What is The Inverter Technology and Their Applications?

329CO0000D ?é%O&}‘J@é 330)’)8(73%8603,6103 GC\?é]SGOg, 8861@8603 O‘)QS C\% 08%,::1"5 emés.;é@mfé

New Series

2L H SERIES
47RY R SERIES S

Presented by
(B:08500€0g€) RSE-001 (ACMV)
AGTI (Mechanical Power)-1985
Advanced Diploma in Refrigeration and Air Conditioning
City and Guild (London)

(4-07-2026)

@ Auwxiliary inverter



© ® N o v A W DN E

e
= O

[ S S o S N
© N O U A~ W N

What Is an Inverter?

What Does an Inverter Do?

How Does an Inverter Work?

AC Sine Wave and Frequency

C ¢ O C C

Oscillation and Modulation QPOODLO SOOI IO OPVS

L
PWM (Pulse Width Modulation) an%oaé%nooocﬁ

PWM e 33665 W0

Inverter vs Motor Controller: What Is the Difference?

Single Phase and Three Phase AC Inverter at?ooooooo\)

. 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

. Real-World High-Voltage Inverter Applications

Inverter Technology e msfé:q_lrgeuos
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1. Inverter a§oo') MAS?
Inverter agooé?’) DC (Direct Current) 091) AC (Alternating Current)
2[96 e[ éscuzearn Power Electronic Converter @og:)oéu

80@’3 -
*Solar Panel — DC Output

*Battery — DC Output . . . .
3 DC 0 230V/400V AC 39@0) el Csc0s0M Inverter @@(ﬂoooou

2. Inverter eogn? IGBT § MOSFET ar?@s %ooocv)s?

oomcf)eoo? Inverter 0% IGBT Inverter, MOSFET Inverter a(cé@z @é()flll
IGBT § MOSFET 5800 Inverter a¢0 32933(g|0) Power Switching
Device clep @@()f]oown



1980s — IGBT Revolution

(2] o C N C C
Inverter/VFD ooec ooc 39@51 %E@?z G@’)Cgﬂ)ﬁf @@:)oeu
C

IGBT Qs ®oo<:39:>o° lC\)’)GCD’)G C
*Switching Frequency
Efficiency @

~ ° C C
*Compact Size @@CC\)’):D I ] ] ]
HVAC Industry eple VFD Q¢ @(Joccqloo@ @D 393?3[9lcooooeu

1990s — Vector Control

C C
Motor oo Frequency 00033300&3 C{Splepl=lennisn

*Torque

:lgluxd 00 0 0C._ COC C
cC g)?o()fg OO(T.EIOg) OOcT,»oQ\”_()c%CCD’)CD&J)II
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*Elevator

*CNC Machine

-Chlller Compressor e o .
cﬂo ooc VED S’BOO @le 33(\3§[§goomcv)oogn



2000s — Inverter Air Conditioner Era

Daikin Industries |
Mitsubishi Electric |
Panasonic Holdings o%m

(@)

Residential Inverter AC QPO MNNDS
C L CJO
|

C@CD@C ¢,
MY QOM|WO|Y$ |98, S§PCE]|C2(0320D0I
2010s — SiC MOSFET Era

Silicon Carbide (S1C) Power Devices QPP
o)oocc:sgoéﬁ Q2001

Sl -
39’)8:)0’)%100&{)8

°[.osS c?e

([YCoO
*Temperature 9Cas
*Switching Speed @

—rn On

@ngoéu



we‘lsoeaag Inverter Technology 093

1.EV Fast Chargers
2.Electric Vehicles

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

9.Railway Traction Systems
10.Data Centers

11.Speed Boat

12.CNC Machines
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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

CEN L=
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Oscillation = Wave o% o?ogc?sggs
No Signal

!
Oscillator

!
Sine Wave

. o) c oc _ CC.
Modulation = Wave m Bchoo‘foqllo@co
Carrier Wave

_|_

Control Signal

!
Modulator

!
PWM / AM / FM Signal

@JC Oscﬂlator :Joe Wave Generator@ [9 Modulator ooe Wave
Controller B@:D I Inverter, VFD Servo Drive, EV Fast Charger Solar
Inverter o)c?@e{p s00C Oscillation &c Modulation &@Qﬂl (DC\) 00
Gdk:®0333)Eh dkneyl



O N
Frequency 330’7):7)‘)(\)
c ¢ . C
AC C\}JO(D(D@’J Sine wave OO09020D
C c 1 ¢ c cfocc I c _C \ O 0
O'DQ)(D('D?S?ODCS DVOS&O (2] ?C\)&)C\)@OCDCDCD 000OM
m o (e} o 1 L. L L
Frequency (Hz) Q6312001

=

ROed —
C O C
50 Hz — 1 second czleplet cycle 50 [(_Be

60 Hz — cycle 60 [(:79343

B Peak Value

RMS Value

Time —) D

AC Waveform(50 Hz)




Oscillation Waveform

Voltage

|

+ | /\ / N\

| / \ / \

| / N/ \
= | / \/ \
Time

Oscillator OD@ nal OO (9%0% "

60360 Circuit ®:DEBII
8()@’)

«50Hz AC Generator

*]0MHz Crystal Oscillator
*PWM Carrier 10kHz Oscillator



Inverter :m:m $3000:
Application 329 aeooaoelc

(A) Square Wave Inverter

*G€): :6UMCS §e 0p»

*Harmonic QPe

(B) Modlcﬁed Sine Wave Inverter
*GQ[s20002D

*Fan, Light 390006

(C) Pure Sine Wave Inverter
*Harmonic c?e

‘()OG?GSU) 3900 39&%]’) SO

1/60 second ——
120V

Modified
Sine Wave

-120V



SPWM (Sinusoidal PWM)

Pure Sine Wave QSGQ)G]gS PWM
Modulation 3’3&?8 200

Carrier Wave
YAVAVAVAVAVAVAVAN

Reference Sine

gégcﬁ)éﬁ PWM Pulse Qps o?oga)éu
T Y O O O O O

150

T

-100 F

p— p—

N

Output voltage (V)

| HMWW

0.1 0.105 0.11 0.115 0.12
Time (s)
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Pure Sine Wave Inverter 0D Gaoomchsg 33(\)0(\)00

Pure Sine Wave Inverter 2000 Battery o DC Voltage (12V
24V, 48V) 03 336232 AC Power (220V/230V, 50Hz) 32(@d
G[:L})C DG0i6oM Electromc Power Converter @@0@8"
Output Waveform :Dg Utility Grid clavalcteve Sinusoidal

Waveform &C 32009t Q)OGCD’)G@JC

*Air Conditioner
*Refrigerator
*Medical Equipment
*Audio System
*Computer

°Industr1al Control System c e
00390000 DEONCS ao Inverter :afaeﬂl 332003 @@CD&?



Modified Sine Wave &CC: Pure Sine Wave (T)’)@’Jeﬂog
] o (@)

Feature Modified Pure Sine
Harmonic ]Pe ?é
Motor Noise ]Pe ?é
Efficiency ?é @6

AC Motor QOO comC:
Electronics ©20¢ :

o]

OOCOZ
C O o
981008 OGQEISEY,]S
L

O

Price



EV Inverter 55 Pure Sine Wave Inverter m@')qlog
10 o

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 400V—-800V Motor Drive

Pure Sine Wave Inverter O‘)é(\?gogé 3EM 398368 ) E:)
1.Battery DC Input

2.DC-DC Boost Converter

3.DC Link Capacitor

4 H-Bridge MOSFET Inverter

5.SPWM + LC Output Filter

o%sfaff)égeﬂoz ed]égcmc)saa?éq?é &s 5 12V/24V/48V Battery 9 Grid
SC0DG2Y 230V 50Hz Pure Sine Wave AC 03 0905603%5[553

OC C I.
00 OO@II



Battery DC

v

EMI Filter

v

DC-DC Converter
(12V—400VDC)
v

DC Link Capacitor
v

H-Bridge MOSFET
v

SPWM / SVPWM
v

LC Filter

v

230VAC 50Hz
Pure Sine Wave
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PWM (Pulse Width Modulation) ac?ao



Modulation (Signal Control / Signal Modification)

Modulation aSoaém Q @zoaoz Carrier Signal oo
[ 17 1 1

eAmplitude

*Frequency

*Phase

B3 Information Signal [§& e((pE:cdc8$:q6[5E: [g60pSH
> nrormation Sign C H g?osm H @

o L

Amplitude Modulation

Amplitude
A Message Signal

Carrier Signal

Amplitude

Amplitude
N

LTIV 1 [TYVY
AR

Amplitude Modulated




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

g W
C I -\

0Vdc

| = ,Mr'rmw
A MMM e 11111

STEP 2 — DC Bus Storage

Capacitor [03:qp{g¢ DC voltage 03 smooth cpGcon:20p01

STEP 3 — DC to Variable Frequency AC

IGBT / MOSFET transistor switching @5

32006200 AC waveform 03(g§0p568050530031
L

Besepeo Frequency Modulation [gdoopdi




VVVF (Variable Voltage Variable Frequency)



VVVF (Variable Voltage Variable Frequency) asézoeoagoo 50 AC
Motor en 33@Céc° (Speed) s¢ Torque 03 03Q|@> OSC‘L’ 0 $

¢ Pate OP o 1o q ic \“ilo $211°9¢
Voltage $C Frequency M 3200OM 6|(4PC3006VE60D Inverter
Controlasesoeo @Qg(;]&)éll

. . C 2]

VVVEF 0 VED (Variable Frequency Drive) Splavjosk G@T@[BS
Elevatori Electric Trainl HVACi Water Pum(pl Fani Conveyorl Crane
oxné ®§ogeﬂ’3808<g Sfaagc%zadi)zetpzd]a)eu

o511 VVVF &l 326 ésacx?f)mf)é

Motor Speed 0305 F "c0lon€ 38 S2005
otor Speed 2000 Frequency 60l03C 32600 €020l
Motor Speed Formula
_120f
S0P

*Ns = Synchronous Speed (rpm)

f = Frequency (Hz)

*P = Pole Number

806’)

*50 Hz — 1500 rpm (4 Pole)

*25 Hz — 750 rpm

*10 Hz — 300 rpm

el Frequency quqjé Motor Speed GQZIDQ)DSQ)éII
Lo o ° o 0O



Voltage m :)‘Joe
Motor Flux OO 312

@ 639’.)6 OS? OO’.)SG]_CD@II

C

= Constant

@)
sa;k)% Constant V/F Control p G@TCD&?II

Frequency
50 Hz
40 Hz
30 Hz
20 Hz
10 Hz

Voltage
400 V
320V
240V
160 V
80V



Voltage GG)CJ:IC Current (Ampere) ol m{_\mce Eso000:?
333@@0 ooooo']oo I oaeooo Voltage ¢|030C 020 0593 Load

c Boc Current GE.‘pc,o']aoeu

O (0] o C
Current 0 326N aoz@ooeozeooos’aep?’)
*Motor Load o e
*Torque C\):}aoz{loo
*Speed
°E ccienc
oo IO
Volta e O Controller ep) zﬂ Sc03 GOO’)C\)&) Current OO Motor o0
C\):;aoooemomooo Sulenes]l

pue? (o) — Load egeci

Motor oo GQO000RC Jméeeooéago]gu
] L Lo

50 Hz

*Voltage = 400V

*Current = 2A

25 Hz

*Voltage = 200V

*Current = 1.C8A . . .
Current Q00 32$POECLODD GAYPAVVI



puw? (J) — Loa(Ci qpsgxn . .
Conveyor GoTogc 0OPOEQEQPE0IC 020V
50 Hz
*Voltage = 400V
*Current = 15A
25 Hz
*Voltage =200V . .
Torque gojeel-ileeakinty Current ovjey
*15A
*18A
*20A

O cOoC C
3200 oom&cooegu

L C coc C

Voltage CQQREIOOCOPV3 Current oom%cof]oo@u

pue? (Q)C— LciftO .
Lift ®oocemcgqﬁ
*Frequency = 5 Hz
°Voltage =40V

(0]
90]~1098

Lo, (o) C ~ C
Cabin o8 ®oocageleoo’)e@'>c°:
Current = Rated Current $3o S

(358800051
rCoopo



C
Torque éC Current en s0m éwﬁ
Inductlon Motor OOC

Torque « Current
Current Qe

Tor 36Q0 @o)oo@u

ooe %p

Voltage GC\{PG?GOO’)C\)E

Load C\J{IC Current oooo&ca)&)u

G VVVF Drive 3202¢3 Controller o
mmoefaaco"

Controller o0

1.Speed Command 0? C\)maoo@u

2. Frequency 3333@0)00:1)

3.Voltage 08 V/F @QJ $3207C3 Epc oo&:u
4.Current 0 32 GQ)’)C@ I
5.Current eﬂo C\}JC PWM 28 @caocoo&)n

6.Torque oo oo§ 3603 ooell
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SiC Gate Driver Circuit 350 29 0S?



SiC Gate Driver Circuit agcno 277 00?

SiC MOSFET (Silicon Carbide MOSFET} 2005 2064 Silicon IGBT 0005

*Switching Speed @é

*Switching Loss ‘? 3

*High Voltage a&c

*High Temperature a&c

G:D')C\)&? Gate Drive Circuit o8 39(\3§080:d<g3 %530?6 oaéu

Train VVVF Inverter Solar NPC Inverter, EV Inverter Q{Poocg Gate Driver ooé Power Electronics
System &N "32000" o?oc a%ca)&ou

Full-SiC Power Modules




SiC Gate Driver Overall Architecture
DSP / FPGA Controller

v
PWM Signal

v
Digital Isolator

v
Gate Driver IC

I I
| |
v v
+18V Supply -5V Supply
|
I

SiC MOSFET



VFD (Variable Frequency Drive) m 99005?
Inverter .Jsc? POOY I3 Qs



VFED Drive & Inverter 390000(\7)3"
C
"330000(0 ooooooom eoooom@ A19p) oo

Bamchnmn: . .
DC —- AC G@)Cgeozq
Battery

!
Inverter

!
230VAC

o OC"' C
Q%GE%%COCDONI

VEFD (Varlable Frequency Drlve)
Motor Speed 00 Control Q)oco

AC Input
|
Rectifier

!
DC Bus

|
Inverter (IGBT)

!
Variable Frequency AC

!
Motog o . .
VFD ooqfo Inverter &00[930093 @@(ﬂoooon




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

N
3-Ph Electrical
Converter :
Rectifier bilber

Variable Frequency Drive (VFD)




VWVF (Variable Voltage Variable Frequency) system o> modern elevator ooogo%sqo speed control + torque

control + ride quality + energy efficiency + safety coordination 330&3&1 “central power brain”

C\ODOG@)C\O?qu]OOQ)CII Brake, torque, jerk, start/stop smoothness or%m VVVF ed]qcc: “mechanically
<§®ep§°]eoeo§ comfort & precision eelglccz" oacfé@ogog)scﬂoocﬁu

Variable Frequency CONTROL

VARIABLE
AC LINE FREQUENCY
POWER DC LINK AC VOLTAGE

—_ 5

_ >

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

Fig. Block Diagram of VFD




VFD = Rectifier + DC Bus + IGBT Inverter
+ DSP Conctroller o .
PWM 2005 IGBT gpzo3 ON/OFF C\30§j

Varlable Voltage/Varlable Frequency 3—Pchase
AC 00 OOOOGO 620D $pOs 0@’)@@0@&)u

V/Hz Control
6] G]C

°Pump/Fan QP 390000 ooceooo

*Cost c?@

FOC (Vector Controlg coc
*Torque oo oocqlm C0S&C

-Elevatorl EVl Inverter Compressor ek 390000
ooceooo
-Performance 326070C: 30°



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




What is the Diffferemce
Between with Imnverter amd
Motor Controller?




