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Nhitng nghién ciru vé mdy phdt xung dong sét tricde day sir dung cdc cau hinh mach riéng
biét dé tao ra cdc dang xung dong sét khdc nhau, diéu nay gdy khé khan cho viéc nghién civu
ché tao cdc mdy phat xung sét voi gid thanh hop ly. Bén canh do, mot $6 mé hinh todn hoc
mé phong dong xung sét con chwa dat dwoc do sai sé theo tiéu chudn. Bai bdo ndy trinh bay
phirong an thiét ké may phat xung sét chi dimg mot cau hinh mach va mé hinh todn hoc may

phat xung sét xay dung trong moi truong Matlab c6 do chinh xac cao.

ABSTRACT

Researches in lightning current impulse circuit have used various schematics for diverse
impulses, which makes several problems for lightning current impulse generator fabrication at
a suitable cost. In addition, errors of several lightning current impulse math models have not
met the standards. This article presents some solutions to the determination of parameters for a
significant lightning current impulse circuit and a lightning current impulse math model which
is in Matlab environment with high accuracy.
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I. GIOI THIEU 1\ 2 O
Anh huéng ciia dong xung sét 1a rit quan i 8
trong trong vi¢c tinh todn va lya chon thiét bi =V T £ R

bao vé chdng sét lan truyén va tinh toan qua
dién ap trén ludi dién. Cac nghién ctru vé& may
phat dong xung sét hién nay sir dung nhiéu
cau hinh khac nhau cho céc xung set riéng
biét gdy kho khan trong viéc ché tao may phat 4 4
xung voi gia thanh thap. Ngoai ra, mot s6 mo

hinh vét Iy méay phat xung sét duoc dé nghi co

dang song chua d'gl'[ yéu cau vé do chinh xac 100% —
theo cac tiéu chuan hién hanh. Vi vay, viéc 20% —
nghién ctru va dé xuit mo hinh may phat xung

sét tao ra nhiéu dang Xung dong khac nhau

Hinh 2. Cdu hinh mach phdt xung sét tong qudt

 50%

v6i d6 chinh x4c cao nham giam chi phi ché
tao may phat xung 1a can thiét. , 10% — Mo T
_ Bai bao nay trinh bay phuong phap xap xi o1 '
gan dung dé tinh toan nhanh cac thong so co <les=125T o
ban cua may phat xung sét va phu:ong phap ~ -
danh gi4 sai s6 dé hiéu chlnh sai s6 dau song - & -

va dudi song theo yéu cdu cua tiéu chuin.
Ngoai ra md hinh todn hoc may phat xung
dong 8/20us va 4/10us duoc xay dung trong
mdi truong Matlab c6 do chinh xéc cao.

Hinh 1. Xung dong sét tiéu chudn
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II. CAC DANG XUNG SET TIEU CHUAN
Dang xung dong sét tiéu chuin dugc thé hién nhu trong Hinh 1. Sai sé cho thoi gian dau song

va dudi song duoc yéu cau thap hon 10%.
Bang 1 trinh bay cac dang xung dong sét thong dung voi t, 1a thoi gian dau song va t 1a thoi

gian duoi song.
Bdng 1. Céc dang séng tiéu chudn

oty | 6| | 0w |
10/700 10£10% 700£10% 1/200 1+£10% 200+10%
1.2/50 1.2+10% 50+£10% 10/350 10£10% 350+10%
2/25 2+10% 254+10% 1/5 1+£10% 5+10%
2/50 2+10% 50£10% 4/10 4£10% 10£10%
0.25/100 0.25+£10% 100£10% 8/20 8+10% 20£10%

II. MO HINH MACH PHAT XUNG SET

3.1. Ciu hinh mach phat xung sét

Bang cach giai phuong trinh vi tich phan va bién doi Laplace, tim dugc:
v/ -t _t
i(t) = ﬁ(e tz —e tl) (1)

Trong do: A=/1-40° Q= 0w/200 =R2L.og =1/~ LC

1 R R 1

—_=— _2__
t, 2L \N4r’ LC
L_R_JR T
t, 2L N4’ LC

Néu dat p=t/t; I =U/RA thi phuong trinh (1) duoc viét lai:

-t —t
i(t)=1,.¢e% (1 - e(p"”E) )

Dé dang song xung sét thoa tidu chuan, cac thong sd p va t, phai dugc lya chon phu hgp. Khi
da xac dinh duogc p va t,, cac gia tri cia mach R,L,C dugc tinh theo cong thirc (3) va (4).

