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ABSTRAK

Sistem Fan Coil Unit (FCU) merupakan salah satu penerapan dari sistem
HVAC. Dengan menggunakan otomasisasi berbasis PLC Outseal pada sistem
Fan Coil Unit dapat menghemat penggunaan daya listrik. Oleh karena itu
minimnya pengetahuan mengenai sistem.«Fan_Coil_Unit menjadi landasan
penulis untuk membuat suatus miniatur sistem beserta. kondisi suatu
ruangan/bangunan yang dipasang sistem FCU. Dengan melakukan.perancangan
dan perealisasian pada tugas akhir, dapat memudahkan proses pembuatan
karena pembuatan berjalan sistematis dan terkeordinasi dengan rancangan
yang telah.dibuat. Pada sistem Fan Coil Unit, pengendalian kecepatan putaran
cooling fan dapat divariasikan'sesuai dengan mengatur frekuensi input cooling
fan,/dan dikendalikan oleh VFD berdasarkan suhu yangterdeteksi. Suhu yang
terbaca dan menjadi sebuah data akan-dikirim ke PLC Outseal lalu PLC dapat
menjalankan mode apa yang akan diaktifkan olen VED. Setelah data diterima
olen VFD maka akan memerintahkan frekuensi input-cooling fan yang sudah
diatur, dan menghasilkan putaran. Setelah melakukan Pengujian pada setiap
komponen, Pengukuran pada setiap sambungan mendapat hasil yang tidak jauh
dari kondisi ideal 0,7 €, Pengukuran Tegangan yang sesuai dengan frekuensi
10Hz dan Pengujian sensor dengan error kesalahan 0,7% saat sistem berjalan
telah mendapatkan hasil yang baik, sehingga Miniatur Sistem Fan Coil Unit
(FCU) dapat diselesaikan dengan tepat dan handal.

Kata kunci : Fan Coil Unit, FCU, Rancang Bangun, HVAC

Vi Politeknik Negeri Jakarta



ejie)er 1abap yiuyaMjod uizi eduey

s
b
(1]
3
Q
c
=,
T
o
3
!
Q.
o
=
3
[}
=
c
=
=
Q
=]
=
[}
T
(]
=
.
=
Q
o
=]
<
o
=
Q
3
Q)
-
o
=
ol
or
-
m
=
=4
=
P4
[
Q
(1]
=5
—
o
=
o
=
o
o

N
= -
Br7
Q =
5 2@
Qe 5
35S
= =
=
323
c ()
=
235
o c
- ~
£& 7
5 =%
SRS
] =
238
T 55
= 3o
o
s 5 3
= =
T< B
o 2
g
s Q7P
Q =
59
3 =
'ﬂ_l' Y
8 97
< °
w ]
® oS
£ 3 <
c ]
25
3 0%
2 o<
s o
= —
€9 3
= x =
e
3. °
a
o g
o —
3 8
8 5
o
z S
o
~ 3
5 T
Sy
- =
c £
= @
o
=
-~
-
=
-~
Q
ad
o
s
o
3
()
s
o
=
w
'
i)
Cad
s
3
o
w
o
)
=3

i
m
x
8]
T
-+
8

=
o
o
0
©
-~
Y
3,
=
)
o
=
®
x
=,
=
=
m
Q
0
=
e
o
o
3
1
-+
Y

—
2
o
-
o
3
Q
3
[}
=
Q
c
=
T
(7]
()
o
o
Q
o
=)
o
-
o
c
(7]
o
c
-
c
=
~
o
-
<
o
-
<
©w
2
-
o
=
T
o
3
[}
=
n
o
3
-
s
=
>
o
=
Q.
o
3
3
[}
=i
<
[}
T
c
-
=
o
>
(%)
c
3
o
[}
-

ABSTRACT

The Fan Coil Unit (FCU) system is one of the applications of the HVAC system.
By using automation based on PLC Outseal on the Fan Coil Unit system, you can
save electricity consumption. Therefore, the lack of knowledge about the Fan Coil
Unit system is the basis for the author to_create a.miniature system along with the
condition of a room/building thatis.installed with an FCU.system. By designing
and realizing the final project; it can facilitate the manufacturing process because
the manufacture runs systematically and coordinated with the designs that.have
been made. In.the Fan Coil Unitsystem, the control of the cooling fan rotation
speed can be varied according to the cooling fan input frequency, and Is
controlled by the VFD based on'the detected temperature. The temperature that is
read and becomes a data will be sent to the PLC Qutseal then the PLC can run
what mode will be activated by the VVED. After the data is received by the VFD, it
will command the cooling fan input frequency that has been set, and generate
rotation. After testing each component, measurements at each connection got
results that were not far from the ideal condition of 0.1 Q; Voltage Measurements
were in accordance with the 10Hz frequency and. Sensor testing with 0.7% error
errors when the system was running had good. results, so that Miniature Fan Coil

Unit System (FCU) can be completed precisely and.reliably.

Keywords : Fan Coil Unit, FCU, Design, HVAC
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BAB |

PENDAHULUAN

1.1 Latar Belakang

Seiring dengan perkembangan zaman, kebutuhan manusia akan kualitas
oksigen semakin meningkat. Dikarenakan.semakin: banyaknya populasi manusia
dan polusi yang dihasilkan, terlebth lagi polusi udara. Untuk. meningkatkan
kualitas kesehatan pada diri manusia, kesehatan udara disekitarnya pun perlu

diperhatikan.

Pada sistem HVAC (Heating, Ventilating, Air Conditioning). terdapat
proses.pengaturan udara untuk menciptakan udara panas., pertukaran udara, dan
pengkondisian udara. Ketiga fungsi tersebut saling berhubungan, karena dapat
mengatur suhu dan kelembaban. udara dalam ruangan. Biasanya dalam gedung
dan bangunan, suatu rancangan, instalasi, kontrol dari fungsi ini dijadikan dalam
suatu ‘sistem tunggal, yaitu “HVAC”. Instrumentasic pada HVAC terdiri dari
Chiller, FCU/AHU dan Cooling Tower. Pada laporan.ini kita akan membahas
Sistem Fan Coil Unit (FCU), FCU adalah perangkat sederhana yang terdiri dari
kumparan (Coil) dan kipas.. FCU" digunakan untuk mengontrol suhu dalam
ruangan yang dikendalikan oleh.on/off. switch atau. thermostat. (Hendrawan &
Hariyadi, 2017)

Minimnya pengetahuan pada kaum awam yang akan teknologi ini,
menyadarkan ‘penulis bahwa perlu adanya edukasi yang interaktif dengan
membangun sebuah. miniatur sederhana untuk sistem Fan Coil Unit (FCU)
tersebut. Rancang' bangun miniatur._sistem FCU _dibuat.untuk melakukan
pengontrolan peralatan mekanik dan elektrikal-secara cepat, tepat dan efisien
sehingga terciptanya manajemen energi yang baik. Sistem ini dibuat mewujudkan
sistem otomatisasi dalam Rancang Bangun miniatur Sistem Fan Coil Unit (FCU)
Berbasis PLC Outseal yang tersistem secara otomatis.