Inverter

DC OO AC G[(_.})C ~16}{~1e 09 chwer Eleetronies Device
-IGBT/MOSFET ek @gogp&)cooo CD@

*Voltage &C Frequency gpjeo]epl=I0ken

Motor Controller
°Motor @'ﬁ Speed, Torque, Direction, Protection QP? Oo

oo&r. 33”06009 System

eController OOOOC Inverter (3]0 % Cl)é

33661 @8&)8 GUJ:D') 61?

Inverter :)o&) Power Conversion Dev1cel§§[§8 Motor
Controller :D&?, Control System plesfes]l

VFD Drive OOQ)C\) OOC Inverter §C Motor Controller
&Q)Qﬂl C\)° LS]OCGC\)G]CD[D_‘DII



Motor Controller ag:né & 27700?

o

Motor Controller ooe Motor 093 &%Qll&q% 39008@[600’)

L

System 0)008"

(I)? QHO&CGOO’) 396?&{]’)

*Start / Stop
*Speed Control
*Torque Control
*Direction Control
*Protection

Motor Controller 085

*Contactor
*Relay

*PLC

*Drive

*Inverter
*Microprocessor

c O "] cocC C
(DOO@U?OO OCc%COO@II




3’38(7) (TJ’J@’J° ('DC
o 3

Inverter Motor Controller

Power Conversion Device Control System

DC o% AC e@:ézeozooé Motor 08 08$3qjl6wé

IGBT/MOSFET 3209:(q[o0p5 PLC, MCU, Relay, Drive 32035(g8¢00p5
Voltage/Frequency ooorgeozooé Speed/Torque/Direction oogooé

(@] C (@) 0] o C C
Motor eqm@ 3900 @lél, a)&) Motor §© 32600 39&3300&)&)



Ailr Conditioners



Single Phase Inverter Air Conditioner (AC) :00C "Inverter” agooée’) Compressor
0 . c O ﬁP & ¢ L 1. 0

Motor Speed oo Variable Frequency @co: 00$:3]|0$CEM0 Power Electronics System o8

agecﬁcﬂooén

(‘.’)@i Non-Inverter AC 0¢ Compressor :D&)CC ON/OFF O c008E6a3500052 Inverter AC

L] 0o 0 ¢ Kol C

ople Compressor Speed 00 20Hz © 120Hz 93200 e@)czme?ceme[gc

cC Cc ¢ C C & ] ° 00 ,] c
%0@@08@8330&)(7)&7)[98 Temperature Control (L)GLQOO(Y{IO OD@II

lo%

o

TRS24N65FB

MY &) 7 VDC
G i .
L _Dria\}gr_l T
AC220V —_—
No—I "L e GT30J65MRB v
VDCT
|__
Gate —li: ]t}1t O
£ priver| | [ g FanMotor
unRT | T} Tt 1
Temp TPD4204F
Sensors
—— MCU
VDC
LEDs T
WE;} T WE}
(| Gate | | Gate O
77| Driver [~ Signals o Compressor
—-o
=3 15F 53
HoH
TMPM4KLFYAUG LLE et Q



Inverter Air Conditioner gps&l 338(7)02“0?(66“0600 Single Phase Input — DC — Three
Phase Output e@oézeoﬁéég @ogd]oowll

336@5 Principle

Single Phase AC Supply

230VAC

) |
N — 1
o) . C C C
o8 Rectifier @g DC G[(_})cooo@n
230VAC
v
Bridge Rectifier
v
325VDC

(230 x 1,414 = 325VDC) . °
Ootec?’)()([) IGBT/MOSFET Module oo PWM Switching @co: Artificial Three-Phase AC o)

(o
:?O?OOGOOCD&')II
325VDC
v
IGRBRT Inverter
v
U Phase
V Phase
W Phase



Compressor Motor o» Three Phase
Motor cong?

mooc;]oooo

Inverter AC Compressor QPs 2@ 95%
G(Y{P@’J

*PMSM (Permanent Magnet
Synchronous Motor)

-BL otor
Q2 Three Phase Stator e]:)o@u
Compressor Terminal Box OOC

U

= <

o

C C
QEOGSH’)CO 60806100[1)"




Advantage of DG lnverter Power Comndrol

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

* Once set temperature 1s reached, it precisely adjusts current frequency to

prevent temperature fluctuation and energy loss

f
| |
. . o — (el
Temp't | = \./_)"/Ei—— i ‘70; S
e = o | ‘ : R
T >~f—\A\§L--T'T' Not cool }——
+—\ Comfortable ) | { | |- x
-_——~——¢T2* == il 2]
'; r\r\J ==
Set temp- e p A=
N

ﬂ

| au-temp o
%\ltere““ L

" coolsaroom |

_—n \esﬂ““‘

l

.,‘,

se* DG inverter power control gives you greater comfort 5/ f l

1 B8 Non-inverter type
«|— B oC inverter type

During cooling operation

- 11ime

TVINg & Powe

b

i




Inverter Technology : The Basics

Inverter devices which convert commercial AC electricity

to alternating current with adjustable frequency and
voltage. Rotational speed of compressor can be altered

freely by inverter.
AC DC AC
50/60HZ Three-phase
AC100V inverter

1t

: A PWM control

Three-phase
induction motor

Room temperature
detection signal

Operating

frequency signal (Waveform formation)

AC inverter unit



Inverter Technology : The Basics

AC/DC
AC = + /- voltage changes DC = no voltage changes
U (V
li(V) Y V)

V...=0 V.. .#0

avg avg

'i(s)



Inverter Technology : The Basics

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

Awrawiwi
aWayitu

< >

f =50 Hz f=70Hz

We will change Compressor Speed by
changing the Frequency




4. Frequency Modulation co8$ =2¢(gd

| Q <, Q 9. ¢
nverter CDO)QLS’BOQCo?D 320C ? Sele ﬂ&)@ll

STEP 1 — AC to DC Conversion
AC Input (rog Rectifier @8 DC e@oé:oop_gu

DC Bus Voltage
MWW —s 1
3
A A '(\ ;\ I
AC Power O *

A A . B
L2] 4 oF

ACto DC ' DCtoAC

Con\?erter Filter Inveorter



Rectifier to DC Bus




Inverter Technology : The Basics

Example of AC —» DC Rectifier

AC




Inverter Technology : The Basics

Example of AC —» DC Rectifier

AC




Inverter Technology : The Basics
Example of AC —» DC Rectifier

-z ‘21% - Result: AC - DC
\ ZN AN T
U (V) ;
¢ |

\/

>
t(s)



Inverter Technology : The Basics
Smoothing the DC

i 2 (P By using a Capacitor

U (V)

JAYAYAY

t(s)




Inverter Technology : The Basics
DC — AC Inverter

(AC) = (DO » (AC)

81 S2 83
\- - - - - === P - U
AC100V

50/60Hz

1

1

i
— Rectifying PR -
- circuit | -

1

1

1

1

V
: Compressor motor
]
|
|

I
: Pseudo three-phase AC
1

D-——

D - -~ - -
o

o

o_

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




Inverter Technology : The Basics
Converting Pure DCV to Digital ACV

+V —

l J) sil+lolol+[+]0]0

A
. o s2lolol+|+[olol+

E = Q 9 f(H2)

T (I') Time
_v o = - 0 ' >

R

-E
‘ vV By changing the switch speed,

= we can change the Frequency.



Inverter Output Stage c c c . . c
Compressor Motor 2p) Three Phase [;99 Cale IGBT/MOSFET 6 Qs @o?z[glooozoagn

+310vDC
|
|
| |
| |
01 03
| |
tm———- U-———————- +
|
02
|
DC-
l
[ |
| |
05 Q6
| |
fm—— Voo — —— +
|
04
|
DC-
l
[ |
| |
Q7 09
| |
tm——— W————————= +
|
08
|
DC-

¢ C C . . C C
300$00MWONC B-Switch Three Phase Bridge BG):D@"



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

IN Zim Hl gz]s % ouT
@ .- I v Y ! w*—h—@
ra il Ejs iz i

AC - D'C Recti’fTer DC - AC Inverter
with Smoothing with P.W.M.




Overview of the different Phases

Name

Diode Module

Function

Rectify AC and convert it to DC.

D o 00N

Smoothing circuit
Capacitor

Make DC smoother by charging and discharging.
NV = —

Reactor

Decrease ripples.

TN, T

2

Power transistor

Make AC of approximate sine waves by dividing DC.

> My

Control section

Emit signal to switch on power transistor when
operation and frequency setting commands are received.



Summary

Pawer transistor

. Diode mndulesm°°t“i“9circuid 7 | .
0 . R;g‘;g-rI- ; ; ; CU .
AG | —Dl— Ssoothing S o @
e ::;:g;:;[‘ e -\ pressor
o — f f f —o— |
IN: 240 VAC [ ' OUT: 240 VAC

Inverter.control section

f =50 Hz f = variable
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. 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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220 VAC Single Phase

EMI Filter

Bridge Rectifier

DC Bus Capacitor

=~ 310~340 VDC

IGBT/IPM Inverter

3-Phase PMSM Compressor

U, V, W 2025 Three-Phase c23?
nosSlonSh
QMWmé
*120° Phase Shift g]eoo’)

¢c ¢ o | c
‘PWM @? &wozoooxng
*Variable Voltage

*Variable Frequency | =
Three-Phase Output @@&)@ll

8e00S

Power Grid @3%50 Hz Sinusoidal Wave
330590?0'50'] O||

PWM Wave o8 Motor Indugtance (? Filter .
C\?(S@S Sinusoidal Current q'sgdlg @@Go)d]oo@n



U-V, V-W, W-U o‘éémgjé 220V o0s?
QGQ')Q.PJ'II

Output Voltage :Dé Compressor Speed GoTﬁméﬁ 39@6@)536§00éu

Line-Line Voltage (U-V)
60-100 V
150-200 V

220-300 V a%

0N

O C ¢ C C C cCoOoCC . . C
323 13/[Code1 eﬂ?oogc 39@%?@?‘89 COPOOOO]|$3 Line-to-Line RMS 200 300V
ecql%?cd]oo&)u

Compressor Speed Frequency

Low Speed 15 Hz

Medium Speed 35 Hz

Full Speed (6:5);,%?3%51{;3 3 05)

L



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)



C . C
VRV/VRF $C Split AC og:@ooq_lm

39%(73
Input
DC Bus
Output

Compressor

Maximum Line Voltage

Single Phase Split AC
220 VAC

310-340 VDC

PWM 3-Phase
PMSM/BLDC

~220-30Q VAC (Model
eoTelfoog)

Three Phase VRV/VRF
380415 VAC

540-650 VDC

PWM 3-Phase

PMSM

~380—415 VAC (Model
GOT@@OO@)



Compressor
( M
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Current detection

Shunt resistance
1

Control
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>
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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

N 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

/ . y N y /\




LI LHIWA S TSI T E {1 B Medium Rotation Speed

mverter Control \

Compressor

£




Highly Efficient Operation High Rotation Speed

(Start Operation)
mverter Control \

Compressor

£




Highly Efficient Operation Low Rotation Speed

(Reach to set temperature)
mverter Control \

Compressor

£




lllustrated Operation in Cooling Mode

Start of Cooling Mode

Too Warm

Ml Quickly to reach

comfort zone

Co for able \

After reaching preset temperature

I Quick & Powerful

‘ Keep temp.
IRVE. .. / | 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




Ventllatlon Fan &C Water Pumping System Qﬂ’) :00C Inverter Technology (Varlable Frequency Drive -
VFD m 39030 q c Sse %emq@qoo ooeo Motor Speed 03 Load 33(\)00 33(\)3’36 o
comoo loshs ®d]oo&3u 00a¢ DOL (Dll‘eCt On-Line) ® ®oooo Motor (rL) 100% Speed C
QO eo) C ClSpleplep coaaooaecoomm C\)@oooeo)oo@c C9Jo®®®e 390(7) 30-70% 3200
egjooo&co oaeu

3-Phase AC Supply

v
EMI Filter
| Frequency Motor Speed
v
Rectifier (AC — DC) 50Hz 1500 rpm
l 40Hz 1200 rpm
DC Link Capacitor 30Hz 90011nn
|
v 20Hz 600 rpm

IGBT Inverter (DC - Variable ACQC)

\ 4
Induction Motor / PMSM

v
Fan or Pum
Motor Speed o8

*Frequency (Hz)
*Voltage (V)

€ 503203 Ce e BS:a1SSla5aS
?%0) ) (7? G@’)C&D@ OO<?0%”OO CD@II



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




o C "] C o
(33’308C80 O0CGcl0D 3POM

Terminals euos

Terminal Function

DI1 Forward Run (66950 C\J)é@)
DI2 Reverse Run

DI3 Jog / Multi-speed

COM Digital Common

All 0-10V Speed Reference
Al2 4-20mA Signal

GND Analog Ground
TA/TB/TC Relay Output

AOl1 Analog Output
AO-GND AO Ground



1. Digital Input Wiring
Forward / Reverse Control

Dry Contact
Push Button 20900005 Selector Switch C VFD 00

Start/Stop C\)(Slgcoo&?ll

Forward PB — DI1
Reverse PB — DI2

COM — Common
3200:Q[256000 Logic

DI1 &c COM 00 Short C\)OC\}Jc Forward Run
DI2 &C COM OO Short C\)OC\ﬂC Reverse Run



Analog Input (Speed Control)
0—10V Potentiometer Speed Control
10V — Potentiometer +

All — Wiper

GND 5> Potentiometer —
All ov} 0-10V %ej Frequency 03 0-50Hz (03) 0-60Hz a3

(X)? %Il_O&COO@II

4-20mA Pressure / Flow Sensor
Process Control
Pressure Sensor + — Al2

Pressure Sensor — — GND

AlI2 =4-20mA
Pump PID Control ooc 3293 30° 39:)0 @P‘)&?"



