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Modeling dan Simulasi Perpindahan Panas pada Rem Cakram Mobil
Menggunakan Software Finite Element Analysis

Rama Widjaya Sikumbang

ABSTRAK

Sistem pengereman cakram menghasilkan panas akibat gesekan yang
berpotensi menyebabkan overheating, distribusi heat flux tidak merata, serta
tegangan termal yang dapat memicu retak dan deformasi. Penelitian ini bertujuan
menganalisis karakteristik termal dan termomekanik cakram rem menggunakan
tiga material, yaitu Aluminium Alloy, Grey Cast Iron, dan Stainless steel pada
tiga model desain: (a) ventilasi standar, (b) cross drilled, dan (c) cross drilled—
ventilated. Metode penelitian menggunakan simulasi ANSYS 2021 R2 yang
divalidasi melalui perhitungan manual transient thermal, steady-state thermal,
dan equivalent von-Mises stress. Hasil menunjukkan ketiga material mencapai
suhu puncak mendekati 220°C dan tervalidasi manual +219,9°C,
mengindikasikan potensi overheating apabila pelepasan panas tidak optimal.
Analisis total seat flux menunjukkan model (c) memiliki pelepasan panas paling
baik dengan suhu steady-state terendah: Grey Cast Iron 75-90°C, Aluminium
alloy £75°C, dan Stainless steel 60,16°C. Aluminium alloy pada model (c)
memberikan performa termal paling efektif meskipun heat flux maksimum tinggi
(3,9077x10° W/m?) karena distribusi paling merata. Analisis equivalent von-
Mises stress menunjukkan desain sangat memengaruhi keamanan mekanik; pada
Grey Cast Iron model (a) paling aman dengan 220,05 MPa, pada Aluminium
alloy model (b) terbaik dengan 327,08 MPa, sedangkan Stainless steel
menunjukkan tegangan sangat tinggi (>1000 MPa) pada seluruh model sehingga
paling berisiko deformasi plastis. Dengan demikian, bahwa model (c)
merupakan desain terbaik untuk optimasi pelepasan panas, sementara dari sisi
tegangan kombinasi paling aman adalah Aluminium Alloy—model (b) dan Grey
Cast Iron—-model (a), menegaskan bahwa keberhasilan sistem pengereman
ditentukan oleh sinergi material dan desain geometris.

Kata kunci: Rem Cakram, Analisis Termal, Overheating, Aluminium Alloy,
Simulasi ANSYS
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Modeling and Simulation of Heat Transfer on Car Disc Brakes Using
Finite Element Analysis Software

Rama Widjaya Sikumbang

ABSTRACT

The disc brake system generates heat due to friction which may lead to
overheating, non-uniform heat flux distribution, and thermal stress that can
trigger cracks and deformation. This study aims to analyze the thermal and
thermo-mechanical characteristics of disc brakes using three materials:
Aluminium Alloy, Grey Cast Iron, and Stainless steel with three design models:
(a) standard ventilated, (b) cross drilled, and (c) cross drilled—ventilated. The
method employed ANSYS 2021 R2 simulations validated by manual
calculations of transient thermal, steady-state thermal, and equivalent von-Mises
stress. Results show that all materials reached peak temperatures close to 220°C,
validated by manual calculation of £219.9°C, indicating potential overheating if
heat dissipation is not optimal. Total heat flux analysis revealed that model (c)
provided the best heat release with the lowest steady-state temperature: Grey
Cast Iron 75-90°C, Aluminium alloy +75°C, and Stainless steel 60.16°C.
Aluminium alloy on model (c) showed the most effective thermal performance
despite high maximum heat flux (3.9077x10° W/m?) due to the most uniform
distribution. Von-Mises stress analysis indicated that geometry strongly affected
mechanical safety; for Grey Cast Iron model (a) was safest at 220.05 MPa, for
Aluminium alloy model (b) was best at 327.08 MPa, while Stainless steel
exhibited very high stress (>1000 MPa) on all models indicating high risk of
plastic deformation. It is concluded that model (c) is optimal for heat dissipation,
whereas the safest mechanical combinations are Aluminium Alloy—model (b)
and Grey Cast Iron—-model (a).

