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LOI NOI PAU
Nganh Pién giitr mot vai tro dic biét quan trong trong nén kinh t& quéc dén, 13 co so dé phat
trién nén cong nghlep hién dai, la dong lyc quan trong cua qua trinh cong nghi€p hoa — hién dai hoa

dat nudce tao nén tang cho moi su tién bo ky thuit trong céng nghiép cling nhu cac nganh kinh té
khéc.

La sinh vién khoa DPién chuyén nganh K¥ thuat dién, sau thoi gian hoc tap va rén luyén tai
Truong Pai hoc Bach khoa — Pai hoc Pa Nang voi su giang day tan tinh cia cac thﬁy c0, em duoc
giao dé tai tot nghiép “Thiét ké mang dién va cao ap”. Xéac dinh ddy 1a cong viéc quan trong nham
danh gia lai toan bo kién thirc ma ban than di tiép thu dugc trong qua trinh hoc tap tai truong. Dé
tai nay 1a mot linh vuc trong tim cta nganh dién trong qua trinh san xudt, truyén tai, phan phdi va
tiéu thu dién nang.

D6 an gébm 5 chuong:

- Chuong I: Tinh toan va dé suit phuong an ndi day cua mang dién sao cho dam bao cac chi
ticu ky thuat;

- Chuong II: Xac dinh $6 luong, dung lugng may bién ap cho cac hg tiéu thyu. Lya chon so dd
chi tiét mang dién thiét ké;

- Chuong I1I: Str dung Etap dé xac dinh dung lugng bu cho mang dién va lya chon dau phan
ap cho cac tram bién ap. Xac dinh ton that cong suit va ton that dién nang cua mang dién thiét ké;

- Chuong IV: Tinh toan va thiét ké bao vé chong sét cho duong day va tram bién ap;

- Chuong V: Tinh toan va thiét ké hé thong ndi dat cho dudng day va tram bién ap.

Sau thoi gian tim hiéu va thuc hién, cung voi su huong dan, hd tro tan tinh cta quy théy, co
dic biét 1a PGS. TS Phan Pinh Chung d3 giup em trong qua trinh hoan thanh d6 4n. Qua d6 4n nay
em ciing xin dugc bay to 10i cam on chan thanh téi PGS. TS Phan Dinh Chung va quy thay c6 Khoa
Pién Truong Pai hoc Bach khoa — Pai hoc Pa Nang.

Vi thoi gian ¢6 han va ban than con nhiéu mat han ché trong kién thtrc chuyén mén nén khong
thé tranh duoc nhirng sai s6t nhat dinh. Em rat mong nhin dugc nhirng v kién déng gbp cua quy
thay, c6 dé dd 4n va ban than em ngay dugc hoan thién hon

Em xin chan thanh cam on!

Sinh vién thuc hién
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CHUONG I: TINH TOAN VA PE XUAT PHUONG AN NOI DAY CUA MANG PIEN

Khi thiét ké mot hé thong dién, van dé dit ra 13 phai lwa chon phuong an két ludi t6i vu dua
trén co so 1 so sanh kinh té, ki thuat cac phuwong an. Viéc so sanh cic phuong an vé mat ki thuat
chu yéu duya trén cic mit sau va phai dam bao:

- Yéu cau cung céip dién cho cac ho tiéu thu.

- Ton that dién ap lac binh thuong va lc sy cb.

- Bién 4p tai cac ho ti€u thu: AU < AU,.

- Yéu cau vé phat nong cho phép ctia day dan, d6 bén co hoc cua diy dan.
- Dam bdo tinh kinh té.

Muc dich chu yéu cua thiét ké 1a tim ra phuong &4n thod man cac di€u kién trén. Van dé can
giai quyét la lya chon so d6 ndi day cua mang dién, dong thoi chon cap dién 4p tai dién, lya chon

duong day dy phong.
Bing 1.1: Théng sé ciia cdc phu tii
) Cac phu tai ti€u thu
Cac so liéu
1 2 3 4
Phu tai cuc dai [MW] 25 30 35 24
Hé s6 cong suat 0,8 0,8 0,85 0,8
Cong suit phan khang 18,75 22,5 21,665 18
Yéu cau cap dién Kinh té Kinh té Kinh té Kinh té
Phu tai min 60% 45% 50% 52%
Hé s6 dong thoi 1 1 1 1
bi¢n dp dinh muc ctua phu tai 2
[kV]




1.1. Dy kién phwong 4n ndi diy ciia mang dién.
1.1.1. X4c dinh khoang cach tir phu tai dén ngudn, phu tai dén phu tai.
Bdng 1.2: Khodng cdch cdc nhdanh

KM 1 2 3 4

>

50 60 60,82

50

44,72

W N -

1.1.2 Xac dinh phwong 4n ndi day so bd.

Khao sat vach tuyén dudng day 1a cong viéc dau tién cta cong tac thiét ké, né anh huong dén
dén bu, thi cong, quan ly van hanh va cac chi tiéu kinh té, k¥ thuat ciia mang dién. Trong pham vi
d6 an nay chua quan tAm dén diéu kién dia chat, dia hinh va quy hoach téng thé, chi xét dén cac chi
tiéu k¥ thuat ctia cac phuong an.

Khi chon phuong an ndi day ctia mang dién ta dya vao tinh cht ctia h tiéu thy dién, khoang
cach tir nguon dén phu tai va quan trong nhat 1a phuong thirc van hanh da xac dinh trudc cling nhu
cong suat ctia cic nha may.

Vach phuong an n61 day phai dam bao cac yéu cau sau:

- Loai I: bao gém cac phu tai quan trong. Viéc ngung cung cap dién cho cic phu tai ndy cé thé
gy nguy hiém cho tinh mang con ngudi, thiét hai dén san xuat, anh hudng dén an ninh qubc phong.
Dé thuc hién yéu cau vé do tin cdy cung cép dién cho cac ho tiéu thu loai I, cAn dam bao du phong
100% trong mang dién, dong thoi du phong dong tu dong. Vi vy dé cung cip dién cho cac ho tiéu
thu loai I c¢6 thé str dung duwong day hai mach hay mach vong.

- Loai II: bao gom nhiing phu tai tuy quan trong nhung viéc mat dién chi gdy giam sit vé s6
luong san pham. Vi vay mirc dd ddm bao cung cap di¢n an toan va lién tuc cho cac phu tai nay can
dugc can nhac mai co6 theé quyét dinh duogc.