Digital Output (Relay Output)
Fault / Run Indication
TA=NO

TB =COM

TC=NC
VFD Run @Q)C\J{IC Relay Contact GcEPC 0008 [9 Indicator Lamp

:)oeoooo PLC Input oo Signal GO°&CO@@M

Industrial Standard Wiring
Pump Control Example

Analog Output (AO) Start PB — DI1
Frequency Feedback Stop PB — DI2
AO1 — Meter + Pressure Sensor 4-20mA — Al2

Run Lamp — TA/TB
AO-GND — Meter — Frequency Feedback — AO1

0-10V /4-20mA .
Output Frequency, Motor Current, Speed ©20p0

@c?(\)@()@() &COO@II

=30
30



Typical VFD HMI Layout

VED DISPLAY

Frequency : 50.00 Hz

Speed : 1450 RPM
Current : 12.5 A
Voltage : 400 Vv
Status : RUN EFWD
Fault : NONE

A v

Up Key Down Key

<« ESC ENTER »
RUN STOP/RESET
FWD/REV JOG
LOCAL/REMOTE

MENU




Button qpseﬁ Function

Button

RUN

STOP / RESET
FWD

REV

JOG

AYV

ENTER

ESC

MENU

LOCAL /REMOTE

Function

C C C C
Motor o)cy)cm&)oooea)a)@
C

Motor 6168@@3 Fault Reset C\?(Soo&)

Forward Rotation
Reverse Rotation

oC O C C
396”:?0?(\)@6@@08

9]
Frequency c?;/ GC\%B
Parameter :Dez@cz
C c(c

Menu [Q?ogm@o,
Parameter Setting Menu
K@pad Control &C External Control

(3¢



HMI Display 035 RYP
Motor Frequency
50.00 Hz

Motor Current
15.8 A

Output Voltage
398 Vv

DC Bus Voltage
565 V

Motor Speed
1475 RPM

Motor Torque
12 %

Output Power
5.3 kW

Status
RUN

Direction
Forward

Fault Code
No Fault

330
L

s@mem Data




Parameter Setting Menu
MAIN MENU

v v v v v v v v v v v %

Motor Parameters
Basic Setup

Speed Reference
Acceleration Time
Deceleration Time
PID Control

Multi Speed
Analog Input
Digital Input
Output Relay
Communication

Fault History

Schneider mm

Electric

ATV7IHU22N4
2.2kW/3HP 380/480V

Config n°1




Local Mode @5 Keypad © eeocczsfés

MENU

\ 4
LOCAL MODE

Frequency = 30 Hz
RUN

Motor Running

A Frequency Up

V¥ Frequency Down

STOP

Remote Mode
PLC

RUN Command

v
Digital Input

4-20mA Speed Reference

VED

3-Phase Motor



Industrial VFD HMI QC cfomoouu']o % ceon Features

*Auto Tuning

*Motor Identification

*PID Controller .

*Fault History (Gc?omacez Fault eipz)
*Event Log

*Real-time Trend

*Energy Consumption (kWh)
*Password Protection

*Copy/Clone Parameters
*Modbus / 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

1
24VDC Power Supply |
|

[

|

+24v |

|

\ 4
Pressure Sensor

0~10 bar
4~20mA Output

l
|

AT+ | 4~20ma
|

| v |
| VFD Drive

| ATl (+) <4—— Pressure

| ACM (-) 44— Sensor Common

| Internal PID Controller

| Frequency Command



C C
MOSFET s¢ IGBT a(gp2q)0b



c C
MOSFET ¢ IGBT ap(gp:q|0s

25105

Control
Switching Speed
Frequency
Voltage Rating
Current Rating
Efficiency

‘ T b
S0 M v”‘
\ .' o 0}

| l hight
'\ N“

nl \’ ll‘l l‘] ‘

3 |

MOSFET
Voltage

Low-Medium
Medium

C C
Low Voltage eplel=lopnle

(f(l@f’&" ,

“: i
R

l” AVl
m"lﬂ ’Ii ,’; f ’/4') {

Q

IGBT
Voltage
(27SYS
|
C C

320000320000
Medium-High

C C
20g(g¢

. C C
High Power 03Ce020C:s

IGBT
I 0,

VeE —
|
+
|
D, AN o
5| Yo




IGBT el &M 303 ansume"o

*Gate Current mmeeé [9 Drive C\)oqmoooo Sl
*Voltage c (600 'V, 1200V, 1700 V, 3300V §¢ 330008) QP20 O3CARUOSC0I

9 2 0 o00C C
*Current C (epocm 20 Gooococmc? Am ere) ) 9&C200I

*Switching Speed @‘? s PWM oooomoelg? :DCGBJSL:D@u

I ¢
*Heat Srnk §C Cooling System @C Power 32|qCo03 Sek saoao[gl%coo I
IGBT oo&) VFD oooc PWM Switching mmoeaooéeo :00D0 320M Power
Semiconductor @ 3l Gate Driver Circuit © ooooeo GO PWM Signal :39000o
3’3(\):?@6?600’) On/Off Switching @lC\)om’) DC Bus Voltage 00 3-Phase Variable

Voltage &C Variable Frequency AC 33@0) G@)C OG0S (3]03&2

Inverter circuit

DC
Input

@

IGBT drive OPTO coupler




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

Load

Collector (C)

|
Gate Driver| IGBT |
+15V PWM G |
|
|

15

Emitter (E)

GND
C Co
39(\?0(\?0?
*Gate =+15V — IGBT ON

°GM€=OV¥aIGBT(§T‘ o . .
*Collector © Emitter o) Current ©230Cs000I



Gate Driver Circuit
Microcontroller / DSP

PWM Signal
Gate Driver IC
Gate Resistor

Gate (G)

| |
| IGBT |
|

|
Emitter c
Gate Driver el 32000
*PWM Signal 0% mz@éeozwéu
'Isolatiocn (Optocoupler / Isolated Driver)
~{6}ie0

*Short Clrcult Protectlon (S]OCOO@II
*Miller Effect m ooc? zi”ooo@n




Hnali-bridge 1GGb 1 Circuit
+DC Bus

Q1 IGRT

Motor Output

Q2 IGBT

DC Bus -

Switc(hing quuen%ec c c
Q1scQ2m 0203|$02p03 ON emoqo']u

0 & C "] L Coe L
0V|YO Ol Shoot-through @@[93 IGBT
cﬂmm%éeme@')é Dead Time ooéeogepoéu

Upper IGBT (Q1) Lower IGBT (Q2) Output
ON OFF +DC
OFF ON -DC



Three-Phase Inverter Circuit (VFD)
+DC Bus

DC Bus -

ccrﬁ Circuit 2209 VFD oooc 39300 620D Six-
Switch Inverter [95(Ge IGBT & m 33 PWM [g¢
3a®eoc0m ON/OFF lcooooo U, V W Phase
QPO ooooeo Jevres]]



MOSFET and SiC MOSFET
(Metal-Oxide-Semiconductor Field-Effect Transistor)

1—G Gate
2—D Drain
3—S Source



MOSFET &c IGBT (Insulated Gate B1polar Transistor) oooo Inverter Technology el 38m Power
Swrtchrng Devrce QPs % DC Power oo AC Power 39@0) G@)C coepooc 3903 @l@oop_ou oaeooo
9588

3’BC\DOC\)OO&C ’3300 G?Gpéﬂ’) O)C (7)’)@’3 SZIOOQ{P G]ODEBII

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




MOSFET Gate Control &l 39(\36(\?5%@]99—

1.Gate Voltage eﬁm Ec—> (glgannel 08 — MOSFET OFF({I o«

2.(C}ate Voltage oooo?oacoof?s (Threshold Voltage) omempa|c — Electric Field
[46e0T— Channel 3005 — MOSFET ONi

3.Gate Voltage 8@56(\) — Channel Resistance (RDS(on)) 8§ézem — Current
00 0C L. L
0O:SCGQVII . .

4.Gate Voltage mwﬂom?nga)eisg — Channel eqpog — Current qéogogooéu

”

cO C C 9]

Qﬁ Gate Voltage @5 Current 0% oS%zquoc?cC::D@ c?@zogoe@x:: MOSFET QPO
SMPS,CDC-D(CJ Concvertcer, Solar Inverter, Ey Traction Inverter ?6 Industrial VFD




*

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
- -



SiC MOSFET 20p5 00e§6905 Inverter Technology & a2s0¢(g¢ad: Power
Semiconductor gp:05¢ 0263(gd(:

EV Traction Inverter

Solar Inverter

Industrial VFD

High-Efficiency UPS

Fast DC Charger

Premium Inverter Air Conditioner

gp:0g¢ Baq€=s(gé 3205:(g|e oBcones0dI

SiC MOSFET &l 328 320:0003(05¢0 "Voltage [§¢ + Current (g + Frequency (§¢ +
Heat §05: + Efficiency 33(g¢ad:" (6(Gs 3240005 Power Electronics ecoomel

Feee(03:99: Technology gp:ade 02891 2005¢038EcloopS



Vector Control (Field Oriented Control — FOC)



Vector Control (FOC) ac%ooo AC Motor com Current 093 Flux
Component (Id) SC Torque Component (I1q) 39@5) 30000(Q¢
O oM™ oc CocC C C \O L C
DC Motor 0O mz@ﬁzooq'szsmo&cemc [leoooozoo 3230C|QC
’ C C L ° oo
Inverter Control Technology o0l Lol

OOG«?OGSOS

*Inverter Air Conditioner
*PMSM Compressor
*Elevator Gearless Motor
*EV Traction Motor
*Servo Motor

*CNC Machine

°Indusotr€i9al High Performance VFD o ) .
3903&33@&3?’) Vector Control (FOC) oo wa?z[gleﬁs@dbo&)n



(o] C © C
1. Vector Control o3 me@')g ooogce}orncﬁ?

6] 6] VFD (V/f Control) 2
Frequency O’) = Speed O’)
Fgequency i \ = Speed vl e
SYODIAN [OU 000

306

*Elevator

*Crane

*CNC Machine
*Electric Vehicle

*Inverter Compressor
C\) Application GO0

"Speed @G@’JC o)) Torque oo qjcoooo"
"Low Sé)eed 2 Full Torque C\?oooo"
aooo Q3205 MG e]cooo Sp1eN]

V/f Control c? emo&ccﬂn

OOII

(9o

¢

é]e@vc Vector Control 0? 0855@0)’)



SVPWM 38009 INS?
SVPWM = Space Vector PWM
Vector Control 00 OOOOOO’) OO
Voltage Vector 00

IGBT/MQSFET Switchgng Pattern
[0 e|lgcseozolonudi

q q PWM oooo
°Efﬁc1ency @C
eHarmonic c?e .

°T0rque Ripple $POs
Olonudi



Vector Control (Field Oriented Control — FOC) aoor)') Inverter/VFD Drive cleal"s)
39:1) @loo 3’3800@0 Motor Control c?@ 05'\_1000039 @0)(;'0000"

O O¢C C C
e] q V/f Control oo Frequency c? Voltage MO 00%s|gs Motor Speed o8} ooc?gooo@o)eoeog
Vector Control 602 Motor 390’)0 e]
*Torque (C\)@m ) .

*Magnetic Flux (Q)C\?mo)ogogcc:z)

o

Magnetic Axis
‘Speed (39 i&?o of Phase C
0 0 o (bl coc &) Q-axis W )
020D D33|FP20 C0$:]||OSCU 051 ey . Sl -
R ¥ (rotor flux)
/B//‘ & \
4 § ‘ ) 10
4 Ve
// [ ‘ “|
( ( : \ v Magnetic Axis

of Phase A

Magnetic Axis
of Phase B

C . C Ofe 9] . C
Rot%r Flux 03@ d-axis GoTogc ﬂ[go Torque ™ g-axis Current @coz
seleslcOtien . o
3 Dlagram 0 d -axis 2005 Rotor Magnet Flux & ooe @@[9: g-axis
00@ d- aX|s &C 90° Gooocoqle§00 Torque Axis @%o eplob]]



AC Motor elo[ganf')

DC Motor & R
Torque Current (Ia)i
Field Flux (@),

OO OD (I)? &C(;]OOODII

Tor e Ck x O x ]a o .
:;]G@ﬁco: DC Motor 28 Control c00O

AC Motor o060

. T C
Stator Current ormz?oogzoc\)ejao

*Flux Component

*Torque Com onent

?0)? GGPGQ'SO [oplov]]

BO@’D

[=10A

&) C

:)oooecv)oooo Flux 390005
DOIGAD M Torque 390805
@OO&C(;]II

§ 09053lonei

é]e@;,cg AC Motor Control 0 200loo0SI



3. Vector Control el 396@53’3033930
Vector Control oo
AC Motor Ofcé

"Virtual DC Motor*

C C C O C C’] C
20|Qo e&)cm $©2:000007 @o)o oI
C C
Current 0 ?so)cL)cze;;(ﬂoown

d-axis Current (Id)
Flux Control
q-axis Current (Iq)

Torque Control

O C
oe(oPS
TO 1(’le :G S Id OXCI% C C

32|QO® 203|190 (I)?S?CC\TJO OOl




C Co
Vector Control 3200 oc\?o?

Motor Current

Ia, Ib, Ic
oo Controller op) ooc 20 0lon0SI

Ia
Ib
Ic

!

Clarke Transform

!