1 Politeknik Negeri Jakarta
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1.2 Perumusan Masalah
Permasalahan pada laporan Tugas Akhir ini didasarkan pada permasalahan
yang dikemukakan seperti :

1. Bagaimana membuat rancang bangun miniatur sistem Fan Coil Unit (FCU)?
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2.

2. Bagaimana pemilihan komponen pada miniatur.sistem Fan Coil Unit (FCU)?

3. Bagaimana cara kerja komponen‘pada miniatur sistem Fan Coil Unit (FCU)?

1.3 Tujuan

Adapun tujuan daripembuatan Tugas Akhir ini adalah :

1. Mengetahui tentang pembuatan rancang bangun minniatur miniatur sistem

Fan/Coil Unit (FCU).

Dapat memilih komponen yang tepat-dan_handal untuk miniatur sistem Fan

Coil Unit (FCU).

3. Memahami cara kerja komponen yang.terdapat pada sistem Fan Coil Unit
(FCU).

1.4 'Luaran
Luaran yang diharapkan dari Tugas Akhir ini adalah tersedianya Miniatur
Sistem Fan Coil Unit (FCU) berbasis PLC menggunakan \VVED.
4. Buku'laporan tugas akhir.
5. Artikelilmiah.
6. Prototype dari Miniatur Sistem« Fan_ Coil “Unit (FCU) berbasis PLC
Outseal.
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BAB V

PENUTUP

5.1  Kesimpulan
Dari Pembuatan Rancang Bangun Miniatur Sistem Fan Coil Unit (FCU)
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yangtelah dilakukan penulis sampaikan diatas‘dapat.diambil kesimpulan sebagai
berikut:

1.

Dalam melakukan perancangan diperlukan komunikasi sesama anggota
kelompok agar saat merealisasikanalat tersebut dapat berjalan dengan

lancar.

ejie)er 1abap yiuyaMjod uizi eduey

2. Fan/Coil Unit (FCU) merupakan salah satu rangkaian dari Sistem
HVAC.

3. Fan Coil Unit (FCU) pada dasarnya mendaur ulangatau mensirkulasikan
udara.

5.2 ' Saran

Saran penulisan dalam pembuatan Miniatur Sistem<Fan Coil Unit (FCU)
Berbasis PLC Outseal:

1. Saat menggunakan tegangan AC dan: DC, Harus diperhatikan Phasa
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dan Netralnya. Karena dapat merusak komponen saat Phasa dipasang
terbalik.

2. Penggunaan sensor suhu: harus diperhatikan IC nya karena mudah

mengalami kerusakan.

3. Penggunaan = PLC  OQutseal dapat berjalan lambat sehingga
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L. Datasheet Komponen

Spesifikasi :
Berat.: 200 gr
Tegangan. : Max. 24 VDC
Kapasitas Flash : 32Kb
Jurnlah Digital Input : 8 Sinking
Jumlah Digital Qutput: 8
Analog. : 2 (4-20mA / 0-5V)
High Speed Counter : 1
Com : Serial Port
Kabel Program : USB Type B Untuk Printer (Not Include)
Konektor : Screw Terminal (Lebih kokoh dan Kuat)
Konektor : Modul : Bluetooth HCO5, HCO6, RTC DS3231, Konektor ISP 6
Pin
Port Serial TTL
Porti2e
Switching Regulator
upport Software Outseal Studio
Program dengan Ladder Diagram

Gambar L.1 Spemﬂkal 'l l/‘ \\
Fea!ures ’

Calibrated directly in * Celsius (Centigrade)
Linear + 10.0 mV/*C scale factor

0.5°C accuracy guaranteeable (at +25°C)
Rated for full -55° to +150°C range
Suitable for remote applications

Low cost due to waferlevel timming
Operates from 4 to 30 volts

Less than 60 pA current drain

Low self-heating, 0.08°C in still air
Monlinearity only +14°C typical

Low impedance output, 0.1 O for 1 mA load
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+ RAYDENM Cooling Fan AC 220V ukuran 12 x 12 x 3.8 cm / Kipas
+ Cooling Fan Merk RAYDEN

+ Ukuran:12cmx 12 cmx 3.8 cm { tebal ).

+ Input : 220 volt

+ Frekuensi: 50/ 60 Hz

« Arus 014A

« Watt = 30, Bwatt

undede ynjuaq wejep
Jaquins ueyyngakusw uep ueywnjuedusw eduey

Gambar L.3 Spesifikasi Cooling Fan
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.
.

3. Wiring

33 110 terminal block specification

P4 P5 VR V1 CM

m@@@@@@

1T = [

30% 308 20C

MO exta P24 P1 P2 CM P3

Ses

(T [ [ [

Terminal Terminal Description Wire size [ Torque (Nm) | Note

P1/P2/P3 | Multi-function input T/M P1-PS 22 AWG, 0.3 mm? 0.4

P4/PS

M Common Terminal for P1-PS, 22 AWG, 0.3 mm’ 0.4
AM, P24

7Vﬂ 12V power supply for external 22 AWG, 0.3 mm’ | 0.4
potentiometer

Vi 0-10V Analog Voltage input 22 AWG, 0.3 mm? 0.4

I 0-20mA Analog Current input 22 AWG, 0.3 mm? 0.4

AM Multi-function Analog output 22 AWG, 0.3 mm* 0.4

MO Multi-function open collector 20 AWG, 0.5 mm? [ 0.4
output T/M

EXTG Ground T/M for MO 20 AWG, 0.5 mm? 0.4

P24 24V Power Supply for P1-PS 20 AWG, 0.5 mm* [ 0.4

304 Multi-function relay A/B 20 AWG, 0.5 mm? 0.4

308 contact output 20 AWG, 0.5 mm? 0.4

30C 30A, B Common 20 AWG, 0.5 mm* 0.4

Note: Tie the control wires more than 15cm away from the control terminals. Otherwise, it interferes

front cover reinstallation.

