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Wind power
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AC power source
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Generating-station

== [

Energy storage

Load

Home appliance

Telecommunication

Computer Etc.
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Load

Inverter

Inverter

""" P DC Power
- AC Power
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Solar PV Array

1¢ 0
3W
% Junction RN—=
= Box él T S
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att-Hour
| 1] i Inverter Meter
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(Advantage)

- Feed stable power to load by connecting power supply
- Easy maintenance
(Disadvantage)

- When service interruption occurs, power conditioner should be disconnected with power
system for system safety.

— No power to load
Distribution network

PV cell array PV inverter @

S

Y

LOAD

Block diagram of PV power generation (grid connected system)
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Mainly used for no utility power system, such as lodge, island, ship, etc.

(Advantage)
* Feed stable power to load by PV power generation with back-up battery
(Disadvantage)

= High initial cost and running cost

PV inverter ><

PV cell array

5555

Battery controller

\ 4

LOAD

Battery

Block diagram of PV power generation (stand-alone system)
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Mainly used for back-up supply

(Advantage)
- High reliability supply, suitable for emergency back-up

(Disadvantage)

- High initial cost and running cost Distribution network
PV cell array Battery controller PV inverter .

T
I
|
I

e — .

7 S R R

— LOAD

Battery

Block diagram of PV power generation (hybrid system)
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Parallel connection with diode PV module
DC/DC
: ?
Q
é -- - DC/AC DC/AC DC/DC
C
o)
0
8
3 ! I ! ! DC/DC
XZ XZ DC/DC
? DC/DC DC/DC DC/AC |~ DC/AC
DC/AC
DC/AC Dt
Centralized Multi-string AC module DC module
technology i technology technology technology
@
") Utility grid
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v Typical capacity 170W~250W
v Three-phase output up fo 200W

0

Distribution network

f~

24 VDC
PCB Housing connection

B

Inverter integrated into PV module

HEVEE * Enphase 106 i 7/ 2 /&, CEC#tF 97%

connection
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Ideal Conditions Partial Shading
} — [ 3
g Power 40V L % Power 3 5\/4?A
ﬁ optimizer re— g 1 optimizer Y —
b ———————————— \ / e

{ ' ! F ™\ l ‘ . . .
= e = | | g Fixed String Voltage Benefits
< 92 optimizer 40\ =N 92 e 43.5V . ..

-/ === N RS T v' High Inverter Efficiency and

Reliability
. v Flexible Design
=) } @ } v" Reduced Installation Cost
§ 40V % g 8.'N v Temperature Indifference
—_——— e/ ——
. 468 v" Improved Safety
= [ ' = [ ) ¢ v Efficient generation in actual
S ' 40\ S | optimizer |ERIEN ; ;
N Pptiizer - ~ |10 optimizer : operation (partial shade)
https://www.solar-diamond.com/new-pa
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Features
v The largest in terms of capacity. - L
v' Their sizes can range from 100kW to MW. Eb P

v  Cheaper in terms of per kilowatt cost. I N O
v Easier installation and management.

f~

& 3 https://www.fimer.com/
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Source Power
(DC, AC) Converter
H
Switchin
Command ===p| Control sig%al -
Generator
(33 %)
N_ 2 i1 B indg ik B(Converter) : Active PFC, Phase control, -t & %
) -«., E ot : ik B(Inverter) : PVinverter, DC#4F(F ##2 )
~~
| xRk F(Cycloconverter) © AR E ~ 42+ Ak F comw)
/| £33 M B(Chopper) i PV B B, BIT A, LT 4 i
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More Efficient, Smaller Size, Less Weight, Less Cost, Easier PFC support
AR A BRI FERE  FAF 7 0 A EEIH]

60Hz 50kHz~#MHz

JESE S A

(BT :one> off)

HAo

Static loads: ON | OFF ON | OFF v
g Power supplies [ | | | -out
drds — 5 25 12 & B % .
- & sl oc orAC) | Motion loads: v . >
16 j’g — AR ||'|'J &, h’% ) T Z 3
Motor drives s ¢
d
Vout =D X Vi = — X Vi
Ts
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Step down converter