Kata kunci: Disc Brake, Thermal Analysis, Overheating, Aluminum Alloy,
ANSYS Simulation

https://lib.mercubuana.ac.id

viii



DAFTAR ISI

HALAMAN SAMPUL...ccccnuiiineninsnisssencsasssssssssenssssssssasssssssssssssssassssassssassssssssssasss 0
HALAMAN JUDUL ....uuiiiieiiineicnsnnicsnccsassssssssssssssnsesssssssssssssassssassssssssssssssssssssanes i
HALAMAN PERNYATAAN KARYA SENDIRI ......cccoviiiviinrniccnncscancssanccnns ii
HALAMAN SURAT KETERANGAN HASIL SIMILARITY ....ccccvveencencnnnne iii
HALAMAN PENGESAHAN.....covniinnuiinnnninsnnicsssssssssssssssssassssssssssssssssssssassssassssass iv
KATA PENGANTAR ...uciiitienetinsaninsecsssassssssssssnssssssssssssssssssssssssassssassssassssssssssssss v
HALAMAN PERNYATAAN PERSETUJUAN PUBLIKASI KARYA
ILMIAH DI REPOSITORI UMB......ccccoviiieiicnnincssscsnscssascssassssssssssnsossasessasssses vi
ABSTRAK .ucoieiiinninnnicnencssenisssssssssnssssssssssssssnssssssssssssssssssssssssasssssssssssssssassssassss vii
ABSTRACT ....auuuaaeocnverinssanicssasiosssssssssssssssssssssssssssssssossssssosssssssssssssssssssssonsssssonss viii
DAFTAR IS c.eeictieeiiinnecanecsnnsesssssssnsesssssssasssssssssssssssassssasssssssssansessassssasssses ix
DAFTAR TABEL ....uuiioniiiinicnnnnnsnnnicsssnsssanssssssssassssssssssssssssssssassssssssssssssssssssassssss xi
DAFTAR GAMBAR .....uiiiniiineiinsnnensancsssnissssisssssssssssssassssassssasssssssssssssssassssassssas xii
DAFTAR LAMPIRAN ....iiieiiiinninnnicnsnscsssscssssssssssssassssssssssssessassssassssassssasssss Xiv
BAB I. PENDAHULUAN
1.1 Latar Belakang Masalah Penelitian. .........c...ccccocervineiiiiininicicnenencceee 1
1.2 Rumusan Masalah Penelitian .............ccoooeeeiiiiiiieiciiicecce e 3
1.3 Tujuan Penelitian..........c..cooiieiiieiieeeiieeeceeec et 4
1.4 Pembatasan Masalah Penelitian .............cococeeeeiiiiiiiiie i 4
BAB II. KAJIAN PUSTAKA
2.1 Rem CaKIaM ....cciiieiiiiciiie ettt et e sve e e eaae e etaae e eaeaensneenes 5
2.2 MALCIIAl ....viiiiiieieiee e e e e eae e eaae e 7
2.3 JeniS-Jenis DiSk DFAKe ............c...ccoveecueeeiiieecie e 11
2.4 Finite Element ANaLYSIs .......cocceeviierienieenieiie ettt e 14
2.5 Software FEA ......oooii et 21
2.6 Sumber Jurnal Penelitian............cccooovieiiiiiiiiii e 22
2. T NOVEILY oottt e eaae et eesne e nnae s 24
BAB III. METODE PENELITIAN
3.1 Pendahuluan ..........ooooviiiiiiiiicee e e 28
3.2 Lokasi dan Waktu Penelitian...........ccccoocveeiiieiiieiiiiieiieee e 28
3.3 Tahapan proses penelitian ..........cccceevueeeriieriiieiie et 29
3.4 DIAGIam ALIT ..ooooeeieiiieiie ettt st e e et een e aeas 32
3.5 Prosedur Penelitian...........cccooouiiiiiieeiiiieiie e e 33

https://lib.mercubuana.ac.id



3.6 Bagan Alir Simulasi Finite Element.............ccccoviiniiniiiniieniinieeiceiee, 38

3.7 Metode Simulasi Finite Element...........ccccoooiiiiiiiiiiiiiiie e 39

3.8 Alatdan Bahan ............ccoooouiiiiiiiiiicece e 49
BAB IV. HASIL DAN PEMBAHASAN

4.1 HaSil STMUIASI...cccuviieiiiiiiicie et 50

4.2 Pembahasan Hasil SImMulasi ..........ccceecveieiiieiiiiiiiieiieccee e 136
BAB V. PENUTUP

5.1 KeSIMPUIAN.....ooiiiiiiie ettt e e 177

I v | | TSR UR PPN 178
DAFTAR PUSTAKA ......oooiiee ettt 180
LAMPIRAN ...t et e e et et e e et e e eteeeeaaeeeareens 185

https://lib.mercubuana.ac.id



DAFTAR TABEL

Tabel 2.1 Material Properties Aluminium AIlOY ........ccoovveevieeieeeiieecieenee, 8
Tabel 2.2 Material Properties Gray Cast Iron ...........cccceevvveenieenieenieeeen 9
Tabel 2.3 Material Properties Stainless steel ..............cooeevvueevvevevcveeecreennen. 10
Tabel 2.4 Sumber Penelitian ..........cccceeeeeiiiriiinniiciieeeecee e 20
Tabel 2.5 Gap Penelitian Terdahulu Dan Novelty Penelitian. .................... 22
Tabel 3.1 Alat dan Bahan...........cccccoooiieiiiiiiiiiiieeeee e 44