- Loai III: bao gom cac phu tai khéng quan trong, viéc mat dién khong gy ra nhiing hau qua
nghiém trong. Trong truong hop nay khong can phai xét dén cac phuong tién du phong dam bao
cung cap.

Tuy phan ra 1am ba loai phu tai nhung khi nghién ctru so 6 nén tan dung cac diéu kién dam bao
mirc d6 cung cp dién cao nhit c6 thé duoc cho tit ca cac phu tai trong d6 ké ca cac loai phu tai loai
ba.
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Cung cap dién cho cac phu tai phai theo duong gan nhit dé giam ton that cong sudt va tén
that dién ap.

Ta c6 phuong &4n nd1 day sau:

1.1.2.1. Phwong an ndi day

Hinh 1.1: So' d6 phwong dn néi ddy cung cép di¢n
1.2. Tinh toan vé mit k¥ thuét.

Ta can tinh toan cac ndi dung sau: lya chon céip dién ap tai dién; lya chon tiét dién day dan;
kiém tra diéu kién phat nong cua day dan lac su cd; ton that dién ap luc lam viéc binh thuong va
lac sy ¢b nguy hiém nhat (phu tai cuc dai).

1.2.1. Chon cip dién 4p tai dién ciia mang dién.

Lua chon cap dién 4p tai dién rt quan trong, vi né anh hudng truc tiép dén chi tiéu ki thuat
va kinh té cua mang dién.

Trong tinh todn, dé x4c dinh cép dién &p tai dién cia mang ta duya vao cong thirc kinh nghiém
Still:



U = 4,34VL + 16P (kV)
Trong do:
+ L: Chiéu dai ctiia nhanh (kM).
+ P: Cong suat truyén tai trén dudng day (MW).
+ U: Dién 4p tai dién cua duong day (kV).
1.2.2. Chon tiét dién day din.

Chon tiét dién ddy din nham dam bao tinh kinh té k¥ thuat cia mang dién. Trong pham vi
dd an nay ta chi dung loai day AC dé tai dién.

Dbi voi dudng day dién ap 110kV phai chon tiét dién day dan tir AC-70 trd 1én dé khong
xuét hién vang quang.

Mang di¢n thiét ké 1a mang dién khu vuc c6 cong sudt truyén tai 16n, dién ap cao, diy dan
dai, do d6 tiét dién day dan duogc tinh theo mat do dong di¢n kinh té Jis.

Thoi gian str dung cong suat cyc dai Tmax = 5500 (dé cho). Tra bang 5-1/TL-3/trang 86, ta
chon Jit= 1,0 [A/mm?].

Tiét dién day dan dugc tinh theo cong thirc:

I S
Fi= /=% = X 103 (mm
Tkt nV3Udm jj, (mm)

+ Péi voi duong day don: n = 1.

+ Pbi voi duong diy kép: n = 2.



Bing 1.3: Thong s6 cdc loai ddy din nhw sau

Loai day AC-70 |AC-95 [AC-120 [AC-150 | AC-185 | AC-240
Ro(Q/Km) 0,46 0,33 0,27 0,21 0,17 0,13
Xo(Q/Km) 0,417 | 0406 | 0,400 0,398 0,386 0,366

bo(10%/QKm) | 2,73 2,81 2,85 2,90 2,96 3,03

Lep(A) 265 330 380 445 510 605

1.2.3. Kiém tra phat néng cia day dén lic su co.
Khi su ¢d dit mot ddy cua dudng day kép (khong xét trudng hop su ¢b xép chong va sy ¢b
dat duong day don).

Dong dién su ¢0: Tsemax = 2 X Ivax
So sanh diéu kién: Isemax <K x Icp (TL-3/trang 110)
Trong do:
+ Isemax: DOng dién lam viéc lac sy b khi phu tai cuc dai.
+1, :Dong dién lam viéc cho phép cua day dan.
+K : Heé sd hiéu chinh phu thudc vao nhi¢t do méi trudong.
Chon K =10,8

Néu tiét dién day din dugc chon khong thoa man diéu kién trén thi ta ting tiét dién day din
1én cho dén khi nao thoa méan diéu thi thoi.

1.2.4. Tinh toan ton thit dién ap lic binh thwong va khi sw cd.
- Ton thét dién ap duoc tinh theo cong thuc:

AUPtYp = TS5 100 9%

dm
Trong do:
P :Cong suit tic dung truyén tai trén duong day (MW).
Q : Cong suit phan khang truyén tai trén dudng day (MVATr).
R :Dién tr¢ cia duong day (Q).
X : Dbién khang ctia duong day ().
Udm: Dién ap dinh muc cua duong day (kV).

L : Chiéu dai truyén tai dién (km).



- Tinh ton that dién ap cuc dai AUmax lGic binh thuong (nghia 1 tinh ton that dién ap tir nguon
dén phu tai xa nhét lac phu tai cuc dai) va tinh AUmax l0c su cd nang nhét.

- Céc trj s6 AU% tinh duge phai théa man diéu kién sau (TL-4/trang 205):
+ Luc binh thuong : AUnax% < 10 +15%.
+ Lic su ¢b cAUs% <15+ 20%.

- Néu ho loai I ding MBA diéu chinh dién ap dudi tai (vi may nay c6 pham vi diéu chinh
rong), nén c6 thé xét theo diéu kién sau:

+ Lac binh thuong  : AUmax% <15 +20%.
+ Lbc su ¢b : AUsc% <20 +25%.

1.3. Tinh toan cu thé cho phwong 4n.

1.3.1. Tinh phéin b cong suit cho cac nhanh.
- Cong suét trén nhanh A-3:

Sa_s =S3+S, = (35+j21,665) + (24 +j18) = 59 + j39,665 MVA
- Cong suit trén nhanh 3-4:
Ss_4 =S, =24 +j18 MVA
- Cong suit trén nhanh A-1:
Sa-; =S, = 25+18,75 MVA
- Céng suat trén dudng day A-2:
Sa_, =S, =30+j22,5MVA

1.3.2. Chon cap dién ap.
- Ap dung cong thurc kinh nghiém Still, ta 1ap dugc bang tinh sau:

U = 4,34VL + 16P [kV]
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Bing 1.4: Cdc cdp dién dp

Nhanh | L (km) | P(MW) | U (kV)
A-1 50 25 92,07
A-2 60 30 100,85
A-3 60,82 35 108,13
3-4 44,72 24 89,86

-Vi mang dién thiét ké & day la mang dién khu vyc nén ta chon dién ap van hanh

cho toan mang la 110k V.
1.3.3 Chon tiét dién day dan.
* Nhanh A-1:

- Tnaxal = Simax
axA- —n\/gUdm.

