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CHUONG I
TONG QUAN VE DPIEN TU CONG SUAT

- Hién nay rat nhiéu thiét bi bién d6i cong suat duoc dé xuat dé phuc vu nhiing yéu cau ngdy cang cao
cua cudce séng. DTCS da giup cho viée sir dung dién nang mot cach hiéu qua, cac linh kién dién tir cong
suat duoc st dung trong qua trinh bién d6i cling nhu diéu khién cong suat: hiéu qua cao va t6n hao thip
trong lo cao tan, truyén tai dién DC. Cac thiét bi PTCS méi hién nay duogc cai tién phat trién dé nang cao
hiéu suit hon nita viéc st dung nang luong.
- DTCS dong vai trd quan trong trong cic md hinh cong nghé va dugc thiét ké dé didu khién ning
luong. Dong dién dién ap va dac tinh dong ngét cua cac linh kién ban dan lién tuc dugc hoan thién, pham
vi ing dung ngay cang dugc mo rong nhu trong chiéu sang, bo ngudn, diéu khién dong co, tu dong hoa
cong nghiép, giao thong, luu trir ndng lugng, truyén tai dién di xa.
- Hiéu suit cao va dic diém diéu khién chat ch& di giup cho DTCS ¢6 loi thé hon nhiéu trong diéu
khién dong co so voi cac hé thng diéu khién co dién va dién tir trude day. Ngoai ra PTCS con dugc ung
dung trong truyén tai dién DC (VHDC), tram bién doi _cong suit, hé théng truyén tai AC mém déo
flexible ac transmission system (FACTS), va bu cong suat static-var compensators (SVC). Trong truyén
tai su dung bién d6i DC/AC, bo loc tich cuc, bién ddi tan sb.
Nhirng linh vuec lién quan dén dién tir cong suit

- Dién tur roi rac va tuong tu.

- Hg thong nang lugng dién

- Vist Iy va vi diéu khién

- Hé théng didu khién

- May tinh, md phong, phin mém.

- Vat liéu ban dan va linh kién.

