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TOM TAT

Nghién ciru nham goép phan nang cao hiéu luc va tinh khéi quét trong
mo ta va tinh todn hé théng dién lyc. Chuyén d6i modal dugc sir dung
dé chuyén viéc phan tich hé théng c6 lién két giita cc pha vé phan tich
nhitng hé thong mot day khong lién két. Ap dung vécto khong gian
cuing véi chuyén d6i modal cho phép giai quyét van dé phan tich trong
mién thoi gian. Quan hé toan hoc giita vécto modal, cac thanh phan
di xtmg va vécto khong gian dugc lam rd. Cac phan ti chinh cua hé
thdng dién ciing duoc md ta trong moi truong vécto khong gian.

ABSTRACT

The study aims to improve the effectiveness and generalizability of the
description and calculation of the power system. Modal conversion is
used to convert the analysis of systems with phase interconnections to
the analysis of unconnected single-wire systems. Using space phasors
in combination with modal transformations allows the analysis of
power systems in the time domain. The mathematical relations
between the modal vector, the symmetry components and the space
phasor are clarified. The main devices of the power system are also
described in the space phasor environment.

1. GIOI THIEU

Ludi hé thong dién ba pha 13 to hop cac phan
cling tré nén kho khan.

i hé thong dién ba pha ddi xung théng qua mot
khong d6i ximg thi thuong sir dung cac thanh phan
dbi xtmg dé tinh toan k¥ thuat.

a hai truong hogp tinh toan vira néu déu dya trén co

& biéu dién phasor (gia tri phtrc hay vector pha)
x4c 1ap mach dién ba pha van thuong st dung
phuong phap di¢n ap nut va chi dugc thuc hién
Cap thong s6 modun- argument ciia mdi phasor
hoan toan xac dinh mot dai luong di¢n tuong ung
& tan s6 danh dinh. Viéc xac dinh cac gia tri tirc
xac 1ap va céc h¢ s6 tinh toan ki thuat (cho trudce
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hoac tra cac tai li€u tinh toan), vi du nhu hé $6 xung
kich cho tinh toan ngan mach.

Dé nghién ctru, tinh toan sau hon vé qua do
cua hé théng dién, bén canh cac chuong trinh
chuyén dung cac phuong phéap va cong cu tinh sd,
thi vécto khong gian 1a mot cong cu hd trg cho viéc
cac tac dong cla cac gia thiét (hé sd) ki thuat.

Vai tro cua cac thanh phan vécto khong gian
trong khao sat qua d6 hoan toan tuong tng voi vai
tro ctia cac thanh phan d6i xtng trong khao sat xac
lap. Céac vécto khong gian nay cho dén nay van
dong dién.

2. PHEP BIEN POI PHUONG THUC
2.1. Vi du xem xét

ta doan duong day 3 pha nhu Hinh 1. Poan duong
day dugc gia thiét 1a d6i xtmg c6 cac thanh phan

i
¢
n Phuong trinh mo t4 doan dudng day co dang
6’ Li’L + RiL = AuL (1)
trong do:
Ly Lyp Ly R, Rp Ry
d L=[Lh Ly Lp|;R=|[Ry R Rh]
, L, L, L, R, R, R,
¢
}lé n luot 1a ma tran dién cam va ma tran dién tré va
i1 Aug,q
iL = le ;AuL = AuLZ (2)
C i Au; g
a
m

lan luot 12 ma tran dong dién va ma tran dién &p
cua doan duong day.

iLi R L
b
Ry Ly

+ Aun -~
Hinh 1. buong day ba pha

R6 rang la trong hé thong xét, dién ap trén mot
pha khéng chi phu thudc vao dong dién cua chinh
pha d6 ma con phu thudc vao dong dién cua cac
pha con lai.