3 =

Imax _ 8501
_Fyp —max_ 8501 _
Ikt 1,0

- Chon day din AC-95. Tra bang thong sé day dan, ta co:
Iep =330 (A); Ro= 0,33 (/Km); Xo = 0,406 (Q/Km); bo= 2,81 (10¢/QKm).

* Nhanh A-2:

 Ttaxpn = Somax
e n\/gUdm.

3 =

_Imax _ 9841

Ikt 1,0

- Chon day din AC-95. Tra bang thong sé day dan, ta co:
Iep = 330 (A); Ro= 0,33 (/Km); Xo = 0,406 (€/Km); bo= 2,81 (10%/QKm).

* Nhanh A-3:
- IMaxA-Z -
nV3Ugm
CFyr = Imax _ 18657

Jkt

- Chon day dan AC-185. Tra bang thong s6 diy dan, ta cé:
Iy = 510 (A); Ro= 0,71 (Q/Km); Xo = 0,386 (Q/Km); bo= 2,96 (10-/QKm).

1,0

\/252+18,752

24/3.110

85,01 (mm?)

\302+22,52

2v/3.110

98,41(mm?

_ S3amax 103 = \/592+39,6652

24/3.110

x 103 = 85,01(A).

x 103 = 98,41(A).

). h

= 186,57 (mm?).

x 103 = 186,57 (A).

chung
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* Nhanh 3-4:

_ Saimax 3_ V242+182 3 _
- IMax3-4 ——nﬁUdm.IO 273110 X 10° =76,72(A).
“Fyr = max =772 _ 96 75 (mm?).
Tkt 1,0

- Chon day din AC-70. Tra bang thong sé day dan, ta co:
Lep = 265 (A); Ro= 0,46 (/Km); Xo = 0,417 (/Km); bo= 2,73 (10%/QKm).

Bing 1.5: Bing chon tiét dién ddy din ciia mang

P Q S Imax Fxr Icp

Nhanh N Loai day
(MW) (MVAr) | (MVA) (A) (mm?) (A)
A-1 25 2 18,75 31,25 85,01 85,01 AC-95 330
A-2 30 2 22,5 37,5 98,41 98,41 AC-95 330
A-3 59 2 | 39,665 | 71,10 | 186,57 | 186,57 | AC-185 510
3-4 24 2 18 30 76,72 | 76,72 AC-70 265

1.3.4 Kiém tra phat néng ciia diy din hic sy cd.
e Xét nhanh A-1:

\252+18,752
e 2 108

Lsermax = V3.110
Isemax <K x Iep = 0,82 x 330 =270,6 (A)  (Thod man)

e X¢ét nhanh A-2:
_ /30242252

semax = — =0
Isemax <K x Iep = 0,82 x 330 =270,6 (A)  (Thod man)

e Xét nhanh A-3:
—W.103=

Isemax = 73110
Tsemax < K % Iep = 0,82 x 510 =481,2 (A)  (Thoa min)
e Xét nhanh 3-4:

_ V2424182
Iscmax - \/5.110 .

= 164,01 (A).

103=196,82 (A).

373,14 (A).

103= 157,46 (A).

Viy cac két qua trén déu théa man diéu kién phat néng.
12



1.3.5 Kiém tra ton thit dién ap lic binh thuong.

Nhanh L (km) N Loai day ro(Q/km) xo(2/km) R(Q) X(Q)
A-1 50 2 AC-95 0,33 0,406 8,25 10,15
A-2 60 2 AC-95 0,33 0,406 9,9 12,18
A-3 60,82 2 AC-185 0,17 0,386 5,17 11,74
3-4 44,72 2 AC-70 0,21 0,417 4,7 9,32

* Nhanh A-1:
AU 1 =552 x100%

_25.8,25+18,75.10,15

x100% =3,27%

1102
* Nhanh A-2:
AU%x.400 = 2222 100%
dm
= 22 X100% = 4,72%
* Nhanh A-3:

P3.R3+Q3 X3

AU%A-4bt = 2

dm

_59.5,17+4+39,665.11,74

x100%

1102
* Nhdnh 3-4:
AU%3.40n = 2582251 00%
dm

_24.4,7+18.9,32

1102

x100% =2,31%

x100% = 6,36%

= AU%A-3-4max = AU%a-abt + AU%3.46t = 6,36 +2,31= 8,67 %

Vay tiét dién day dan d4 chon thoa méan diéu kién ton that dién ap lac lam viéc binh thudng,
tén that dién 4p 16n nhét trong mang 14 nhanh A-3-4.

AUbtmax% = AU%n-30t = 8,67% < 10% dat yéu cau.

1.3.6 Kiém tra ton that dién ap lic s cd.
Khi su ¢d dit mot mach trén duong day kép: AUs% = 2x AUn%
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* Nhanh A-1:

AUsca-1% = 2 X AUpt A-1% =2 X 3,27% = 6,54%

* Nhanh A-2:

AUscr2% =2 X AUbta2% =2 %x5,9% =11,8%
* Nhanh A-3-4:

- Khi dit mot mach trén duong day A-3:
AUsca3% = 2 X AUbtA-3% =2 X 6,36% = 12,72%
AUsc3—4% = AUbt 3—4% = 2,3 1%

- Khi dut mot mach trén duong day 3-4:
AUsca3% = AUpt A3% = 6,36% = 6,36%

AUsc3-4% = 2 X AUpt34% =2 x 2,31% = 4,62%
= AUscA-3-4max% = AUscA-3% + AUsc3-4% 212,72 + 2,3 1215,03%

Vay tiét dién day dan da chon thda man diéu kién ton that dién ap lac lam viéc & ché do su cb
va cong suét cuc dai. Ton that dién ap 16n nhat trong mang 13 nhanh A-3-4, ¢6: AUsca34% = 15,03%

Bing 1.6: Tong két phwong dn

Nhanh A-1 A-2 A-3 3-4
Loai day AC-95 AC-95 AC-185 AC-70
AUbt-max %o 8,67 %
AUsc-max%o0 15,03 %

14



CHUONG II: XAC PINH SO LUQNG VA DUNG LUQNG MAY BIEN AP CHO
CAC HOQ TIEU THU
2.1. Xac dinh s6 lwgng va cong suit ciia may bién ap.
2.1.1. Chon s6 lwong may bién ap.
Phai dam bdo cung cép dién cho cac ho tiéu thu.
- Ho loai I: ti thiéu phai dat 2 MBA dé cung cép dién lién tuc.
- Ho loai I1I: do yéu cau cung cip dién khong cao, cho phép mét dién trong khoang thoi gian

nhat dinh nén chi can lip dat 1 MBA.