Note: When you use external power supply for multi-function input terminal (P1~P5), apply voltage

more than 12V to activate.

3-4

Gambar L.4 Terminal 1/O Inverter LS
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5. Programming keypad

5. Programming Keypad
5.1 Keypad features
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FWD Lit during forward run Blinks when a fault occurs

REV Lit during reverse run

7-Segment Displays operation status and parameter information

(LED Dispiay)

RUN Used to give a run command

STOP/RST STOP : Stop the operation RST : Reset faults
©w 4-WAY BUTTON Programming keys (UP/Down/Left/Right arrow and Prog/Ent keys)
§ A upP Used to scrod through codes or Increase parameter value
& v Down Used to scroll through codes or decrease parameter value
g < | Left Used to jump to other parameter groups or move a cursor 1o the left to change the
g parameter value
3. » Right Used to jump to other parameter groups or move cursor to the right to change the
; parameter value
% L] | Prog/Ent Used to set the parameter value or save the changed parameter value
< rey
g Potentiometer Used to change the value of run frequency

5-1 Sv-iC5

Gambar L.5 Keypad Inverter LS
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7. Function list

7. Function list
Drive Group
LED Parameter Min/Max Factory Adjustable
Description Page
display name range defaults  during run
0.0 [Frequency 0/400 s This parameter sets the frequency that the | 0.0 o 91
command] [Hz] Inverter s commanded to output.

*  Dunng Stop: Frequency Command

= Dunng Run: Output Frequency

s During Multi-step operation: Multi-step
frequency 0.

*  Itcannot be set greater than F21- [Max

frequency].
ACC |Accel time] 0/6000 s During Mutti-Accel/Decel operation, this 5.0 (o] 9-10
dEC: hlo;cel nme]ﬂ 7 [sec] parameter serves as Accel/Decel time 0. 1707.0 0 9—1{
Drv [Drive mode] 0/3 0 | Run/Stop via Run/Stop key on the keypad | 1 X 97
(Run/Stop > Run/Stop [ FX: Motor forward run 97
mode) via control | RX :  Motor reverse run

terminal FX: Run/Stop enable
RX : Reverse rotation select

3 | Operation via Communication Option

Frg [Frequency o8 0 | Digtal Setting via Keypad 1 0 X 91
mode] 1 | Setting via Keypad 2 91
Analog Setting via potentiometer on 9-2
2 the keypad(V0)
T Setting via V1 termina! 93
4— Setting via | terminal 93
5— Setting wia potentiometer on 3—4_ ‘
the keypad + | terminal
6— Setting via V1 + | terminal loa
| Setting via potentiometer on | 95

the keypad + V1 terminal

8 Modbus-RTU Communication

St | [Mutti-Step 0/400 Thes parameter ;eis Mutti-Step frequency 1 10.0 o 96
frequency 1] [Hz] during Multi-step operation.

S22 [Mutti-Step This parameter sets Multl-Step frequency 2 20.0 (o] 96
frequency 2] during Multi-step operation.

St3 | [Musti-Step This parameter sets Multl-Step frequency 3 300 o} 96
frequency 3] during Mult-step operation.

7-1 SVv-iC5
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98 x 9o
oo
5 vr3n 3
g 33T = Function group 1
((e] ~-*
o (= 50 o *‘ LED Parameter Min/Max Factory Adjustable
3 g3 Description
" T o0 o display name range defaults  during run
9 53
g S5 TQ (] FO [Jumg coe) &0 This parameter sets the parameter code 1 u] 55
s o g s' E ber 1
o o number o jmp.
E 85T ) 1 1
3 T ew = F1 [Forwands w2 0 Fwd and rev run enable 0 X o8
()
5' % % g' !. Rewerse run 1 Forward run disable
g_ c ,’:‘E. ~ dizabie] 2 | Reverse run disable
o
g ‘% 25 % Fz [Acced pattern] | 0V1 0 | Linear o ® 8-13
3 g % go ((e] F3 [Decal pattarn) 1 S-curve
g -3 “5:' £ Q Fd [Stop moge | 02 0 | Decelarate 1o stop o X o-18
-—
'g g g o — select] 1 | Stop via DC brake
E' .:-’.'gs ) 2 | Free run to st
s 535 = *
a g Q. : [+1) F& [DC Brake 6D [Hz] | =  This parameter sets DC brake stan 5.0 x 1041
o g -
% = ;‘3 g 1) start frequency.
3 E 52 freguency| = It cannot be et betow F23 - [Stan
g- Q 'g (-4 frequency].
%- 5 3 2. Fa [DC Brake a0 [sec] | = When DC brake frequency s reached. the 01 x 1041
: E' § = wait time] Inverter hokds the output for the setting tme
-
™ ? 2 g before starting DC brake.
ﬁ =% g Fi0 [DC Brake 07200 = This parameter sets the amount of DC 50 X 10-1
% % g 3 voltage] [4a] voltage applied to a motor.
c = g‘g s Itis setin percent of H33 — [Motor rated
>%Z50
= % = g current].
3 % 5 E F11 [DiC Brake WED [sec] [ =  This parameter sets the Bme taken to 1.0 = 10-1
o I 2_ ; time] apply DC current to a motor while motor i at
e
< % i g a stop.
= o
2. g = g. F12 [DC Brake 200 = This parameter sets the amount of DC i x 10-2
5 -
E: o .g = start voltage] | [%] voltage before a motor starts to run.
o 2 2 = [tis sat in percent of H33 — [Motor rated
g g% | current]. |
g‘ = o F13 [DC Brake a0 [sec] | = DC voltage is applied to the motor for DC i} x 10-2
c
3- 'g ; start time) Brake start time before motor accelarates.
; g g F14 [Time for W60 [sec] | =  This parameter applies the curent o & 1.0 x 10-11
% "U 2 magnetizing & motor for the set ime before motor
% g 3_ meior] accelerates during Sensorfess vector control.
§ E Q 1) : Set F4 1o 1 (Stop wia DC brake ) to view this function
g .
) =
= 7-3 SV-iC5
=
)
&
c
(=1
=
8
<
Q
>
2
g
3
Q
]
v
=
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7. Function list