- May dién, diéu khién may dién
- Lich st phat trién cua dién tir cong sudt dugc bat ddu vao nhitng cudi thé ky 19. Nam 1882 nha bac
hoc Phép J. Jasmin phat minh ra hién twong ban dan. Nam 1892 nha nghién ctru ngudi Pic L. Arons tao
duoc hd quang thity ngén chan khong dau tién. Nam 1901 P.C. Hewitt tai My da ché tao ra bo chinh luu
thity ngan. Nam 1906 J.A. Fleming ché tao diode chan khong dau tién. Sau d6 G.W. Pickard (USA) ché
tao dén Silicon.
- Pau dau thé ky XX phan I6n cac linh kién dién tir 1a cac dén thiratron va dén initron, chung c¢é kich
thude va khéi lwong rit 16n cing voi hé thong lam mat va hé thong diéu khién rit phuc tap, véi do tin ciy
lai rat thap. Mic du vy cac bo bién d6i cong suat nay dugc (mg dung rat rong rii trong cong nghiép ciing
nhu trong hé thong giao thong cong cong va duong sit.
- Nam 1873 Frederick Guthrie dwa ra nguyén 1y hoat dong cua diode, cho dén nam 1919 linh
kién diode cong sut thuc méi ra doi.
- Thyristor dugc phat minh béi William Shockley vao nam 1950 va duogc ung dung trong cong
nghiép vao ndm 1958 bdi Moll tir phong thi nghi¢m Bell Labs va hang General Motor.
- Transistor dau tién duoc dua ra vao nim 1925 tir Canada do nha vat Iy hoc Austrian-Hungarian
physicist Julius Edgar Lilienfeld, dén nam 1934 tai Ptrc nha vét Iy Oskar Heil da dua ra mot
dang khac cua transistor. Tuy nhién cho dén nim 1948 transistor méi thuc sy duoc hoan thién.
- IGBT bét dau duoc dé xuét tir nam 1968 boi Yamagami — Nhat ban va dan dan dugc hoan
thién vao nam 1990.
- Cudc cach mang dau tién trong DPTCS bit dau vao nim 1948 véi viéc phat minh ra silicon transistor
tai phong thi nghiém Bell Telephone Laboratories bi Bardeen, Bratain, and Schockley. Phan 16n cong
nghé dién tir tién tién ngay nay dua trén phat minh nay, cac mé hinh microelectronics ciing duoc phat
trién tir linh kién ban dan nay.
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- Cudc cach mang thir hai bit dau véi viéc phat trién cia Thyristor trong cong nghiép boi hing General
Electric Company vao nim 1958. Pay 1a khoi dau cua ky nguyén méi cua DTCS. Tir d6 dén nay c6 rat
nhidu cac linh kién ban dan ciing nhu cong nghé bién ddi duoc dé xuét va tmg dung.
- Budc phat trién quan trong nhét 1a tir 1975 dén 1990 va c6 tinh cach mang dugce danh dau boi sy xuat
hién cua cac transistors cao ap BJT (Bipolar Junction Transistor ) va thyristor diéu khién hoan toan GTO
(Gate Turn Off Thyristor), sau d6 1a IGBT (Insuled Gate Bipolar Transistor) va MOSFET (Metal Oxide
Semiconductor Field Effect Transistor)
- Piém dic biét cua gia doan nay la ky thuét bién d6i nang luong trén co sé tic dong nhanh cua cac bo
bién d6i cong suét va vi thé cho phép giam khéi lugng va kich thude dong thoi ting dang ké hiéu suat va
do tin cdy. Trong thoi gian nay xudt hién nhiéu phuong phap diéu khién trong d6 c6 phuong phéap diéu
ché d6 rong xung va st dung vi st ly trong diéu khién.
- Sir dung cac bo bién d6i cong suat trong hé thong dién, trong giao thong, trong luyén kim ciing nhu
cac linh vuc cong nghiép khac da tao da phat trién kinh té rat 1én. Vi du & My hién nay c6 70% ning
luwong dién st dung dugc bién ddi tir cac bo bién dbi cong suét.
- Ky thuat bién ddi 1a nganh khoa hoc tré va di dat duoc thanh cong rat 16n, tuy nhién ngay cang nhiéu
bai toan dugc ddt ra ¢ phia trude, nd doi hdi sy phat trién hon nita ca vé ly thuyét 13n thuc té k¥ thuat
bién dbi.
Cic hwéng phat trién cia dién tir cong suat

- Cai tién cac linh kién ban dan — semiconductor

- Ung dung cac vi diéu khién va vi st ly nhu DSP,VLSI, VHDL, ASIC...

- Céc giai thuat diéu khién méi.

- Theo yéu cau cua cac tmg dung méi.
Nhiing yéu ciu dbi véi cac bd bién ddi cong suit:

- Hiéu suit cao

- Hiéu qua cao

- DG tin cdy cao

- Gia thanh thép

- Kich thuéc va khéi lugng nho
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CAU TRUC CHUNG CUA BO BIEN POI CONG SUAT

1. Dinh nghia: Dién tir cong suét 12 mon hoc nghién clru qua trinh bién ddi, diéu khién cac dai luong
dic trung niang luong dién cho phu hop véi tai nhu: Dang dién ap va dong dién (mot chiéu DC va
xoay chiéu AC), hinh dang dién ap dong dién (sin, khong sin tuan hoan, xung) Gid tri dién ap, dong
dién (tri trung binh, tri hiéu dung, bién d¢), tan s6...

2. Chu triic b bién d6i cong suat: So d6 khdi chung ciia cac bd bién ddi cong sudt duge trinh bay trén
hinh Figure 1.1: bo bién d6i cong suat bién d6i dién ning véi cac tham sé nguon dau vao
U,;1,;F;P thanh dién nang voi tham s6 dau ra U,;l,;F,; P, dudi tac dung cua tin hi¢u diéu
khién nhd mach hdi tiép.

MACH DIEN T(
CONG SUAT

MACH
MACH BIEU KHIEN L

Figure 1.1 So dd khdi ctia bo bién ddi cong suat
- Mach dién tir cong suét bao gdm ngudn dién, tai, mach dién tir cong suat va mach diéu khién. Mach
dién tir cong sut bao gom céac linh kién ban din, bo phan tan nhiét, may bién ap. Mach diéu khién thu
thap thong tin tir ngudn, tai, va giai thudt diéu khién xac dinh hoat dong cua bo bién ddi dé co dugc két
qua mong muén. Linh kién ban dan duoc lua chon trén co s& cong suat dinh murc cta bd bién ddi cong
suét can thiét ké.
3. Céc phan tir trong bo bién doi cong suét:

- Céc linh kién ban dan cong suat.

