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LOI CAM ON

Loi dau tién em xin duoc gui 101 cam on dén thay Pham Buc Thuan, thay
da hudng dan va giap d& tan tinh em nghién ctru va hoan thanh d6 an tét nghiép
nay. Nhitng 10i nhan xét, gop ¥ va huéng dan cua thdy da giap em cé dinh
hudng dung dan trong qua trinh thyc hién dé tai, gitp em nhin ra duogc wu
khuyét diém cua dé tai va timg budc khac phuc dé co duogc két qua tot nhat.

Em ciing xin cam on thiy cod trong khoa Pién - Dién ty dong hoa da
truyén dat cho em cac kién thic chuyén nganh, nhiing cong nghé méi ciing nhu
cach 1am viéc dé hoan thanh tt ¢d &n mon hoc nay.

Va cubi cung, minh xin dugc gui 101 cam on siu sic dén tat ca nhing
ngudi ban di giup d&, sat canh cing minh trong subt nim dai hoc. Cam on
nhirng loi dong vién, nhung su chia s¢, hy sinh va cham soc 16n lao tur phia gia
dinh va nguoi than vi d6 1a mot dong luc to 16n giup con vuot qua kho khan va

hoan thanh két qua tot nhat cia dé tai nay.



LOI MO DAU

Sét lan truyén trén mat dat. Sét gay hu hai véi cac thiét bj dién, céc cong
trinh, cac duong dy tai dién va pha hiy cay cdi toa nha khi danh xudng. Sét co
nhiét ning cuc 16n cho du chi swot qua nhung ciing c6 thé giy bong ning trén co
thé nguoi. Nan nhan tham chi con c6 thé ton thwong ndo, tim bi anh hudng khi
bi danh.

Sét khi danh trang mot ving gan khu vuc ngudi dan sinh sdng, dién ap hé
thdng s& gay chap dién, hu hong d6 dién tir, cong nghé. Ngudi ciing c6 thé bi sét
danh ngay trong nha vi sét lan truyén.

Pam bao cip dién 6n dinh phuc vu céc sy kién chinh tri cua dat nudc,
Thanh phd Hai Phong 1a nhiém vu dic biét quan trong. Hién vai céng suat khai
thac thuc té tai cac tram 110kV mdai chi dat (50-60)% cong suat dat, tuy nhién
mach vong két ndi trung thé gitta c4c tram 110kV chwa 6n. Tram 110kV Cura
Cam theo thiét ké 02 MBA 63MVA. tuy nhién trong nam 2019, 01 MBA
63MVA bi loai do khong du diéu kién van hanh.

La mdQt tram cung cép dién cho rat nhiéu khach hang quan trong tai cac
quin Ngb Quyén, Hai An va Lé Chan nén doi hoi tinh 6n dinh trong cung cip
dién. Sau khi du an stra chtra MBA dugc phé duyét va trién khai, Doi QLLDCT
da phdi hop voi cac don vi trong Cong ty tap trung to chic thi cong dau ndi
hoan chinh mach nhat thir MBA, kiém tra dam bao tht ty pha cip mit may va ta
tong. Cong trinh di dugc nghiém thu k¥ thuat du diéu kién dua vao van hanh.

Hoi dong nghiém thu Cong ty da to chirc dong dién thanh cong MBA T1
63MVA 115/23/6.3kV.

La sinh vién khoa Di¢n cua Truong Pai Hoc Quan Ly Va Cong Ngh¢ Hai
Phong, vé6i nhimg kién thirc dd hoc cing véi mong mudn thiét ké bao vé chdng
sét cho tram bién ap, em da chon " Thiét Ké Bao Vé Chéng Sét Cho Tram Bién
Ap Cura Cam ",

D6 an gdm cac ndi dung sau:

Chuong 1: Thiét ké hé thong bao vé chdng sét cho tram bién ap

Chuong 2: Thiét ké hé théng nbi dat

Chuong 3: Bao vé chdng sét duong day

Chuong 4: Bao vé chong sét truyén vao tram bién ap tir phia duong day 110 kv



CHUONG I:
THIET KE HE THONG BAO VE CHONG SET CHO TRAM BIEN AP
1.1. PINH NGHIA VE HE THONG CHONG SET

Hé théng chdng sét (A Lighting Protection System) la hé thdng cung cap
phuong tién ma tia sét c6 thé di vao hoac roi khoi trai dat ma khong di qua va
lam hu hai nguoi, thiét bi dién va céc cau trdc khéng dan dién nhu toa nha.

Hé thdng Chéng sét khong ngan dugc sét danh; n6 chi cung cap mot
phuong tién dé kiém soat noé va ngin ngtra thiét hai bang cach cung cap mot
duong din dién trg thap dé phong dién ning luong sét.

Néu khong c6 hé thdng chdng sét: C6 thé bat ky vat nao cua cong trinh
cling trd thanh vat dan sét,... Cong trinh c6 thé bi hu hai 16n do sét danh. Viéc
dau tién 1a nd sé& pha hay cong trinh. Sau d6 né s& chuyén qua céc vat cé thé dan
dién bén trong mot cong trinh nhu dng nudce, chao thu truyén hinh, ang ten, day
dién, thiét bi gia dung dé tim con duong c6 tro khang thap nhat dé truyén xudng
dat “ goi 1a hién twong sét nhay”. Do dong sét co dién ap rat 16n. Nén khi chay
qua cé4c vat do6 sé& sinh ra nhiét rat 1én 1am chay, chay, nd vat dan gay hu hong va
hoa hoan. Bat ky vat ndo ciing c6 thé dan sét. Vat co do 4m ciing c6 thé dan sét
va dé dong sét nhay qua.

1.2. CAC YEU CAU KY THUAT POI VOI HE THONG CHONG SET
PANH TRUC TIEP

Yéu cau ki thuat vé cua thiét bi chéng sét

Theo tiéu chuan IEC 61643- 21: Yéu cau ky thuat cua thiét bi chdng sét

bao vé cac duong tin hiéu, thiét bi chéng sét phai dap tng yéu cau vé két cau co

khi nhu sau:
1. Cong va dau noi

Cong va dau ndi phai duoc gan chat trén thiét bi chéng sét va phai ¢am

bao khong gay ra ngat két néi khi da dugc xiét bang dung cu.

2. Vit, chiu dong tai va cuc noi


https://webstore.iec.ch/publication/5688

Cuc ndi phai chiu duoc cac tac dong ma khong 1am dut két ndi trong qua
trinh sir dung binh thuong. két cdu co khi dan dién phai chju dugc xung luc cao
do nang luong cta xung gay ra.

Vit gan trong qué trinh 1ap thiét bj chng sét khong duoc sir dung kiéu vit
khoan ren.

Cuc két ndi dién phai duoc thiét ké chiac chian dam bao tinh dan dién tot
véi vat liéu ché tao khdng phai tir gém hoac mica hoic céac vat liéu cé tinh chat
dan dién khong pht hop, trir truong hop vat liéu co6 tinh dan hoi duoc pha vao
vat liéu kim loai dé giam do cirng hoic gion.

Phan dan dong bao gém ca céc cuc dau day va cho tiép dia trong bat ky
trudng hop nao ciing phai duoc ché tao tir: Pong hoic/ hop kim déng vai it nhat
58% dong dé dam bao d6 dan dién va nhiét do thap/ hop kim dong véi tdi thiéu
50% dong cho ché @6 1am viéc dan dién sinh nhiét véi cac thanh phan kim loai
khac dung dé phu nhung khong lam ting dién tré dan dién cao hon déng dong

thoi dam bao két cau chac chan khdng thip hon mirc yéu cau.
3. Cue diu day c6 vit siét dau cap

Cuc dau day phai c6 két cau chic chan véi cac yéu cau sau : Mdi cuc dau day

chi ndi 1 day dan ddng thoi c6 thé dau day hoac ngat day riéng ré.

C6 thé kep dau cap vai kich thude 16n dén kich thude cho phép da duoc thiét
ké va yéu cau.

4. Cach dién néi dau cap

Phan dau ndi cach dién phai dam bao két cau chac chan tin cay, kiém tra tinh
hop quy bang nhan cong va thir nghiém.

Vit siét dau ndi kep cap duoc danh ddu cho mét dau khong duoc dung dé cb

dinh phan khac tham chi 1a dé cé dinh thiét bi.
Kiém tra hop quy bang nhan céng.

Kim loai lam vit khong duoc sir dung bang vat liéu kim loai mém va thiéu tin

cay.



5. Chiu va dap kim loai: Céc loai kep, khoa, kep giit cap, vong dém siét
cap, cap va cac phan twong tu phai chiu dugc cac lyc siét nhu kim loai (tham
khao thém IEC 60999-1).

6. Yéu cau vé chiu luc: Két cau thiét bi chéng sét phai dam bao du chic

chan khi lap dat ¢é dam bao 1am viéc on dinh.

7. Chéng tac dong caa vt ran va nwoc tir ben ngoai: Thiét bi chong sét
phai c6 két cdu dam bao yéu cau van hanh trong diéu kién theo yéu cau. Thiét bi
lip dat ngoai troi phai duoc lap trong hop Kin chéng lai tac dong cia moi truong
bang thuy tinh hodc vat liéu gém trang men hoac vat liéu cho phép khéc chiu

duoc an mon, chdng tia cuc tim, va dap ....

Céc thiét bi duoc lap phai c6 khoang cach véi bé mat du lon gitra 2 phan tir
c6 dién thé chénh léch, & mot sé quéc gia c6 thé ap dung tiéu chuan caa qudc gia

cho cac yéu cau trén.
8. Bao vé chdng tiép xuc truc tiép

Pé dam bao khong thé tiép xuc tryc tiép vao cac phan dan dién hoic cac
phan tir chéng sét thiét bi chdng sét can phai duoc thiét ké dam bao khéng
thé ¢ tiép xUc tryc tiép cua ngudi vao cac phan ké trén khi thiét bi chdng sét
duoc lap dat dua vao st dung. Cac yéu cau nay ap dung cho céc thiét bi
chéng sét 1am viéc véi dudng day co dién ap UC tir 50V rms hoic 71VDC

tro Ién.

Thiét bi chdng sét, ngoai trir cac thiét bi khong thé tiép can, phai co thiét
ké chac chan khi lap dat dau noi dan dan tir bén ngoai khong thé tiép xuc truc
tiép voi con nguoi trong dicu kién st dung binh thuong, phan cuc dau ndi
cling nhu cac phan tir chéng sét bén trong thiét bi khong thé tiép xuc truc tiép
ngay ca trong truong hop thiét bi duoc thao ra bang tay ma khéng can dung

cu.

Phan cuc dau ndi gitra tiép dia va cac phan cuc dau ndi khac co thé tiép

xuc phai c6 dién tré tiép xic nho (tham khao IEC 60529).



9. Chéng chay: Céc phan cach dién phai dugc ché tao tir vat lieu khong chay

hoac tu dap lura.

1.3. Pham vi bao vé cia cot thu sét va day chéng sét

1.3.1. Pham vi bdo vé cua cot thu sét:

a) Pham vi bdo vé cia mét cot thu sét doc lap.

Pham vi bao vé cia mét cot thu sét 1a mién dugc gigi han bai mat ngoai cua

hinh choép tron xoay c¢6 duong kinh xac dinh bai céng thuc.

L6
Rx—1+ﬂ (h hX)

h
Trong do:
h: @6 cao cot thu sét
hx: o cao vat can bao vé
h- hx= ha: d6 cao hiéu dung cot thu sét
rx: ban kinh cta pham vi bao vé

Pé dé dang va thuan tién trong tinh toan thiét ké thuong dung pham vi bao vé
dang dang don gian hoa véi duong sinh cua hinh chop co6 dang duong gay khac

duoc biéu dién nhu hinh vé 1.1 dudi day.

Ban kinh bao vé ¢ cac muc cao khac nhau dugc tinh todn theo cong thic sau.
J4 2 N h
+Nwhx§§hm|u:15h(17§%)a-z)
J4 2 N h
+Neuhxg§htmrx:075h(1-a§?(1-a

Cha y:



0.8h

Hinh 1.1: Pham vi bao vé cua 1 cot thu sét

Céac cong thtc trén chi dang trong truong hop cot thu sét cao dudi 30m. Hiéu
qua cua cot thu sét cao qua 30m cé giam sat do d6 cao dinh hudng cua sét gitr
hang sb. C6 thé dung céac cong thtc trén dé tinh pham vi bao vé nhung phai
nhan véi hé sd hiéu chinh p. Vi p = % va trén hinh vé dung cac hoanh do
0,75hp va 1,5hp.

b) Pham vi bdo vé ciia hai hay nhiéu cét thu sét.

« Pham vi bao vé cua hai cot thu sét két hop thi Ion hon nhiéu so véi tdng pham
vi bao vé cua hai cot don. Nhung dé hai cot thu sét c6 thé phdi hop duoc thi
khoang cach a giita hai cot thi phai thoa man diéu kién a < 7h (h la chiéu cao cua

cot).
» Pham vi bao v¢ cua hai cot thu sét co cung do cao.

- Khi hai ¢t thu sét ¢6 cung d6 cao h dat cach nhau khoang cach a (a < 7h) thi

d6 cao I6n nhat cua khu vuc bao vé gitra hai cot thu sét hO dugc tinh nhu sau:
ho=h-= (1-4)

So @b pham vi bao vé caa hai cot thu sét c6 chiéu cao bing nhau.



Hinh 1- 2: Pham vi bao vé cua hai cot thu sét giong nhau.

Tinh rox:
A 2 N h
+ Néu hy <~ h thi rox =1,5 ho (L 0,8”‘10) (1-5)
z 2 < hx
+ Néu hx > gho th| lox = 0,75 ho (l — E) (1 - 6)
Chay:

Khi d6 cao ctia cot thu sét vuot qua 30m thi ngoai cac hiéu chinh nhu trong phan
chu y cia muc 1 thi con phai tinh ho theo céng thuc:
a

ho=h--% (1-7)

C) Pham vi bdo vé ciia hai cét thu sét co do cao khdc nhau.
Gia sir cO hai cot thu sét: cot 1 co chiéu cao hs, cot 2 c6 chiéu cao h, va hy > h2.

Hai c6t cach nhau mot khoang la a.

Trudc tién v€ pham vi bdo v¢ cua cdt cao hi, sau d6 qua dinh cot thép ho vé
duong thang ngang gip dudng sinh cua pham vi bao vé cua cot cao tai diém 3.
Piém nay dugc xem la dinh cua cot thu sét gia dinh, n6 s€ cung vdi cot thép ho,
hinh thanh d6i co6t & do cao biang nhau va bang hz voi khoang cach 1a a’. Phan

con lai gidng pham vi bao vé caa cot 1 voi a'= a— X



1,6(h1—h2
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Hinh 1- 3: Pham vi bdo vé cua hai cot thu sét khdc nhau.

d) Pham vi bio vé ciia mét nhém cét (sé cot >2).

Mot nhom cot s€ hinh thanh 1 da gidc va pham vi bao vé dugc xac dinh boi toan

bd mién da giac va phan gidi han bao ngoai giong nhu cua ting do6i cot
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Hinh 1- 4: Pham vi bdo vé cua nhdm cot.

Vit ¢ do cao hx ndm trong da giac hinh thanh b1 cac ¢t thu sét s€ dugc bao vé
néu thoa man diéu kién:
D<8.h, = 8. (h — hx) (1-9)
Véi D 1a duong tron ngoai tiép da giac hinh thanh béi cac cot thu sét.
Chl y: Khi d6 cao cua cot 16n hon 30m thi diéu kién bao vé can dugc hiéu

chinh theo p.



D<8h,.p=8.(h-h).p (1-10)

1.3.2. Pham vi bdo vé cua day thu sét:
a) Pham vi bdo vé ciia mot ddy thu sét
Pham vi bao vé cua day thu sét 1a mot dai rong. Chiéu rong ctia pham vi bao

v€ phu thudc vao mirc cao hx dugc bi€u dién nhu hinh v&.
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Hinh 1- 5: Pham vi bdo vé ciia mét day thu seét.

Mit cat thang ding theo phwong vudng goc vai ddy thu sét twong tu cot thu
Sét ta co cac hoanh @6 0,611 va 1,211.

2 2 < h

+ Néu hy < h thi b =1,5 ho (1 0’8’20) (1-11)
2 2 < h

+ Néu hy < h thi b =1,5 ho (1 0’8’20)

Cha y: Khi d6 cao cua cot 16n hon 30m thi diéu kién bao vé can duogc hiéu

chinh theo P
b) Pham vi bdo vé ciia hai ddy thu sét.

Pé phdi hop bao vé bang hai day thu sét thi khoang cach gitra hai day thu sét
phai thoa man diéu kién s < 4h.

Véi khoang céch s trén thi day c6 thé bao vé dugc cac diém co6 do cao.

ho=h-2 (1-13)



Pham vi bao vé nhu hinh vé.

®
0,2h |
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/ I
/ I
/ |
f i
0,6h 5 i
|

Hinh 1- 6: Pham vi bdo vé cua hai day thu sét.

Phan ngoai cia pham vi bao vé giéng cua mot day con phan bén trong duoc
gidi han bai vong cung di qua 3 diém 1a hai diém treo day thu sét va diém co do
cao ho=h - % s0 vGi dat.

1.4. Md ta tram bién ap cin bao vé

- Tram bién ap: Tram 110 kv.

Phia 110kV 8 16 dudng day, st dung so dd 2 thanh gép c6 thanh gop
vong, duoc cdp dién tir 2 may bién ap tu ngau (ATI, AT2)

- Toéng dién tich tram 555000 m?

Vi tram 110 kv ¢6 dién tich 1a: 19200 m2. D6 cao xa can bao vé 1a 11 va

8 m.

