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What Is an Inverter?

What Does an Inverter Do?

How Does an Inverter Work?

AC Sine Wave and Frequency

Oscillation and ModulatioN ¢ w L Nwv j fZLF LFNZI vLFNijuwT
PWM (Pulse Width Modulation) f  Nij wt dF £ F N1

PWMLj D1 zT T T ON¢ Dj

Inverter vs Motor Controller: What Is the Difference?

Single Phase and Three Phase A@verterj f L Rt F

. The Inverter Technology in Air Conditioners.

. Why Is an Inverter Important in Electric Vehicles?
. Inverter Technology in Elevators and Escalators

. Inverter Technology in Solar Power System

. Inverter Technology in Modern Train

. Inverter Technology in Modern Data Server Room
. Low Voltage vs High Voltage Inverters

. RealWorld HighVVoltage Inverter Applications

18.
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1. Inverter j f N2
Inverterj f € N ijDE& Dibget Current) T fAE (Alternating Current) 5
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ASolar Pane¥Y DC Output

MatteryY DC Output ) S
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2. Inverter | L [ TGBTZUHMOSFET| f d3MATENFT
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198Gs7 IGBT Revolution
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ACNC Machine

AChiller Compressor
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20061 Inverter Air Conditioner Era

Daikin Industried

Mitsubishi Electrid

Panasonic Holdings &

Residential Inverter A€ Z F1T i Fp €
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201317 SIC MOSFET Era

Silicon Carbide 8iC) Power Devices Z F T
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N | LIfl L uinverter Technologyi f €

1.EV Fast Chargers

2 .Electric Vehicles

3.Air Conditioning (VRV/VRF)
4.Industrial VFD Systems
5.Solar & Battery Storage
6.Refrigeration Systems
7.ElevatorsandEscalatos
8.Wind Turbine

9.Railway Traction Systems
10Data Centers
11.SpeedBoat

12 CNC Machines

ij wDZ



Q _CO

2. Inverter Technology o Frequency nri)’ me@é eBoSsooocB
AC Motor speed 0 Frequency %,o?mL (YSSO(YSQ)SG:?&J&'SII

Motor synchronous speed formula:

N,= Motor speed (RPM)
f= Frequency (Hz)
P=Number of poles
(=] C
Frequency 0x|C
orhc
Motor LL)@:?
orhc
Compressor LL)@:?
Pump airflow/waterflow E’L)a{pz
Frequency GC\{]?C\}]E
Motor st Energy saving 9 Noise clev]e
3. Conventional AC Supply % Inverter agJB)aqlmc
Normal Utility Power
Frequency fixed
Myanmar = 50 Hz
cocC
Motor speed ee@ococ%c
Inverter Output
5Hz
20 Hz
35 Hz
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Oscillation = WaveT fIGZL uNZTI vz 1 7T uvT
No Signal
V4
Oscillator
Z
Sine Wave

Modulaton=Wavei fz@ £ z2I T wl fLuvTT ZtT uzl i uT
Carrier Wave
+
Control Signal
Z
Modulator
Z
PWM / AM / FM Signal

| @9 H tOscillator N ij uWave GeneratorZ L | wigdul&@of N ij uwWave
Controller 2 L. | w Nrivert&ZVFD, Servo Drive, EV Fast Charger, Solar
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Frequencyj f ZLF Lt F Nt
ACNz I v |shherwadefF | vl 0 F
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AC Waveform(50 Hz)




Oscillation Waveform
Voltage

- / \/ \ >
Time

OscillatorN ij uSignali f"EZL V'L GT
| T T Rifuitz L | v Nij wDZ
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A Mz AC Generator

A OMHz Crystal Oscillator

AWM CarrierlOkHz Oscillator



Inverter 0t Z f £ TO| FTt ZFT
ApplicationdD AT [+ + Nwj fZnAT w
A) Square Wave Inverter

] TIAFT vTLjwTliF
Adarmonict ZF T
B) Modified Sine Wave Inverter

] ZTNT vNF
Aan, LightDL I T w
C) Pure Sine Wave Inverter

armonicl. ij v T
NILFIL®ONTZTOt ZFTi TCT

1/60 second ——
120V

Modified
Sine Wave

-120V



SPWM (Sinusoidal PWM)

Pure SineWave L | v IPWM L v
ModulationDONT €Tz I £ Nij w DZ

Carrier Wave
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Pure Sine Wave InverterL ij Ly F 8D N C I [wNIZT €
Pure Sine Wave InverterN ij Batteryt BiC Voltage 2V,

24V, 48V) T fOF + ACIHo@er R20v/230V, 50Hz) D 7 |- w

| ZT FY1 w T NEldctfor{id PBMWer Convertér L= | ijuuNDZ
Output WavefornN ij Wwtility Grid + dN F | Skhfsoidal
Waveformoti® N LB WIN A ¢ F fr

Anir Conditioner
MRefrigerator
AViedical Equipment
Audio System
AComputer

Andustrial Contr

Andu: ol System
LBLT OITFI
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Modified Sine WavettiPure SineWave [ Fz1 FT1 Z1

Feature Modified Pure Sine

Harmonic b ZFT Lij uT

Motor Noise b ZFT Lij wT

Efficiency Lij wT 27 tr

AC Motor ' ¢ NI Nw | T FT v
Electronics FNTfr N T fr
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EV Inverter otifPure Sine Wave Inverteri [ FzZ1T FT1 Z7T |

Pure Sine Inverter EV Traction Inverter
Single Phase Output Three Phase Output
50Hz Fixed Variable Frequency
Home Appliance PMSM Motor Drive
SPWM SVPWM + FOC
230VAC 400w 800V Motor Drive

Pure Sine Wave Invertér] u NT @I DI £l fyddjfierTDZ

1.Battery DC Input

2.DC-DC Boost Converter
3.DC Link Capacitor

4 H-Bridge MOSFET Inverter
5.SPWM + LC Output Filter

| f €01 fl ZaTU B N 2 U7 @7 (£2v/24v/48V Batteryt @rid
oty N 230V 50Hz Pure Sine Wave ACT il @ L w1 I'TTWOTf €7 wz |
ZL] uwl €Nij wDZ



Battery DC

b

c

EMI Filter

b

c

DC-DC Converter
(12VY400VDC)
b

c

DC Link Capacitor
b

c

H-Bridge MOSFET
b

c

SPWM /| SVPWM
b

c

LC Filter

b

'

