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Tom tat:

Téc dong cua dién tir trudng tuong hd dan chéo trong hé thdng da day dan ludn phiic tap. Hién
tugng nhiéu séng dién tir trudng lan truyén doc dudng day sé& gay ra hu hong trong cach dién cua
dudng day tai cac tan s6 cong hudng. Do dd viéc xac dinh chinh xac cac tan s6 cong hudng tudng
(rng vGi cau hinh thuc t€ ctla mét hé thong dudng day phirc tap gilr vai trd quan trong trong thiét ké
va van hanh. Bai b4o gigi thiéu mét nghién ctu xac dinh déc tinh tan s& cua hé théng day dan nhiéu
sdi bat ky dua vao su két hgp phuong phap dudng day dai va bién d6i Modal. Phuong phap nghién
clru dugc xay dung trong moi truGng Matlab/programming trudc tién dugc ap dung tinh toan vdi
mot cau hinh dudng day cd san két qua do dé xac thuc phudng phap. Sai s6 (<4%) chi ra tinh
tuong thich gitra két qua tinh toan va két qua do. Sau dd, phudng phap nghién cltu sé dugc ap dung
dé xéac dinh déc tinh tan s6 cua mot cau hinh day dan nhiéu sgi phiic tap dugc st dung trong
thuc té.

Tu khoa:

Hé thdng da day dan, trudng dién tir, dic tinh tan s8, phudng phap dudng day dai, phucng phap
bién d6i Modal.

Abstract:

The effect of reciprocally mutual electromagnetic fields in multi-conductor systems is always
complicated. The phenomenon of electromagnetic interference (EMI) that propagates along the line
will cause damage in the insulation of line at the resonant frequencies. Therefore, the precise
determination of resonant frequencies corresponding to the actual complex configuration of a multi-
conductor system plays an important role in design and operation. The paper introduces a study to
determine the frequency characteristics of any multiconductor system based on a combination of
transmission line and Modal transformation methods. The proposed approach which is built in
Matlab/programming, is firstly applied to a simple system with available measure results. The error
(<4%) indicates the compatibility between calculation method and measurement. After that, the
studied approach will be applied to determine the frequency characteristics of a complex multi-
conductor system used in practice.

Keywords:

Multiconductor, electromagnetic field, frequency characteristics, transmission line method, Modal
transformation method.
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1. DAT VAN PE

Hé théng da ddy dan xuat hién rit nhiéu
trong truyén tai, su két hop chdng chéo
gitta chiing vé mit dién va tir 1a vo cung
da dang. Su két hop nay c6 thé 1a giita cac
pha, giita cac soi diy dan cAu tao nén mot
day pha, hodc gitta cac soi cAu tao nén dai
bdo vé trong cap dién véi cac day pha.

Tac dong dién tir trudng twong hd dan
chéo gilta cac diy dan luon phirc tap.
Soéng dién truong va song tur truong lan
truyén trén dudng day ludn c6 mdi quan
hé mat thiét v6i nhau (Transverse
Electromagnetic - TEM). Pong thoi, su
dong cét cua cac thiét bj dién tir cong sut
trong cac bo chuyén mach tinh c6 thé tao
ra hién tuong nhiéu séng dién tir truong
(Electromagnetic Interference - EMI).
Céc song nhiéu cao tin ndy sé truyén doc
duong day truyén tai va co thé giy ra cac
hu hong trong cach dién cua duong day
[1-4]. Sy phan tich anh hudng cua dién tur
truong twong hd 1én hé thong duong day
doi hoi can xac dinh chinh xdc mé hinh
dic tinh cia hé théng nghién ctu trong
mién tan sb. Tuy nhién, viéc mod phong va
tinh toan hé théng day dan nhiéu soi s&
gip nhiéu kho khin do ludén phu thudc
vao nhiéu tham sb khac nhau [5, 6].
Trudc tién, cac dac tinh cua vat liéu, do
day cua cach dién va 16p giap bao v€ kho
c6 dit liéu chinh xéac trén thuc té. Déng
thoi, cac diy dan trong cap s& co6 dang
xoan oc doc theo chidu dai truyén tai. Do
d6, dé mo hinh hoa hé thdng da day dan
trong mién tAn sb mot cach tdi wu, can
phai xét dén dic tinh truyén song dién tir
truong doc theo duong day [3, 4, 7]. Hai
hién tugng dac trung cua duong day
truyén tai trong mién tan s6 1a hiéu tng bé