2.2. Bién d6i phwong thirc

phuong trinh mo ta (1) cac quan hé lién két giira
cac pha gay kho khan cho vi¢c khao sat, tinh toan.
Pé thao g& kho khin nay ngudi ta ap dung phép
(1) vé biéu dién phan li theo cc dai lugng modal
(chi s6 m). Khi dé, cac dai lugng modal nay sé

én d6i modal, cac dai lugng dién ba pha cua duong
x;, s& duoc biéu dién qua cic dai lugng modal x,,
tuong tng theo

x,= TpXxpy (3)
trong do:
tin tiz s
Ty =21 l22 L3 4)
t31 lzz lss

%ﬂ 8gu¥en gm xac dinh boi phuong trinh (4) cling

Xm = Thlx, ®)]

Véi mach dién dé cap, st dung phuong trinh (3) dé
dua phuong trinh (1) vé biéu dién qua cac dai
luong modal

LT, L’m +RT,, i), = T, Auyy, (6)
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Nhan phuong trinh (6) v6i Ty vacha y T, T,, =
E taco
Ir_nlLZm E.’m + Ir_anZm im = Auy, @)

D¢ bao dam dic¢u kién phan ly cua cac dai

T LT = Ly, = diag(Ly Ly L3) (®)
an duong chéo L, duoc goi la ma tran di€én cam

oswald, 2009).

— o 0.0 Q g —

(¢

o O e

fn Piéu kién, theo phuong trinh (8), dugc thda
gan véi nghiém khong tam thudng néu
d det(L — L;E) = 0 )
ﬂ"l‘r d6 xac dinh dugc cac gia tri riéng dién cam L;
Ly=L,=L,—Ly (10)
7m sao cho gie pmpzfran Zm—1L7Tm (v§
T IRT,, déu la cic ma tran duong chéo. Do
ay lan luot cac gia tri riéng nay vao phuong trinh
(9) ta xac dinh dugc hé cac phuong trinh xac dinh

iyt +t3=0
tip Ttttz =0
. Liz = 3 = l33
ong hop lai ma tran 3x3 can tim c6 dang

(12)

ti tio ti3
T, = 1 L2 tis
—tip—t1 —tix—tn Ul

(13)

Dé théy, c6 rat nhiéu ma tran c6 cac phﬁn to
phan tir bang nhau déu thoa man diéu kién mo ta &
phuong trinh (13). Trong thuc té ki thuat dién,
thuong st dung mat sb dang trén co so toan tir

a=ej2r/3. Theo chu tric nay, cac phuong 4n
ks

T

—_m

El KZ K3 1 1 1 Kl
=|kia® kya ks|= a a 1 k,
kya® ks la a* 1 ks

(14)

kia

Str dung ma tran chuyén d6i nhu phuong trinh (14)

Lyi'm + Rpim = My

(15)

Pé tién quan sat ching ta viét phuong trinh (15) &

-/ .

Ly Lmi Lm1
. .

L2 Um2 L2

L3 i_,m3 Im3

Phuong trinh (16) nay moé ta ba mach dién riéng ré
Hinh 2

Aty
Aupm,
Atz

(16)

Ry
+ R,

Rs

iml Ri L
me——-7J  |—e
+  Aumi
01
im2 R L>
me——mo»  _ }——e
+  Aum
02
Im3 Rz L3
ms3 .—>|—|—.
+  Aums
03
Hinh 2. Mach dién thay thé modal cho duong day
ba pha

2.3. Cac thanh phan déi xing
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Néu mach dién ba pha & ché d6 xac lap diéu hoa
dai luong can tinh. Trong truong hop niy, cic
thanh phan d6i xtimg s& dong vai tro dai luogng
modal mdt cach hi¢u qua.

Bién d6i modal luc nay c6 dang

X, = TsX; (17)
va bién d6i nguoc
X;= T5'X, (18)

Trudng hop ndy, ma tran chuyén déi, van c6 dang
nhu phuong trinh (14) véi cac hé so6 k£ déu bang

don vi.
1 1 1
T=|[a" a 1
a a1

Ma tran thanh phan déi xtmg c6 dang

(19)

X
X
Xo

Xs = (20)

Céc thanh phan d6i xtmg X; X, va X, lan luot 13

0

X, = Xy +X5 + X0, (21

d

#ay ¢ dang day du

! Xa] [ % L1 [%

Xo|=|a®X | +|aX2 | + | Xo (22)