DC/DC # it 3g
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Switch ON Switch OFF
la I | IL |
—_— —_— Load > Load
+Vin o~ = +Vin g
—¢ iIT ¢ ° o—o— X ¢ °
+ Q1 &) L1 + l Vout + L1 + 4 Vout
Cin Cout i ; [n]
PWM | D1 Iripple < o 2! I cout Ihipple
— ON e —_ — OFF —— —
L W
U — i | PWM ’_|24“3 26us
\ STon) . Toff i 1
Period ’ voren Pelrio l
Vout =VineD a
(18 = 1218 « 477 24 o4
Where: BEILEE D=———=— = 48%
D = PWM dutyeycle = Ton / (Ton + Toff) 24+26 50
Note: range of duty cycle =0 to 1
2022/12/17 20
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DC/AC % it 3L

AC : T in 3¢ § £(LOAD)> % 2 %!

!

4
GATE . GATE
PULSEM ke MOSFET 1 PULSE A MOSFET 1 MOSFET 3
£ LL_ _I'I_EMOSFETa T l ON toao \
- LOAD * e -
100 Vde=23 Vv wﬁwr;:% Wy
GATE — GATE
PULSEI'I_lt MOSFET 4 PULSgn_E MOSFET 2 T )
\MC‘SFET 4 MOSFET 2
-« | « ON
ON ON time
g - = e MOSFET1&2
— \ —
— MOSFET 1 i
L ON L y ON . time \10SFET384 T . ucnsgs;la
n iV
LOAD
_’““_
100 Vde == " —
P T l
i L
LOAD ' MOSCF)E;; \ MOSFET 2
N v —
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v Sinusoidal Pulse Width Modulation (SPWM ) iE & %k & 554
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Carrier Wave, tri(t)

MWW

PWM Q]_E QLE

Modulating Wave, sine(t LOAD

- ' S AW
/\\/
Comparator Q4—E QZ—E
Q3,04
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6.0 1200 6.0 1200
EE‘T?A@kW/mZ MPP
5.0 TN 1000 5.0 |———— N 1000
Module [Temp. 25[C \ \
4.0 800 4.0 ; +— 800
= . = Module Tpmp. 50°C \\ \ .
= iy \ =
£ . AL\
£3.0 600 & §3.0 4 e 600 3
5 ; : / \\: E
O (o o Y [
2.0 400 2.0 / L\ 400
K 13\
l"
1.0 200 1.0 n 200
?
0 B 5138 1K/ m) \
0.0 0 0.0 0
0 50 100 150 200 250 300 '||"||||"l|‘ 0 50 100 150 200 250 300
Voltage [V] @AW Voltage [V]
= (urrent —Voltage |I"l"."l| e=————(urrent—Voltage
= = = =Power —\Voltage ll"llll"ll = = = =Power —Voltage
{0010 {001
({0101
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MPPT @ Maximum power point tracking

Current vs. voltage and power vs. voltage characteristics of PV module

A
A [ A P . . _
“—> *'C ; :
Pm \ s ;d,‘_“
e l
S |
5 5 I
@) _'C_)_ ...... S
<Q ! )
D | @) |
IS i o I
' )
= | 5 !
> \
o i E | Il'l!
i 5 ! \
! ........................................ . "nl
! I II|
\ | \
i » . >

PV module voltage Vpm V1 . . .
7 PRI - WS - EREADER

ey » dP , dV dp dv ; ; , dP , dV dp dv
(1) V<V, (Left side) At<0 At<0= At X At>0 + (3) V>V, . (Right side) At>0 At<0= At X dt<0 -

1 ) s dP ] dV dP dv 1 1 s dP s dV dP dV -
2) V<V, (Left side) At>0 At>03 At X At>0 + @ V>V, (Right side) dt<0 At>0= At X %11:<0
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Wind power
generator

Substation

MISHFRAE

Electric shock

PV generator
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PV inverter

<Protection system> pcc APHAQ  GNd

+Passive method I sreake
v"Under/over voltage Load
v'"Under/over frequency AQ
v'Voltage phase jump
. No detection zone
v"Voltage harmonics OF | (ND2)
v'Rate of change of frequency oV WY,

AP

A

YActive method or

v'Frequency shift Y
v'Power shift [ = ]pv Sin(a)pvt + ¢pv)

my

v'Reactive power shift W’

v Impedance insertion Control parameters

2022/12/17 26
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+Direct d.c. converter: d.c. chopper (DC to DC)
v'No-reversible power flow