mat va hi¢u ung tac dung lan cén phai
dugc xac dinh mot cach chi tiét khi xét
dén anh hudng cua song dién tir trudng
lan truyén. Sy két hop dan xen truong
dién tir trong hé thong da day dan bét ky
s€ dugc moO hinh hoda br:ing cac ma tran
dién tr¢ [R], dién cam [L] va dién dung
[C] twong ung [8, 9]. Bai bao gidi thi€u
phuong phép xac dinh tan sé cong huong
ctia hé théng day dan nhiéu soi bat ky dua
vao su két hop phuong phap duong day
dai va bién d6i Modal. Trudc tién bai bao
ap dung phuong phép nghién cuu tinh
toan v&i mot cdu hinh cap co san két qua
do dé xac thuc tinh chinh xdc cua mo
hinh. Sau d6, phuong phéap nghién ctru sé
duoc &p dung dé xac dinh dic tinh tan sb
ctia mot truong hop day dan nhiéu soi co
ciu tao phirc tap trong thuc té.

2. PHUONG PHAP NGHIEN cUU
2.1. Phwong phap dwéng day dai

Phuong phap duong day dai [10] 1a mot
phuong phap kinh dién dé mo ta dudng
day c6 kich thudc 16n so vo1 budc song
lan truyén trong mach. Ddi v6i duong day
c¢6 kich thude nho, co thé diung mé hinh
thong sb tap trung dé biéu dién. Tuy nhién
md hinh nay s€ khong con dung vdi
duong day co chidu dai 16n, khi ma tai cac
diém khac nhau trén cung duong day tai
cung mot thoi diém, gia tri cua dong dién
(hoac dién 4p) la khac nhau. Phuong phéap
duong day dai st dung mo hinh cac thong
sO rai, coi nhu rai déu trén toan bo duong
day. Tai mot diém x trén duong day ta xét
mot doan ngin dx. Poan dx c6 thé duogc
coi 1a mot duong ddy ngan, c6 cac thong
s tap trung vé mot phan tu.

16

S6 19



TAP CHI KHOA HOC VA CONG NGHE NANG LUONG

ix1) Ledx i+di
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Burédng day dal

Hinh 1. Mé hinh mét phan tir dx

Hai phuong trinh vi phan biéu dién dong
va ap tai mot vi tri bat ky trén duong day:

W _ 500 1)
dx ==

A _ vy )
dx -

Hai phuong trinh nay cho phép xéc dinh
gia tri cadc dong dién va cac dién ap tai
moi diém trén dudng day. Tuy nhién viéc
giai hé phuong trinh ma tran ddi véi mot
hé thong da diy dan bat ky 1a twong dbi
phuc tap. Phan tiép theo cua bai bao s&
trinh bay phuong phap bién d6i Modal dé
thuc hién viéc giai thuat nay.

2.2. Phwong phap bién déi Modal

Phuong phap bién d6i Modal s& dua bai
toan ctia hé thong nghién ctru tir N day din
bat ky ban dau vé mot tap hop n bai toan
nhé twong tng voi N day dan d6 va mot
day dan lam mdc.

Xét truong hop tong quat, mot hé bao
gdém n day dén, dién 4p va dong dién trén
mdi day tai vi tri bat ky duoc biéu dién
theo hai ma tran sau:

U,(x) 1%
Uz . I_z

woor=| =] 5 = B
U, 1,0

Giita cac duong day trong hé thong ludn
c6 quan hé twong hd véi nhau:

- TRUONG PAI HOC PIEN LUC
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Hinh 2. M6 hinh biéu d'ién moi quan hé
twong ho trong hé thong hai day dan

Phuong trinh ma trén cua tong tré va tong
dan lac nay:

[Z]=[R]+ jo[L] 3)
[Y]=[G]+ je[C] @)
Bai bao s& ap dung phuong phap bién d6i
Modal vao m6 hinh duong day dai da
thanh lap nhim bién ddi cac ma tran [ Z]
va [X] vé dang ma trdn duong chéo. Cac
dién ap U va dong dién I dugc chuyén vé
dang Modal tuong tng 1a Up, |, bing
viéc str dung cac ma tran hé s6 [Q.], [Qi].
Céc ma trén tong tro [Zm] va tong dan
[Xm] lac nay s€ trd thanh ma tran dudng
chéo [2]:

[Un]=[Q]" Y] ()
[La]=[Q]"[1] (6)
[Z,.]=[Q,1".[Z1[Q] (7)
Y, ]=[Q1".IYLIQ,] (8)

Bién d6i twong duong hé phuong trinh
trén, tdc gid thu dugc hai phuong trinh
tong quat dé xac dinh cac ma trdn Q

va Q:
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((Z1IYDIQI=1Q,](Zm][¥ n]) 9)
(YIIZDIQI=[Q (Y n].[Z]) (10)

Céc gia tri Modal ciia tong tro va tong dan
cua duong diay dugc xac ~dinh dua vao
phuong trinh (7) va (8). Mo6i1 dién ap U
tuong tng véi duy nhat mot dong dién | |
va nguoc lai bang mbi quan hé (5) va (6).
Két qua thu dugc 1a mot hé gém n hé con
doc 1ap twong ung voi duong day nghién
ctru. Phuong trinh vi phan ma tran tong
quét ctia hé thong luc nay c6 dang:

AU (0] ] (11)

x Zn] [

Loy 110,000 (12)
X

Dé tinh toan duoc dic tinh cia duong day
khi song chay, ta can xét dén ma tran
truyén song. Ma trén truyén song [Am]
cho phép lién két cac dai luong dau vao
va céac dai lugng dAu ra, cac dai luong nay
bao gdm cac dong dién va dién ap sau
bién d6i Modal. Vi mot hé thong gdm n
day dan, ma tran truyén song [Am] s€ cb

kich thude 2n x 2n;

(Aul, o . o . 0

0 [Awl, - 0 0

A= 0w [Aul, .0
o0 w0 (AL

Hinh 3. Ma tran truyén séng dang téng quat
cutia hé gém n day dan

Mbi ma trén khoi [Am ] trong ma tran

truyen song tong quat chinh 1a ma tran
truyen song cta day dan thi K trong hé
théng da day dan ban dau.

—~Z., sinh (7m,k| )
cosh()/m’kl)

cosh ( Vi )
-Y.xsinh (7m7k| )

1
Ani() = (13)

Trong do:

kla bac cua dang thirc tinh toan, tuong
ung voi day dan thir k trong hé thong n
day dan nghién ctru;

Y la tong dan dic trung cua

Tek =
Z=ck

duong day nghién ctu, dugc xéc dinh

bang cach lay nghich ddo tong tré song

Z., claday dan thu k;

Zm,k,k \ ,
la cac

Zc,k = VOl ka,k,\_(

mkk -
—m,k,k

dai luong twong mg voi cac phan trén

duodng chéo chinh twong ung véi day dan

thir k trong ma tran tong trd va tong dan

duéi dang Modal Z_ va Y,

Hang s0 truyén song, 7., =/ Znik-Ymkx

Sau khi tinh toan hé théng duong day dai
trong mdi truong Modal, két qua thu dugc
can chuyén vé dang ban dau [A(I)]. Viéc
chuyén trang thai nay dugc thuc hién
bang ma tran bién ddi [Qy] bang cach két
hop hai ma tran [QU] va [Q]. Ma tran bién
dbi s& c6 dang tong quat nhu sau:

- : k n Mode
[feAy™ 0O .. 0 .. 0 ] 3
0 Qolw - 0 .. 0 z
970 0 -@ln. 0| °
0 0 . 0 Q]

Hinh 4. Ma tran chuyén trang thai
dang téng quat ctia hé théng gom n day dan

Ma tran chuyén trang thai dang tong quat
cua hé thong nghién ctru s€ bao gdbm n ma
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tran khoi [Quiklr+2 dugc dat trén dudng
chéo chinh twong ung véi day dan thir k,
c6 dang:

Qu k,k 0
[Qm k] |: Qi’k,ki|

Trong d6 Q,,,va Q,, lan luot la cac

(14)

phan tir dudng chéo bac k twong tng véi
day dan thu K trong cac ma tran Q,vaq, .
Nho d6, ma tran truyén song [A(l)] cia
hé ban dau can giai s& duoc xac dinh theo
phuong trinh:

[AD]=[Q,1.TANDIIQ,'] (15)

Ma tran [A(l)] cho phép xac dinh céc dai
luong dong dién va dién ap tai vi tri bat
ky trén hé thong duong diy nghién clru.
Céc dai luong nay phu thudc vao céu
hinh, tinh chit truyén song trén duong
day va céac dai lugng dién dau vao tai phia
dau duong day. Tuy nhién, cac dai luong
dién dau vao khong phai luc nao ciing 1y
tuong va mo hinh luén phu thudc vao tai
thue té dit & phia cubi duong day. Do do,
dé tinh toan mot cach chinh xac tc dong
1én hé thong da day dan ngh1en cuu can
phai tinh dén su két ndi phia dau vao va
dau ra cia hé thong v6i ngudn va tai. Vi
vay, ma trdn lién két s& duge dua vao méd
hinh tinh toan.

Ma tran lién két

Hé thong duong day dai da day dan ludn
duogc dat trong diéu kién rang budc vé
dién khéc nhau: cac dong dién va cac dién
ap tai ngudn dau duong day va tai tai cudi
duong day. Hon nita, cic day dan nay c6
thé duoc két ndi véi ngudn va tai theo
nhitng cach khic nhau: hé mach, ngin
mach, day tai,... Ma tran lién két [A()]
mod ta dic tinh truyén séng cia hé théng

(ISSN: 1859 - 4557)

duong day dai nghién ctru, dic tinh nay
khong chi phu thudc vao cau hinh va vat
liéu ctia duong day ma con phu thudc vao
dicu kién két noi thuc té & phia dau vao
va dau ra cta duong day.
Goi [X"] va[Xx®7lan luot 1a vecto bao
gém céac dai luong dién (dong dién va
dién thé) cua hé théng & phia dau va phia
cubi duong day nghién ciru. M6 ta cu thé
cua hai vecto nay co6 dang:

_\iiln 1 —!?Ut 1
|_i1n |_;)Ut
[X"=| 7 |va XM=
in out
Vo Xn
1] L1

Goi [S"] va[S™] lan luot 1a vecto diéu
kién rang budc & phia dau (ngudn) va phia
cudi (tai) ciia duong day. Cac vecto tuong
ung va co kich thudc ma tran tuong tu
nhu cac vecto [X], déu 1a cac ma trdn c6

kich ¢& 2n véi hé thdng n day dan tong
quat.

Goi [C"] va [C™] 1an luot 14 vecto lién
két mo ta tinh chat két ndi o phia dau va
phia cudi cua duong day. Hai ma tran nay
két hop v6i cac ma tran ngudn [S"],
[S™] va ma tran dai luong dién [X'"],
[X*] tao thanh hai phwong trinh tuwong

ung & phia dau va phia cudi duong day

S6 19
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[Cm]zn*zw[lm]zn*l = [§m]2n*l (16)

[COUT ]2n*2n [XOUT ]Zn*l [SOUt ]Zn*l (17)
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Céc ma tran lién két s& bao gdm cac gia
tri héng $6 (0, 1, —1) tuy thudc vao tinh
chat két néi cia day dan thi K twong tng
1a: khong két ndi (chi s6 0); co két ndi va
dong chay theo chiéu quy wéc (chi sé 1);
c6 két ndi va dong chay ngugc chiéu quy
wdc (chi s6 —1).