Function group 1

Parameter MinMax Factory Adjustable
Description
range defaults  during run
F20 {Jog 0/400 = This parameter sets the frequency for Jog 10.0 10-3
frequency] [Hz] operation.
*  [tcannot be set above F21 — [Max
frequency).
F21 [Max 40/400* | =  This parameter sets the highest frequency 60.0 9-19
frequency) [Hz] the inverter can output.
* |t frequency reference for Accel/Decel
{See H70)
s |f H40 is set to 3(Sensorless vector), & can
be settable up 1o 300Hz *.
or Caution : Any frequency cannot be set
above Max frequency.
F22 [Base 30/400 = The inverter outputs its rated voltage to 60.0 9-15
frequency] [Hz] the motor at this frequency (see motor
nameplate). In case of using a 50Hz motor,
set this to 50Hz.
F23 [Start 0.1/10 = The Inverter starts to output its voitage at 05 9-19
frequency] [Hz] this frequency.
*  |tis the frequency low kmit.
F24 [Frequency on s This parameter sets high and low kmit of 0 9-19
high'iow limit run frequency.
select]
F25 [Frequency 0/400 *  This parameter sets high limit of the run 60.0
2) high limi) [Hz] frequency.
*  |tcannot be set above F21 — [Max
frequency).
F28 [Frequency low | 0/400 s This parameter sets low limit of the run 0.5
limit) [Hz] frequency.
*  |tcannot be set above F25 - [Frequency
high limit] and below F23 - [Start frequency).
F27 [Torque Boost | O/1 0 Manual torque boost 0 917
select) 1 Auto torque boost
F28 [Torque boost | 0V15[%] | =  This parameter sets the amount of torque 5 917
in forward boost applied to a motor during forward run.
direction) * |tis set in percent of Max output voltage.

7-4
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.
.

7. Function list

Function group 1

LED Parameter Min/Max Descrigtion Factory Adjustable
display name range defaults  during run
F20 [Torque boost s This parameter sets the amount of torque 5 X 917
in reverse boost applied to a motor during reverse run
direction)] = |tis set as a percent of Max output voltage
F30 | [VIF pattem] [ o2 0 7 {Unear} 0 X | 8-15
1 {Square} 8-15
2 {User VIF) . 9-16
F31 [User VIF /400 Hz] | »  This parameter is active when F30 - [VIF 15.0 X 9-16
3) freguency 1) pattern) is set to 2 {User V/F}
F32 | [User VIF | 0100 %] | It cannot be set above F21 — [Max 25 X
vokage 1] frequency].
F33 [User VIF 0/400 [Hz] | * The value of voltage Is set In percent of 30.0 X
frequency 2] H70 — [Motor rated voltage].
7F34 [User VIF [ w100 (%] |* The values of the lower-numbered 50 X
voltage 2| parameters cannot be set above those of
F35 {User WF 0400 [Hz] | higher-numbered. 45.0 X
frequency 3]
F36 [User wiF | 01100 [%) ] 75 X
voltage 3|
Far [User VIF 0/400 [Hz) 60.0 X
frequency 4]
F38 (Tnu VIF 01100 [%) 100 X
voliage 4|
F39 [Output voltage | 40/110 s This parameter adjusts the amount of 100 X 9-16
adjustment) [%] output voltage
. The set value is the percentage of Input
voitage.
;:40 | [Energy-saving | 30 %) . This parameter decreases output voltage 0 i 0 | 1012
level] according 1o load status
Fs0 |Electronic o1 «  This parameter |s activated when the 0 0 121
thermal motor 1s overheated (bme-inverse)
select]
2) Only dl.sdayed when F2; (Freq High/Low limit select) is set to 1
3) Set F30 to 2 (User VIF) to display this parameter.
7-5 SV-iC5
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7. Function list

LED

display

Parameter

name

MinMax

range

Description

Factory

defaults

Function group 1

Adjustable

during run

Fs1 [Electronic 501150 s This parameter sets max curment capable 150 1211
4) thermal level [%] of flomng to the motor continuousty for 1
for 1 minute) minute.
» The set value is the percentage of H33 -
[Motor rated current)
* |t cannot be set below F52 —{Electronic
thermal level for continuous).
F52 [Electronic 50/150 = This parameter sats the amount of current 100
thermal level [%]) 10 keep the motor running continuously.
for continuous) * |t cannot be set higher than F51 -
[Electronic thermal level for 1 minute].
Fs3 [Motor cooling | O/1 0 Standard motor having cooling fan 0
method] directly connected to the shaft
1 A motor using a separate motor to
power a cooling fan.
Fs4 [Overioad 301150 s This parameter sets the amount of current 150 12-2
warmning level] | [%] 1o issue an alarm signal st a relay or mult-
function output terminal (see 154, 155).
* The set value is the percentage of H33-
[Motor rated current)
Fs5 [Overicad 0/30 fsec} | = This parameter issues an alarm signal 10
warning tme) when the current greater than F54- [Overioad
waming level] flows to the motor for F55-
[Overioad warning time).
Fs6 [Overoad tip | 011 *  This parameter tums off the inverter output 1 123
sedect] when motor is overloaded.
Fs7 [Overioad tnp | 30/200 « This parameter sets the amount of 180
level] [%] overload current.
* The value Is the percentage of H33-
[Motor rated current]
Fs8 [Overioad trip | O/60 [sec) | =  This parameter turns off the inverter output 60
time] when the F57- [Overload trip level] of current

4): Set FS0 to 1 to desplay this parameter

flows to the motor for F58- [Overioad trip
time].

44
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12-3
123

7. Function li
Function group 1
SV-iC5

range defaults | during run
= This parameter slops accelerating during
acceleration, decelerating during constant
speed run and stops decelerating during
During [ During
Deceleration | constant Acceleration
spead
Bit 1 BitD
] - [ -
1 = ¥
2 - | -
3 - v
'] v | -
5 I ¥
] o | -
7 ¥ ¥
= This parameter sets the amount of current
to activate stall prevention function during
Accel, constant or Decel run
= The set value is the percentsge of the
H33- [Motor rated current)
7-7

Li'r g

0
150

Bit2

During

deceleration.

