA : American Gear Manufacturer's Association
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