=4 ()
pC
_ (p+DL _ (p+1)t,
R="—— =20 (4)

3.2 Phwong phap xac dinh thong s6 cho may xung sét

a. Phwong phap xép xi gin ding
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A Khot tao gia tri ban
i(t) ty t, cfan
1 | < > ¢

SR Tinh sai so tong e

—

Hiéu chinh e i
i¢u chin Hi¢u chinh theo

/ v, dudisong ; o .
/ huwong tang 7. va
! R
] iéuchinh -, v —
/ dau song S Tinh 1a1 sa1 so tong
-\
' >
. t
- == Dangxung dau song
- Dang xung dudi song o
<
Hinh 3. Dang xung dau séng va dudi séng Thoat

F

= [1 _ e—(p—l)é]

Tt phuong trinh (2), nhan thdy ham s € 2 06 tac dung tao ra dudi song va ham sd

tao ra dau song.

Cac dang dau song, dudi song khi 4p dung phwong phap xap xi gan dung duoc thé hién trong

Hinh 3. Trong thoi gian dudi song c6 thé xem ham s6

Tait

[1 - e‘“"”é] =1
Phuong trinh xung dong gan dang nhu sau:

i) =1 e (;—;)
Khit=t —t,thii(t)=0,5.1_ Do do:

i) =1,e (tt)

2

Khi t =ty — tqs thi i(t) = 0,5.1;, Do do6:
_(ts‘tds)
L,e t2 =05,
. _ ts—tgs
Suyra: t, = o) (5)

t

Tuong tu, trong thoi gian dudi song ham sb e » = 1, phuong trinh xung dong c6 dang:

. i
—(p—1)—

i(ty=11[1-¢ K

L0, dong dién dat 0.11 , tai t,, dong di¢n dat 0.9 I . Theo d6 c6 duoc:
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Bdng 2. Gid tri R,L,C tinh bang phirong phdp xdp xi gan diing

Tiéu chuan(us) Tinh toan(ps) Sai s6(%)
. . t/t, t, P R L C ¢ ; bau Duoi
ds s ds s song song
10 700 70 0.000995 274.406 9.9909 3.61E-05 0.0001 9.38E-06 0.00071 6.25 2.11
1.2 50 41.67 7.04E-05 162.1379 0.7084 3.06E-07 0.0001 1.13E-06 5.17E-05 6.25 3.44
2 25 12,5 3.32E-05 46.56767 0.3389 2.36E-07 0.0001 1.63E-06 2.67E-05 18.75 6.8
2 50 25 6.92E-05 96.09775 0.6997 4.99E-07 0.0001 1.75E-06 5.22E-05 12.5 4.4
0.3 100 400 0.000144 1582 1.44 1.31E-07 0.0001 2.50E-07 0.0001 0 0.63
1 200 200 0.000287 789.5188 2.8746 1.04E-06 0.0001 1.00E-06 0.0002 0 0.01
10 350 35 0.000491 135.7218 49413 1.77E-05 0.0001 9.00E-06 0.00036 10 3.49
1 5 5 5.77E-06 16.84963 0.0611 1.98E-08 0.0001 7.50E-07 5.60E-06 25 12
4 10 25 8.66E-06 6.943609 0.099 1.08E-07 0.0001 1.88E-06 1.06E-05 53.13 6
8 20 25 1.73E-05 6.943609 0.1981 4.32E-07 0.0001 3.75E-06 2.10E-05 53.13 5
t10%
1—e PV =01
e P g
Suyra:pzw(t2)+1 (6)