1.5. Tinh todn cac phwong 4n bao vé chéng sét danh thing cho tram
bién ap

1.5.1. Phuwong an 1

- Tram 110 kV dung 9 ¢6t 1, 2, 3,4, 5,6, 7, 8, 9 trong d6 cot 1, 2, 3 dugc

dat trén xa cao 8 m; cot 4,5, 6, 7 duoc dat trén xa cao 11 m va cot 8, 9 duoc

xay thém.

Vay:

10



Chiéu cao tinh toan bao vé cho tram 110 kv [ hx =8 m va hx = 11m.
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Hinh 1-7: So dé bé tri cét thu sét



Tinh toan d0 cao hitru ich cua cot thu 101:
Dé bao vé dugc mot dién tich g101 han béi tam gidc hodc tir giac nao do thi
do cao cot thu 161 phai thdéa man:
D
Trong do
D: La dudng kinh vong tron ngoai tiép tam giac hodc tir giac.
ha: DO cao hitu ich cua cot thu 16i.

-Pham vi bao vé cua 2 hay nhi€u c6t bao gio cling 1é6n hon pham vi bao v¢

cta 1 cot. Pidu kién dé hai cot thu 16i phdi hop duoc vdi nhau la a < 7. h.
Trong doé: a - Khoang cach gitta 2 ¢t thu sét.
h - Chiéu cao toan bd cot thu sét.
Xét nhom cot 1-2-5-6 tao thanh hinh chir nhat:

a12o=64m;a;5=525m

Nhom cot nay tao thanh hinh chit nhat c6 duong chéo la:

D =642 + 52,52 = 82,778 (m)

82,778

= 10,35 (m)

Tinh toan tuong tu cho cac da giac con lai, két qua tinh toan dugc trinh bﬁy

Vay do cao hitu ich cua cot thu 16i hy >

trong bang:

Bang 1-3. DB cao hitu ich cua ¢t thu 161

DA GIAC Dudng kinh ,du:(‘)ng ha (m)
tron ngoai tiép (M)
Phia 110kv
1,25,1 69,029 8,629
2,345 69,029 8,629
56,7,8 69,029 8,629
45,8,9 69,029 3,629

Chon d0 cao tac dung cho toan tram bién ap.

Sau khi tinh toan do cao tac dung chung cho cac nhém cot thu sét, ta chon do

cao tadc dung cho toan tram nhu sau:
12



- Phia 110kV ¢6 hmax =9,1 m nén ta chon ha =10 m.
Tinh d0 cao cua cot thu sét.

h = ha + hy
-Phia 110kV:

D3 cao tac dung ha = 10m.
D6 cao 16n nhét can bao vé hy = 11m.

Do d6, d6 cao cac cot thu sét phia 110KV Ia:

h =h, + h, =10+ 11 =21 (m).
Ban kinh bao vé cua cot thu sét ¢ cac do cao bao vé twong rng: Ban kinh bao

vé cua cac cot 21m (cac cot N13 4- N22 phia 110kV) - Ban kinh bao vé ¢ do

cao 11m.

hy=11m< Zh = 2.21 = 14 (m)

. Ry 11
Nén nc=15h(1 - =) = 1521.(1 - 7==7) = 10,88 (m)

0,8

- Ban kinh bao vé ¢ ¢6 cao 8m.
hy=11m< Zh = 2.21 = 14 (m)

8 —
0,8.21) = 16,5 (m)

aN v = ey - -
Nén 1= 15.h(1- ) = 15.21(1

Béan kinh bao vé cua cac cdt 27m (cac cdt N1 + N12 phia 220kV) - Ban kinh
bao vé ¢ do cao 11m.

hx=11lm < =h = 2.27 = 18 (m)

h

Nén 1= 1,5.h(1 - -2 =15.21.(1 -

11 | _
——) = 19,875 (m)

- Ban kinh bao vé ¢ d6 cao 16m.

hx=11m< Zh= 2.27 = 18 (m)

13



—)=10,5 (m)

Nén rc = 1,5.h(1 - O%) =1524.(1-—
Tinh pham vi bao vé cua cac ¢t thu set.
* Xét cap cot 1-2 co:
a=64mh=27m

- D06 cao 16n nhat caa khu vuc bao vé gitra hai cot thu sét 1a:

ho=h - £ = 27- 2= 17,875 (m)

- Ban kinh cua khu vuc gitra hai c6t thu sét 1a:
+ & do cao 16m:
hx=16m> ~h = 2.17,875 = 11,905 (m)

16 | _
17‘875) = 1,393 (m)

NEn fox = 0,75.ho (1 - %) = 0,75.17,875.(1 -
0

+ 6 docao 1lm:
hx= 11m < =ho = 2x17,875 = 11,905 (m)

hy \ _ 11 _
,8h0) =15.17,875.(1 - —0,8x17'875) = 6,161 (m)

Nén lox = 1,5.ho (1 - o

* Xét cap cot 12,13 ¢6 do cao khac nhau
co a=+v30% + 102= 31,623 (m) h12 =27 (m) h1z3 =21 (m)
Vihiz =21 > %hlz =18 (m). Do vay ta v& cot gia dinh 12° ¢6 d0 cao 21m

cach cot 13 mdt khoang:

_ 1,6(h12-h13) _ 1,6(27-h21) _
X= h13 - 21 - 5’4 (m)
14013 1422
h12 27

Vay khoang céch tir cot gia dinh dén cot 13 Ia:
a'=a-x = 31,623-5,4 = 26,223 (m)
Pham vi bao vé cua hai cot 12° va 13 1a:

- D6 cao 16n nhat caa khu vuc bao vé giira hai cot thu sét 1a:

14



26,223

—h-%Y91 _
Ho = h- - 21

- Ban kinh cua khu vuc gitra hai cot thu sét la:

+6ddcaollm

Vi:hx=11m < Zh0 = 2.17,254 = 11,503 (m)

Nén lox = l,5.ho (1 - 0

+ & dd cao 8m

= 17,254 (m)

fx ) =15.17,254.(1 -
,8hg

12 ) =5256(m)

0,8x17,254

Vi:hx=8m< 2h0 = 2.17,254 = 11,503 (m)

h
0,8

Nén lox = l,5.ho (1 -

+ O do cao hx =16m

X

ho

)=1,5.17,254.(1 -

Vi:hx=8m< 2h0 = 2.17,254 = 11,503 (m)

NEn rox = 0,75.ho (1 - 7%) = 0,75 . 17,254.(1 -
0

8 —
0,8x17,254) = 10,563 (m)

® __)=0,872 (m)

0,8x17,254

Tinh todn tuong ty cho céc cap cot con lai ta c6 bang:

Bang 1 -4 Pham vi bdo v¢€ cua cac cap cdt thu sét

e a hx Rox hx rox
Cap cot (my [ HOmM e () m | m
1-2:2-3:4-5:5-5:6-7:7-| 64 | 26 | 16,8571 | 16 | 064285 | 11 |4.661
8;
9-10,10-11 :11-12
1-5:2-6:3-7:4-8: 35 | 26 | 21 |16 | 375 |11 |1087
5-9:6-10:7-1:8-12 40 | 26 |20.2857 | 16 |3,21428 | 11 |9.804
13-14:14-15:16-17. | 43 | 21 |14.85714] 11 |2,892857| 8 |7.28
17-18:19-20:20-21
13— 1814-17.15-16: | 54 | 21 |13.28571| 11 |1,714286] 8 |4.92
16-21 :17-20:1 8-19
4-19 3311| 21 | 16,903 | 11 | 4739 | 8 [1035
4-19 3311| 21 | 16,903 | 16 | 0782

15
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Hinh 1.4: Pham vi bao vé cua cac cot thu sét

1.5.2. Phwong dn 2
- Phia 220kV c¢6 treo 3 day chéng sét A-95 dai 192m chia 1am 3 khoang dai
64; khoang cach gitra hai day s=35m va s= 40m nhu hinh v&.

- Phia 110kV dung 9 c6t 17, 18, 19, 20, 21, 22, 23, 24 va 25 trong d6 cot

16



17, 18, 19 duoc dat trén xa cao 8 m; ¢cot 20, 21, 22, 23 duoc dat trén xa cao 11 m

va cot 25, 24 dugc xay thém.
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Hinh 1- 8: So' d6 bé tri cét va day thu sét

Pe bao vé toan bo xa trong tram thi d6 cao day chdng sét thoa mén:
H>ho+7=16+2=26(m)
P§ vong cia day. ’
Thong so cua day A-95 theo thong so cta Nga

Ung suat cho phép: 8cp = 21,7 KG/mm?

Modun dan hdi: E=20000 kG/mm?

Hé sé dan ng nhiét: a = 12.10%

17



Nhiét d6 rng vai trang thai bao: 6.b.o = 25°C

Nhiét d6 trng voi trang thai min: Omin=5°C

Tai trong do trong luong gay ra: gi=8. 103kg/m,mm?

Tai trong do gi6 gay ra (&p luc gid cap 3 vaoi v=30m/s): gg%

2
Trong do + P, = a.Cy 'Z_e . Fv 1a luc tac dung ctia gio 1én 1m day
+ a=0,7 1a hé s6 khong déu cua ap luc gio
+ Cx=1,21a hé sé khi dong héc cua day dan phu thudc vao

duong kinh cua day ( Cyx -1,2 khi d< 20 mm)
A _ |90 _3 _3
Vay: Fv= — .107° =10,7.107° (m)

2
+ Py=0,7.1,222-10,7.10% = 0,506 (kg/m)

+ g3= 22 = 532,107 (kG.mm?)

Tai trong tong hop:

g=+/g12 + g32=,/82 + 5,322.10% = 9,6.10 3 (kG / m.mm?)

Ta co:
_ J24.a(@hao—6min
Lgh— 60p . g2—g12
-6 —
=217, \/12.23.1076(25-5) = 309,5 (m)

(9,6.1073)2— (8.1073)2

Kiém tra diéu kién ta thay | = 64m < 309,5m
Véi khoang vuot | = 64m.

Phuong trinh trang thai tng vai € min c6 dang:

F-A%-B=0

112.9g12.E

5asoz @ E.Ohao — Omin

A= 50—

642.(9,6.1072)2.20000
24.21,72

= 21,7 - —12.107%.20000. (25 — 5) = 16,23

18



_gZEl1? _ (9,6.1073)2.20000.642
24 24

Ta c6 phuong trinh: 8°-16,23. 8% - 315,12=0

B

= 315,15

c6 nghiém & = 17(kG / mm?)

9.1 _ 9,6.1073.64%

Do vong: f—g = T

= 0,23 (m)
Do cao cot treo day thu sét: h)=h + f =26 + 0,23 = 26,23(m)

Vay chon d6 cao treo day thu sét 1a 27 m.

a) Pham vi bdo v¢ cia day thu sét:

Tinh cho hai vi tri cao nhat va thip nhat.
Tai vi tri dau cot:

Bao vé & d0 cao 16m:

Do h, :16<§h = §.27 =18 nén by =1,2.27.(1- ——) = 8,4. (m)

0,8

Bao vé & do cao 11m:

Do h, =16<ch = 2.27 = 18 thi be = 1,2.27.(1 - ——) = 15,9, (m)

0,8.
Do cao 16n nhat dugc bao vé giira hai day:

+V6i S =35m: ho=h-2=27-22=1825(m)
S

+V6i S = 40m: ho=h->=27-2=17 (m)
Tai vi tri thép nhat;
h'=h—f=27-0,23 = 26,77(m)
Bao vé o do cao 16m

Vi hk=16m< Sh = 2.26,77 = 17,846 (m)

16
0,8.26,768

Nén by =1,2.26,768.(1 — ) = 8,122. (m)

Baové 6 do cao 11m
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Vi he=1lm< Zh = 2.26,77 = 17,846 (m)

11

Nén bx =1,2.26,768.(1 —
0,8.26,768

) = 15,622. (m)

D6 cao 16n nhat dugc bao vé giira hai day:

+V6i S =35m: ho=h-=2677-2=18,02 (m)

+V6i S = 40m: ho=h->=2677-22=16,77 (m)

b) Pham vi bao v¢ cta cgt thu sét:
Do cao cac cot thu sét phia 110kV: Do cac nhom cot phia 110kV phuong an 1

nén theo tinh todn & phuong an 1 ta chon d6 cao cac cOt thu sét phia 110kV

21m.
Tuong ty phuong an 1 ta co:

Pham vi bao vé€ cua cot thu sét doc 1ap:
Ban kinh bao vé cua cac ¢ot 21m (cac c6t N17+N25 phia 110kV)
- Ban kinh bao vé & do cao 11m. hy = 11m< %h _ 33 .21 =14 (m)

11
0,8.21

Nén r= 1,5.h(1--2) = 15.21.(1 - =) = 10,88 (m)

- Ban kinh bao vé & do cao 8m. hy = 11m < %h = %.21 =14 (m)

8
0,8.21

Nén=15.n(1- ) =15.21. (1-——)=16,5(m)

Ban kinh bao v¢ cua cac cdt 27m (cac cdt N1 + N17 phia 220kV)
- Ban kinh bao vé ¢ d6 cao 11m.
2, _ 2
hy = 11m< gh :3—27 =18 (m)

11
0,8.27

Nén 1= 1,5.h(1--2) = 15.21.(1 - =) = 19,875 (m)

- Ban kinh bao vé ¢ do cao 16m. hx = 11m< =h = =27 = 18 (m)
16

0,8.27
Pham vi bao vé cia cac cip cot thu sét tong két trong bang

Nén rx=150(1--2) =15.24.(1- =) =105 (m)

20



Bang 1-5 Pham vi bdo vé cua cdc cdp cdt thu sét
Hx | rox
Cap cot a(m h(m ho(m hx(m)| rox(m
peot | a(m) | h(m) M| ol oy || rox(m)
I-5;5-9 35 27 22 16 4,5 11 12,375
9-13 40 27 21,29 16 | 3,96 11 11,303
19-20;20-25 43 21 |14,85714 11| 2,89 8 7,286
17-18;18- 54 21 |13,28571 11 | 1,71 8 4,929
19;23-24;24-
25,25-26
4-23 33,11 21 | 16,903 11 | 4,739 8 10,354
4-34 33,11 21 | 16,903 16 | 0,782
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Hinh 1-9: Pham vi bao vé cua cdc cot thu sét

1.6. So sanh va tong két phwong 4n

- Vé mat k¥ thuat: Ca 2 phuong an bd tri cot thu sét déu bao vé duoc tit ca cac

thiét b trong tram va dam bao dwgc cac yéu cau vé ky thuat.

- V& mat kinh té:
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Phuong an 1:

Phia 110kV dung 9 c0t cao 21m: trong d6 3 cOt dat trén xa cao 8 m; 4 cot

dat trén xa cao 11 m va 2 c¢gt dugc xay thém.

Tong chibu dai cot la: L = 6.(27-16) + 4.(27-11) + 27 + (27-10) +
3.(21-8) + 4.(21-11) + 2.21 = 295 ( m)

Phuong an 2:

Phia 220kV c6 treo 3 day chdng sét C-95 dai 192m chia 1am 3 khoang dai
64 trén 16 cOt cao 27m trong do6 12 cdt dat trén xa cao 1 Im; 2 c¢dt dat trén xa cao
Ilm, 1 cot duge xay thém va 1 cdt dat trén ndc nha diéu khién cao 10m.

Phia 110kV dung 9 c¢0t cao 21m: trong d6 3 cot dat trén xa cao 8 m; 4
coOt dat trén xa cao 11 m va 2 cot dugc xay thém.

Téng chidu dai cot 1a: L= 2.(27-16)+12.(27-11)+27+(27-10)+3.(21-
8)+4.(21-11)+2.21 = 379 (m)

Tong chiéu dai cot 1a: L=3.192 = 576 ( m)
Vi phuong an 1 ¢o sb cot thu sét it va khong can dung diy thu sét nén chi
phi x4y dung thip hon, déng thoi tong chiéu dai cot nho hon. Vay ta chon

phuong an 1 1am phuong an tinh toan thiét ké chng sét cho tram bién ap.
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CHUONG 2. THIET KE HE THONG NOI PAT

2.1. Mé dau

Noi dat co nghia 1a ndi cac bo phan bang kim loai ¢6 nguy co tiép xuc véi dong
dién do hu hong céach dién dén mot hé théng ndi dat. Trong HTD c6 3 loai ndi dat
khac nhau:

NOi dat an toan:

N6i dit an toan c6 nhiém vu dam bao an toan cho nguoi khi cach dién cua thiét bi
bi hu hong. Thuc hién ndi dat an toan béng cach dem ndi dat moi bod phan kim loai
binh thudng khéng mang dién (vo may, thung mdy bién ap, cic gia d& kim loai ...)
Khi céch dién bi hu hong trén cac bo phan nay sé xuat hién dién thé nhung do da
dugc ndi dat nén mirc dién thé thip. Do d6 dam bao an toan cho ngudi khi tiép xtc
v6i1 ching.

Néi dat lam viée:

N&6i dét 1am viée c6 nhiém vu dam bao su 1am viéc binh thuong cua thiét bi hodc
mot sd bd phan cua thiét bi lam viéc theo ché d6 da duoc quy dinh san. Loai ndi dat
nay bao gom: N6i dat diém trung tinh MBA trong HTP ¢6 diém trung tinh ndi dat,
nbi dat cia MBA do ludng va cua cac khang dién bu ngang trén cac duong day tai

dién di xa.
Noi dat chong sét:

Nhiém vu cta nbi dat chdng sét 1a tan dong dién sét trong dat (khi co sét danh
vao cOt thu sét hodc trén duong day) dé gilt cho dién thé tai moi diém trén than cot
khong qua 16n... do d6 can han ché cac phong dién nguoc trén cac cong trinh cin bao

A

vé.

2.2. C4c yéu cau ki thuat

* Bo phan ndi dat co tri sd dién trd tin cang bé cang tot. Tuy nhién viéc giam
thap dién tré tan doi hoi phai ton nhidu kim loai va khoi lugng thi cong. Do d6 viéc
xéc dinh tiéu chuan ndi dat va lya chon phuong an ndi dat phai sao cho hop 1y vé mat

kinh t€ va dam bao céc yéu cau ki thuat.

