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Sistem Pengukuran Frekuensi dan Akselerasi Pada Meja Getar Sumbu — Z Untuk
Menguji Kualitas Perakitan Komponen Elektronika

ABSTRAK

Pengujian kualitas mekanis pada assembly komponen.elektronika sangat penting dalam
memperkirakan kualitas peralatan elektronik-Salahsatu carauntuk meningkatkan kualitas
dan keandalan produk yaitu dengan“cara menguji perakitan ‘komponen elektronika
menggunakan meja getar sumbu-z berbasis LabVIEW. Pada sistem tersebut terdapat
sistem pengukuran frekuensidan akselerasi getaran. Perancangan sistem+pengukuran
menggunakan software LLabVIEW sebagai pengakuisisi, sebagai HMI (Human Machine
Interface) serta pengolah data frekuensi dan akselerasi getaran dengan metode ‘Fast
Fourier Transform (FFT). Dari Hasil.Pengujian dengan 8 abjek uji pengetaran dilakukan
pada range frekuensi 50Hz hingga 16Hz menunjukan bahwa 5.dari 8 objek uji adalah
komponen elektronika berkualitas dan tahan terhadap getaran. Selain itu meja getar
sumbu —Z yang telah dibuat dapat berfungsi dengan baik sesuai fungsinya. Kemudian
berdasarkan analisis Pengukuran data frekuensi dan akselerasi getaran pada sumbu X, Y,
dan Z dengan masing-masing berjumlah 50 sampel data dengan range uji frekuensi 50Hz
hingga 16Hz, untuk Frekuensi getaran didapatkan nilai standar deviasi pada range
frekuensi pengujian 50 Hz sampai dengan 16 Hz diketahui sebesar £ 1.39 dengan akurasi
96.38% dan kesalahan sebesar 3.60%. Untuk Akselerasi getaran didapatkan nilai standar
deviasi sebesar + 0.08 dengan range 0.32g.

Kata Kunci: Akselerasi getaran, Frekuensi getaran, Kualitas Perakitan Komponen
Elektronika, LabVIEW, Meja Getar

Vi
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Frequency and Acceleration Measurement System on the Z-Axis Vibrating Table
to Test the Quality of Electronic Component Assembly

ABSTRACT

Mechanical reliability testing on the assembly of electronic components is very important
in estimating the quality of electronic equipment=One way:to improve product quality and
reliability is by testing the assembly of electronic components using a LabVIEW-based z-
axis vibrating table. In the system there.is a vibration frequency measurement system, and
vibration acceleration. The design.of the measurement system uses LabVIEW software as
an acquirer, as an HMI (Human Machine Interface) and data processor.for.vibration
frequency and vibration acceleration with the Fast Fourier Transform (FFT). method.
From the test results with 8 test objects, the vibration. test is carried out at a frequency
range of 50Hz.to.16Hz, indicating that 5 of the 8 test objects are quality electronic
components andare resistant to vibration. In addition, the Z-axis vibrating table that has
been made can function properly according to its function. Then based on the analysis of
frequency data measurements and vibration acceleration on the X, Y, and Z axes with each
totaling 50 data samples with a frequency test'range of 50Hz to 16Hz, for_the vibration
frequency obtained the standard deviation value.in the testing frequency range of 50 Hz to
16 Hz is known to be + 1.39 with an accuracy of 96.38% and an error of 3.60%. For
vibration acceleration, the standard deviation value'is + 0.08 with a range of 0.32g.

Keywords: Assembly =~ Quality of Electronic Components, LabVIEW, Vibration
Acceleration, Vibration Frequency, Vibrating Table

vii
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BAB |
PENDAHULUAN

1.1 Latar Belakang

Dalam pengembangan dan produksisssebuah komponen elektronika,
kualitas mekanis pada assembly”komponen elektronika merupakan bagian
penting dalam memperkirakan kualitas secara keseluruhan pada peralatan
elektronik (Tang et'al; 2007). Hal ini karena komponen elektronikayang tidak
berkualitas dapat menyebabkan kerusakan ‘pada produk akhir yang dapat
mengakibatkan kerugian secara finansial yang cukup:.besar bagi produsen:
Salah satu cara untuk meningkatkan kualitas dan keandalan produk yaitu
dengan cara menguji_perakitan _komponen. elektronika menggunakan meja
getar sumbu-z yang diatur oleh LabVIEW.

Meja getar sumbu — Z adalah sebuah alat uji yang dapat digunakan untuk
mengevaluasi kemampuan komponen elektronika dalam menahan getaran dan
goncangan. Alat ini menghasilkan gerakan searah.dan sejajar dengan tiga
sumbu dan memungkinkan untuk melakukan simulasi getaran pada komponen

elektronika yang ditempatkan diatasnya.

Pengujian menggunakan meja getar sumbu — Z sangatlah penting karena
getaran dikategorikan sebagai“kontributor ‘besar terhadap kerusakan pada
peralatan elektronik secara keseluruhan (Golacki-etal., 2009; Tang et al., 2007;
van Zeebroeck et al., 2007). Komponen yang tahan terhadap getaran dan
goncangan akan memiliki keandalan dan kualitas yang lebih baik selama
penggunaan di lapangan..Selain itu, pengujian ini dapat membantu produsen
untuk menemukan dan mengidentifikasi.masalah.padaproduk mereka sebelum
produk tersebut dikirim ke pelanggan. Pengujian menggunakan meja getar
sumbu-z yang diatur oleh LabVIEW memungkinkan penggunaan program
komputer yang terstruktur dan intuitif untuk mengatur gerakan dan frekuensi
getaran selain itu meningkatkan akurasi dan kecepatan dalam pengujian. Hal
ini memudahkan dalam mengatur parameter uji, memantau hasil pengujian

secara real-time, dan memudahkan dalam analisis data.
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Pada Skripsi ini, pembahasan berfokus pada pengaruh frekuensi getaran
dan akselerasi getaran terhadap hasil rakitan komponen elektronika
menggunakan meja getar sumbu — Z. Pada Skripsi ini terdapat sistem
pengukuran frekuensi getaran dan Akselerasi Getaran menggunakan metode
Fast Fourier Transformation (FFT) Berbasis LabVIEW.

Perumusan Masalah
Berdasarkan latar belakang tersebut dapat dirumuskan beberapa masalah

yang akan dibahas‘dalam skripsi ini yaitu,

1. Bagaimana.merancang_pemrograman sistem, pengukuran frekuensi. dan
akselerasi getaran pada meja getar sumbu — Z menggunakan LabVIEW
dengan metode Fast Fourier Transformation?

2. -Bagaimana cara.memyvalidasi program LabVIEW pada sistem pengukuran
frekuensi dan akselerasi getaran?

3. Bagaimana menguji kualitas perakitan komponen elektronika terhadap

frekuensi dan akselerasi getaran?

Batasan Masalah
Dalam pembahasan skripsi ini terdapat batasan masalah yang
memfokuskan pembahasandalam penelitian ini. Batasan masalah pada Skripsi
ini yaitu,
1. Sistem Pengukuran Frekuensi dan akselerasi getaran menggunakan 1 buah
sensor accelerometer ADXL345.
2. Peletakkan Sensor accelerometer diletakkan di bawah meja berdekatan
dengan sumber getaran.
Batas pengujian dilakukan.dengan. range frekuensi-VFD 16Hz — 50 Hz.
Batas Pengujian dilakukan dengan range akselerasi getaran 0 — 5 g.
Software yang digunakan pada Skripsi ini adalah LabVIEW 2015.

Pengujian dilakukan dalam ruangan dan tidak memperhatikan suhu ruang.

N o g b~ w

Objek yang diuji adalah kualitas dari perakitan komponen elektronika.
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Tujuan dari pembuatan Skripsi ini yaitu untuk merealisasikan sistem
pengukuran frekuensi getaran dan akselerasi getaran menggunakan algoritma
Fast Fourier Transformation dengan software LabVIEW yang dapat

exdid yeH

diimplementasikan pada Meja getar sumbu — Z untuk Menguji kualitas

komponen elektronika.
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BAB V
PENUTUP

5.1 Simpulan

Terdapat beberapa simpulan yang penulis dapatkan dalam Skripsi ini,

yaitu sebagai berikut:

e Dari Pengujian Getaran”dengan menggunakan 8 objekwuji, pengetaran

dilakukan pada range frekuensi 50Hz hingga 16Hz dan range getaran 0.22g
hingga 1.94¢.-Hasilnya menunjukan bahwa 5 dari 8 objek uji-adalah
komponen elektronika berkualitas dan tahan terhadap getaran. Selain itu
meja.getar sumbu — Z yang telah dibuat dapat berfungsi dengan baik sesual
fungsinya.

Berdasarkan analisis performa pengukuran data Frekuensi getaran dan
akselerasi getaran menggunakan sensor accelerometer ADXL345 pada
sumbu X, Y, dan Z dengan masing — masing berjumlah 50 sampel data.
Untuk Frekuensi getaran didapatkan nilai rata=rata nilaistandar.deviasi pada
range frekuensi pengujian 50 Hz sampai.dengan 16 Hz diketahui sebesar +
1.39 dengan akurasi 96.38% dan kesalahan sebesar 3.60%. Untuk
Akselerasi getaran didapatkan nilai rata-rata dengan nilai standar deviasi
sebesar + 0.08 dengan range 0.32g.

Dari Pengujian yang telahdilakukan™ didapatkan hasil bahwa, software
LabVIEW dapat digunakan sebagai pengolah data akselerasi getaran, dan
pengolahan akselerasi getaran menjadi frekuensi getaran dengan
menggunakan metode Fast Fourier Transform dan menampilkan data
dalam bentuk numerik maupun grafik, serta hasil Pengukuran-memiliki

tingkat yang akurasi mendekati-dengan.nilal frekuensi-referensi.

5.2 Saran
Adapun saran untuk penelitian di masa depan sebagai berikut:

1. Meja Getar ini dapat dikembangkan untuk penelitian kedepanya untuk

subjek uji simulasi gempa.

73
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Lampiran 2. Program Accelerometer dan DAC pada Arduino IDE

#include <Wire.h>

#include <Adafruit_Sensor.h>
#include <Adafruit_ ADXL345 U.h>
#define SDA_PIN 32

#define SCL_PIN 33

#define DAC_CH2 26
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char DAC; Il Variabel untuk pemilihan character
char control = 0; // variabel untuk menerima nilai DAC

Adafruit_ ADXL345_Unified accel = Adafruit. ADXL345 Unified(12345);
const int buffer_size = 256;

float accel_buffer[buffer_size][3];

int buffer_index = 0;

eyieyer uabap Niuyaljod uizi eduey

unsigned long previousTime = 0;
unsigned long interval = 10; // Interval waktu antara pembacaan akselerometer

void setup() {
Serial.begin(9600);
Wire.begin(SDA_PIN, SCL_PIN);

if (taccel.begin()) {
Serial.printIn("Failed to initialize ADXL345!");
while (1)

}
accel.setRange(ADXL345 RANGE_8 G);

accel.setDataRate(ADXL345 DATARATE_3200 HZ);
¥

void loop() {
unsigned long currentTime = millis();
if (currentTime - previousTime >= interval) {
previousTime = currentTime;
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I/l Program DAC
if (Serial.available() > 0) {
char DAC = Serial.read();

if (DAC =="D") {
while (Serial.available() <= 0)
; I/ Menunggu data kontrol yang tersedia
int control = Serial.parselnt();
dacWrite(DAC_CH2, control);

¥
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// Pembacaan akselerometer
sensors_event_t event;
accel.getEvent(&event);

accel_buffer[buffer_index][0] = event.acceleration.x;
accel_buffer[buffer_index][1] = event.acceleration.y;
accel_buffer[buffer_index][2] = event.acceleration.z;
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buffer_index++;

if (buffer_index >= buffer_size) {
access_buffer();
reset_buffer();

¥
¥
¥

void access_buffer() {
for (int 1= 0; i < buffer_size; i++) {
float accel_x = accel_buffer[i][0];
float accel_y = accel_buffer[i][1];
float accel_z = accel_buffer[i][2];

//Serial.print("Buffer Index: ");

//Serial.print(i);

//Serial.print(", X=");

Serial.print(("%.3f", accel_x)); //dalam satuan m/s"2
Serial.print(" *);

Serial.print(("%.3f", accel_y));

Serial.print(" *);

Serial.printIn(("%.3f", accel_z));

¥
¥

void reset_buffer() {
buffer_index = 0;
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== Tab Control ACCELERATION AND FFT
stop : 7
=@ X (/s [[Enabled ~}]
Clear Errorswvi s X zero (m/s"2)
[FDEL |
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Data = Acceleration (g)
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df
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X Freq FFT (Hz)
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Lampiran 5. Data Hasil Pengukuran Frekuensi dan Akselerasi Getaran Menggunakan FFT pada Meja Getar

A. Data Hasil Pengukuran Frekuensi Getaran Menggunakan FFT Pada Meja Getar
1. Sumbu — X

Tabel L.1 merupakan hasil data pengukuran Frekuensi Getaran Sumbu X menggunakan sensor accelerometer ADXL345
dalam satuan Hz.

