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Lampiran 1 Listing program

/IProject : Regenerative Breaking System

//Date : 18 Mei 2018

/I Author : Hasan Albinsaid (2014) & Ahmad Yusuf Rizki (2013)
/[Microcontroller - Arduino Uno R3

float setpoinArus =0;
float toleransiArus = 0.05;
float tegangan_max = 17,
float arus_max = 0;

float tegangan_input;
float tegangan_output;
float arus;

bool Enable = 1;

void setup() {
Serial.begin(9600);
pinMode(10, OUTPUT);
TCCR1A = 0x23;
TCCR1B = 0x19;
OCR1A =799;
OCR1B = 0; //0~65535
/IRumus frekuensi(mode fast pwm) : nilai_crystal/(OCR1A+1)
//Rumus dutycycle(mode fast pwm) :(OCR1B)/(OCR1A)

}

void loop() {
for (inti=0;i<25;i++)
{

tegangan_input += analogRead(A0) * 0.2007 + 0.3262;
tegangan_output += (-0.064)*analogRead(A1)+65.3;
arus += analogRead(A2) * 0.0378-19.209;
}
tegangan_input = tegangan_input / 25;
tegangan_output = tegangan_output / 25;
arus = arus / 25;
if (Serial.available())
{
setpoinArus = Serial.readStringUntil("\n").toFloat();
/I Serial.print("Tegangan out sekarang = ");
/I Serial.print(tegangan_output);
/I Serial.print(" ");0

/I Serial.print("Tegangan out diset = ");
/I Serial.printIn(setpoinArus);
}
//Soft Reset
if (setpoinArus == 9999)



{
setpoinArus=0;
Enable =1;

¥
if (Enable ==1)
{

if (arus < (setpoinArus - toleransiArus))

{

if (tegangan_output < tegangan_max)

if (OCR1B < OCR1A)
{

OCR1B+=5;
}

else if (tegangan_output > tegangan_max)

Enable =0;
OCR1B=0;
}

else if (arus > (setpoinArus + toleransiArus))
{

if (OCR1B >0)

{

OCR1B-=5;

}
¥
¥
delay(2);
Serial.print(tegangan_input);
Serial.print(" ");
Serial.print(arus);
Serial.print(" ");
Serial.printin(tegangan_output);

}

Lampiran 2 Gelombang tegangan dan arus pada simulasi buck - boost converter .
. Vi=15V; D =65,00 %; R=6,5Q.

1

2. Vi=32,4V;D=50,00%; R=7Q.
3. Vi=60V; D =230,00%; R=5,7Q.
4. Vi=167V;D=3,00%; R=0,9 Q.
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Gambar L2.1 Gelombang tegangan (a) IGBT/MOSFET (b) induktor (c) dioda
(d) kapasitor dan beban (Vi= 15 V; D = 65,00 %; R = 6,5 Q)
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Gambar L2.1 Gelombang arus (a) IGBT/MOSFET (b) induktor (c) dioda

(d) kapasitor (e) beban (Vi=15V; D =65,00 %; R =6,5 Q)
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Gambar L2.2 Gelombang tegangan (a) IGBT/MOSFET (b) induktor (c) dioda
(d) kapasitor dan beban (Vi=32,4 V; D =50,00 %; R=7 Q)



Gab L2.2 Geloman arus (a) IGBT/MOSFET (b) induktor (c) dioda
(d) kapasitor (e) beban (Vi=32,4V; D =50,00%; R=7 Q)

Lr
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Gambar L2.3 Gelombang tegangan (a) IGBT/MOSFET (b) induktor (c) dioda
(d) kapasitor dan beban (Vi= 60 V; D =30,00 %; R =5,7 Q)




Gambar L2.3 Gelombang arus (a) IGBT/MOSFET (b) induktor (c) dioda

(d) kapasitor (e) beban (Vi =60 V; D =30,00 %; R =5,7 Q)
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Gamar 2.4 Gelombang gaan @) IGBT/MSFT (b) induktor (c) dioda
(d) kapasitor dan beban (Vi= 167 V; D =3,00 %; R =0,9 Q)



