RANCANG BANGUN MULTIMETER DIGITAL DENGAN DATA LOGGER BERBASIS
MIKROKONTROLER ARDUINO NANO DAN

BLUETOOTH HC-06

FEBRIANA WINDA YANTI, Galih Setyawan, S.Si., M.Sc

Gli\I\IIDlJXEIRl%[];\ADSA Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/

DAFTAR ISI
HALAMAN JUDUL ..ccuiiis covnniensssnninicsssssiicssssssssssssssssssssssssssssssssssssssssssssssssnss i
HALAMAN PENGESAHAN ....cccoiitiiiiinntiicnnntiissssnsiicssssssssssssssssssssssssssses iii
HALAMAN PERNYATAAN ..cuiiiiiittiiinnntiecssntinssssssisessssssssssssssssssssssssssssses iv
MOTTO .niiiiiiinniiiiiiinnies sossetiessssssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnss v
KATA PENGANTAR ...ttt coetiiiitntiicnnntiscssnstisssssstsessssssssssssssssssssssssssssses vi
DAFTAR IS .ccciiiiiiiiiiiiinnies crrnniiinssnntiicsssnsiisssssssssssssssssssssssssssssssssssssssssssssssses vii
DAFTAR GAMBAR ...ttt crtrttiiinnntiicintiscssnnstisssssstsssssssssssssssssssssssssssssses ix
DAFTAR TABEL ......covvviit titiiiiinneniicnsnntiicnssnsiissssssstssssssssssssssssssssssssssssssses xi
INTISARI..uuuiiiiiiiiiiiiinnins crvreiicsinntnicssnsiiessssstesssssssessssssssssssssssssssssssssssssses xii
ABSTRACT ..uuuuuuevnnnnveercinnes cevrnreeressnneeiessssneesessssseesssssssaessssssssssssssssassssssssases xiii
BAB I PENDAHULUAN ... cviiiiiiitiicinntiissssntiisssssssssssssssssssssssssssssssssssssssnss 1
1.1 Latar Belakang dan Permasalahan ................ccccoooiiiiiiiniiiiieee 1
1.2 Rumusan Masalah.............ocooiiiiiiiiiiiiiiic e 2
1.3 Batasan Masalah .............cooooiiiiiiiiiiiiiiic e 3
1.4 Tujuan dan Manfaat Penelitian............cccccooiiiiiiiiiiiiieiinice e 3
1.5 Metode Penelitian ............cceeiieeiiiiiiiiiiee e e e aree e e 3
1.6 Sistematika PenuliSan............cccccuviiiiiiiieeiiiiiiieee e aaee e 4
BAB II LANDASAN TEORI.......iiiiniiiiiiniiiinsnneiccsssssessssssssessssssssssssssanss 7
2.1 Tinjauan Pustaka...........ccuviiiiiiieiiiiciiieee e 7
2.2 DASAT T@OTT ..uvvviviieeeeeeeeiiiiiiee e e e e e e eeeiee e e e e e e e e earaeeeeeeeesesssabaaeeeeeeeesensnssneees 10
2.2.1 Multimeter Digital..........ccooieiiiiiiiiieeeeecceeee e 10
B8 2 0 L 411 1< 14
W I D 1 s B 0 <) 15
2.2.4 ATdUINO NANO.......uuiiiiiiieeeeeecciiiee e e e e e et e e e e e e e eseerrareeeeeeeeeenessaeeens 16
2.2.5 Bluetooth HC-00 ...........cooiiiiiiiiiiiiiii ettt 18
2.2.6 Sensor ATUS ACST12. .. 19
2.2.7 Rangkaian Pembagi Tegangan............ccccccuvviiiieeeeeeeiiciiiiieeee e 20
2.2.8 Catl DAYA ... s 21
2.2.9 ADST TS et 22
2.2, 10 OLED ...t 23
22,11 KalIDIaSi...eeieeiiiiiiee ettt e 24
2.2.12 Ketidakpastian Pengukuran ............cccoceeuviiiiieeeeeeniiiiiieeee e, 25
2.2.13 Akurasi dan Presisi.......ccoouuiiiiiiiiiiieiiiieee et 29
BAB III METODE PENELITIAN ......iiiintiiiiinnniicnsnneeccssssseescssssseescsnnes 30
3.1 Waktu dan Tempat Penelitian............cccccceeeeviiiiiiiiiiiieeeeeiieeeee e, 30
3.2 Alat dan Bahan Penelitian ...........cccoooiiiiiiiiiiiiiiieee e 30
3.3 Langkah-langkah Penelitian .............cccccceeieiiiiiiiiiiiiece e 33
3.4 PrinSIP KeIJa . .uiiiiiiiiiiiiiiiieee ettt e e e e e e e e e e e eanaae s 35
3.5 Perancangan Perangkat Keras..........ccccceeeiiiiiniiiiiiiiieeee e 37
3.5.1 Perancangan Volt MEter..........cccceviiiiiiiieeeeeiiciiiieee e e e e 38
3.5.2 Perancangan AmpPEere MELET.........cceevveeiiiiiiieiiiieiiieeieeeeeeeeeeeeeeeee e 40
3.5.3 Perancangan Ohm MELET .........cccevvviiiiiieeeeeeiiiiiiieee e e e e eeeiiree e e e e e e 41
3.5.4 Perancangan Induktansi Meter..........ccccceeeeeeiiiiiiiiiiieeeeeeeiiieeee e 43