- Cac phﬁn tir nhu tu dién, cudn day, 161 thép.

- Céc phan tir bién d6i dién tir: may bién ap luc, may bién ap do ludng.

- Hé théng diéu khién: cic linh kién dién t, hay vi sir ly, DSP

- Hé théng béo vé va tin hiéu béo su cd.

(B —

M
|

* L]
H r'y

. DT. T.

linear- s s

mode switched-mode
Resistors | Capacitors | Magnetics Semiconductor devices
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CAC LINH KIEN BAN DAN VA BQ BIEN POI CONG SUAT CO BAN

LINH KIEN BAN DAN

& Zm
£l

-

TRANSISTOR

Lk

1. Bd chinh luu — Rectifiers: bién doi dién 4p, dong dién xoay chiéu thanh mot chiéu AC/DC

U1 14.f1

AC input

f1=50-60Hz

"~/

Uz l2.f2

DC output

f2=0Hz

2. B bién ddi di¢n ap xoay chiéu - AC-AC Convertor: bién doi dién ap xoay chiéu c6 tri hiéu dung
khong d6i thanh dién &p xoay chiéu co6 tri hi¢u dung thay doéi dugc

U1tms=const, |1,f1

AC input

f1=50-60Hz

N/

U2rms=Va|", |2,f2

AC output

f2=50-60Hz

3. Bo bién dbi dién ap mét chidu — Chopper DC-DC: bién d6i dién ap mdt chiéu c6 tri trung binh
khong thay doi thanh dién ap mot chiu cd tri trung binh thay doi duogc.

U1average=COﬂSt, I1,f1

DC input

f1=0Hz

U2average=Va r, |2,f2

DC output

f2=0Hz

4. Bo nghich luu - DC/AC converters: bién d6i niang luong tir ngudn dién mot chiéu khong ddi sang

dang ning lugng xoay chiéu.
Ui,I4,f1

DC input

fi=0Hz

U2rms=Var, |2,f2

AC output

fo=var
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5. Bo bién tan truc tlep AC-AC Converter (Cycloconverter or Frequency Changer): bién doi
dién ap xoay chiéu c6 tri hiéu dung va tin sb khong ddi thanh dién 4p xoay chiéu véi trj hiéu dung va

tan s thay do6i dugc.

U1ms=const, l1,f1

AC input

f1=50-60Hz

U2rms=Var, |2,f2

AC output

fo=var

6. Bo bién tan gian tiép AC-DC-AC: chinh luu dién ap xoay chiéu ngd vao sau d6 chuyén doi
dién ap mot chicéu thanh dién &p xoay chi€u co6 tri hi¢u dung di€n ap va tan s6 thay doi duogc.

Ui, l4,f4

N/

AC input

DC

f1=50-60Hz

7. AC Switches: Matrix Converter

et
<

/
AN

Uzams=var, |2,f2

AC output

f=var
~ ~ ~
~ ~ ~

J
2
b

3-Phase Load
or
Motar
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UNG DUNG CUA PIEN TU CONG SUAT
- Voicong suit nho hon 1 W: dung lam nguén cho thiét bi cong suit nho nhu dién thoai.
- Véi cong suat nho hon 1kW: ding lam ngudn cho thiét bi cong suat nhu may tinh.
- Vi cong suit tir IkW-1MW: ding cho diéu khién may dién, 10 cao tan, hé théng nap 4c quy, hé
thong chiéu sang, bu cong suit phan khang
- Véi cong suat 1000MVA: dung cho truyén tai dién DC di xa

c--
100Mf E
1

Current Product Range
------ Future Devel, Plan

4
10M £ i
1
1
M é Motor control
<
z Thyris
Tistor i i
= 100K 4 y Robot, Welding machine
g
<
§ Weld l )
clacr ™ e
Y 10K & tron mil ¢ Jemmion” £ S0
b5} ’ Transistor ~ |Modules ] \
2 Power supply Modules  }—"] Car
a for chemical » Switching
use
1K é / \ L Power supply
Lan m / - Refrigerator P Iy f di
100 é TRIAC == - , FPower supply for audio
/ / (vl Discrete s
Wasg!n MOSFET :|—$,IEBJ
machme 4 ir conditioner ——181~ Microwave oven ] =20