230VAC 50Hz
Pure Sine Wave



PWM (Pulse Width Modulation) f € Nij vt o



Modulation (Signal Control / Signal Modification)

Modulationj f € N ij juwdd fodgF CderiErSignFI L | w1 Z L]
eAmplitude

*Frequency

*Phase

L ¥ @nformation Signal 2761 Z I FT w TNt [ ZfLJudiZ I vz T 7 uT

Amplitude Modulation

Amplitude
Message Signal
\/ \/ "
Amplitude Carrier Signal

‘\mf’:"“de Amplitude Modulated
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650V = 7

480v |/

60 Hz

-
650V =11
yd

240V

30 Hz

P

8oV

10 Hz

A



AC to DC DC
Converter Bus +650Vdc

480V k

c TN
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STEP 2 DC Bus Storage
Capacitorg A 0 U YICvéltAgelEréidmotha 6 Up O u al pd

STEP 3t DC to Variable Frequency AC

IGBT / MOSFET transistor switchil§yU E G p
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VVVF (Variable Voltage Variable Frequency)



VVVF (Variable Voltage Variable Frequency)ij w Tl ij Fj fACNij wt
Motor Lj D2 } L (Speed)adtfforque LG T ZI| fIFEE Tl vh L w
Voltage 6tfFrequency’ POEL ¢ LTl 1ZT FT w T NhderteT | NF
Control L ij w T IZiLg wIDZNij w

VVVE T AVED (Variable Frequency Drive)il € Nijlul®d 3T GT
Elevatot Electric Train HVAC! Water PumpFari Conveyot Crane

| NijFr] wt DNTLWONTEZTZZFT!I €Nij w

ODAVFLjOI ZT T TONZI vNZI vl TC
Motor SpeedN ij Frequency L Divf T ¢ Lij vDdj w
Motor Speed Formula
pqaQ

0

5

ANs = Synchronous Speed (rpm)
A = Frequency (Hz)

A = Pole Number

DIt F

BOHzY 1500rpm @ Pole)
R5HzY 750rpm

AOHzY 300rpm . .
| B9 H fFrequency N £ 4 Motor Speed N AN [ F TDYj v



VoltageT £ EH § Fl fZ7 wl
Motor FluxT # @ 21T F1 T |

?2 O €Il OWEDO
L] wll FRTwA | DA NI w

DIt F )

L i€ fC@nstant V/F Control i @ TNdj BZ

Frequency \oltage
50 Hz 400 V
40 Hz 320V
30 Hz 240V
20 Hz 160 V

10 Hz 80V



Voltagel Z I' F TCurferit (Ampere) I &1 f €7 uNBFFET v T
Ol ZzLimgFL vl OMIENJWoltagel 6 F & i € L Load
16 FeCurrent | 21 FY uDZ € Nij u

Currenti O fi TCZTzLLwl I'TI NFOAF!t dF
Aviotor Load o

AorqueN f ZOT vl ZT w

ASpeed

Kefficiency

L &) Nij D7

\oltageT fC@ntrolleri 1T Z f L wl ' TQuikeRtir Ngtor T
NFfZOr wiI N¥F NipeF

DI t ()0 Loadt | dbf

MotorT fi @i + LN diwiNGj ir £S B2
S0Hz

AJoltage =400V

ACurrent =2A

25Hz

A/oltage =200V

ACurrent =1.8A o 5
CurrentNij DL ij wTT NN K] DZ



DI 1 (B6 Loadt ZF TNF ) ,
Conveyol L  weij wu Tt ZFTHDBETLY vl FTN
50Hz

A/oltage =400V

ACurrent =15A

25Hz

A/oltage =200V

Torquel fi @& L w T ICHIEMNjwr
AL5A

ALsa

£0A

O LT wd fODZuwNij w )
Voltagel N AN Y ij TCurrentL T wo f €Dl € Nij w

DI + ()5 Lift

Lit ) LT wlt FT w1 ZfL w
Arequency 5 Hz

Asltage =40V

N &N Fur ] 5

Cabini AZTIAINHG Htr
Current = Rated Curretit GTI € T
L] woZgi wNij w



Torque Oti§€urrent Lj j T wo [ Nuwt .
Induction MotorL [ 7 w

Torque ® Current

Currentt ZFTI N

Torquet Z F TZILN uDN¥ij w

| B F tr

\oltagel N A LI N Y ij T

LoadDZ Gi{@ugentL T v o6 f DZ v Nij w

U DX/VF Drive D L [ 1Ceonffoller T
EFNEZT wli?20 NN

ControllerN ij w

1.Speed Commarid NG w1 TDYj w
2FrequencyON| wiL [ 7T DNIij w

3\oltageT MIEDT Z f £ T LI AfFd) TR [
ACurrenti oGt F &1 ijNfij ubZ
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SiC Gate Driver Circuit | f ZH - N2t

SiC MOSFET (Silicon Carbide MOSFETN ijj N F t S&ilieon IGBTI T w
ASwitching Speed T r

ASwitching Losd” ij v T

Adigh Voltagel T O f €7 w

Adigh Temperaturé TO f €1 w

| NF v N@ate Drive Circuif O@N[ L vl LTGA|fIZF DENZTI v Nij w
Train VVVF Inverter, Solar NPC Inverter, EV InverterZ | TQate DriveN ij PPower Electronics
SystemLj "ONT ¢n €lji fuz 6 DZT v Nij w

L

Full-SiC Power Modules




SiC Gate Driver Overall Architecture
DSP / FPGA Controller

b

c
PWM Signal

b
c

Digital Isolator
b

c
Gate Driver IC

b

ObbbbbbbogbbbbbbbbC

b

C c
+18V Supply - 5V Supply

b

Cbbbbbbbdbbbbbbbbb

C
SiC MOSFET



VED (Variable Frequency Drive)T £ F N2
Inverter 60O L ¢ LEEINF T



VFD Drive Ltinverter DL ¢ L ¢ NF T
"OL¢LENG@TuwLINWEL w NijnuwZlL bt @ O FZT wl €L N
Basic Inverter
DCY ACI zI'FT uTl ' Tt TC
Battery