vii



RANCANG BANGUN MULTIMETER DIGITAL DENGAN DATA LOGGER BERBASIS
MIKROKONTROLER ARDUINO NANO DAN
BLUETOOTH HC-06
FEBRIANA WINDA YANTI, Galih Setyawan, S.Si., M.Sc
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/

3.5.5 Perancangan Kapasitansi Meter..........cccueieeeriiieeeeiiiiieeeniiieeeeiieee e 45
3.6 Perancangan Perangkat Lunak..............ccccooeriiiiiiiiiiiiiiiiiee e 47
3.7 Pengujian SISTIM .....c..vviiieiiiiieeeiiiieeeeeiitee e et ee e et ee e e et e e e e ereeeeeensbaeeaeenes 48

3.7.1 Pengujian VoIt MELeT .......cccuiiiiiiiiiiieeiiiie et 48

3.7.2 Pengujian AmPEr METeT..........oeeeiiiiiieiiiiiiee ettt et eeeiieeee e 49

3.7.3 Pengujian Ohm MEter.......ccuviiiiiiiiiiiieeiiiiie ettt 49

3.7.4 Pengujian Induktansi Meter..........cc.oeeviiiiiiiiiiiiiieiiiiee e 50

3.7.5 Pengujian Kapasitansi MEter ...........oceeviiiiieeniiiiee e 50

3.7.6 Pengujian Cattl Daya ........ccccueiiiiiiiiiieeiiiiiee et 50

3.7.7 Pengujian BIUELOOLN ..............cccceeiviiiiiiiiiiiiiiiiiceec e 51

3.7.8 Pengujian Arduino Nano ...........cccceevieiiiiiiiiiiieniieeneeeneceeee e 51

3.7.9 Pengujian OLED ........coooiiiiiiiiiiiiiiiiceic e 51

3.7.10 Pengujian TP Charger 4056 ..........oooeeouiiiieiiiiieeeeiiiee et 51

3.7.11 Pengujian DC 0 DC Step Up.......c.ccovoiiiiiiiiiiiiiiiiieiieeee e 52

3.7.12 Pengujian Keseluruhan ............ccccoiiiiiiiiiiiiiiiieee e 52
3.8 Pengolahan Data Google Sheet.............occeeavueianiiiiniiiiniiiinieeneceeeeeee 53
BAB IV HASIL DAN PEMBAHASAN.....covviiiiinnnntinnsneisssesessssssssssssssassssans 54
4.1 Hasil PeN@UJIAN ....cccoiiiiiiiiiiiiiee et 55