* Tri s0 dién trd ndi dat cho phép ctia noi dat an toan dugc chon sao cho cac tri
s0 di¢n ap budc va tiép xuc trong moi truong hop déu khong vuot qua gidi han cho

phép. Theo quy trinh hién hanh tiéu chuan nbi dat duoc quy dinh nhu sau:
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- B6i véi thiét bi dién c6 diém trung tinh tryc tiép ndi dit (dong ngin mach cham

dat 1n) tri s dién tro ndi dat cho phép 1a:R<05 Q.

- Béi voi thiét bi dién co diém trung tinh cach dién (dong ngén mach cham dat
bé) thi: R< @(Q) 2-1)

Néu chi ding cho cac thiét bi cao ap

Rs%(g) 2-2)

Neéu dung cho ca cao ap va ha ap

- Trong c4ac nha may dién va tram bién ap, ndi dat 1am viéc va ndi dat an toan &
cac cap dién ap khac thuong duoc nbi thanh hé thong chung. Khi néi thanh hé thong
chung phai dat duoc yéu cau cua loai ndi dat ndo co tri s6 dién tro ndi dat cho phép
bé nhat.

- Trong khi thuc hién no1 dat, can tan dung cac hinh thirc n61 dat ¢6 san vi du nhu
cac duong Ong va cac két cau kim loai ciia cong trinh chon trong dat, mong bé tong
cot thép... Viéc tinh toan dién trd tdn cua cac duong ong chon trong dat hoan toan

giong voi dién cuc hinh tia.

- Do ndi dat 1am viéc trong moi truong khong dong nhét (dat - bé tong) nén dién
tr& suat ciia n6 1én hon so voi dién trd suat ciia dat thuan tuy va trong tinh toan lay
tang lén 25%.

- Vi khung c6t thép 1a ludi khong phai cuc dic nén khong phai hiéu chinh bang

cach nhan thém hé s6 f=1,4 d6 1a hé so chuyén tir cuc ludi sang cuc dac.

- D6i v6i céac thiét bi c6 dong dién ngin mach cham dat bé khi dién trd tan cua
cac phan ndi dat co sin dat yéu cau thi khong can ndi dat bo sung. Véi cac thiét bi co
dong ngan mach cham dat 1n thi phai dit thém ndi dat nhan tao véi trj s6 dién trd tan
khong qua 1 Q.

* Noi dat chéng sét thong thuong la ndi dat cua cot thu sét, cot dién va ndi dat
ctia hé thong thu sét & tram bién 4p va nha may dién.

- Do b0 phéan ndi dét cua cot thu sét va cot dién thuong bd tri doc 1ap (khong cé
lién hé voi bo phan khac) nén can str dung hinh thie ndi dat tap trung dé c6 hiéu qua
tan dong dién tot nhat. Hién nay tiéu chudn ndi dat cot dién duoc quy dinh theo dién

tro suat cua dat va cho ¢ bang:

25



- Khi duong day di qua cac ving dat am (p <3. 10* Q. cm) nén tan dung phan
nbi dat c6 sin cia moéng va chan cot bé tong dé bo sung hodc thay thé cho phan ndi

d4t nhan tao.

- Béi véi ndi dat cia hé thong thu sét & cac tram bién ap khi bo phan thu sét dat
ngay trén xa tram thi phan ndi dat chdng sét buc phai ndi chung véi mach vong ndi
dat an toan cua tram. Luc ndy s& xuat hién nbi dat phan bd dai 1am Zu 16n 1am ting
dién 4p giang gy phong dién trong dit. Do dé viéc ndi dat chung nay chi thuc hién
duoc voi cac tram bién ap co cp dién ap > 110kV. Ngoai ra con phai tién hanh mot
s6 bién phap bd sung, khoang cach theo mach dan dién trong dit tir chd ndi dét cua
hé théng thu sét phai tir 15m tro 1én. ..

2.3. Ly thuyét tinh toan néi dat

Tinh toan ndi dat an toan.

Véi cap dién ap 16n hon 110kV ndi dat an toan phai thoa méan diéu kién la:

- Pién tré ndi dat cia hé théng co gia tri R<0,5Q.

- Cho phép sir dung ndi dat an toan va ndi dat lam viéc thanh mot hé thong

bién tro ndi dat cua hé thong

R, =Ry /IR, = % <0,5() (2-23)
TN NT

Trong do:
Rrn: dién tré ndi dét ty nhién
RnT: dién trd ndi dat nhan tao
R < 1Q

- N6i dt ty nhién.

Trong pham vi cua dé tai ta chi xét ndi dat tu nhién cia tram 1a hé th6ng chéng

sét duong day va cot dién 110kV toi tram.

Ta c6 cong thirc tinh todn nhu sau

Rpn= e 24
™= - (2-4)

=+
2

Trong do6:

Res: dién tro tac dung ctia day chdng sét trong mot khoang vuot.
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Re: 1a dién tré ndi dat cua cot dién.
- Nbi dét nhan tao.
Xét truong hop don gian nhét 1a trudong hop dién cuc hinh ban cau.

Dong dién tram dat I di qua noi sy co s€ tao nén dién ap giang trén bo phén nodi
dat.

U=L.R (2-5)
R: 1a dién tré tan cua ndi dat.
Theo tinh toan xac dinh dugc sy phan bd dién ap trén mat dét theo cong thuec:
l.p
"2xr ( )
Trong thuc té ndi dat c6 cac hinh thirc coc dai 2 +3m bang sat tron hay sit goc
chon thang dung: thanh dai chon nam ngang ¢ d6 sau 0,5+ 0,8m dit theo hinh tia
hodc mach vong va hinh thuc to hop cia céc hinh thtrc trén. Tri sb dién tré tan cua

hinh thirc ndi dat coc duoc xac dinh theo cac cong thtrc da cho trudc.

D461 véi ndi dat chon nam ngang c6 thé dung cong thirc chung dé tinh tri s6 dién

tr¢ tan xoay chiéu:

(2-7)
Trong do:

L: chiéu dai téng cua dién cuc.

d: duong kinh dién cuc khi dién cuc dung st tron. Néu dung st det tri

. . b . .
s0 d thay bang 5 (b - chiéu rong cua sat det)

t: d0 chon sau
K: hé s phu thudc vao so d6 ndi dat (tra bang)

Khi hé théng ndi dat gdm nhiéu coc bé tri doc theo chidu dai tia hodc theo chu vi

mach vong, dién trd tan cua hé théng dugc tinh theo cong thirc.

R.R
R =—— "t ¢ 2-8
A R..nm, +N.R, 7, ( )

Trong do:
Re: dién trd tan cua mot coc.
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Rt: dién trd tan cua tia hodc cia mach vong.
n : s coc.
n,: hé s6 st dung cua tia dai hoac ctia mach vong.
n.:hé sb sur dung cua coc.
Tinh toan ndi dat chong sét
& day phai dé cap t6i ca hai qua trinh dong thoi xay ra khi ¢6 dong dién tan trong
dat.
- Qué trinh qua do ctia su phan bd dién ap doc theo chiéu dai dién cuc.
- Qué trinh phoéng dién trong dat.

Khi chiéu dai dién cuc ngin (ndi dat tap trung) thi khong can xét qua trinh qua
d6 ma chi can xét qua trinh phong dién trong dat. Nguoc lai khi ndi dat dung hinh
thirc tia dai hodc mach vong (phan b dai) thi dong thoi phai xem xét dén ca hai qua
trinh, chung c6 tac dung khac nhau ddi v6i hiéu qua noi dat.

Dién trg tan xung kich ctia ndi dat tap trung:

Qua nghién ctru va tinh todn ngudi ta thiy rang dién trd tan xung kich khong phu
thudc vao kich thudc hinh hoc cua dién cuc ma n6 dugc quy dinh bdi bién do dong

dién I, dién tré suit p va dac tinh xung kich cua dat.

Vi tr1 sO dién trd tan xoay chi€u ctuia noi dat ti 1€ vé1 p nén hé s6 xung kich co tri

so la

(2-9)

hoic & dang téng quat:
o, =f(l. p) (2 - 10)
Tinh toan ndi dit phan bd dai khong xét t6i qua trinh phong dién trong dat.

So d6 dang tri cua ndi dat duoc thé hi¢n nhu sau:
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Hinh 2-1: So do dang tri ciia hé thong néi dat.

Trong moi truong hop déu c6 thé bo qua dién tré tic dung R vi né bé so véi tri sd
dién tro tan, dong thoi ciing khong can xét dén phan dién dung C vi ngay ca trong
truong hop song xung kich, dong dién dung ciing rat nho so voi dong dién qua dién
tro tan.

So db dang tri lac nay c6 dang:

Hinh 2 — 2: So' do ddng tri thu gon.
Trong so d6 thay thé trén thi:
Lo: Bién cam cua dién cuc trén mot don vi dai.

Go: Pién dan cua dién cuc trén mot don vi dai.
L, =0, 2[In(%)-0, 31] (H/m) 2 -11)

G=o (2-12)

Trong do6:
1: Chiéu dai cuc.
r: Ban kinh cuc & phén truge néu cuc la thép det co bé rong b (m).

Do d@6: r=b/4
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Goi Z (x, t) la dién trd xung kich cta ndi dat kéo dai, né 1a ham sb cua khong

gian va thoi gian t

U (x,t)
Z(xt)=—""= 2-13
o= @-13)
Trong do U(x, t), I(x, t) 1a dong dién va dién ap xac dinh tir h¢ phuong trinh vi
phan:
U a
;X o 2 - 14)
- =G,U
OX

Giai hé phuong trinh nay ta duoc dién 4p tai diém bat ky va tai thoi diém t trén
dién cuc:

t

U(x,t)=%{t+2.ﬂ.ikiz(leTKJcos@] (2-15)
0 k=1

Twr do ta suy ra tong trd xung kich ¢ dau vao cia noi dat.

z(o,Q:%{u%ik—ﬂ{leﬁﬂ (2 - 16)

Voi:
L,.G, I hine s6 thoi ai
T, = 22 (hang so thoi gian)
LG, I° . T,
e

Tinh toan ndi dat phan b dai khi c6 xét qua trinh phong dién trong dat.

Viéc giam dién ap va ca mat do dong di¢n & cac phén xa cua dién cuc lam cho
qua trinh phong dién trong dat & cac noi nay c6 yéu hon so véi dau vao ciia nbi dat.
Do d6 dién dan cua ndi dét (trong so d6 dang tri) khong nhitng chi phu thudc vao I,
p ma con phu thude vao toa do. Viéc tinh toan téng trd s& rat phuec tap va chi co thé
giai bang phuong phép gan diing. & day trong pham vi cta dé tai ta c6 thé b qua qua

trinh phong dién trong dat.

2.4. Tinh toan néi dat an toan

Nbi dat ty nhién
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Trong pham vi ctia dé tai ta chi xét ndi dat tw nhién cta tram 13 hé thdng chdng
sét duong day va cot dién 110kV téi1 tram.

-Tinh R¢:

Day chdng sét ta str dung loai C-95 ¢6 r, =1,88 Q/km

Ta c6 dién tro suat cua dat p = 0,8510* Q. cm

Tram c¢6 8 16 110 kV. Theo cong thirc (2 — 4) ta cO:

Trong d6: n- s6 16 day

-Dbi voi cac 16 dudng day chéng sét 110 KV:

Res =Ry L =188.02=0376 ()

1 15
Rinio= = =0,274
8
1 ] 1
2 0,376 4 (Q)
Viy Ry, = 2440278 _169(0)
0,44 + 0,274

Nhan xét:

Ta thdy rang Rn < 0,502 vé mit 1y thuyét 1a dat yéu cau vé nbi dat an toan. Tuy
nhién ndi dat ty nhién co thé xay ra bién dong, chinh vi vy ta can phai ndi dt nhan
tao.

Nbi dat nhan tao

Vi tram bao vé ¢6 kich thuée hinh chit nhat c6 cac chiéu la:

I, =370(m) 1,=150(m)

Ta lay Iui lai mdi dau 1 m dé cach xa mong tudng tram.

Do d6 ta st dung mach vong bao quanh tram Ia hinh chir nhat ABCD c¢6 kich
thudc nhu sau:

Chiéu dai I = 368 m ; Chiéu rong I, = 148m.
Vay:
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Pt K.L*
Ry =——2In
W2zl td

Trong do:
L: chu vi cia mach vong. L = (l1 + I2). 2
Theo so do ta co
L = (368 + 148). 2 = 1032 (m)
t: 46 chon sau cta thanh 1am mach vong, 1y t =0,8 m
p,: dién tro suat tinh toan cua dat dbi v6i thanh lam mach vong chén &

do sau t.

Pu=Puw kmia
Tra bang véi thanh ngang chon sau 0,8 m ta ¢6 kmua =1,6
= p,=8516=136(Q.m)
d: dudng kinh thanh 1am mach vong (néu thanh det c6 bé rong 1a b thi

d =b/2). Ta chon thanh c6 bé rong la b =4cm do do

d = Db/2 = 4/2 =2 (cm)
= 0,02 (m)

K: hé sb phu thudc hinh dang ctia hé th6ng ndi dat.

Bdng 2 — 1: Hé s6 K phu thuée vao (11/12)

/12 1 2 3 4 5

K 5,53 581 6,42 8,17 10,40

Taco :_1 = 2,486

2
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1z

10
. 4

#1104

A.42
6 553 T
4
2
g iy
0 2 4 g 2

Hinh 2- 4: D6 thi hé s6 phu thuéc hinh dang K.
Tu db thi ta xac dinh duge K = 6,35

Thay cac cong thirc trén vao cong thire tinh Rmv ta dugce

pe oKL __ 136 | 6351032

R, = In = . =0,417(Q) <1(Q
W ozl dt 2.314.1032 0,8.0,02 (@) <1y

Vay dién tré ndi dat ctiia hé théng la:

_ R,R, _ 0,169.0,417

= = =0,12(Q)
Ri= Ro+Ry 0169+0,417

Két luén:

Hé thong thiét ké ndi dat nhu trén dam bao an toan cho tram bién 4p 110 / 220

2.5. Noi dat chong sét

Trong khi thiét ké ndi dat chong sét cho tram bién ap 110/220kV cho phép ndi

dat chong sét noi chung véi ndi dat an toan. Do vay ndi dat chong sét s€ 1a ndi dat

phan bd dai dang mach vong. Do d6 so d6 thay thé chong sét nhu hinh 2 — 1.

Gia tri cua Lo va Go duoc xac dinh nhu sau:
*Tinh Lo: Theo cong thire (2. 11) ta co:

L, = o,2(|nl—o,31j
r (#H 1m)
Trong do: 11a chiéu dai dién cuc
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r: ban kinh dién cuc
d b
r == —
2 4

— L =02/ 1> _0,31|=2108(xH /m)
0,01

0
’

*Tinh Go: Ap dung cong thic (2-12)

Trong do:

R
_ _ mvar
RNTS - RMVS - —'kSET

AT
Kmua a=1,6
Kmoa set =1,25

Riyer = 0,417.1,25 0,325

Lo ()
! 77.10°3

G =— >~ = .
°  2516.0.325 (1/2.m)
*Tinh phan b dién ap va tong tro xung kich cua hé théng ndi dat.
Trong thiét ké tinh toan ta chon dang song xién goc ciia dong dién sét co bién do
khong doi.

Phuong trinh song ¢6 dang nhu sau va dugc thé hién ¢ hinh 2-5:

at khi  t<rz,
I, =
| =a.ry khi t>7,
Is(A)
|
: I=a%,
|
L t(s)

%

Hinh 2- 5: D6 thi dang séng ciia dong dién sét.
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Vi bién d6 dong dién sét 1a 1 =150 KA
Do dbc clia dong sét 1a a=30 kA/us

Nén thoi gian dAu song 13 tas= !; _ % _5(us)

Theo cong thirc (2 — 13) ta c6 tong tré xung kich cua hé théng nbi dat nhan tao

_Tds
TK

2T
Z(0,74)= Gl ot Z

0" Tds k=1

Do coi mach vong 1a su ghép song song cua hai tia nén

_Tos

Tk

2 (0.2, S PR

bé xac dinh duoc Zx(0, 14s), ta xét cac chuoi so sau:

. w1 1 1
Chudisd: Y ="+ o4+ o+
o ke 17 2 k
_Tds _Tds _Tds
L&l e g™ Tk
Chuoi s6: Y e ™ =2+ "+ +—+..
o K 1 2 k

WG, |7 7, Gl KkE K

Trong chudi so ndy ta chi xét dén s6 hang chira e (Tir s6 hang e® tré di co gia tri

rat nho so voi cac sO hang trudc nén ta c6 thé bo qua) . Tuc 1a ta tinh dén k sao cho:

%24 (keZ*)

k

Ta co:
Tos _Tus 5 4
- AT
k*  hay k?> 2% (keZ*)
Tds
k>2. |1
z-ds
2 -3 2
T = L062| 21082977210 516 _160,5 (45)
T 3,14
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T
k>2. /—1 =2.1/% =116
T g 5

Ta chon k trong khoang tur 1+12 (keZ")

_Tus
1

Bdng 2 — 3: Bang tinh todn chudi ZF.e
k=1

1 2 3 4 5 6 7 8 9 10 11 12

1,000 | 0,250 | 0,111 | 0,062 | 0,040 | 0,028 | 0,020 | 0,016 | 0,012 |0,0100,008 | 0,007

Ti(us) 169,502 | 42,376 | 18,834 | 10,594 | 6,780 | 4,708 | 3,459 | 2,648 | 2,093 |1,695|1,401|1,177

P 0,029 | 0,118 | 0,265 | 0,472 | 0,737 | 1,062 | 1,445 | 1,888 | 2,389 |2,950 | 3,569 | 4,248

Tk
e_% 0,971 | 0,889 | 0,767 | 0,624 | 0,478 | 0,346 | 0,236 | 0,151 | 0,092 |0,052|0,028|0,014
_Tds
e 0,971 | 0,222 | 0,085 | 0,039 | 0,019 | 0,010 | 0,005 | 0,002 | 0,001 (0,001 {0,000 0,000
kZ
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Tt bang trén ta c6

12
Zizzl,SG
Tk

_Tds

12
Ziz T =1355
k=1

A

Vay

Z(0,7y) =

1 2.169,5
- 1+
2.2,977.10°.516 5

(1,561, 355)} =4,95
()

Kiém tra dién ap trén cac thiét bi
Trong tram bién ap phan tir quan trong nhat 13 tram bién ap, day ciing 1a phan tir
yéu nhat nén ta chi can kiém tra v6i may bién ap. D6i v4i tram bién ap khi c6 dong
dién sét di vao ndi dat dé dam bao an toan phai thoa man diéu kién:
Ua=I. Zxk(0, tas) < Uso% mBA
Trong do:
I : Bién d6 cuia dong dién sét.
Zxk(0, tas): Tong tré xung kich & dau vao ndi dat ciia dong dién sét.
Usoo M : Dién ap 50% ctia mdy bién ap
Dbi véi MBA 110(kV) Usow Mea=460 KV. .
=> L4y Usosmaa = 460kV
Kiém tra diéu kién nay ta thay:
Us=1. Zxk(0, 7z) = 150. 4,95=743 kV > Usge, mea = 460 kV

Ta thay rang phai tién hanh ndi dit bo sung dé dam bao khong co phoéng dién

nguoc.