L

Gambar L2.4 Geloman arus (a) IGBT/MOSE (b) induktor (cdioda

(d) kapasitor (e) beban (Vi=167 V; D=3,00 %; R =0,9 Q)
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Lampiran 3 Grafik ocilloscope hasil pengujian statis
1. Pengujian tegangan sumber > tegangan superkapasitor

2. Pengujian tegangan superkapasitor > tegangan sumber

3. Pengujian limit tegangan superkapasitor

_—
CHI s00v CH2 500

CH1 soov CH2 s.00v




Gambar L3.1 Grafik Pengujian Vs > V¢ dengan Vs =5 V, set point arus 3 A

MS05074FG

Gambar L3.1 Grafik Pengujian Vs > V¢ dengan Vs =15V, set point arus 1 A
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CHI 100v CH2 500V G ooov  oooooorz | [ odify

CHI 100v CH2 5.00v CHIS 000V 000000Hz | [ Modify

CH1 100V CH2 500V

Pl
f-'".

Gambar L3.1 Grafik Pengujian Vs > Vc dengan Vs = 20 V, set point arus 1 A
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MSOS5074FG

CHI 100v CH2 500V

CHI soov CH2 100V

Gambar L3.2 Grafik Pengujian V¢ > Vs dengan Vs =4 V, set point arus 1 A
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MSO5074FG

TAiJ 200mv  000000Hz |

T soov CH2 100V

Gambar L3.2 Grafik Pengujian V¢ > Vs dengan Vs =5 V, set point arus 1 A

MSOS074FG

Gambar L3.2 Grafik Pengujian V¢ > Vs dengan Vs =5 V, set point arus 2 A
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|
1/ 200mv_ 0.00000Hz | [ Wodify

CHI soov CH2 100V

[

Gambar L3.2 Grafik Pengujian V¢ > Vs dengan Vs = 10 V, set point arus 2 A
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Gambar L3.3 Grafik pengujian limit tegangan kapasitor pada 10 V, dengan Vs =5V, set
point arus 1 A\

MS05074FG

Gambar L3.3 Grafik pengujian limit tegangan kapasitor pada 12 V, dengan Vs =5V, set

point arus 2 A

MSO5074FG

o VAl Al

|
L LG G 00mv 000000 | [ Wedify
O Spov CH2 S0V

Gambar L3.3 Grafik pengujian limit tegangan kapasitor pada 14 V, dengan Vs =5V, set
point arus 3 A
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Gambar L3.3 Grafik pengujian limit tegangan kapasitor pada 17 V, dengan Vs = 10 V,
set pointarus 1 A

Lampiran 4 Datasheet komponen yang digunakan
1. Dioda MUR1560G
2. MOSFET IRF640N
3. Arduino Uno R3
4. ICTLP 250
5. ICTLP521-1
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1. Dioda MUR1560G

MUR1510G, MUR1515G,
MUR1520G, MUR1540G,
MUR1560G, MURF1560G,
SUR81520G, SUR81560G
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2. MOSFET IRF640N
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3.

Arduino Uno R3

Arduino Uno

R L
' .

m ‘_“' R oy : b- . € ]
'ARDUIND . 2 30

Arduino Uno R2 Front Arduwino Uno SMD Arduino Uno Front Arduino Uno Back

Overview

The Arduino Uno &5 a microcontroller board based on the ATmega328 (datasheet). It has 14 digeal
Input/output pins (of which & can be used a5 PWM outputs), 6 analog mputs, 3 16 MHz ceramic
resonator, a US8 connection, a power jack, an ICSP header, and a reset button. It contains everything
needed to support the microcontroller; simply connect it to a computer with 2 USB cable or power it
with a AC-to-DC adapter or battery to get started.

The Uno differs from all preceding boards In that it does not use the FTDI USB-to-serial driver chip.
Instead, It features the AtmegalBU2 (Atmegalu2 up to version R2) programmed as 2 USB-to-serial
converter.