4.1.1 Hasil Pengujian KOMPONen ............covvuieiriiiiniiiiiniiienieeeniiceniecesieeee 55

4.1.2 Hasil Pengujian Rancang Bangun Multimeter Data Logger.................. 59
4.2 PemMDANASAN ......veiiiiiiiiiie e e e e e e 69
BAB V PENUTUP ...ccoouiiiiniiiineiinseisssntissssnsssssssssssssssssssssssssssssssssssssssssssssssns 81
5.1 KeSIMPUIAN.....ceiiiiiiiiiiec e e e e e e a e e e e 81
5.2 SATAN. ...ttt et e e e e e et eeeeeeas 82
DAFTAR PUSTAKA .....cooiriiiireiineinnsetissntisssssssssssssssssssssssssssssssssssssssssssssans 83
LAMPIRAN ..coviiiiiniinintisssseissssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 87

viii



RANCANG BANGUN MULTIMETER DIGITAL DENGAN DATA LOGGER BERBASIS
MIKROKONTROLER ARDUINO NANO DAN
BLUETOOTH HC-06
FEBRIANA WINDA YANTI, Galih Setyawan, S.Si., M.Sc
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/

DAFTAR GAMBAR
Gambar 2.1 Bagian-bagian multimeter digital .............ccocceeviiiniiiiniiiinicee. 11
Gambar 2.2 Arduino nano bagian depan.............cccceeeeriiieeeniiiiieeeeiiiee e 16
Gambar 2.3 Arduino nano bagian belakang.............ccccccceieiniiiiiiiniiiieieeieeeee 16
Gambar 2.4 Konfigurasi pin arduino Nano...........c.cceeeveveeeeeniiiieeeeiiieeeeeiiieee e 17
Gambar 2.5 Bluetooth HC-00...........ccc.coiiiiiiiieiiiiiie et 19
Gambar 2.6 Sensor arus ACST12 ..o 19
Gambar 2.7 Pin out sensor arus ACST12.....c..covviiiiiiiiiniiiiiieenieeeeeeceeeeee 20
Gambar 2.8 Rangkaian pembagi tegangan............cccccueeevieeenieeeniiieeniieenieeeneeen 21
Gambar 2.9 Gelombang AC dan DC........ccooiiiiiiiiiiiiiiiiiccccce 22
Gambar 2.10 ADST LIS et 22
Gambar 2.11 Struktur OLED ......ccooiiiiiiiiii e 24
Gambar 2.12 Konfigurasi OLED............cccceiiiiiiiiiiiiiieee e 24
Gambar 2.13 Garis bilangan ketidakpastian .............cccceeeeeeeriiiiiiiiieeee e, 26
Gambar 3.1 Flowchart penulisan 1aporan.............ccccvvvveeeeeeeeeiciiiiiieee e, 34
Gambar 3.2 Flowchart prinsip Kerja..........ueeiiieiieiiiiiiiiiee e 35
Gambar 3.3 Blok diagram alat..............ccvvviiiiiiiiiiiiiiieeeeeeeee e 37
Gambar 3.4 Desain packaging multimeter............cccvvvveeeeeeeeeiciiiieeee e 38
Gambar 3.5 Skematik perancangan voltmeter.............ccceeeeeereiiiiiiieeeee e, 39
Gambar 3.6 Flowchart cara kerja volt Meter ...........cuvvveeeeeeeieiciiiiiieeeee e, 40
Gambar 3.7 Skematik perancangan ampere Meter .............ceeevevvrerreeeeeeeeneennnennn. 40
Gambar 3.8 Flowchart cara kerja ampere Meter...........eeeeeeeeeecvrveereeeeeeenssinennenens 41
Gambar 3.9 Skematik perancangan ohm meter...........cccceeeeeeeviriiieeeeeeeeeecinnee, 42
Gambar 3.10 Flowchart cara kerja ohm meter...........cccceeeeeeveiiiiiiieeeeeeeeeineee, 43
Gambar 3.11 Skematik perancangan induktansi meter.............ccccceeeeeeeeerecnnnnnnen. 44
Gambar 3.12 Flowchart cara kerja induktansi meter .............ccccvvveeeeeeennecnnnnnnn. 45
Gambar 3.13 Skematik perancangan kapasitansi meter............ccccceeeeeeeeerecnnnnennn. 45
Gambar 3.14 Flowchart cara kerja kapasitansi meter ............ccccvvveeeeeeeenecnnnneen. 46



RANCANG BANGUN MULTIMETER DIGITAL DENGAN DATA LOGGER BERBASIS
MIKROKONTROLER ARDUINO NANO DAN
BLUETOOTH HC-06

FEBRIANA WINDA YANTI, Galih Setyawan, S.Si., M.Sc

Gli\l\lg)lJXElRl%[-/l:\ADSA Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/