Tabel'LL. 1 Data Pengujian.Pengukuran Frekuensi Getaran pada Sumbu X

xXxii

NO Frekuensi (Hz)

50.00 | 48.51 | 46.38 | 44.47 | 42.56.] 40.43 | 38.51 | 36.60 | 34.47.| 32.56 | 30.43 | 28.30 | 26.39 | 24.48 | 22.56 | 20.43 | 18.52 | 16.39
1 |48.63 |47.36 | 44.92 | 42,77 | 40.63 | 38.48 | 36.52 | 34.38 | 32.03{.29.88 | 27.83 | 25.88 | 23.63 | 21.39 | 18.65 | 16.99 | 5.66 | 10.64
2 | 48.63147.27 | 44.92 | 42.77 | 40.63 | 38.48 | 36.52 | 34.38 | 32.03 [ 29.88 | 27.83 | 25.88 | 23.73 | 21.29 | 18.65 | 16.99 | 5.66 | 10.55
3 | 4863 |47.27 | 44.92 | 42,58 | 40.63 | 38.48 | 36.52 | 34.47.| 32.03 | 29.98 | 27.83 | 25.88 | 23.73 | 21.29 | 18.65 | 16.70 | 5.66 | 10.55
4 | 4844 | 47.36 | 44.92°142.58 | 40.63 | 38.48 | 36.52 | 34.47 | 32.03 | 29.98"| 27.83 | 25.78 | 23.73 | 21.29 | 18.65 | 16.80 | 5.66 | 10.55
5 48.34 | 47.36 | 44.92 | 42.77 | 40.63 | 38.48 | 36.52 | 34.47 | 32.13 | 30.08 | 27.83. | 25.78 | 23.63 | 21.19 | 18.65 | 16.80 | 5.66 | 10.55
6 |148.34|46.88 | 44.92 | 42.77 | 40.63 | 38.48 | 36.52 | 34.47 | 32.13 | 29.98 | 27.73 | .25.78 | 23.63 | 21.19 | 18.65 | 16.89 | 5.66 | 10.74
7 | 2324 |46.88 |44.92 | 42.77 | 40.63 | 38.48 | 36.52 | 34.38 | 32.03 | 29.98 | 27.73 | 25.78 | 23.63 | 21.19 | 18.55 | 16.89 | 5.66 | 10.74
8 [25.20 | 46.88 | 44.92 | 42.77 | 40.63./38.48 | 36.52 | 34.38 | 32.03 | 29.98 | 27.73 | 25.78 | 23.63 | 21.19 | 18.55 | 16.89 | 5.66 | 10.64
9 | 25.20 | 47.17 | 48.73 | 42.77 | 40.63 | 3848 | 36.52 | 34.47 | 32.03 | 29.98 | 27.73 | 25.78 | 23.63 | 21.29 | 18.55 | 16.89 | 5.66 | 10.55
10 | 48.83 | 47.17 | 48.73 | 42.77 | 40.63 | 17.97 | 36.52 | 34.47 | 32.03 | 29.98 | 27.83 | 25.78 | 23.63 | 21.29 | 18.55 | 16.89 | 5.66 | 10.55
11 148.83 | 47.17 | 44.92 | 42.77 | 40.63:|:27.05 | 36.52 | 34.47 | 32.03 | 30.08 | 27.83 | 25.78 | 23.63 | 21.29 | 18.55 | 16.89 | 5.66 | 10.55
12 123.44 | 47.17 | 44.92 | 42.77 | 40.63|.27.05./:36.52 | 34:47 | 32.03 | 30.08 | 27.83 | 25.78 | 23.63 | 21.19 | 18.55 | 16.89 | 5.66 | 10.55
13 |48.44 | 47.17 | 44.92 | 42.68 | 40.63 | 37.99 | 36.52| 34.47 | 32.13 | 29.98 | 27.73 | 25.78 | 23.63 | 21.19 | 18.55 | 16.89 | 5.66 | 10.45
14 1 48.44 | 46.88 | 44.92 | 42.68 | 40.63 | 37.99 | 36.52 | 34.47 | 33.50 | 29.98 | 27.73 | 25.78 | 23.63 | 21.19 | 18.65 | 16.89 | 5.66 | 10.45
15 |48.44 | 46.88 | 44.92| 42.68 | 40.72 | 30.96 | 36.52 | 34.47 | 33.50 | 29.98 | 27.73 | 25.78 | 23.63 | 21.19 | 18.65 | 16.99 | 5.66 | 10.94
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NO

Frekuensi (Hz)

50.00

48.51

46.38

44.47

42.56

40.43

38.51

36.60

34.47

32.56

30.43

28.30

26.39

24.48

22.56

20.43

18.52

16.39

35

48.54

46.88

44.82

42.58

11.04

38.38

36.43

34.38

32.23

29.98

27.83

25.68

23.73

21.39

18.75

16.60

5.76

10.94

36

48.54

46.88

44.82

42.58

40.43

38.38

36.43

34.38

32.23

29.98

27.83

25.68

23.73

21.39

18.75

16.60

5.76

10.94

37

48.54

46.88

44.82

42.58

40.43

38.48

36.43

34.38

32.23

29.98

27.83

25.68

23.73

21.39

18.46

16.89

5.76

10.84

38

48.54

46.88

6.35

15.33

40.43

38.48

36.52

34.38

32.03

29.98

27.83

25.68

23.73

21.39

18.46

16.89

5.76

10.84

39

48.54

46.88

6.35

15.33

40.43

37.89

36.52

34.38

32.03

29.98

27.83

25.68

23.73

21.39

18.46

16.89

5.76

10.84

40

48.54

46.88

6.35

15.33

40.43

37.89

36.52

34.28

32.03

29.98

27.73

25.78

23.73

21.39

18.46

16.89

5.76

10.94

41

48.54

46.88

6.45

15.33

40.43

37.99

36.52

34.28

31.93

29.88

27.73

25.78

23.73

21.29

18.46

16.89

5.76

10.94

42

48.63

46.88

44.92

42.68

4043

37.99

36.52

34.28

31.93

29.88

27.73

25.78

23.73

21.29

18.85

16.99

5.76

10.94

43

48.44

46.88

44.92

42.68

40.43

37.99

36.52

34.28

31.93

29.88

27.73

25.78

23.73

21.39

18.85

16.99

5.76

10.94

44

48.44

46.88

44.92

42.68

8.11

37.99

36.52

34.28

31.93

29.88

27.73

25.78

23.73

21.39

18.85

16.99

5.76

10.94

45

48.44

46.88

44.92

42.68

8.11

37.99

36.52

34.28

31.93

30.27

27.73

25.78

23.63

21.39

18.85

17.09

5.76

10.94

46

48.44

46.88

44.92

42.48

8.11

37.99

36.52

34.28

31.93

29.88

21.73

25.68

23.54

21.29

18.85

17.09

5.76

10.94

47

48.44

6.35

44.92

42.48

40.43

T2

36:52

34.28

31.93

29.88

21.73

25.68

23.63

21.39

18.85

16.99

5.76

10.94

48

48.44

6.35

44.92

42.38

40.43

37.99

36.52

34.28

31.93

29.98

27.83

25.68

23.63

21.39

18.85

16.99

5.76

10.94

49

48.44

6.35

44.92

42.38

40.43

37.99

36.52

34.28

33.59

29.98

27.83

25.68

23.63

21.39

18.85

16.99

5.76

10.94

50

48.44

6.35

44.92

42.48

40.43

37:99

36.52

34.28

33.59

29.98

27.83

25.68

23.73

21.39

18.85

16.99

5.76

11.43
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Sumbu -Y

Tabel L.2 merupakan hasil data pengukuran Frekuensi Getaran Sumbu Y menggunakan sensor accelerometer ADXL345 dalam
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9rs2x &
égggg g satuan Hz.
S 523 X
35833 Tabel L. 2 Data Pengujian Pengukuran Frekuensi Getaran pada Sumbu Y
3 5 §-§ o
£abc —
§§§3 5,; NO Frekuensi (Hz)
3 g.g- =2 50.00 | 48.51 | 46.38 [ 44.47 | 42.56 | 40.43 | 38.51 | 36.60+| 34.47 | 32.56 | 30.43 | 28.30 | 26.39 | 24.48 | 22.56 | 20.43 | 18.52 | 16.39
E-é %%’ ; 1 |48.63 |47.36 (44.92 | 42.77 | 40.63 | 38.48 | 36.52 | 34.38 | 32.03 | 30.18 | 27.83 | 25.88 | 23.63 | 21.29 | 18.65 | 16.99 | 11.33 | 10.64
;%’TE; 8 2 | 48.63 | 4736 44.92 | 42.77 | 40.63 | 38.48 | 36.52 | 34.47 | 32.03 1:30.18 | 27.83 | 25.88 | 23.73 | 21.29 | 18.65 | 16.99 | 11.33 | 10.55
5{3% g. 3 |48.63.[47.36 | 44.924 4277 | 40.63 | 38.48 | 36.52 | 34.47 | 32.03129.98 | 27.83 | 25.88 | 23.73 | 21.29 | 18.65 | 16.70 | 11.33 | 10.55
Egé% 7 4 | 48441 47.36 | 4492 | 42.77 | 40.63 | 38.48 | 36.52 | 34.47 | 32.03 | 30.08 |.27.83 | 25.78 | 23.73 | 21.29 | 18.65 | 16.80 | 11.33 | 10.55
§-§'§§- § 5 | 4834 | 47.36 | 44.92°| 42.77 | 40.63 | 38.48 | 36.52 | 34.47 | 32.03 | 30.08 | 27.83 | 25.78 | 23.63 | 21.19 | 18.65 | 16.80 | 11.33 | 10.55
;E ,%g 5 6 |48.34 | 46.97 | 44.92 | 42.77 | 40.63 | 38.48 | 36.52 | 34.47 | 32.03 | 30.08 | 27.73 | 25.78 | 23.63 | 21.19 | 18.55 | 16.89 | 11.33 | 10.64
G o
g.ggg. 7.148.44 | 46.97 | 44.92 | 42.77 | 40.63 | 38.38 | 36.52 | 34.47 | 32.03 | 29.98 | 27.73 | 25.78 | 23.63 | 21.19 | 18.55 | 16.89 | 11.33 | 10.64

Q
%.5 %g 8 | 48.44 | 46.97 | 44.92 | 42.77-(40.63 | 38.38 | 36.52 | 34.47 | 32.03 | 29.98 | 27.73 | 25.78 | 23.63 | 21.19 | 18.55 | 16.89 | 11.33 | 10.64
3§§§ O | 48.44 | 47.17 | 44.92 | 42.77.[40.63 | 38.38 | 36.52 | 34.38 | 32.03 | 29.98 | 27.83 | 25.78 | 23.73 | 21.29 | 18.55 | 16.89 | 11.33 | 10.55
E‘Z-‘:é 10 | 48.44 | 47.17 | 44.92 | 42.7/.| 40.63 [-38.38 | 36.52 | 34.38 | 32.03 | 29.98 | 27.83 | 25.78 | 23.73 | 21.29 | 18,55 | 16.89 | 11.33 | 10.55
E;ﬁég 11 [ 48.44 | 47.17 | 44.92 | 42.77 | 40.63 | 38.38 | 36.52 | 34.47| 32.03 | 30.08 | 27.83 | 25.78 | 23.73 | 21.29 | 18.55 | 16.89 | 11.33 | 10.55
g_;g% 12 |48.44 | 47.17 | 44.92 | 42.77 | 40.63 | 38.38 | 36.52 | 34.47 | 32.03 | 30.08 | 27.83 | 25.78 | 23.73 | 21.19 | 1855 | 16.89 | 11.33 | 10.55
%TE E% 13 |48.44 | 47.17 | 44.92 | 42.68 | 40.63 | 37.99 | 36.52( 34.47 | 32.03 | 29.98 | 27.83 | 25.78 | 23.73 | 21.19 | 1855 | 16.89 | 11.33 | 10.45
E%E; 14 | 48.44 | 46.88 | 44.92 | 42.68 | 40.63 | 37.99 | 36.52 | 34.47 | 32.03 | 29.98 | 27.83 | 25.78 | 23.63 | 21.19 | 18.65 | 16.89 | 11.33 | 10.45
%%%i’ 15 [48.44 | 46.88 | 44.92 | 42.58 | 40.72 | 37.99 | 36.52 | 34.47 | 32.13 | 29.98 | 27.73 | 25.78 | 23.63 | 21.19 | 18.65 | 16.99 | 11.33 | 10.94
a =
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NO