Beysian 2 of the Uno board has a resistor pulling the 8U2 MWS line to ground, making It easier to put
Into DFU moda,

Bgvaian | of the board has the following new features:

e 1.0 pmout: added SOA and SCL pins that are near to the AREF pin and two other new pins
placed near to the RESET pin, the IOREF that allow the shields to adapt to the voitage provided
from the board. In future, shields will be compatible both with the board that use the AVR,
which operate with 5V and with the Arduino Due that cperate with 3.3V. The second one is a
not connected pin, that Is reserved for future purposes.

e Stronger RESET drcudt.

e Atmega 16U2 replace the 8U2.

“Uno" means one In Italian and Is named to mark the upcoming release of Arduino 1.0. The Uno and
version 1.0 will be the reference versions of Arduing, mowving forward. The Uno is the [atest in a series
of US8 Arduino boards, and the reference mode! for the Arduino platform; for a comparison with
previous versions, see the index of Arduing boards,

Summary
Microcontroller ATmegai28
Operating Voltage sv

Input Voltage (recommended) 7-12V
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Input Voltage (limits) 5200

Digital L'D Fins 14 [of which & provide PWM output)

#ralog Input Fins h

DL Current per 13 Pin 40 mA

DL Current for 2.3% Pin 50 ma&

Flash Hamany 12 KB :.ﬂ.TmnanE-H} of which 0.5 KB used by bootloader
SRAM 2 KB [ATmegails)

EEFROM 1 KB [ATmegai2s)

Clock Spead 16 MHz

Schematic & Reference Design

EAGLE files: grduino-uno-Rev3-reference-design. zig (WOTE: works with Eaghe 6.0 and newer)
amduing-yng-Reyd-schemapic pdf

Schismartic:
Nobe: The Arduino reference design can use an Atmeegal, 168, or 328, Current models use an

ATmaegal28, but an Atmegas is shown in the schematic for reference. The pin configuration is identical
on all three processors.

Power

The Arduino Uno cn be powered via the USE connection or with an external power supply. The poser
source |5 selected automaticady.

External {non-USB) power can come either from an &C-to-DC adapter (wall-wart) or battery. The
adapter can be connected by plugging a 2. 1mm oenter-positive plug into the board™s power jack. Leads
from a battery can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can cperate on an external supply of & to 20 volts. If supplied with less than 7%, however,
the 5% pin may supply bess than five volts and the board may be unstable. If using more than 12V, the
waltage regulator may owerbeat and damage the board. The recommended range is 7 to 12 volts.

The poeer pins are as follows:

*  WIN. The input voltage to the Arduing board when it's using an edemnal poser source (as
opposed to & volts from the USB connection or other regulated power souroe). You can supgly
voltage through this pin, or, if supplying voltage via the power jack, access it throwgh this pin.
SW¥.This pin outputs a reguiated 5V from the regulator on the board. The board can be supplied
with power either from the DC power jack (7 - 12V, the USB connector (5], or the VIN pin of
the board [7-12V]). Supplying woltage via the 5V or 3.3V pins bypasses the regulator, and can
damage your board. ‘We don't advise It
W3, A 1.3 valt supply generated by the on-board regulator. Maximum curment drae is 50 ma.
GND. Ground pirs.

Memory

Thie ATmegalis has 12 KB (with 0.5 KB used far the bootcader). [t also has 2 KB of SRAM and 1 KB
of EEPROM [which can be read and written with the EEPROM library).

Input and Output

Each of the 14 digital pins on the Uno can be used as an input or output, using pioMode(l.

and digiaifead() functions. They operate at 5§ wolts. Each pin in provide or receive a
masaimum af 40 mé& and has an intemnal pull-up resistor (disconneced by default) of 20-50 KOhms. In
addition, some pins have specialized functions:

Serial: 0 (RX) and 1 [(TX). Used to receive (RX] and transmit (TX) TTL senal data. These pins
are connected to the cormesponding pins of the ATmegaBU2 USBE-to-TTL Serial chip.

External Interrupts: 2 and 3. These pins cn be configured to trigger an intermupt an a low
value, a rising or falling edge, or a change in value. See the aitachintermupt() funckion for
otails.