VA
Inverter

VA
230VAC

VFD (Variable Frequency Drive)
Motor Speed fC@ntrolN Zir@&

AC Input
Z
Rectifier
Z
DC Bus
Z
Inverter (IGBT)
Z
Variable Frequency AC
Z

Motor o 5
VFDI t Hrobdfterl €n T v ZN-GTNET Nw DZ




\ Converts AC \ Converts DC
power to DC \ power to AC

N
3-Ph Electrical
Converter :
Rectifier bilber

Variable Frequency Drive (VFD)




VVVF(Variable Voltage Variable Frequency) system T modern elevator L | Pt6peed control + torque
control + ride quality + energy efficiency + safety coordination O FN Jtf@entral power brain-
N @ PN @ € N DZBrake, torque, jerk, start/stop smoothness L & VVVF 1} I € r@nechanically
ZL|] w|] A F pothifprt & predlsiomt n CONRYF @2 L] wNI FTI €L NwDZ

Variable Frequency CONTROL

VARIABLE
AC LINE FREQUENCY
POWER DC LINK AC VOLTAGE
B

_ >

CONVERTS 50/60 HZ INVERTS DC POWER
LINE POWER INTO ADJUSTABLE
INTODC FREQUENCY AC POWER

Fig. Block Diagram of VFD




VFED = Rectifier + DC Bus + IGBT Inverter
+ DSP Controller
PWM N i UGBTt Z F ON/GFEN € v dz

Variable Voltage/Variable Frequen&Phase
ACT i@ Luwl I Tl MFT ijNAjZukDZ v

V/Hz Control

AfCT) i vT
APump/Fat Z F T ONTEHL Fw
KCostl ij v T

FOC (Vector Control)
Aorquel LG T ZIJ ilFwTo f C7 w

AElevatot EV! Inverter Compressdr ZF TOL [ 7

NTEL
Performanc® | T FT vTj TCT

w



ACto DC DC DCto AC
Converter Bus +650Vdc Inverter
+




What is the Diffferemce
Between with Imnverter amd
Motor Controller?




Inverter

HOCT ACI 2z F1 w TRoWeT Elddtfonics Dewe
AGBT/MOSFETHEFRT® [+ / | ijwv Tl FTNij w
AsoltagedtiiFrequency i @ L w!l I T Nij w

Motor Controller

Aviotor Lj Speed, Torque, Direction, Protectior F TT f €
| FLwTIT Systénw | NF

Kontrollerl + L Inferterl €EnT wo f €7 wNij w

Ol AT DZIGHIL ENXFT AL W

InverterN ij UPower Conversion Device - | Mgiof G T
ControllerN ij \ontrol Systen L | uDdij w

VFD DrivelL | v N T @veiterotiiitotor Controller
0] vl ZAE TNTZ] obf Nij w



Motor Controller | f € N ijLuFtNeb F

Motor ControllerN ij MotorT i ¢ L v TDREZZ ®A INJF
Systenz L | uD\Zij L
[ fLuTT ZPREBZET vl

AStart / Stop
ASpeed Control
Arorque Control
Mirection Control
Arotection

Motor Controlled + L T w

KContactor
Relay

PLC

Drive

Anverter
AMicroprocessor

i > NV (Y ! (L RO M -
JNij € EnT vdDZ T w NI A L —— IR \{7‘

-l--“




Inverter Motor Controller

Power Conversion Device Control System

DCT A€l 2T FT wTI I TNijw MotorT Ai@G L wTl Z£T vNij w
IGBT/MOSFETONT Tz I £ Nij w PLC, MCU, Relay, Drived N T € TN¢ijl ut 0 |
\oltage/Frequency € L w1 I' T Nij w Speed/Torque/Direction f L' v T Nij w
Motort | dof INTE Tzl £ 6 f CiMotdrjj dfIt fADNTZTn i wNij w
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Single Phase Inverter Air Conditioner (A[:)Z FT Ih\,{erielu’l f ZN |JerhpdeEsor
Motor Speed fv&iable Frequenci-1 ff fLuwTT ZPdwer&l¢gcdniosISemT f €
I fZNf CT 8N|j w DZ

I T ®aéndblerter ACL [ TampressoN ij WON/OFFI NZT w6 f €7 lawertsrfAG N ij w
L [ Tampressor Spedd 2@zt BOHzTL®I f 2 FT w TN tafpeT vl NFI |
Nzl w)] | w] [} wTTénperdilie€dhFd fF GITf CL 17 ZT € Nij wDZ
TRS24N65FB
YYY\_ N T—VDC
Lﬁ“}_& _Sria\}gr-l%} T
AC220V ——
No— "L {larsh GT30J65MRB Y
VDCT
Taf 195 15
v el 8 FanMotor
UART, Tt 154 1
Temp TPD4204F
Sensors MCU
LEDs T
é;} =3 T3
(| Gate | | Gate O
7| Driver Slgnals oCompressor
—
Q} LSEREE,
-
TMPM4KLFYAUG Yr2UAa0an g Q



Inverter Air Conditionet Z FJILjf T Nz f £/ Sidgie ®Phageilnpity DC Y Three
Phase Outputl 2 I F1 v EILI Twd 1L W DZ
O Z IPtinTiple
Single Phase AC Supply
230VAC
Lbbbbb(C
b
Nbbbbbb
T fREctifieri ®CI 2 I FT v T Nij vDZ
230VAC
b
d
Bridge Rectifier
b
d
325VDC

(230x 1.4144 325VDC)
| ELR JUGBT/MOSFET Modulegi PWM Switchinga-T fArtificial Three-Phase AQ f €

I Lwl €Lwl I TNij wDZ
325VDC
b

d

IGBT Inverter
b
c

U Phase

V Phase

W Phase



Compressor MotorT Three Phase
Motor N Fq

nNZLuwl ELNuw

Inverter AC Compressadr Z F 5%

| T ZFut dF

AMSM (Permanent Magnet
Synchronous Motor)

ABLDC Motor 5

t ZF ] Thipé Fhise Statpibjf v |
Compressor Terminal Bax [ T w
U

V

W
NTZTIIILZ FIAWNT v DZ




Advantage of DG Inverter Power Comtrol

A DC inverter power control uses its full capacity at startup to cool quickly.