A N JQZ# Jg:i

+
| |
I
g
B
+
] |
]
[ AN
+
] |

Boost converter Buck converter Buck-boost converter
v'Bi-directional power flow +Indirect d.c. converter (DC to DC)
High-frequency
L transformer
— DC/AC %g AC/DC | =
2022/12/17 27
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+PWM converter (AC to DC) +Diode rectifier (AC to DC)
J&ig}ﬁ} 5 L& &
JiiJﬁi_%} A A A
+PWM inverter (DC to AC) ¢Three—|ev_el inverter(DC to AC)
+Indirect conversion (AC to AC) +Matrix converter (AC to AC)
(AC - DC - AC)
G gﬁ Sdad
R %@@
2022/12/17 28

N R i o A E I E



TR ERTTERIEbR RETRBEAE oY

Industrial Technology Chien HSiIl University @D

Research Insitute ‘fi f}i%, Sk ‘éxi‘ 35%?::;;:2. ¥E§§ ?;ﬂ? '1ise-

Feature

+ [solation system (with transformer) =&E%

Safety for accidental electrical shock

Application for various AC grid voltage

+ No Isolation system (without transformer) 3Efm#tE

Small, light weight, low cost

High efficiency

Need protection for accidental electrical shock

2022/12/17 29
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ch ZS N

@®No isolation system . Tlﬁ@nln })3

PV module 1 Cyq
YN =

£ T T, |
T,

Ce

Step-up chopper

@®lsolation system P \
Y OB IR F R E

Y'Y

PWM inverter 3'5 BE 'I%'/E 3__?;_]

L¢

RATNBAR [

':aghien Hlsin Ug’versi \J
. B 5E

AC grid

PV module . / rYI-Y’(;%
Dgs | Da7

Tai Ddlr Das
1 il y,
MT
e — %E
a5 A T A A
sz Dd2 Dd4 Dd6 DdS

AN A

Cq

Cr

v, AC grid

High frequency DC-DC converter

High frequency PWM inverter
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#®No isolation system

Tl Dl D3 D5 Lf
“y [ REed el
AC grid
PV module 1 Cyq T
YYYN—4 p— YYYN v,
| Cf i T @
Pl i— Tch_l . T4_1 T6J mT T _.
T +p, D, Dg JEfRRE R

' Step-up ch PWM invert
®[solation system ep-up chopper inverter

PV module | @T'ﬁ'ﬂ%‘ Hﬁi %{ﬁ:%}i \?\;

l D1 D3 DS

T Ts Ts } Le MT/
—‘E; a& —”;l a& K ‘_/ww\ i

| T4_1 Ts I I

T2 D2 D4 D6

PWM inverter

e
]
™M M ™
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+Advanced type

. iy e T __=_r~m'v\ Lt
| o Dy Ds |
[ D D 11 T —
1 B + 1 T; I
| S S I S S
: : : ) : 7 ACg?m’
I Lk iy 11 1 Cs i
: SO == : : : - @
I ] - !
I T [ l — —
T T | Pl |

. |
i : :Tl Dy Dy | :

. —
I PV module Step-up chopper : l Partial mi-‘frchmgPl"F’M inverter
DC/DC DC/AC N\
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+Conventional type

PV module : ;J#¢\ rYYYJ”
1 1
Tai Dd%d3 Das | |Dys 2d7 T, D1T3 D3
|l Nt | < N/ N/ NI 45 AR A
MTi : y. |4C grid
|' 1 Cd Ct
== = ;‘g ! : p— — Q®
X |
I I
T a4 1 ' T4
| O/ N | O N 7/ N/ Ny -5 15 A
sz Dd2 Dd4 : Dd6 ]jldS T2 D2 D4
.
High frequency DC-DC converter High frequency PWM inverter

ﬂ,=@% i i

High-frequency High-frequency DC volt High-frequenc
AC voltage pulse  DC voltage pulse Yonage Ag PW,\,(\q pulsey
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— NEGTIVE
llex s
'%’ ,QT!—" pL ﬁ"@ 2-level Inverter (2L) | NPC 3-level Inverter (NPC) A-NPC 3-level

Reverse series RB-IGBT

‘I'Ig} P
T

TT; |

°J

La :J:.' i =
°a
X

el
Ll

L=
%1
15

Jreh
£

SRR

IGBT: 1200V IGBT:600V IGBT:1200V/600V, RB-IGBT:600V /

s 100% | 85.3% | 72.4% | 71.3% | A/

o 2500 2700.1

3 .