30150
%]

H]

i: I :

E = E o= g

| = B 3 = 3

R a8 s
F

o B

Y ]
= [ [
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7. Function list

Function group 2
LED Parameter Min/Max Factory Adjustable
Description
display name range defaults during run
HO [Jump code] 1195 This parameter sets the code number to jump. ‘ 1 55
H1 {Fault history 1] | - ¢ This parameter stores information on the ‘ nOn 14
H2 [Fautt rustory 2] | - types of faults, the frequency. the cument and \ nOn i ‘
H3 {Fault history 3] | - the Accel/Decel condition at the time of fault. T
He | [Fauthstoryd] | - +  The last fault is automatically stored in the ‘ T
Hs [Fault history 5] | - H 1- [Fault history 1] ‘ nOn
HE [Reset fault 0/ ¢ This parameter clears the fault history 0
history] saved InH 1-5.
H? [Dwelt F23/400 | = When run frequency is issued, motor starts 5.0 10-5
frequency] [Hz] to accelerate afier dwell frequency is applied
to the motor during HB- [Dwell ime).
«  [Dwell frequency) can be set within the
range of F21- [Max frequency] and F23- [Start
frequency).
H8 [Dwell tme] 0/10[sec] | = This parameter sets the time for dwell 0.0
operation.
H10 [Skip 01 «  This parameter sets the fraquency range to | 0 9-20
frequency skip to prevent undesirable resonance and
select] wibration on the structure of the machine.
H1 [Skip 0/400 *  Run frequency cannot be set within the 10.0
1) frequency low | [Hz] range of H11 thru H16.
limnat 1] ¢ The frequency values of the low numbered
H12 [Skip parameters cannot be set above those ofthe | 15.0
frequency high high numberad ones.
limat 1]
H13 [Skip 200
frequency low
limat 2]
H14 [Skip 25.0
frequency high
limat 2]
H15 [Skip 30.0
frequency low
limit 3]

7-8
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.
.

LED

display

Parameter

name

MinMax

range

Description

7. Function list

Function group 2

Factory Adjustable

defaults

during run |

H16 [Skip 35.0
frequency high
limit 3]
H17 | S-Curve 1/100 [%] | Set the speed reference value 1o form a curve 40 [ 9-13
accel/decel &t the start during accel/decel. If it Is set higher,
start side linear zone gets smaller.
H18 S-Curve 11100 [%] | Set the speed reference value 1o form a curve 40
accel/decel at the end during accelidecel. If & is sat higher,
end side linear zone gets smaller.
H18 | [Output phase | 01 s Inverter turns off the output when the 0 . 12-5
loss protection phase of the inverter output (U, V. W) is not
select] properly connected.
H20 [Power On 0N *  This parameter is activated when drv Is set 0 9.9
Start select] to 1 or 2 (Run/Stop via Control terminal).
. Motor starts acceleration after AC power
is applied whie FX or RX terminal is ON.
H21 | [Restart after o s  This parameter Is active when drv s set to 0
fault reset] 1 or 2 (RunvStop via Control terminal).

*  Motor accelerates after the fault condition

is reset while the FX or RX terminal is ON,

1) Set H10 to 1 to be displayed.

# H17, 18is used when F2, F3is setto 1 S-Curve.

7-9
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= E 2 7. Function list
pZx o
v A
DT
3 g ﬂ. i Function group 2
-
50 Q *‘ LED Parameter ‘ Min/Max Factory Adjustable
5 3 e | Description
o M -u display Name | Range defaults during run
33 [ ]
-Q g H26 [Number of 010 s This parameter sets the number of 0 10-
o C
S o :ll. Auto Restart restart tnes after a fault occurs. 15
§ 1 o R f f
= $ x try] * Auto Restart is deactivated If the fault
,?. o = outnumbers the restart tnes
co =
~Q ~ s This function is active when [drv] is set
z D 2 2 (Run/St
53 ) to 1 or 2 {Run/Stop via control terminal).
g ,n.', Qo ¢ Deactivated during active protection
=8
s c 2 function (OHT, LVT, EXT, HWT etc.)
Q wn
g o : H27 [Auto Restart | 0/60 [sec] | * This parameter sets the bme between 1.0
'g E Q time] restart tnes.
23 5 H30 [Motortype | 0.222 |02 0.2 kW % 10-6
83 = select] 0.4 0.4 kW Automaticaly
< ) set
? o 0.75 0.75 kW
T s 15 1.5 kW
) 22 2.2kW
= 3. H31 [Number of 212 ¢ This setting s displayed via rPM in -
D -
= g motor poles] drive group.
'g g H32 [Rated slip 010 [y _{mmxp f _‘;)
E 3 frequency] [Hz] . U120 ) Automaticaly
=0 . set
£ R Where, /. = Rated slip frequency
=
5 g /= Rated frequency
S e P™ = Motor nameplate RPM
i ; P = Number of Motor poles
i g H33 [Motor rated 1.0/20 « Enter motor rated current on the -
g o current] (A] nameplate.
']
'g 3 H4 [No Load 0.112 *  Enter the current value detected when - 10-6
E 2 Motor [A] the motor s rotating in rated rpm after the
ga Current] load connected to the motor shaft Is
E_ g— removed
Q
'g .‘-:* s Enter the 50% of the rated current
g g value when |t Is difficult to measure H34 -
"U 2 [No Load Motor Current].
g 3 H36 [Motor 50/100 * Enter the motor effictency (see motor -
c
E g— efficency) %] nameplate).
£~ o
= -
= 7-11 SV-iC5
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7. Function list

Function group 2

LED Parameter | MinMax Factory Adjustable
display MName Range s defaults during run
HaT [Load inertia | 002 = Select one of the following according to i} 10-6
rate] medor inertia.
o Less than 10 tmes that of mobor
Inertia
1 About 10 times that of mator
Inertia
2 More than 10 times that of maotor
Inertia
H3g [Carrier 115 s This parameter afects the sudible 3 10-
frequency [kHz] sound of the motor, noise emission from 16
select] the Inverter, inverter temp, and leakage
cument. If the value i set higher, the
Inverter sound i3 guieter but the nose from
the inverter and leakage cument wil
become greater.
H4 [Controd mode | 003 o {Vodts/frequency Control} i} 815
salect] 1 {Slip compensation control} 10-6
2 {PID Feedback control} 10-8
a {Sensoress vector contral} 10-11
H41 [Auto tuning] | O/1 = |fthis parameter s set bo 1.1t i} | 10-
automatically messures parameters of the 10
H42 and H43.
H42 [Seator 014.0§x) | = Thas s the value of the motor stator
resistance resistance.
(Rsi]
Hdd [Leakage 0/300.0 = This is leakage inductance of the stator
Inductance [mH] and rotor of the motor.
Ler)]
H4s Sensoress P | V32767 | = P gain for Sensoress control 1000
1) gain
H46 Sensoress | = | gain for Senaoress contnol 100
pain
Hs0 [PID o ] Terminal | ingut (0 ~ 20 mA) a 10-8
Feedback 1 Terminal V1 input (0 ~ 10 V)
select]

1) - Set H40 1o 2 (PID control ) or 3 Sensorless vector control) to display these parameters.