10 100 1K 10K 100K 1M
Operation frequency (Hz) :

Figure 1.2 Ung dung cua dién tir cong suét

1. Ung dung 1am ngudn luu di¢n

v, O L 2 P
O lina e kiimn s
g

@

SCR
Rectifier

PWM Filter
Inverter

Figure 1.3 Online UPS
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O)
¥, L 1 -
@ * ] -‘k)‘ q ! Critical
J_ 5w Load
;6 Static
SCR [ Inverter Fitler ~ Switch

« Applications:
To power computers,
telecommunications equipment,

electronic instruments, sets, ...
* Features

Small size, high efficiency and

high power density

Figure 1.5 Switch Mode Power Supply
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2. Ung dung diéu khién may dién

variable-frequency

T variable-voltage ac
3gac line Rectifier Inverter
Vink
50/60Hz
Ac machine
Dec link
Figure 1.6 Diéu khién vong hé
LS
30 * 1 c.
60Hz -I- :
Diﬂde R&ﬁﬁer " ---------- Tachomcml-
OR DSP/uP
CONTROLLER
P : .
T
PWM IGBT @n (Keypad)
Rectifier . i
Figure 1.7 Bicu khién vong kin
-~

* Applications
Anywhere the motor speed needs to be
varied: elevators, subway trains, street

cars, robots, paper mills, steel rolling
mills, industrial process, ...

Figure 1.8 Cac bo bién tan diéu khién dong co
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- May dién: Six-phase, synchronous
- Tai: quat cong suét 16n

- Dai toc dd: 360 - 600rpm

1. H¢ thong ngudn

2. May bién ap

3. B§ bién doi cong suit

4. Pong co dong bd

5. H¢ thong kich tir

6. B9 loc.

.ﬂ'. | T =T I_,.*"—w-”
B ot
PN 2
i
_ =
ﬁ IR
2 Source: ABB

Figure 1.9 Piéu khién may dién dong bd 6 pha - Six-phase synchronous motor
(100MW, 12.5KYV, 2.8KA)

3. Ung dung trong ning cao chit lwong dién ning —Active Filter, Statcom

* Block Diagram

NON-
LINEAR

:V_. 3

e, {

Active Power Filter

i, =5+,
i, - fundament current

i, - harmonic current

LOAD

is — iL - r'a = 1',
No harmonics in

source current i,

Figure 1.10 Bg loc tich cuc
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f 3 level GTO Phaseleg

I e - - o
20 kv N ua % le ] [ ] g v 40 Hz
50 Ha
Mains* i T T_T T |_]
|. W ’5 b_ _[ 3
v =ik P N3 Generator

Figure 1.11 Ung dung trong hé thong ngudn dién cong nghiép - Multibrid M5000 (SMW PMSG)

FACTS - Flexible AC Transmission Systems

STATCOM:
wipmgamen | Static Synchronous
Sk e Compensator
= o F [Dhyrowmdc rowr-Snesr
T ﬁ = A At Bomidss DHR:
= J Dynamic Voltage
ff | Loz _| “$ Restorer
+ TP S0, E"":'i':’l:-!:.-l . )
?—T\ WSS, hanondcs Ssmiconoucion piant .ﬁ.Ctl'ufe FlltErS
\ 7 [ - . SS8TS:
\ - LR G % 5olid_State Transfer

Switch

SSCB:
Solid-State Circuit
Breaker

i} T e BESS:
T Battery Energy
Storage System

ettt Coupling
v Transformer

£
28
T Viltame
i )j Sonree
] Clonverter
Fe|| Ui _
|.' DC Energy - ¥ i T P
3 Sauree Source: Toshiba Electric

Gy

Figure 1.11 Hé thong 50 MVA STATCOM (StaticSynchronous Compensator)
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Conflguration
SR