2.3. Giai hé phwong trinh téng quat

Ma trin truyén song lién két gitra dai
luong du vao va dau ra dugc biéu dién
theo phuong trinh:
[X™]=[AI[X"] (18)

Tu cac phuong trinh ma trén (16), (17) va
(18), phuong trinh can giai thu duoc:

in ) Sin
[ C"] }[X"F[[‘M]]
[C™1.1A] 8]

Pé don gian trong tinh toan, ta dit ma

[C"] j =[B], phuong

(19)

[C™]1[A]
trinh trén tré thanh:

[BL.[X"1=[S]

tran bén trai (

(20)

Viéc gidi phuong trinh trén kho khan
trong viéc ma tran [B] khong phai ma tran
vuong. Pé dua ma tran nay vé dang
vuong va ddi xtng hoa hé théng, ma tran
chuyén vi [B]' s& duoc sir dung. Phuong
trinh can gii lac nay trd thanh:

[X"]=((B].[B])  [BI[S] 21

Giai phuong trinh tong quat trén, ta thu
dugc [X™] qua d6 xac dinh duoc gia tri
téng trd va tan sd cong huong cua duong
day. Phuong phdp nghién ciu dugc tac
gia thuc hién thong qua cong cu 1a phan
mém Matlab/Programing. Phan tiép theo

clia bai bao s& trinh bay chi tiét 4p dung
phuong phap tinh todn trong nhing
truong hop c6 két qua do dé xac thuc tinh
chinh xac cta ndi dung nghién ctru.

3. KIEM BINH PHUONG PHAP NGHIEN
cuu

Pé xac thuc phuong phap nghién ciru, bai
bao s& ap dung phuong phdp duoc trinh
bay ¢ phan trén khi tinh toan mot trudng
hop don gian, cap hai 151 c6 dai bao v¢, da
c6 két qua do dé so sanh véi két qua tinh
toan theo phuong phap dé xuit.

3.1. Cau hinh nghién ctru

PVC

Dai béo vé

U145 4
i
L 165 |

Hinh 5. C4u hinh cap hai 16i c6 dai bao vé
(don vi mm)

Cap nghién ctru c6 cdu hinh cy thé gém
hai 15i dan tiét dién hinh tron, ban kinh
0,5 mm va mdt 16p dai bao vé c6 d6 day
0,2 mm. Vat li€u st dung cho 161 dan va
dai bao vé la dong ky thuat dién, co do
dan dién o = 45,94 MS/m. Boc xung
quanh 15i dan va dai 1a cac 16p cach dién
PVC c6 ban kinh va d¢ day biéu dién chi
tiét nhu hinh 5.

3.2. Ap dung phwong phap nghién ctru

Phuong phép nghién ciru dugc dé xuit &
phan 2 s¢ dugc ap dung tinh toan cau hinh
cap vdi chiéu dai 10 m & ché do hd mach

20
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(OC) va ché d6 ngin mach (SC).

24 Fy
._I:: M hinh TLM
B Hé théng hai day dan
2 hai s¢i cé dai bao vé
———
v

Hinh 6. Cap hai 16i c6 dai bao vé khi ngan mach
va hé mach cubi dwong day

Trén hinh 6, chi sb 1, 2, 3 1an lugt twong
g voi day dan s 1, s6 2 va dai bao vé.
Trang thai khéa K biéu dién hai truong
hop nghién ctru: K dong/mé tuong Ung
truong hop ngan mach/hé mach phia cubi
duong day.

Vi hé théng nghién ctru gdm 03 mién din
nén s€ tuong Ung voi 12 dai lugng dién
bao gém cac dién thé va dong dién ¢ dau
vao: (Vi, Vo, Vs, Iy, b, 13)" va & ddu ra:
Vi, Vo, Vi, 1y, b, 15)°" Tuy nhién, vi
ngudn ap dit vao hai ddy dan va dai bao
vé duoc coi 12 mde dién thé nén cac gia tri
(V1, Vs, V3)™ duoge coi 1a cac hing sb da
biét. Do d6, hé phuong trinh can giai lac
nay con 9 an nén bai toan lac nay doi hoi
can tim thém 9 phuong trinh. Sau phuong
trinh s€ thu dugc tor m6 hinh duong day
dai cua duong day va ba phuong trinh con
lai dugce xac dinh nhé méi lién két ndi dau
ra voi tai tuy theo diéu kién cu thé cua
treong hop nghién ctru.