7-12
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= E E 7. Function list
9% o
g3 0 3
3 g e} = Function group 2
-
53 o *‘ LED Parameter Min/Max = - Factory Adjustable
" e escription
'8 m -u display Name Range defaults  during run
33
>@ o H51 [Pgainfor PID | 002099 | «  This parameter sets the galns for the PID |  300.0 o 10-8
o C
‘2 o %‘ controller] [%] controller.
T R {
: o = H52 [integrai tine | 0.1/32.0 1.0 0 10-8
2‘ 3 =, for PID [sec]
;le_ ~ controller
58z .
o0 Q HS3 | Differential | 0.0 /300 0.0 o 10-8
=%
Sc (1) timeforPID | [sec]
i o = troll
controller
= c o
'g E Q (D gain) |
23 5 H54 FgainforPID | 09089 | = Thisis the Feed forward gan for the PID 00 | o 10-8
a X
% Q : controller [%] controller.
o ‘2 o HS5 [PID output 0/400 s This parameter limits the amount of the 80.0 (o} 10-8
59
:5 E frequency [Hz2) output frequency thru the PID control.
D=
g w limit] =  The value is settable within the range of
=3 F21 — [Max frequency] and H23 — [Start
g g | frequency].
'8 b} H70 [Frequency o/ 0 The Accel/Decal time is the ime that 0 X 9-10
o
g 3 Reference for takes to reach the F21 — [Max
= g Accel/Decel] frequency] from 0 Hz.
o
; S 1 The Accel/Decel time is the tme that
=
2 E takes to reach a target frequency from
<
o3 the run frequency.
=7 (') H71 [Accel/Decel 7 ettable unit 0.01 second 1 1"
-3 [ D oz 0 S 0.0 (o) 9-
=3
g o tme scale] 1 Settable unit 0.1 second.
<y 4
'g = 2 Settable unit 1 second.
H7. 'ower on /1 . his parameter selects the parameter to be 1-
2 2 2 | P 013 T 0 o 2
ga display] displayed on the keypad when the input
E. % power |s first applied.
M £ d :
'g Ero 0 Frequency command
oo 1 Accel ime
> a L |
.g c 2 Decel ime
s 3 3 Drive mode
o L k>
o g Kl Frequency mode
g .
= =
= 7-13 SV-iC5
=
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7. Function list

LED

display

Parameter

Name

Min/Max

Range

Description

defaults

Function group 2

Factory Adjustable

Page

during run

5 Mult-Step frequency 1
6 Multi-Step frequency 2
7 Multi-Step frequency 3
8 Output current
] Motor rpm
10 Inverter DC link voltage
" User display select
12 Fauk display
{ 13 Direction of motor rotation select
H73 “ [Monitoring [ o2 s  One of the following can be monitored via 0 | 1-2
item sedect] vOL - [User display select].
] Output voltage [V]
1 Output power [kW]
‘ 2 Torgue {kgf - m]
H74 [Gain for 1/1000 = This parameter Is used to change the 100 11-1
Motor rpm %] motor speed display to rolating speed (rimin)
display] or mechanical speed (m/mi).
H79 [Software 0/10.0 s  This parameter displays the inverter XX
version| software version
HB1 | (2™ motor /6000 = This parameter is active when the selectad 5.0 10-
| Accel time] {sec) terminal is ON after 120-124 |s set to 12 {2™ 16
HB2 [2™ motor motor select). 10.0
Decel time]
H83 | (2™ motor 30/400 0.0
base [Hz)
| frequency)
H84 | [2™ motor VIF | O/2 0
| pattemn]
W5 | (Zmotr | 045 (%] 5 |

forward torque

| boost]

7-14
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7. Function list

Function group 2

LED Parameter Min/Max Bl Factory Adjustable
display Name Range defaults  during run
H86 [2™ motor 5 X 10-
reverse lorque 16
boost]
H87 [2™ motor stall | 30/150 150 . X
prevention [%]
level]
Has [2™ motor 501200 150 0
Electronic [%]
thermal level
for 1 min]
H&9 2™ motor 100 [ 0
Electronic
thermal level
for continuous]
HS0 2™ motor 0.1/20 1.8 X
rated cumrent] | [A]
HE3 [Parameter 05 s This parameter |s used to Initialze 0 X 10-
Initialize) parameters back to the factory default values. 17
0 =
1 All parameter groups are initalized to
factory defsult value.
2 Only Drive group is initialzed.
3 Only Fur\don group 1 s Initialized.
4 Only Function group 2 Is initialzed.
5 | Only O group is iniialized.
HS4 [Password O/FFF Password for HO5-{Parameter lock] 0 o] 10-
register] 18
H95 | [Parameter | OFFF | This parameter is able to lock or uniock o | o |1
lock] parameters by typing password registered in 19
HO4.
UL (Unlock) Parameter change enable
L (Lock) Parameter change disable
7-15 SV-iC5
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7. Function list