1 X lax] [ax] %

3

h

n

¥ 61 duong day ba pha trong vi du, ap dung thanh
han do6i xtng cho phuong trinh (16), chu y 1a cac
gaidiémgldiélédﬁﬁlh?g dec pliemsioni (somphah) vé phap

dao ham duoc thay bang nhan véi jw
b |1, L] [’ L] [AU
fw L, L+ R, L| =AU,
Lo| Lo Rol [L] |AUo
p (23)
h
a
d

V6iZ, =R, + jol;;i =1,2,0, phuong trinh (23) tré
thanh quan hé quen thudc

Z L AU,
Z; L| =AU, (24)
Zy| Lo AU,
hay du¢6i dang gon hon
Zsls = AU (25)

ach dién thay thé véi cac thanh phan ddi xtng dugc

L Z
le—2 [ 1
+ AU -
01
b 22
e o
+ Al -
02
lo Zo
0 o—m—-m’—[:I———o
+ AU -
00

Hinh 3. Mach dién thay thé v6i cc thanh phén
doi xtrng cho duong day ba pha

2.3. Vécto khong gian

.m) Q>4

[T =

s O

x, = Tgxg (26)

>

hay & dang chi tiét
&

A (chi s6 K ki hiéu cho vector khong gian) va gia
h
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X1 1 1 1]pxk
xul=§ a® a 1|x @7
XL3 a a* 1flx
trong do:
Xp1 Xk
X, = [xLZ]; Xg = &*(l (28)
X3 Xo

Céc dai luong modal lic nay 1a thanh phan vector
khong gian Xk, thanh phﬁn vector khéng gian phtrc
lién hop xx va thanh phan hé thdng khéng (zero)
kép xg.

Phép bién d6i nguoc véi mé ta & phuong trinh (26)

x¢= Tg'x, (29)

ach dién vi du s€ dugc mo ta thong qua cac vécto

Lyi'x + Rpix = Auyg (30
Hay ¢ dang chi tiét
L1 i_’K R1 LK AEK
Lo ||+ R ||| =|aw]| 6n
Lol Lo R3] [in Auy

Mach dién dugc chuyén vé biéu dién phan ly nhu
H

Rfinh 4. Mach dién thay thé véi vécto khong gian
cho duong day ba pha

3. MO TA CAC PHAN TU CHINH CUA HE
THONG PIEN NHO VECTO KHONG GIAN

3.1. Pwong day ba pha

Puong day dién luc thuong duoc biéu dién biang
céc két hop céc phan tir duong day mang tinh dién
cam va cac phan tir duong day mang tinh dién
dung trong so @b hinh T hozc hinh IT tiy muc dich
su dung.

iK Ri1 L
. ]
ikB
¢ B
+
Ri L
GG GG Uks

Ro Lo
GoCo GoCo

Uuns

Hinh 5. Mach dién thay thé hinh I1 véi vécto
khong gian cho duong day

So d6 hinh IT duoc trinh bay & Hinh 5 (Kundur,
1994; Oswald, 2009).

Phuong trinh Kirchhoff d(‘)ng viét cho niit A
Uka

B JE -
lha Una

(32)

:

uhA

+ LKL
IhL,

Tuong tu ta viét duoc phuong trinh Kirchhoff

dong cho nit B
Cy Up
G, Ukp
CO llhB

R

+

UnhB
IhL
Phuong trinh (32) va (33) c6 thé viét ¢ dang

gon hon
ol B R A S i R
(34)

_KB
_KB
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Phuong trinh viét cho dong dién qua phan tir doc
cua duong day

-1 . -1
= —Lg Ryiy, + Lk (EKA - EKB) (35)

.y
UkL

Trong cac phuong trinh trén da st dung cac ki
hiéu

Gy _Gt + 3Gy,
Gy = G, = G: + 3Gy,
Go Gp,
(36)
(o _Ct + 3Cy,
CK = C2 = Ct + 3Ch
Co Ch
(37)
Ry Ry — Ry
Ry = R, = R, =Ry
R, R: + 2R,
(38)
Ly Ly =Ly
Ly = L, = Li— Ly
Ly L, + 2L,
(39)

an R, Ry, Ly va Ly, duoc giai thich & hinh 1. Céac
an Gy, Gy, C, va Cy, 1a cac thong s6 dién dan va dién
dung gitra cac day pha vai dat (chi s6 ) va voi nhau
(chi sb h).