0.8t 45

TI‘J: c6ng thire (5) va (6) thu duoc két qua tinh toan trinh béy trong Bang 2. Két qua cho thiy
sai s6 dau song hodc dudi song cua cac dang song co ty so t, /t 16n (10/700;1. 2/50 0.3/100;
1/200; 10/350ps) thod sai s6 ddu song va dudi song, con cac dang song c6 ty s6 t,/t nho (1/5;
4/10; 8/20; 10/350; 2/25; 2/50ps) khong thoa tiéu chuan.

b. Phuong phap danh gia sai so

Dbi véi nhitng dang song co ty 5O t/t, thap, phuong phap danh gia sai s c6 thé duoc duoc
su dung dé glam sai s6 dau song va du01 song Phuong phap nay dua trén viéc danh gid dg léch
sai sO va sai sO tuong d6i cuia dang song xung dong.

Goid,.d,.d lan luot 1a do 1éch sai sé dau song, do léch sai s6 dudi song va dg 1éch tdng.

bo lech sai sb

d=d;+d;

d; =0
di=0.9tgsta
di=t,-1. 1ty

d2 =0
d2: tb-l . lts
d,=0.9tty,

Trong do: t_ la thoi gian dau séng tinh toan, t =1.25%(t

tong dugc xac dinh nhu sau:

néu 0.9ty<t,<1.1 tgg
néu t,<0.9 ty

néu t,>1 . 1ty
néu 0.9t<t,<1.1 t,
néu t,>1.1t,
néu t,<0.9 t,

o0, ~t100,)s £, 12 thot gian dudi séng tinh
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toan, t =t - 10O/JrO It .
G01 e, 1a sai s0 dAu song, e, la sai s6 dudi song va e 1a sai s tong thi:
=e +e

O day e, =t -t [/t =ttt
Gia tri p vat, can tim thoa diéu kién (7) va (8):
In(0.9)~In(0.1) ts—t 45

l1<p< 0.8t4s m(2) (7)
Va gia tri t; thoa
0.8.t45.(p—1) 1.1t5—0.9t¢
n(p) <l <= 2) (8)

Vi céc gia tri (p t,) thoa (7) va (8) can lya chon cap gla trj 1am cho d=0 (tc 14 sai sé thoa
mén theo tiéu chuin) va e nho nhat (tic 13 co sai s6 bé nhit). Trong diéu kién khong tim duoc
cap gia tri (p, t ,) lam cho d=0, thi s& lya chon cap gia tri lam cho d¢ léch tong nho nhat (tic 1a
gan véi yéu cau vé sai sb cta tiéu chuan ky thuat).

Két qua tinh toan bang phuong phap nay sau khi lam tron gia tri R,L,C dugc trinh bay &
Bang 3. Theo d0, chi con dang séng 8/20us va 4/10us 13 ¢6 du song khong thoa tiéu chuin
nhung sai s6 dau song da dugc cai thién so vdi cac moé hinh da dugc dé nghi.

IV. MO HINH HAM TOAN CUA HEIDLER
4.1 Phuong trinh Heidler

Phuong trinh Heidler 1a mot trong s6 cic phwong trinh duoc sir dung dé moé ta xung dong
sét:

l(t) — Im (/‘h) e T2 (9)

H (t/Tl)

Trong do: I 1a gia tri dong dién dinh (kA); T1 la hang s thoi gian tang cua dong dién va dién
ap (us); 212 hang sd thoi gian suy giam ctia dong dién va dién ap (us); p 1a hé sé hiéu chinh
gia tri dinh cua dong dién .

t
Ap dung phuong phap xap xi, trong giai doan dau séng cé thé xem e =2 = 1. Liic d6 phuong
trinh (9) c6 dang:

In (t/rl)
H (t/Tl 10

Tait=t ,, giatri dong diéni(t)=0,1.I vatait=t

i(t) =

gia tri dong dién i(t) = 0,9.1 .

