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H6 Vin Nhat Chuong
Trudng Pai hoc K¥ thuit
(Bai nhdn ngdy 21/06/1999)

TOM TAT: Bai bdo tng dung phép bién déi Fourier dé khdo sdt cdc ddc tinh déng cita bé
bién ddi ti 1¢ dign dp cao déi vdi song xung dién dp sét chudn. Tix d6, tim dugc biéu thite
gidi tich don gidn vdi d¢ chinh xdc cao dé xdc dinh gidi han dudi ciia phd tdn s6 ciia bé bién
déi ti 1¢ dién dp cao déi véi xung dign dp sét chudn.

1.MG PAU

Céc tinh chat dong clia cdc bd bi€n d6i ti 1& dién 4p cao thudng dude xdc dinh bdi
cdc ddp Wng cla xung budc nhdy cla ching [1]. D€ ghi lai cdc ddp Wng niy cin thit
phdi st dung k¥ thuét do tin s& cao, siéu cao va cdc giao dong ky xung. Ngodi ra, khi
thuc hi€n cdc nghién citu thuc nghiém va phan tich cdc k&t qua ghi dugc trong trudng hop
nay thudng gip khé khin va phdc tap do cdc anh hudng va su tudng hdp cia cidc thong
50 ctia mach do. Nhitng di€u vira n6i & trén chinh 14 cdc yéu cdu dit ra d6i véi bo bién
ddi tf 1& xung dién 4p cao vdi d6 du tri 16n vé dap ing thdi gian va céc thong s khéc
ctia ching [2]. Piéu ndy thudng dugc quan tim nhiéu khi x4c dinh c4c tinh chit dong cla
bd bi€n ddi ti 1é dién 4p cao bing phudng phép dic tinh tin s [2].

Theo 1y thuy&t tich phan Fourier [3], mdt him xung dién 4p thay d8i theo thdi gian u(t) cé
thé vi€t dudi dang:

u(r)=%T[A(a))cos(mt}:ia)+%?B(a))sin(a)t)daj, W

§ day: t -1a thdi gian;
@ -1 tn s8 goc;
A(w), B(w) - 1 cdc ham dugc xéc dinh nhu sau:

Alw)= J-u(t cos(wt)dt, Bl(w)= Ju(t)sm (ot )t . (2)

Goi u,(f) 1a dién 4p d4t & dau vao clia b bi€n déi & 1& dién 4p cao va dic tinh tn s§ cla
n6 12 H(jw)= H(w)exp[jo(w)] thi dién 4p nhan dugc & ddu ra ciia bd bién ddi ti 18 dién
ap cao s€ la:

u, (t) = %TH (w)[A(@)cos(at + @) + B(w)sin(at + @)ldw . 3)

Nh vdy, néu dién 4p vao u,(f) 12 him xung dién 4p sét c6 dang:
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u, (t)=U[e-’—' —e-:}, 4

& ddy: U - 12 h¥ng s8, c6 thd nguyén 12 dién 4p; 7, >0, 7, >0 - 12 c4c thdng s6, cé thi nguyén
12 thdi gian, x4c dinh sy thay d8i ciia ham u, (f) theo thdi gian. 7, > 7,, thi theo [4] c4c bi€u thitc

(2) c6 thé viét lai:

T, T, ot} w1l
2.2 2

1+’ 1+o’r!

Alw)=U : B =U o . 53
(@)=U( ) (@) (1+a)2r,2 1+ w?7} ©2

Tir 6, bidu thitc dién 4p ra u, (¢) ciia bd bi€n ddi ti 1¢ dién 4p cao sau khi bi€n ddi bién
s§ , xem [5] va [6], s& 1a:

" (r)z.%‘]a(x)cos[x%w]( L___ mln de+

1+x> 1+x(z,/1,)

o 2
P IH (x)sin(x Loy @}( s x(r, /7)) ]dx. (6)
g T

1+x* 1+x%(7,/7,)

3 diy x = or, - 1 bién khong thi nguyén; o - tin s§ géc, thay ddi tir 0 dén co.
u, (1)
u,(t
clia bo bién ddi dién th€ cao. Biéu thic (6) vd K c6 tinh chdt chung va dng dung cho cdc
dang séng xung dién dp khdc nhau cé dang (4).