PWHM: 3, 5, 6, 9, 10, and 11. Provide 8-bit PAM output with the goglogWotel] funchion.
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B-bit AVR Microcontrollers:

ATmegal2dP

DATASHEET COMPLETE

Introduction

The Amnel™ plcoPower™ ATMega325P 15 3 Iow-Dower CRMOS 5-oit
micnocontnolier based on e AVRT enhanced RISC anchitechure. By

ExecuEng powertul Instructions In a singie dock cycle, e ATMegal2ap
achieves hroughpuss ciose to IMIPS per MHZ This EMDOWwers system
designer bo oplimize the device for power CONSUIMPE0N VeSS Modsssing
spesd,

Feature

Hign Perfomance, Low Powsr Amaf@aR® 5-Bit Micmooninoiler Family
Agdvanced RIEC Architechuns
— 131 Powerful Insbnictions
- Most Singe Clock Cyois Exacution
- 326 Ganeral Purpose Working Reagisters
- Fully Static Dperation
—  Upio20 MIPS Throwghput 3 20MHz
- Onechip 2-cycie Muttipher
High Endurance Mon-vaiatle Memony Segments
- ZZKEytes of In-SystE Seit-PrgramiTane Flash mogram
Memory
- 1KByles EEPROM
— 2¥Bytes Infemal SRAM
— Vinte'Brase Cycies: 10,000 Fash' 100,000 EEPROM
— [aia Retenton: 20 years at 85°CH100 years af 257G
— (Optional Boot Code Section with Independent Lock Bits
In-Sysi=m Programming by Cn-chip Boot Program
Tre Read-While-¥Wriie Oparation
- ProgrRmming Lock for Saftwarne Security
Afmet® QTouch® Linrary Suppor
— Capacityve Touch Bultons, Shders and Vihesis
—  OToush and Okaire® Acquisiion
- Upto &4 senss charnets

ALY AT MR _ (R Craciate TLOME



5. Pin Configurations

3. Fin-out
Figurs 6-1. 28-pin PO

[PCINTI4+RESET) BCE
{PCINT1SEXD) PDO
(PCINT17/THD) PD1
(PCINT1E/INTU) PD2

(PCINT19/0C2BANTI) PD3
(PCINT2OVCETH) PD4
Voo

GND
(PCINT&XTALLTOSCL) PBE
(PCINTTXTALYTOSC) PBT
(PCINTZL/OCIB/TI) PDS
(PCINTENOCLA/AING PDE
[PCINT23/AINT) PDT
(PCINTO/CLECVICPL) PBO

LA s L B3

Atmel
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[l pCS (ADCHECLPCINTILI)
Al PC4 (ADCHSDAPCINTIZ)
[l pc3 (ADCIPCDNTIL
3 PC2 (ADCYPCINTLO
(3 PC1 (ADC1PCTTS
3 PCO (ADCOPCINTE)
W= e
j ARFEF I
[ avee = -
PB3 (SCE/PCINTY) .

PB4 (MISOPCDNTS)

PH3 (MOSI'OC2APCINTI)
PHI (SS0CIBRCINTY)
PBI (OCLAPCTMTI)

Almsl ATmegaslaF [DATASHEET] 14
e IR RS T s e PR e
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2123

An Intemupt can be generated at each time the counter value reaches the TOP value by effer using the
OCF1A of ICF1 Flag, depending on the achual CTC made. If fhe Intemupt |s enabled, the intemupt handier
muting can be usad for updating the TOP vaiue.

Hote: Changing TOP 1o 3 value ciose io BOTTOM while the counter |s running must be done wil care,
since the CTC mode does not provide double buening. I the new vaiue writien b DCR1A s lower than
he curment vaiue of TCNT1, the countes will miss Me compane maich. The counier wil fhen count io s

maxmum value {DuFF for 3 B-oit counter, IxFFFF for 3 16-bit countar) and wiap arund starting a 0x00
bafone the compare match will ocor.

In Many cases this featue is not desirable. An atemative will hen be o usa the Fast PWMW mode using
OCRAA for defining TOP (WEMAE]=0xF), since e OCTR1A Men wil be doubie buffered.