2.1.2. Chon cdng suit may bién ap.

- Phai dam bao ché d6 1am viéc hop 1y vé mit kinh té va dam bao sao cho tram bién ap c6
thé dap tng duoc phu tai 1on nhat. Khi c6 bat ky mot MBA nao nghi, cac MBA con lai van hanh
qua tai su c6 cho phép 40% trong 5 ngay dém, mdi ngay khong qua 6 gio.

- Cong suat MBA duoc tinh dya trén cong thirc:

S > Smax
“k(n-1)

Trong do:
> Smax: phu tai cuc dai cta tram.
> K =1,4: hé s6 qua tai MBA.
>n: sb MBA dit trong tram.
+ Phu tai loai I (2 MBA): cong suat mdi MBA chon theo diéu kién:

“5'.:.’“-“5'_-! 2 1‘.4

+ Phu tai loai Il (1 MBA): nén cong suat mdi MBA chon theo diéu kién:
SdeA > Sptmax

- Cac TBA c6 n may van hanh song song, dé ting hiéu qua kinh té ta tinh cong suét gi6i han
dé chuyén tir van hanh n may sang n-1 may.

APge
APCu.dm

Sgh = Sdm.\/n. (n—1).

Neéu: Sgh>Spmin: n-1 MBA lam vi¢c song song ¢ ché do cuc tiéu
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Seh = Sptmin: N hodc n-1 MBA lam vi¢c song song ¢ ché do cuc tiéu
Seh< Spimin: n MBA 1am viéc song song & ché do cuc ti€u

2.1.3. Chon kiéu may bién ap.

Hé thong chi ¢ 2 cp dién ap 110kV va 22 kV, nén ta chon MBA 3 pha 2 cudn diy quin

(MBA 3 pha giam vén dau tu va dién tich lip dit so v6i 1 pha).
+ HJ tiéu thu loai I: dung MBA c6 diéu chinh dién ap dudi tai.
+ HO tiéu thuy loai III: ding MBA binh thuong dé giam gia thanh.

2.2. Tinh toan cu thé chon may bién ap.

- Theo yéu cau dé bai, khi phu tai cuc dai va khi sy ¢6 dién ap thanh gdp ctia nha may dién: U

=1,1Uam= 121 kV va khi phu tai cuc tiéu U = 1,05 Uam= 115,5 kV.
2.2.1. Chon may bién ap cho cac tram bién ap phu tai.
2.2.2.1. Tram bién dp B1 (Phu tdii loai 1).

- Ta ¢6: + Spumax =+/Q2 + P2 = /252 + 18,752 = 31,25 (MVA)

- Chon hai MBA diéu ap dudi tai v6i cong suat médy theo diéu kién:

Spt max _ 31,25
1.4 14

+ S, > =22,32 (MVA).

+ Tra bang 18/trang 276, ta chon may bién ap loai: TDH-25000/110
2.2.2.2. Tram bién dp B2 (Phu tdii loai 1).
- Ta c6: + Spmax =4/ Q% + P2 = /302 + 22,52 = 37,5 (MVA)

- Chon hai MBA diéu ap duéi tai v6i cong suit mdy theo diéu kién:

S max 37,5
+S, . > ’1’ 4 " 1g = 2678(MVA).

+ Tra bang 18/trang 276, ta chon may bién ap loai: TDH-32000/110
2.2.2.3. Tram bién dp B3 (Phu tdii loai 1).
- Ta co: + Spimax =4/ Q? + P? = J352 + 21,6652 = 41,16 (MVA).

- Chon hai MBA diéu ap duéi tai v6i cong suit may theo diéu kién:

Sptmax __ 41,16

+ SdeA 2
1.4 14

=31,25 (MVA).

+ Tra bang 18/trang 276, ta chon may bién ap loai: TDH-32000/110%

2.2.2.4. Tram bién dp B4 (Phu tdi loai 1).
-Ta C(,): Sptmax 4/ QZ + PZ =V 24‘2 + 182 = 29,87 (MVA)

16



- Chon hai MBA binh thudng véi cong suit may theo diéu kién:

Sptmax _ 29,87

” - =21,33 (MVA).

+ Sd‘mBA 2

+ Tra 18/trang 276, ta chon may bién ap loai: TDH-25000/110%.

* Pign tré, dién khdng va ton thit cong sudt phén khdng (khi khéng tdi) ciia mdy bién dp dwoc
xdc dinh theo cong thvrc:

AP, U,

Re= — % ()
Szdm
o 2
Xe= Un %.U, @)
100.S am
0.,
AQo = —(Q)
100

17



Bing 2.1: Bing thong so ciia MBA di chon nhw sau

Sdam Un A
Tra . Uc APy | APN Qo Rs XB Ux Io
* | LoaiMBA | Mmv K KVA
m KV KW | KW [9) Q % %
A \Y r
Bl TDH- 25 | 115 |24 | 29 | 120 | 200 | 254 | 559 | 10,5| 0,85
25000/110
B2 TDH- 32 | 115 |24 | 35 | 145 | 240 | 1,87 | 435 | 10,5 | 0,75
32000/110
B3 TDH- 32 | 115 |24 | 35 | 145 | 240 |1,87 | 43,5 | 10,5 | 0,75
32000/110
B4 TDH- 25 | 115 |24 | 29 | 120 | 200 [254 | 559 | 10,5 | 0,75
25000/110
Phu tai 1 2 3 4
Sptmax= P/coso 31,25 37,5 43,75 30
Kptmin (%) 40 50 55 40
SptminzKptmin.SptmaX 12,5 18,75 24,07 12
S6 lugng MBA: n 2 2 2 2
Sdmga 25 32 32 25
AP, (KW) 120 145 145 120
APy (KW) 29 35 35 29
Sqgn 17,38 15,28 15,28 17,38
AP,
= n(n_ 1).E.SdeA
S6 lugng MBA ¢ ché d6 cuc 1 2 2 1

tiéu
* Sptmin = Sgh: 2 MBA lam
viéc song song

Bing 2.2: Tinh todn ciit b6t MBA trong TBA cé nhiéu MBA
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SO PO NOI DAY CHITIET
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hi tiet