Gambar 3.15 Desain perancanganperangkat lunak ............cccccevviiiniiiniicnnnnen. 47
Gambar 3.16 Hasil perancangan perangkat lunaki.............cccoceeeviiiiniiinncnnne.. 48
Gambar 3.17 Desain rangkaian perangkat Keras ..........cccccccevveeeniieeniieinineennnnen. 53
Gambar 3.18 Flowchart pengolahan data google sheet................cccceeveiiniiin. 53
Gambar 4.1 Pengujian OLED.........cccccciiiiiiiiiiiiiieee e 58
Gambar 4.2 Grafik penyumbang ketidakpastian voltmeter ...............ccceeevveeeeennne 71
Gambar 4.3 Grafik penyumbang ketidakpastian ampermeter.............ccccecveeeennne 73
Gambar 4.4 Grafik penyumbang ketidakpastian ohmmeter............cc.ccccoveueeennnee. 75
Gambar 4.5 Grafik penyumbang ketidakpastian induktansimeter ....................... 77
Gambar 4.6 Grafik penyumbang ketidakpastian kapasitansimeter ...................... 79



RANCANG BANGUN MULTIMETER DIGITAL DENGAN DATA LOGGER BERBASIS
MIKROKONTROLER ARDUINO NANO DAN

BLUETOOTH HC-06

FEBRIANA WINDA YANTI, Galih Setyawan, S.Si., M.Sc

Gli\I\IIDlJXEIRl%[];\ADSA Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/

DAFTAR TABEL

Tabel 2.1 Spesifikasi multimeter digital standar ............ccccoveeeeniiiniciniieennen.
Tabel 2.2 Spesifikasi LCR meterr standar ..............cccoeeviiieiniiiiieeiiiiieeeeiieeeee
Tabel 2.3 Keterangan kaki sensor arus ACS712 .....cccceeiviiiiniiiiniiiiniccnicceee,
Tabel 3.1 Daftar peralatan yang digunakan dalam penelitian...............ccoceeennee.
Tabel 3.2 Daftar bahan yang digunakan dalam penelitian.............cccoceeenieennee.
Tabel 4.1 Pengujian cattl daya..........cccoevieiiiiiiinieiiniieeieceeceec e
Tabel 4.2 Pengujian bluetooth tanpa terhalang bangunan ...............cccceeeiieeenns
Tabel 4.3 Pengujian bluetooth terhalang bangunan............ccccceeveeeniiinincennnen.
Tabel 4.4 pengujian arduino NANO .........cc.eeerieierieeeniieeriieeneee e
Tabel 4.5 Pengujian TP-Charger 4056 ........cc.ccovveiiiiiiiniiiniiieniienceeeeeeeen
Tabel 4.6 Pengujian DC 10 DC Step Up.......ccccueveeeiiiiiiiiiiiiiieeiieeeeeee
Tabel 4.7 Hasil perhitungan ketidakpastian voltmeter ..............cccoevvieieiiiiieeenns
Tabel 4.8 Hasil perhitungan ketidakpastian ampermeter............ccceccvveeeeriiieeennse
Tabel 4.9 Hasil perhitungan ketidakpastian ohmmeter..............cccceeeeeeeeecnnnnnneen.
Tabel 4.10 Hasil perhitungan ketidakpastian induktansimeter ............................
Tabel 4.11 Hasil perhitungan ketidakpastian kapasitansimeter ...........................
Tabel 4.12 Data hasil pengujian vOItMeter..........cccvvvviiieeeeeeeiiiiiiieeee e,
Tabel 4.13 Data hasil pengujian ampermeter..............ueeeeeeeereeciviereeeeeeeesssiennnneens
Tabel 4.14 Data hasil pengujian ohmmeter.............cccevveeeeeeeeiiiiiiiiieee e,
Tabel 4.15 Data hasil pengujian induktansimeter ............cccoeeeevvvveeeeeeeeeesennnneen.
Tabel 4.16 Data hasil pengujian kapasitansimeter ..............cccceevvvvereeeeeeeesecnnnnnnen.

Tabel 4.17 Spesifikasi multimeter data logger ..............cccoeveeeeiiiiiiiiiiiiieeeeeen,

Xi