For generating 3 wavefom cuput In CTC mode, the OC 1A output can be set io toggie its logical lavel on
&30 COMpare match by sefing the Compars Dutput mode bits o toggle mode: (COMIA[1-0}=0x1). The
OC1A value wil not be visible on the port pin uniess the data drection for e pin Is set to output
{DOR_OC1A=1). The wavesom genarated will have 3 MaxmuUm TEqUENSY of Toca = T, uo/2 WHen

DCRAA I set to ZERD (10000}, The wavefom Srequency ks defined by the following equation:

-'r &0
foceh = 37 [1+ OCERA)

Hode-
+  The " Indicates the device number 1 = 1 for TimenCounter 1), and the " Indcates Oulput
Compare unit (AB).
+  Nrepresents the prescaler factor (1, 5, 64, 256, or 1024).

A& Tor he Nomal mode of opsraton, the Timer Counter TOW Flag k= s&f In the same tmer Siock oydie
that the counber counts Snoem kA3 0 D000,

Fagt Py Mids

The Fast Puise Widh Modulaton or Fast PWM modss (mades 5, §, 7, 14,and 15, WEM1[310]- x5, DxE,
D7, Q%E, DoeF) provice 3 Nigh frequency PR wavEfonm generation opton. The Fast PYWA diTers fom
ihe Dther PAWM opfions oy 1S singe-Siope oparation. The COUMES counts from BOTTOM to TOP then
restars fom BOTTOM.

In norHNverting Compane Oulpat mode, the Output Compare (OC 1) 15 cleared on the compare maich
betwean TCNT1 and OCR1x, and set at BOTTOA. In Inverfng Compare Ouiput mode output Is set on
mmmmammumar@e—mmmm@mm
the Fast PV mode c3n be twice a5 high 3s the phase comect and phase and

modes that use dual-slope operation. Trusmg\n-mnuym.asu-ﬁanwmm-mmm
power reguiation, rectification, and DWC applcations. High frequency alows physically small szed
extesmal components jcolls, capachors), hence reduces total system cost

The PWM resolution for Fast PYWM can be fixed fo 8-, B, or 10-bit, or defined by either ICR1 or OCRIA.
The minimum resolution ailowed |s 2-08 ICR1 of OCR1A register set 1o [0003), and Me madmum
resoiution |s 16-bit (ICR1 or DCRA1A registers et io MAX). The PWM resolution In bits can be calculated
by using e foilowing equation:

v = B

In Fast PAWM mode the counter Is Incremented unl the counter value matches sither one of the flxed
values DNDOFF, 01 FF, or DeI3FF (WGM1[:0] = 0xS, Dns, or x7), the value In ICR1 (WEMI[Z0=hE),
or the value In OCRAA (WGM[3:0j=0xF). The counter ks fien cleared at the folowing Hmes ciock cyce.
The timing diagram for the Fast PW mode using OCR1A o ICR1 fo define TOP is shown beiow. The

.-"‘lltmE'. Almel ATmegal28F [DATASHEST) 162
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TCNT1 value Is In the timing dlagram shown 35 3 histogram for [Iustrating the single-siopa oparation. The
diagram Inciudes nor-inveried and invertad PYWA outputs. The smail horzontal ines on the TCNT1
slopes mark compane matches between OCR1x and TCNT1. The OC ix Intemupt Flag wil be setwhen a

mmen‘ﬂﬂ'nm
Flguns 20-7. Fact F#M Miode, Timing Diagram

CCRATOR UsSile and
T4 irteimupl Flag Sal and)

OCRe ol Flag Eal
-L of iZFn inemupt Fiag S
[Tl e TOP |
TCHTR
oCnx L] (11 (GO 1:0] = 052}
oo [ UL || (GO 9] = 23}

| | | .11 | |
P'a""""|'_‘|'||‘r-||-‘1ﬁ'|

Hode. The "™ In the register and bit names Indicates the device number (n =1 for TimerCounter 1), and
the " Indicates Output Compare unit (A8,

The TimersCourier Cwamow Fiag (TOW 1) £ sef 2ach Ume Me coumer reaches TOR In aodtion, whan
efthar OCRA1A Or ICR1 ks usad for defining the TOP value, e OC1Aor ICF1 Flag Is sat & the same timer
cd0ck cycke TOW s sel If one of e Inbermuds are enabled, the imtemup? handier routine can be usad for
updating e TOP and compare values.