(lp—FF

GT O vahes

. C!r_-rm'arterr trarsformear Rsting of STATGOM

Capacity SOMTVA
(2B R dd
j. CC voltags 16940
| | Corverter type phase 3—Puks Pk
GTo G2 Bloh

| Insulating Air
| 1N Cooline  Water

__,—_-l, z Source: Toshiba Electric

Figure 1.12 H¢ thong 100 MVA GCT STATCOM (StaticSynchronous Compensator)
GCT-Inverter Modules

138 KV Bus (50 MV A Groups)
Talega /5 -
138 kV East Bus 22 kV " Inverter 1 K 1

A Tavereer 2 —(
= n/s (E .
LCB] L o] twverter s ——(—
[E:I Transformers Inverter 4 [l

.

— — SMVA nC
Scope of _@ o, LY Filiers Capacitars
Supply

i -
. 1383.2 KV y
g s o faverars —(
i

Talega 55 ) : - ‘.
138 kV West Bus A2 KN T Tuverter § (
Source: Mitsubishi Electric Enverter ——
Reactors Expanzion

Figure 1.13 Hé thong Talega £100 MVA, 138 kV STATCOM

Series Transformer  Transmissior Shunt Transformer
i u Fl

|_+?J_ AN

Figure 1.14 Static Synchronous Series Compensator (SSSC)
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Series Transformer

- | _mjm
| .. |
Shunt Transformer LUPFC building

UPFC Equipment
Figure 1.15 H¢ thong 320MVA 138kV UPFC - Unified Power Flow Controller (GTO Based)

GTO valve hall

Linlity-5acia \':"HI_.IE‘ Load-sicla '.':":|'.|'|'J|."
| * |I i I _I. [ II 1 | I. | | 1 nii
WL AN b B il LIV [l
11 TTl 11 111 |
Tylyli 1
! lk ry [ I bttt i I|I 1 If 1
¥ fm ' IR T 5
L "": r"‘j r".-*l
vl
b e
B > ™ ™

%
T Source: ABB
Figure 1.16 Hé théng Dynamic Voltage Restorer (DVR)

4. Ung dung trong ché tao may bay, tau cao tdc

.......
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5. Ung dung trong chiéu sing

* Features

~ Low power loss

— High performance

~ Small size
— - No audible noise
(Frequency > 20KHz)

' * Technical Challenges

~ High input power factor
Low line THD
— Low cost

6. Ung dung trong quang dién, ning lwong mit troi, ning lwong gié

* Block Diagram
VI’?
M — . » To the Hydro Grid
Iﬂ
PV Array | |
(Solar Cell)
uP
CONTROLLER

* Basic requirements

1) V,and I, are sinusoidal (THD = 0)
2) Send maximum power available from the PV array to the
hydro grid
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‘Wind
" \ ’ Grid
‘ -0
PR Transformer
FPower

Figure 1.17 Hé thong ning luong gi6

fringueisy | gassranar skfe e aide mad chouit

genanamr wing fursinag cantnal

(Heniics ABR MidiesBnees, Faland B

Figure 1.18 Hé thong nang lugng gid

7. Ung dung trong cac thiét bi nap dién

* Block Diagram L, v,
3 £ L
ot Aug

| I
uP/DSP
CONTROLLER
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8. Ung dung cho truyen tai dién DC- High Voltage DC Transmission. Uu diém 1a c6 thé
truyén tai trén khoang cach 16n (1000km) va giam ton hao cong suit

HVDC
AC AC
T, T
vl +400kV ), 1250 A [

345 kV
system

230kV |
system

7
|
b b | | Pk D |

| 1L T n
wr —200v? 12504 i
308/339 2921321
MVA MVA

Figure 1.20 H¢ thong truyén tai dién DC

HVDC Converter Station
el L Ko of cable

o

Shunt
“;E‘“m 5 AL filtars

reaclive
eeUipmiant

Reactive Power Supply

Power Ratings:
500 - 3000 MW

=Pt

BAI GIANG MON DIEN TU CONG SUAT Page 15



S B ORI B L0 | TONG QUAN VE BPIEN TU CONG SUAT |

Commissioning year: {0940 -

19402
Power rating: 2000 MW
DC voltage: + 450 kV

Length of overhead 1,480 km
DC line:

Main reason for choosing HVDC:
Lang distance, asynchronous
networks

Figure 1.22 HVDC Transmission Québec - New England

Figure 1.23 HVDC Project in China
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Comvarter station
Longquan {3GC)
Jingzhou (3GGE)

Thyristor valve hall

Figure 1.24 Hé thong 3000MW HVDC from Three Gorges to Guangdong
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II. CAC KHAI NIEM CO BAN

1. Tri trung binh (Average):
- Cho dong dién i(t) va dién ap u(t) 6 chu ky T. Tri trung binh cua dong dién va dién ap duoc tinh
bang cong thuc:

1¢.
Id =?£|(t)dt (1.1)

1 T
ud :?lu(t)dt (1.2)

- O ché d6 xac 1ap trj trung binh dién ap trén L bang 0. Vi thé trj trung binh dong khong phu thudc vao
gia tri L ma chi phu thudc vao R. va dong trung binh qua tai dugc tinh bang cong thirc:
U,-E (13)

2 .

Iy =

2. Trij hiéu dung (Root Mean Square-rms):

.= —1]i2(t)dt (1.4)
rms T :

u = —1].u2(t)dt (1.5)
rms T g

Vi du 1: Cho dong dién c6 dang nhu hinh 1.1 véi |, =100(A); T =20(ms); T, =10(ms). Xac

dinh tri trung binh va tri hi¢u dung dong dién.

e— T —>
I, —-—- -—
Ty PULSE
Hinh 1.1
, e 15, 1" 17 t o T,
Tri trung binh dong dién: |, :?'([I(t)dt:?'([lpdt+?;[0'dt:?lp 0 :Tlp
1%, 1%, T
Tri hiéu dung dong dién: 1, = [=|i*(t)dt = |=[l2dt =1,,/=>
ri hi¢u dung dong dién: | \/TJ; (t) \/T! p P\ T
2z

Vi du 2: Cho dién ap c6 dang nhu hinh v& voi u(t) =U sinat vaw = T U, = 220\/§(V ). Xéc

dinh tri trung binh va tri hi¢u dung dién ap.
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| |
v
va_O/—\: :
| |
| |
0 b wl

T 27
2 | |
Hinh 1.2
Céach gidi 1:
.
U
=lju(t)dt——J.U sm(a)t)d(a)t)——U (- cos(a)t)) m _ 9o\
Ty s
17 1 7 1 ot sin2et |7 U
== |u*®dt = [—|[U,, sin(@t)]’d(at) =U | —(—— _=m
U, \/TJ (t) Jzﬂl[m (@)]*d(at) szﬂ(z =
Cach gidi 2:
17 17 2 11 2 T
=—|u@®)dt== |U_sin(=—t)dt = ——x xU_ x cos(Z=x 1)/ 2 =99v
dT£<) Tgm(T> = L xcos(Ext)

0

T A /(1 - cos(—)t)
1, 1 .27
U, = /—T j u>(t)dt _\/—T ! (U, sin(—=t)dt =U, j—dt

7 7
U,.=U \/ J-ldt L cos(—t)dt = \/ ! T L ><sm(477)t

oT 2T 2 2T 4x /
1 T 1
U,.=U x [sin(27) —sin(0
\/2T22T4/[() (0)] =
Bai tap 1: Cho dién 4p co dang u(t)=220+/2 sin(t), f =50Hz. Xac dinh tri trung binh va trj hiéu dung
dién ap
VU, A
Vob——==
]
|
|
|
|
o | P 2| wt
1 - 1 | t |
Hinh 1.3
Cach gidi 1:

2xUn _ 2 50042 =198.14
T

| = Tl ! u(tydt = %!U sin(wt)d (at) = U7m(—cos(a)t))g -
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17, 17 . ) 1 ot sin2et |7 U,
:\/?!;u (t)dt:\/;![umsm(a}t)] d(a)t):Um\/ (2— 4“’ ) -7

Cach gidi 2:

"
——ju(t)dt— sm( 7 Hdt=— U xcos(—xt) 22198.14V
0

T/ 2/
| T =cos( )