A Once set temperature is reached, it precisely adjusts current frequency t
prevent temperature fluctuation and energy loss

|

| 1
L. X
L] | Yo ~— “S—|—— =00 Non-inverter type
= [ { Notcool »—~
| : ab ' _—0C inverter type
senemp-rf
During cooling operation

- 118

Ry SAVING & Powkel

I @

= a #i
DC inverter power control gives you greater comfort



Inverter Technology . The Basics

Inverter devices whichonvertcommercial AC electricity
to alternating current withdjustable frequency and
voltage Rotational speed of compressor can be altered

freely by inverter.

AC DC AC
50/60HZ mbeeed Three-phase
AC100V 7 inverter
Room temperature i Three-phase
detection signal ' [
> PWM control induction motor

Operating

frequency signal (Waveform formation)

AC inverter unit



Inverter Technology . The Basics

AC/DC
AC = +/ - voltage changes DC = no voltage changes
U (Vv U (V
A( ) A( )

/\ /)
U {(s)

Voo =0 V 0

avg avg s



Inverter Technology . The Basics

Changing Frequency of AC N= 120 f/p
N : number of motor rotation
UA(V) UA(V) F : Frequency
P : number of poles

/\ AN
N VAV

< > < >
f= 50 Hz f= 70 Hz

We will change Compressor Speed by
changing the Freguency




4. Frequency Modulatom 6 Up UG 6 & d A
InverterOEp A6 A OaAaEpPUYADd AEE

STEP & AC to DC Conversion
AC InputA fRéctifierAUBECG MUS Ep ual pd

DC Bus Voltage
MW — 7,
K |
A A R D i
AC Power O *

A A LA A
L2] 4] 6]

AC to DC . DCtoAC

Con\?erter Filter Inveorter



Rectifier to DC Bus




Inverter Technology . The Basics

Example of AC - DC Recitifier

AC




Inverter Technology . The Basics

Example of AC - DC Recitifier

AC




Inverter Technology . The Basics
Example of AC - DC Rectifier

_ ‘i - Result: AC - DC
_ 7S 7 7T
U (V) |
\ ; _

\/

>
t(s)



Inverter Technology . The Basics
Smoothing the DC

i % 69 By using a Capacitor

Udy)

JAYAYAY

t(s)




Inverter Technology . The Basics
DCY AC Inverter

(AC) ——————s (DC) ~ (AC)

o BN sy o
AC100V 4 Z / 3

50/60Hz
v
" 177 ) Compressor motor

— Rectifying
= circuit
Pseudo three-phase AC

-

L

(L

L

[

[

644
Microcomputer Y\
(PWM controller) \ >\/




Inverter Technology . The Basics
Converting Pure DCV to Digital ACV

S1

r

820

7

-

S1|+|(0|0(+|+[0]|O0

S2(0|0|+|+|0(0]|+

 F(Hz)
+ E | i
Time
O >
-E

By changing the switch spesc
we can change the Frequen



Inverter Output Stage . . . .
Compressor Motor fTree Phasiei t + F 1T UGBWMQ@SFET6NTENTEZTz I £ 1 FTNij wDZ

*2 0VDC
b

ObbbbbbbebbbbbbbC
b b
QL @B

b b
+oeee- U--------- +

b

Q2

b

DG
ObbbbbbbegbbbbbbbC
b b
@ 02

b b
+-eee- V-mmmmm- +

b

Q4

b

DG
ObbbbbbbegbbbbbbbC
b b
Q7 O

b b
+--ee- W= +

b

B

b

DG

Ot ol wl 7 NeyShitch Tiaree Phase Bridgel: | v Nij v DZ



Inverter Technology . The Basics
P.W.M. = Improving the AC

s .

Pulse Width Modulation




Inverter Technology . The Basics

Inverter Circuit

1 S1-S5(0ON)

T,

2 S3-S5(ON)
U
,fz o,rl V éW
5 $2-S6(ON)
U
f 5 1V gﬁ“

ot ]

3 53-S4(ON)
o cﬂ@‘”
6 S1-S6(ON)




Inverter Technology . The Basics
The Air - Conditioning Inverter

M,
(5 I T wH**—®
ra il Ejs iz i

= . \—
AC - DC Redctifier DC - AC Inverter
with Smoothing with P.W.M.

|1
I




Overview of the different Phases

Name Function

Diode Module Rectify AC and convert it to DC.
oo

Smoothing circuit Make DC smoother by charging and discharging.

Capacitor . w

Reactor Decrease ripples.

3

Power transistor Make AC of approximate sine waves by dividing DC.
= Mgy

Control section Emit signal to switch on power transistor when

operation and frequency setting commands are received



AC

Summary

Pawer transistor

Diode mndulesm°°t“i“9circuid

Reactor|

. —M— Sacothing
Al circuit

e
nmanI; . ::i_jfi;fi
1

Inverter.control section

Com-
pressor



________

. 1

| Ay
' Rectifier bridge| = Pre-load. | Filter | ' Inverter TM "" >
: — : = O
: ‘ZIS z)& =l <7 o Matll
AN D W T T TSL/_ .

______________ | \
D4/\ D&\ D T TAKZS Tb@& Mo or b ol
ép trwe tiep vé Bus
DC
: : | T
Rectifier = Rectified voltage

\v

Filter = Smooth voltage

PWM control
BUS DC

Inverter = Production of AC 3-phase supply varied in frequency and voltage
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220VAC Single Phase
b

EMI Filter

b

Bridge Rectifier

b

DC Bus Capacitor

a 310-340VDC

b

IGBT/IPM Inverter

b
UVWwW
b b b

3-Phase PMSM Compressor

U,V, WN i tThree-PhaseN F T
ngLuwl ®©F Nuw

U V,WNij w

A2 Phase Shift df | NF
PWMZ2T L vl GTI FTNij £ w
A/ariable Voltage

A/ariable Frequency 5
ThreePhase Output L. | v w

NENFr

Power Grid T N ®0Hz Sinusoidal Wave

Ol | wt ABA ul €

PWM Wavel fM@tor Inductancé Filter

NZ I Sigusoidl Current GEIL-§ I8 N pAr



U-V, V-W,W-U L f ZT1 @ZDWNF T

I NT ZIZT € )

Output VoltageN ij \Compressor Spedd 't & Ldgx3+ + | 2z FDar T L Nij w
DIt F

O1 Mpdelt Z F TOALE @ T fr INfj v L @Zine-follive RMS N ij 8OOV

| TZFuwo MEZT vl €Nij w

Compressor Speed Frequency Line-Line Voltage (UV)
Low Speed 15 Hz 60i 100 V
Medium Speed 35 Hz 150/ 200 V
601 120Hz : Tr
Full Speed (FFul NLI)ON]C @TZL%O 300V I Lip



System structure principle block diagram for three phase

Reactor

——




IPM PFC pomon ' D

.......................