Noi ddt b6 sung
bé giam dién trd no1 dat dong thoi ddm bao dugce ti€u chuan theo yéu cau cua noéi

dat chong sét ta chon phuong an déng coc bo xung tao thanh mach vong.
a. Tinh dién tro thanh:

Str dung thanh loai thép det co chiéu dai L bé rong 0,04m chén sau 0,8m

(1a mach vong nbi dt hinh chit nhat trong ndi dat nhan tao).
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P In K.L
2Lz td

R =
Trong do p, = p.K,,. =85.1,25=106,25 (£2m)

2
R - 106, 25 In 6,35.516 ~06
2.516.3,14 0,8.0,02 (_Q)

b. Tinh dién tro coc:
Ddi voi coc tron dién tré tan duoc tinh theo cong thirc:

R =L n 2l L ate]
207 d 2 4t

)
1: 13 chiéu dai coc 1=3 m
d:duong kinh d=0,06 m
pr: La dién trd suat cua dat, ddi véi coc ta cd p = pdo. Kimcoc
Tra bang (2-1) sach hudng dan thiét ké KTDCA ta ¢6 Kme = 1,15
Vay:
ot =85.10% 1,15 = 97,75 (£2m).
d: Puong kinh coc.

t: La do chon sau cua coc: t':|5+t:g+0,8:2,3 (m)

Thay vao cong thirc trén ta co:

S| M oy 2o 256
Re = <o ! e ()
/
t=0,8m
v 7]
t'=2,3m
|=3m
a

Hinh 2- 6: So' d6 dong coc bé sung.

c. Tinh dign tré hé thong sau khi déng coc
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Sau khi tinh dugc Rt va Re ta tinh dién trd ndi dat nhan tao cta hé théng thanh

vong — coc:

__RR e
Rea7. + R, (2-11)

nt

Trong do:
Rc: Dién tro cia mot coc
Rt Pi¢n trd cia mach vong
ne: HE $6 st dung ctia mach vong
Ne: HE s6 st dung ctia coc
n: S6 coc trong hé thong

Trong cong thirc ndy ta mdi chi biét Rc va R: vdy ta phai tim Rnt dat gia trj nho
nhat va dam bao sau khi tinh toan ndi dat chéng sét ma van dam bao dugc tiéu chuan

ndi dat chéng sét & day R¢ va Rt phu thudc vao sb coc ta xét.

a
Vay ta xét theo ty s6 [ voi cac thong so:
& _1o a, =11=3 S cocni = L=@=344(C(_)C)
| a 3
L _oo a,=21=6 sdcocnz= L=&32=172(coc)
I a, 6
% _3o a,=31=9 sd cocns = L:&32=114,66(cc_)c)
I a, 9
Tra bang (2-4 va 2-6) trong tai liéu [2] ta co:
S6 coc:
N1 = 344 coc nt=0,19 Nne = 0,33
n2 =172 coc nt=0,23 ne = 0,54
n3= 115 coc ne=0,33 ne = 0,57

Dé an toan nhit ta st dung truong hop nao cé dién trd Ry nhod nhét. St

dung trudng hop ¢6 a1/l = 1 va S coc 1a 344(coc)

Thay céc s6 li¢u da c6 ¢ trén vao cong thuc:
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RR

3 25,64.0,6 _0.21
R, = R/ +R.n  2564.019+0,6.0,33.344 ’ ()
Dién tré ndi dat cia hé thong sau khi dong thém coc

Rnt 'Rtn
RHT — Rnt + Rtn — 0, 210,169 _ 0'093 (.Q)
0,21+0,169
Ta tién hanh kiém tra diéu kién chéng sét cua hé thdng ndi dét trén

L0:0,2(Inl—0,31j
Tinh L r (HH 1m)

— L =0,2|In>20 _0,31|=2108 (4H/m)
0,01
Tinh G:
G, -t
2'I'RNTSET
Trong do:
o1 4107
2.516.0,093 ()
2 -3 2
1 LGl 2108410°516° oo 1) s
7 3,14

k > 2\/L = 2.\/261’ 47 =14,46
T g 5

Ta chon k trong khoang tir 1+15 (keZ")

Bang 2 — 3: Bang tinh todn chuéi ziz T
k=1

k 1 2 3 4 5 a] 7 a 8 | 10 11 12 13 14 15
1
i 100 0250 011 005 004 003 002 002 001 001 @M o001 001 00 0004
Tu(ps) 261 47|65 37 (29 0516 34|10 46 726 534) 409 323 261 26 1834 155 133 1,16
002 003 017 031 048 OpB3 O824 1220 1858 191 231 274 323 379 430
093 093 054 074 062 050 039 029 021 015 0100 005 004 004 OM
0,951)0 232[0 094{0 0460 025)0 0140 003|0 0050 0050,001 0 00050 00040 00020 ,000 10,000 05
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Tt bang trén ta c6

15
iz =158

o K

17 Tds
iz.e =14

a1 K

Vay
Z(O,z'ds) = L = 1+ 2'169’5.(1,58—1,4) =3,45
2.2,977.107°.516 (Q)

U;,=lI. ZXK(O, Tds) = 150. 3,45=517,66 kV > Uspy mpa = 460 (kV)

Ta thay rang phai tién hanh ndi dat bd sung dé dam bao khong co phong dién

nguoc.

Trong ndi dat bo sung ta sir dung dang ndi dat tap trung gdm thanh va coc tai cac

chan cac cot thu sét va chan cac thiét bi.

Chon thanh ndi dat bd sung 1a loai thép dep c6: chidu dai 1=12 m, bé rong b= 0,04

Doc theo chiéu dai thanh c6 chon 3 coc tron cé:chiéu dai coc 1=3 m, duong kinh
d =0,04 m.

Khoang cach gitra hai coc a= 6 m, d§ choén sau t=0,8 m.

Dién tré ndi dat cia thanh Ia:;

P In K.I?
Ri= 2zl hd

Trong do: K=1
p. = p - Knt =85. 1,25 = 106,25 (2@m)
I=12m,h=0,8m,d=b/2=0,04/2=0,02 (m)

2
106,25 In 1.12 1283
SR = 2712 08.0,02 (Q)

Tinh dién tro cua coc:

R = A (n 2y Lyp 4!
207 d 2 4t—l

)

d = 0,04 (m)
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t=0,8+3/2=23(m)

|=12m t=0,8m

t'=2,3m

|=3m

a=bm

Hinh 2- 7: So' do noi dat bé sung.

R _ 9775 (I 23 1 423+3

.= = 25,65
23143\ 004 2 423-3

(£
Dién tré ndi dat bd sung dugc xac dinh theo
RS RS
Rp,S = RS, +NR.7:

Tra bang phan phu lyc ta co:
h¢=0,92 , hc = 0,85

Vi n:3;|E

3

12,83.27,73 611
Ry = 1283.085.3+27,73092 " (())

Tinh téng tré xung kich ctia hé thong ndi dat khi c6 ndi dat b sung:

Nhu trén ta ¢6 so dd thay thé ctua hé thong ndi dat gom dién cam va dién dan.
Nho phép bién doi Laplace ta tim dwoc gid tri clia tong tré song dau vao hé théng ndi

d4t bd sung.

be nt 2 2.R

2
_[XKJ ds
T

nt o \7% 1 _A+B

2 (n
z(O'Tds) Rox +Rnt K =1 Rnt L
Ry COSXy
Trong do6:
Ry Ry _ 6110205 000
A= be+R 611+0205 (Q)
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i 2'Rntl e_(%j %S

K=l " "nt
B = Ry, COS Xy

D6i v6i chudi B ta chi tinh t6i e 4 hay

X TTd <4->sz%/ /261 47 _ 45, 41(rad)
72'

Gia tri xk dugc xac dinh theo:

0,205

togx, = (- nt) Xy =(———).X¢ =-0,034.x,

Rye 6,11
Vay xk la nghiém cua phuong trinh:
tgx, =-0,034.x,
Giai phuong trinh bang Matlap nhu sau.

function tinhnghiem

n=0;
for x = [0:0.00001:30];

y = tan(x)+ 0.03467*x;
if abs(y) < le-4

n=n+1;

x0(n)=x;

yo(n)=y;
end
end

e =1e-3;
fori=1:n-1
forj=i+1l:n
if abs(x0(i)-x0(j))<e
if abs(y0(i)) > abs(y0(j))

x0(i)=0;

y0(i)=0;
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else
x0()=0;

y0(j)=0;

end
end
end
end

fori=1:n

if ~(x0(i) == 0)

disp(x0(i));

end

end

Nghi¢ém cta phuong trinh 12 y=-0,034x, va duong cong y=tgx, cho trong

bang:
Bang 2- 4-a: Bang tinh toan Bk:
K 1 2 3 4 5 6 7 8
XK (rad) 3,040 6,085 9,125 12,520 15,220 18,260 21,335 24,425
COS Xy -0,995 | 0,980 | -0,955 0,999 -0,883 0,831 -0,792 0,760
1
2 1,010 1,040 1,096 1,002 1,282 1,447 1,593 1,732
CoS® X,
R 1
"t 2 1,044 1,074 1,129 1,036 1,315 1,481 1,626 1,766
be COS Xk y y [} y I} I} ] y
. LKJZ Tas
e ( ) 0,986 0,947 0,885 0,794 0,711 0,612 0,512 0,416
Bk 0,387 0,362 0,321 0,314 0,222 0,170 0,129 0,097
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Bang 2- 4-b: Bang tinh toan Bk:

K 9 10 11 12 13 14
Xk (rad) 27,510 | 30,600 | 33,715 | 36,785 | 39,900 | 43,000
COS Xy -0,722 | 0,685 | -0,666 | 0,610 | -0,589 | 0,555
1
3 1,919 | 2,130 | 2,257 | 2,683 | 2,880 | 3,246
COS” X
nt 1
t— 1,953 | 2,163 | 2,291 | 2,717 | 2,914 | 3,279
R, €0s” X,
2
e{%j 7“1 0,328 | 0,252 | 0,188 | 0,137 | 0,096 | 0,066
Bk 0,069 | 0,048 | 0,034 | 0,021 | 0,014 | 0,008

Voi:
Z(O;ts) =A+YB
K=1
Z(0;tds) =0,198+22=24(0)
Kiém tra yéu cau cta ndi dat chong sét:
I.Z(0; ts) =150.2,4 =360 (kV) < Uspe (110 kV) =460 (kV)

Vay thoa man di€u ki¢n ndi dat chong sét.

2.6. Két luan
Sau khi thuc hién ndi dat bd sung cho cac cdt thu sét ta théy hé théng ndi dat co

nbi dat bd sung dat tiéu chuan vé k¥ thuat ndi dat chéng sét cho tram 110/220 kV.
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CHUONG 3. BAO VE CHONG SET PUONG DAY

3.1. Mé dau.

Puong day tai dién phan 16n 1a duong day trén khong c6 chiéu dai rat 1on
va di qua nhiéu ving khac nhau nén xac suét bi sét danh twong ddi gay ra phong dién
trén cach dién duong day va giy su cd cét dién. Mit khac khi sét danh vao doan day
gén tram thi s€ tao nén song truyén vao tram gay su cd pha hoai cach dién cua thiét bi
dién trong tram. Do d6 ta phai tién hanh nghién ctru chéng sét cho dudng day tai
dién, dac biét 1a nhitng doan duong day gﬁn dén tram thi phai dugc tinh todn bao vé

can than. Vi thé duong day can dugc bao vé chong sét vdi muc an toan cao.

Qua dién ap khi quyén xuat hién do sét danh truc tiép 1én duong day hoic
do sét danh xubng dat gan duong day tao nén qua dién 4p cam tng. Tri sd clia qua
dién ap khi quyén 1a rat 16n nén khong thé chon muc cach dién cua duong day dap
mg dugc hoan toan yéu cdu cia qua dién ap ma chi c6 thé chon theo mirc hop 1y vé
mat kinh té va k¥ thuat. Do d6 yéu cau ddi v6i bao vé chong sét duong day khong

phai 13 an toan tuyét d6i ma chi can & mirc d6 gidi han hop 1y.

3.2. Chi tiéu bao vé chong sét dwong day.
Trong phan nay ta s& tinh toan cac chi tiéu bao vé chéng sét duong day, trén
co s& d6 xéac dinh dugc cac phwong hudng va bién phap dé giam sd 1an cat dién cia

duong day can bao vé.

3.2.1. Cwong do hoat dong cua sét:

S6 ngay sét: Cudng d6 hoat dong cua sét dugc biéu thi bang sb ngay co
giong sét hang ndm (nng.s). C4C s liéu nay duoc xac dinh theo s6 lidu quan trac & cac
dai tram khi twong phan b trén lanh thd timg nuée.

Mt dé sét: Dé tinh toan sb 1an co phong dién xudng dit can biét vé sb 1an
c6 sét danh trén dién tich 1km? mat dat img voi mot ngay sét, né co tri s6 khoang ms
=0,1 + 0,15 lan/km?. ngay sét. Tir d6 s& tinh duoc s6 lan sét danh vao cac cong trinh

hoic 1én dudng day tai dién. Két qua tinh toan nay cho mot gia tri trung binh.

3. 2. 2. 86 lan sét dinh vao dwong day:
a. S6 lin sét danh vao dwong diy:
Coi mat do sét 1a déu trén toan bo dién tich ving c6 duong day di qua, c6 thé tinh

s6 1an sét danh truc tiép vao duong diy trong mot nim 1a:
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N=m,n,.Lh107 (3-1)
Trong do: ms: mat dg sét viung c6 duong day di qua
Nng.s: $O ngay sét trong mot nam.
h: chiéu cao trung binh cta cic ddy dan (m).
L: chiéu dai cua dudng day (km).

Lay L = 100km ta s& c6 sb lan sét danh vao 100km doc chiéu dai duong day

trong mot nam.

N = (01+0,15).n

-3 _ .
14s-N.6.100.107° = (0,06 +0,09).n,..h (3-2)
Tuy theo vi tri sét danh qua dién ap xuat hién trén cach dién duong diy c6 tri s6

khac nhau. Nguoi ta phan biét s6 1an sét danh truc tiép vao duong diy cé diy chong

sét thanh ba kha nang.
b. Sét danh vao dinh cot:
N
N dc ¥ 5
2 (3-3)
c. Sét danh vong qua ddy chong sét vao day din:
N, =N.9, (3-4)

Trong d6 N: tong s6 1an sét danh vao duong day.
9, xac suit sét danh vong qua day chéng sét vao day din, nd phu thudc vao goc
bdo vé a va duoc xac dinh theo cong thirc sau:

20

% (3-5)

g g, =

Trong d6 he: chiéu cao cua cot (m).
o : goc bao vé (d9).
d. Sét danh vao diém giira khodng vwot:
N
N, =N-N, —-N,, ~—
kv dc dd 2 (3-6)
3. 2. 3. 86 lan phong dién do sét danh.
Khi bi sét danh, qua dién ap tac dung vao cach dién cua duong day (s va khoang
cach khong khi gitra day dan va day chéng sét) co thé gay ra phong dién. Kha nang
phong dién dugc dic trung bdi xac Suit phong dién S - Nhu thé ung véi sb 1an sét

danh Nj s6 1an phong dién:
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Ny = N9, (3-7)
Xéc sudt phong dién §; phu thudc tri s6 cua qua dién &p va dac tinh cach dién
(V-S) cua duong day.
9,4 =P{U, 2U} (3-8)
a. 86 lan cdt dién do sét danh vao dwong day.
Khi c6 phéng dién trén cach dién cua dudng dy, mdy cét c6 thé bi cit ra néu co
xudt hién hd quang tan sd cong nghiép tai noi phong dién. Xéac suat hinh thanh hod
quang M phu thudc vao dién ap lam viéc trén cach dién pha cua duong day va do dai

cach dién ciia duong day. Co thé xac dinh 1 theo bang sau.

Bdng 3- 1: Bdng xdc sudt hinh thanh ho quang n = f (E,,).

10 20 30 50

n 0,1 0,25 0,45 0,6

V61 Uy: dién 4p pha lam viéce.