Ty s6 K =

dic trung tinh cha't ddng thay ddi theo thdi gian cda hé s& t 1&

2.PAC THU CUA BIEN PO FOURIER DOI VOT XUNG PIEN AP SET CHUAN
Bai bdo sé& tng dung céc biéu thic trén d& nghién citu dic tinh tin s6 cla dang
séng xung dién 4p sét cao th€ chudn trong ving tdn s§ thdp (dic tinh tin G cia dang
séng xung dién 4p sét cao thé€ chudn trong viing tan s6 cao s& dudc trinh bay trong bai
bdo ti€p theo).
Dang séng xung dién 4p sét chudn va céc thong s6 thdi gian cla né dudc trinh
bay trong hinh vé H.1.
u(t)/ U
14
0.9 F==fiB

0,5 e

0,3 |--¥A
0.0 ‘ > ¢

(Tgi T,
>

i Tys

— : 3

Hinh H1. Dang séng xung dién dp sét.

11




12

Science & Technology Development Vol 2, No 9-1999

Tich phn (6), theo 1§ thuyét, duge 1dy tt 0 d€n oo. Tuy nhién, diéu ndy thyc t&
rdt kh6 thuc hién. Bai bdo s& nghién citu (6) vdi cén trén x, va cdn dudi x, cia né doi
vdi xung dién 4p sét chuin 1,2/50us .

D6i vdi nhitng hé thong bi€n ddi t 1€, thong thudng dugc ché tao véi H = cte va
@ ~0.V6i cdc di€u kién nhu th€, c6 thé x4c dinh dudc céc gid tri cla u, () theo cén
trén x, cila (6) tai thdi diém ¢ bat ky. Bai bdo s& khdo sét trudng hop lic £ =T,,,, (ing
v6i cap T, -thdi gian ddu séng va T,-thdi gian song). Diéu nay tuong @ng véi nhiém vy

x4c dinh bién d6 ctia Xung.

Dé thudn tién trong viéc khao sét, gid tri cda u,(¢) thudng dugc thyc hién trong don
vi tudng ddi, c6 nghia 12 so vdi gié tri cyc dai cla dién 4p ra:

e B

U,=HU(e " —e "), (7)

2 - ~ 2 - . t - ~ ~ P o
va nhu vdy, thay vi khdo sdt u,(t), s€ khdo sdt u, (1) = %Q Céc thong soO thdi gian cua
2
séng xung dién dp sét T, va T, c6 quan hé vdi cdc hingsS 7,, 7,, T, theo [7] bdi cdc
biéu thic:
TS
Mo = TLS =13 (8)

In M =-0,00233900091n* M, +0,89626802381n M, —0,1605394854;  (9)
Iny =0,02760467491n* M -1,4144635954InM —-0,9723378186;  (10)

Tos =T, —41y+0,02; (11)
" :

T = o 12
7y = T (1= ¥) (=In y); (13)
! =2 (14)

y

Vi cdc gid tri dinh midc cia cdc thdng s& cia xung dién dp sét, theo [8] va [9], thi
khong nhitng chi cdc gid i T, =12us va T, =50us ma cdn 1a mot khodng gid tri
T, =12+0,36us va T, =50£10us. Do d6, cin thi€t phdi nghién citu u,(f) 481 véi tat cd
séng xung dién 4p sét c6 trong khodng cho phép cia [8] va [9]. Bing Bl dudi diy chi
cho céc thong s& clia 5 dang séng tiéu biéu:

Bang B1. Cic thong sO clia xung dién dp sét chuin.
S6 song | Tu(us) | T,(us) M, 7, (5) 7, (1s) 7 -
1 1,56 40,00 24,6410 52,927402 | 0,545882 | 2,523036
2 0,84 40,00 46,6190 54,880786 | 0,280653 | 1,488280
3 1,20 50,00 40,6667 68,235538 | 0,404866 | 2,088206
4
5

1,56 60,00 | 37,4615 81,616214 | 0,529737 | 2,685934
0,84 |60,00 70,4286 83,722619 | 0,274786 | 1,576755
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S& dung phuong phép Simpson [3] va 14p chudng trinh tinh todn trén médy tinh dé
x4c dinh cdc gid tri ca u,(r) d6i vdi cdc dang séng xung sét chuin nim trong khodng
cho phép clia [8] va [9] ( bang B1 cho cdc dang séng tiéu bi€u). Cdc gié trj tinh todn
duge 8 ving tin s6 thip cia u, () cho trong bdng B2:

Bang B2. Gi4 tri u,(¢) theo tin s f, =x, /277,.