Frekuensi (Hz)

50.00

48.51

46.38

44.47

42.56

40.43

38.51

36.60

34.47 | 32.56

30.43

28.30

26.39

24.48

22.56

20.43

18.52

16.39

35

48.54

46.88

44.82

42.58

40.43

38.38

36.43

34.38

32.23 | 29.98

27.83

25.68

23.73

21.39

18.75

16.89

11.52

10.94

36

48.54

46.88

44.82

42.58

40.43

38.38

36.43

34.38

32.23 | 29.98

27.83

25.68

23.73

21.39

18.75

16.89

11.52

10.94

37

48.54

46.88

44.82

42.58

40.43

37.89

36.43

34.38

32.13 | 29.98

27.83

25.68

23.73

21.39

18.46

16.89

11.52

10.84

38

48.54

46.88

44.82

42.58

40.43

37.89

36.52

34.38

32.03 | 29.98

27.83

25.68

23.73

21.39

18.46

16.89

11.52

10.84

39

48.54

46.88

44.92

42,58

40.43

37.89

36.52

34.38

32.03 | 29.98

27.83

25.68

23.73

21.39

18.46

16.89

11.52

10.84

40

48.54

46.88

44.92

42.58

40.43

37.89

36.52

34.28

31.93 | 29.98

27.73

25.78

23.73

21.39

18.46

16.89

11.52

10.94

41

48.54

46.88

44.92

42.58

40.43

37.99

36.52

34.28

31.93 | 30.27

27.73

25.78

23.73

21.29

18.46

16.89

11.62

10.94

42

48.54

46.88

44.92

42.68

40.43

37.99

36.52

34.28

31.934,.30.27

27.73

25.78

23.73

21.29

18.85

16.99

11.62

10.94

43

48.44

46.88

4492

42.68

40.43

37.99

36.52

34.28

31.93".30.27

27.73

25.78

23.73

21.29

18.85

16.99

11.62

10.94

44

48.34

46.88

44.92

42.68

40.43

I8

36.52

34.28

31.93 | 30.27

27.73

25.78

23.73

21.39

18.85

16.99

12.01

10.94

45

48.44

46.88

4492

42.68

40.43

37.99

36.52

34.28

31.93 | 30.27

21.73

25.78

23.63

21.39

18.85

16.99

12.01

10.94

46

48.44

46.88

4492

42.68

40.43

37.99

36.52

34.28

31.93 | 29.88

27.73

25.68

23.54

21.39

18.85

16.99

12.01

10.94

47

48.44

46.88

44.92

42.48

40.43

37.89

36.52

34.28

31.93 | 29.88

2713

25.68

23.63

21.39

18.85

16.99

11.52

10.94

48

48.44

46.88

44.92

42.38

40.43

37.89

36.52

34.28

31.93 | 29.98

27.83

25.68

23.73

21.39

18.85

16.99

11.52

10.94

49

48.44

46.88

44.92

42.38

40.43

37.89

36.52

34.28

31.93 | 29.98

27.83

25.68

23.73

21.39

18.85

16.99

11.52

10.94

30

48.44

46.97

44.92

42.77

40.43

37.89

36.52

34.28

31.93 | 29.98

27.83

25.68

23.73

21.39

18.85

16.99

11.52

11.43
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3. Sumbu-2Z

Tabel L.3 merupakan hasil data pengukuran Frekuensi Getaran Sumbu Z menggunakan sensor accelerometer ADXL345 dalam

eyeyer abap yiuyaijod uizi eduey

XL
]
=
0
N = I
OrsZx &
§§§§§ g satuan Hz.
‘; 5%3 ~ I Tabel L. 3 Data Pengujian Pengukuran Frekuensi Getaran pada Sumbu Z
m T o0 )
3533 o
€ = 2C — R
3 a3z -3 NO Frekuensi (Hz)
3 cu = 50.00 | 48.51 | 46.38 |44.47 | 42.56 | 40.43 | 38.51|.36.60 | 34.47 | 32.56 | 30.43 | 28.30 | 26.39 | 24.48 | 22.56 | 20.43 | 18.52 | 16.39
=3 3% =
52 ,=:§ = 1 |48.63 |47.36 | 4492 42.77 | 40.63 | 38.48 | 36.52 | 34.38 ["32.03 | 29.88 | 27.83 | 25.88 | 23.63 | 21.29 | 18.65 | 16.99 | 11.33 | 10.64
g'o";-’r.?% % 2 |48.63 |47.36| 4492 | 42.77 | 40.63.| 38.48 | 36.52 | 34.47 {'32.03 | 30.18 | 27.83 | 25.88 | 23.73 | 21.29 | 18.65 | 16.99 | 11.33 | 10.55
§§§§’ c.g 3 |48.63 | 47.36 | 44.92 | 42.77 | 40.63 | 38.48 | 36.52 | 34.47 | 32.03.{ 29.98 | 27.83 | 25.88 | 23.73 | 21.29 | 18.65 | 16.70 | 11.33 | 10.55
=
g;‘:gﬁ E 4 | 48.44'| 47.36 | 44.92 | 42.77 | 40.63 | 38.48 | 36.52 | 34.47 | 32.03 | 30.08 | 27.83 | 25.78 | 23.73 | 21.29 | 18.65 | 16.80 | 11.33 | 10.55
§-§'§§ % 5 |48.34146.88 | 44.92 | 42.77 | 40.63 | 38.48 | 36.52 | 34.47,| 32.03 | 30.08.[27.83 | 25.78 | 23.73 | 21.19 | 18.65 | 16.80 | 11.33 | 10.45
gég; o 6 {48.34 | 46.97 | 44.92 14277 | 40.63 | 38.48 | 36.52 | 34.47 | 32.03 | 30.08 [ 27.73 | 25.78 | 23.63 | 21.19 | 18.65 | 16.89 | 11.33 | 10.64
f; §ﬁ 'Y 7 |48.44 | 46.97 | 44.92 | 42,77 |40.63 {:38.38.| 36:52 | 34.47. 32.03 | 29.98 | 27.73 | 25.78 | 23.63 | 21.19 | 18.65 | 16.89 | 11.33 | 10.64
[1’] <
gégg 8 |48.44 | 46.97 | 44.92 | 42.77 | 40.63 | 38.38 | 36.52 | 34.47 | 32.03 | 29.98 | 27.73 | 25.78 | 23.63 | 21.19 | 18.65 | 16.89 | 11.33 | 10.64
Eéig 9 |48.44 | 47.17 | 44.92 | 42.77 | 40.63 | 38.38 [36.52| 34.38 | 32.03 | 29.98 | 27.73 | 25.78 | 23.73 | 21.29 | 18.55 | 16.89 | 11.33 | 10.55
9 o=
g,;gg 10 | 48.44 | 47.17 | 44.92 | 42.77 | 40.63 | 38.38 | 36.52 | 34.38 | 32.03 | 29.98 | 27.83 | 25.78 | 23.73 | 21.29 | 18.55 | 16.89 | 11.33 | 10.55
;%?3 11 | 48.44 | 47.17 | 44.92 | 42.77 | 40.:63 | 38.38 |.36.52 | 34.47 |/ 32.03 | 30.08 | 27.83 | 25.78 | 23.73 | 21.29 | 18.55 | 16.99 | 11.33 | 10.55
E’_{gg 12 | 48.44 | 47.17 | 44.92 | 42.77 | 40.63 | 38.38 | 36.52 | 34.47 | 32.03 | 30.08 | 27.83 | 25.78 | 23.73 | 21.19 | 18.55 | 17.19 | 11.33 | 10.55
i;ig 13 | 48.44 | 47.17 | 44.92 | 42.68 | 40.63 | 37.99 | 36.52 | 34.47 | 32.03 | 29.98 | 27.83 | 25.78 | 23.63 | 21.19 | 18.55 | 17.19 | 11.33 | 10.45
5%%2 14| 48.44 | 46.88 | 44.92 | 42.68 | 40.63 | 37.99 36:52 | 34.47 | 32.03 | 29.98 | 27.83 | 25.78 | 23.63 | 21.19 | 18.65 | 17.09 | 11.33 | 10.45
Z’:‘T?% 15 | 48.44 | 46.88 | 44.92 | 42.58 | 40.72 |.38.28 | 36.52 | 34.47 | 32.03 | 29.98 | 27.73 | 25.78 | 23.63 | 21.19 | 18.65 | 17.09 | 11.33 | 10.94
NO= =
3 £%
5 FE
g 33
5 23
z 35
g..
~
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NO

Frekuensi (Hz)

50.00

48.51

46.38

44.47

42.56

40.43

38.51

36.60

34.47 | 32.56

30.43

28.30

26.39

24.48

22.56

20.43

18.52

16.39

35

48.54

46.88

44.82

42.58

40.43

38.38

36.43

34.38

32.23 | 29.98

27.83

25.68

23.73

21.39

18.75

16.89

11.52

10.94

36

48.54

46.88

44.82

42.58

40.43

38.38

36.43

34.38

32.23 | 29.98

27.83

25.68

23.73

21.39

18.55

16.89

11.52

10.84

37

48.54

46.88

44.82

42.58

40.43

37.89

36.43

34.38

32.13 | 29.98

27.83

25.68

23.73

21.39

18.55

16.89

11.52

10.84

38

48.54

46.88

44.82

42.58

4043

37.89

36.52

34.38

32.03 | 29.98

27.83

25.68

23.73

21.39

18.46

16.89

11.52

10.84

39

48.54

46.88

44.92

42.58

40.43

37.89

36.52

34.38

32.03 | 29.98

27.83

25.68

23.73

21.39

18.46

16.89

11.52

10.84

40

48.54

46.88

44.92

42.58

40.43

37.89

36.52

34.28

31.93 | 29.98

27.73

25.78

23.73

21.39

18.46

16.89

11.62

11.04

41

48.54

46.88

44.92

42.58

40.43

37.99

36.52

34.28

31.93 | 29.88

27.73

25.78

23.73

21.39

18.85

16.89

11.62

10.94

42

48.54

46.88

44.92

42.68

40.43

37.99

36.52

34.28

31.93,29.88

27.73

25.78

23.73

21.39

18.85

16.99

11.62

10.94

43

48.44

46.88

4492

42.68

40.43

37.99

36.52

34.28

31.93".30.27

27.73

25.78

23.73

21.39

18.85

16.99

11.62

10.94

44

48.34

46.88

44.92

42.68

40.43

B/

36.52

34.28

31.93 | 30.27

27.73

25.78

23.73

21.39

18.85

16.99

11.52

10.94

45

48.34

46.88

4492

42.68

40.43

37.99

36.52

34.28

31.93 | 30.27

21.73

25.78

23.63

21.39

18.85

16.99

12.01

10.94

46

48.44

46.88

4492

42.68

40.43

37.99

36.52

34.28

31.93 | 30.27

27.73

25.68

23.54

21.39

18.85

16.99

12.01

10.94

47

48.44

46.88

44.92

42.48

40.43

37.89

36.52

34.28

31.93 | 29.88

2713

25.68

23.54

21.39

18.85

16.99

11.52

10.94

48

48.44

46.88

44.92

42.38

40.43

37.89

36.52

34.28

31.93 | 29.98

27.83

25.68

23.63

21.39

18.85

16.99

11.52

10.94

49

48.44

46.88

44.92

42.38

40.43

37.89

36.52

34.28

31.93 | 29.98

27.83

25.68

23.63

21.39

18.85

16.99

11.52

10.94

30

48.44

46.97

44.92

42.77

40.43

37.89

36.52

34.28

32.32 | 29.98

27.83

25.68

23.73

21.39

18.85

16.99

11.52

1143
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D
1.

ata Hasil Pengukuran Akselerasi Getaran Menggunakan FFT Pada Meja Getar
Sumbu — X

Tabel L.4 merupakan hasil data dari pengukuran akselerasi getaran sumbu X dalam satuan g atau gravitasi.