¥hen changing the TOP valle the program must ensure that e new TOP value |5 higher or equal 1 the
walue of all of the Compare Regisiers. I the TOP value |s lower than any of the Compars Reglsters, a
compare maich will never oerur befwesn the TCNT1 and the QSR Mote that when using flaed TOP
walles the uniused bits are maEsked to ZEr0 when any of the OCR 1x Registes are witten.

The procedure for upcaing IGRT difers fmm updating OCR 1A when used for defining e TOP wale.
The ICR1 Regster |5 not doubic buferen This means that IF ICR1 ks changed 10 3 Iow V3l when the
courter I running with none or 3 low prescaler value, there |5 3 fsk that the new ICR1 value wittten Is
Iower Man e cument value of TONT. A resu, the counter wil miss e compans maich at the TOP
walus. The counter will then have bo count o the MAX valus [DeFFFF) and wiap anund starting 2t
[B000 before the compare matsh can occur. The OCR 1A Register however, |5 doutke buffesed, This
feature alkows the DCR1A 10 iocation fo be writizn anyime. Whan the DCR1A 1A locabion ks weitien e
walis: written will be pat Into the OCR 1A Butier Register. The OCR1A Compare Register wil fen be
updates] wih he value In the Buffer Register at the next imer ciock cycle the TCNT1 matches TOP. The
update s done a e same imer clock cyzle 35 the TCNT Is deansd and the TOV Flag is sat

ksl the ICRH Reglster for defining TOP works well whan using fxed TOP values. By uEing ICR1, the
OCR1A Regster ks Fios 10 be usad for generatng a PYWH oulput on OC 1A However, | e Base PYWM

frequency is actively changed [oy changing e TOP valug), using the OCR1A 38 TOP ks clearty a better
choiice due to It double buar f=ature.

Almel ATmegaiZaP [DATASHEET] 163
f“tmEL A T AT P[RR oA WL

115




116

4. 1IC TLP250

TOSHIBA

TCSHIEA Photocoupier  aAlAs Ired & Phoo—IC

TLP250

Transistor nwerter

Inwerter For Air Conditionor
IGET Gate Drive

Poweer MCE FET Gate Drive

The TOSHIREA TLF2H) monmsts of 8 OeAlds lighd smaiizeg dods and &
inlagredml protmlsiacior

Thie unit is &<lend [MF packags

TLFZ3) = suitahls f=r pais driving drouit of 10T or powsar MOS FET.

Irgui thresheld coreni p=mAlmax |
Fupply correni (000 | lmAdmax )
Bupply volisge (Vg 10-36V
Crutgui currsnt UGE 21 6A ims |
Btk oy tims (g LHER I | Spsimes |
Isclstizn voliags” 240V mralmin |
U megmiesad: TLIETT, file Mo FBAT344
Ot (T} Lyps
VIFE spproved: TN YIOEGSALE. OF cortifraie Mo TRRZS T B =108
1| 1m timg weliage: SRIATE Waight- 0.54 g
Hygrhest parmissibls ov ar volisge SR

[Pharkes] Wi @ VOEDEAS appioved Dy |6 nooded
phease disk kynats P “oplion (D]
Creaspage Swienes E dmmimin.|

Clamrance: & dmmiman |

Schmatic Pin Configuration [top wiew)
e

=1Ll

4

8

AL Tul cpmaes capcior mass bei
morrecies] bebwssn pin B erd S [Ses Mas 5)

(IR T S T I
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TOSHIBA TLPZ50
Absolute Maximum Ratings [Ta = 25°C)

Chamcsrsic Synbd lmting Ll
Forwsd curmsni - o ma
Forws current dersbing [Te & JINC) Blp! e L m&l=C

= 5 .