Park Transform

!
Id + Iq

3e56p¢0
Id = Flux

Torque o c

@@ SCDCDC\?OOO CDOOII

= Flux
Iq = Torque
Controller oo
Id Reference

Iq Refere ce
§ SCs oo

P ( Controller [?qé @goggzaﬂoocﬁll



1. PID Control Block Diagram

PID CONTROL — 220960960 (How it Works)

2. PID Control Equation

u(t) = Kye(t) + Ki/ e(r)dr + K, E@
0 dt

e(t)=r(t)-y(t) (Error)

¢ K, = Proportional Gain (P 2ag¢z)
K, = Integral Gain (I 223é<)

+ K, = Derivative Gain (D s3&z)
s r(t) = Set Point (Reference)

| » y(t) = Process Output

2gae(gyp:

o P - 00h§ Error of cose8diq [Geé;

o | - Error o} efe[dd a8q5anamenraf wdSep:

+ D - Error & safjipéaciad [@icoEamacgud
Overshoot &} cqygajcusangd

(c) Derivative Control (D)

« Error 03 @éG¢g
Steady-State Error
o} edgneusagdi

Output
¥(t)

o Tooageq)§ Overshoot
4¢ Oscillation (§8
Sodddi

* Error & salgésecdah "
[c9gpEeosedongd

« Overshoot &} cqyog(de
Settling Time ¢} coygescogdi

Set Point

o D oonddoy)é Steady-State
Error §eg00050021

5. PID Control & aea0§a0§ 0q86a08¢)

‘ 1. Set Point :ncglgo‘S['g’és ()

¥
2. Output o ofézom(gée (y)
¥
3. Error @od[3Es e(t) =r(t)-y(t)

- v

4. PID Formula [§€ u(t) o} cpcdgab[@és

e — == = T a— r———
( 5. Plant o Control Signal u(t) §[gés

+
6. Output [dgted[E Feedback [G§qop(3é:

7. 23)¢P:co0d 280:0008|adeN:

P
—  Proportional
K, e(t)
Set Point B Control Signal Output
(Reference) + e(t) | I | u(t) 3 - y(t)
r(t) > > nfegra lant / Process =g
K, [ ewdr (sw3com, egf, ochups)
= 0
[
L—p  Derivative
de(t)
4 de
\
3.P, 1, D 2adésgprei 00688
(a) Proportional Control (P) (b) Integral Control (1)
« Error §egcavgy)é
Output " -8 Set Point Output
¥(t) Setia Outpitee, SetFoln ¥() Set Point
manodpd §egugd | | T Lol Al iNe---
* Rise Time o cqjpeecomn ‘
* Steady-State Error
@§e500ad209)
Time Time
4. PID 0q6a00&¢ (Time Response)
Output =P +1+D (PID)
y(t) — —— P Only
FelPoim R — = - --Tine-- — PlControl i
7 =7 — PO Control PID Control:
/ - i s Pnly. o Rise Time ceooby§
/ * Overshoot ogig
¢ Settling Time agyy
* Steady-State Error =0 |
Time
6. PID Tuning (Gain Setting)
| Parameter [ Effect Increase apdoy|é Decrease opdag)é ‘
| = — — S— — — — — = —
K, Rise Time, Response Rise Time cqyr, Overshoot o8¢ Rise Time a8¢, Overshoot cqu |
x Steady-State Error - Steady-State Error cqJr, Steady-State Error oS¢,

Ky Stability, Overshoot

Overshoot cqyu, Settling Time cqury | Overshoot a5¢, Settling Time o5§ ‘

Overshoot o5§: Overshoot cquigh

* egbaynsgcpé agadean Control o} agdsantfcoogd

 PWM, Motor Speed Control, Temperature Control, Voltage Control easiitgé
@apfopedfifegr soy{igoogd
* ogadgahq cpudam(G¢ Real-time Control 3090’ 2o¢oordoogd

Time

Feedback Loop gooaof Output o
affgcodsantmai(de; Error of oqueg(d:
Set Point §§ cpossn¢ PID Controller

¢ Bdsg Seurngd

Applications Examples

8 om

Motor Speed Pressure
Control Control

Temperature
Control

Voltage / Current
Control




PID Control Block Diagram
Set Point (SP)

v

- +

| Comparator |
- +

A |

| v

Feedback Error = SP -

o
+ ____________________
| PID Controller

| P+ I + D
+ ____________________

v

Control Output
v
Inverter / VFD / Valve
v
Motor / Pump / Fan
v
Process Output
Sensor (Pressure,
Temperature, Flow...)



PID Controller on
Pressure c?ézeﬂsooos

!

VFD Speed Of%g

l

Pump @«%

!

C
Pressure OOM

!

© Bar GGPCYS

!

Speed 08%800’)8

C
@6)08’)0&)@"



P(Propiggonah

Error S

(]

!

Output Eﬁz

eoe’)
Temperature
Q_C o
C\?SHC = 100°C

GQT)(TS = 80°C

Error = 20°C
PID oo Heater Power oo eﬂ’) eﬂ’) 3603 :D&)M

Error ecqpcoooo@
Power C\)@ GC\IIDC\)DQ)@II
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4°C

9 ¢
Steady—?toate gError eo(gﬁeo)eﬁ
ITon oooe@ceosoapju

9l D (Derivative)
Derivative o0

c O ¢ .<, C
3’3?’3000(7? 9%%9?0&)@"
EO(oO
Temperature

98
99

99.5
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Air Conditioner (HVAC)
22°C

Temperature Sensor

PID

Compressor Frequency

Inverter

Cooling Capa01ty
Load QPs (\)’)C\J{IC
Compressor Speed oooo:)oe



EV Motor Control
Accelerator

Torque Command
PID

FOC

S1C Inverter

PMSM
O C
002360 C:s C)O@ﬁ Torque GOO’.)C &)QJOO U?CS
ocC

Motor Torque 08 OOM) Q> CO$s60L3 ooeu



Solar Inverter
DC Bus

Voltage Sensor

PID

PWM

S1C MOSFET

AC Output
Voltage 03 oo C@ée«»oo Si
ge P OO >



PID 33:1?3@163)03?@[)5”93

o C C
3’30?0[9[00@@:%@

Industrial VFD
Water Pump
Cooling Tower
Boiler

Furnace
Compressor
Chiller

HVAC

EV

Solar Inverter
UPS

Robot

CNC Machine
Drone

Wind Turbine

PID oS%gziuf)eooosfaep
Motor Speed

Pressure

Fan Speed

Temperature
Temperature

Pressure

Chilled Water Temperature
Room Temperature
Motor Torque <J§cc: Speed
DC Bus Voltage

Output Voltage

Position §CC: Servo Speed
Axis Position

Flight Stability

Generator Speed



Clarke Transformation

Three Phase Current

Ta
Ib
Ic
o)
2h
Two Axis

0P crc
o138 ofp&Bén
abc

l

ﬂ@ﬂwﬂm
Three Phase 00
Mathematical Model QOO 61 C\goses*a’)(g
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Parlg Transformation
of3 oo

Rotating Reference Frame
dq

(36 e[Gp&:dorusi

a3

!

dq

3325
N

Flux $ Torque
Q ° C C
2)08[%)8 [Q@ogozé]mwu

d-axlis — Flux

g-axis — Torque



Park Transformation :

g Reference Frame)

 Stationary Reference Frame (a3 Frame)

Stator 3-Phase Current a3 Clarke Transformation (g€ a3 Frame coo3[gp€:ongd.

U (a) B4
. i
’_ _______
120° 120° g !
|
!
e -
- >
, 0 i
(b) 120° W (c) a
BT idP —iam |
| i — Stator Current Vector
\ (Stationary) \
. Mathematical Transformation
(ap — dq) (dg = ap)

B4

id]
lq

cos@, sinf, iy T cosO, —sinf,| |[i4
-sinf, cosb.| |ip ip § sinBe cosbe | |ig,

ig

0, = Electrical Angle (Rotor Position)

. Physical Meaning

d-axis (Aligned with Rotor Flux)

« d-axis o095 Rotor

qpgaytuei(gdods.
* ig >0 — Flux o3;000.

iy <0 — Flux aoogd.

2. Park Transformation (a8 — dq)

Rotating Reference Frame (dq Frame)

SEpEanss

aff — dq

Rotation Angle = 0,
(Electrical Angle)

dq Frame 2095 Rotor 8¢
Synchronize agadoogS.

5. Vector Rotation Concept

Stationary a8 Frame

* g-axis 09 Rotor Flux ¢
ooyeoedl.
* iy >0 — Torque (Forward)

ig <0 — Torque (Reverse)

Rotating dq Frame

3. Rotating Reference Frame (dq Frame)

Rotor g¢s8cp qpodeco> Frame

q

6. Flux and Torque Decoupling
W, = Lgig + W, (Flux linkage)
3

admasa) \

o d-axis = Flux (W) |

« g-axis — Torque (T)
¢ iy — Flux Current |

¢ ig — Torque Current

) ; ;
d T. = E P ‘Vslq = 5 P(Lyiq + V) lg  (Electromagnetic Torque)

d-axis (Direct Axis)
* iy cofgood Flux of
o§:a)j6 0.
¢ W, — Flux Linkage

8. Summary Table

g-axis (Quadrature Axis) ‘

* i cof§gcopd Torque a3
cBfayjScodS.

¢ T, — Torque

Item aff Frame (Stationary) dq Frame (Rotating)
Reference Stator (Fixed) Rotor (Rotating)
B Axes 7 a (0°), B (90°) X d (Align with Flux), g (90° ahead) 7
Current Components iq, i g, 1iq \
Control Coupled Decoupled
Flux Control Complex iq — Flux
Torque Control Complex iq — Torque



Vector Control Block Diagram
Current Sensor

\ 4
Ia Ib Ic

v
Clarke Transform

v

v
Park Transform

o B

v
Id Ig
| |
v v
PI PI
.
|
v
Inverse Park
v
SVPWM
v
IGBT Inverter
v

PMSM / Induction Motor



PMSM Motor aocm IO?
PMSM (Permanent Magnet Synchronous Motor) aooot’)_q@o Rotor (oo OO’JOO
330)00:3900 ) 33000 Permanent Magnet (NdFeB Magnet qP: 00 oooaocooo
ooooeo Gom Rotatmg Magnetic Field &C Synchronous Speed C C\)mmee&)’) AC Motor

cmﬂl 332023
EV 002

Robot Qﬂ’) Heple: 33@?(?]@@:?0)’) ’3300 @ @O\)@II

Rotor

@@Lﬂ&)&)
Sl Inverter Air Conditioner Q{P S|

Industrial Servo Drive

s Stator ©

QPs! CNC Machine e{ps?co:

Stator

Stator
Permanent winding

magnet

Surface mounted permanent
magnet motor (SPM)

Rotor
Stator

b i Stator
ermanen winding

magnet

Interior permanent
magnet motor (IPM)




PMSM (Permanent Magnet Synchronous Motor) — aaog&;o -

| 1. PMSM Motor s200&:G¢&: geocd:¢ (Cutaway View)
| e /

Stator Core
(Silicon Steel)

Stator Winding
(3-Phase)

Rotor Core

(NdFeB)
Shaft

Front End Bell
Bearing

Housing

Cooling Jacket

Top View (Rotor)

Rotor Core
(Steel)

v : Permanent Magnet
| S . (NdFeB)
S 4
/ "\
| ’ % \
4
} ¢, y

Magnet Orientation
(Alternating N-S)

g5giad

* Magnet yp:ap N-S-N-S [6j¢

Permanent Magnet

6. PMSM Motor Working Principle (saa8aq5¢)

O
L E]

00956800050

U Phase

V Phase

W Phase

| e 3-Phase Distributed Winding

[6]€ coxdeamadooa:oob
* Slots cda¢ Copper Coil gp:
| ocogS00:000d!

4. 3-Phase Winding Connection

U Phase Star Connection (Y)
U1 oYX X )—0 U2 U2
V Phase 5%
Vi o—(OOON—o V2 .
Ky N 2%
W Phase o'; 2%
W1 o— (N —o W2 e i

Stator (3-Phase Windings)

Rotating Magnetic Field

Stator &3 3-Phase Current cr‘} Inverter ¢ Supply su:o;_x_ﬁu (From Stator)

Stator Magnetic Field 2005 Rotor Magnet Field §&

Shaft waoHm) codsotdoorcpod
e Surface Mounted Type (SPM)
\ [E6c055n
5. PMSM Motor &i ¢Ssaej:aa60:¢j0:
| » SPM (Surface Mounted PMSM) — sayp:adn s80D:¢p2 20001
* IPM (Interior PMSM) — Magnet o Rotor s3cgé: coghayé:corzaogdu o
e Flux Barrier Type — High speed g& High power sacpaS{g8odbn .

Surface Mounted (SPM)

Interior (IPM)

Flux Barrier (IPM-FB)
a0

Synchronous 38[g)& ayabuodam:aoddu
Rotor & Permanent Magnet yp:o0g Stator Field g&
Lock (Synchronous) [ejS(5) ¢§ Torque cgoSeozooddi

Permanent Magnet (Rotor)



PMSM (Permanent Magnet Synchronous Motor) aE)L):)o Se0

]
PMSM (Permanent Magnet Synchronous Motor) :)oé ooeieaorg EV (Electric Vehicle) QPsaRC
3905839({]’38868 Traction Motor 326 S%mz[gogoaéll Rotor 3200C:00¢ Permanent Magnets
L L c cC c O O C . C
Rare-earth Magnets) 000a0C002:[QsI Inverter © 000D6LEEI 3-Phase AC §C Synchronize |Q©6320C
C\)éoogeoaoe@ycf: Efficiency @Co) Qs Torque Gméz&a)éu
— o 5 . e

B

o)

ﬁ;z'. : T

C ° C

PMSM 092 EVCqJ')sogc 33:1285[61308 e(aPCiq g3

-Efficiency [4& (95-98% 3200)

*Starting Torque 33(\3%@(? (0 rpm © Torque 39[98%(3]8 o?ogg?cc:)

*Power Density BE (%aén%oozemmeg Powego 3)

*Regenerative Braking 2p Coogsep(cngoomoeaooc‘?c o .