Tabel L. 4 Data Pengujian Pengukuran Akselerasi Getaran pada Sumbu X

XXVill

NO Frekuensi (Hz)

50.00 | 48.51 | 46.38 [44.47 | 42.56 | 40.43 | 38.51 |'36.60+| 34.47 | 32.56 | 30.43 | 28.30 | 26.39 | 24.48 | 22.56 | 20.43 | 18.52 | 16.39
1 | 015 | 0.13 041 | 008 | 0.13 | 0.08 | 0.11 | 0.07}.0:20 | 0.06 | 0.07 | 0.11 | 0.13 | 0.14 | 0.11 | 0.05 | 0.21 | 0.14
2 | 014 | 043+ °0.12 | 0.06 | 0.14"| 0.08 | 0.09 | 0.06 | 0.10 }.,0.06 | 0.07 | 0.10 | 0.13 | 0.16 | 0.11 | 0.05 | 0.21 | 0.14
3 | 0144013 | 0.134 0.06 | 0.14 | 0.07 {.0.09 | 0.06 | 0.09 | 0.06 | 0.08 | 0.10 | 0.12 | 0.16 | 0.11 | 0.03 | 0.21 | 0.15
4 | 0134012 | 0.24 { 0.07 | 0.15 | 0.07 | 0.09 | 0.08 | 0.08 | 0.06 |.0.08 | 0.09 | 0.09 | 0.15 | 0.11 | 0.04 | 0.21 | 0.13
5 [#043 | 0.12 | 0.15°| 0.08 | 0.15 | 0.06 | 0.09 | 0.09 |.0.08 | 0.06 }.0.09 | 0.09 | 0.08 | 0.15 | 0.10 | 0.04 | 0.20 | 0.12
6 <012 | 0.11 | 0.15 | 0.08 | 0.14 | 0.09 | 0.10 | 0.09 | 0.07 | 0.07 | 0.10.| 0.08 | 0.09 | 0.15 | 0.10 | 0.04 | 0.20 | 0.11
7.1 011 | 0122 { 0.25 | 0.09 | 0.13 | 0.09 | 0.11 | 0.09 | 0.07 | 0.07 | 0.10. }.0.07 | 0.09 | 0.15 | 0.10 | 0.04 | 0.20 | 0.11
8 (011 | 0.11 | 0.14 | 0.09.4 0.13 | 0.09 | O0.11 | 0.09 | 0.07 | 0.08 | 0.10 | 0.07 | 0.09 | 0.14 | 0.10 | 0.05 | 0.20 | 0.09
9 | 013 | 0.10 | 0.13 | 0.09./.0.12 | 0.0/ 0.1x | 0.08 | 0.06 | 0.08 | 0.10 | 0.07 | 0.07 | 0.13 | 0.10 | 0.05 | 0.20 | 0.11
10 | 0.13 | 0.11 | 0.13 | 0.09 | 0.13 |-0.07 | 0:11 | 0.09 | 0.06 | 0.07 | 0.09 | 0.08 | 0.07 | 0.12 | 0.10 | 0.05 | 0.21 | 0.13
11 | 023 | 0.12 | 0.11 | 0.09 | 0.13 | 0.06 | 0.10.4 0.09. 0.05 | 0.07 | 0.09 | 0.09 | 0.09 | 0.11 | 0.10 | 0.05 | 0.21 | 0.14
12 | 0.11 | 0.10 | 0.11 | 0.08 | 0.13 | 0.05 [.0:.10 | 0.10 | 0.05 | 0.07 | 0.08 | 0.09 | 0.09 | 0.12 | 0.10 | 0.05 | 0.22 | 0.13
13/ 0.11 | 0.10 | 0.13 | 0.10 | 0.13 | 0.06 | 0.10+f 0.10 | 0.05 | 0.07 | 0.07 | 0.09 | 0.08 | 0.13 | 0.09 | 0.05 | 0.22 | 0.12
14 7} 0.13 | 0.12 | 0.14 | 0.10 | 0.10 { 0.06 | 0.09 | 0.10 | 0.07 | 0.08 | 0.07 | 0.09 | 0.07 | 0.15 | 0.09 | 0.05 | 0.22 | 0.11
15 [ 0.14 | 0.14 | 0.15_|.0.09 | 0.08 | 0.05 | 0.09 | 0.10 | 0.08 | 0.09 | 0.06 | 0.09 | 0.08 | 0.13 | 0.10 | 0.05 | 0.22 | 0.12
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Frekuensi (Hz)

NO 50.00 | 48.51 | 46.38 | 44.47 | 42.56 | 40.43 | 38.51 | 36.60 | 34.47 | 32.56 | 30.43 | 28.30 | 26.39 | 24.48 | 22.56 | 20.43 | 18.52 | 16.39
35 | 015 | 033 | 0.09 | 0.12 | 0.09 | 0.07 | 0.09 | 0.08 | 0.08 | 0.09 | 0.10 | 0.11 | 0.13 | 0.17 | 0.08 | 0.08 | 0.21 | 0.12
36 | 015 | 031 | 0.10 | 0.12 | 0.09 | 0.06 | 0.09 | 0.08 | 0.07 | 0.10 | 0.10 | 0.11 | 0.12 | 0.16 | 0.07 | 0.07 | 0.22 | 0.11
37 | 014 | 0.22 | 0.10 | 0.11 | 0.11 | 0.06 | 0.10 | 0.09 | 0.06 | 0.10 | 0.11 | 0.10 | 0.11 | 0.16 | 0.07 | 0.04 | 0.22 | 0.11
38 | 013 | 0.19 | 0.10 | 0.10 | 042 | 0.06.0.10 | 0.09 | 0.07 | 0.08 | 0.10 | 0.08 | 0.10 | 0.16 | 0.08 | 0.04 | 0.22 | 0.12
39 | 012 | 0.18 | 0.13 | 0.20 |-0.12 | 0.06 | 0.10,.0.09 | 0.08 | 0.08 | 0.10 | 0.07 | 0.10 | 0.15 | 0.09 | 0.04 | 0.22 | 0.12
40 | 0.12 | 0.17 | 0.137] 0.09 | 0.11 | 0.06 | 0.09 }0.09,| 0.08 | 0.07 | 0.10 | 0.06 | 0.10 | 0.15 | 0.08 | 0.04 | 0.22 | 0.10
41 | 0.11 | 0.17 |+0.20 | 0.08 | 0.11 | 0.07 | 0.09 | 0.09°4 0.07 | 0.06 | 0.10 | 0.08 | 0.10 | 0.15 | 0.08 | 0.04 | 0.21 | 0.13
42 | 0.10 | 0,47 4 0.10 | 0.08 | 0.09 | Q.07 | 0.08 | 0.08 | 0.0/ 0.06 | 0.09 | 0.09 | 0.09 | 0.14 | 0.09 | 0.03 | 0.20 | 0.13
43 | 0.09 ;#0419 | 0.10 4011 | 0.08 | 0.08 },0.08 | 0.08 | 0.08"|.0.06 | 0.08 | 0.12 | 0.07 | 0.14 | 0.09 | 0.04 | 0.19 | 0.13
44 | 0.10 4 0.19 | 0.10 | 0.11 | 0.08 | 0.07 | 0.09 | 0.08 | 0.08 | 0.06 0.08 | 0.12 | 0.07 | 0.14 | 0.09 | 0.04 | 0.14 | 0.13
45 | 0.13 | 0.18 | 0.10 | 0.10 | 0.07 | 0.07 | 0.09 | 0.09 | 0.08 | 0.06 | 0.07 | 0.12 | 0.07 | 0.14 | 0.09 | 0.04 | 0.13 | 0.12
46/1.0.13 | 0.17 | 0.11 | 0.08 | 0.07 | 0.08 | 0.09 | 0.09 | 0.08 | 0.06 | 0.07 | 0.11 | 0.07 | 0.14 | 0.09 | 0.04 | 0.12 | 0.13
471 015 | 0.14 | 0.13 | 0.08 | 0.07 | 0.08 | 0.09 | 0.10 | 0.08 | 0.06 | 0.08 | 0.10 | 0.08 | 0.14 | 0.09 | 0.05 | 0.14 | 0.13
48 | 0.16 | 0.19 | 0.14.| 0.08 |.0.08 | 0.09 | 0.09 | 0.10 | 0.0/ | 0.06 | 0.08 | 0.08 | 0.12 | 0.15 | 0.09 | 0.05 | 0.15 | 0.12
49 | 0.15 | 0.19 | 0.14 | 0.08 | 0.08.| 0.08. 0.11 | 0.10 | 0.06 | 0.07 | 0.08 | 0.08 | 0.13 | 0.16 | 0.09 | 0.06 | 0.20 | 0.12
50 | 0.15 | 0.15 | 0.13 | 0.06 | 0.08 | 0.08 | 0.13 | 0.09 | 0.06 | 0.07 | 0.07 | 0.08 | 0.15 | 0.16 | 0.09 | 0.05 | 0.21 | 0.11
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Sumbu -Y

Tabel L.5 merupakan hasil data dari pengukuran akselerasi getaran sumbu Y dalam satuan g atau gravitasi.

Tabel L. 5 Data Pengujian Pengukuran Akselerasi Getaran pada Sumbu Y

XXX

Frekuensi (Hz)

NO 50.00 | 48.51 | 46.38 | 44.47 | 42.56 | 40.43| 38.51+.36.60 | 34.47 | 32.56 | 30.43 | 28.30 | 26.39 | 24.48 | 22.56 | 20.43 | 18.52 | 16.39
1 | 201|165 | 153+ 154 | 1.71 | 140 | 1.371.05 | 0.77 | 048 | 0.86 | 0.58 | 0.39 | 041 | 0.33 | 0.21 | 0.12 | 0.24
2 | 179 | 164 [ 450 128 | 1.71 | 1.39 | 1.34 | 0.864 0.77 | 051 | 0.85 | 0.58 | 0.43 | 043 | 0.32 | 0.21 | 0.13 | 0.20
3 | 173|161 15 | 117 | 171 131 | 1.33 | 0.90 | 0.74+ 057 | 0.75 | 0.57 | 0.44 | 042 | 0.31 | 0.14 | 0.13 | 0.16
4 | 157 |#145 | 159 (220 | 1.73 | 123 }|.1.27 | 0.99 | 0.74"}. 064 | 0.72 | 056 | 0.38 | 0.39 | 0.31 | 0.16 | 0.13 | 0.10
5 | 162 /138 | 169 | 140 | 1.76 | 1.16 | 1.26 | 1.03 | 0.74 | 0.75+ 0.63 | 0.58 | 0.39 | 0.36 | 0.28 | 0.17 | 0.13 | 0.09
6 (161 | 15 | 1.74 | 146 | 1.77 | 1.00 | 1.27 | 1.05 | 0.77 | 0.70 | 0.64 | 0.63 | 0.44 | 0.36 | 0.28 | 0.16 | 0.14 | 0.10
70479 | 154 | 175 | 1.58 | 1.79 | 1.08 | 131 | 1.03 | 0.78 | 0.70 |0.64 | 0.63 | 0.44 | 0.36 | 0.29 | 0.17 | 0.14 | 0.10
8. 186 | 145 | 1.72 | 1.58 | 1.80.| 1.10 | 1.32 | 1.02 | 0.79 | 0.74 | 0.62 |, 0.61 | 0.44 | 0.32 | 0.30 | 0.20 | 0.14 | 0.09
9 | 205 | 153 | 166 | 157 | 280 | 142 | 1.32 | 097 | 0.78 | 0.74 | 0.62 | 0.56 | 0.45 | 0.29 | 0.30 | 0.21 | 0.13 | 0.09
10 | 208 | 1.75 | 1.60 | 1.55 | 1.79.4 1.14 4 1.29.{ 0.96 | 0.77 | 0.70 | 0.68 | 0.55 | 0.46 | 0.27 | 0.31 | 0.21 | 0.13 | 0.10
11 | 209 | 1.80 | 1.56 | 154 | 1.78 | 112 | 1.27 | 0.95 | 0.76 | 0.70 | 0.70 | 0.57 | 049 | 0.28 | 0.31 | 0.21 | 0.13 | 0.11
12 | 209 | 1.46 | 156 | 142 | 1711 1094 1.24 /105 | 0.76 | 0.70 | 0.71 | 0.60 | 0.50 | 0.33 | 0.30 | 0.22 | 0.13 | 0.10
13 1 209 | 1.39 | 166 | 147 | 169 | 1.14 | 1.25 | 1.07 | 0./3 | 0.68 | 068 | 0.62 | 0.47 | 0.37 | 0.27 | 0.21 | 0.14 | 0.10
14 [ 207 | 164 | 1.72 | 149 | 147 | 1.05 | 1.27 112 | 0.70 | 0.70 | 0.66 | 0.61 | 045 | 043 | 0.26 | 0.20 | 0.14 | 0.09
15| 200 | 1.84 | 1.77 | 1.65 | 145 | 093 | 1.28 | 110 | 0.72 | 0.73 | 0.67 | 0.60 | 0.45 | 0.38 | 0.27 | 0.20 | 0.15 | 0.08
35 189 | 192 | 148 | 1.52 {~1.31 | 099 | 1.14.{.1.18. | 0.83 | 0.68 | 0.62 | 0.54 | 0.44 | 0.42 | 0.21 | 0.20 | 0.11 | 0.10
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Frekuensi (Hz)