Lcs : chiéu dai chuoi str.

n

o7

g

0s

0.4

(]

0z

01

a

0 10 20 30 40 50 B0
Elu(k VAT

Hinh3- 1: D6 thi n = f(E,).
Déi v6i dudng day dung cot gb tinh theo cong thirc
n=(5E, -4).107 (3-9)
Ew: 12 cudng do trudng trung binh trén tong chidu dai cach dién ( kV/m).
Cubi ciing c6 thé tinh s6 1an cit ciia dudong day tuong ing véi sb 1an sét danh Ni:
Negi = N o7 = N9 17 (3-10)
S 1an cit dién tong cong cta dudng day:

48



Ny = Z Negi (3'11)
b. 86 lan cit dién do qud dién dp cim irng.
S 1an phong dién do sét danh gan dudng diy cam tng giy phéng dién trén cach

dién duong day.

. Usy
- {56+234n,0 (3-12)

U 50%
Trong d6 ns: 13 s6 ngay sét trong mot nam.
h : @0 treo cao trung binh cuia dy dan.
Usow: dién ap phong dién 50% cuia chudi st.
Nhu vay s 1an dudng day bi cit dién do qua dién ap cam tng
wies = N pgeu 77 (3-13)

Puong day 110kV tro 1én do murc cach dién cao (Usow 16n) nén suat cat do qua

n

dién ap cam tmg co tri s6 bé va trong cach tinh toan c6 thé bo qua thanh phan nay.
3.3. Tinh toan chi tiéu bao vé chéng sét duwong day.

3. 3. 1. M6 td dwong ddy cin bdo vé

a) Két cau cot dién.
he=27m

> ot

15m

TTTTTTTTTT/ /1

Hinh 3-2: So do cét I don 220kV.
Loai cot: sit, mach don.
Chiéu cao cot: 27m.
Chudi sir:
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+ Sb lugng 14 bat.

+ Loai [IC—4,5 c6 chiéu dai 1 bat st 1a I = 170mm.
D9 cao treo day dan pha A: 21m.
D6 cao treo diy dan pha B: 15m.
D6 cao treo diy dan pha C: 15m.

b) Day ddn va ddy chéng sét.
Day dan AC — 300.

Day chong sét C — 95
Khoang vuot lkv=320m.
¢) Noi dit cét dign
Dién tro suat ciia ndi dat p =85Qm.

bién trd ndi dit cot dién Re = 15Q.

3. 3. 2. Pj vong, dj treo cao trung binh, tong tré, hé so ngdu hop ciia
dwong day.

a) DY vong cua day.
Do vong cua day dan AC-300:

Céc thong sb sua day AC - 300:

Ung suét cho phép: o, =8,58kg/mm?.
Modul dan héi: E =8250kg/mm?.

Hé s6 gidn nd nhiét: o =19,2.10°/°C.

Tai trong do trong lugng gay ra g, = 3,46.10°kg/ mmm?.

. g
Tai trong do gi6 gy ra (ap luc gio cAp 3 voi v=30m/s): = F

2
Trong do +P, = oz.CX.\i—ES.Fv 1a lyc tac dung cua gi6 lén 1m day

+a =0,7 12 hé s6 khong déu cua ap luc gio

+C,=12 la hé s6 khi dong héc cua day dan phu thudc vao duong kinh
ctua day(C, =12 khi d< 20 mm)
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+F, =1.d.10~° m:1a dién tich chin gi6 cua 1m day

Vay
F =2 3% 105 —19,5.10°
1 (m)
30° S
P, =0,7.1,2.=-.19,5.10° = 0,924
16 (kG/m)
0,924
——— =3,08.10°(kG/m.mm?
9 =200 *( )
Tai trong tong hop:
g =407 + 92 =+/3.467 +3,082.10"° = 4,632.10 (kG /m.mm?)
Ta c0:

gh

e

9°-9;
:8’58'\/(4,62421:1?)1-35120;6k;,2:)6f153-3)2 = 267,52 m
Kiém tra diéu kién ta thdy | =320 > 267,52 (m)
0

Viy phuong trinh trang thai 1iy ldy trang thai Gng v6i “bio lam trang thai xuét

phat. Phuong trinh trang thai c6 dang:

5°-A’5-B=0

2 2
Azs, ! 2'3305 —aE(0,,-0.)
320°.(4,632.107%)%.8250
24.8,582
g%.El? (4,632.107%)?.8250.3207
24 24

=8,58 —- ~19,2.107°.8250.(25 - 5) = —4,845

B= = 755,099

Ta c6 phuong trinh: 6° +4,8455° —75599=0
c6 nghiém & =7,744kG/mm?)

_gl?  4,632.10°.3207
8.5 8.7,744

Do vong: =5,719 (m)

Do vong cua ddy dan chdng sét:
Tinh twong tu ta c6: f =512 (m)
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b) Do treo cao trung binh cua ddy dc“;lz pha A ( ha®).
Do treo cao trung binh cua day dan pha A la:

h® =h, —%. f.= 21—%.5,719 =17187 (M)
Goc bao vé pha A:
tga, = 3 3. 05=a, =26°33

h.—h, 27-21

cs

Tuong tu ta c6: PO treo cao trung binh ciia ddy dan pha B(C ) 1a:11,18 m
Goc béo vé pha B(C): a = 20°32

¢) Tong tré song ciia ddy dan.

Téng tré song cua day dan duoc tinh theo cong thirc:

Z, =60.In 2h

r (3-14)
Trong d6: r: Ban kinh day dan.
h: P9 treo cao trung binh cua day dan.
Tong trd song pha A.
Day ddn pha A la day AC-300 ¢6 r = 9,78. 10m nén:
2.hY 2.17,187

= 60— = 489.918 (Q)
r 9,78.10

Z5" =60.In

Toéng tré song pha B(C).
Zy = 464150

Tuong tu ta co
Tong trd song day chdng sét.
Day chdng sét 1a ddy C-95 ¢6 r = 5,35. 10°m

Khi khéng ké dén anh hudng ciia vang quang.

2hy . 2.23,587

Z,, =60.In =60 — =545,069 (Q)
r 5,35.10
Khi c6 ké dén anh huong cia vang quang.
YA
Z CS — ~cs
7 VQ’ i \ 7
r=14 : la hé so hiéu chinh khi xuat hién vang quang dworc tra ti bang voi cap
dién ap 220kV
Z, 545069
78 =—8=""""""-389335 (Q
R 14 (@)
d) H¢ sé ngéiu hop.
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Hinh 3-3: So dé xdc dinh hé sé ngau hop.

Khi chwa c6 vang quang thi hé sé ngiu hop K duogc tinh nhu sau v6i day dan 1 va
day chéng sét 2.
In &
dy,

Ko = —2-
i 2h,

. (3-15)

Trong d6: hz 14 d6 treo cao cta day chdng sét.

r2: ban kinh cua day chong sét.

di2: khoang cach giira day chéng sét va day dan.

D12: khoang cach giita ddy chdng sét va anh cta day dan.
Khi xét &én anh hudng cta vang quang dién:

K,y = Kq.4 (3-16)

Hé s6 ngau hop gitta diy dan pha A va day chong sét.
Vi pha A ta co:

Do treo cao ctia diy dan hy = 21m.

Do treo cao clia day chdng sét hy = 27m.

Do dai cua xa Ixa = 3m.

Ban kinh day dan r> = 9,775. 10°°m.
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Ta tinh duoc:

d12 Y Ixa2 + (hZ - h1)2 (m)
= 32 +(27-21)* =10,26

D12 = \j Ixa2 + (hl + h2)2
— J3 + (27 + 21)? = 48,09(m)

48,09
In
10,26
2.27
n -
9,775.107°
KV’; =14.0168 = 0,235

KE = =0168

Hé s6 ngau hop giira day dan pha B(C) va day chong sét.
Tinh toan tuwong ty ta co: Ka =Ky =018

e) Nhin xeét.
Khi tinh toan céc chi ti€u chong sét do cac pha c6 cac thong s6 khac nhau nén

trong ndi truong hop ta chon trudng hop nguy hiém nhat dé tinh.

Khi sét danh vong qua day chdng sét vao day dan ta chi xét cho pha A (pha ¢

gbc bao vé 16n nhat).

Khi sét danh vao khoang vuot diy chong sét ta tinh cho pha B hodc C (pha c6 hé
s6 ngau hop nho hon).

Khi sét danh vao dinh cot ta s& tinh voi pha c6 Ued(a,t) 16n nhat.
3.3.3. Tinh sé lan sét danh vio dwong day.
Néu goi N 1 tong s6 1an sét danh trén duong day va véi nngs= 95ngay/nam; hes =

23,587 m ta cO:
N = (0,06+0,09).23,587.95=13344+ 20166 (14n/100km. nim).

Ta lay kha ning nguy hiém nhit dé tinh N = 201,66 1an/100km. nam.
N =Ny +Ng +N,

Trong d6: Na: s0 lan sét danh vao day dan.

Ngc: s 1an sét danh vao dinh cot.

Niv: s6 1an sét danh vao khoang vuot day chéng sét.

a) S6 1an sét danh vong qua day chong sét vao day dan.
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Trong trudng hop nay ta tinh véi day dan pha A. Trudc tién ta can di xac dinh

xéc sudt phong dién 3 Vo1 cac thong sO nhu sau: o = 26°33"; h, =27m.

Xéc suit sét danh vong qua diy chéng sét:

ayh, _, 2655427

lg 8, = —4=-2,466

9, =3,415.10"°

S 1an sét danh vao day dan:

N, = 201,66.3,415.10"° = 0,688 (1an/100km. nam)

b) S6 1an sét danh vao dinh cot va khoang vuot.

N, =N, =210 100,83

(1an/100km. nam)

3.3.4. Suit cdt do sét dinh vao dwong day.
a) Sudt cdt do sét danh vong qua ddy chong sét vao day din.

S 1an cit cua duong day:

Ny = N.G 4.1

Trong do: 9,4 la xac sudt phéng dién dwoc xdc dinh nhw sau:

l9pd = [Uqa 2 Uso%]
74'U5C%
_ p{| > AU, } _ 26174
de
Z4y = 489,918(Q) . Uy, =1140(KV).
-4.1140

gpd —e 26,1.489,918 — 0,7

Ta co:

M: x4c suat hinh thanh hd quang = f(E, ) xac dinh nhu sau:

EIv = ﬂ
| g
U, = Yan _ 220 =127,017(kV)
J3 V3
lpa: chiéu dai phong dién, 1ay bang chiéu dai chudi st I, =1,.n

ls¢: @O cao mot bat sir.

n: sb bat st ctia chudi sir.
¢ =170.13 = 2210(mm) = 2,21(m)
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E, :—127 =57,47

‘ ©oaa (kv /m)
Twr do thi 3. 1 ta co n=0,67.
Ny =0,689.0,7.0,67 = 0,323(1an/100km. nim)
b) Sudt cit do sét danh vao khodng vuot.
Khi sét danh vao khoang vuot cua day chéng sét, dé don gian cho tinh toan ta
gia thiét sét danh vao chinh giira khoang vuot, dong dién sét chia déu sang hai bén

nhu hinh vé.

Hinh 3- 4: Sét danh vao khodng vwot ddy chéng sét.

Lay vo1 dang song xién goc. Luc nay trén day chong sét va moi ct s€ cd dong

IS

diénla 2.

Khi tinh toan ta cin tinh véi cac gia tri khac nhau ctia dong dién sét.

Khi duong day tai dién bi sét danh vao khoang vuot ctia day chong sét thi s& sinh
ra cac dién 4p la:

Dién 4p tac dung 1én cach dién khong khi giira diy dan va day chdng sét.

Dién 4p tac dung 1én cich dién ctia chudi sur.

Néu cac dién ap nay du 16n thi s& giy ra phong dién sét trén cach dién lam cat

dién trén duong day.
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Suét cét dién do qua dién ap tac dung lén cach dién khong khi gitra ddy dan va
day chdng sét (ta xét v6i pha B hodc C vi hé s6 ngdu hop ciia 2 pha nay nhé hon pha
cua pha A).

al
Uy = (1=K, ). = (kV
a = ) 3( )(3_17)

Trong d6 Kvg: hé s6 ngau hop giita ddy dan va day chong sét co ké dén vang

quang.
a: do déc dong dién sét.
I: khoang vuot cua duong day.
Tir d6 ta c6 thé tinh duwoc xac suat phong dién va tinh cac gia tri Npa Va Npa.

Trong thiét ké va thi cong duong day, thuong chon khoang cach giita cac day du
16n dé tranh cham day nén kha ning xay ra phong dién trong trudng hop nay it xay ra
va dil ¢6 xay ra thi xac suat hinh thanh hd quang ciing rat nho. Vi vdy suat cit trong

treong hop nay co thé bo qua.
Sut cit dién do qua dién ap tac dung 1én chudi st
Dién 4p tac dung 1én chudi st khi sét danh vao khoang vuot ctia diy chng sét la:
U,t)=U_(t)+U, (3-18)
Trong do: Uy la dién ap lam viéc.
U, = %z%u sin( w1).0t =0,52U (3-19)

U, =052220=1144(kV)

Uc(t): dién ap tai dinh cot.

U (t) :{chzs ®, ;:;J.(l_ K) (3-20)

Véi dang song xién goc xét voi thoi gian t < 7, thi:

U, () = { Reat LC.E}(l— K) (3-21)
2 2
Ta co: Rc 1a dién tro ndi dat cot dién R, =15Q.
Lc: dién cam than cot L, = L,.h, v6i |, =0,6uH; hs =27m.

L. =0,6.27=162 (uH )
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Kvg: hé s6 ngiu hop c6 ké dén anh huéng cia vang quang pha B(C) voi day
chéng sét K, =018.

Thay vao cong thirc 3-21 ta cO:
U, (t) =[15'Ta't+16,2.%}.(1—0,181)
~ 0,819.a.(7,5.t+8,1) (kV)
Theo 3-19 thi:
U, (t) = 0,819.a.(7,5.t+8,1) +114,4(kV)
Ta thay Ue(t) = f(a,t). Vi vay ta can kiém tra v6i nhiéu gia tri a, t nhu sau
a =10, 20, 30, 30, 40, 50, 60, 70, 80, 90, 100(kA/ us ).
t=1,2,3,4,5/6,7,8,9, 10 (us).

Ta c6 bang sau:

Bang 3- 2: Gia tri Uca(a,t) tic dung 1én chudi sir

\ 10 20 30 40 50 60 70 80 90 100

0 180,82 247,24 313,66 380,08 446,5 512,92 579,34 645,76 712,18 778,6
1 242,32 370,24 498,16 626,08 754 881,92 1009,84 1137,76 1265,68 1393,6
2 303,82 493,24 682,66 872,08 1061,5 1250,92 1440,34] 1629,76 1819,18 2008,6
3 365,32 616,24 867,16) 1118,08 1369 1619,92| 1870,84] 2121,76 2372,68 2623,6
4 426,82 739,24/ 1051,66] 1364,08 1676,5 1988,92 2301,34 2613,76 2926,18 3238,6
5 488,32 862,24) 1236,16] 1610,08 1984 2357,92| 2731,84 3105,76 3479,68 3853,6
6 549,82 985,24/ 1420,66| 1856,08 22915 2726,92| 3162,34] 3597,76 4033,18 4468,6
7 611,32) 1108,24) 1605,16] 2102,08 2599 3095,92| 3592,84) 4089,76 4586,68 5083,6
8 672,82 1231,24) 1789,66] 2348,08 2906,5 3464,92| 4023,34 4581,76 5140,18 5698,6
9 734,32 1354,24) 1974,16] 2594,08 3214] 3833,92| 4453,84 5073,76 5693,68 6313,6
10 795,82 147724/ 2158,66/ 2840,08 35215 4202,92] 4884,34 5565,76 6247,18 6928,6

Pong thoi ta cling c6 bang dic tinh V-S ciia chudi st 7 —4,5 nhu sau:

Bang 3-3: Dic tinh phong dién cua chudi str,

t 0 1 2 3 4 5 6 7 8 9 10

) 2010 1740 1580 1440 1360 1220 1180 1180 1180 1180 1180
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Dua vao bang 3.2 va 3.3 ta v& dd thi biéu dién mdi quan hé ctia Ueat) va dic tinh

phi tuyén V-S ciia chudi sir

14000 Uediov), "~ a=100kV/us
12000 -t ommcboo T qalius
b A L a=80kWvius
L a=70 kV/us
L-4=B0 kVius
L a=50 k\Vius
Coa=40 kvius
--a=30kVius
L a=20kVius
e S " a=10kViuS
I ——————+—+—+——+——+——+—+— t{ps)
0 2 4 B B 10 12 14 16 18 20

10000

B000

G000

4000

Hinh 3-5: D6 thi Ues(a,t).