Céc dai lugng dau vao va dau ra dugc
biéu dien nhu sau:

[\ /in7] [\ yout ]|
\ Vi
in out
L L
i it
, Vm Vou
in =2 out =2
[X"=| 2 |5 [X*)=| 2
I Iou
=2 =2
in out
Vs, Vv,
in out
15 L5 ]

(ISSN: 1859 — 4557)

Hai vector nay duoc lién két boi ma tran
truyén song [A], ., ma tran nay sé duoc
xac dinh theo phuong phdp & phuong
trinh (15) dé rat ra phuong trinh ma tran
can giai 1a:

v V| (22)
b 1"
out in
o [
Ve VY
15 1Y

Rang budc dau vao:

Céc dicu kién bién rang budc bicéu dien
cac dai luong dién dat vao hé thong
nghién ctru phia dau ngudn, cu the la:

{w _v"oy (23)

Vi =0

Ma tran két noi dau vao [C"] biéu dién
dicu kién két noi twong ing voi rang bude
trén, cu thé la:

1000 0 0] \L U] (24)
00000O0[lL| |0
00100 0|Vy| U
00000O " |0
0000 1 0fyn| |0
00000 0 L 0]

Ba gid tri dong dién s€ phu thudc vao
cong suat thuc t€ ¢ dau nguon.

Rang bujc dau ra:

Vi phia dau ra ctua hé thong nghién ctru
ket noi voi tai, khong phai ngudén nén ma
tran ngudn phia cudi duong day [S™] phai
bang khong. Hai ma tran két noi duogc
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thanh 1ap twong Ung voi hai trang thai
dong/mo cua khoa K.

Khi cubi duong diy ndi ngin mach (K
dong), tong ba dong dién dau ra s& bang 0
va tat ca dién thé dau ra s& cing gia tri.
Do vay, ma tran két ndi cua truong hop
nay la:

Vi =V v (23)
ut it ut
1413 =0
Do d6:
1.0 -1 0 0 O (26)
01 0 1 0 1
oo _ 00 1 0 -10
o1 0 1 0 1
10 0 0 -1 0
01 0 1 0 1

Khi hé mach cubi dudng diy (K mo),
tong dong dién ra trén hai diy dan bing 0
va dong dién ra & giap bao vé ciing bang
0. Pién thé dau ra cta hai diy dan la nhu
nhau. Ma tran két néi cua truong hop nay:

413 =0 (27)
vt =Vt
lgulzo
Do d6:
1 0 -1 0 0 0] (28)
00 0 000
ot _ 01 0 100
oo 0o 00 0
00 0 000
00 0 00 1

Phuong trinh twong mg phia dau ra cua
duong day nghién ctru lac nay:

out \igUt _ | cout
I:C :I _[S ] (29)

Giai hé phuong trinh tong quat, tong trd
thuc té bién d6i theo ham tan sb cua hé
thong nghién ctru s& dugc xac dinh.

Two-conductor shielded cable—10 m
1000

100 "‘_‘I lp‘f-.

Amplitude (ohm)
s
b

A oc
T-Omega formulation OC

1,00£405 1,00E+06 1,006407
Frequency (Hz)

Hinh 7. Tdng tré tinh toan trong trwéng hop
ngan mach va hé& mach hé théng tai dau ra

Two-conductor shielded cable - 10 m

B A
'y — s -‘-‘N\. £ e

g0 | 7 A-Phiformulation SC
* T-Omega formulation

A-Phi formulation 0C
+ T-Omega formulation 0C

s5C )

]

u
g
@ {
& LOES 1,00E+06 1,00€+07
-0

Frequency (Hz)

Hinh 8. Géc pha tinh toan trong trwong hop
ngan mach va hé& mach hé théng tai dau ra

Ta nhan thiy tan s6 cong huong thu duogc
tir ca hai cong thirc A- va T-Q 1a rit
tuong dong. Gia tri nay khi so sanh voi
gia tri do thu duoc [3], sai s6 chénh léch
dudi 4% giap xéc thuc tinh chinh xéac cua
phuong phép tinh toan.
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Béng 1. So sanh k'ét qua tinh toan va do dac
tan so6 cong hwéng