https://lib.mercubuana.ac.id

Xi



DAFTAR GAMBAR

Gambar 3.1 Diagram AT .......cccveeiieiriiieiieee e 28
Gambear 3.2 Pengukuran Disk brake .............cccoeveeeecieineieiiiineeeinenn, 30
Gambear 3.3 Desain Disk brake Model (@) .....c.cccooeeevieevieeciiecieeeien, 31
Gambear 3.4 Desain Disk brake Model (D) .....cccooeveeeiiiviieiiiiiieeeinn 31
Gambear 3.5 Desain Disk brake Model (€) ....ccceeeeeevieeniieiiiecieeeien, 32
Gambar 3.6 Bagan Alir SImulasi.........ccccoecveviiieniieiiienieniciieseeseeens 35
Gambar 3.7 Pembuatan Part pada Solidwork ..........cccoooeviriiiniinnnns 36
Gambar 3.8 Impor Material pada Perangkat Lunak ANSYS............... 37
Gambar 3.9 Impor Geometri pada Perangkat Lunak ANSYS............. 39
Gambar 3.10 MeSAING ........cccueeecueeeieeeeeeeeeeeee e 40
Gambar 3.11 Pengaturan current step number dan time step............... 41
Gambar 3.12 Pengaturan face temperature dan tabular data
1151001 0 1S) ¢ 1105 (<SSR 42
Gambar 3.13 Hasil SImulasi.........ccccevveeeiirieinieiiiieeseeeeeseeeee 43

Gambar 4.1 Hasil simulasi transient thermal material Grey Cast Iron47
Gambar 4.2 Grafik (a) temperatur minimum vs waktu, grafik
(b) temperatur maksimum vs waktu, grafik (c)
temperatur rata-rata vs waktu hasil simulasi transient
thermal Grey Cast IFOn ..........ooceeeceeeceeeieiieeeieieen, 49
Gambear 4.3. Hasil simulasi transient thermal aluminium alloy .......... 51
Gambar 4.4 Grafik (a) temperatur minimum vs waktu, grafik (b)
temperatur maksimum vs waktu, grafik (c) temperatur
rata-rata vs waktu hasil simulasi transient thermal
material aluminium alloy ........ccocoeeevieiniiniieeeee, 54
Gambear 4.5 Hasil Simulasi Transient thermal Stainless steel.............. 57
Gambar 4.6 Grafik (a) temperatur minimum vs waktu,
grafik (b) temperatur maksimum vs waktu,
grafik (c) temperatur rata-rata vs waktu hasil simulasi
transient thermal material stainless steel....................... 59
Gambar 4.7 Hasil simulasi total seat flux material Grey Cast Iron.....63
Gambar 4.8 Grafik (a) heat flux minimum vs waktu, grafik (b)
heat flux maksimum vs waktu, grafik (c) heat flux
rata-rata vs waktu total heat flux hasil material grey
CASE TTOM .ttt ettt ettt s 66

https://lib.mercubuana.ac.id

Xii



Gambar 4.9 Hasil simulasi total heat flux material aluminium alloy...69
Gambar 4.10 Grafik (a) heat flux minimum vs waktu, grafik (b)

heat flux maksimum vs waktu, grafik (c) heat flux

rata-rata vs waktu total heat flux hasil simulasi total

heat flux material aluminium alloy ...........ccceeveeeiuieennnne 72
Gambar 4.11 Hasil simulasi total heat flux material stainless steel.....75
Gambar 4.12 Grafik (a) heat flux minimum vs waktu, grafik (b)

heat flux maksimum vs waktu, grafik (c) heat flux

rata-rata vs waktu total heat flux hasil simulasi total

heat flux material stainless steel.................ccccevevueennee.. 78
Gambar 4.13 Hasil simulasi steady-state material Grey Cast Iron......81
Gambar 4.14 Grafik (a) heat flux minimum vs waktu, grafik (b)

temperatur maksimum vs waktu, grafik (c) temperatur

rata-rata vs waktu hasil simulasi steady-state material

GreY CaSt ITON .....eeoeeeieiiieiieeeeeeeee et 84
Gambar 4.15 Hasil Simulasi Steady State Material
Aluminium ALOY ......oevieriiniiiie et 87

Gambar 4.16 Grafik (a) temperatur minimum vs waktu, grafik (b)
temperatur maksimum vs waktu, grafik (c) temperatur
rata-rata vs waktu hasil simulasi steady state
material aluminium alloy ........ccccoeveieiiiiiiiiceeeee, 90