High PFC switch frequency
{up to 40KH2) reduce DC
link capacitor and

a Integrated Inverter +

PFC IPM reduce

' heatsink size and
components

IPM with PFC e

@ o -@ | 'mv-c ................. Wm
) R oL
RS0 EESSEHTAND) " }:c q; :*@@Qﬁ} Compressor (Mnoorml
o e
mﬂ, S NggEsg ey —
Power }.(" ”'“’""‘j R : (:> mg)w’
sl R IR R
s Yy 9 .q E?.....uuunuus ::'C‘xo“”
PWM MCuU -
ad R5F524T8ADFM#31 B

FOC for smooth, robust and efficient

operation

PLL Control: Rellable start up algorithm




ac input
(100 to

230V)

Passive
EMI
filter

RS232C

Compressor

PM

motor

(Interior
PM)

Fan

serlal comm IGBT inverter
diode nic
| [ oison T EACECE
PFC ! 5
gate drive § s ’
E:ll-mmm 1—|F'-§ w I g ¢
z [
‘ 3 K A ECE
E’PR:)M J | [ FREDFET inverter
/0 +——-—
PP
2 }
: I8 s |
s || T

(Sensoriless
PM)



VRV/VRF otBplit ACT [ Fz1 FTI1 27 w

O1 ZT u Single Phase Split AC Three Phase VRV/VRF
Input 220 VAC 3801415 VAC

DC Bus 310/ 340 VvDC 5401650 VDC

Output PWM 3-Phase PWM 3-Phase
Compressor PMSM/BLDC PMSM

: : ~220 300VAC (Model ~380'415VAC (Model
Maximum Line Voltage T Yt gLliju | THEE L)ij u



Compressor
( M

P

| S|

Current detection

Shunt resistance
1

Control

=

>
O
Q.
Su
[ | a.m
|1 WC
O
o
Il e e W
_
D | < > |
=1 _
G | < < |
o | s < _
PR e o = |
—




Reactor

Driver pcba

Wiring Diagram

Capacitor pcha




Outdoor Unit

Compressor ODU fan

N/_

Inductors Converter Inverter
(Rectifier) Compressor

DC link 0
Capacitor
[T

NTC Driver Stage § Boot
-" Strap

=) Power Flow
= Control Signal
Sensing Signal

Controller






What Is Inverter ?

ECONOMIC TRUE
OPERATION COMFORT
Energy Inverter Control Human

Consumption Comfort



Principle of Inverter

Commercial power

supply AC
A NN

UV UV

Voltage: Fixed

Frequency: Fixed

From Power supply

Converted to
DC

Converter)
section

DC

Converted to
AC

Inverter )
section

INVERTER
Section

—>

AC

/\

U
Voltage: Changed

Frequency: Changed

To Electric motor



Principle of Inverter

Power Supply Compressor

4 ) (- )

— Converter Inverter ‘\Q

/ \ S




Highly Efficient Operation

mverter Control

~

Compressor

£

Medium Rotation Speed




Highly Efficient Operation

mverter Control

~

Compressor

High Rotation Speed
(Start Operation)

£




Highly Efficient Operation

mverter Control

~

Compressor

£

Low Rotation Speed

(Reach to set temperature)




lllustrated Operation in Cooling Mode

Start of Cooling Mode After reaching preset temperature

WIE Quickly to reach
Too Warm |

2 Quick & Powerful

comfort zone

Keep temp.

in comfort zone

— . \With INVerter - : \Without Inverter



NERLRLNNT AT

T

Outdoor Unit

+ 4-way valve

&

.F".. f
2

Variable-Speed
Compressor



aEch for a greener tomorrow @

Energy Saving
Smooth INVERTER Compressor Control & Operation

High rotation speed generates
o~ accelerated performancel

Very efficient!

O . L P N SRR

B T T Y B e T

Keeps rotation speed at low levels
Compressor Starting current at low level.  after temperature is stabilized.

A" M cvce u = BB B B




Example of VRF system

[ \__/ \
Y=
0 .,x*" Inverter Compressor
—— Refrigerant pipe
= = S e N .
Linear Expansion
Valve
,@" ’@ ’@ No water or pump
= = - treatment required




Electronic Expansion Valve

5 Core Supply

;

Stepper Motor
Fine Thread Spindle

Bellows Seal

To Evaporator

Liquid



Water-Cooled Chiller Flow Diagram : ,
Differential Pressure Transmitter

Chilled Water Piping g

Air Handling Units

Coils

il

i

Water-Cooled Chiller Chilled
Water Pump

Cooling Tower Condenser
Water Pump




return

f'—\

Chilled
water

supply

Control panel

T

-

Variable flow
rate control of
chilled water

-

Chllled m
water ~ —

Chilled water pump

Centrifugal chiller



Fang and Purmpg




Ventilation Fandb#water Pumping Systein Z F 'ﬂﬁyérterﬂ’echnology (\Variable Frequency Drive-
VFD)T PR TZTzZU DR ET Ak T AT NotorBeedi thadONf OINPEZNZFT w

—_— W e

| ZIT' FT w TNt ZEL uw'[lllxlh;[llﬁl’_([)iremtOrere)[L[wNNotorl LG Speedt-1 &
O3t Nijwl | ZT NFPEDR @N L NNFij ENFN TN F w)] | O | uBOFe@pO 1 f

I TI'_Q':(T) f ZiDrr SNij w
3- Phase AC Supply
b
c
EMI Filter
b
< )
Rectifier (AC Y DC)
b
c
DC Link Capacitor
b
C )
IGBT Inverter (DC Y Variable AC)
b
c
Induction Motor / PMSM
b
c

Fan or Pump
Motor Speed f €

Arequency (Hz)
Asoltage (V)