o group
LED Parameter Min'Max Factory | Adjustable
display name range Detetiphen defaults  during run
1o [Humg code] /&3 Thig parameter sets the code number o jumg 1 8] 55
11 [Fitter time 0/aeaa This is used to adjust the analog voltage Input 10 a -2
constant for signal wia keypad potentiometer.
VO inpast]
12 [W0 input Min | 0/10 Sat the minimum voltage of the W input. 0 a
voltage] M
13 [Frequency 0400 Sat the inverter output minimum frequency at 0.0 a
comresponding | [Hz] minimum voltage of the W0 input.
tol2]
14 [0 input Max | 0/10 Sat the maxmum voliage of the VO input. 10 L8]
voltage] M
15 [Frequency 0400 Sat the inverter outpul maximum frequency at 600 L8]
comesponding | [Hz] maximum voltege of the W input
to | 4]
|6 [Fitter time 0/oeog Sat the input section's internal filter coratant for 10 a -3
constant for W1 Input
V1 input]
7 [¥1 input Min | 0/10 Sat the minimum voltage of the V1 input. 0 a
voltage] M
18 [Frequency 0'd00 Sat the inverter output minimum frequency at 0.0 a
comresponding | [Hz] minimum voltage of the V1 input.
ol 7]
] [¥1 input max | 0M10 Sat the maximum voliage of the V1 input. 10 L8]
voltage] M
1na [Frequency 0400 Sat the inverter output maxmum frequency &t 60.0 a
comresponding | [Hz] miaxmum voltege of the W1 input.
tol 9]
il [Fitter time 0/oeog Sat the input section's internal filter coratant for 10 a -
constant for | 1 iingoauat.
input]
2 1 fryput 020 Sat the Minimum Current of | input. Ll a
Midndmum [ma]
canment)
7-16 SV-iC5s
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7. Function list

1D group
LED Parameter Min/Max Pr— Factory Adjustable
display name range defaults  during run
13 [Freguency V400 Set the inverter cutput minimum frequency at i1} 4]
corresponding | [Hz) minimum current of | input.
to 112
14 [l input max 20 St the Maximum Cumrent of | input_ 20 o]
current) [mA)
115 [Freguency 0400 St the inverter output maximum freguency at 0.0 o]
corresponding | [Hz) maximum cument of | input.
1ol 14]
16 [Criteria for o2 0 Disabled o o 127
Anabog Input 1 Less than half the value set in | 2712
Signal loss) antered
2 Blelow the value set in | 2T 2 entered
120 [Musiti-fusnction | O/24 i} Forward run command {FX) o o] a-r
Ingaust terminal 1 Reverse run command {FXx}
P11 dedfine]
121 [ Mousiti-fumectiom 2 Emergency Stop Trip {EST) 1 ]
Ingout terminal 3 Resat when a fault cocus {RET).
P2 define]
122 [ Mt Fruneztion 4 Jog operation command {JOG} 2 4] 10-3
Ingoust terminal 5 Mutti-Step frequancy — Low o6
P3 define]
123 [ Mositi-fuarctiom [ hulti-Step frequency — Mid 3 ]
Ingaust terminal T Multi-Step frequency — High
Pd define]
124 [Muti-fuanction ] Multl Accel/Decel — Low 4 L] 412
It terminal o bult Accel/Decel — Mid
P5 define] 10 Multi Accel/Decel — High
1 DC brake during stop 10-2
12 2™ motor select 10-
16
13
14 T
15 Up-down Fraquency 104
operation Increase
command (LUIP)
7-17 SV-iC5
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7. Function list

LED
display

Parameter

narme

Min/Max

range

Description

Freguency
decreasa
command

{DOWN)

Factory

defaults

D group

Adjustable

Page

during run

17 3-wire operation 10-4
18 External trip: A Contact (EtA) 12-5
19 External trip: B Contact (E1B)
20 [
A | Exchange between PID operation and 10-8
WIF operation
22 Exchange between option and Inverier [
23 Analog Hold
24 Accel’Decel Disable [
125 [Input terminal BIT4 BIT3 BIT2 BITH BITD [ 11-3
siatus display] Ps Pa Pa P2 P1 i
126 [Output BIT1 | BITO -3
tesminal status
dispiay] 30AC | MO
127 [Fittering time | 2/50 = |f the value is set higher, the response of 15 a
constant  for thee Input terminal |5 getting slower.
Ibusiti-function
Ingaust termminad]
130 [Muiti-Step 0400 = |t cannot be set greater than F21 — [Max 300 L8] 2
frequency 4] | [Hz] frequency].
13 [Multi-Step 250 Q
frequency 5)
132 [Muit-Step 200 a
frequency &)
133 [Muit-Step 15.0 a
frequency 7)
134 [Multi-Accet E000 30 a 812
time 1] [aec]
135 [Multi-Decel 30
time 1]
7-18 SV-iC5s
56 Politeknik Negeri Jakarta



-y @ W
o U
ﬁmmﬁ -
ng
(=] n
..mmmm ]
E g e o o Q
5 2 £ &
tBl:
M~
z 2
mun =] =] [=] [=] [=] [=] [=] o o =] =] (=]
M..md. - W w ] ] s s =] =] = = e -]
i
s|z|8
(=]
mhw Z
MVH #|=> |7
g|8|2 |B|8|8
g 1 1
- mm.m.
1 8
g g3 g
& m - A - g
g a S|2l8ls
] 5 7 55 o
Q Q & | Q|9/a
=] -y o
i 2
§°c g Sz
=1 - =
£ T T 5 7 5 7 5 3 7 T 7 W g _ - S
T g g 3§ S g
mmMﬂ%ﬂﬂﬂmﬂm.ﬂm.ﬂm.&.m.&.mmhmﬂ,mﬂ.m.ﬂ.mm g m
m m m
-
o | A
Emlﬁ = o on (=] — (5] L] - n w = [ =] —
= B = ] [} - § - § - 4 - = - 4 - 3 = ] ]

© 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

Z)

POLITEKNIK
NEGERI
JAKARTA

Politeknik Negeri Jakarta

57



VLNWIVF
393N

eyieyer Labap yiuya3ijod wizi eduey

1jn} eA1e)y yninas neje ueibeqas yelueqiadwaw uep ueywnwnbusw buele|iq °Z
ejieyjer 1363 Yiuyalijod iefem Buek uebunuaday] ueyibniaw yepny uedipnbuad °q

*yejesew njens uenefu} neje }nyj uesjjnuad ‘ueiode] uesijnuad ‘Yyeilw|i eAiey uesiinuad ‘ uenipuad ‘ueyipipuad uebunuada) ynjun efuey uediynbuad ‘e

s

undede )ynjuaq wejep

exdid ey

eyesier UoBaN IuEM[Od Nijw e3d1d YeH )

Jaquins ueyingakuaw uep ueywnjuesuaw eduey jui sijn} eAiey yninjas neje ueibeqas diynbuaw Huese|iq °L