- 2000 1789 7

B 500.4 1526.6 1504.8

S 1008.0

s o

£ F¥a Wi M "

. ’": 'y | 570.0 . §70.0 | 570.0

§. 2-level NPC 3-level A-NPC 3-level (Reverse series)| A-NPC 3-level (RB-IGBT)
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B
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APPLICATION z \

» Uninterruptible power pupplies

» Solarinverters

» High speed drives

Vees = 1200V
lc nom = 400A / lcrm = 800A

2022/12/17 30
AEAVTRE R E S B R T RGARR



TR 7L
¥4

Research Institute

%2

\e

f

RITMRAZ ON

NI

Chien Hsin University

e

600V, 15A

Air conditioner

600V, 75A

PV inverter

Features
»All semiconductor devices in one package
»Loss turning for PV application

3300V, 2400A

Traction

»Including protection (OC, OT, UV, etc.) and gate driver
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Generation

s = s e & 5= J .
> MR RS At l +5%
> i F\Eg /£ I% .-'~ /:r )N as . . Load

g J 0+ cCvr

P B LR RS FP L (ONSRP) "
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P=V x| xcos(p).... #/i W XX
Q =V x| xsin(p).... /i var e A A

v(t)
" it R

Power p(t)
— Voltage wv(t)
— Current i(t)

7

_ P=VxI ET)PBEHE

SN BESHEHEIREIEEREE
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puik i@ e | '] ] |
7 v e AL F (base value) st B ’M’ﬁ f’*‘ w"'f"' !
' |

'|

o FEE

# 2« EBE(pu )= 2
b AEE

|
SR AR

121220VAC 3 B
0.4p.u.=220x0.4=88V , & # ¥ 1.4%)
(F 4 )

Fixn TR (PU)

1.0 0.0 10 1.4 20 30 4.0

FEEE LR = () B (#)
BABTRAARNHFR AL X RE G STRHEFEEL  (LVRT)Z 3 TR FE & 4 (HVRT)
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b R
R

69 KV
S.C.C=805 MVA
X/R=6.1 1] 4KV

1.48km 0.58km 0.12km 0.14km 0.31 km 0.24km 0.63km 1.16 km 1.06 km
500 MCM 3C 100 500 MCM 3C 100 500 MCM 3C 100 3C 100 3C 100 3C 100

1.55 km

cos(@l= 025 ind.
LY I'_'PJ..-’
. Q |P[% |
X 4 =1 3C 100 32 kW
13.6 KVAR
—
- Tr 5 kW 40KW  40kW  45kW 27 kW |0.53 km
. 2.1 kKVAR 17 kVAR 17 kVAR 19 KVAR |11 kVAR| 3C 100 39 kW
- o 16.6 KVAR
2.76 MW —
222 KVAR Tr 0.32 km
11.4 KV/690 V 52 3C 100
5 MVA
VSI 12 kW
ﬂ ; 5.1 kVAR
2 2 Control P
S = P + Q EJ c},-' System
0
= Control Input
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A

: . 59,2 Hz
Jmains ¥ [mains AP
> ——
AP =40 % Py, per Hz
AP
Where: THRIEFEE B %ﬁs?]:”.“ﬁ =
Py is the power generated at the time of exceeding 50,2 Hz;
P is the power reduction;
Jmains 18 the mains frequency.

There are no restrictions for frequencies of 47,5 Hz < f4ins < 90,2 Hz.

Disconnection from the network is required for f,.ins < 47,9 Hz and f,5ins = 91,5 Hz.

Test Procedure

1. Nominal frequency =0,01 Hz
2. Nominal frequency +0,20 till + 0,30 Hz
3. HNominal frequency +0,80 till 0,80 Hz
4, Nominal frequency +1,10 till +1,20 Hz
5. Nominal frequency +0,06 till +0,08 Hz
G. MNominal frequency 0,01 Hz
Pua,
100 % —
BD % -
R

'
L
[
[
£

Source: FGW TR2, Mai 2013

Source: AEG Power Solution
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Tesla Model 3 75kWh
(FHFFET103%)

4 N\
V2L : Vehicle to Live

TEA=FHF IR EXE V2H: Vehicle to Home
V2G : Vehicle to Grid )
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