H¢ phuong trinh (34) (35) mo ta dudng day
dién lyc v6i vécto khong gian theo so do thay thé

So @6 hinh T va so d6 hinh IT ¢6 gia tri sir dung
tuong duong nhau. Cac phan tir cia hai so do ciling
mo ta chinh xac hon, co thé st dung so dd xau
chudi nhiéu so @6 hinh T hoac I1. Tuy nhién, co
thé st dung so @6 hinh IT cho hau hét cac trudng

3.2. May bién &p ba pha

Sau khi loai bo phan tar may bién ap 1y tuong,
thi mach dién thay thé mot pha cho may bién ap
hai cudén day duoc biéu didn ¢ Hinh 6 (Kundur,

P Ry, Ly 2R, k2L )
e L :l_'
- —> -« +
Ip is 'k
"y Ly kus
1994).

Hinh 6. Mach dién thay thé hinh T sau khi da
loai bo may bién ap li tuong
€thiR,, L, vaR;,, Ls lén luot 1a dién trd va dién
dién, dién 4p so va tha cp dugce ky hiéu bang cac
(dién cam chinh) 1a L, va ti s6 vong day so cap va
u

14
A

a

k.

ét phuong trinh cho dién ap so cép va thir cip ta
duoc

Lp:mLm Kk2(Lg +Lm)” s/k] [0,, szs] [L:;k]

B [kus]

i méay bién ap ba pha hai cuon day, phuong trinh
(40) van co hiéu luc chi khac 1a quy mé s& dugc
m¢ rong thanh 6 phuong trinh don.

Tiép tuc 4p dung chuyén d6i modal, c6 thé dua
phuong trinh (40) vé dang vécto khong gian.

(40)

Ly, Lgm ] le RKp 0 ” ixp ]
Lim Kk?Lys le/k 0 KRyl lixs/k
- kl_‘l(s]
41)
Trong d6
L1P Lim
LKp = L2p i Lgm = Lom
Lop LOm
Rlp Ry
RKp = R2p H RKs = RZS
Rop ROS
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Lk ixs

- . i* .1 — .k

kp = | |5 kp = | ks

thp | lhs
Ukp1 Uks

_ u* . — *
Ugp = |Ukp|; Ukp = |Uks
Unp Ups

(42)

M6 hinh theo phuong trinh (41) l1ap cho cac
dai luong cua cac cudn ddy. M6 hinh may bién ap
ba pha can thiét 1ap cho cac dai lugng dau cuc, tirc
1a con phai xét yéu t6 to ddu day. Cach thuc truc
tiép thuong dugc st dung 12 bd sung thém ma tran
t6 nbi day K,, vao md hinh co sé theo phuong trinh
(41) (Oswald, 2009).

3.3. M4y dién dong bd

May dién dong bo da duoc nghién ciu va md
hinh héa mot tir rat sém theo hudng vécto khong
gian (Park, 1929, 1933).

Hé truc dq0 cho may dién dong bd duogc thiét
lap nhu trong Hinh 7.

rotor stator

Hinh 7. Cac mach dién cuon déy va hé truc tham
chiéu ctia may dién dong bo
M6 hinh ciia méy dién dong b vai cac dai
lrong tuwong doi dinh muc trong hé dq0 c6 dang
(Kundur, 1994).

Phuong trinh dién &p stator

Uy R, ig 0 -w, 0]|%a
uq = Rl iq + (,l)r O Ol ¢q
uO RO io O O O 1!)0
d l/Jd
+ E wq
Yo
(43)
Phuong trinh di¢n &p rotor
url [Rr il |Yr
0] = Rp l:D + o Yo (44)
0 Ro] [te Q

Phuong trinh tir thdng moc vong stator

Lad Lad 0 if
0 0 Lgg||in
0 0 0 1]ig

(45)

Ya Lq
Vq

Yo

iq
lq
io

+

Lo

Phuong trinh tir thdng moc vong rotor

W] [l La OV[if] [Lea O O]ia
IIJD = Lfd LD 0 iD + Lad 0 0 |:qu
l/)Q 0 0 LQ iQ 0 Laq 0 iO