*SiC MOSE(E)]T Icnverter §C Uo)wmsga?z@[&m Switching Loss c?&)z[‘jz ceH0EN
Efficiency Qﬁfgg@ozweu

o

NdFeB



C C
EV coO30)

Tesla Model 3

Tesla Model Y

BYD Seal

BYD Atto 3
Hyundai Ioniq 5

Kia EV6

Nissan Leaf

BMW i4

Mercedes-Benz EQE

XPeng G6

Motor 39&‘5”3390)’)3

PMSM (Rear Motor)

PMSM

PMSM

PMSM
PMSM

PMSM

PMSM

Electrically excited synchronous
motor (PMSM eo?oo)

PMSM

PMSM

C C
QJ)OOGHOO

o

. ¢
Efficiency 3’3(\8?@

9]

Long Ran eG@’.C)soo oocg
g g Qﬂ% o

PMSM 393?%”93

BYD 8-in-1 Electric Powertrain

e-Platform 3.0

800V Platform

Hyundai E-GMP Platform
m%?s;epéggaogemoégem EV

Qﬂ’JSCD? O’)O)Oe)g

Permanent Magnet ©00:600)
Synchronous Motor

High-performance Drive

{91

o(N

N\ C
08(0003’3

~Oo

SiC Inverter §



Refrigeration System



Load q?ézcglé —

. Inverter Compressor ooéd?sooé: Speed Control C\?(S
Load etpzcglé —

. Additional Compressors ON

GSaspSi

10. Cold Storage Automation System
Modern Systems 085 —

. PLC

. DDC Controller

. SCADA

. loT Monitoring

. BMS Integration

c Qo ¢ Q S
§$|O200OCO02:001I

'380



380-415VAC

\4

Rectifier Unit

| DC Bus
v

IGBT/ SiC |
Inverter Drive |

| Variable Frequency
\4

Compressor |
BLDC / PMSM |

v

Condenser

v

Electronic Expansion
Valve (EEV)

v

Evaporator

v

Temperature Sensors
Pressure Sensors
Current Sensors

v

Controller

C C C C
@@Gooomez Inverter System ople

Temp = 4°C Setpoint

Actual = 5°C

1
Compressor = 40 Hz

Actual = 7°C

1
Compressor = 70 Hz

Actual = 10°C

!
Compressor = 100 Hz

C O C C
¢ Load 3200M Speed G[gaczeozoo@u



AC INPUT
380V / 415V 3¢

MCCB / Fuse

EMI Filter

Bridge Rectifier

DC Bus 540VDC

DC Link Capacitor

IGBT Inverter
(PWM Control)

Compressor Motor

Scroll /CScrew Type) .
Q% Circcuit opC Inverter Cogtroller 200 PVCVM Signal
QP30000G0s5|Gs IGBT QP3O Scwitching QOGO
Compressor Motor e Speed §C Torque 0D C085q||O0R0I



Solar System with
Imverter Techmnology




Solar Panel

Generator

! { — m
AC Input LAPTOP
v
LIGHTING
AC Output

AIR-CONDITIONER
— -4
i

—

Battery

FAN



Solar Panel Output (DC Voltage)

130V - 500V

A\

N

?l %

SiC

- 7
7, i

1

B

Hnohfmww

<«—H Bridge

Gate Driver

MCU/Controller M

230Vac
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Solar PV System éﬂ')gogcc: wWacm 394{[33@(?3390{)2 3620 Inverter
QPsed 2-Level Inverter (C(gnventional Inverter) Qps o[3e! Sl
Utility Scale Solar Farm &C MW-Scale Solar Plant QPsa3C 3-Level
NPC (Neutral Point Clamped) Inverter eﬂosoﬁﬂ

(oXe} o "] C
0©32203|4| 0| 03012001
LL L
. (o]
1. Conventional 2-Level Inverter SQOO’JOODC\\)?

2-Level Inverter :D&S Output Voltage (YCLS

. +VdC/2
e -Vdc/2

C ocC C
Voltage Level 2 9030 CO0DGLESCI0I

00> DC Bus = 1000V @éc\ﬂé

Output Waveform = +500V « -500V i
(46005 e (S [
| | /LIGBT IGBT [\ | __|High-side
| {}\ Q1 Q3 Ay ’,, IGBTs
I I
Vs _l\ ______ /_l S —l AC output
Solar 1 Lt L
panel -T- 'va\—<
Aol Rl == —lll AC output
| PAIGBT IGBT Ny !
| ~{ \AQ Q44 }q‘_ Low-side
| N / | IGBTs




10. ANPC msoooqlcrg

Parameter NPC ANPC
Switch Count 4 6

Diode Loss Sﬁ)] e?
Efficiency 98.5% 99%+
Thermal Balance (L)? S 3’BC\8$G(D’JCC:3
SiC MOSFET Support GOMCS 39(\8%600’)58

51-54 Switching Sequence Table

NPC Inverter eple Output Voltage Level 3 albé)poéll

Output S1 S2 S3 S4
+Vdc/2 ON ON OFF OFF
oV OFF ON ON OFF

-Vdc/2 OFF OFF ON ON



(DG%G@OS

1500V DC SOLAR PLANT eﬂagé

+3-LEVEL NPC
+3-LEVEL ANPC
*SIC MOSFET BASED ANPC

C

TOPOLOGY ﬁP(’? @o?oqpocoo@oo@u ;
39093:1) C : ?sc

o o ° C

M6 UTILITY SCALE INVERTER eﬂozooc

°© o o) o C o
MULTI-LEVEL TOPOLOGY Q{POO? 32&?0@[@&)92"
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. (o] o C (o] O
5. SiC MOSFET o? 33:).23@[&1:1)&?’ POM 3aocu secqls@sqps

IL

33|0 IGBT SiC MOSFET
Switching Frequency 5-20 kHz 50-200 kHz §§39w05
Switching Loss qps Q5508
Heat Generation QPe c?é

. . =] ocC
Heat Sink Size @8 620:8C
Efficiency 95-98% 98-99%
Operating Temperature ~150°C 175-200°C
High Voltage Operation comCs 39(\3%600’)68 (650V—-3300V+)

C ¢ . . CcCoe0C O CcC ¢ o

EMI Control oo [gﬁeoao Switching e@)g 3ECI0QOM$

. C O o eo
Device Cost 2000200 Qeqlo[z_qo



C C (. C .. (o} C N C
.Solar Industry 03C 322DWE|MPC SiC azoe@)comefm.‘seo

) C

033236200 Solar Inverter (100 kW — MW Class) qPs03¢
C
Cs

. DCBus Voltage 63 1000V & 1500V 3203 035007

. Efficiency cr? 99% $sd]sslsﬁ§ C\%S’DSEES

. (o C of*C
. Cooling System 2} G:DSCODGOC\?@CS

. Power Density (kW/Liter) @cgcggcs

L

L

o [ C .. O ° [ ¢
U.BOG 9’)9 SiC MOSFET &ﬂ')oﬂ.‘? 3’3&):.@[(\7) 9&)8“

IGBT :)0&(3~ ms@s@s eq_lsoarrgmem Technology BSGOUSC\)E():S Switching
L ¢ Heat Loss 2920511
0SS §¢ b (R R
SiC MOSFET ooé Wide Bandgap Semiconductor Technology @5 $ Switching
c¢C (% . o C . cOoC C
PQ39$! Loss $O3! Efficiency Bgl Heat Sink 603CUISCEINE o
Gfomqllsaomc Solar Inverter q_loseﬁ 328 Power Device ggms?améu



Solar Inverter §§ VFD kW (T?L)(Tgé qeé
8063

Mgtog = 50kW

AN

Solar Inverter = 60~75kW

VED = 55~75kW a%eag@ooéu

Overloading @5(\315
Inverter Rating
50kw

Motor ]@eplan((l
80kW GQﬂC
DC Bus Current 1
IGBT Current 1
Heat 1
®CODQETI
GFDS
Trlp
OD@ODO)

Power Module Burn
coC

[§®§CODE?I



Three-Phase Inverter Size Quick Guide

Motor HP Motor kW Recommended Inverter
10 HP 7.5 kW 10 kW

20 HP 15 kW 20 kW

30 HP 22 kW 30 kW

50 HP 37 kW 45-50 kW

75 HP 55 kW 75 kW

100 HP 75 kW 100 kW

150 HP 110 kW 132—-160 kW

3’36618@8633‘) 39 05
Solar Inverter ooa Motor Start Current 09.3 08;‘;86080085 VFD 32073 eo?org(ﬂll

*Solar Inverter — DC/AC Power Supply . .
*VFD — Motor Speed & Starting Current Control @@(ﬂ&) I
086@)5 30HP 320009 Three-Phase Motor 423, 3200520 ¢ Pump, Compressor, Chiller, Conveyor,
Lo ° . 0 C C c o 3 NN cMc C 0
Workshop Machinery QPO Solar @c 6e2C:0000)|C VFD 030[93 emcggcgoo@ Inverter )
C 0 L ¢ Yo c o Le ,] C L
ODMRLOGVECY Motor 20000205MC0RIE V6NN CIEP VIV



C C(f OC
50HP Crusher Motor 390800 0OONVO|MO CVI00IIEIND

L
Data
*Motor = 50 HP
*Voltage =415V (380V/400V/415V Class)
‘FLA =75A
*Load Type = Crusher (Heavy Ruty Congtant Torque)
Q009 32CQ|CHUIIZ0E) WCEON(GE COMER &C

36558 0l50001

1. Motor Power Calculation

Motor Output
50 HP x 0.746

= 37.3 kW
l\/cl)otorCEfﬁciency ~ 92%
&)C\R.IC

L
Input Power

37.3 / 0.92

40.5Ckw c c
G C Motor o0 Grid © 39@&) Load ooC
o o C C (:I o (o]

~42 kKW aimsee [_Cgo)oo I

S.8"



2. Current Verification
Three Phase Power
= V3 x V x I x PF

I_V
"R
I—VS 120V 2.00A

"R 600

Vs=12.0V+-R=6.0QI=2.00A
415V

75A

Pg=0c.85

gog/C

P =1.732x415x75x0.85

~45. 8ki [g020p5n_
C C
Motor Eﬁ‘imencyoo Ong\}jC

37~40kW Range eﬂ S
SOHP Motor §¢ oooo&xﬂoo@u



Crusher Load 330000 VFD Size
Crusher :D@

*High Starting Torque

*Shoc Lgad
eJam |QO&C

Inertia |033
C O .
evpl~ C Pump co0d VED o8 Oversize

el

Minimum

45 kW VFED
Recommended

55 kW Heavy Duty VFD

N

Best Industrial Practice

715 kW Heavy Duty VEFED
3230 ooo oo&)n

32005 CD C

o

*Stone Crusher
eJaw Crusher

*Hammer Crusher
oooc 75kW VFD :D@ 33@000 Expansion

§C Shock Load oo a&coo@n



Solar Inverter Size
Motor Input

~41 kW
»
Crusher Load Safety Margin

x 1.3 60-80KW

THREE PHASE

SUN-60/75/80K
-SGO2HP3-EU-EM4/EM6

41 x 163%53 kW

O oy
a3e(03p¢
Recommended 2
00 kW Three Phase Solar Tanron soLas
Inverter .
HBF Series «

ON GRID
QOOI]|89% SOHW - TOOKW
80 kW Inverter

oc ¢
g%?CJ%BH

),




Recommended Equipment

Item

Motor

FLA

Solar PV

Solar Inverter

VFD

MCCB

Transformer

Battery (optional)
Battery (2hr Backup)

Size

50 HP

75A

80 kWp

60 kW

55 kW (75 kW preferred)
125A

63~100 kVA

20~30 kWh Buffer

100 kWh



O

QO O (¢

Motor o0 oM
c Ic !t
CUNCIDC
C'] °
20Coll
(o] C °
39@009033?39’3

Solar

C
S o Solar Inverter
200087

Hybrid PCS
AC Bus

Industrial VFD

Motor

o) C

o%e O’.L) oD

PV

1500V DC Bus

Active Front End (AFE)

DC Link

VED

Motor

ly¢



EMSC(Energy Management System) e
PDAOLVYPS -

EMS Q0 System ooo)z?a?ggﬁ

e e 2lee o)oo@n

qc o

*Solar Power ooooemomqoom
*Battery SOC OOOOG(\)’)OOO’{I?OOC\)
*Grid Available QDODC\)’J

-1})40£or Load :Dooecoommoom
0305 2 Sooe(gipdgasgn3(5;
Power F ow 00

0) o C C
39(\?396 (TJ@?S@OOGOSOO@II



AFE (Actlve Front End)
waC VED QP03 00 C

AC

Diode Rectifier

DC Bus

V) 3903°@Po&)n
320006050 AFE ooc
AC

IGBT Bridge

PWM Rectifier

DC Bus
85, %oéz@goéu

L L
3’2’)8&)’3%](7)%]’)8?’)
*Unity Power Factor (=0.99)
*Low Harmonic (THD1 < 5%)
*Regenerative Braking
*Bidirectional Power Flow
*Smart Grid Compatible
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Electric Vehicle (EV) ogc
EV Battery oo@ DC @@:)o&?n
Motor :)Q&? 3-Phase AC Motor

@)Q)OO Il
chelops
Battery (DC)

!
Inverter

!

AC Motor

O C C
CO32020I

L C
Motor Controller 200
*Accelerator Signal
*Motor Speed
*Torque Demand

°03090xﬁ03

Inverter IGBT/MOSFET eﬂ’J (TJ
Switching Command c0s OD&?II



What is an inverter?

An inverter converts direct current from the battery into alternating current to turn the motors that provide
power for hybrid electric vehicles (HEVs) and battery electric vehicles (BEVs)

Battery Inverter Motor

Quick Strong

The semiconductor switching Power conversion AAN
device ina component calleda  device Flexible changes
in output power

“power module” turns on and off

0.generate altematingicurrent Inverters are essential to electric vehicles



SVPWM gSpace Vector PWM) Switching Sequence 0%
3360088006]]58@@58
SVPWM CD&% EV Traction Inverter, VFD Drive, Solar Inverter sC

: C 0 C C c de
Servo Drive Q[P203C 32203Q236 200 PWM $PO0 BOQ)CD |
SPWM (Sinusoidal PWMQ 000 DC Bus Voltage op 9?39:)?33“%5 Qs
Harmonic Distortion QOpo: §é86]330éll

1. Tgree-P se Inverter Structure

3cladzo: § SVPWM Cl)é Three-Phase Inverter €\ Switch 6
C\i)zo? o&%gqﬂoooéu



Vdc

Ay

A motor phases

Vb Vc

c @ VAN

1 a6

c \
Ve




SVPWM eﬁ mgmmsamqy)gqps

*DC Bus Utilization = 15% Qe0m0C:
*Higher Output Voltage

*Lower THD (Harmonics)

*Lower Torque Ripple

*Higher Motor Effigciency
*EV Range 06OMC:

O(CL%OG@’)COS 6909000 EV Inverter ﬁpzl Industrial VFD eﬂ’)jsé Servo
Drives eﬂogooé SVP}]VM o% éc?@go@osfa@og
39:)?8@le§@(ﬂoo@u






EV gElectric Vehicle) eﬂozogé 32&?8@[@00’) Traction Drive System
200 Battery © DC Power 0% PMSM Motor 390806 Three-Phase AC
Power 32@5 G@)ézeozeooo Inverter System @@:Déll

DC Input Traction Inverter ‘l'lac{!:rn Mechanical Load
0

T °

Y SR I -’:i

s N
] —oT
} 3 R

0 W -

I
—

Control Unit



The DC link capacitor used for
storing the DC voltage

] HV Inverter

Battery Pack
= J '
i edl
o)
il

AR

—

BMS
Controller

Traction
Motor

Inverter
Controller

Current Sense

~ ~SIPOR 13m0

\

30

M

Resolver

Q/r

3-phase
Traction
Motor



:39@@23 Power Flow :)o@C

Battery Pack
\ 4

Pre-Charge Circuit
\ 4

DC Link Capacitor
\ 4

SiC MOSFET / IGBT Inverter
\ 4

Three Phase AC
\ 4

PMSM Motor
v

Gear Reducer
\ 4

Wheel



DC-link
Capacitor

3-Ph. Inverter

'-------

Field-Oriented
Control

(|
(|
:l
— O
1 T
‘ LI I I
I 11 I 1
L B | I 1
LI I I
1 i 1
-l ! I I
=R
‘- ------- l
1




Battery Pack

Tesla Model 3 Long Range 085

Battery Voltage

~ 350V ~ 400V DC .
Tesla Cybertruck 800V Platform eple
~ 800V DC .