Dang xung Quan hé cia u,(f) theotdnsd f, =x, /277, khi r=T_
1,56/40 s | f,(Hz) [* 0,001 1 9,008 10 90,09
u; 0,0000001110 | 0,0001110231 | 0,001000 | 0,0011102269 0,01000
0.84/40 s | fo(Hz) | 0,001 1 8,867 10 88,68
u; 0,0000001128 | 0,0001127789 | 0,001000 | 0,0011277842 0,01000
12/50 s | f(Hz) | 0,001 1 7,107 10 71,08
u ; 0,0000001407 | 0,0001407120 | 0,001000 | 0,0014701121 | 0,01000
1.56/60 s | f,(Hz) | 0,001 1 5,928 10 59.29
u; 0,0000001687 | 0,0001686936 | 0,001000 | 0,0016869222 | 0,01000
0,84/60 us | f,(Hz) | 0,001 1 5,861 10 58,62
u; 0,0000001706 | 0,0001706286 | 0,001000 0,0017062707 | 0,01000

Quan hé cia u;(r) theo gidi han trén cua tich phén Fourier doi vdi xung dién dp
sét chudn x, (dé tién viéc khdo st u,(r) theo tdn sG thi thay vi 1dy tich phin theo x,, s&
14y tich phan theo f, = x, /2#t,) dugc vé & hinh vé H2 (dudng chim chidm).

w04
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0,008
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0,002

0,000

a).

b). e

50
Hinh H2. Quan hé cdia u;(f) theo tins8 f, =x, /277,

100 Hz

vé theo biu thic (15);
vé theo biéu thiic (6).

Cin dudi x, cda tich phén c6 thé chon bat ky (tuy thudc vao dd chinh xdc khio
sat). & day chon x, tudng dng vdi tAn s§ £, = 0,001 Hz va budc tinh 4f =0,001 Hz. TU
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hinh v& H2 va bang s& B2 cho thdy ring trong viing tdn s6 ban ddu (ving tin s6 thdp)
dién dp ra u,(f) hoan toan ti 16 tuy&n tinh véi tin s§ }

Bién déi (6) dudi dang don gidn hon biing cich st dung khai trién Taylor cho cdc
biéu thic sin(xt/ 7,); cos(xt/7,); 1/(1+x*) va thay thé vao (6). Sau khi 18y tich phan tir

0 dén x, va viét dudi dang tuong ddi, nghia 12 so vdi gid tri cuc dai clia nd, nhén dugc
biéu thic:

Uy (1) = 2(z, = 7,) f. (15)

Quan h¢ gin ding (15) cia u;(f) theo £, =x, /27r, duge vé& trén hinh vé HI (
dudng lién nét). Bi€u thitc (15) cho sai s6 tinh todn ciia ham u,(t) trong ving tan s§ j

Ung véi gid tri u, -(1)<0,01 khong vugt qui 0,04% so vdi cdc gia tri cia u, (f) dudc tinh
theo biéu thitc (6).

3. KET LUAN

a). Trong viing tin s§ thdp, dién dp ra (hay hé sg ti 1&) clia bd bién ddi ti 1& cao
th€ ddi véi xung dién 4p sét chuin ti 18 tuyé&n tinh vdi tdn s6 .

b). C6 thé chon gidi han dudi cda tich phan Fourier d6i vdi xung dién 4p sét
chuln tuong u’ng v8i mot gid tri sai s6 tinh todn cho trudc, tir 46 nhin dudc gidi han dudi
cla phd tdn s6 cla bo bi&n ddi ti 1€ khi do xung dién 4p sét chuin.

c). Nhdn dugc mot bi€u thite giai tich don gidn d€ x4c dinh gidi han dudi cda phd
tdn s& ciia bd bi€n d8i i 1& khi do xung dién 4p sét chudn v8i d6 chinh x4c cao.

THE PECULIAR CHARACTERISTICS OF FOURIER TRANSFORMATION IN LOW
FREQUENCY RANGE FOR LIGHTNING VOLTAGE IMPULSES
Ho Van Nhat Chuong

ABSTRACT : In this article, the Fourier transformation was applied to examine the dynamic
characteristics of high voltage impulse scale transformer for standard lightning voltage impulse.
From this, a single analytical expression with high accuracy was obtained to determine the low-

limit of frequency spetrum of high voltage scale transformer for standard lightning voltage
impulse.
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