So dé noi diy c

Hinh 2.1
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CHUONG III: XAC PINH DUNG LUQNG BU CHO MANG PIEN VA LUA CHON PAU
PHAN AP CHO CAC TRAM BIEN AP BANG PHAN MEM ETAP. XAC PINH TON
THAT CONG SUAT VA TON THAT PIEN NANG CUA MANG DPIEN THIET KE

ETAP (Electrical Transient Analyzer Program) 1a phan mém chuyén dung cho thiét ké, mo phong,
phan tich va van hanh hé thong dién, duoc phat trién boi Operation Technology, Inc (OTI). Phan
mém tich hop cac module manh mé&, h trg tinh toan cac bai toan nhu phan bd cong suat, ngan
mach, on dinh hé théng, phéi hop bado v¢, va t6i vu hoa nang lugng. Vai giao dién truc quan va
kha ning xtr 1y cac hé thong dién phirc tap, ETAP dugc sir dung rong rii trong cac dy 4n k§ thuat
dién, tir ludi dién cong nghiép dén niang luong tai tao, gitip tdi uu hoa thiét ké va dam bao do tin
cdy cua hé thong.

Trong chuong nay sé& stir dung phan mém Etap dé xac dinh dung luong bu cho mang dién, lya
chon xac dau phan ap cho cac tram bién 4p, cling nhu xac dinh t6n that cong suat va ton that dién
nang cia mang di¢n.

3.1 Xac dinh dung lwgng bu cho mang di¢n

- Gi6i han dién 4p cho cac thanh cai duoc diéu chinh (thanh cai 22kV): 95 + 105 %;

- Gi6i han hé sé cong suit phan khang lién quan dén chit lwong dién ning cua hé thong.
Nhung khi nhu cau vé cong suit phan khang ting cao dan dén viéc giam cong suit tic dung cua hé
thong, ting ton that trén duong day, giam dién ap cling nhu chi phi van hanh cao hon. Viéc dit cac
tu bu ¢6 thé cung cAp mot phan cong suat phan khang yéu cau, nhung dung luong, vi tri, phuong
phap diéu khién va chi phi van hanh tu I nhitng van d¢é quan trong can dugc xem xét va tdi uu trong
subt giai doan thiét ké mang dién. Ngoai ra tu bu con ho tro dién ap, diéu chinh hé s6 cong suét ctia
mang trong khi tdi wu hoa tong chi phi lap dat va van hanh.

Dé dat tu bu trong mang di¢n, cAn xem xét cac yéu td:

- Xac dinh dung luong tu bu;

- Xac dinh vi tri dat tu;

- X4c dinh phuong phap diéu khién.

Etap cung cdp Module Optimal Capacitor Placement (OCP) c6 thé giai quyét cac van dé trén.
Module OCP cho phép dat cac tu dé hd tro dién ap va diéu chinh hé sb cong suét trong khi van tbi
vu hoa duoc tong chi phi. Voi giao dién d6 hoa vuot troi cung cip su linh hoat dé diéu khién qua
trinh lap dit tu, trong khi cho phép ngudi dung xem két qua ngay 1ap tic. Phuong phép tinh toan
chinh xac tu dong xac dinh vi tri va dung luong pht hop nhat.

Cac dtr liéu tinh toan:

- Ché d¢ van hanh: ché d¢ cuc dai;
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- bién 4p cua thanh cai nguon A;

- Thong s6 cua phu tai: cuc dai;

- Vi tri dau phan ap: str dung dau dinh murc cong suat: 80 + 95 %;

- Chi phi nang lugng: 0.033 USD/ kWh.

Thong sb tu bu dugc trinh bay trong bang:
Dién 4ap | DPiénap | Dungluong | Ton Chi phi Chi phi Chi phi van hanh,

dinh | 16n nhat, | dinh mtc, | thit, mua lap dit, USD/nam
ml:fC, kV kV kVAr kW 1/ kVAI’, USD
USD
22 25 1200 3,6 1000 200

Nguén: Scribd — Material Rate, Electrical Engineering Portal

Khi sir dung module OCP trong Etap chung ta c6 két qua dung luong bu cho mang dién tai thanh
cai 22Kv ¢ bang 3.1 va hinh 3.1 nhu sau:

b}en dién ap, SUL, luong | luong bu, W mua ty, | lap dat, | van hanh,
ap % o, tu kVAr USD USD | USD/nam
1 101,266 83,0 2 2400 7,2 19200 1 000 400
2 99,541 82,4 2 2400 7,2 19200 1 000 400
3 98,955 87,0 2 2400 7,2 19200 1 000 400
4 99,798 99,7 17 20400 61,2 192000 1 000 3400
Téng 23 27600 82,8 249600 4 000 4600

Bang 3.1: Dung lwong bu mang dién
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3.2 Lura chon dau phén ap cho cac tram bién ap

Nhiéu bién phéap diéu chinh dién 4p tai phu tai duoc 4p dung nham dam bao chat lwvong dién ap nhu
thay d6i dién ap van hanh, dit thiét bi bu, phan bo cong suét hop 1y trong mang dién, thay doi dau

phén ap cua may bién ap...

Trong phan nay sé trinh bay viéc lya chon du phén 4p cho cac tram bién ap bang phan mém

Etap nham dam béao dién ap tai thanh cai ha ap trong pham vi d6 1éch cho phép

Céc phu tai trong mang véi yéu cau diéu chinh khac thuong can lira chon dau phan 4p diéu

chinh dudi tai va dg 1éch dién ap cho phép duogc xac dinh theo bang sau.

Bing 3.2: Yéu cau d¢ léch dién dp déi véi phu tii

Ché do
Cuc dai Cuc tiéu Su ¢
Piéu chinh khac thuong 5% 0% 0+ 5%

Diéu chinh thudng

Céac may bién ap 115/22kV trong cac tram, chon loai c6 19 dau phan ap bao gom mot dau

dinh muc va 18 dau phan 4p cho phép diéu chinh dién ap trong pham vi quanh dién ap dinh muc.