BYD e-Platform 3.0 eple

~ 800V Class .
3’3&?8 lco’) oo@u

DC Link Capac1t0r
Capacitor Bank OD@

*DC Voltage Ripple GC\}PQJ@CO .
*Regenerative Braking Energy Q)OUO@C%

*Inverter Switching Current Filtering
39(7)(73 3900 l&)@ll

Battery

I— Cdc
|

Inverter



SVPWM (Space Vector PWM)
FOC System ) - .

:39661032@080 33(3(:3 olestes]l
SVPWM :D&o

Va
VDb

e
Voltage Commands 80%

Switching Pattern |0

G@’)C cOs CD@II

010 110

011

001 101



Regeneratlve Braklng
EV OOC Motor 00 Generator 32[q0

G@JCOO?OCDEII

Wheel

PMSM

Inverter

Battery

Current Flow
Motor = Inverter — Battery

@?6) OO@II



EV Traction Control System mdﬂés
Accelerator Pedal

v
Torque Command

v
MTPA Controller

v
id*, ig*

v
PI Current Controller

v
vd*, vg*

v
Inverse Park

v

v
SiC MOSFET Inverter

v

SVPWM



i | * |
T —p| Current : Va Ua, Va £aN
) — & Y dq /[ PWM |
Vector | :» Current v 7
Selection {1 »Controller| Va abe Ve % U, ~
(wy) ¥ Algorithm P —> @

R
_’
s
-~
B

dq i,
2
lq abc l¢le |
?9

N\

8((;)0000 Control Block Diagram 020 PMSM (Permanent Magnet Synchronous Motor)
a)‘t@%r.zdg ‘?‘C Motor 3303(73 Vector Control / Field Oriented Control (FOC) System Diagram
©0l0DVAII

EV (Electric Vehicle) QP! Inverter Air Conditioner Compressor QP! Servo Motor QPs! Elevator
Drives qpsi Industrial VFD Drives gpsed Gfad’?zeipz()f]mugll



Torque Command

!
Current Vector Selection

l
Current Controller (PI)

)
Inverse Park Transform

l
SVPWM

!
Inverter

!
PMSM Motor

!
Current Feedback

!
Park Transform

!
Current Controller . .
3l Closed Loop Control System @@(S]OOOOII



dq Axis a§ooo 2 0?

Vector Control &

Three Phase Current

ia

ib

ic

%

Rotating Coordinate System o0 G@’)(C)SC\OP(YSOOOSII
d-axis

—Caxis .
@6)08’)80)(1)"

d-axis < .
Rotor Magnet $ 03$3006$0) Axis
Flyx QQntrol

OOl

q-axis o o~ c
Rotor oo 90° Goooco:@oo AXis
Torcque Ccontrol

QOO W



EV mosoBejn :DODCC\% 3acx35cx?8::oc6?

PO Tesla, BYD, Hyundag Iogiqc 5 ,CNissan Leaf ®&)éoc§oejn
Driver Accelerator Pedal $CLQOMQC

Accelerator

!

Torque Request
!

1g*
!

FOC Controller

l
SVPWM

l
S1iC MOSFET Inverter

!
PMSM Motor

}

Wheel
C C
OO0l



Vecetor Control



OOCC)@OO’J c202 Diagram Ooé EV 000¢ 2Qps Inverter Air
Conditioner Compressor QPs! Elevator Drives QP03 Teple

32:)0° (62390 Field Oriented Control (FOC) /Vector Control
@ﬁ 320 Control Architecture @@:D@n

*id — Flux Control

*iq — Torque Control

*Park/Clarke Transform — abc¢ < dq G@')ESBES
*PI Controller — Current Regulation e
*SVPWM — Inverter Switching Pulse oo@cs
*PMSM Motor — Torque oomeoo@co

9 $o¢ 000030[9 Efﬁc1ency 95% F200053203

C L
Sﬁ‘c%CCD Il

g]ciaé §3 C EV oooc 0 rpm Q @ej Torque
5 A




¢ o C
EV 03¢ Vector Control 33&28@[61&)@ 3’366’3

Function

Torque Control

Speed Control
Efficiency

Noise

Regenerative Braking
Low Speed Torque
High Speed Operation

Benefit
cC O
S2CR$0M

Smooth

L% . %

C861C8



o e
Encoder (3‘2) Rotor Position Sensor Q[Ps



EV Motor Control System
Accelerator Pedal

v
Vehicle Control Unit (VCU)

Torque Command

v
Motor Controller (Inverter)

A |

| v
Encoder / Resolver IGBT/MOSFET
Inverter

s |

| v

Motor Rotor 44— U V W

EV (Electric Vehicle) &{onoccz Encoder (ac):) Rotor Position Sensor Qﬂozof% 32 39’3@5
wo@z@l@(ﬂwéu ofieoo') EV 320:03:0 Encoder 000007207 @O?USOOI %quOModel
qP303C Sensorless Control (Tcé 39:){)8@{@6]00éu



Torque
Requirement

(Driver)

RN
R
B2 AAA AR AR AR AN

NAR MRS AN AN NSNS NS SN

Mechanical

Signals

ﬁ Electrical
S )
EEED

RS

AREEEEEEEEEREE RSN

SR AR RS A SRR SN NS A SN

Rotor Position Feedback

~

-

Electronic Control Unit

oo e - B High Voltage

Low Voltage ¢ High Voltage‘: 3-Phase

High Voltage

iy
T I ST IS
PO DA A A A DA A A

NG NN NN NN NN “

Battery




(o] C
Encoder eN F26MIPL

Motor C\)@ec?@e Encoder 9p) Gafaomd]sgcﬂmqpom
Controller oo oeo oop_u})u

1. Motor Speed (RPM)

- Motor M0Secnm(gsasc0ndes000503
otor < [93lg50p5e500p507
epleiiesplenton]

L
2. Rotor Position (Angle)

-+ Rotor oo&) 071 907 1807 270° o)ooé

e@w@eooocooc s]e:?:n@oo ooema)@n
3. Rotation Direction
o Clockwise (CW) o

o Counterclockwise (CCW) oo

4, Position
° Motor oo&) :Joooeﬁsepoo Gepooeg?ooéo%
ooe@oaeu



DC Fast Chargers qp:20p5 50kW, 120kW, 180kW, 350kW 3208 Power c0:&&(8: EV
Battery 03 20% ¢ 80% 3203 888 15-30 320382 320:93&:8&[0300p5n



Pnmary Pifs

t DC voltage 800 VDC "




EV Fast Charger (150kW — 350kW)

EV Fast Charger 086

1.Oscillator Circuit
1.20kHz ~ ISOkHZ High Frequency
Wave (9Q|SOO°
2.PWM Modulation
1.IGBT/ SIC MOSFET Switching OO
Control 0)0

3.0utput Regulatlon 6 oc
Cl Battery Voltage &C Current 0 QO:

@@(ﬂ&)@ll

0]

J



. EV Fast Charger Power Electronics Block Diagram

DC/DC Secondary Rectification

400VDC
to
1000VDC

Current
Sense

Gate Drivers Gate Drivers

Power Controller

Touch Screen

Communications Microprocessor
Pe Controller

LCD
Backlighting

RF PLC CAN




Fast Charger e 38m Power Flow :Joé -

3-Phase AC Input
|
v
EMI Filter
|
v
PFC Rectifier
(IGBT / SiC MOSFET)
|
v
DC Link Capacitor
(~800V DC Bus)
|
v
Isolated DC-DC Converter
(LLC Resonant Converter)
|
v
Output Filter
|
v
EV Battery

C ~:
(§820pSn Modern Fast Chargers gpso3¢ SiC MOSFET gps

o 00C C

97% emu%saoo §§sc0pon

(o]
m
L

32

23
1

:qp:m@: Efficiency



Complete EV Fast Charger + Inverter System
Utility Grid
|
v
AC Breaker
|
v
EMI Filter
|
v
PFC Stage
|
v
800V DC Bus

| |
v v

Fast EV
Charger Inverter
DC/DC  DC/AC
| |
v v
Battery AC Motor




Power Semiconductor qJoe

Stage Device

PFC SiC MOSFET / IGBT
DC-DC LLC SiC MOSFET
Inverter IGBT / SiC MOSFET
Gate Driver Isolated Driver IC
Current Sense Hall Sensor
Control DSP / MCU

EV Fast Charger (150kW~350kW) @\ detailed schematic, PFC circuit, LLC Resonant
Converter circuit, SiC MOSFET gate driver circuit, §§ Tesla / BYD / Hyundai EV

inverter architecture qp:o% AutoCAD-style engineering drawing Q6@§
s005c0adg (g8 loopd






C Co
Solar Truck mcgoagocl)
Solar Roof

HV Battery
v
SiC Inverter
v
PMSM Motor
v
Truck Wheels
250 +5.5 = 45 i
C\)Z?BOOO@ Power &\ 2%~5% 990 Solar Roof ©
boc ° ]
q&CQ) Il
I/ C .
3lc ¢ Solar Roof 200 "Main Power Source"

eo?ooo% "Supplementary Power Source" @ogooéll




Solar Panel ooogsoo c°@5 Bus vewunc 3 CG3 cmcq 5° 5°
P2YS g3 e ciqee

PO ' )
Bus Motor Power = 250 kW

Solar Panel Roof Area =~ 25 m?

Solar Irradiance =~ 1000 W/m?

Pgnc@fféciency ~22%

ape(0P¢

Power =

25 x 1000 x 0.22

= 5.5 kW

Solar Roof © q%ceooo Power = 5.5 kW 200
Bus 6o Cs eﬁ Q320600 Power = 250 kW ®oo@u

2 5 0 + 5. 5 ~ 45

ms*aoao@ Power &\ 2%~5% aq'sooa Solar Roof © q

3 G@’)C Solar Roof OO&,) "Main Power Source" @oo
Q)OO

331?)()0) fesoaommﬂogcc:

High Efficiency Solar Cell

Perovskite Solar Cell

S1C MOSFET Inverter

800V Battery Platform

Al Energy Man%gement
13@ O&)’)Q{P opk: OOOOC\)’JG 1o 0 pl~ ¢ Solar-Assisted EV Bus éC Solar-Assisted Truck

éﬂ’) g'ﬁ Range OOE‘) U)[ge ég U%gO’J(DC\)’)Géé]OO@II

L

OG

éil)éll
p) "Supplementary Power Source"

3500



Solar Truck MPPT + DC/DC Converter

System Architecture
Solar Panel

v

MPPT Controller
v

Boost Converter

v

800V Battery
\ 4

SiC Inverter
v

PMSM Motor



MPPT Algorithm
Solar Maximum Power

P=VxXxI
80(:90
V = 45V
I = 10A
CP = 450W
Controller ovjey
Dut chle
o5 GE?C"C\SJ
L “CO8)

Maximum Power Point

O ODC
3 poopd



Boost Converter Circuit
Solar +

L

MOSFET

GND

» +3800V

C

GND
Where
L = Inductor
D = Diode
C = Capacitor



Boost Converter Formula

1%
Vout = 1 _mD

80@')

Vin = 400V

D= 0.5

400

Vour = 1-05
Vour = 800V

Regenerative Braking Energy Flow
Wheel

\ 4
PMSM Motor
\ 4
Generator Mode
\ 4
SiC Inverter
\ 4

Batggry Chargingc_ o
Bus V00 Truck 2005 Brake ®coo0323] Motor

C C C N[e o

2000 Generator 32|Q0 6 CSC\)[83 Battery

c _C C C C C °
CQ|O00Qe:3C [g§c0@ogcoeoooo@u



Cooling System (CRAC / CRAH)
Data Center &

C _C 0 O C N C .