Frequency
S50Hz
40Hz
30Hz
20Hz

0] vl EZNTFAAATMA TT I vl €Nij w

Motor Speed
1500 rpm
1200 rpm
900 rpm

600 rpm



I 3

Rectifier Bridge
(AC 03 DC e[gE:nde0:0029)

-
a DC Bus Capacitors

L(DC Voltage 03 geanden:angd)
J/

B Inverter (IGBT) Module
(DC o3 AC ¢[gpe:e:a0g))

n Control Board

(VFD o 035:q)|6 60:0005)

R(L1) Rectifier
$(L2) (AC - DC)
T(L3)

PE (Ground) - LA

Digital Inputs
DI1...DIS

Analog Inputs <—------
All, AI2

RS485 Communication €—------

Rectifier Bridge

(2090} a@odeu:ongd) |

DC Bus Capacitors

B Inverter (IGBT) Module

2
B emiFitter

. < C
(Noise ommpedeu:oo)
b, J

Control Board

Braking Unit

(Energy com>o088(gE

Braking Resistor o
odé:g1060:0029)

R

Cooling Fan

EMI Filter

(n Terminal Block

(308 /30903 [F:gp:
giodeeadqd)

Braking Unit

B Terminal Block

Motor Output (3 phase AC)

DC Bus Inverter a
Capacitor (DC — AC) )
— -~
&)
T ) -
e L » Analog Output
AO1
—»| Control Board ———> Relay Outputs
= RO1, RO2, RO3

1
———L_—— Fault/ Alarm Output

o [ Comporent | Fncton |

AC 30¢€ (R, S, T) o3 DC Voltage
(46 s[pLiadeoronndn

Rectifier 0oy ogadeoo DC Voltage 03
963&:[3: gou[ch§ 6gjo9egeLDOAdN

DC Bus Capacitor &3 DC 03 PWM
§95:006:(d¢ AC 8[yé e[pl:ev:(B:

6030703 wodew:rnad

Microprocessor (3¢ 038:3)|0060:(G:
Input/Output §6a$3(gé:, PWM
Signal aode0:(géas omaodusap:
[Giophoogdn

Heat Sink ¢ ®lgn08odm{c:ypen
BWYOY 0Q0IEL:6] HWEW:360:200311

Electromagnetic Interference (EMI) cr3
6aarg)(g; Power Line o ccpadeuzoopdi

sudomom: :xa@§qum§§|=§ogc oQad
6Uleneom Energy a3 Braking Resistor

29 §e0:(3: VFD 0 ammpadeo:oogdin

Power Input (R,S,T), Motor Output
(U,V,W) ¢ Grounding, Control Wiring

yp:03 gjodardas [GEgodoopdn




Brake

resistorance Standard Wiring Diagram 1
C | (Applicable to F1 and above)

b —

Brake
chopper Brake
1 resistorance

Optional
accessories
(Only for some AN
models) s N
- Three-phase Three-phase
3 AC output AC output Motor
® estor, Filter :
o) :1 k)
|
P o " o H 5
ot Main circuitloop ~——d Filter P
.
////
( )'Extenslor: E Extension '
| card2 = | “card1 Sacresise :
N | (Optional) ' (Optional)
L +24v
+24V ] 4
Max.200mA || sLot
1 com 5 ) [
VI T Rl | 2 ey S
Example +12v
ol ( ple)
e B | o | CcoM 1
- o
= (2] @ A+ e 3
] % =L @8 58 Position
P Al # ¥ 3 gg e » control pulse Encoder.
Control ol -+ 1 ‘ 3 § s B+ input
input < 3 /i; e —_— B J
signal — 17 A5 } o, 8 N
= 7 = a | AD+ T
= 2 Ao-
| ~ A T :=Q_ = Position control
it _[ > B0+ »  co-frequency
oI5 A ] BO~ e E— output
! - —— 2 | Z0+ S
- £ ; T z0- i | J
ois_ [ || e ¢
[ D) ¢
o (ALl @ 9
D17 supports I A v dasandee. . L <
high-speed — ~—+10V/0~—20mA| AD1
pulse E'nput N ®) .C_Q % [
) S [
_______ o—~-+sowo»-zo-u§ A02 ’* " . Analog output
H
Safety | | |
torgue v e J
interruption . —————
sT0 ; - =
oo 1
. ] f Collector open output
r 4 : | ~ Maximum DC 48 V/50 mA
—— T H—1+—— /
KQ - 5 A
1 L} iy All jo~+10v [ - b ) Collector open output
Anal sa | | v ’ﬂ : [ L Maximum DC 48 V/50 mA
in;a)uotg D, | l.“-. = AI2 | 0—+10V/0~20mA t 1 J Pulse output 0-50 kHZ
| N oo o o /
| | - /
0-—+10V/0~—20mA @ O v
L _—{RLNO, R -
e T Shielded line
1 j Two-line relay output: "
i . » AC250V:10mAto 3A
S 1 DC 30 V: 10 mAto 1 A )
| e RJ45 =NGrh! “/1 Twin strand shielded lines
I external i i1
i vy / s
sonpus < GND tion port =
CANopen oy contedi —1, DIP switch
i CANH — —‘_‘* > keyboard Connecting Iy
| RT.NO RT.NC interface - lines conform
L : CANL iaag Control | | to I/ |
| Matched — TIA568B. Jumper socket
S ' resistance Panel v




' TZOLIT uDl €01 wl NF
Terminalst ZF T

Terminal Function

DI1 Forward Runl(  F uNLdFj )t w )
DI2 Reverse Run

DI3 Jog / Multispeed

COM Digital Common

All 01 10V Speed Reference

Al2 47 20mA Signal

GND Analog Ground

TA/TB/TC Relay Output

AO1 Analog Output

AO-GND AO Ground



1. Digital Input Wiring
Forward / Reverse Control

Dry Contact_ )
Push ButtorN #n £ Selector Switch-T1 (YFDT f €

Start/StogfN €I v 6 PZT w Nij w
Forward PBY DI1

Reverse PEY DI2

COMY Common 5
ONTEZT!t ZdgiE! NF

11 oHEOMT fSkbrtN € I' 1r Bbrward Run
D12 6EOM T SortN € I ir Reyerse Run



Analog Input (Speed Control)

Or 10V Potentiometer Speed Control

10V Y Potentiometer +

Al1Y Wiper

GNDY Potentiometer 5 )
AI1LN @i 10V I @zFrequency fOi0Hz (N ¥0i 60Hz | f
| FLUTT ZBZ wd f €7 wNij w