Bing 3.3: Dau phdn dp ciia mdy bién dp 115/22 kV

Pau phan ap Pham vi diéu chinh, % Upa, kV
+9 + 16,02 133,423
+8 + 14,24 131,376
+7 + 12,46 129,329
+6 + 10,68 127,282
+5 + 89 125,235
+4 + 7,12 123,188
+3 + 534 121,141
+2 + 3,56 119,094
+1 + 1,78 117,047

0 0 115
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1 - 1,78 112,953
2 - 3,56 110,906
3 - 534 108,859
4 - 7112 106,812
5 - 89 104,765
-6 - 10,68 102,718
-7 - 12,46 100,671
-8 - 14,24 98,624
9 - 16,02 96,577

3.2.1

Luwa chon dau phén ap cho cac tram bién ap & ché d6 phu tii cwc dai

biéu kién tinh toan

- bién 4p trén thanh cai nguon A;

- Thong s6 phu téi cyc dai;

- Van hanh thiét bj bu;

- Van hanh song song hai méy bién ap.

Két qua lya chon dau phan ap duoc trinh bay trong bang sau:

T}ram Un, t}*u('yc khi chon | Lya chon du UHa‘sau khi chon | B¢ léch di‘én ap sau khi
bién ap dau phéan ap phan ap dau phan ap chon dau phan ap
1 22,68 -1x1,78 23,144 52
2 22,40 -1x1,78 22,84 3,81
3 22,33 -1x1,78 22,77 3,5
4 22,46 -1x1,78 22,95 4,32

Bing 3.4: Két qua lia chon ddu phén dp ché dé cuc dai
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Voltage Generation Load Load Flow XFMR

B %M oA MW Mra MW Mrar MW M Amp  SPF %lyp
Bl 10000 110000 00 118412 T2 0000 0000 Busd 079 145 162 904
B2 186 9763 1 797
B 079 14552 1622 %04
B3 156 118 914 89
B2 12566 9365 71 BT
Bu3 15611 12183 914 80
B2 10000 106918  -04 0000 0000 005 0400 Buwsl ST 904 mos0l
Buil ST 94 1 80l

Buf 0343 9 764 06 -L780

Bui6 254 904 764 06 -L70
B3 110000 105461 06 0000 0000 000 0430 Bwl 15082 1492 934 T3
Busl -15.080 11492 924 M3

Bu7 50 N2 935 801 -LTSO

Bu? 15047 10252 935 01 -L70
B 110000 105134 23 0000 0000 000 0480 Bwl 9913 (12699 1622 920
Bl 9913 (12609 1822 920
Bus$ 73 13% 619 994
Bus$ I 1% 619 904

Buit 17557 1083 1037 846 LT8O

Bu§ 17557 11083 137 $46 LT8O
Bus§ 10000 102972 32 0000 0000 0058 0400 Busd 1085 -1162 619 993
Bu 1085 -1 619 93

Busd 12056 0962 617 97 LT

Bud 12056 036 617 997 -LT0
Busé 2000 205093 20 0000 0000 25007 16693 B2 12504 BWT O 3D 832
Bl S50 837 3D 832
Bw? 2000 103834 30 0000 0000 30007 20496 Bus3 5004 -10248 0 432 326
Bus3 S50 (10248 4 526
Bu$ 2000 103546 -2 0000 0000 35007 19.698 Bud TS S 80 T2
B 7S04 S48 W90 N2
Bud 2000 104324 <59 0000 0000 24060  0.807 B 2030 0403 38 998

Hinh 3.3: Bdo cdo két qud lwa chon dau phin dp ché dp cwc dai
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3.2.2 Lwa chon diu phan 4p cho cac tram bién ap & ché d6 phu tai cue tiéu

biéu kién tinh toan:

- Dién 4p trén thanh cai ngudn A;

- Thong $6 phu tai cuc tiéu;

- Khong van hanh thiét bi bu;

Két qua lya chon dau phan 4p duoc trinh bay trong bang sau day:

Tram Una t}"uéc khi chon | Lya chon dau UHa‘sau khi chon | Do léch di‘én ap sau khi
bién ap dau phan ap phan ap dau phan ap chon dau phan ap
1 22,066 0 22,066 0,3
2 22,132 0 22,132 0,6
3 21,90 0 21,90 -0,45
4 21,31 -1x1,78 21,73 -1,22

Bing 3.5: Két qua lwa chon ddu phén dp ché dp cwc tiéu
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Bus YVoltage Generation Load Load Flow XFMR
D o %M ape MW Myar MW Mrar MW Moar Amp.  PF %Ip
4Bl 110000 105000 00 523 A7 0000  0.000 Bmd M3 130 933 05
Bm2 7084 424 31 768
Buid 4843 113 933 795
B3 7687 6331 98 T2
Bus2 08 4243 31 768
Bus 7695 6331 98 T2
B2 110000 103662  -01 0000 0000 0029 0200 Bwl 508 4176 31 769
Buil S0 417 #1768
Buib 10030 5132 654 TI6
B3 10000 102588 03 0.000 0000 0070 0430 Buwl 54T 150 #9875
Bumil 547 4150 W 73
Bw? 7512 5910 89 786
Bw? 7512 5910 459 756
Buid 110000 101718 10 0000 0000 0070 0480 Buwsl 14573 -10.699 933 506
Bl 14573 -10.699 933 306
Bui$ 1883 4070 2§ 769
B 4895 4070 0§ 769
Bu§ 9643 6389 597 834
Buis 9643 6389 07 834
Bus$ 110000 100283  -L1 0000 0000 002 0.0 Buwd 489 4010 28 769
Bud 488 4010 28 769
Bud 9628 7819 69 76 L0
Bub 22000 100254 -24 0000 0000 10000  7.500 B2 -10000  -TS00 322 300
Bw? 22000 100623 16 0000 0000 15000 11250 B3 500 5625 M5 300
Buid 500 5625 M5 500
Bmb 2000 957 <28 0000 0000 19250 11930 Bumd 9625 5965 284 850
Bud 9615 5965 1984 550
Bumd 02000 98781 <33 0000 0000 9600  7.200 BS 9600 7200 3388 500

¢ Indicaros a voliage rogulated bus ( voltage conmolled or swing rype mackme connocted to 1t)
2 Indicares a bus wath 2 load musmarch of more than 0.1 MVa

Hinh 3.5: Bdo cdo két qud lwa chon dau phin dp ché dé cuc tiéu
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3.2.3 Lura chon diu phén 4p cho cic tram bién ap & ché d9 su cd

biéu kién tinh toan:

- Dién 4p trén thanh cai ngudn A;

- Phu tai cyc dai voi dung lugng bu san co;

- Sur ¢ dirt mot 16 cua dudng day kép (khong xét trudng hop su ¢b xép chong);

- Gia thiét ngudn cung cap du cong suét tac dung va phan khang.