QQOPO3220:0§05000C Cooling
30% o 50% 203

System 0 30% 9 90% 3200
00 C C
&C:Dajl Coolmg‘l’ower
] 1 Computer Room Air
(I)G 9’3(: CondhionerHandier i el

-Varlable Frequency Drive (VFD)  Hestehense

Inverter Compressor
EC Fan

Qﬂ’) OO 39:)0 @l@&)?@ll

- Fan Walls - EC Fans



Data Center HVAC ooc PID 3900,@[0 (eoeo)
Oocooacee aoo&g Data Center Cooling System 320000

PID oo@ 39(&1339@61 @o(ﬂoo&)u

Temperature Sensor (22°C Target)

v
PID Controller

—— CRAC Fan VFD Speed
—— Chilled Water Valve

Opening
L Cchiller Compressor
Capacity
v
Rack Inlet Temperature = 22°C
RH = 50%

ic?@ @C PID Controller CD@ Temperaturel Hum1d1ty|
Pressure j§c Airflow oooo Set Point 3205Cs Samzaecqpoo

ooc? emoeo Gczo’_)% 56 Energy Savmg L&C System

Stability &Q)@C\?SO? o?zooooc;@(ﬂoo@u
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C o
Data Center C Inverter Technology 3‘3:128@[6:1‘)‘) el el

System Inverter waésglﬁ

UPS Battery DC — AC 6@368@68
Cooling Fans VFD Speed Control

Chiller Pumps Variable Speed Control
Compressors Inverter Compressor Control
Renewable Energy Solar Inverter

Battery Energy Storage Bi-directional Inverter

Generator Interface Synchronization & Power Conditioning



leyatoisSFandiizscalaltonsEs
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Sensorless Vecfor Control
Encoder ©20300

L N 0]

Motor Current $ Voltage o

OC (e ° ol
OOC8[98 Rotor Position 0D
L cC C ,] Lc

Software o ai&ﬁgo 0p]o0]

390?8&{]’)8630’) G?GT)Q{PS

*Air Conditioner Compressor
*Refrigerator Compressor
*Washing Machine

Fan Motor
O

C ,] C
O?o ielieslow]|



Closed Loop Vector Control
Encoder oo0000:6000 ®§®

Motor

Encoder

Control%gr
32250003|™

.« . C
*Position Accuracy @co:
*Full Torque at Zero Speed

*Servo Performance
OO0 C ’] C
q§scoloool

11. Vector Control &\ 320¢ oo')eumelp

E4 Low Speed & Torque
E4 Speed Regulatlon comMes

. Energy Saving
Fast Dynamic Response

Precise Position Control

4| Soft Start .
4| Harmonic $p0°



Gearless PMSM Elevator euasooé

Otis Worldwide Corporationi KOIQIE Corporation|
Schindler Groupl TK Elevator o')@ﬁ Elevator QP03 Tepte

cl
Encoder Resolution Ce’.) C3

*Vector Control
*Load Weighing Sensor
*Brake Monitoring System

oS @qé Brake @[ggsfil%é Car 6 Qﬂ?@&)é
emeoo’):a*a?@ Coos*acooc 3098 e] S

O3 &Cemmemc Gelpeeooeu .
330({]8 emom @C Elevator Brake m 392 c@loo@s?
Motor 02507 eooooaol Motor Torque m

336100) eaoom s Load 09 omf 30003 Brake m
Gfome looooe "Torque-Provmg Before Brake
Release" ooeom 330.):@[603‘)6 c Car :DP_J’

GS’B‘)CDQ'J I_CDGQTHO) OCDCGGIOL“')oéC Co BOO"]:D&II



Elevator, Lift &C Escalator eﬂ’)°OOC Inverter Technology (VFD Varlable Frequency Drive)
oo Saooélg? Veloc1ty (Speed) Control &C Torque Control oo sfameooorﬂm

OO? Q00301005

333330
233300
233380

33388

SRy ’ /—l*ﬂvn~ % —
s T ;




Elevator 609 Brake CTCL% Release C\P(SC\%(TSO)’J% o¢ (Cab) oo sllorgen&:

6339(?02 lcy)egcqlagozmm 1C“raction Mootoro ccn Brake o

o looacgnooesm Torque o?oo@s Load M 00$3002360L3002CD.
D0l Sl

Elevator Start Sequence

Elevator Controller 0 63300013283205

ocC C C C
390?08 C\?OG&DCOO@II

Step 1: Brake ON (moself)efoé)
Brake ON
||
[Traction Sheave]

Elevator Car 0o .
*Mechanical Brake oo Motor Shaft o) Loooogoo@u
C

C . 0 Loc¢

*Car &C Counterweight o8 Brake oo 00$:002:20 0
° C C 0]

Motor C\)@Gcﬂ?@co 06608l



Step 2: Motor Torque Build-Up

Brake e@looac VFD/InverterC oD Motor oooo Current
Qs Torque 00 = ealopfevien] ]
PMSM 00000 Induction Motor 320QM
T ~ Tload

®c320¢ Controller o Current 003605 oo&)u
PO
*Car Weight = 1200 kg
*Gounterweight = 1000 kg
00lm

et Load =200 kg
@o)oo&)u
Motor o 39@&) 90° 200 kg or% a@%ée
Sfaqcoocnooo oo&)u

C

[*)

0
Torque 2P



Step 3: Brake Lift Confirmation

Motor Torque
COGQIKDOJ)GOIKDé]

Motor Torque = Holding
(goooph

(IROG (D

Brake Coil Energized

!
Brake Released

C\)()CD(&?H

33%“35@9 Load oo Brake
eooooeox)oo Motor Torque o
ooe 30003 G?CD@II



Vector Control € 3391*. @
Q6$ Elevator QP20 s

*VVVF Drive
*FOC (Field Oriented Control)
*PMSM V. Contyol
G:ﬂ’) 32003 T;l CD@II

orqtue OO S eed 080
OOOO&CC)O
PMSM 0QC

T, = K¢l

*[,= Torque Current
-Kt Torque Constant
Controller m I OO ooo iTorque
OO OOO?\IQ)’D OOOOG(.) C)O@II






O ¢C C N
0’)
Encoder ecﬂslcg m@aem.
Controller 20
C C C C
*Motor 270060 MY eg]soo
C
*Rotor 20006 G
otor iGP SPOICSPR
N VDGO
35 S °aocrc)°336 5
-T:r?~I Ee Alep) C[Se i
q 3 &2
*Speed 00D
*Elevator Floor 908
*EV Acceleration eeqpee
Qo

(5580005
rCoopo




Encoder Feedback Control
Speed Command

v
Motor Controller
v
IGRT / SiC Inverter
v
PMSM Motor

Rotor Rotation

\ 4
Encoder

Speed + Position

o Closed Loop Feedback .
:ﬂo? Closed-Loop Control 0 G@T:D&)u




VVVF System a§ooooooc6 ?

VWF <302 Variable Voltage Variable Frequency 05 saor%emocﬁe@'rmo@o%@ﬂ Sao0i4¢
[03544: o’% G@D&'(\)GO‘%&G&)‘D oe}s @ocﬂooo)u 303 3 e o)eoooecpé] 1306 AC
O

induction motor 60061 33@:; :? ‘i D sp 608 oocg l g 3229 @l(ﬂoooon

L

C Co C C
VVWVF System F2COOVVY 3POCOC

oll ¢q:§:04 (Old System) 3 rm@oseuag

o O
O CO Co O C o ¢ ¢ C C oc(>¢C C
. 1~ %o@?& G@’JCT.)’)(D O?('DGL](')OGSO'{)’(DGOSC\?(D C GJO)OOGlOO 3’3J (;30)(7.)38’)8@00"
C C C C 2] C
GlO(D&)GICC\)@ G]CDCDG]_OO D O’)OgCo 0p100][ C;]G c 9 oCD&?Gdg GSEPC\)O)’JI

C
GalCs @ O)’.)GO’) (D&COOOOII

OoC oC C
. VVWVF ofo) eqpeqpeeee o>oocoooo| eqpeqpeeeeﬁq a?c GO&%COOOOII

o] o CcC oOoc¢C
JW VWVF System en 28m 2007300 CEQ3

ool Rectifier Unit (AC to DC Converter)

. p8es058q08: 0Cx00) AC 85 (3-Phase AC) 03 DC &: 3346 c[goc:ade0:0n0i

9} COC N 2] C C N6
. saeqcﬂg eoo&a[geoo AC &s30: o;) opPO|Geo) DC 65320 39@0) G@dczm[«js
C
ec?oooao 33900390000 sfaeocoac[g C30CGUIODWIII



C 0O __C C
Elevator 03¢ Speed Control ©R0 DOV O3

ooaC Elevator eipogcc: Motor 00 Direct On-Line (DOL) @5
ceCs Goooe C

*Start C\)o Shock @ogooé

*Stop C\)Oé?hS oogﬂ qooeg

*Passenger Comfort @GOO’JC°

SSIc) Elevator QP393 :00C VFD/Inverter 00 39:)0 [gl[g

Acceleration Stage
0 Hz — 10 Hz — 20 z—>49 —>6OHZ

9] C C
Motor Speedo? eal({TeSH((JestML: cooceo ooeu

Running Stage _

Target Speed ooc ooé[géogo evali-lles Si

Deceleration Stage

6OHZ—>gOHZ—>%OHZ—>5HZ—>St A .
Floor 32003203 03C Smooth Landing @po)G@&)&?



o___¢C
Torque Control 000 &

Elevator Car 000 6¢

*Empty Load

*Half Load

’FUl Oad O C (2] (@] C C

326|3326$32CVM Torque ©0RD0®> V30DV
o L= o L

Motor Torque 22

3o

orque =Motor Current x Magnetic Flux
¢ OQO16VOPVI

Inverter C)O@ Motor Current OO Control C\Doej Torque
OO (I)? o603 OO@II

pow?
Passenger 2 emmans]cgjc

*Torque C?&) c?@ Hovalas!
Passenger 20 emm@&)e?c\ﬂc

*Torque eﬂ’)
VFD ) 200 Load o3 Sense C\)O([9 Torque OE)L)
39(\)3960{]’)00 G C c0Os OO[E‘)II



1980 9L<J§<§eﬂ’)wo%68 Lift 9psod¢ PLC O??oe(feos Microprocessor Controller e(ejeoozor} Relay Logic
Control System o) 3200¢|Q|9 éll Lift e\ Floor Selection, Direction Control, Speed Control, Door
Relay, Contactor, Timer Relay <J§<S Mechanical Selector qp@é

o

20
L L ° o)
Interlock, Brake Control 320300:0)
oc¢C N C Lt
0053|020V

Elevator Vector Control Modern Elevator eﬂozooé
o) C o
Vector Control o?oeo?oo

. . 0 o o C o i
Field Oriented Control (FOC)m 3223:qpsa0oi ,: LE
Encoder ¢ : 't‘ 1
Speed i ]
Position i

R(())tation Direcgion .
o8 Feedback Slevien]

Inverter Controller :D&S

Torque Current (Iq)

Magnetizing Cyrrent (1d)

(7? 2 gggmql(ygq O C C oC COoC C
Speed &C Torque ) 00[9 CODDI: C0$LI||OSCI0DIII
peed 3¢ L A A (|t




Elevator Inverter System Overview

AC1Phase, ___, Inverter

Rectifier

SHEAVE

Encoder

Pulse width

Modulation
Controll Unit

Counter Weight

| I Current

Logic Control Unit SPEED
and

| I Distance
Speed ControlUnit [ |

Functional >
Controller

»

Door Operation

r----

Floor Level



REpenerative Conyerten

E2096C00S (Elevator eﬂ’)zoocc: Re%enerative Converter (Regenerative Drive / Active

] O C C cC Cc C c 0 C
Front End - AFE) 00 Motor © @fm ogmec;rcxnemo cgjoo)ogessacaf 33333@0
@ﬁssogseo&ﬁ Grid (AC Power Line) ooo%@%mé%eosemo 0$0 @56]00&3"
390(300@6 High-rise Building QP! Hospitali Hoteli Data Centerl Office Tower etpzogé
39(\())%39053%{{)36]00&5"



Elevator 63270930¢3627323)
PO oc
*Cabin 326Q05]|$ = 600 kg
. c O C

*QOQPs = 800Ckgc Counterweight coon cl)ecozec?agen . .
Cabin 6320030C:6000323) Gravity on Motor M QORI EVEESD VI
Motor C)Oé Motor 00005607005 Generator @éoaozooén

L ° 0]
Mechanical Energy

v

Traction Motor

v
Electrical Energy OE:) Energy :Dé DC Bus Voltage Ofo?

650y — 720V — 780V
3200 OOOOC\)’)G@OO@II
DC Bus Voltage m%aﬂé
IGBT gps ()58%50?00 I
ol YUPO% -~

Relope
Braking Chopper (90[38

. . Qe
Braking Resistor 00C
Electrical Energy

!
Heat
C cC © ¢ C
32|1QO @l:’?SOOSO(DOO@II



Regenerative Drive Ol C\J{ICC:

AC Grid
A

Regenerative Converter
A

DC Bus

IGBT Inverter

Traction yotor
Generator @@(\)’)GOJ) Motor eﬁ

Mechanical Energy

!
Motor

!
Electrical Energy

!
DC Bus

!
Regenerative Converter

!

AC Grids’a@g) Building &) Main Power

N O
OOQ%

[goopd

O
%QOKD

E@I



-

L O 0 .
DWNJ|¢ Regeneration
(9) Cabin ems@s 63N M0C:
Heavy Cabin

Vil
. N C
Gravity O agelloa@

Motor = Generator

(J) Cabin G(;I@S cOload

Counterweight o0

Cabin 05 8300E60E$2031I
[ 0 et S o

Counterweight

LI

Cabin

T c
Motor oae
OoC o C 2]
00$:6036 000 C\)oet]&g
L L C
Generator Mode OCéL.COQ&DII




Elevator Motor Driver System

T 2

©
s

?