Ngan mach H& mach
f (MHz) foa foz for foz
A-o 4,37 8,83 4,37 8,83
T-Q 4,37 8,83 4,37 8,83
bo dac [3] 4,40 9,14 4,40 8,85
Saisd % 0,68 3,39 0,68 0,22

4. KET QUA NGHIEN cUU
4.1. Cau hinh cap ba pha

Bai bao s¢ ap dung phuong phap tinh toan
dé nghién ctru mot cap ba pha c¢6 cau hinh
phuc tap trong thuc té.

M&i pha dugc ciu tao tir 61 soi day dong
khong boc cach dién va mot 16p ban dan
cung mot 16p cach nhi¢t XLPE dugc boc
quanh. Phia bén ngoai la 16p mut, dai bao
vé bang thép va ngoai cung 1a 16p vo bao
vé tac dong vat ly.

No Description Material Thickness Diameter
{mm) {mm)
1 Condugror 300mm™ Copper. cable class 2 with 61 wires 20.8
longitudmal sealing
[27] Tnsulation PRS XLPE X -5
3 Assembly of 4 Copper. cable class 2 7 wires 255
conductors Jmm™ Insulation PRS XLPE 0.7 101
4 | Optical fibers 8 monomode fibers G652 |
5 Jams Polypropylen ropes
| 6] Inner sheath Sheath PEBD 22 | 59.9
7 Amor double laver Galvanized steel wires Diameter 5.0 79.9
8 Outer sheath Sheath PEBD 32 86.3

Hinh 9. C4u hinh cap ba pha nghién ctru

4.2. Két qua tinh toan

Céu hinh két ndi ctia hé théng nghién ctru
duogc biéu dien theo mo hinh & hinh 10
vo1 tinh trang cua khoa K tuong tng véi
truong hop ngan mach va hé mach dau ra.

Trong d6, cac chi s6 1, 2 va 3 tuong ng

(ISSN: 1859 — 4557)

v6i ba 161 dan cia ba pha va chi sb 4
tuong ung voi 16p gidp cua cap. Do vay,
bai toan s€ c6 16 dai lugng dién can duogc
xac dinh, d6 1a cac gia tri dong di¢n va
dién 4p trén timg 18i dan ¢ hai dau duong
day, cu thé 1a: (V1, Vo, Vs, Va, L1, Lo, 15, 19)"
va (Vi, Va, V3, Vy, 1, b, 15, 14)"

‘ A M& hinh TLM cép
ba pha AC cé dai
bao vé nhiéu soi

Hinh 10. So d6 két néi
cua cap ba pha nghién ctru

bdi voi phfin nguén, dién ap vao dugc dat
¢ ba pha con giap bao vé dugc nbi dat
nén céc dién thé (Vi, Vo, Vs, Vo)™ di duogc
xac dinh, vi vy bai toan con 12 4n cin
tim. Tam 4n s& thu duoc nhd vdo tdm
phuong trinh dic trung dudong day dai cua
hé théng va bén phuong trinh con lai
dugc x4c dinh nho vao diéu kién két ndi
ctia h¢ thong.

Bai bao s€ ap dung phuong phap nghién
ciru da trinh bay ¢ phan 2 dé xac dinh
téng tré bién thién va tin sb cong huong
ctia hé thdng nghién ctru. Vi ciu hinh cap
ba pha co dai bao v¢ dang nghién ctru
chua c6 cong bd vé két qua do tan sd cong
huong nén bai bao s& so sanh két qua tinh
toan theo phuong phap nghién ctu véi
phuong phap thu dugc khi tinh toan bang
phan mém EMTP (hinh 11, 12).