w | Peak et forewrd cusT Piots 1} =T _
Newmres soings (- - W
Jarcion =T pewrs 1) 1= =
“Hzamk: zulzul current Pap s 25 m i £ 15kbe] Thcln ) 44 15 Eh
"Lzamk cuizul curment Py £ 2 5wl L 15kHE) It ) o a1 5 &

(Tws 705 =
Tdpad volimge L L)
= (T = 8505 ]

=

I (Tw s 9N -

E Srpy i Wiy W

(T = 8505 ]
Duipad volimgs dembng [Te & FINS) Ny, GTa 1.7 WD
Sepply welngs dereling [Ta & MMC) A T Te .77 WaTC
Jorcien S pewars T} 1= =

Cps-atieg requency Fots 5 1 = =

Cp=-atsg Emparsurs rengs ':ﬂ. - - =

Homgs wmpeErEurs rgs Tug 15 =

Lemd soddsrng ismzemtors (10 8] Pt 4 Tl =0 L=

mimbon woitnge (S0, 1 min, BH S50 Mo &) B =00 Y

Mote 1. Pulis widih Py £ 18, 30000

[T S R

bhzie F  Exprareeni wieshom, |y 5 108 5 25E], o 5+ 108 5 25|
Mele 4 D OF Mons I o el ool

Mobe 5 Dersios corsadend @ bec temming destos Fins 1, 2 3 and 4 shomed tgefer. and pid 5, 8 7 and B ahones
e tTu

Mobe B & o aapacton (105 shoukd be conneced fom e S to pin 5 bo sabiize T operaten of T high
gain Bnsar amplifier Faluee o piosids e Dypassing may mper e salehing propany. Thie 1ol e
g Dhefwben Sapatior and ooupker Shoikd reol e o

Recommended Operating Conditions

Chermcisrimbc Symba L Tm M=z LinE
I curment, on Hole 7] PO 7 B w2 mh
Inzad voltmge, off YT o — = L
[Er—— Voo i) _ E= | = W
Pank ool curment ool - — Tl &
Cp=-atsg =mpersiurs Toge i) = T | 2.

Mosta T sl sagnal rss e (Sl ) =005 pa
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5. ICTLP521-1