90%

Suy ra:
(tw%/Tl)w
(tlo%/¢1)10+_1 =0.1
(10)
tapos 10
% = 09
920% T +1

Giai h¢ phuong trinh (10) tim dugec:



Tap Chi Khoa Hoc Gido Duc Ky Thudt, 56 1 4(2010) 5 1
Pai Hoc Sir Pham Ky Thuit Tp H6 Chi Minh

0.8tg4s

Ty = 1%_—101/9 (11)
)™
10 -
Tuong tu trong giai doan dudi song, cé the xem () +1 . Do d6, phuong trinh dong

dién c6 dang:

i(t) ==e 7
(6) =

Tal t= ts-tgs gia tri dong dién 1(t)=0.51,. Suy r

_ ts—lds
e T =0.5
TZ — ts—tas
In (2)

Két qua sai s cla xung dong sét khi st dung phU’O’ng trinh Heidler v&i cac cong
thire (11)va (12) dwoc thé hién trong Bang 4. T két qua & Bang 4, nhan thay phwong phap
tinh g&n dung khi s dung cho phwong trinh Heilder van chwa dat dwoc sai sb can thiét dbi
VO’l cac dang song 4/10,8/20us; nhung so v&i viéc str dung phwong trinh dong dién (1) thi sai
s6 dworc cai thién dang ké.

4.2 Hiéu chinh thong s

bé co6 két qua chinh x4c hon, can thuc hién viéc hi€éu chinh nham bu lai sai s6 sinh ra do ap
t 10 p

) x(®)=HF—=1vayO =e =1 .
dung giai thiét cac ham T khi tinh toan. Vi cac ham x(t) va y(t) déu
nho hon 1 nén vi€c hi¢u chinh phai thuc hién sao cho cac gia tri ¢, va ¢ . lam cho gia tri ham

x(t) va y(t) giam.
i 10
(t) — (T11)0

£\ 10 t
Pbi voi ham (ﬁ) 1 x(t) giam khi (r_l) giam, tuc la 11 tang. Nguoc lai, y(t) = e
giam khi T giam.
Giai thuat hiéu chinh duoc thé hién trong Hinh 4.

Sau khi hiéu chinh theo luu d6 Hinh 4 két qua tinh toan dugc trinh bay trong Bang 5. Theo
do tat ca cac dang song deu thoa tiéu chuan k¥ thuat va sai so rat nho.

Bdng 4. Sai s6 ciia phirong phdp tinh todn gan Bang 5. Sai s6 cho xung dong sét sir dung phwong
diing cho phwong trinh Heidler: trinh Heilder sau khi hiéu chinh
tds | ts 7, T, 0 tds | t T T
e (%) | e (%) s | ts 2 e (%) | e (%)
(us) | (us) ! 2 (us) | (us) : ’
4 10 7.52E-6 8.6562E-6 21.875 | 11 4 10 1.0446E-6 5.885E-6 0 3
8 20 1.504E-5 | 1.7312E-5 | 21.875 | 10 8 20 | 1.9898E-5 | 1.239E-05 | 1.5 2.5
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5. KET LUAN

Bai bdo da xac dinh gia tri R,L,C cia may
phat xung sét véi mot cau hinh duy nhat cho
phép tao ra nhiéu dang song(10/700, 1.2/50,
2/25, 2/50, 0.25/100, 1/200, 10/350, 1/5us )
¢6 sai s thoa tiéu chuan ky thuat.

D6i v6i dang song 8/20us, cac gia tri
R,L.C duoc d& nghi cho sai sb dau song giam
tir 39.06 % xudng 29.7 % so véi cac phuong
phép trudc.

M0 hinh toan trong Matlab cho dang song
8/20us va 4/10us co sai s6 thap hon so véi
cac nghién ctru trude day( 6% xudng 4% ).
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