@
DC+
DC-
Regenerative
R
S Converter
T

==

Regenerative
Energy Flow

Regenerative Basic Connection Diagram

o C (@) C
Regenerative Converter 2000 Elevator Motor 00 Generator 32|Q®©
C OC C C c ¢ lc cC O C C ©
QOGN CEB ﬁsooc C0MGVICDDEIDD AVVOOOIZCM IPVI|WQO © O p¥:
L ) o) Ocp©O cc c © clL c L ¢ c
AC Grid :1? 13(\)@(3@03@30’3 (D%@ OO0l 006 cg gegsfacegjooo Csl
Lo C . . C
320600 c3l Equipment 3N 20O C:s&C Buildin ooo)amzcgﬁ
(J?oﬁl C qup ﬁP ocC g L

O

clL

0 C c L 1o
0)@839COOGGPOO@OO @COOCGOS&COO&?II
o 1T Wo L

L

N

D



(o] C C C
320M G 6$EP03C (YOOI
1. Start Time Car o>oomqhs
2. Acceleration © Constant Speed oo c 58{1%
& C
3. Constant Speed © Deceleration D 6|YaC:]|$
4. Stop Time
390000@3 Jerk eooc? 30003 C\J{IC
*Car C\)oaoooo
°Rope OOC oscillation @@&)é
*Guide ra11 V1brat10n epleplovrel
*Passenger 6200500

—~ ¢ __¢C C
Elevator Engineering orgc Jerk Limit oone o3¢ c\?omfes?
High-speed Elevator QP9 s00C
Acceleration = 0.8—1.2 m/s
Jerk = 0.5-2.0 m/s® (design target 3ac000)
33@@ :Dooeoo[g S-Curve Motion Proﬁle

)
_9;,,
=2
Cn
o
(B



(o] C oC C N
Jerk on :nwoooofsq_”ooam?
L IL

Control chain :)oé—
S—-Curve Motion Planner

!
Speed Reference

l
PID Controller

!
FOC Torque Control

!
VVVF Inverter

!
PMSM Motor

l
Elevator Motion

T
FEncoder Feedback
DSP Processor 308 emc)mg?saooo

*Speed
*Acceleration
°Tb%pm
O C C C C(oe (o] C C e« o C OoC
o?oo? 393000@@00 @caoc[gz Jerk n? oooo?ooooosea)o Limit 390308 00153000



Brake =T

e 2 15 oor

= o 1400

e 28 13 fioor

L op 12f00er

et 2 11 floor

bt 2 10 oo

e L

’ et o 8000

éf _ B

R B TR | [ e 'M“Fw

B R T

AC Inverter BB o N -

% .................................. E e

ES%E I/O interface Cord reader A bt 2P 1000
e Elevator Controller

Elevator 0'3®®° B eeeoc"m oo clacs oué@%g: ago:m%é@éal ogrqlg: Floor 035

clooo.fﬁc"” a1y C\}Jl ooosﬂooeo

Jerk—limited S—Curve + FOC Torque Control+ Encoder Feedback+ Real—Time DSP|

3o

orci VVVF Drive 3308 38 QOO Caaaoé@ée(ﬂézméog%qﬂ&omz@&@&ﬂoo&gn

o

88
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Balustrade profile

(design E) ‘ Flywheel
Service brake
Combplate lighting
Motor
Steps
Reduction ge:
Balustrade clamps
Drive chain
Balustrade panel Drive shaft
Handrail Handrail drive
Skirt Handrail pressure belt
Inner decking
Outer decking

Handrail tensioning device

Lateral cladding

Step chain

~ Truss

Handrail entry

Step chain tension carriage

Control cabinet Combplate Truss soffit



Handrail drive roller

Handrail

Gear reducer

Disk brake

Drive sprocket

Drive chain safety device

Idler sprocket

Handrail
drive rack

Roller

Step link drive rack



Escalator Brake System &)é Motor o'% 615606030 Brake mﬁ?ooo 90?05:73—
*VVVF Inverter

«PLC Safety Logic

«Encoder Speed Feedback

«Overspeed Protection

«Anti-Reverse Device

«Electromagnetic Fail-Safe Brake

o C C C . C C
eplle c0l&:oO0003600 Functional Safety System @ooo&au

Handrail drive

Gearbox
Chain to drive

Drive unit

It moves escalator steps with a motor
and stops them with a brake. A single
drive unit powers about 20 feet of
escalator rise.

Modular Drive System



(@) o C
Escalator oacc\) s VFD op) %o?z@looeu

Passenger es]q.lf
Speed = 10~20%
Slow Mode

c oc
Passenger oco3|$
Sensor Detect
!
Speed = 100%
Normal Operation
3’amm emy|se:
*Energy Saving
*Mechanical Wear GC\H’J?@
*Chain Life oqe
*Motor Temperature clevie

Elevator Drive System Block Diagram
3-Phase AC Supply

v
Rectifier

v
DC Link Capacitor

v
IGBT / SiC MOSFET Inverter

\ 4



PLC + Encoder + VVVF Closed Loop System

C ¢ ¢
Escalator control 20 closed-loop control system [ETDOOEII

Speed Reference (Command)

NG
PLC

N2
VVVF Drive

N2
Motor

NG

Escalator

NG

Encoder Feedback

NG

PLC correction
Control Function

. C C
PLC 09 continuously compare C\?UO'JUO:

@8616:

. NS . C C
e Pl /PID control algorithm [80 correction CO00200

Error = SetSpeed — ActualSpeed
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ATO + ATC Architecture
Trackside Equipment

v

ATC Receiver

v

Maximum Safe Speed

ATO Controller
|

Station Database
Gradient Data
Curve Data

v

Speed Profile Generator

v

Motion Controller



Brake Controller

v

Negative Torque Command

v

FOC Controller

v

VVVFE Inverter

v

Traction Motor

v

Generator Mode

v

DC Link

v

Catenary



FOC (Field Oriented Control)
Encoder

v
Rotor Position 8

v
Park Transform

\4

Id Controller
|

Ig Controller

v

Inverse Park

v

SVPWM

v

VVVEF TInverter
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pOed N700S Shinkansen &CC: ES5 Shinkansen eﬂ’)ooé
]l o O

*S1C-based VVVF Inverter

*Field Oriented Vector Control (FOC)
*SVPWM

*Adhesion Control

*ATC

*ATO

*Regenerative Braking

*Brake Blending

*Redundant Safety Computer

0O O f*|c C 0 ,] C
oM GO CS(DOS’BOOS([QlQ)’JSO OO@II
& F ¢ . L
0012 C Train oop_q
‘&)OO (‘U)é 6&)’3@6°
‘Oocﬂ§@ 8C f] C. (RS,
S’BGJH%CDOOGPOO(Q Og?@ ﬁ§8o Cs3
*Wheel Slip 9@6) [icg
cY clboe c c N cocc

*Platform ooC ®COO@OO’JS9Q'S@8COODO’) C\)Sj 610&0@08
o So C[Q(O C oc@ C, ) L
%@639% :?C\)P_’OGLQI?&LC Cs
oom 616]66)(3]00 I

le Lcllle c C .
G?’)OOOOG)SOC&SBG?@CO: Shinkansen




C
VVVF oo
O C
OOM|OD C
o) ﬁ’c
o?oeo C3®

CnCn

System

VVVF Inverter
Vector Control
Speed Controller
Acceleration Controller
Jerk Controller
ATO/ATC

Encoder Feedback
Regenerative Brake
Air Brake

Brake Blending

Function

Motor Torque OCL)O’.C)GOS

T o O O Co
orque (V?Oo;)mﬂ%r)oo§o

Velocity ook

Acceleration o&%g

Passenger Comfort

Position Control

Speed/Position Feedback

Electrical Braking

Final Stopping

Smooth Stop
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Wind Turbine




Aerodynamics Mechanical

Stage Stage Electrical Stage

I
Wind Energy |
Conversion |

Conversion of
torque and speed

| Energy Conversion
Mechanical Electrical

Electrical

I
I
Protection
Z @ | and —| Load
Electronic

Converter

I

l‘— System Control and Supervision

80000000004




Wind Energy — Mechanical Energy
GC\)OO(Y)GQ)’JC%’B@

-Blade QPs < ooooo&?u
*Rotor Shaft 0 C\)&?GO oaéu
O C C
*Gearbox (03) Dlrect Drive © Generator o) QORI
L lLe
Wind

!
Rlade

!
Rotor Shaft

)
Generator

2. Generator © AC orSQESBE
Generator ovjey

«3-Phase AC Voltage
*Variable Frequency

*Yariablg Voltage_

M 0002600

Eé’f $ Generator o0 AC 6% Grid 53, 05805 605350l
Rotor Speed Frequency
300 RPM 15 Hz
600 RPM 30 Hz

1000 RPM 50 Hz



AC — DC Conversion (Rectlﬁer Stage)
Generator Output AC OO

*Diode Rectifier

trolled ctifier (IGBT)
¢ DC el :Deu
Generator AC
!
Rectifier
!
DC Bus
Rectifier Circuit
AC
Rect.
+DC -DC
(2] C C
33380(03080

C C
*Frequency QP OO’J(SOO&J)

*Stable DC Voltage ®C\)’Jooé



DC Link gapaator
Rectifier |gsc§200

DC Link Capacitor Bank ODLC)OO’)SODéII

Function

*Ripple Filter
*Energy Storage
*Voltage Stabilization
Rectifier

’

|
DC BUS

Capacitor
|

i)
Inverter

5.DC —- AC Conversmn (IGBT Inverter)
003 Inverter Stage 038

DC Bus ©
400V
690V

-1000V+
DC oo

3-Phase AC 39@05 @%G@’)E GO%OOé



IGBT Bridge

DC+
|
| !
IGBT |
A— —
B— Bridge |—
C—— I
|
|
DC-

6. PWM C%ntrol
IGBT eﬂozo?
PWM
.SYPWM C C C
<?&)zoga[§g Switch OOV
Output
50 Hz
3-Phase AC
(@) C

Glﬂ(\)’):l)@ll



7. Grid Synchronization
L. C

Grid §C

*Voltage

*Phase

*Frequenc c c
epfevlZLINH Controller 0o Control QOO

Wind Turbine

!
Inverter

!
50 Hz AC

!
Transformer

!
National Grid



Complete Power Flow
Wind

!
Blade

!
Rotor

!
Generator

!
3-Phase AC
!
Rectifier
(AC — DC)
!
DC Bus Capacitor
!
IGRBRT Inverter
(DC - AC)
!
LC Filter

!
Transformer

!
Grid
!
Consumer Load



Wind Turbine 035 Inverter 05361@58%5
(o) L

3’30‘1"8602”8%8

1.Variable Speed Operation

2.Maximum Power Point Tracking (MPPT)

3.Better Efficiency

4.Smooth Grid Connection

5.Reactive Power Control

6.Voltage Regulation

7.Frequency Stabilization

Power Rating puoen
ooeieaog Oftshore Wind Turbine @zeipzogé SiC
MOSFET ¢ High-Power IGBT Converter P07
3903(@@ AC — DC — AC Conversion 03 MW

L o) C c =) . 0 L
393023900 Gaococ%oo@ S ((}mc}~ v
3961[3_,333@333 C Hz SSLLIEHezak
(@) (@)

o

C
000060 MO C)O@II
Lo <O

Wind Turbine Inverter Rating
500 kW 500 kW

1 MW 1 MW

2 MW 2 MW

5 MW 5 MW

15 MW Offshore 15 MW+



Variable Voltage : DClink : Fixed Voltage :
and Frequency and Frequency

Gearbox : :
1 : 100 4 seese .ot —
/ 1 Transformer
DFIG
Pitch Control RSC Control GSC Control

Wind Turbine (390(3300@(5: DFIG - Doubly Fed Induction Generator 3’3&?8@[@&)’) Wind

Turbine eﬂoz) 0¢ RSC (Rotor Side Converter) sC GSC (Grid Side Converter) :)oé
o 0 "~ 1e°eo ¢ _oOC C C

Back-to-Back IGBT Converter System =) 320032000320Cs | 3 @o)(ﬂoo@u
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Solar D$OV: Sailboat (amecxj:) QPESC
Electric Speed Boat






o

Solar ®c?®oo° Sailboat ( mem) QP3S &C Electric Speed Boat ¢p:o) 200 C Inverter Technology o8
wmeofﬂoo C?m :3900%[@0‘]03@n 32003 oo C Battery DC Power ™ Motor 390000 AC

Power 32 %C SC0Qp! Speed Control c\)osﬁ &C Energy Efficiency @COOCGW 390000

S’BOO @l @Co (DOO&?II




Solar power

ol 250 kWh battery
-O- EEE EEE @‘ 380VAC

@o0|0eB HEIIRULEIIRULE]
E88|888
EEEIEELR

MPPT charger A FA

| DC Power BUS (750 V DC)
24V charger Inverter
24V battery |1]1]-1] " 220vAC

i

24V load Hotel net




| Hardware control

wref

' Software control

Current control Current control
Idref + P J
| .’ P
Pl o > PWM = @ A
2 > >
Igref - Q g i >
dg/af|conv. )
ap/abc conv. inverter
Trigger
w| |9
< o la
Pl | [< a9 ® 1 ap o
b 12 ap abc |4 < =
Iq aB/dq conv. abc/ap conv. | A/D conv.




Regenerative Braking on Boat

O (@) C C
03D Brake eaeooom&az

L ¢ oc¢ =) C
GQO0PO CVCESC eq«nzmze@)c Propeller

] C JL J o
C\)@G?G&)’)S"Ba‘j
C C C C

Motor :De Generator 39@@ 39(\30(\30
Propeller

|
Motor acts as Generator

|
Inverter

!
Battery Chargiling

gﬁ%é 6 Energy Recovery @la?égéa)éll

C C
CODETI

e



Boat Propulsion Motor 32QPi0eD

3-Phase AC PMSM Motor
3-Phase AC Induction Motor

C C (@) C C (@) C C
@@Gme@)gz DC o? AC G@)Coeooeﬁ Inverter C\?zaooo&)n
Power Flow
Solar Panel

l
MPPT Controller

!
Lithium Battery Bank

!
DC Link Capacitor

l

Inverter (IGBT / MOSFET)
l

3—-Phase AC Motor

!
Propeller



Electric Boat Vector Control

Control Flow
Throttle Lever

!
Speed Reference

!
FOC Controller

!
SVPWM Generator

|
IGBT Inverter

l
PMSM Motor

!
Propeller



Solar ®c?®ooo Sailboat &C Speed Boat QP393 00 C
Inverter oog EV Car 9psel Traction Inverter
&Ceegtfgoo%zgneyl

Solar Panel

!
MPPT Charger

!
Lithium Battery

!
DC Link Capacitor

!
IGBT / SiC MOSFET Inverter

l
SVPWM + FOC Control

l
3—-Phase PMSM Motor

!
ng eller
[9 EV ooos1 Electric Ferryl Electric Yachti

Solar Boat qQPe30: C\g 08C Inverter
Technology 0 5 328 Heart of the System
39@@ oooo‘?ooe GSO’)CG‘?L;]OO@II
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igh Voltage

nverter






Typical Voltage

EV Type DC Voltage
Nissan Leaf 350V
Tesla Model 3 400V
BYD Seal 800V
Porsche Taycan 800V

Power Range

50kWw ~ 500kw
Benefits

*High Efficiency

*Fast Acceleration
*Regenerative Braking
*Energy Saving



Real-World High-Voltage Inverter Applications _
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System Architecture
800V Battery

\/
DC Link Capacitor
\
S1C MOSFET Inverter
\
3-Phase AC
\
PMSM Motor



Architecture
Solar Array

v
1500V DC

\4

3-Level NPC Inverter

v
Transformer

v
Grid
Typical Ratings
Applications
*Solar Farm
*Floating Solar Plant
*Utility Scale Power Plant

Parameter
DC Voltage
Output

Power

Value

1500V
400V-33kV
250kW-8MW



EFFECTS OF HARMONICS ON DIFFERENT VFD SETUPS

(Data shown below taken at rated power)

88%  0.75

AC drive .
Current distortion Power factor

Standard

33% 0.9

with DC : °

reactor Current distortion Power factor

12-pulse
s N\ /N 7-129%  0.95

AC drive \// \\I/ Current distortion Power factor

b 225 O\ /\, 3-5% 0.98

Conversion) -
Current distortion Power factor
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