NGO 50.00 | 48.51 | 46.38 | 44.47 | 42.56 | 40.43 | 38.51 | 36.60 | 34.47 | 32.56 | 30.43 | 28.30 | 26.39 | 24.48 | 22.56 | 20.43 | 18.52 | 16.39
36 | 194 | 192 | 159 | 148 | 1.37 | 0.84 | 1.14 | 1.17 | 0.74 | 0.68 | 0.66 | 0.55 | 0.45 | 0.42 | 0.21 | 0.20 | 0.12 | 0.08
37 1191 | 191 | 162 | 1.43 | 154 | 0.73 | 1.02 | 1.13 | 0.72 | 0.69 | 0.70 | 0.55 | 0.45 | 0.41 | 0.21 | 0.19 | 0.12 | 0.08
38 | 184 | 191 | 156 | 1.41 | 154 | 084 | 1.17 | 1.12 | 0.81 | 0.65 | 0.64 | 0.54 | 048 | 0.40 | 0.23 | 0.19 | 0.12 | 0.09
39 | 18 | 191 | 167 | 142 | 1.54 | 1.02"4.123 | 1.08 | 0.84 | 0.64 | 0.59 | 0.52 | 049 | 0.37 | 0.25 | 0.19 | 0.11 | 0.09
40 | 189 | 191 | 169 | 144 [ 156 | 1.03 | 1.13.1.08 | 0.90 | 0.60 | 0.69 | 0.47 | 051 | 0.37 | 0.24 | 0.17 | 0.10 | 0.09
41 | 186 | 1.92 | 168+ 239 | 157 | 1.12 | 1.11 "} 4.09,] 097 | 053 | 0.71 | 0.56 | 050 | 0.37 | 0.24 | 0.17 | 0.10 | 0.11
42 | 140 | 194 167 | 129 | 158 | 1.13 | 1.06 | 1.16 | 0.9/ | 056 | 0.74 | 0.58 | 048 | 0.38 | 0.25 | 0.16 | 0.09 | 0.11
43 | 166 | 1.97 4 1.69 | 158 | 158 | 1.13 | 1.09 | 1.18 | 098 0.61 | 0.74 | 0.58 | 0.36 | 0.37 | 0.25 | 0.17 | 0.09 | 0.11
44 | 1.72 (#197 | 1.74 o458 | 157 | 110 |.1.16 | 1.18 | 098|061 | 0.73 | 0.57 | 0.33 | 0.38 | 0.25 | 0.17 | 0.07 | 0.11
45 | 1.76 (200 | 1.74 | 1.48 | 155 | 1.09 | 1.27 | 1.18 | 097 | 0.60 0.71 | 0.51 | 0.28 | 0.38 | 0.25 | 0.18 | 0.08 | 0.10
46 | 181 | 200 | 1.700| 1.8 | 155 | 1.04 | 128 | 1.18 |. 089 | 057} 0.71 | 049 | 0.31 | 0.37 | 0.24 | 0.19 | 0.09 | 0.11
471196 | 196 | 167 | 1.09 | 153 [ 1.03 | 1.30 | 1.17 | 0.87 | 0.56 | 0.67 | 0.50 | 0.28 | 0.32 | 0.26 | 0.21 | 0.08 | 0.11
48 2.02 | 1.86 | 1.66 | 1.22 | 1.52| 1.04 | 130 | 1.14 | 0.75 | 0.62 | 0.65 }.0.50 | 0.41 | 0.28 | 0.26 | 0.22 | 0.09 | 0.10
49 | 203 | 1.79 | .72 | 1.18 |.1.51 | 1.06 | 1.33 | 1.12 | 0.70 | 0.66 | 0.68 | 0.50 | 0.46 | 0.29 | 0.26 | 0.23 | 0.12 | 0.10
50 | 2.06 | 181 | 1./3 | 1.05 | 1.36. 1.054 1.36:| 1.07 | 0.64 | 0.71 | 0.68 | 0.52 | 0.66 | 0.27 | 0.26 | 0.23 | 0.12 | 0.10
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Sumbu - Z

Tabel L.6 merupakan hasil data dari pengukuran akselerasi getaran sumbu Y dalam satuan g atau gravitasi.

Tabel L. 6 Data Pengujian Pengukuran Akselerasi Getaran pada Sumbu Z

XXXIii

Frekuensi (Hz)

NO 50.00 | 48.51 | 46.38 | 44.47 | 42.56 | 40.43| 38.51+|.36.60 | 34.47 | 32.56 | 30.43 | 28.30 | 26.39 | 24.48 | 22.56 | 20.43 | 18.52 | 16.39
1 |192 | 167 | 1.62+ k67 | 1.82 | 1.47 | 1.54"}.1.18 | 0.89 | 054 | 0.86 | 0.78 | 0.65 | 0.75 | 0.08 | 0.30 | 0.52 | 0.14
2 | 171|168 [160 | 139 | 181 | 1.48 | 1.50 | 0.994 0.89 | 0.56 | 0.86 | 0.78 | 0.68 | 0.81 | 0.08 | 0.29 | 0.53 | 0.14
3 |166 | 165 162 | 1.26 | 181 | 1.47 | 1.49 | 1.04 | 0.88+ 0.65 | 0.82 | 0.78 | 0.70 | 0.80 | 0.07 | 0.21 | 0.53 | 0.14
4 | 142 |#148 | 1.65 (229 | 184 | 143 | 144 | 1.13 | 0.89 | 071 | 0.80 | 0.78 | 0.62 | 0.76 | 0.07 | 0.24 | 0.53 | 0.12
5 | 147 4141 | 174 | 151 | 1.86 | 1.37 | 143 | 117 | 0.89 | 0.81+ 0.72 | 0.80 | 0.57 | 0.75 | 0.09 | 0.26 | 0.54 | 0.11
6 | 147 | 160 | 1.78 | 158 | 1.89 | 1.17 | 1.44 | 1.19 | 0.90 | 0.75 4 0.73 | 0.84 | 0.67 | 0.77 | 0.12 | 0.25 | 0.54 | 0.13
71456 | 155 | 179 | 1./71 | 192 | 121 | 148 | 115 | 090 | 0.76 | 0.7/4 | 0.83 | 0.70 | 0.75 | 0.18 | 0.27 | 0.54 | 0.13
8 163 | 145 1.76 | 1.70 | 193 1.24 | 149 | 114 | 090 | 0.78 | 0.73 |, 0.83 | 0.69 | 0.66 | 0.20 | 0.31 | 0.53 | 0.13
9 | 184 | 155 | 1.70 | 168 | 494 | 147 | 149 | 107 | 091 | 0.78 | 0.71 | 0.83 | 0.78 | 0.59 | 0.21 | 0.30 | 0.53 | 0.13
10 | 1.87 | 1.77 | 1.64 | 1.66 | 1.95 1.15 4 145|105 | 091 | 0.75 | 0.77 | 0.83 | 0.81 | 0.56 | 0.18 | 0.27 | 0.54 | 0.14
11 | 189 | 182 | 161 | 1.65 [ 194 | 1.11 | 143 | 1.05 | 091 | 0.77 | 0.81 | 0.84 | 091 | 0.57 | 0.17 | 0.31 | 0.54 | 0.15
12| 191 | 148 | 162 | 152 | 184 | 1.104 140 |/ 115 091 | 0.77 | 0.81 | 0.85 | 0.92 | 0.65 | 0.10 | 0.31 | 0.54 | 0.14
13 | 191 | 140 | 1.74 | 158 | 181 | 112 | 140 | 1.17 | 088 | 0.76 | 075 | 0.86 | 0.89 | 0.73 | 0.07 | 0.34 | 0.54 | 0.14
14 188 | 167 | 1.81 | 1.61 | 1.55 | 1.09 | 143 |.1.22 | 0.87 | 0.78 | 0.73 | 0.84 | 0.84 | 0.83 | 0.07 | 0.34 | 0.55 | 0.12
151182 | 189 | 1.88 | 1.79 | 1.56 | 0.99 | 145 | 1.21 | 0.86 | 0.80 | 0.76 | 0.83 | 0.83 | 0.74 | 0.06 | 0.31 | 0.60 | 0.11
35 |1.86 | 1.96 | 1.54 | 169 {138 | 1.12.| 1.28.|.1.32.| 090 | 0.74 | 0.72 | 0.73 | 0.71 | 0.83 | 0.06 | 0.30 | 0.47 | 0.15
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XXXl

Frekuensi (Hz)

NO 50.00 | 48.51 | 46.38 | 44.47 | 42.56 | 40.43 | 38.51 | 36.60 | 34.47 | 32.56 | 30.43 | 28.30 | 26.39 | 24.48 | 22.56 | 20.43 | 18.52 | 16.39
36 | 191 |19 | 168 | 1.63 | 1.46 | 098 | 1.27 | 1.30 | 0.81 | 0.74 | 0.76 | 0.78 | 0.75 | 0.83 | 0.06 | 0.30 | 0.49 | 0.11
37 | 194 | 195 | 1.72 | 158 | 1.73 | 0.84 | 1.14 | 1.26 | 0.77 | 0.74 | 0.80 | 0.79 | 0.76 | 0.78 | 0.07 | 0.30 | 0.48 | 0.12
38 | 189 | 194 | 168 | 1.55 | 1.82 | 096 | 1.34 | 1.25 | 0.88 | 0.70 | 0.73 | 0.81 | 0.79 | 0.77 | 0.07 | 0.29 | 0.47 | 0.14
39 | 191 | 194 | 175 | 156 | 1.91 | 116151 | 1.22 | 0.90 | 0.69 | 0.66 | 0.79 | 0.80 | 0.72 | 0.07 | 0.29 | 0.41 | 0.12
40 | 193 | 195 | 1.78 | 1.58 |.2.02 | 1.18 | 158,121 | 1.01 | 0.65 | 0.79 | 0.80 | 0.80 | 0.71 | 0.07 | 0.27 | 0.38 | 0.18
41 | 190 | 1.95 | 1.76] 250 | 2.03 | 1.30 | 1.58 }1.22,| 1.07 | 0.61 | 0.81 | 0.95 | 0.78 | 0.72 | 0.07 | 0.26 | 0.39 | 0.23
42 | 141 | 195 |1/5| 140 | 199 | 132 | 157 | 1.28 | 1.07 | 0.63 | 0.83 | 098 | 0.74 | 0.74 | 0.07 | 0.24 | 0.36 | 0.24
43 | 160 | 1,94 4 1.77 | 1.70 | 193 | 1.33 | 157 | 1.29 | 1.06 4. 0.69 | 0.83 | 0.94 | 0.55 | 0.76 | 0.07 | 0.25 | 0.34 | 0.24
44 | 1.66 j©194 | 1.84 jodu70 | 1.83 | 1.27 },156 | 1.30 | 1.06|.0:71 | 0.82 | 0.91 | 0.51 | 0.76 | 0.07 | 0.26 | 0.29 | 0.23
45 | 1.70 4 193 | 185 | 159 | 1.72 | 1.26 | 153 | 1.30 | 1.04 | 0.75 0.78 | 0.78 | 0.44 | 0.76 | 0.07 | 0.27 | 0.30 | 0.19
46 | 172 | 193 | 184 | 124 | 1.71 | 1.21 | 152 | 131 | 095 | 0.75 | 0.77 | 0.71 | 0.50 | 0.74 | 0.07 | 0.28 | 0.30 | 0.17
471188 | 190 | 184 | 1.19 | 169 | 121 | 149 | 131 | 093 | 0.75 | 0./8 | 0.74 | 0.49 | 0.74 | 0.07 | 0.31 | 0.30 | 0.17
481 190 | 1.83 | 184 | 1.37 | 167 | 1.22 | 150 | 1.30 | 0.79 | 0.86 | 0.72 }.0.73 | 0.55 | 0.75 | 0.07 | 0.32 | 0.33 | 0.15
49 | 188 | 1.78 | 1.90.( 1.33 |.1.66 | 121 | 452 | 1.28 | 0./3 | 0.87 | 0.75 | 0.73 | 0.57 | 0.81 | 0.08 | 0.34 | 0.40 | 0.14
50 | 1.84 | 1.80 | 1.91 | 1.20 | 151 121 | 154 | 1.22 | 0.69 | 0.85 | 0.74 | 0.73 | 0.67 | 0.82 | 0.08 | 0.34 | 0.42 | 0.18
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Data Hasil Pengukuran Frekuensi Getaran dan Akselerasi Getaran Saat Pengujian Kualitas Perakitan Komponen
Elektronika Pada Sumbu — Z

Tabel L.7 dan L.8 merupakan Tabel Data Hasil Pengukuran Frekuensi Getaran pada saat Pengujian Kualitas Perakitan
Komponen Elektronika pada Sumbu — Z Untuk Objek Uji 1 — Objek Uji 8.