47 20mA Pressure / Flow Sensor

Process Control

Pressure Sensor¥ Al2

Pressure Sensor WND

Al2=4i20mA ) ) o
Pump PID ControL [ DiwZF DINTEZT zDZt Nij v



Digital Output (Relay Output)
Fault / Run Indication

TA=NO
B = COM
TC =NC

VFD Runz L | Tufdlay Contact 2 I F T w Ipdicktdr Tagnp G-
N &1 Z PLC InputN @ignall I To fOZ wNij w

Industrial Standard Wiring

Pump Control Example

Analog Output (AO) Start PBY DI1

Frequency Feedback ﬁf’ZESP?GY szulnzsdr' 20mAY Al2
- u

AOlY Meter + Run LampY TA/TB

AO-GND Y Meteri Frequency Feedbadk AO1

Oi 10V / 41 20mA

Output Frequency, Motor Current, Spgadij r & €
LN ij g OEN i DZ



Typical VFD HMI Layout
ObbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbC
b VFED DISPLAY b
Dbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbd

b Frequency : 50.00 Hz b
b Speed 1450 RPM b
b Current : 125 A b
b Voltage : 400 V b
b Status : RUN FWD b
b Fault :NONE b

Cbbbbbbbbbbbbbbbbbbbbbbbb

z C
Up Key Down Key

¢ ESC  ENTER 3
RUN STOP/RESET
FWD/REV  JOG
LOCAL/REMOTE

MENU




Button t ZLF Function

Button Function

RUN Motor] LT wNijwl Cwl | Nij w
STOP / RESET Motorfi I w !l FaglitRESEN ¢TI v Nij w
FWD Forward Rotation

REV Reverse Rotation

JOG DI ZfLuwl fZNijuwl ] ZT 71 u
z & Frequency. f/l BITH

ENTER ParameteN f+ v TZ1T T uT

ESC Menuz I Lwl T Tuwzl T uT
MENU Parameter Setting Menu

Keypad ControbtifExternal Control



HMI Display L [ DiwZF Tj TZDatd NI NF
Motor Frequency
50.00 Hz

Motor Current
158 A

Output Voltage
398 V

DC Bus Voltage
565 V

Motor Speed
1475 RPM

Motor Torque
72 %

Output Power
5.3 kW

Status
RUN

Direction
Forward

Fault Code
No Fault



Parameter Setting Menu
MAIN MENU

v

Motor Parameters
Basic Setup
Speed Reference
Acceleration Time
Deceleration Time
PID Control

Multi Speed
Analog Input
Digital Input
Output Relay

Communication

vV v v v v v v v v v %

Fault History

Schneider mm

Electric

ATV7IHU22N4
2.2kW/3HP 380/480V

Config n°1




Local Mode 41 fKeypadt kbt FT v TLij uwT

MENU
b

LOCEAL MODE
Frequency = 30 Hz
RUN

Motor Running

z Frequency Up

¢. Frequency Down

STOP

Remote Mode
PLC

RUN Command
b

c
Digital Input
4- 20mA Speed Reference
b
c
VFD

b

3- Phase Motor



Industrial VFDHMI LT F wFT wl I wl € Reaturds f €

Aduto Tuning

AViotor Identification

A1D Controller

Aault History [ I FT Faulft ZZIF T

Avent Log

AReattime Trend

AEnergy Consumption (kWh)

APassword Protection

ACopy/Clone Parameters

Aodbus / PROFIBUS / PROFINET / Ethernet Status



Return Air VFD . VAV Boxes

Air Handl S oo ve Static Pressure [se
ir Handler ol
Outside ~~- Sensor
Air ------------- - - T
Fan Motor /
o0 o0 L)
. VAV Boxes . .
$C
MEPAc:
FUNCTION OF VFD IN AHU o

Variable Frequency Drive controls the fan motor speed

VFD

Variable Frequency

Drive (VFD)

« Controls fan speed

« Adjusts motor
frequency




3 Phase
Power Input

£

P
&

10:80 an FOD Rdy Hone
Setonint

Dutput Frequency
U1-82 Hz

Jutput Current

® U1-83 4 N

Pump Motor
Pressure Tank

Pressure
Transducer |

Suction—» —» Discharge

(Constant Pressure to System)



Pressure Feedback
(Optional)

Flow .
Meter i

Suction

*

Discharge

Motor Wiring
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Overall Control Wiring Diagram
Obbbbbbbbbbbbbbbbbbbbbbbbbb(C

b 24VDC Power Supply b
Cbbbbbbbbbbdbbbbbbbbbbbbbbbb
b
+24V b
b

Obbbbibtbtbbbbbb C

b Pressure Sensor b

b 0~10 bar b

b 4~20mA Output b
CcCbbbbbbbdbbbbbbbbb

b
Al+ b 4~20mA
b

ObbbRgbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbC(C

b VFD Drive
b

b
b

b All (+) &b bbb tPiessure
Signal b

b ACM (-) gb b b b tSénsor Common
b

b
b

b Internal PID Controller
b

b
b

b Frequency Command
b

b
b

buU V W



MOSFET 6tidiGBT 7 [ FI ZF Tr



MOSFET OUfiGBT 7T [ FI ZF T

O1 ZT w MOSFET IGBT

Control \oltage \oltage

Switching Speed ONITLwzt Luw | 60 T

Frequency 27t ONNwONL w

\oltage Rating Low-Medium MediumHigh

Current Rating Medium O N LT fr

Efficiency Low VoltageL [ 7 w!| T FHigmPowe [ 7 w!l T FT wT

i, ! “ ! ; "m
mr(‘} || ” m U 3

| oy 0 T (f(lﬂ” ' ——
,,)& ] m* ,I;f)l"}j'})l I mumrl ,,,,, ,,6.,‘, . .

bF *""""""""" ﬁ"ﬁ -

oo




4

IGBT LjO| fODFTNFT ZT ut Z
MGate CurrenD N L' w L Drive[NsZIT Grn NI D¥w N i
Asoltage T 600V, 1200V, 1700V, 3300V 604D | T v
Kurrent2 T F 1 k LIW TR T T Ampewe)l fi @
Fswitching Speed + | RMEMI GZTL v N &lIT b b E w DY v