7. Function list

LED Parameter Min/Max Factory Adjustable
Description
display | name range defaults  during run
152 [Frequency 1400 s This parameter s used when 154 — [Multi- 300 (o] | 11-6
detection [Hz] function output terminal select] or IS5 — [Multi-
level] function relay select] are set to 0-4.
153 [Frequency s It cannot be set greater than F21 — [Max 10.0 0
detection frequency).
bandwidth)
154 [Mutti-function | 017 0 |FDT 12 0 | 116
output FDT-2 1-6
terminal 1
select]
155 [Multi-function 2 |FDT-3 17 ‘ 11-8
relay select] 3 FDT-4 11-8
4 |FOTS )
5 | Overload {OL) 11-9
6 Inverter Ov;a-tload {1oL}
7 Motor stall (STALL)
8 Over voltage trip {OV)
] Low voitage trip {LV)
10 | Inverter heatsink overheat {OH)
11 | Command loss
12 | During run T
13 | During stop 10
14 | During constant run
15 | During speed searching
16 | Wait time for run signal Input
17 | Faul relay output
7|56 V[Faull vela; o7 i When VWhen memWhen the 2 i o I 11-6
output] setting the | trip  other | low voltage
H26— than low | tnp occurs
[Number of | voltage trip
auto restart | occurs
try)
Bit2 Ba1 Bit0
0 : g :
1 - - v
7-20 SV-iC5
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.
.

the mode selected &t 162,

160 [Inverter 1732 = This parameter = set when the inverter 1
station uses R5485 communication.
number]
161 [Baud rate] va = Select the Baud rate of the R5485 3
[i] 1200 bps
1 2400 bps
2 4800 bps
3 OE00 bps
4 18200 bps
162 [Dwive  mode | 02 s |t is used when frequency command s o 12-7
sedect  after given via V1 and | terminal or communication
loss of option.
frequency [i] Continuous operation
command) 1 Frea Run stop (Coast o atop)
2 Decel o stop
163 [Wait time | [sec] = This is the time inverer determines 1.0
after loss of whether there (s the input frequency command
frequency of nat. If there is no frequency command input
command] during this tme. inverer stars operation wia

7-21
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14. Specifications
14. Specifications
141  Technical data
& [Input & output ratings
Model : 5V om0 iC5 - 2x o4 0og (3]
-, [HF] 05 1 2 3
Max motor capacity
[] 04 075 15 22
Capacity [kVA] 0.95 19 an 45
Output | FLA[A] 25 5 B 12
ratings | Frequency 0 ~ 400 Hz]
Valtage Three Phase 200 ~ 2300
Valtage Single Phase 200 ~ 230V (+10%)
r:-tlilp'l:: Frequency 50 ~ 60 [Hz] (+5%)
Current 5.5 9.2 16 216
& Control
Controd mode \IF controd, Sensorless vecior control

Frequancy seting resolufion

Dhgital: 0.01Hz
Analog: 0.06Hz (Max. frequency : B0Hz)

Digital: 0.01% of Max. output frequency

Accuracy of Fraquency command Analog: 0.1% of Max. output frequency
VIF Ratio Linear, Squared Pattamn, Usar VIF
Owverload capacity Software: 150% for 60 s
Torque boost Auto/Manual torgue boost
& Operafion
Operation mode Keypad! Terminal! Communication option selectabls
Frequency ssfiing Analog: 0~ 10[V]. 0 ~ 20{mA], Keypad Potentiometer
Digital : Keypad
Operation feahwes PID control, Up-Down operation, 3-wire operation

Input Muti-function terminal

NPN/ PNP sslectable
Function: (refer to page 3-5)

Mult-function open
collector terminal

Operating status

Function: (Refer to page 11-6)

! Indicates the maximum applicable motor capacity when using a 4-pole standard motor.

? Rated capacity is based on 220V,

* Max seftable freq is 300Hz when H30 is set io 3 “Sensoress Vector Conirol™
* Max output voltage will not be greater than the input wollage. Dutput voltage less than the input voltage can be

programmed.

14-1
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.
.

14. Specifications

Mutti-function relay
Fault output (N.O., M.C.)
terminal
Analosy output 0 = 10 Ve - Frequency, Current, Voltage, DC link voltage selectable

& Protective functions

Ower-voltage. Under-voltage, Over-current, Ground fault current detection, Ower-temperature of inverter
Inwerter Trip
and mator, Output phase open, Overload, Commundcation ermor, Loss of frequency command, HAY fault
Alarm
Stall prevention, Overload
Conditiona
Momentary | Less than 15 maec © Continuous operation
power loss Mire than 15 msac : Auto Restan enable
& Enmvirenment
Cooling
Forced air oooling
medhod
Degrea of
Open, Pollution degree 2
protection
Ambient
-10°C ~ +50°C
temperature
Storage
-20°C ~ +65°C
temperature
Relative
Less than 90% (no condenaation)
nurnidity
Altibwde, 3
1,000m above sea level, Max. 5. 9misec” (0.6G)
Vibration
Application
Protected from corrosive gas, combustible gas, ofl mist or dust
Bite

14-2 SV-iC5
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Gambar L. Percobaan program PLC

Gambar L. Konsultasi Pembimbing 2 Bapak Silo Wardono
Gambar L. Pemeriksaan kondisi alat sebelum instalasi

L. Dokumentasi Pembuatan dan Pengujian Alat
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Gambar L.Persiapan komponen untuk instalasi

Gambar L. Proses Penitikan Panel sebelum Pengeboran

Gambar L. Proses Penataan Komponen untuk melakukan Pengeboran
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Gambar L. Instalasi'Push Button

Gambar L. Proses Pengeboran Panel bersama Pembimbing 1 Bapak Entis Sutisna
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Gambar L. Instalasi Push Button
Gambar L. Instalasi.Rangkaian Kontrol
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Gambar L. Instalasi Rangkaian Kontrol
Gambar L. Pemasangan komponen pada panel
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Pengecetan Miniatur
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Gambar L. Proses Perakitan Miniatur Ruangan dengan Panel
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Gambar L. Pengujian dan Pengunggahan Program PLC Outseal

a. Pengutipan hanya untuk kepentingan pendidikan, penelitian , penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

Politeknik Negeri Jakarta

68