Tabel L. 7 Data Hasil Pengukuran Frekuensi‘Getaran pada saat Pengujian Kualitas Perakitan Komponen Elektronika Pada Sumbu — Z
Untuk-Objek Uji 1 — Objek Uji 4

NO

Frekuensi (Hz)

50.00

48.51

46.38

44.47

42.56

40.43

38.51

36.60

34.47,| 32.56

30.43

28.30

26.39

24.48

22.56

20.43

18.52

16.39

49.41

47.85

4541

43.26

41.02

38.18

36.33

34.38

32.91 |, 30.96

28.13

26.07

23.73

21.39

19.04

16.41

11.62

11.23

49.41

47.85

45.41

43.36

41.02

38.18

36.33

34.38

32.91 | 30.86

28.13

26.07

23.73

21.39

19.04

16.41

11.62

11.52

49.41

47.85

4541

43.36

41.02

38.18

36.33

34.38

32.91 | 30.86

28.13

26.07

23.83

21.29

19.04

16.50

11.62

11.43

49.41

47.85

45.51

43.36

41.02

38.18

36.33

34.38

32.91 | 30.47

28.13

26.07

23.83

21.39

19.04

16.50

11.62

1143

49.41

47.85

45.51

43.36

41.02

38.18

36.33

34.38

32.91 | 30.47

28.13

26.07

23.83

21.39

18.95

16.50

11.62

1143

49.41

47.85

45.51

43.36

41.02

3818

36.33

34.38

32.91 | 30.47

28.13

26.07

23.73

21.48

18.95

16.50

11.72

11.43

49.41

47.95

45,51

43.36

41.02

38.18

36.33

34.38

32.91 | 30.47

28.13

26.07

23.73

21.48

18.95

16.50

11.91

11.43

49.41

47.85

45.51

43.36

41.02

38:18

36.23

34.38

32.91 | 30.47

28.13

26.07

23.83

21.48

18.85

16.50

11.91

11.13

O |00 [N O[O (W (N |-

49.41

47.85

45.51

43.26

41.02

38.18

36.23

34.38

32.91 | 30.96

28.13

26.07

23.83

21.48

18.85

16.50

11.72

11.04

[ By
o

49.41

47.85

45.51

43.26

41.02

38.18

36.23

34.38

32.91 | 30.96

28.13

26.07

23.83

21.48

18.85

16.50

11.82

11.04

[EEY
=

49.41

47.85

45.80

43.26

41.02

38.18

36.23

34.38

32.91 | 30.96

28.13

26.07

23.83

21.48

18.85

16.11

11.72

11.04

[EN
N

49.41

47.75

45.80

43.36

41.02

38.18

36.23

34.38

32.91 | 30.96

28.13

26.07

23.83

21.48

18.95

15.72

11.72

11.04

[ IRy
w

49.41

47.75

45.80

43.36

41.02

38.18

36.23

34.38

32.91 | 30.96

28.13

26.07

23.93

21.48

18.95

15.72

11.72

11.13

[EEN
IS

4941

47.75

45.90

43.46

41.02

38.18

36.23

34.38

32.91 | 30.96

28.42

26.07

23.93

21.48

19.04

15.72

11.72

11.13
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NO

Frekuensi (Hz)

50.00

48.51

46.38

44.47

42.56

40.43

38.51

36.60

34.47 | 32.56

30.43

28.30

26.39

24.48

22.56

20.43

18.52

16.39

15

49.41

48.05

45.90

43.46

41.02

38.18

36.23

34.38

32.91 | 30.96

28.42

26.07

23.93

21.48

18.95

15.82

11.33

11.23

35

49.41

47.85

45.51

43.46

41.11

38.09

36.23

34.38

32.91 | 30.76

28.13

26.07

23.83

21.39

18.65

16.11

11.43

11.33

36

49.41

47.95

45.51

43.46

4111

37.99

36.23

34.38

32.91 | 30.86

28.03

26.07

23.83

21.39

19.04

16.02

11.43

11.33

37

49.41

47.95

45.61

43:46

41.50

37.99

36.23

34.38

32.91 | 30.86

28.03

25.88

23.83

21.39

19.04

15.72

11.72

11.33

38

49.41

47.95

45.61

43.46

41.50

37.99

36.23

34.38

32.91 | 30.96

28.03

25.88

23.83

21.39

18.65

15.43

11.72

11.33

39

49.41

47.95

45.61

43.46

41.50

38.09

36.23

34.38

3291 | 30.96

28.03

25.98

23.83

21.48

18.65

15.43

11.72

22.56

40

49.51

47.95

45.41

43.46

41.50

38.09

36.23

34.38

32.91.30.96

28.03

25.98

23.83

21.48

18.65

15.43

11.72

11.23

41

49.32

47.95

4541

43:46

41.50

38.09

36.23

34.38

32.911.30.96

28.03

25.98

23.83

21.19

18.65

15.53

11.72

11.23

42

49.32

47.56

45.41

43.46

41.11

38.09

36.23

34.38

32.91 | 30.57

28.03

25.98

23.93

21.19

18.55

15.53

11.72

22.17

43

49.32

47.56

45.41

43.46

41.11

38.09

36.23

34.38

32.91 | 30.66

28.42

25.98

23.93

21.19

18.46

15.53

11.82

11.04

44

49.41

47.75

45.51

43.46

41.11

38.09

36.23

34.38

32.91 | 30.57

28.42

25.98

23.83

21.29

18.46

15.53

11.82

11.04

45

49.41

47.75

45.51

43.36

41.1%

38.09

36.23

34.38

32.91 | 30.96

28.03

25.98

23.83

21.29

18.75

15.53

11.91

11.04

46

49.41

47.75

45,51

43.36

41.11

38.09

36.23

34.38

32.91 | 30.96

28.03

25.98

23.83

21.29

18.95

15.53

11.91

11.04

47

49.41

47.85

45,51

43.46

41.11

38.09

36.23

34.38

32.91 | 30.96

28.03

25.98

23.83

21.29

19.04

15.53

11.91

11.13

48

49.41

47.85

45.61

43.46

41.11

38.09

36.23

34.38

32.91 | 30.96

28.03

25.98

23.73

21.39

19.04

15.53

11.91

11.13

49

49.41

47.85

45.61

43.46

41.11

38.09

36.23

34.38

32.91 | 30.96

28.03

25.98

23.73

21.39

19.04

15.53

12.01

11.13

50

49.41

47.85

45.61

43.46

41.11

38.09

36.23

34.38

32.91 | 30.96

28.03

25.98

23.73

21.39

19.04

15.53

12.01

11.13
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Tabel L. 8 Data Hasil Pengukuran Frekuensi Getaran pada saat Pengujian Kualitas Perakitan Komponen Elektronika Pada Sumbu — Z

Untuk Objek Uji 5 — Objek Ui 8

=z
o

Frekuensi (Hz)

50.00

48.51

46.38

44.47

42.56

40.43

38.51

36.60

34.47

32.56

30.43

28.30

26.39

24.48

22.56

20.43

18.52

16.39

49.02

47.46

45.61

43.65

4111

38.96

36.91

35.16

3291

30.66

28.32

25.98

23.73

21.39

19.04

16.41

11.62

11.62

49.02

47.46

45.31

43.55

41.11

38.96

QL

35.16

3291

30.66

28.32

25.98

23.73

21.39

19.04

16.41

11.62

11.62

49.02

47.46

45.31

43.55

41.11

39.26

37.11

35.16

3291

30.66

28.61

25.88

23.83

21.29

19.04

16.50

11.62

11.62

49.12

47.46

4531

43.55

41.11

39.26

37.01

35.16

3291

30.66

28.61

25.78

23.83

21.39

19.04

16.50

11.62

11.43

49.02

47.46

45.31

43.55

41.11

39.26

37.01

35.16

32,91

30.66

28.22

25.78

23.83

21.39

18.95

16.50

11.62

11.43

49.02

4775

45.31

43:55

41.11

39.36

37.01

35.16

32.91

30.66

28.22

25.78

23.73

21.48

18.95

16.50

11.72

11.43

49.02

47.75

45.61

43.55

41.11

39.36

37.01

35.16

33.01

30.66

28.22

25.78

23.73

21.48

18.95

16.50

1191

11.43

49.02

47.75

45.61

43.55

41.11

39.36

37.01

35.16

33.01

30.66

28.22

25.88

23.83

21.48

18.85

16.50

1191

11.43

O |00 (N[O (O Ww(N |-

49.02

47.66

45.61

43.55

41.11

39.36

37.01

35.16

33.01

30.57

28.22

25.88

23.83

21.48

18.85

16.50

11.72

11.13

iy
o

49.22

47.85

45.61

43.55

41.11

39.26

37.01

35.06

33.01

30.57

28.13

25.88

23.83

21.48

18.85

16.50

11.82

11.62

-
=

49.22

47.85

45.61

43.55

41.11

39.26

37.01

35.06

32.62

30.47

28.13

25.88

23.83

21.48

18.85

16.11

11.72

11.62

[EEN
N

49.22

47.85

45.61

43.55

41.11

39.26

37.01

35.16

32.71

30.57

28.22

25.88

23.83

21.48

18.95

15.72

11.72

11.62

=
w

49.22

47.85

45.61

43.55

41.11

39.26

37.01

35.16

32.71

30.57

28.22

25.98

23.93

21.48

18.95

15.72

11.72

11.62

=
5SS

49.12

47.85

45.61

43.55

41.11

39.26

37.01

35.16

32.71

30.57

28.22

25.98

23.93

21.48

19.04

15.72

11.72

11.62

[EY
(G2}

49.12

47.85

45.61

43.55

41.21

39.26

37.01

35.16

32.71

30.57

28.22

25.98

23.93

21.48

18.95

15.82

11.33

11.62

35

49.12

47.85

45.51

43.55

41.11

39.36

37.01

35.25

32.92

30.66

28.42

25.88

23.83

21.39

18.65

16.11

11.43

11.33

36

49.12

47.85

45.61

43.46

41.11

39.36

37.01

35.25

32.81

30.66

28.32

25.88

23.83

21.39

19.04

16.02

11.43

10.45

37

49.12

47.85

45.61

43.46

41.11

39.36

37.01

35.25

32.81

30.66

28.32

25.88

23.83

21.39

19.04

15.72

11.72

10.45
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XXXVII

NO

Frekuensi (Hz)

50.00

48.51

46.38

44.47

42.56

40.43

38.51

36.60

34.47 | 32.56

30.43

28.30

26.39

24.48

22.56

20.43

18.52

16.39

38

49.02

47.75

45.61

43.46

41.11

39.36

37.01

35.25

32.81 | 30.66

28.32

25.78

23.83

21.39

18.65

15.43

11.72

11.33

39

49.02

47.75

45.61

43.46

41.11

39.36

37.01

35.25

32.71 | 30.57

28.22

25.78

23.83

21.48

18.65

15.43

11.72

12.11

40

49.02

47.75

45.61

43.46

41.11

39.26

37.01

35.25

32.71 | 30.57

28.22

25.88

23.83

21.48

18.65

15.43

11.72

12.11

41

49.02

47.85

45.61

43.46

41.11

39.26

36.91

35.25

32.71 | 30.57

28.52

25.88

23.83

21.19

18.65

15.53

11.72

12.11

42

49.02

47.85

45.61

4346

41.11

39.26

36.91

35.25

32.71 | 30.57

28.52

25.88

23.93

21.19

18.55

15.53

11.72

12.11

43

49.02

47.85

44.92

43.46

41.11

39.26

37.01

35.25

32.81 | 30.57

28.52

25.88

23.93

21.19

18.46

15.53

11.82

12.11

44

49.02

47.85

45.61

43.46

41.11

39.36

37.01

35.25

32,81 | 30.57

28.61

25.88

23.83

21.29

18.46

15.53

11.82

10.94

45

49.02

47.85

45.61

43.46

41.11

39.36

37.01

35.25

32.81.30.57

28.13

25.88

23.83

21.29

18.75

15.53

1191

11.52

46

49.02

47.85

45.61

43.36

41.11

39.36

37.01

35.25

32.8130.57

28.13

25.98

23.83

21.29

18.95

15.53

1191

11.52

47

49.02

47.85

45.61

43.36

41.11

39.36

37.01

35.25

32.81 | 30.57

28.13

25.98

23.83

21.29

19.04

15.53

11.91

11.52

48

49.51

47.85

45.70

43.36

41.11

39.36

37.01

35.25

32.81 | 30.57

28.13

25.98

23.73

21.39

19.04

15.53

1191

11.43

49

49.12

47.85

45.70

43.36

41.11

39.36

37.01

35.25

32.81 | 30.57

28.42

25.98

23.73

21.39

19.04

15.53

12.01

11.43

50

49.12

47.75

45.70

43.46

41.11

39.36

37.01

35.25

32.81 | 30.57

28.42

25.88

23.73

21.39

19.04

15.53

12.01

11.43
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Tabel L.9 dan Tabel L.10 merupakan Tabel Data Hasil Pengukuran Akselerasi Getaran pada saat Pengujian Kualitas

Perakitan Komponen Elektronika pada Sumbu — Z.