Gambar 4.17 Hasil simulasi steady-state material stainless steel......... 93

Gambar 4.18 Grafik (a) temperatur minimum vs waktu, grafik (b)
temperatur maksimum vs waktu, grafik (c) temperatur
rata-rata vs waktu hasil simulasi steady-state
material stainless steel.............c..ccccoceevcvinvenccneneenncnne. 95

https://lib.mercubuana.ac.id

xiii



DAFTAR LAMPIRAN

Lampiran 1. Data Hasil Simulasi Transient thermal Model (a)

Material Grey Cast Iron ........ccccevvveeviieiiieniienicieeceeee,
Lampiran 2. Data Hasil Simulasi Transient thermal Model (b)

Material Grey Cast IFromn ...........ccceeeeeeeeveeeeeieceeeie e
Lampiran 3. Data Hasil Simulasi Transient thermal Model (c)

Material Grey Cast Iromn ...........oceeeeeeeeeiieeeieieeeie e
Lampiran 4. Data Hasil Simulasi Transient thermal Model (a)

Material Aluminium AlOY........ccceevviiivieiiieiieceiieee e,
Lampiran 5. Data Hasil Simulasi Transient thermal Model (b)

Material Aluminium AlOY.......ccccvevviiinieiiieiieceieee e,
Lampiran 6. Data Hasil Simulasi Transient thermal Model (c)

Material Aluminium AllOY.......coovveeeiiieriieeiieieecee e,
Lampiran 7. Data Hasil Simulasi Transient thermal Model (a)

Material Stainless steel..............ccccoovvveeviiiinnvcineciieneenn.
Lampiran 8. Data Hasil Simulasi Transient thermal Model (b)

Material Stainless Steel...............cccovveinccnceenineneiiininnenn,
Lampiran 9. Data Hasil Simulasi Transient thermal Model (c)

Material Stainless steel..............ccccooevveiviiiinivciniiiieneenn.
Lampiran 10. Data Hasil Simulasi Total Heat flux Model (a)

Material Grey Cast Iron ...........ccceeeeeeeeveeeeeeeceeeie e
Lampiran 11. Data Hasil Simulasi Total Heat flux Model (b)

Material Grey Cast Iromn ...........occeeeeeeeeeeeeieiieeeie e
Lampiran 12. Data Hasil Simulasi Total Heat flux Model (c)

Material Grey Cast Iromn ...........ooeeeeeeeeeiieeiieieeeie e
Lampiran 13. Data Hasil Simulasi Total Heat flux Model (a)

Material Aluminium AllOY.......coocveeeivievieeniieieeeee e
Lampiran 14. Data Hasil Simulasi Total Heat flux Model (b)

Material Aluminium AlOY.......cccceevvierneeiiieiieceiieee e,
Lampiran 15. Data Hasil Simulasi Total Heat flux Model (c)

Material Aluminium AllOY.......coovveeiiiieviieeiieieeeee e
Lampiran 16. Data Hasil Simulasi Total Heat flux Model (a)

Material Stainless Steel...............cccovveevccnceenineneiiininnenn.
Lampiran 17. Data Hasil Simulasi Total Heat flux Model (b)

Material Stainless steel..............ccccoovvveeviiiinnvceniinieneenn.

https://lib.mercubuana.ac.id

Xiv



Lampiran 18. Data Hasil Simulasi Total Heat flux Model (c)

Material Stainless steel..............c.cccooovvieveiinncinienieneenn. 178
Lampiran 19. Data Hasil Simulasi Steady State Model (a)

Material Grey Cast Iromn ..........cccoceeecueveceeneeecieiiesiieeeeeae 180
Lampiran 20. Data Hasil Simulasi Steady State Model (b)

Material Grey Cast Iron ............cceeeeveecveeeeeeeieeecie e 181
Lampiran 21. Data Hasil Simulasi Steady State Model (c)

Material Grey Cast Iromn ...........ccceeeeveeeueeeeeeeieeeie e 181
Lampiran 22. Data Hasil Simulasi Steady State Model (a)

Material Aluminium AllOY.......coovveeviieeviieeiieeeeeee e, 181
Lampiran 23. Data Hasil Simulasi Steady State Model (b)

Material Aluminium AlOY.......ccccvevviirnieiiieiieeeiieee e, 182
Lampiran 24. Data Hasil Simulasi Steady State Model (c)

Material Aluminium AllOY.......coovveeeiieeviieeiieieeeee e 182
Lampiran 25. Data Hasil Simulasi Steady State Model (a)

Material Stainless Steel................cccoveveincenceenineniciininnenn, 183
Lampiran 26. Data Hasil Simulasi Steady State Model (b)

Material Stainless Steel...............cccovmvevcenceinineneiiininnenn, 183
Lampiran 27. Data Hasil Simulasi Steady State Model (c)

Material Stainless steel..............ccccooovveeviivinnvcenecnieneenan. 183

https://lib.mercubuana.ac.id

XV