Three phase AC cable — 1 km = Short Circuit
1000

TLM-APH| x TLM-TOMEGA —EMTP

01
1,000E+03

Amplitude {ohm)
s

1,000E+04 1,000£+05

Frequency (Hz)

Hinh 11. Téng tr& cia cap ba pha AC
nghién ctru khi ngan mach dau ra
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Three phase AC cable — 1 km — Open Circuit

1.00E403

1,008402

1,008401

Amplitude (chm)

1,00E+00

—TLM-APHI + TLM-TOMEGA —EMTP|
1.00E-01

1,0008+03

1,0008+04 1,000E+05
Frequency [Hz)

Hinh 12. Téng tré cua cap ba pha AC
nghién cru khi h& mach dau ra

Két qua thu duoc theo phwong phéap
nghién ctru khi so sanh vé6i véi két qua
tinh tir phan mém thuong mai EMTP c6
sai s6 chap nhan dugc. Uu diém cua
phuong phap dé& xuat 1a ¢ thé tinh toan
v6i mot hé thong phirc tap bét ky trong
khi phan mém EMTP chi c6 thé tinh toan
v6i hé théng ddi ximg cb dinh.

Bang 2. So sanh két qua thu dwoc tir phwong

phap nghién ctru va phdn mém EMTP - cap ba
pha c6 dai bao vé

Ngidn mach H& mach
f (MHz) for fo2 fo1 fo2
A-0 44 91 44 91
T-Q 44 91 44 91
EMTP 48 96 48 96
Sai s6 % 8,33 5,21 8,33 5,21

Két qua thu dugc tir phuong phap nghién
ctru va thu dwoc khi tinh toan tir phan
mém EMTP c¢6 sai sd 16n nhit 13 8,33%.
Sai s6 nay 16n hon gia tri trong truong
hop tinh toan v&i cap hai 161 va so sanh
v6i két qua do dac (4%). Piéu nay co thé
giai thich 1a do cu hinh cua cap ba pha
v6i dai bao vé tir 61 soi day dan (hinh 9)
phirc tap hon nhiéu cu hinh don gian cta

cap hai 161 c6 dai bao v¢ da xét ¢ vi du
truée (hinh 5). Piéu nay dan dén viéc mod
phong tinh toan s& xuat hién nhiing sai s6
nhat dinh.

5. KET LUAN

Bai bao da gioi thi¢u nghién ctru xac dinh
ddc tinh tan sé ciia mot hé da day dan dua
trén sy két hop cua hai phwong phap
duong day dai va bién d6i Modal. Phuong
phap nghién cuu dugc thyc hién trén
Matlab/programming va da dugc ap dung
tinh toan v&i mot cau hinh cu thé co sin
két qua do dé xac thuc phuong phap. Su
chénh léch <4% trong két qua so sanh
gitip kiém dinh t6t phuong phap dé xuét.

Sau do, cac tac gia dd ap dung phuong
phap nghién ciru dé xay dung mo hinh
tinh toan tan sb cong hu’orng cua mot ciu
hinh dudng day thuc té trong cong nghiép
- cap ba pha c6 dai bao vé nhiéu sgi. Két
qua tinh toan duoc so sanh voi két qua thu
duogc khi sir dung mot phan mém thuong
mai EMTP.

M6 hinh - phuong phép tinh todn hé
théng da diy din mang dén hai ¥ nghia
nghién ctru Ung dung quan trong: Thir
nhat, xay dung duoc ma trn két ndi giita
phan tir (hé thong da day dan nghién ctru)
va cac ngudn dau vao va dau ra dé giai
mot bai toan véi cac két ndi cu thé bén
ngoai dudi dang ma tran; Thu hai, dua
vao b thong s6 ma tran tinh toan va
phuong phép bién doi dé xuét, co thé xac
dinh duoc md hinh truyén séng dé xac
dinh chinh x4c tin s cong huong trén
duong day.
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minh.
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Vuang quéc Bi nam 2013. Hién nay tac gid la giang vién, Giam doc Trung tam
Pao tao thuc hanh ky thuat dién, Vién Dién, Trudng Dai hoc Bach khoa Ha Noi.

-
» =
\‘ Linh vuc nghién ctu: mo hinh hda hé théng dién t&r sir dung mo hinh cac bai
toan nho, Ung dung phucng phap s6 tinh toan anh hudng cua dién tur trudng
dén thiét bi diéu khién trong hé théng dién.
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