TOSHIBA TLP521-1, TLP521-2. TLP521-4
TOEHISA Pholocoupler  GaAs Ied & Phobo-Transishor
TLP521-1, TLP521-2, TLP521-4
Unit mm
Programmable Controllers e fiesa
ACDC-Input Moduls :_\]
Siolid State Relay T
| == PR
rriY -
Tt TOSHIBA TLPSZ -1, -3 ared -4 oot of & phols-tasier opticaly P T N et |
crsiipbed b @ el amerade infrared amiting diosds TR :
Thee TLPE-Z offem two sokated channels in an sght lad pieic DFP .---.-E- TR
package, whils the TUPEZ 4 povides Tour mclalsd shannais in @ sxisen - -
plac: DI pachage
TOEHEA 1582
+  Coliwdoesmitier volags: 55 ' [min| -
+  Cusrment irarster rate: 505 {min) Whighe 0.2 5. 0o |
ek GEC 009 [msin}
= ko wollige: 2S00 W | min) LI TLFS -
» UL recognied LILISTT, fle ne. EBT39 iy
s oL revegnizad CEA Component Amepianos Sarts He SA E
File b EET346 TFIT
(- 1] H minn
Pin Configurations jtop view) St ) ]
powen L I - REEEE
TLPEZE-1 TLPSZE.2 TLPSZ &
'O S H8 10 [:":"E' TOEHEA, A0S
=L = = : :
2 = ER T 07 20 Lhqs  Weght 05 g (e
1: Arvds ‘0 s & (114
% - Cafods }j{ }:d— —. TLESE
2 : Emitar 20 05 aQ Lhiz |
& ; Conllincfioss -
1, 3 Aurenihs 50 (112 L LT R T ST T
2,4 : Cabods }iﬂr T B =,
E, 7o Emiter &[0 L1 1% | mling
£, & 1 Collambist RIS
7O ngls
=1
B[ s
TOEHEA, 2043
1,867 Aot sghic 1.7 g iy
488 Cathios W g
%, 11, 23, 15 : Emiier
1, 12, 14, 16 Collsoior
St ol coiimecl oo uolon
187805
1 2017-05-11
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TOSHIBA TLP521-1, TLP521-2. TLP521-4
Absolute Maximum Ratings [Ta = 25°C)
Fabing
Chamcieriatic Symizal a2 Lt
TLiE-1 LI
Forers carwni Ir 12} 850 A
Foremrz curmd carating BFPT L [Te e SrC) | -08 Tez28C)-| marc
Puiss loreard corwt
oy | VO o pukem, 00 > ! .
4 Fsrverms woings ¥R -] W
Cicds mowsr < mapmicr Pp 150 m A
Liods powsr 2 mRimicr dermng APDEG 20 (TexSre) | 10Tz | mwrs
Junckon ismzametrs ] = =
Colscizr-smiter sotugs WORD -] W
EmiSar-oodacto: yolsgs SEoo T W
= Coliscizr currsnt ['a] =1 e,
-i Coliscizr powsr despetion
F |0 ety PC I L
Coliscizr powsr desipstion ™ e
Smrwing (1 chmut) (Tm i 25°C) ord -4 —_
Jurecken ismzambors Tl = L
Efomgs SmpsrEins rengs Tug 2 135 G
Ciparutlng) ST DL TR Tor e—-1 - |11] h
s molcdmring ismizanstors (10w Ts 1) it
Tosl pecimge powsr Sampation
0 ) BT 450 15 ™
Totl pecimge powesr dampation 5 o M
dermting {1 cioult) (e & 250} e +3 = =
Iyt oA
[AL, B, PLH.S BT (picta y| VB 28 Wi
Mot Ling oomBruously tnder heavy oncs (g e bcarfon of high L voliade and the
Bgriieand changs in empeTallEe, o | iy caibes il procied b Seonees in D reladly signifzantly even §
e coper aling for [1a fing i oralourenihaoliage, oo | are wihin the abeckis masimum

ralngs
Flesages Gersign the: appeopriale relallly uron nevieaing he Toshita Semiconducter Relabilty Hamdbook
["Handling Presssisn" Tamnting Condept and Meboeda” | and indvidusl rdabiity Sats 1 e. relabadiy faat
riapeit e etirnained s rals, o)
Heote 1: Do oonsidened o two lemmine Sevios LED s pirs shorned together and debecior side pinm s
Tl P

Recommended Operating Conditions

Chscritic Syrreal Min | Typ | Wax | U
Sapgply volega = - Cl Eal W
Forsard cuTet F - 18 = &
Colmcior curmant [ - 1 10 i
Cipsrating ST pswrs Toge e —_ -] T

Mol Rasssmimanced opanaling condiion we g i & Jeaion guideling o obiain sspeied parfomanos of the
disvio. Aodonally, sach Bem b indspendent Jubeling reapeoiealy. In desssloping Sealgn usng this
o], e confim et e characheratics: s i Socumant
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Lampiran 5 Daftar gambar alat rancang bangun sistem pengereman regeneratif
1. Buck — boost converter, sensor tegangan input, driver TLP 250, sensor tegangan
output
Penyearah 3 fasa
Kapasitor perata
Supercapacitor 1 F/22 V
Sensor arus ACS712-5A dan low pass filter

okrwn

Gambar L5.1 Rangkaian buck-boost converter, sensor tegangan input, drier TLP 250,

sensor tegangan output tampak atas



+ T MI g B §

Gambar L5.1 Rangkaian buck-boost converter, sensor tegangan input, driver TLP 250,
sensor tegangan output tampak samping

.Gambar L5.2 Rangkaian penyearah 3 fasa tak terkontrol tampak atas




Gambar L5.2 Rangkaian penyearah 3 fasa tak terkontrol tampak depan

Gambar L5.3 Kapasitor perata 14,2 mF/150V tampak depan




123

Gambar L5.5 Sensor arus ACS712-5A dan low pass filter tampak atas