. 27
_ = —d
sm(_l_ t)]"dt =U j t

7 /j 71
/

|2 I T 1 T
U, =U, jldt——jcos(—t)dt_ R xsin(VLo? =

22T4/

/f“

]u (Hdt =

m

2

3. Cong suit trung binh:

- Cong suét tic thoi cua tai duge xac dinh biang cong thirc:

p(t) =u®)i(t) (1.6)
1F .
P, :?lu(t)l(t)dt (1.7)

T
Hoic P, =iTju(a)t)i(a)t)d(a)t) (1.8)
o 0

- Néu dong tai khong ddi theo thoi gian thi cong suat trung binh cua tai:
P, =U,l, (1.9)

- Tudién va cudn khang khong tiéu hao cong suat

4. Qua trinh qua d¢ va trang thai xac lap:

- Qua trinh qua d¢ la qua trinh xay ra ngay sau khi dong(ngat) khoa cong suét va nd dién ra trong
khoang thoi gian ngan

- Trang thai xac lap 1 trang thai khi ma khoa cong sudt dong hodc ngit hoan toan.Khoang thoi gian
nay lon hon so véi thoi gian dong ngat khoa.

5. Phan tich Fourier:

- Céc bd bién d6i cong suat 1a nhitng thiét bi phi tuyén. Pién ap ngd ra thuong co dang khong sin
nhung 13 cac ham tudn hoan va chita cac thanh phan séng hai. Vi thé ta c6 thé ding ding 1y Fourier dé
phan tich cac song hai va phént ich anh hudng ciia chiing dén ngudn va tai.

- Trong nhiéu ung dung ta phai giam cac song hai bac cao bang cach loc hay sir dung cac mach bién
d6i phirc tap hon.

. vz 21t
- Gia sir cho mot ham s6 f(x) c6 chu ky la T=2x, tan so lafva X=wt = ?

- Dy Fouries dugc viét dudi dang:
f(x)=A, + A cosX+ A, cos2X+..+ A, cosnx + B, sin X+ B, sin2X +...+ B, sinnx (1.10)
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f(x)=A, + A cosat + A, cos2at +..+ A, cosnat + B, sinwt + B, sin 2@t + ...+ B, sin wt (1.11)

Trong do
A\ - thanh phan mot chiéu khong doi.

lT 1 2z
A =;j' f(X)dx=Ejf(cot)d(wt) (1.12)

= —I f (X)cos(nx)dx =— _[ f (wt)cos(nwt)d(awt) (1.13)

;
B, = 2 [ f o0 sin(miydx == j f () sin(nat)d (at) (1.14)
T 0 T 0
Trong do
= Véi n=1 ta c6 thanh phan hai co ban
*  V6i N> 2 taco thanh phin hai bac cao.
Bién d6i biéu thuc (1.10) va (1.11) ta dugc:

f(X)=AO+iA(n)m sin(NX— g, ) (1.15)

Ay :1/A( + B(zn) - bién d¢ song hai bac n (1.16)

@, = arctan(E“) - goc 1éch pha(1.17)

Trong do

- Quan sat mot sb dang song co thé di dén két luan va don gian hod biéu thuc giai tich.
= Néu dién tich ciia cic nira chu ky dwong va am bang nhau thi A=0
= Néu f(Xx+7)=—f(X)thi khong co song hai bac chin 2,4,...Tat ca nira chu ky am

1a dbi xtmg véi ntra chu ky duong.
= Néu f(—x)=-f(x), b, =0 khong c6 cac thanh phan cosin khi ham sb 1é. Néu
f(—x) = f(X), a, = 0 khong c6 cac thanh phan sin khi ham sb chan.

6. Ung dung phan tich Fourier cho dong dién va di¢n ap: Gia st dong dién i(t) va p u(t) c6 dang
khong sin
o0
i) =1y+ 2 I,sin(not—g, ;) (1.18)

n=1
[e0]
ut)y=Uqy + DU, sin(nat — g, y)(1.19)
n=l1 B
- 1,,U,la thanh phin mot chiéu khong déi ctia dong dién va ap. Tri trung binh cia dong dién va dién

ap Id = IO’Ud =Uo

o |2
- Tri hiéu dung dong dién: | :\/I 2+ |(21) + I(z) +.. I(zn) =g +Z (n2)m (1.20)
n=1