Tir dd thi nay ta xac dinh duoc cac cip thong sé (Ii,ai) 1a giao ctia dudng
cong Uc(t) va dic tuyén V-S,Dua vao cac cip thong sb nay ta xac dinh dugc duong
cong nguy hiém I=f(a) tir d6 xac dinh dugc mién nguy hiém va xic suit phong dién
G

9ps =P{(a,1) e MNH | (3-22)
9y = 29“ A, (3-23)

9, - 29 (9, -8 (3-24)

9, = e‘zlﬁivl (3-22) (3-25)

9, = o 1 (3-26)

Ta c6 bang sau:
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Béng 3-4: Dic tinh xéac suétt phong dién Goq -

alkdiws) | qg | a0 | | 40 50 g0 | 70 | 80 | 90 | 100
H45) | 1630 | 7500 |4p00 | 3700 | 3100 | 2500 | 2000 | 1750 | 1500 | 1300
Ik | 1630 | 1500 | 1380 | 1480 | 15500 | 1500 | 1400 | 1400 | 1350 | 1300

o 0002 0003 (0005 0003 (0003 | 0003|0005 )0005 (0006 ) 0,007

% 0400 | 0160 [O064 (0025 (0010 | 0004 | 0002 ) 0001 {0,000 ) 0,000
L8, 0240 10095 (0035 | 0015 (D005 | 0002 | 0007 ) 0000 (0,000 ) 0,000
A D465 10306 (01934 10053 |0O016 | 0008 [0005 ) 0002 | 0001 | 0,001

Thong qua céac két qua tinh toan cho ¢ bang 3,4 ta co:

9y = Z:A = 2.9, A, =0,00105

Suat cit dién cta duong day khi sét danh vao khoang vuot cua day chong sét,
Ny = Ny 7.8
=1008330,67.0,00105=0.071,73,/100km, néim)
¢) Tinh suit cit do sét danh vao dinh cét va ldn cén dinh cét.
Pé don gian va dé tinh toan ta gia thiét sét chi danh vao dinh cot dién, khi

do phén 16n dong dién sét s€ di vao ndi dat cot dién, phﬁn nhé con lai s€ di theo day

chong sét vao cac b phéan noi dat cua cac cit 1an can nhu hinh vé,

Hinh 3-6: Sét ddanh vao dinh cét cé treo déy chong sét,
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Trong truong hop nay ta phai tinh toan sudt cit cho pha c6 qua dién ap dat
1én cach dién 16n nhat Uea(t) max,Do d6 ta phai tién hanh tinh toan dién ap dat 1én
cach dién déi véi tig pha,

Ucd(t) dugce xac dinh theo cong thirc sau:
U cd (t) =U ¢ (t) +U cdud.tu (t) +U cdud.dien (t) +U dcs (t) +U Iv (3_27)

Theo cong thirc trén dién 4p xuat hién trén cach dién khi sét ddnh vao dinh cot

bao gom,

Thanh phan dién ap gidng trén cot,

U.(t)=i.R, + L‘;d.di
dt (3-28)
Thanh phan dién ap cam ung tir xuat hién do hd cam cua diy dan va kénh

sét gay ra,

Ul () =M, (t).(jj—i; (3-29)

(3-30)

h—+1

Mdd(t):O,Z.hdd{ln virH _ ah |, H }
@+ A H 2h, " ah

Véi: hag 12 6 cao cua day dan
H = h¢ + hqd,
Ah=h_-h_,
B : hé sb van tdc cua dong dién sét duoc lay B = 0,3,

v = B ,c v6i ¢ 1a van tdc truyén song ¢ = 300m/ us,

Khi tinh toan v&i dang séng xién goc is= a,t ta c6 thé tinh U% (t) theo cong thirc

Sau:
Ucdud.tu (t)=My(t)a (3-31)
Thanh phan dién ap cam tng do cam Gng tinh dién gitta day dan va dién

tich cua dong dién sét,

0 =1k ey 0lahy | (vt h,)./(vt+H).(vt+ Ah)

ug .
hdd ﬂ (1+ IB)Z.hC ~/Ah.H (3_32)

cu.dien

Trong d6: a 1a d§ doc dau song cia song xién goc,
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K: hé s0 ngau hop c6 ké dén anh huong cua vang quang,

Thanh phan dién ap do dong dién sét di trén ddy chdng sét gay ra,

U ) = —K.(iC.RC + L‘;%.%+ aM, (t)j (3-33)
M. (t)= 0,2, .[In %H}
Véi: L+ A, (3-34)
Thanh phéan dién 4p 1am viéc,
2 %\/5 .
U, == ! E.u m-SiN(@t).dt =052U (3-35)

Ta lan luot di tinh cac thanh phan d6i v6i cac pha,Dé tinh dugc cac thanh phan

dién ap ta can phai tinh duoc dong dién di vao cot ic(t) va thanh phan bién thién dong
n o . di - L A 1A \ A
dién theo thoi gian d_tc ,Khi tinh todn dong di¢n nay ta c6 thé dua vao so do tuong

duong cia mach dan dong dién sét trong hai trudng hop nhu sau:

: . , U v, 2l
+ Khi chua ¢6 song phan xa tir ¢t bén canh vé t < —%

v
M 3B
2 des /N dt
. . /
15 lc
CS
ics iCS . ch
\‘ }Yic i(n) U 2
Rc

Hinh 3-7: So do twong dwong mach dan dong dién sét khi chira c6 séng phan xa.
Trong d6 L7 1a dién cdm cua cot, L =1,.h,
Re: dién tré ndi dat cot dién,
Zcs: tong tré song day chong sét c6 ké dén anh hudng cia vang quang,
Tu so d6 ta tinh duoc:

a Z )
g Cat=2Ma () -—%) (3-36)

cs e al

i.(at)=
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de __a (3-37)
dt  Z +2.R,

Z.+2R
o =—"—"2 3-38
1 2.L(és ( )
. ’ Je A \ A A A A 2'lkv
+ Khi ¢6 song phan xa tir cOt 1an can vé t > ,
\%
dis
2. 1\//[5(03
)1 . N

CS LCS
1 35

[REEL A

N|0W

Hinh 3-8: So do twong dwong mach dan dong dién sét khi ¢6 séng phdn xa,

Vi: Les 1a dién cam cua mdt khoang vuot cua day chong sét,

L - % (3-39)
Taco i (at)= %(Lw “2M_().a—e ") (3-40)
di, _a a1t .
2R (L. —2M_ (), (3-41)
2R,

_ 2R, 3-42
LT o (3-42)

bién &p dat 1én cach dién pha A,
Dé so sanh ULcd(a,t) ta s€ tién hanh so sanh véi 1 gia tri cu thé nhu sau:
a= 10kA/ us;t=3pus

Ta c6 cdc thong sé doi véi pha A nhu sau.
LY =1,.h, =0,6.21=12,6(xH)
LS =1,.h, =0,6.27 =16,2(uH)
L = Zyly _ 55548320 _ 581407(1H)
c 300 K =0,235 R.=15Q; $=03;, ¢=300m/s
v =0,3.300=90(m/ 18)
H =h. +h,, =27+21=48m)
Ah=h, —hy =27-21=6(m)
U,, =220kV.
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Tt cac thong so trén ta tinh dugc cac gia tri ciia cac thanh phan di¢n ap nhu sau.

2l 2320,
3007 (4s)
O thoi gian nay c6 song phan xa tir cot 1an can vé do d6 dién ap dit 1én cach dién
duoc tinh theo so dd hinh 3-9.

t=3us >

M, =0.2.27)In 03227 4| _1366(,H)
2.(1+0,3).27
a, = 2.15 — 0,049
581,407 + 2.16,2
i =10 (581,407 —2.13,66).(1—e °%°%) — 25189
2.15 (kA)
di, 10 -0,0493
— =—-(581,407-2.1366).0,049e """)=7,796
dt 215 (KA/ 18)

Thanh phan dién ap giang trén cot.

U, (a,t) =U, (103) = 2518915+12,6.7,796= 476071, )

Thanh phan dién 4p cam Gng do hd cam gitta day dan va kénh sét.
90.3+48 6 . 48
- Jdn—+1
(1+03).48 221 6

M, = 0,2.21{In

=9,79(uH)

ud =M,.a=979.10 =97,9(kV)

cu.tu
Thanh phan dién 4p cam Gng do cam Gng tinh dién gitra diy dan va dién tich

dong dién sét.

27, 0,1.10.21 | (90.3+27).f(90.3+48).(90.3+6)

u® . =(1-0,235.=2). .
( 21) 0,3 (1+0,3)%.27./6.48

cu.dien

=231,383(kV)
Thanh phan dién ap do dong dién sét di trong day chdng sét gy ra.

U, =-0,235(2518915+16,2.7,796+10.1366) = —150,299 KV

Thanh phan dién ap lam viéc.
U, =052220=1144(kV)
Vay dién ap tac dung 1én cach dién pha A.
U4 (a,t) =UZ (10,3) = 476,07 +97,92 + 231,383 150,299 +114, 4
=769,475(kV)
bién &p tac dung 1én cach dién pha B hoac C.

Tinh todn tuong tu pha A ta co:
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bién &p tac dung 1é€n cach dién pha B.
UE (a,t) =U® (10,3) = 687,946 (KV)
Két luan.

Vay pha A ¢6 Uc(t) 10n hon nén ta s& tiép tuc tinh toan dién 4p dat 1én cach dién

chudi st trong trudng hop tong quat 1 véi pha A.
Tinh toan qua dién ap dit 1én chudi sit Uca(a,t).
Pé tinh dugc Uea(a,t) ta can phai tinh cac thanh phan dién 4p nhu sau:
Thanh phan dién ap lam viéc:
U, =114,4(kV)
Thanh phan dién 4p cam ung do cam tUng tinh dién giita diy din va dién tich

dong dién sét.

27, 01a21 In(90.t+27).\/(90.t+48).(90.t+6) (kV)
21" 03 ° (1+0,3)%.27/6.48

90.t + 27).,/(901 + 48).(90t + 6
Ucdud.dien(avt)=4,889.a.|n( + )\/(774;7 )( + )(kV)

Udd

cu.dien

=(1-0,235,

Két qua tinh toan vdi cac a,t khac nhau cho ¢ bang sau:

Bang 3-5: Gia ri UY ... (a,1).

10 20 30 40 50 60 70 80 90 100

0 |[-25,654 |-51,308 | -76,963 |-102,617 | -128,271 | -153,925 | -179,579 | -205,233 | -230,888 | -256,542

0,590,780 |181,561 | 272,341 | 363,121 | 453,902 | 544,682 | 635,463 | 726,243 | 817,023 | 907,804

1 139,626 279,252 | 418,879 | 558,505 | 698,131 | 837,757 | 977,383 |1117,009 | 1256,636 | 1396,262

1,51171,832|343,664 | 515,497 | 687,329 | 859,161 |1030,993|1202,825 |1374,658 | 1546,490 | 1718,322

2 195,962 (391,923 | 587,885 | 783,847 | 979,808 |1175,770 | 1371,731 | 1567,693 | 1763,655 | 1959,616

2,1 200,144 | 400,288 | 600,432 | 800,575 |1000,719 |1200,863 |1401,007 | 1601,151 | 1801,295 | 2001,439

231,392 462,784 | 694,176 | 925,568 |1156,959 | 1388,351 [ 1619,743 | 1851,135 | 2082,527 | 2313,919

257,324 514,648 | 771,972 |1029,296 | 1286,620 | 1543,944 | 1801,268 | 2058,592 | 2315,916 | 2573,240

277,794 555,587 | 833,381 |1111,174 | 1388,968 | 1666,762 | 1944,555 | 2222,349 | 2500,143 | 2777,936

309,122 | 618,244 | 927,366 |1236,488 | 1545,610 | 1854,732 | 2163,854 | 2472,976 | 2782,098 | 3091,220

321,681 643,362 | 965,042 |1286,723 | 1608,404 | 1930,085 | 2251,766 | 2573,447 | 2895,127 | 3216,808

3
4
5
6 294,708 589,416 | 884,124 |1178,832 | 1473,540 | 1768,248 | 2062,956 | 2357,665 | 2652,373 | 2947,081
7
8
9

332,808 | 665,616 | 998,424 |1331,232 | 1664,040 | 1996,849 | 2329,657 | 2662,465 | 2995,273 | 3328,081

10 342,797 685,594 |1028,391 |1371,189 | 1713,986 | 2056,783 | 2399,580 | 2742,377 | 3085,174 | 3427,972
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Thanh phan dién 4p cam Gng do hd cam giita diy dan va kénh sét.

90t + 48 6 . 48 1}

- dn—+
(1+0,3).48 221 6

90.t+48
=42/ In——+0,7 |(zH
[ 634 }(,U )

M, (t) = 0,2.21{|n

US (at)= 4,2.a{|n S01+48 0,7}(kV)
Két qua tinh toan véi cac a,t khac nhau cho & bang.
Bang 3-6: Gia i UL (a,t),
a
10 20 30 40 50 60 70 80 90 100

t

0 16,159 | 32,318 | 48,477 | 64,636 | 80,795 | 96,954 |113,113 | 129,272 | 145,431 | 161,590
0,5 32,931 | 65,862 | 98,794 | 131,725 | 164,656 | 197,587 | 230,519 | 263,450 | 296,381 | 329,312
1 44,885 | 89,769 | 134,654 | 179,539 | 224,423 | 269,308 | 314,192 | 359,077 | 403,962 | 448,846
15 54,179 | 108,358 | 162,537 | 216,716 | 270,895 | 325,073 | 379,252 | 433,431 | 487,610 | 541,789
2 61,785 | 123,569 | 185,354 | 247,138 | 308,923 | 370,707 | 432,492 | 494,276 | 556,061 | 617,845
2,1 | 63,153 |126,307 | 189,460 | 252,613 | 315,766 | 378,920 | 442,073 | 505,226 | 568,380 | 631,533
3 73,802 | 147,604 | 221,407 | 295,209 | 369,011 | 442,813 | 516,615 | 590,417 | 664,220 | 738,022
4 83,135 | 166,270 | 249,405 | 332,541 | 415,676 | 498,811 | 581,946 | 665,081 | 748,216 | 831,352
5 90,767 | 181,533 | 272,300 | 363,067 | 453,833 | 544,600 | 635,366 | 726,133 | 816,900 | 907,666
6 97,222 | 194,445 | 291,667 | 388,889 | 486,112 | 583,334 | 680,556 | 777,779 | 875,001 | 972,223
7 | 102,817 | 205,633 | 308,450 | 411,267 | 514,083 | 616,900 | 719,717 | 822,534 | 925,350 [1028,167
8 | 107,753 | 215,505 | 323,258 | 431,011 | 538,764 | 646,516 | 754,269 | 862,022 | 969,774 [1077,527
9 | 112,169 | 224,338 | 336,507 | 448,677 | 560,846 | 673,015 | 785,184 | 897,353 [1009,522(1121,692
10 | 116,165 | 232,330 | 348,495 | 464,660 | 580,825 | 696,990 | 813,156 | 929,321 [1045,486(1161,651
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Thanh phan dién ap giang trén cot.
Pé tinh dugc phan ndy ta can tinh trong hai trudng hop.

+ Khi chua c6 song phan xa vé t < 2:')’3(;%0

=2133 (18)

Mcs(t)=0,2.27.[ln S0t +2.27 1}

—_—
2.(1+0,3).27

90t + 54 +1}(ﬂH)

= 5,4.[In

389,335+ 2.15
o, =
2.16,2
389,335 + 2.15 200
a

~ 419,335

=12,942

i.(a,t)

)

(389,335t — 2.M_ (t) — 30,082)(kA)

di;(a,t) _ a 389,335=0,928a
dt 389335+ 215 (KA/ 15)

+ Khi c6 séng phdn xa vé t > 2;;)0

=2133 (18)

+
2.(1+0,3).27

90.t+54
70,2

M (t) = 0,2.27.[In 0t+227 1}

= 5,4.[In +1}(;;H)

a, = 215 = 0,049
581,407 +2.16,2

i.(a,t)= 2115 (581407—2.M _ (1)).(L—e %)

- %(581407— 2.M_(1)).(L—e "%t t) (kA)

a1 _ 3 561 407 2.M_(1)).0,049 600"
dt 30

a

17g (581,407~ 2M (). " (KA )




Két qua tinh toan cho & bang

:Bang 3-7: Gia tr1 1. (a,t).

a
10
t 20 30 40 50 60 70 80 90 100
0 -0,907| -1,815 -2,722] -3,629 -4,537 -5,444 -6,351] -7,259 -8,166 -9,074
0,5 3,579 7,158 10,736 14,315 17,894 21,473  25,052] 28,631 32,209 35,788
1| 8,125 16,249 24,374 32,498 40,623 48,748 56,872 64,997| 73,122 81,246
1,5 12,697 25,394 38,091 50,787 63,484 76,181 88,878 101,575 114,272 126,969
2| 17,284 34568 51,852 69,137 86,421 103,705 120,989 138,273 155,557 172,842
2,1 18,203 36,406 54,609 72,812 91,014 109,217| 127,420, 145,623 163,826 182,029
Khi c6 soéng phan xa tir c¢ot 1an can tro vé
a
10 20 30 40 50 60 70 80 90 100
t
2,1 18,161 36,323] 54,484 72,646 90,807| 108,968 127,130, 145,291 163,453 181,614
3 25,249 50,498  75,747| 100,997| 126,246| 151,495 176,744 201,993 227,242 252,491
4 32,717) 65,433 98,150, 130,867 163,583 196,300| 229,017 261,733 294,450, 327,167
5 39,788 79,576 119,364 159,152 198,940 238,729| 278,517| 318,305 358,093 397,881
6 46,491 92,981 139,472 185,963 232,454 278,944 325,435 371,926] 418,416 464,907
7 52,848 105,695 158,543 211,391 264,239 317,086| 369,934 422,782 475,630 528,477
8 58,880, 117,759 176,639 235,519 294,398 353,278 412,158 471,037] 529,917 588,797
9 64,605 129,210 193,815 258,420, 323,025 387,630 452,235 516,840 581,445 646,049
10 70,041 140,081 210,122 280,162 350,203 420,243 490,284 560,324 630,365 700,406
, ., dlc(at
Bang 3-8: Gid tri L
dt
a
10
t 20 30 40 50 60 70 80 90 100
0 -0,907| -1,815 -2,722] -3,629 -4,537 -5,444 -6,351] -7,259 -8,166 -9,074
0,5 3,579 7,158 10,736 14,315 17,894 21,473 25,052 28,631 32,209 35,788
1| 8,125 16,249 24,374 32,498 40,623 48,748 56,872 64,997| 73,122 81,246
1,5 12,697 25,394 38,091 50,787 63,484 76,181 88,878 101,575 114,272 126,969
2l 17,284 34,568 51,852 69,137 86,421 103,705 120,989 138,273 155,557 172,842
2,1 18,203 36,406 54,609 72,812 91,014 109,217 127,420, 145,623 163,826 182,029
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Khi c6 song phan xa tir cot 1an can tro vé