Két qua lya chon dau phan ap duoc trinh bay trong bang sau day:

Tram Una t‘ru’('wc khi chon | Lua chon dau UHa‘sau khi chon | D9 léch di‘én ap sau khi
bién ap dau phan ap phan ap dau phan ap chon dau phan ap

bt mét mach A-3

3 20,83 -4x1,78 22,75 3,41

4 20,84 -3x1,78 22,37 1,68
bt mot mach 3-4

3 22,29 -1x1,78 22,75 3,41

4 22,29 -2x1,78 22,81 3,68
bt mét mach A-1

1 21,92 -1x1,78 22,84 3,81
bt mot mach A-2

2 21,21 -3x1,78 22,55 2,5

Bing 3.6: Két qud liva chon ddu phén dp & ché dp sw co
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YVoltnge Generation Load Load Flow XFMR
B oBME oA MW M MW Mw MW Mo Amp  WPF 4Ty
*Bul 110000 110000 00 12250  S1270 000  0.000 Busd WA 2465 194 790
Bt 6600 3484 0 57
Bu3 0507 BN 185 7l
B2 110000 103616 -08 0000 0000 0058 0400 Buml 5146 8918 193 798
Buib 25 92 00 805 3560
B 04 925 00805 3560
Bus 10000 100433 -1 0000 0000  00%0 0480 Busl 0166 23090 1S 194
Bus? 08 1130 94§00 1340
Bus? 15048 10303 94 300 530
B 110000 9980 49 0000 0000 00 0430 Bl -9897 26401 M60 913
B N3 18 661 959
Buss 236 151 661 950
B 17557 1089 198 B3 LN
Bug 17557 1080 198 S5 I
B 10000 96857 59 0000 0000 00% 040 Bwms 1208 160 661 .l
Bust 1086 167 661 9.l
Bud 2057 14 65 93 530
Busd 0T 140 658 93 5M0
B 2000 103711 34 0000 0000 25007 16751 Bwl L3 437 3808 8
Bus? S5 831 08 sl
Bu? D00 102504 7 0000 0000 30007 0547 Busd 15004 0274 4655 825
Bus 15004 -l0M 4E5S 85
Buss D00 103391 T8 0000 0000 35007 19704 Busd 75 9852 395 80l
Bt TS0 9852 W8 6Nl
Bud 0000 101662 -6 0000 0000 24061 1673 Bws 2030 086 M3 998
B’ 2030 086 M3 %8

¢ Indicates a volsage regulated bus { voltage conolled or ¢wing yps mackine connectsd to it)

2 Indicatos 2 bus with a load mismateh of more than 0.1 MVA

Hinh 3.7: Bdo cdo két qui chon ddu phén dp ché d¢ sw cé divt mach A-3
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Bus Voltage Generation Load Load Flow XFMR
D o oMz ang MW Mrar MW Mrar MW Mo Amp  WPF Ny
+Buwl 110,000 110.000 00 120945 76.508 0.000 0.000 Buss 301 14953 163 901
Bus2 6415 20633 1599 788
Bud 0N 14953 1643 901
B3 12507 25971 1955 781
B2 110000 203389 08 0.000 0.000 0038 0.400 Bul 5049 19075 199 797
Buwb 12546 9338 792 802 1.780
Buib 12546 9338 792 802 -1.780
B3 110000 100.433 12 0.000 0.000 0.070 0430 Bul -30.166  -23.000 1955 794
Bw? 1048 11303 984 500 5.340
Buw? 15048 10305 94 800 5.340
Bud 110000 105042 24 0.000 0.000 0.070 0430 Busl 3007 -13.00 163 91§
Bl 3017 13052 163 918
BasS 5165 3451 1269 99l
Bms 7.557 13087 1038 346 -1750
B 17557 11087 1038 346 1.750
Bui$ 110000 300512 41 0.000 0.000 0058 0400 Busd 24070 2548 1269 994
Bmd 12056 1075 62 996 -3.560
Bud 12056 1075 62 %6 -3.360
Bw6 200 0169 -5 0.000 0000 25007 16830 B2 S50 541 W91 830
B2 S50 531 391 530
Bw? 2000 102564 L7 0.000 0000 30007 20547 Bwmd 15004 10274 455 825
B3 15004 -10274 855
Bu§ 2000 103448 53 0.000 0000 35007 19702 Bwms 1750 9851 9.5 81
Bus 17504 851 595 371
Bud 2000 103652 -8 0.000 0000 2406 1018 BwmS 12030 Q509 048 998
Bm5 12030 2509 LTSS X

¢ Indicates a voltags regulated bus ( voltage conmolled or swing type mackms commected fo it)

2 Indicates a bus nith 2 load musmatch of more than 0.1 MVA

Hinh 3.9: Bdo cdo két qud chon ddu phén dp ché d¢ sw cé dirt mach 3-4

3.3 X4c dinh ton thét cong suit ciia mang dién thiét ké

Phan mém Etap cung ciAp Module Load Flow Analysis hd tro cho viéc tinh toan dién ap, hé s6 cong

sudt ciia mach, phan bd cong suét va ton that cong suét trong hé thong dién. Etap ciing cho phép

ngudi ding lya chon nhiéu phuong phap khac nhau dé dat dugc hiéu qua tinh toan tot nhat.

Phan nay sé& str dung Module Load Flow Analysis ctia Etap xac dinh ton that cong suat
trong cac ché do van hanh mang dién (sau khi diéu chinh du phan ap cia cac tram bién ap): cuc
dai, cuc tiéu va sau su ¢b

3.3.1 Ton that cong suit ciia mang dién & ché dd cue dai

Sau khi mé phong ta duoc s liéu nhu sau:
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ch Su
Vd
From-To Bus Flew To-From Bus Flow Losses %o Bus Valtage o
Branch D NW Myva MW Mt W 32] Fro To s Vamg
A2 %N M2 90 26 §64 1887 100 105t 437
AC12 12865 9365 28m 4N M0 1T Ued 1069 308
AC-LY o 1458 951 11695 164 18547 ney 05t 447
Lae! 1500 1214 -gsom 1142 S0 0508 100 1055 454
Lned 11868 5765 250 L 940 317 1ned 069 ine
LS 1360 14 50 BIEEN 5290 6508 160 1055 454
LaeT (ARN) 1% 208 118} 164 14} 1054 1030 s
Lauet na 137% 12055 -1168 164 b{13 ) 1051 1030 218
11 11549 3204 12304 A7 89 8569 1065 1052 17
12 1158 a0 123 A4 0o $569 1083 1052 [}
11 L5.087 s 1508 20248 432 10038 1055 1033 16
n2 o7 s A50M JONE a2 lone 1055 1083 18}
T 1755 166 T o4 a0 1234 1084 1033 159
2 11351 1nees 7 S8 0 12358 1080 1035 L5
T4 110% 03 12081 0403 34 ge 1030 w3 137
T2 1166 s o o 54 5566 1030 1043 137
2T 1365

* This Transmsssion Line mehudes Series Capocater.