XXXVill

Tabel L. 9 Data Hasil Pengukuran Akselerasi Getaran pada saat Pengujian Kualitas Perakitan Komponen Elektronika pada Sumbu — Z
Untuk Objek Uji 1 — Objek Uji 4

NO Frekuensi (Hz)

50.00 | 48.51 | 46.38"| 44.47 | 42.56 | 40.43 | 38.511'86.60.| 34.47 | 32.56 | 30.43 | 28.30 | 26.39 | 24.48 | 22.56 | 20.43 | 18.52 | 16.39
1 1185|202 |171] 170 | 165 | 1.30 | 162 | 1.08 |.1:46 | 091 | 093 | 1.10 | 0.88 | 0.69 | 0.58 | 0.17 | 0.38 | 0.11
2 | 184 | 200172 | 161 | 1.72°{ 4.30 | 1.60 | 1.12 | 146 |.0.75 | 0.93 | 1.12 | 0.81 | 0.67 | 0.65 | 0.17 | 0.35 | 0.10
3 1186 /7200 | 1.67 40261 | 171 | 131 |[,151 | 112 | 146|077 | 093 | 1.12 | 066 | 0.70 | 0.62 | 0.18 | 0.36 | 0.15
4 1189201 | 168 | 153 | 169 | 1.29 | 149 | 113 | 146 | 0.87 | 089 | 1.13 | 0.67 | 0.68 | 0.58 | 0.19 | 0.36 | 0.15
5 | 190|198 | 180 | 122 | 1.70 | 1.30 | 137 | 123 |.145 | 095 | 086 | 1.11 | 0.65 | 0.67 | 053 | 0.21 | 0.35 | 0.16
6.1201 | 175|184 | 131 | 171 | 132 | 128 | 111 | 145 | 095 | 082 | 1.04 | 0.77 | 0.66 | 0.56 | 0.22 | 0.33 | 0.15
7.1207 | 168 | 161 | 148 | 1.74 | 133 | 1,16 | 105 | 144 | 0.88 | 0.80.1.0.97 | 0.82 | 0.81 | 0.66 | 0.23 | 0.37 | 0.14
8 | 213 | 168 | 1.57.,.148 |.1.75 | 140 | 134 | 1.03 | 144 | 082 | 0.82 | 098 | 0.83 | 0.81 | 0.74 | 0.26 | 0.38 | 0.11
9 | 211 | 183 | 144 | 1.54 | 176+ 1424140 |1 098 | 144 | 076 | 0.84 | 1.06 | 0.87 | 0.76 | 0.86 | 0.26 | 0.37 | 0.12
10| 210 | 186 | 133 [ 176 | 1.7/ | 144 | 153 | 097 | 145 | 091 | 0.84 | 1.10 | 1.01 | 0.75 | 0.79 | 0.24 | 041 | 0.15
111 198 | 187 | 148 | 1.74 | 177 | 142 154 | 099 | 145 | 093 | 082 | 1.14 | 1.01 | 0.78 | 0.73 | 0.31 | 0.42 | 0.15
121183 | 181 | 160 | 145 | 1.77 |'141 | 154 | 104 | 1.46 | 096 | 0.73 | 1.14 | 095 | 0.86 | 0.50 | 0.42 | 0.44 | 0.15
13 176 | 1.74 | 159 | 147 | 177 | 140|152 (+1.05 | 146 | 097 | 069 | 1.13 | 091 | 0.88 | 0.46 | 0.48 | 044 | 0.14
141169 | 1.35 | 135 [ 174 | 176 | 141 | 151 [ 110 | 146 | 096 | 0.68 | 1.12 | 0.92 | 0.90 | 0.40 | 049 | 044 | 0.12
15 [\1.v0 | 1.33 | 1.29°1 190 | 1.76 | 144 | 139 | 111 | 146 | 094 | 067 | 1.12 | 096 | 0.81 | 0.28 | 0.46 | 0.51 | 0.12
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XXXIX

Frekuensi (Hz)

NGO 50.00 | 48.51 | 46.38 | 44.47 | 42.56 | 40.43 | 38.51 | 36.60 | 34.47 | 32.56 | 30.43 | 28.30 | 26.39 | 24.48 | 22.56 | 20.43 | 18.52 | 16.39
351213 | 160 | 158 | 199 | 1.30 | 096 | 155 | 1.09 | 143 | 076 | 0.70 | 0.95 | 1.08 | 0.74 | 0.62 | 0.37 | 0.38 | 0.43
36 | 211 | 169 | 157 | 198 | 129 | 091 | 156 | 1.11 | 144 | 080 | 0.76 | 0.71 | 1.09 | 0.69 | 0.62 | 0.33 | 0.38 | 0.43
37 1198 | 188 | 145 | 190 | 1.29 | 097 | 155 | 112 | 145 | 094 | 081 | 0.69 | 1.08 | 0.63 | 0.59 | 0.28 | 0.41 | 041
38 1194 | 186 | 156 | 186 | 1.29 | 415154 | 112 | 145 | 093 | 0.87 | 0.77 | 1.04 | 0.52 | 0.59 | 0.36 | 0.47 | 0.32
39 1148 | 161 | 1.37 | 1.82 (0129 | 142 1154 112 | 145 | 099 | 0.85 | 0.88 | 1.02 | 0.64 | 0.68 | 0.37 | 0.49 | 0.25
40 | 131 | 136 | 1.59°] 482 | 1.29 | 1.60 | 1.54 | %12, 145 | 087 | 0.82 | 0.94 | 094 | 0.64 | 0.69 | 0.34 | 045 | 0.23
41 1132 | 129 0169 ] 182 | 129 | 1.71 | 155 | 1.11 |, 144 | 0.79 | 0.73 | 1.06 | 092 | 0.62 | 0.67 | 0.39 | 0.44 | 0.23
42 | 146 | 1483 {197 | 186 | 134 | 172 | 156 | 1.11 | 144} 077 | 072 | 1.04 | 090 | 0.68 | 0.62 | 0.46 | 0.38 | 0.23
43 | 148 145 | 186 4283 | 1.36 | 1.714 |.158 | 1.11 | 1.44(0%9 | 0.73 | 1.00 | 0.89 | 0.73 | 0.54 | 0.49 | 0.39 | 0.24
44 1195 (136 | 182 | 1.71 | 1.38 [ 1.71 | 1.58 | 1.10 | 145 | 0.8 | . 0.72 | 1.00 | 0.90 | 0.71 | 0.52 | 0.49 | 0.40 | 0.24
45 | 224 | 170 | 194|159 | 138 | 171 | 157 | 1.10 | 146 | 0.80 }. 072 | 1.00 | 095 | 0.75 | 051 | 053 | 042 | 0.20
461,229 | 176 | 191 | 158 | 137 | 171 | 155 | 110 | 146 | 0.88 | 080 | 1.01 | 094 | 0.71 | 051 | 055 | 049 | 0.20
471228 | 179 | 149 | 1.71 |'1.34 | 171 | 153 | 106 | 1.45 | 097 | 082 1,101 | 0.75 | 0.68 | 0.53 | 0.57 | 0.54 | 0.29
48 | 228 | 196 | 181 183 [«133 | 1.70 | 453 | 105 | 145 | 098 | 0.85 | 1.01 | 0.80 | 0.72 | 0.67 | 0.58 | 0.54 | 0.44
49 | 229 | 205 | 193 | 1.89 | 131 | 169 155|100 | 145 | 100 | 089 | 1.03 | 0.81 | 0.73 | 0.71 | 0.58 | 0.48 | 0.45
50 | 231 | 185 | 1.82 | 166 | 1.30 | 168 | 1.56 | 097 | 145 | 0.98 | 0.88 | 1.04 | 0.72 | 0.72 | 0.70 | 0.58 | 0.52 | 0.48
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Tabel L. 10 Data Hasil Pengukuran Akselerasi Getaran pada saat Pengujian Kualitas Perakitan Komponen Elektronika pada Sumbu — Z
Untuk Objek Uji 5 — Objek Uji 8

x|

Frekuensi (Hz)

NO 50.00 | 48.51 | 46.38 | 44.47 | 42.56 | 40.43 | 38.51 | 36.60 | 34.47 | 32.56 | 30.43 | 28.30 | 26.39 | 24.48 | 22.56 | 20.43 | 18.52 | 16.39
1 1169|127 | 139 | 147 | 134 | 2.220.79 | 087 | 077 | 081 | 0.73 | 0.79 | 0.88 | 0.69 | 0.58 | 0.17 | 0.38 | 0.10
2 [ 173 1134|137 | 172 |.133 | 1.06 | 0.98.104 | 0.85 | 0.79 | 0.69 | 0.71 | 0.81 | 0.67 | 0.65 | 0.17 | 0.35 | 0.13
3 /170 146 | 160 278 | 1.34 | 128 | 1.0/} 412, | 099 | 0.79 | 068 | 0.73 | 0.66 | 0.70 | 0.62 | 0.18 | 0.36 | 0.13
4 1159 |12 |15871/8 |13 | 133|110 | 118 | 1.00 | 0.80 | 0.69 | 0.76 | 0.67 | 0.68 | 0.58 | 0.19 | 0.36 | 0.15
5 [ 153 | 121 (153 | 174 | 142 | 143 | 140 | 1.18 | 1.00 4. 081 | 0.75 | 0.88 | 0.65 | 0.67 | 0583 | 0.21 | 0.35 | 0.19
6 | 159 7146 | 138 jolu74 | 143 | 140 [\ 142 | 117 | 0.89].0:83 | 0.80 | 0.85 | 0.77 | 0.66 | 0.56 | 0.22 | 0.33 | 0.19
7 1160 (164 | 140 | 169 | 144 | 142 | 142 | 1.13 | 085 | 077 082 | 0.81 | 0.82 | 0.81 | 0.66 | 0.23 | 0.37 | 0.17
8 | A155 ] 165 | 150 | 1.74 | 144 | 145 | 142 | 110 |.0.85 | 0.74°,. 081 | 0.89 | 0.83 | 0.81 | 0.74 | 0.26 | 0.38 | 0.12
9 1,133 129 | 192 | 180 | 140 | 144 | 144 | 091 | 085 | 0.65 | 080 | 0.89 | 0.87 | 0.76 | 0.86 | 0.26 | 0.37 | 0.10
101146 | 125 | 197 | 198 | 136 (140 | 146 | 0.79 | 0./6 | 0.58 | 0.83 1,082 | 1.01 | 075 | 0.79 | 0.24 | 041 | 0.13
11 1 192 | 138 | 198,202 | 135 | 145 | 146 | 081 | 0.57 | 065 | 0.85 | 0.78 | 1.01 | 0.78 | 0.73 | 0.31 | 042 | 0.14
12 | 196 | 160 | 1.88 | 207 | 133 1494 1471088 | 0.56 | 0.67 | 0.85 | 0.77 | 0.95 | 0.86 | 0.50 | 0.42 | 0.44 | 0.17
13| 177 | 161 | 182 | 202 | 132 | 156 | 144 | 092 | 061 | 0.70 | 094 | 0.70 | 0.91 | 0.88 | 0.46 | 0.48 | 0.44 | 0.17
141186 | 177 | 177 | 197 | 127 1 158 141 , 1.05 | 059 | 086 | 095 | 0.75 | 0.92 | 090 | 0.40 | 049 | 0.44 | 0.17
151186 | 160 | 1.80 [ 184 | 136 | 160 | 1.35 [ 1.12 | 059 | 091 | 098 | 0.82 | 0.96 | 0.81 | 0.28 | 0.46 | 0.51 | 0.15
351185 | 209 | 163 | 1.97 | 1.29 | 154 | 147 | 1.39 | 0./2 | 0.98 | 0.80 | 092 | 1.08 | 0.74 | 0.62 | 0.37 | 0.38 | 0.18
36 | 185 | 212 | 1.81 ] 2.04 | 129 | 155 | 146 | 143 | 080 | 097 || 080 | 0.88 | 1.09 | 0.69 | 0.62 | 0.33 | 0.38 | 0.28
37 1162 | 205 | 193 | 207 |1.27 | 1.55 | 146 | 143 | 093 | 089 | 0.74 | 0.78 | 1.08 | 0.63 | 0.59 | 0.28 | 041 | 0.31
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xli