: 10 20 30 40 50 60 70 80 90 100

t
2,1 8,190 16,380] 24,570, 32,761 40,951 49,141 57,331 65,521 73,711 81,902

3 7,793 15,586 23,379 31,173 38,966| 46,759 54,552 62,345 70,138 77,931

4 7,385 14,770, 22,155 29,540, 36,925 44,310, 51,695 59,080 66,465 73,850

5 7,005 14,010f 21,014 28,019 35,024 42,029 49,033 56,038 63,043 70,048

6 6,648/ 13,297 19,945 26,593 33,241 39,890, 46,538 53,186 59,834 66,483

7 6,313 12,625 18,938 25,251 31,564, 37,876 44,189 50,502 56,815 63,127

8 5,996 11,992 17,989 23,985 29,981 35,977 41,973 47,969 53,966 59,962

9 5,697 11,394 17,091 22,788 28,485 34,182 39,879 45,576 51,273 56,970

10 5414 10,828 16,242] 21,656 27,069 32,483 37,897| 43,311 48,725 54,139

Viy thanh phan dién ap giang 1én cot:
U.(at) =15.i. (a,t) +16,2.M
dt
Két qua tinh toan cho ¢ bang:
Bang 3-9: Gia triU_ (a,t),
a
10 20 30 40 50 60 70 80 90 100

0| -28,309 -56,619] -84,928 -113,238 -141,547| -169,856| -198,166| -226,475 -254,785 -283,094
0,5| 111,659 223,319 334,978 446,638 558,297 669,957 781,616/ 893,275 1004,935 1116,594
1| 253,488 506,976/ 760,464 1013,952| 1267,440 1520,928 1774,416| 2027,904| 2281,392] 2534,880
1,5| 396,142 792,285 1188,427| 1584,569| 1980,712| 2376,854) 2772,996| 3169,139| 3565,281 3961,423
2 | 539,266 1078,531| 1617,797| 2157,062| 2696,328 3235,594 3774,859| 4314,125| 4853,391] 5392,656
2,1 567,930, 1135,861 1703,791| 2271,721| 2839,651| 3407,582 3975512 4543,442| 5111,372| 5679,303
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Khi ¢6 song phan xa tir ¢Ot 1an can tré veé

\ 10 20 30 40 50 60 70 80 90 100

2,1| 405,102 810,204 1215,306| 1620,407| 2025,509 2430,611f 2835,713| 3240,815] 3645,917| 4051,018
3| 504,986/ 1009,971| 1514,957| 2019,942| 2524,928| 3029,913| 3534,899| 4039,884| 4544,870| 5049,855
4| 610,387| 1220,774 1831,161) 2441,548| 3051,935| 3662,322| 4272,710| 4883,097| 5493,484] 6103,871
5| 710,299 1420,597| 2130,896| 2841,195| 3551,494) 4261,792| 4972,091| 5682,390 6392,688 7102,987
6 | 805,063 1610,126| 2415,188 3220,251| 4025,314) 4830,377| 5635,439) 6440,502| 7245,565 8050,628
7| 894,983 1789,965 2684,948 3579,931| 4474,913) 5369,896| 6264,879) 7159,861] 8054,844) 8949,827
8| 980,333 1960,666| 2940,999 3921,332| 4901,665| 5881,998 6862,331| 7842,664| 8822,997| 9803,330
9| 1061,366| 2122,731| 3184,097| 4245,462| 5306,828| 6368,193| 7429,559| 8490,925| 9552,290| 10613,656
10| 1138,313| 2276,627| 3414,940| 4553,254| 5691,567| 6829,880, 7968,194 9106,507| 10244,821| 11383,134

cot.

Thanh phan dién ap do dong dién sét di trén ddy chdng sét gy ra.

Tuong tu tinh dugc ic(a,t) va

di_(a,t)
dt

nhu ¢ thanh phan dién ap giang trén than

U, (t) =-0,235(15..(a,t) +16,2.M +a.M(t)kV)
Két qua tinh toan voi cac gid tri (a,t):
Bang 3-10: Gia triU . (a,t).
a
10 20 30 40 50 60 70 80 90 100

0 -2,708 -5,416 -8,124) -10,832| -13,539] -16,247] -18,955 -21,663] -24,371 -27,079
0,5 -43,292| -86,585| -129,877| -173,170| -216,462| -259,755 -303,047| -346,339| -389,632| -432,924
1| -81,377| -162,754| -244,131 -325,508| -406,885 -488,262| -569,639 -651,016| -732,393 -813,770
1,5-118,352| -236,703| -355,055 -473,406| -591,758 -710,110 -828,461| -946,813| -1065,164| -1183,516
2 | -154,696| -309,392| -464,088 -618,783 -773,479 -928,175 -1082,871| -1237,567| -1392,263| -1546,958
2,1|-161,911 -323,822| -485,733| -647,644] -809,555 -971,466| -1133,377| -1295,288| -1457,199| -1619,109
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Khi c6 song phan xa tir cot 1an can tro vé

\ 10 20 30 40 50 60 70 80 90 100
2,1| -123,646| -247,293 -342,491] -437,690, -532,889 -628,088 -723,287| -818,486 -913,685 -970,711
3| -150,770, -301,539 -420,211] -538,882 -657,554| -776,226| -894,897| -1013,569| -1132,240 -1205,437
4| -178,650| -357,299| -500,740] -644,181 -787,622| -931,063| -1074,504| -1217,945 -1361,386| -1453,131
5| -204,625 -409,250 -576,170| -743,091 -910,011| -1076,931| -1243,851| -1410,771| -1577,692| -1687,923
6 | -228,980| -457,959 -647,149| -836,339 -1025,529| -1214,718| -1403,908| -1593,098 -1782,288 -1910,619
7| -251,901) -503,802 -714,123| -924,444| -1134,765| -1345,086| -1555,407| -1765,728 -1976,049] -2121,930
8 | -273,527| -547,054 -777,432| -1007,811| -1238,189| -1468,567| -1698,945| -1929,324| -2159,702| -2322,504
9| -293,966| -587,931| -837,352 -1086,773 -1336,194| -1585,615| -1835,036| -2084,457| -2333,878 -2512,930
10| -313,306| -626,612| -894,115 -1161,619| -1429,123| -1696,626| -1964,130| -2231,634| -2499,137| -2693,758
Ttr cac thanh phan dién ap ta tinh duoc Uea(a,t).
Uy (@) =Uc (1) +U e (@ 1) +Ugy, (@) +Ug (@ 1) +U,
Két qua tinh todn voi cac a,t khac nhau cho & bang
Bang 3-11: Gia tri U (a,t).
a
10 20 30 40 50 60 70 80 90 100

0| -40,512] -81,025 -121,537| -162,050| -202,562| -243,075 -283,587| -324,099| -364,612| -405,124

0,5 192,079 384,157 576,236| 768,314 960,393 1152,472| 1344550 1536,629| 1728,707| 1920,786

1| 356,622 713,244 1069,865 1426,487| 1783,109 2139,731] 2496,353] 2852,975 3209,596| 3566,218

1,5 503,802 1007,604| 1511,406| 2015,207| 2519,009 3022,811 3526,613 4030,415 4534,217| 5038,018

2 | 642,316 1284,632 1926,948| 2569,264| 3211,580| 3853,896| 4496,211] 5138,527| 5780,843] 6423,159

2,1| 669,316 1338,633 2007,949| 2677,266| 3346,582| 4015,899] 4685,215 5354,532| 6023,848| 6693,165
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Khi c6 song phan xa tir cot 1an can tro vé

\ 10 20 30 40 50 60 70 80 90 100

2,1| -123,646| -247,293] -342,491 -437,690] -532,889| -628,088 -723,287| -818,486] -913,685 -970,711
3| -150,770] -301,539] -420,211] -538,882 -657,554| -776,226| -894,897| -1013,569 -1132,240| -1205,437
4| -178,650, -357,299 -500,740 -644,181 -787,622| -931,063| -1074,504| -1217,945 -1361,386| -1453,131
5| -204,625 -409,250, -576,170, -743,091] -910,011| -1076,931| -1243,851| -1410,771| -1577,692 -1687,923
6 | -228,980, -457,959 -647,149 -836,339 -1025,529| -1214,718| -1403,908| -1593,098 -1782,288 -1910,619
7| -251,901] -503,802 -714,123 -924,444) -1134,765| -1345,086| -1555,407| -1765,728| -1976,049] -2121,930
8 | -273,527| -547,054| -777,432| -1007,811| -1238,189| -1468,567| -1698,945| -1929,324| -2159,702| -2322,504
9| -293,966| -587,931 -837,352 -1086,773| -1336,194| -1585,615| -1835,036| -2084,457| -2333,878| -2512,930
10| -313,306| -626,612] -894,115| -1161,619 -1429,123| -1696,626| -1964,130| -2231,634| -2499,137| -2693,758
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Ta c6 do thi biéu dién mdi quan hé ctia Ue(t) va dic tinh phi tuyén V-S cua

chuoi su.

14000 Yedkv)

| a=100(kvius)
12000
1 a=80{kv/us)
1oood 1 a=B0{kWius)
— a=T0(kWius)
5000 =BO(KVIUS)
BOO0 a= ED(kWus)
=40(k\Ius)
4000 a=30(K\Vius)
2000 s a=20(kV/us)
- a=10(kvius)
I e —— t(ps)
i 7 4 B g 10

Hinh 3-9: D6 thi U.«(a,t)

Tir d6 thi nay ta xac dinh dugc cac cip thong sb (Ii,a) 1a giao ctua duong cong

Uca(a,t) va dac tuyén V — S. Dya vao cac cdp thong $6 nay ta xac dinh dugc duong

cong nguy hiém I = f(a) tir d6 xac dinh dwgc mién nguy hiém va xac suat phong dién

Vpd.
Badng 3-12: Ddc tinh xdc sudt phéng dién G
a(kA/ uS) | 10 20 30 40 50 60 70 80 90 100
t(1s) 865 | 25 | 14 1 08 | 07 | 06 05 | 045 | 04
I (kA) 86,5 | 50 | 42 40 40 42 42 40 40,5 40
9, 0,036 |0,1472|0,20004 | 0,21598 | 0,21598 | 0,20004 | 0,20004 | 0,21598 |0,21188 | 0,21591
%, 0,399 |0,1596 | 0,06378 | 0,02548 | 0,01018 | 0,00406 | 0.00162 | 0,00064 |0,00025 | 0,0001
Ad, 0,239 |0,0958 |0,03829 | 0,01530 | 0,00611 | 0,00244 |0,00097 | 0,00039 |0,00015 | 0,00010
Fi-A% 10008 | 0,014 |0,00766 |0,00330| 0,0013 |0,00048 |0,00019 |8,42E-05 | 3,3E-05 | 2,24E-05
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Vay:

Suat cit dién cua dudng ddy 9, =" 9.A9, =0,036

i=1

khi sét danh vao khoang vuot cia diy chdng sét.

n, =N, n.3, =100,883.0,67.0,036 = 2,4 (ldn/]OOkm.ndm).

Sut cit tong cong do sét danh vao duong day.

Sut cit dién do sét danh vao duong day.
N, =Ny + N, + Ny =0,323+0,0071+ 2,4 = 2,73 (1an/100km.nam)

Chi tiéu chong sét cia dwong day tdi dién.
n-t__1_ 0,366 (nam/1ldn cdt dién).
n. 2,73

c
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CHUONG 4. BAO VE CHONG SET TRUYEN VAO TRAM
BIEN AP TU PHIA PUONG DAY 110 KV

4.1 Khai niém chung.

Bao vé chong sét dbi voi tram bién ap cd yéu cau rat cao vi trong tram cd
nhimng thiét bj quan trong nhu may bién ap, may cat... ma cach dién cua cac thiét bi
nay lai yéu hon so véi cach dién ctia duong day. Trude tién, phong dién trén cach
dién tuong duong vai viée ngin mach thanh gép va ngay ca khi c6 phwong tién hién
dai cling van dua dén su c6 tram trong nhat trong hé thong. Ngoai ra mic du trong két
ciu cach dién cua thiét bi thuong cb ging sao cho mirc cach dién trong mach cao hon
murc cach dién ngoai, nhung trong van hanh do qua trinh gia cdi cta cach dién trong
mach hon nhiéu nén sy phéi hop co thé bi pha hoai va dudi tach dung ctia qua dién
ap co thé xay ra choc thing dién moi ma khong chi 12 phong dién men theo bé mit
ctia cach dién ngoai. Tuy khong dat mirc an toan tuyét ddi nhung khi tinh toan chon
cac bién phap chong sét phai ¢ gang giam xac suat sy cb toi gidi han thap nhat va

b

“chi tiéu chiu sét ctia tram >’ s6 nam van hanh an toan khong c6 suat hién di¢n ap

nguy hi€ém do61 véi cach dién ctia tram phai dat muc hang trdm nam.

Noi dung cua bao vé chong sét tram bién ap bao gém bao vé chong sét danh
thang bao vé chdng song truyén tir dudng diy vao tram. Bao vé chdng sét danh thang
cho tram duoc thuc hién béng coOt thu 161 nhu da trinh b::iy ¢ chuong 1. Trong pham vi
chuong nay s& danh riéng dé nghién ciru vé chdng sét truyén tir duong diy vao
tram,Murc cach dién xung kich cta tram dugc chon theo tri s6 dién ap du cua chéng
sét van va c6 chiéu huéng ngay cang giam thap do chat luong cua loai thiét bi nay
ngay cang dugc nang cao. Béi vady mirc cach dién cia tram khong phu thudc vao mure
cach dién duong ddy ma con thap hon nhiéu. Qua dién ap do sét danh thang vao day
chdng sét gay phong dién nguoc téi day dan hodc dudi hinh thire cam tng khi c6 sét
danh gan dudng day sé& lan truyén tir noi bi sét danh vao tram bién ap. Trong quéa
trinh d6, néu con giit tri sé qua dién ap 16n hon muc cach dién xung kich duong day
thi s& c6 phong dién xudng dat, nghia 1a bién d6 cua qua dién ap duoc giam dan t6i

muc dién ap xung kich duong day (Usow).

4.2. Phwong phap tinh toan dién ap trén cach dién caa thiét bj khi c6 séng
truyén vao tram.

Viéc tinh toan qué dién 4p do séng truyén vao tram c6 thé dugc thuc hién trén
cac mO hinh hoac duogc tinh toan truc tiép dua vao quy tac song drfmg tri. Dung
phuong phap md hinh thi ¢6 thé cho phép xac dinh dugc dudng cong nguy hiém ddi
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v6i bat ky tram c6 két cAu phirc tap & muc d6 nao. N6 giai quyét dugce van dé bao vé
mot cach chinh xac, nhanh chéng,Phuong phap tinh toan truc tiép phirc tap hon
phuong phap mo hinh va chi dugc dung khi tram c6 két cdu don gian. Co sé cta
phuong phap tinh toan tryc tiép 13 1ap so d6 thay thé va dya trén quy tic song dang tri
va phuong phép 1ap bang ciia cic song t6i dé 1an luogt tinh toan tri s6 dién 4p tai cac

diém nit chinh.

Séng truyén vao tram trén nhitg khoang cach khong 16n gitta cac nut, c6 thé coi
qua trinh truyén song 13 qua trinh bién dang. Vi song khong bién dang va truyén di
v6i van toe khong doi v trén dudng day nén néu ¢ song t6i tir nit m nao do6 téi nat x,
tai m song c6 dang Umx(t) thi khi song téi x song ¢6 dang:

U,mx(t):Umx(t‘At)
Véi At=I/v:
I: Khoang cach tir nat m té1 nat x

v: Van toc truyén song

() Ui

Hinh 4-1: Qua trinh truyén séng gitta hai niit.
Tir day ta thiy riang séng t6i diém x c6 bién do bang bién d6 song tdi tai diém m
nhung chim sau so v6i diém m mot khoang thoi gian 13 At.

Viéc xac dinh song phan xa va khiic xa tai mot nut ré rang giai duoc nho quy tic
Pé-tec-xen, va nguyén Iy song dang tri,

Theo quy tac Pé- tec-xen mot song truyén trén dudng day cé tong trd song Zmdén
mot tong try tap trung Zx & cudi thi song phan xa va khic xa duoc tinh nho so dd

tuong duong v6i thong sé tap trung nhu & hinh vé& (4- 2).
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Hinh 4-2: So d6 twong duong ctia quy tic Petersen.

Véi so dd nay song khuc xa Ux duoc tinh nhu dién ap trén phan tir Zx con song
phan Xa : U’ mx=Ux-Ut

Trong do: Ut : Song to1,

1. Néu Zm Va Zx 12 cac thong s6 tuyén tinh, Ut 12 ham thoi gian ¢6 anh phtic hodc
toan tir c6 thé tim Ux bang phuong phap phitc hodc phuong phép toan tir.

2. Trudng hop nut x c6 nhiéu dudng day di dén thi co thé 1ap so d6 Pé-tec-xen
dua trén quy tac song dang tri.

¢ Quy tic song dang trj :

Khi c¢6 nhiéu phan tir (duong ddy, cac tham sd tap trung R, L, C ndi vao cing
mot diém nhu trén hinh(4- 3) cac phan tir ndy c6 tong trd song 1a Z1, Za,..., Zn va doc
theo chung c6 cac dang song bat ky Uiy, Uax,..., Unxtruyén vé phia diém nit x.