© U2
- Trihiéu dung dién 4p: U, = U2 +U2 +U% +.02 = 1/U§+Z% (1.21)
n=1

Trong do
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I(l), I(z)..., I(n) tri hiéu dung cac thanh phan hai dong dién

U U(z)...,U(n) tri hiéu dung cac thanh phan hai dién ap

(1>
2 2
om vAY B

- Tri hi¢u dyng song hai co ban dong di¢n: |, = = (1.22)

V2 V2
_ U(l)m '\/ A(21> + B(zl)

- Tri hiéu dung song hai co ban dién ap U = = (1.23)

V2 V2

2 2
(mm — A(n)fl + B(n)7| (1.24)

- Bién 9 thanh phin hai dong dién: U, = /AL, +B, |, (1.25)

- Bién do thanh phan hai dong dién: |

- Cong suat trung binh cta tai: P =Uglg + XUyl (n) cos(@n y —@n 1) (1.26)
n=1 - -

2 U, nl
P=Ul, +zw005((/’nfu ¢, ) (1.27)

n=1
Néu tai 1a RL thi quan hé cua ap tai va dong tai dugc thé hién bang biéu thirc:

U(n)m U(n)m

Ly = == = (1.28)
Zn 4R +(nawl)
U n U n

Ly =5 = ————(1.29)
Zy  R*+(nal)

7. Cac hé s6 pham chét co ban
- Displacement angle — displacement factor (DF)

DF =cos(¢,) (1.30)
-Hé s6 méo dang toan phan (Total Harmonic Distortion):

o |2 _|2
THD, =Ii P =—”I‘ (1.31)
1 n=2 1
0 JU?-U?
THD, =— > U} =U—‘(1.3z)
n=2 1

1
U 1
-Hé s6 cong suat -Power factor (PF):

|
PF :(Tl)cos(go(l)) (1.33)

Vi du 3: Hay phan tich Fouries dong di¢n c6 dang dd thi nhu hinh v&. Tim tri hiéu dung hai co ban, THD
dong dién nay
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) Fundamental

1 tls -~~~ component

a 7 ‘\

{/ \1
0 - Tom
~ 7/
—1 - 7
a e ™
Hinh 1.4

1 Zﬁ. 1 2z
A =§£|s(t)d(wt)=gllad(wt):o

sin(nat )
n

=0

0

A :izfis(t)cos(ncot)d(a)t):gjIa cos(na)t)d(a)t):gla1
T 0 72'0 T

T

8, =L i (Osin(nat)d(at) =2 ]1, sin(na)t)d(a)t):[—gla—Cos(nwt)j
% Ty T

n 0
41, n=135,..
2
=—1,(cos(0)—cos(nz))=- nx
p/a
0 n=246,..
: 41, si i i
_Nhu vay dong dién c6 dang i, (t) = -2 (sma)t N sin 3wt N sin 5ot )
b2 1 3 5
Tri hiéu dung song hai bac nhat | e _ ool
- 111 higu dung song nai oac nna = =0,
O ox a

o N 4 1 (1Y
-Tri hiéu dyng dong dién |, =——=1_ [1+| = | +|=| +...=1,
T2 3 5

|52_|2 1“2—09' :
@ = 2 ( ’ a) =0,4843
I(l)

091,

- P6 méo dang toan phan THD =
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8. H@ sb cong suit (Power factor).
- Hé s0 cong suat (PF) 1a ti sO gilra cong suat tiéu thy va cong sudt biéu kién ngudn cap cho tai
do:
P
S
- Néu tai mot chiéu thi P=P,
- Néu ngudn hinh sin thi S =muUl
Trong do: U va I 1a tri hi¢u dung ap va dong ngudn; m- so pha.

A=

9. Hién twong nhiéu va cac bién phap khic phuc:

- Do cac khoa ban din déng ngit & tan s6 cao gy ra nhidu cao tan 1am méo dang 4p, dong ngd vao ngd
ra so voi dang chuan Vasuat hién cac song hai bac cao dan dén birc xa song dién tir va giam hé s cong
Suét.

- Dé giam thiéu hién tugng nhidu ta c6 thé loc song hai (bang mach cong hudng LC mic song song véi
nguén), st dung ti kim loai. Str dung cép boc....
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