Frekuensi (Hz)

NGO 50.00 | 48.51 | 46.38 | 44.47 | 42.56 | 40.43 | 38.51 | 36.60 | 34.47 | 32.56 | 30.43 | 28.30 | 26.39 | 24.48 | 22.56 | 20.43 | 18.52 | 16.39
38 | 159 | 209 | 206 | 201 | 1.29 | 152 | 145 | 143 | 102 | 0.72 | 068 | 0.78 | 1.04 | 0.52 | 0.59 | 0.36 | 0.47 | 0.33
39 | 159 | 211 | 189 | 1.85 | 129 | 143 | 143 | 144 | 089 | 0.72 | 0.67 | 0.81 | 1.02 | 0.64 | 0.68 | 0.37 | 0.49 | 0.42
40 | 159 | 200 | 1.77 | 181 | 130 | 135 | 127 | 1.44 | 094 | 081 | 0.65 | 0.87 | 094 | 0.64 | 0.69 | 0.34 | 045 | 043
41 | 158 | 187 | 131 | 1.7/5 | 1.34 | 453 1»1.07 | 1.39 | 106 | 081 | 0.72 | 0.87 | 092 | 0.62 | 0.67 | 0.39 | 0.44 | 041
42 1 168 | 202 | 1.15 | 1./7 (0134 | 153 | 113 136 | 104 | 091 | 0.74 | 0.76 | 090 | 0.68 | 0.62 | 0.46 | 0.38 | 0.25
43 1168 | 217 | 1.137] 481 | 137 | 142 | 1.13 | 126, 098 | 1.03 | 0.72 | 0.71 | 0.89 | 0.73 | 0.54 | 0.49 | 0.39 | 0.20
44 1169 | 217 0112 1.71 | 140 | 144 | 125 | 1.24 |, 128 | 113 | 063 | 0.66 | 090 | 0.71 | 0.52 | 0.49 | 0.40 | 0.16
45 | 143 | 206 4119 | 167 | 140 | 149 | 148 | 1.26 | 128 |.1.23 | 062 | 0.68 | 095 | 0.75 | 051 | 053 | 042 | 0.14
46 | 1.32 [#196 | 1.50 4o263 | 140 | 154 | 155 | 1.34 | 135|123 | 069 | 0.67 | 094 | 0.71 | 0.51 | 0.55 | 0.49 | 0.13
47 1132 (192 | 155 | 1.71 | 1.39 [ 154 | 155 | 136 | 1.33 | 119 | 063 | 099 | 0.75 | 0.68 | 0.53 | 0.57 | 054 | 0.13
48 | 108 | 176 | 175 | 1./2 | 1.34 | 153 | 152 | 1387 |.133 | 115 |, 061 | 1.02 | 0.80 | 0.72 | 0.67 | 0.58 | 0.54 | 0.09
491,102 | 163 | 168 | 157 | 133 | 153 | 151 | 186 | 118 | 112 | 0./6.| 097 | 081 | 0.73 | 0.71 | 0.58 | 0.48 | 0.10
501102 | 138 | 162 | 153 | 132|152 | 141 | 135 | 095 | 1.09 | 0.76.1.0.89 | 0.72 | 0.72| 0.70| 058 ] 0.52 | 0.10
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Lampiran 6. Datasheet Sensor Accelerometer ADXL345

ADXL345

SPECIFICATIONS

T3, =26°C, Vs =25V, Veg o= 18 V, acosieration = 0 g, Ce = 10 yF tantakm, Gy =0.1 pF, ulput deta rate (ODR) = B00 Hez, urless
otherai ini i i ical spacificaions are not ]

heer Al minimum ™= are quaranieed. Typical
Table 1.
Paramaier Test Conditions Mn Ty M Unit
SENSOR INFLT Eachauis
Vs remen: Fange Liser sslsctatle 12,34, 48 218 7
Neriinsarity Pesosrtage of full scale 05 %
ik Afigarmei Errr 01 Degress
Croms-Aois Smnsiiity’ o %
OUTPUT RESCLUTION Eachasis
g Rarges it resiution 10 Bits
12 Range Fidl seanhuiien 1 Bt
14 g Range Fidlsesoheiion 1 Bits
18 Range Fidlsesciuiion 12 Bits
41l gRange Fidlsesnheiion 11 Eits
SENSITMTY Eachasis
Sereitty al Xour. Yur. Eou M grnges, bl resdion m B m (LS8
3, Wbt e tion = LERY
+4g, Wbt rstion s i Wi [LsBy
Bg, Webil rsshdion B LS
#1fi . 1045 rmsohsion n k-l ® LS
‘Serifity Deviaton forn kdeal Hlgranges il %
‘Seale Facter ot Koy, Your, Zor Mg ranges, il resiLtion 15 a8 43 |mglse
3, Wbt e tion 15 30 43 |mglsE
+4g, Wbt rstion (AT 1] & |mglsh
Bg, Webil rsshdion w188 175 |mglsB
#1fi . 1045 rmsohsion WE 32 M5 |mglse
‘Sersifety Change Dus i Temperatios A T
0 g OFFSET Exchauis
1 Dutped o Moy 1, Your | S0 |mp
O Duptfr 2oy 20 250 |mg
g Ouiped Devintion borm Meal, X, Your 435 my
g Duped Dievinion rom Meal, Zg, 7 ) my
01 et v Tormpacators for %, Yohoms 04 gt
g Offsel v Tempacalure for Z-Aais 102 mghC
NOISE
Ko, Yeloes 07 LS8 s
QDR = M0 Mz for 42 . 1046 resoion or
all rranges, Fu reschsion
Tz 11 LS8 me
QDR = 900 He for 12 . 1046 resobiien or
all prranges, Ful reschsion
OUTPLUT DLATA RATE AND BAKCWIDTH Uiser sslectable
Dutpu Diata Rate (ODRF ** (4] 0 ke
SELF.TEST®
Custped Change in NoAis o i |g
analag.com Rev. G| 3 of 36

ADXL345
APPLICATIONS INFORMATION
AXES OF ACCELERATION SENSITIVITY
Az
.
o
Figure 57. Axes of Accal Sensitivity (Corresponding Output Voltage lncreases When Accelerated Along the Sensitive Axis)

SRAVITY
Torr =ty S R
Yom=niy 3 o=
Zour=19 Zour= 08

Ko 20 Ko 202
o ol 8
Figure 58. Output Response vs. Orentation to Gravity
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i % Lampiran 7. Datasheet ESP32
N
N T T Table 1: ESP32-WROOM-32 Specifications
- O 9 &'
o = ~ Categories ltems Specifications
% 2 Q 3 RF certification See cartificates for ESP32-WROOM-32
2.3 -g = ~ Wi-Fi certification Wi-Fi Allance
N'Q 'Y — Certification
5 3 = F Bluetooth cartification BOB
o0 o Gireen certification RoHS/REACH
%s g Tast Rekability HTOLHTESLAUHAST/ TCT/ESD
o 5 - 80211 bvigin (802,110 wp to 150 Mbps)
§ - (1] Protocols: A-MPOU and A-MSDLU aggregation and 0.4 ps guard interval
= 3 § Wi-F o
=23 = o
ter frequency range of oper-
23 ~ ! 2412 ~ 2484 MHz
) % = ating channel
E =] ) Protocols: Blustooth w42 BR/EDR and Blustooth LE spedfication
g_ 3 Q MNZIF recaker with 97 dBm sensithity
o g g Blustooth Radio Class-1, class-2 and class-3 tranemittar
g3 = AFH
a. Q Not Recommended For Mew Designs (MRND)
o A Espreasif Systems & ESPaz-WEROOM-22 Dalashoot w34
'3 o Subrmil Documenlation Fesdhack
q
L -~
@ 1)
(1)
o
o
Q
Q
=
Q
~*
Q
c
w
o
c
-
<
=
~
Q
<
o
-+
=

Jaquins ueyingakusw uep ueywnjuesuaw eduey jui sin} efiey yninjas neje ueibeqas diynbusw buese|iqg ‘L

*yejesew njens uenefup neje yi3) uesinuad ‘uesode] uesijnuad ‘yejwi efiey uesiinuad ‘ ueniEuad ‘ueyipipuad uebupuaday ynjun efuey uedinbuad ‘e

1 Owearviesw
Categones Items Specifications
Audio CASD and SBC
50 card, UART, 5P, 8000, 120, LED PAWM, Motor PAWH,
Moduie bt 125, IR, pulse counter, GFIO, capacitive towch senaor, ADC,
. sracss DG, Two-Wire Automative Intesfaca (TWAIY), compatibla
with I5011898-1 (CAN Specification 2.0)
Integrated crystal 40 hHz crystal
Integrated SP| flash 4 MB
@ Hardwers Operating voitege/Power supply | 3.0V~ 36V
5 Operating current Awerage: B0 mA
g_ Minimwm cument debeered by 500 ma
= power supply
Recommendead 1i mibi-
3 menced opsrEing MR | _40+C~ +85°C
g‘ ent tempersture remgs
':_I. Pachkege size 18 mm = 25.5 mm = 3.10 mm
; Maisture sensitivity level (MSL) Lewed 3
Q
T
Q
T
c
=
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Charter 1 Installation and wiring

1. Main circuit terminal and function description
(1) Single-phase to three-phase (for AT1, AT4)
1 7 n f {1

|

anlG AC lfpu:q: W

ety Function description
LN Single phase AC 220V input terminal
U.v.w |Output terminal connect to Three phase
s ¥ (220V-AT1) (380V-AT4)AC motor
GND Grounding terminal

(2) Single-phase input and output (for AT2)

'} 1} { |
||
“enn'y | NTWE ViUl
220V main col [ *Go"""
220V _input Jingle phase AC to motor,

Terminal label Function description
LN Single phase AC 220V input terminal
Output terminal connect to Single
U v,w i phase 220V AC motor ¢
GND Grounding terminal

Lampiran 8. Datasheet VFD XSY-AT2-0750X

xliv

(2). Single-phase input and output (for AT2)

(220V single

phase motor, Non-removed capacitor

/ Removed capacitor)

Two phase

breaker
) L

Single phase A

power 220V )

GND

External analog ~
voltage input |~

Single phase
20V

220V Main | g 6 20V Motor
coll between P

G—ON  |WandV_ | VO

1 )
—E BBk nmininisie >
I U (optional) \I

(Connect secondary|e~a-
JIGN
coil after removed [SND

oXi P
bxo
o
[» X4
I TA|
X5 =
r X _IB| Relay output
Y X6 | .
‘:'/r,EA (optional)
con 23
A Open collector
# | output
< COn
vL1/CI
- ? 10V/5¥
915V

I

Chapter 2 Parameter specification
1. Parameter specification

Paramet P\u?”xn.:r Pararmeter range Dhefianal Uit
er b]:!.'\i.':lﬁl.'u.'l:lml.
Py Maximum vollage O—X200 38000 2D v
Pl Reference frequency 0-—-400.0 30 Hz
P2 Intermediate voltage (2200038000 10190 v
3 Intermediate (14000 25 Hz
frequency
P Minimum voltage 0220038000 L1} W
POs M Frequemsey 0-—-400.0 L1} Hz
Pt Maximuin operating 0-—-400.0 65.0 Hz
7 Minimum operating 0—400.0 L1] Hz
POg Hide password 0633535 LT
PO Input password O—H33535 0
0: Panel keyboard;
'Wm'khlg fr\:qumu::-' 1: Panel pcm:m:‘unu‘:bcr'.
PlO - . 1
SOUTCE 2: External analog signal
3 RE4RS
L 0 Panel keyboard;
[Slart'siop I RE485:
Pl control source : o 0
2: External port
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Lampiran 9. Datasheet BONZER VIBRATOR MOTOR BMV-40/2M-2

© Hak Cipta milik Politeknik Negeri Jakarta
Hak Cipta:

1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :
a. Pengutipan hanya untuk kepentingan pendidikan, penelitian, penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
tanpa izin Politeknik Negeri Jakarta