Gia thiét 1a gitta cac phan tir niy khong c6 phat sinh hd cam va quy wdc chiéu

dong dién di vé phia diém nut x 1 chiéu duong thi ta ¢c6 phuong trinh nhu sau :

Hinh 4- 3: So' do nguyén Iy song dang tri

Uy=U+Uxi=...=Umnt+Uyn
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> (i + i) =1,
m=1
VO,’Z N Um)(:Zm.imx

Usxn=Zm.Ixm
Tur do ta co:
H C Uc‘Jm Ui _ n U()m_UX_UmX
IX—ZI(ZJf Zm)—;(zX Z )
. . Umx _ > Ux _ C ﬁ_ N i
P I P T e T N 2

Chia hai vé phuong trinh nay cho Zzi ta s€ duogc :
m=1

Us=2.Ug-ix.Za
Vi :
Ux : Dién 4p nut x.
lx : Dong dién di trong phan tir Zy.
Za=ZAIZ511Z3/] ... Zn

nZ
Udt = Z(Z_dtumx)
m=1

m

Tir cac biéu thudc trén ta c6 thé rit ra dugce quy tic Pé-tec-xen. Pé tinh toan
tri s6 dién ap va dong dién ¢ nat ta c6 thé thay thé cic tham sé phan bd bang cac
tham sb tap trung tao thanh mach vong bao gém tong trd Za va Zxghép ndi tiép véi
nguon e(t)=2.Uq c6 tri s6 bang tong cac song khiic xa tai diém nat voi gia thiét Zyx=oo.
So db thay thé trén hinh (4- 4)

e(t) = Zn_:(amx'u mx) = Zn_:(z%u mx)

a =2.ﬂ

mx
Zn : H¢ s0 khtic xa tai diém x cua song truyén tir mach Znm.

3. Xac dinh dién ap trén Zx khi n6 1a dién dung:
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Zat Zat

Hinh 4- 4: So do Pé-tec-xen.

Khi tong tré Zx chi c6 tu dién vé6i dién dung C thi phuong trinh dién ap duoc viét
nhu sau 2.Ua(t)=Uc(t)+Zar.ic(t) ™

Trong do :

Uc(t): Dién 4p trén tu dién C.
ic(t) : Dong dién di qua tu dién C.

Za : Tong trd song dang tri ciia n dudng day t6i nut x.

Nén: Q=Uc.C
Ma: dg=ic.dt
. dg Cu.dug
i (f)=—=——°C
Do ds : ‘O~ ™ a

Thay vao cong thuc (*)ta co :
2060 =Uc+Za 55 (aony
Tu cong thirc (**) ta rat ra dugc dang sai phan :

AUg 20, () -Uc(t) _2U, ()-Uc ()
At CzZ, T,

V6i Te=C.Zgt khi Tc>>At thi ;

AU =[2U,, (t)—uc(t>].§

C

Tu day rit ra ta dugc:

Uc(t+4t)=Uc(t)+ AUc
Véi diéu kién dau 1a Uc(0)=0
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4. Xac dinh dién 4p va dong dién trong chong sét van.
béc tinh —chon loai chong sét van :

Viéc tinh todn bao v¢ chong song truyén vao tram chinh 1a viéc tinh toan dé
chon chong sét van.

Chong sét van dugc phan lam hai loai : chong sét van c6 khe hé va chong sét
van khong khe hé. Ta chon loai chong sét van khong khe hg dé bao vé chong song
truyén vao tram., B&i vi loai nay c¢é nhiéu vu di€ém hon chéng van c6 khe ho, loai
chong sét van kiéu mdi ma dién tro dugc lam tir ZnO chi 6xit kém khong khe ho, hé

s6 phi tuyén ctia ZnOchi bang 1/10 so véi cua SiC (loai c6 khe hd).

Xét ddc tinh ciia chong sét van (V-A) dugc viét dudi dang : U=K.I*

4 Uik =1
I i___,..--"'"" CI'.'.:D,E
c=0,02
K =[]
I
0 1 T(kA)

Hinh 4- 5: Dic tinh V — A cta chéng sét van.
Khi cho a cac gia tri khac nhau :

Mién II Gtng v6i mién 1am viéc ctia chong sét van (co dong dién I>1kA)thi
dién 4p du cua loai chéng sét van c6 dién trd phi tuyén lam bang ZnO, thap hon loai
chdng sét van c6 dién tré 1am bang ZnO s& c6 do an toan cao hon, ngoai ra nd con
dem lai hiéu qua kinh té do lam giam thap muc cach dién xung kich trong tram.

Mién I ung véi khi khong c6 qua dién ap, dong dién ro trén dién tro géc
ZnO rit bé so v4i dong dién 10 trén dién trd gde SiC va bé dén mirc c6 thé ndi thang
loai dién tré ndy vao ludi dién ma khong doi hoi phai cach ly bang khe hé nhur chéng
sét van c6 dién (dung dién tré gbc SiC).Béi vay loai nay khong co khe ho, viéc khong
dung khe hé chéng nhiing 1am don gian hoa céu tric cua thiét bi bao vé, thu gon kich

thudc, .., ma con loai dugce dap hd quang cia dong dién ké tuc trén khe ho nay, mdt
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van dé phirc tap trong san xuat, ché tao ciing nhu thir nghiém vé kha niang dap hd

guang.

Tram cao ap phia 220 kV sir dung chdng sét van khong khe hd c6 dién tro

phi tuyén 1a ZnO.
Tir so dd Pé-tec-xen Hinh(4- 7) ta c6 phuong trinh dién ap sau :
2.Ua=Zar.icsv+K.I%sv
4.3. Tinh toan khi cé séng qua dién &p truyén vao tram

DEL g DCL

DEL  pqr  DCL [} @:}ATI
ol 3 %cw
DCL DCL Pl pc DO AT2
MC 1
I — — o
st}
DCL  pge DEL DCL e DEL
D3 — - (0 T
%cw
DCL mMe  DCL DL e DCL
b — - apD T
%cw
DEL m  DCL
ik -
3
DCL DCL peL [ R
i
BN

Hinh 4-6: So d6 nguyén li ciia tram

Vay trang thai van hanh nguy hiém nhat 13 trang thai van hanh 1 duong day va 1

may bién ap
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Hinh 4-7: So d6 nguyén li ciia tram trong trang thdi vdan hanh nguy hiém nhdt
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Hinh 4-8: So do thay thé rit gon

Trong so d6 dién dung c6 gia tri nhu sau : (Theo bang 4 —1 tai liéu hudng dan

thiét ké tot nghiép k¥ thuat dién cao ap cia tac gia Nguyén Minh Chudc)

+ May bién ap : Cwmea = 1500 pF
+ Dao cach ly: CocL =70 pF
+ May bién ap do ludng : Ceu = 350 pF
+ May cit : Cwmc =600 pF
+ Thanh gop : Crc = Croo,l
Croo = z%v B 400%300 =8.33pF

| =192 m : Chiéu dai thanh gop

Cre = 8,33, 192 = 1599.36 (pF)
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Trong so dd sau khi qui ddi ta c6 dién dung tip chung tai cic niit nhan cac gia tri

nhu sau :
Ci=C, + CMC203':)CCL.1O 70+ 600.20+70.10 _ 49333(pF)
Cr=C,+ Cyc10+C,, .20 +Cy + Cuc30+C, .(35+25)
30 40
—1509,36 + 600.10 + 70.20 N 70§+ 600.30 + 70.60 _ 2003,463(pF)
30 30 40
Cs= Cyppp + Cuyc-10+C., .(5+15) 1500+ 600.10+70.20 _ 1685 pF)
40 40
10 10

Ca= Crs +Coy =70, +350 =373,333(pF)

Tinh thoi gian truyén song giita cac nut.

S6ng truyén téi tram 1a dang song xién goc, xuat hién trén dudng day truyén vao
tram v&i bién d6 16n Usoy=1140(kV) va d6 déc dau song 1a a=300(kV/ps).

Vay ta c6 thoi gian dau song 1a :

Ugy 1140
T =% ——"-_38
ds a 300 (,LtS)

Viy ta co:

00.t (kV) khi t<3,8 (s)
Uog1=

1140 (kV) khi t>3,8 (us)

Thoi gian séng di hét quing duong 1- 2 1

t,= v 300

Thoi gian séng di hét quing duong 2- 3 1a:

| 40
t.,=2=—"=013
2=, T 300 (1)

Thoi gian séng di hét (hodc vé )quong duong 2- 4 1a:

| 30
t, =2t=>2 _01
%=, T 300 (u5)

Chon gbc thoi gian tai ntit mot 13 t=0 (us) va budc thoi gian tinh At=0,01(us).

Tinh dién ap gitta cac nut:
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*Nat 1.

La nut ¢6 hai duong day di voi tong trd song Z = 400 (€2).Tong trd tap trung 1a

dién dung Ci.
a @ & ——
72400 72400 % +
dt
I
—C 2Udt — C

Hinh 4-9: Sor @6 Peterson tai nit 1.
Ta c6 song phan xa tr nat 1 vé nat 214 Uz: U =Us - Uy
La séng t6i nut 1; Uzr 12 s6ng phan xa tir nat 2 vé nit 1 ; U’z 14 song téi nat 1 do
song phan xa Uz di tir ntit 2,Xét voi gdc thoi gian ciia nut 1, Ta ¢6 U’z1 cham sau Ux
mot khoang thoi gian At =2.t12= 0,2 (#s), COn Uz theo quy udc lay gbc thoi gian, &
day khong can tinh séng phan xa Uzo

Taco
zdt= 2= — 200 ()
2 2
Hé sb khuc xa tai diém 1 : a = 2.20t _ 2200 1
Z 400

= 2.Ug = Zn'iaml.uml' =Un+Un
U’oz1 : Song tir dudng day téi nut 1.
U’ : Séng téi tir nut 2 truyén vé nat 1.
Do tong trd tap trung tai nut 1 1a dién dung C1 = 493,33 (pF), Nén theo phuong
phap tiép tuyén ta c6 thoi gian nap cia mach:

T=2,C, =200.49333.10* =009 (1 gy

At
AU = (2Uq U, (1)

0,01
AU, = 05 (2U 4 ~U, (0) =01012U4, - U, (1)

U, (t+At)=U,(t)+ AU,
vei U1(0)=0
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Biéu thtc trén cho ta tinh lién tiép cac gia tri cua U, (1)
Khi t<2t,=02 usthiu, =0 Nén 2U, =U,,
Khi t>2t,=02 usthiu, #0 Nén 2U, =U_ +U,,
*Nat 2.

La miit ¢6 ba dwong ddy di t6i véi tong tré séng Z = 400 (), Tong tré tdp

trung la dién dung C2.
@
Z=400
@
—
=400 -
Z=400 ~ Zdt Ir
—C 1
@ 2Udt T C

Hinh 4-10: So' @6 Peterson tai niit 2.
Sau khi tinh d6i voi nat 1 trong khoang t < t1» thi phai bat dau xét nat 2, Tai nit
2 ¢6 ba duong diy ndi véi dién dung do d6 ta a4p dung phuong phap tiép tuyén,d day

so d0 Peterson co:

Zot = % = % = 133,33 (Q).
a, = 2.133,33 = 0,667
400
2.U, :iOtmz.U'm2 =0,667.(U'12 + U'32 + U'42)

m=1
Trong cong thirc trén U’mz 1a cac song tdi 2 do cac song phan xa tir 1, 3 va 4

truyén vé, Khi thoi gian (twong déi véi nat 2):
Khi t<2t,,=0,266 usthiU,, =0 vat<2t, =02 usthiu,, =0
Do d6 : 2U, =0,667U,, v6i U, =U,,(t—t,)
Budc dau d6 c6 U1z trong khoang thoi gian (tuong d6i doi véi nut 2)
Biét 2.Uat, Zat va Ca tinh dugc dién 4p nit 2 theo phuong phap tiép tuyén.

Taco:
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T=2,.C,=13333.2003463.10 * =0,267 (11 )

At
AU = ?(Z-U dt -U z(t))

AU, = %(w L —U, (1) =0,037(2U,, —U, (1))
U,(t+At)=U,(t)+ AU,
Biéu thirc trén cho ta tinh lién tiép cac gia tri cua Ua(t)
Dién ap phan xa tai nt 2: U1 = U2 - U'p2
Uz =U2-U’s
U2 = Uz - U's

Sau khi tinh duoc Uz trong khoang thoi gian t = 2.t12 can trd vé tinh dién ap nat

* Nut 3.

La nut c6 mot duong day di téi v4i tong trd song Z = 400 (), Tong trd tap
trung 14 dién trd phi tuyén cia chong sét van, do d6 can tinh bang phwong phap d6
thi.

@ @ |

=400 E‘i —
hy

Lo oy, =

Hinh 4-11: So' @6 Peterson tai nit 3.
Trong so d6 trén Za nbi voi chéng sét van khong khe hd Zno lap song song véi
dién dung tap trung tai nat 3 1a C = 1685 pF.
Ta co: Za=Z =400 (Q)

_22Zdt 2400 _
a pu—

Z 400
2U, =aU,, =2U,,
Ta c6 U’zz la song toi trnut 2: U’z = Uz — U’z
Us2 = Us—U’23
U’z2 = Us(t — 2.123)
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Khi t<2t,,=0,266 usthiU,, =0 NénuU,, =U,
Theo phuong phép tiép tuyén ta co:
T=2,.C,=400.1685.10" = 0,674 (H5)

At
AU =—(2Uq Uy (1)

0,01
AU, = 0,674 (2U 4 —U; (1) =0,015(2U ; —U, (1))

U, (t+At) =U,(t) + AU,

* Nut 4.

La nut c6 mot dudng day di toi v6i tong trd song Z = 400€2, Tong trd tap trung

1a dién tro phi tuyén ctia chong sét van, do d6 can tinh bang phuong phap d6 thi.

2U,,

C =
% CVS

Hinh 4-12: So' d6 Peterson tai niit 4.

Trong so d0 trén Za ndi voi chong sét van khong khe ho ZnO lap song song véi
dién dung tap trung tai nit 4 1a C = 373,33 (pF)

Uesv = K%y Trong d6 : K =373,5 vaa =0,025
Uesy + 1.Zgt = 2.U 24 = 2.Ug
Ta c6 U’24 la song toi tir nut 2: Uzg = Uz — U2

Up= Us—- U’y
U’2s = Ugg(t — 2.124)

Ta tinh ngay duoc Us trong khoang ndy bang phuong phap d6 thi(dya vao U,
Zqt va dic tinh V=S, V — A clia chong sét van).

Qua trinh tinh toan dugc lap di 1ap lai gitta cac nut 4va 2.
Dic tinh chiu dung ctia may bién 4p 220k V.
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Tra trong gido trinh k¥ thuat dién cao ap ta c6 dic tinh cach dién ciia may bién ap

theo dién ap chiu dung cyc dai.

Uim=220kV

U maleOOO kV

Bang 4-1: Dién ap chiu duyng ctia may bién ap theo thoi gian

H{ 115

1,5

UlkV)

310

70

1000

70

840

870

810

760

7300 (F10 710 [710

Dac tinh cach di¢n cua thanh gép

Dic tinh cach dién ctia thanh gop chinh 1a dic tinh phéng dién cua chudi st

Bang 4- 2: Pic tinh V-S cua thanh gop.
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Duya vio phuong trinh dién 4p nit da 1ap ta c6 bang tinh gia tri dién ap trinh bay

trong phan phu lyc. Tir bang ndy ta vé dugc db thi:

2000 S
1500
— Mutil
— Mut2
1000 : — Muts
E: : — ut3
=  — PBiEc tinh V-3
s : clia T
00 : i —PBrEe tinh V-3
; : i : ciia MBA
. i ¥ : i i
2 A 5 ¢ 8 10
' ' t{us) ' '
-500 - S
Hinh 4-13: Do thi dién ap tai cdac nut.
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4.4. Nhan xét.
Dién 4p tai cac nut luén ndm dudi dudng dic tinh V-S cua thanh gop va dién ap

chiu dung ctia may bién &p.Vay tram dugc bao v¢ an toan.

Viéc tinh toan qua dién 4p do song truyén tir dudng day vao tram dung phuong
phap tinh toan truc tiép phurc tap chi duoc dung khi tram c6 két cau don gian. Tinh
bao vé chdng song truyén vao tram c6 khdi luong tinh toan 16n do tham sb cua song
tir duong day vao tram rat khac nhau (phu thudc vao dong dién sét, két cau duong
day va vi tri sét danh). Thuc té nguoi ta st dung phuong phap do dac truc tiép hay
trén mo hinh may tinh dién tir. V&i nhiing tram don gian ngudi ta c6 thé tinh toan

bang phuong phap 1ap bang. Do d6 két qua tinh toan thuong khong chinh xéc.

Ngay nay voi su phét trién manh mé cta cong nghé thong tin nguoi ta c6 thé ap
dung rong rdi cic chuong trinh dé nghién ctru qua trinh qua do trong hé théng dién

mot cach don gian vaéi do chinh xac cao.

89



KET LUAN

Thiét ké hé théng chdng sét 14 van dé quan trong hang dau trong viéc duy
tri va bao vé an toan cho tram bién &p noi riéng va hé thong dién ludi néi chung.
Sau thoi gian tich cuc 1am viéc dé hoan thanh dd an, em dd hiéu mot sé nhiing
kién thirc co ban vé chéng sét cho hé thdng tram bién ap. Trong qué trinh thuc
hién d6 4n em d3 nghién ciru va tim hiéu cac van dé chinh sau:

- Thiét ké bao vé chdng sét cho tram bién 4p Ctra Cam.

- Thiét ké hé thdng ndi dat.

- Bao vé chéng sét duong day.

- Bao vé chéng sét truyén vao tram bién &p tir phia dudng day.

Chdng sét 1a mot van dé rat phic tap, nd khong chi don thuan trong hé
théng dién ma con anh huong rong rii trong linh vuc san xuat va doi song hang
ngay. Trong thoi gian ba thang, mac du da rat nd luc, tuy nhién do an méi chi
nghién ciru vé Iy thuyét nén khong tranh khoi nhiéu thiéu sét. Em mong duoc su
dong gop cua thay cd va cac ban dé d6 an duoc hoan thién hon.

Em xin tran thanh cam on thay gido huéng dan Th.S Pham Puc Thuan va céc
thay c6 gido trong Khoa Pién — Dién tir da gitip d& em trong quéa trinh hoc tap
dac biét 1a trong lac lam do an.
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