Adeat Sinkdtti€ooling Systeni:-T PowerD 2 T8 F TDNEE T zif @26 f €7 wN
IGBTNij WFDt Z F TPMWMiSwitchingi feNgl uwl | Rl lfIwaErN ij £ w
Semiconductoz L | 'L(Egtd DEver Circuit IbZ L w!l I PWMNFignalO L f €7 v T
ONI L wz tOh/Off SWichingz I £ N gOCBuisfoltagd f3®hase Varialsl
\oltageotifyariable Frequency AQ Z L] &rff FT w TNt I I TI €Nij v

FT
ij w
ZFTT¢¢@L¢mmNuu
6 fEA wN
wp
D

Inverter circuit

DC
Input

@

IGBT drive OPTO coupler




Basic IGBT Switching Circuit
+VDC (300~800V)

b
b
Load
b
b
Collector (C)
b
Obbbbbbb(C

Gate Driver b IGBT b
+15VPWMbbd G b

b b
Cbbbbbbbb
b
Emitter (E)
b
GND

ONZI vNEZTl vl TC
Gate =45V Y IGBT ON
fGate =0V Y IGBT OFF

Kollectort BmitterN @urrent] GTj T DZ N ij

A4

s

v



Gate Driver Circuit
Microcontroller / DSP

b
PWM Signal

b

Gate Driver IC
b
Gate Resistor
b
Gate (G)

b
Obbbbbb(C
b IGBT b
Cbbbbbbb

b

Emitter
Gate DriverLf ONZ I w

AWM Signalil PER T T NDZw
Asolation (Optocoupler / Isolated Driver)
| I T NDZw

AShort Circuit Protectiol € n T BX| |
AViller EffectT i @ L v TT0Z¢ I

Z<

] w
Lr

j u



Half-oriage 1spb |1 CIrCuit
+DC Bus

b
QL IGBT
b
Dbbbbb
Motor Output
b
2 IGBT
b

DC Bus -
Switching Sequence ) .
Qlot2T @ vw! Z fONALNJ@ATDA I €
| R & & ShootthroughZ L | BBT GT
2 VFBEUWN A ¢ H tPead Timd ij t & T n DY w

Upper IGBT (Q) Lower IGBT (Q2) Output
ON OFF +DC
OFF ON -DC



Three-Phase Inverter Circuit (VFD)

+DC Bus
b
Obbbbdbbbbdbbbb(C
b b b
A &8 &
b b b
Uu VvV W
b b b
Motor ( 3 Phase)
b b b
R A &
b b b
CbbbboQbbbbQgbbbbb
b
DC Bus 1

P CircuitNij WFDt ZF TOAONTI@QT 2%ixt | NF
Switch Inverter Z L | NWGBT WGN[T ZPWMfLE r

O L Nf@WOFFz I £ N @J, W Phase

V ZFTEIf @Nif @z



MOSFET andSIC MOSFET
(MetalOxide-Semiconductor Fieldffect Transistor)

2—D Drain
3—S Source



MOSFETOUGBT (vlnsulated Gate Bipolar Transistdr) ij ulnverter Technologyj O | f TPower
Switching Devicd Z F T 2z Poweffl GAC PowerDZ L | &1 FT uw T RN R &Nij el Rl Fur
ONEM O NT T2 I £ Nij £ o Il LFZA {FZ[H TRFINY @ P

TAB
Drain
Drain
(Pin 1, TAB)
A
Gate i)
(Pin 4)
Driver Power
Source Source
(Pin 3) (Pin 2)




MOSFET Gate Contrdl) ONZI v N@I vl T Zt dF

1.Gate Voltaget | dif¥NGhannel | YOWMIOSFET OFBZ

2 Gate VoltageN L vt L wThieshblf \@lfage)l T vl T Z1FYr Redric Field
7 L] WlGhasnel [ + ¥ MPSFET ONDZ

3.Gate Voltagel 1 b N Y Channel Resistance (RDS(oh))f € L ijYwquiredt
I fZ] @6 f Z1 wl N 5
4.Gate VoltagelN N £ N ij &Y Channel I Z fFiCQurrentd I v Nij P4

P Gate \Woltage:-T f€urrenti i @ L w T 1 Z Eijl WijoFfoZF ®INFGFETY ZF TT f €
SMPS, DGCDC Converter, Solar Inverter, E\v/ Traction Inverd&industrial VFD
P ZFTONCir A #Lp ONTEZTzI BT Nij w




*

1 + :
l 'SwaH ,L lswbH l ' SWeH
Ve VSWhH Vswel
sWall SWaH 5%:1}__' ) oWl C
: 1% %) o
S = . = :
— A A
= l 'y A
—_— ’
l(.
Vewal Vewnt [ Vewet
SWal [ SWb'L_;_—" " SWel oy
- |
o o i &
l lswal. i lswhL l lSWel
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=4 =2 =2 =2 =A A = 2

SICMOSFEA | p b 6 O tzdedcOPechnologye A EEG pRPoW&E G p EU O
SemiconductorY y 8 0 O6 YA OEpPAOGAUEDPGUO U

EV Traction Inverter

Solar Inverter

Industrial VFD

High-Efficiency UPS

Fast DC Charger

Premium Inverter Air Conditioner

YyoudaEp &4aVEpaAY@p &dauaé6uAUDX3 Of6ua

SICMOSFE& & xfi A &ad i adokageApy¥EAudentA Y-H-tefuencyA Y+E
Heat@1 P Efficiencyd A Y E"0APUEE(D 0GIU 0 Rowet BlectBAidsd a & A é

a6 RugARdmogyy 80 O YA OEpAcas aOpVYAOpAT



Vector Control (Field Oriented Control i FOC)



Vector Control (FOC) | f €ACPMotorl t TCurrenti fFi@x
Component (Id) 68fForque Component (q) D Z L1| fut 3 ICE T
DCMotorNN@G Tz 1 FTI1 fL @ TEAD FOoL it |
Inverter Control Technolog¥ I | wIDZL N w

NILCIfIL w

Anverter Air Conditioner
AMSM Compressor
Alevator Gearless Motor
AEV Traction Motor
AServo Motor

ACNC Machine

Andustrial High Performance VFD
OF TNT ¢ Tvecdorard (F&® PR T @ TLZolTH DX ij