Mo men dién tur

T, = l/)diq - wqid
(47)

Phuong trinh chuyén dong
d A(I)T« _ _KD
E[ 6 ] - [ Wo

Cha y riang cac dai luong dé cap & md hinh mo
ta & c4C phuong trinh tir (43) dén (48) déu la céc
dai lugng tuong dbi dinh muc. Cac dién cam tuong
d6i dugc quy doi dé bao dam tinh thuan nghich va
tinh théng nhét trén mét truc. Chang han:

- Ho cam gitra stator va cuon kich thich ciing
bang hd cam giira cudn kich thich va stator (thuan
nghich);

- HO cam gifra stator va cuon kich thich ciing
bang hd cam giira stator va cuon doc truc (théng
nhét trén mai truc).

8] [A?r] + [(TM _ge)/ZH]
(48)
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- Dién cam doc/ngang truc Lg; L, bao gom hd
cam doc/ngang truc Lyg; Leg va dién cam tan (hai
truc nhu nhau).

Trong cac phuong trinh tir (43) dén (48) can
thiét phai khr cac dai luong kho tiép can dé biéu
din chi bang cac dai luong dau cuc. Cac dong dién
trong cac mach rotor s& dugc khir khéi hé phwong
trinh mé ta dé duoc phuong trinh dién &p stator

[ud] L d ig
uq = L" —_ lq]
uO q LO dt iO

R, —a)TL” 0

q ] [ug

+ w,L, R, 0 ;q + Ug

0 0 Rl 0
(49)

Trong do: L';l; L:l — bién cam siéu qua do doc
vangang truc; ug; ug
ngang truc.

—dién ap siéu qua do doc va

‘ Pé chuyén hé phuong trinh mé ta may dién
dong bo tir hé truc dq0 sang vécto khong gian trong
hé toa do quay ta cha y dén quan hé

X1 [1 j O0][*a

21 4 1

xndl Lo 0 2l1xo

Néu c6 thé bo qua duoc sy khéc biét giira dién

khang siéu qua do doc truc va ngang truc ta thu

duoc biéu dién dang vécto khong gian trén hé quay
rotor (Oswald, 2009).

] (50)

U
E}k(‘|
Un
R +]w, 0 0 [Tig
+ 0 Ra—jer; R E:
L0 0 Rol L™
E;(l
+ [y
[ 0

(1)

D& dang chuyen m6 hinh sang biéu dién trén
hé stator (ki hiéu bang chi so s) (Oswald, 2009).

" £ Re 0 0[] [u
[E;lz 2 I RS | o B
Up i’h 0 0 RO 0

(52)

4. KET LUAN VA THAO LUAN

Bién d6i modal vén ban dau chi dung trong
linh vuc diéu khién. Ngay nay véi su phat trién
manh m& cua ki thuét tinh toan, bién d6i modal
cling dugc ung dung hiéu qua d& mo hinh hoa va
tinh toan phan li cho nhiéu hé thong ki thuat khac.

Vécto khong gian, c6 cung co s& toan hoc véi
cac thanh phan ddi xtng déu 1a nhitng truong hop
dac biét cua dai lvong modal. Do vay, &p dung
vécto khong gian mot mat s& cho phép tiép thu hau
hét vu diém caa phuong phap cac thanh phan ddi
xung quen thudc, mat khac lai ma rong duoc hiéu
luc khao sat sang ca mién thoi gian.

Ap dung vécto khong gian cho hé thdng dién
khdng qué phtrc tap (1-2 may, it phan tir, théng so6
tap trung) cho kha nang:

- M@ ta hé thdng dién mot cach khai quat hon,
gon gang hon so vaoi mo ta tuc thoi;

- Khao sét, danh gia tac dong cua cac gia thiét,
cac hé sd tinh toan khi phan tich qua do hé
théng dién;

- Tao ket qua doi sanh cho két qua tinh bang
phan mém chuyén dung hogc/va cac cong cu
tinh toan so;

- HO tro cho cong tac nghién ciru va dao tao
trong cac truong dai hoc theo hudng chuyén
sau vé hé thong dién.
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