Pmax: 4072,7 kW
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3.3.2 Ton that cong suit ciia mang dién ¢ ché dd cuec tiéu
Sau khi m6 phong ta duoc so li€u sau:

Branch Losses Summarv Report

From-To Bus Flow To-From Bas Flow Lasses %o Bus Voltage B

% Drop

Branch ID MW Mrvar MW Mvar kW var From To m Vimag

432 14843 11312 -14373 -10.639 26939 6129 1050 1017 328
AC-12 5.084 4243 3028 2176 342 667 105.0 1037 134
AC31 14843 11312 -14373 -10.699 2699 6129 1050 1017 328
Line? 7.695 §.331 -7347 -6.150 1474 1813 1050 1026 241
Linad 5.084 4243 -5028 <4176 342 667 1050 1037 134
Lings 7.695 6.331 -1347 -6.150 1474 1813 1050 1026 241
LineT 4893 070 4829 010 66.6 04 1017 1003 143
Lines 4895 2070 4828 -1010 66.6 604 1017 1003 143
T1-¢ 10.030 8152 -10.000 -7500 296 6523 103.7 1003 341
T2-1 7512 5910 -7300 5.625 122 2846 1026 1006 1.56
T22 7512 5910 -7300 -5.623 122 2846 1026 1006 156
T3-1 9643 6.389 983 5963 182 4240 1017 %6 215
132 9643 6.389 9625 -5.965 182 4240 1017 95 21
T4l 9.628 7819 5600 -7.200 281 6192 1003 933 1.50

11950 45311

¥ This Transmission Line melndes Senes Capacitor.

Pmin: 1195,0 kKW

3.3.3 Ton that cong suat ciia mang dién & ché do sw co

Sau khi mo6 phdng ta dugc so liéu sau:

- Dut mét mach A-3
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Branch Losses Summary Report

From-To Bus Flow To-From Bus Flon Losses *» Bus Voltage & \l:op
Branch ID MW Mvar MW Mvar kw kvar Froen To i Vg
AC-1-2 26403 20 465 -25.146 -18.91% 12576 15473 100 1036 G3E
ACS.1 63 609 34834 -59 §95 -26.401 37143 84336 1100 993 1072
Line? 32507 259N -30.166 -23.0%0 23412 2880 4 110.0 100 4 257
Line? 12336 1871 -12.08¢6 -1.627 2094 2442 593 96.9 2138
Line8 12 356 18T -12 086 -1 627 2694 2442 991 96 9 239
Ti-1 12544 9259 -12.504 -8.375 402 $835 103.6 1037 0.09
T1.2 12 542 9259 -11 504 -8375 402 8R3S 1036 1037 009
T2-1 15048 11.305 -15 004 -10274 444 1031 6 1004 1025 207
T2-2 15048 11 205 15004 10274 “aa 10510 1004 1025 207
T3-1 17557 11 089 -17 504 -9 852 532 12372 993 103 3 411
T3.2 17557 11 089 17504 -9 852 532 12372 993 103 4 411
T4 12057 1427 -12.0M 0 850 268 3904 949 1017 478
T3-2 12057 1.427 -12.031 -0 836 268 5304 959 101.7 478
51810 208352
* This Tron wm Line includes Senes Capacitor
Psca-3: 8181,0 kW
-  Dut mét mach 3-4
ranch Losses Summary Report
vd

e e i

Branch ID MW Mvm Mw Myar kW ooar Frow To 1 Visag

A2 ion 14953 30174 -13 052 £170 1900.6 1100 105.0 196

AC-1-3 26.41% 20633 25149 19075 1166 | 1557.7 itwoe 1036 o4l

AC-3-4 e 16953 30174 13052 5370 1800.0 1Hoo 105.0 i 56

Laned 32507 25971 10.166 23 050 23412 18504 110.0 100.4 957

Ll 25.163 145 SER | 2548 ¥l 012 1050 1005 453

r3-1 12.546 9138 12.504 BAIS 0y 9226 1036 1016 193

TL.2 12.5% 3333 -12.504 -8 415 4rs 9220 1030 1ol 195

121 15048 11 365 15004 10274 “a 036 1004 102.5 207

T2 15.04% 11 305 15,004 1027 “a Loile 1004 s b0

T3 17.557 1 057 17504 9851 531 12358 105.0 1034 159

T2 17.557 11 087 17504 9831 AL A | 1235% 1050 1054 13%

T4 1205 1075 52,081 4 %09 257 5659 100 3 1037 $17

Td2 12 0% 1075 -§2.051 0 n 257 3059 100 3 1087 357

ewss jeesna

* Thas Trassmissson Line inclndes Series Capacitos

Psc3-4: 6605,8 KW

3.4 Xac dinh ton that dién ning ciia mang dién thiét ké
Xéc dinh ton that dién nang ung va4i tinh trang phu tai cuc dai:

3.4.1 Ton thit cong suit tac dung trong toan mang dién
APZ =APD+APB+APD =APD+APCU_+APF€+APD
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Trong do:
AP, Ton that cong suat tac dung trén dudng day
APg: Tén that cong suit trong MBA bao gém APy, va AP,
AP,: Ton that cong suét tac dung trong thiét bi bu
-Tacod: APy, + AP, =4072,7 (kW) (Liy & bao cdo Losses)
APz, = Y7 1. AP,;=29+29+35+35= 128(kW)
AP, =0,005.XQ, = 0,005. 27,6.10° = 138 (kW)
Vay ton thit cong suit trong toan mang dién:

APg = AP, + APe,, + APg, + AP, = 4072,7 + 128 + 138 =4338,7 (kW)

- Tong ton that cong suat tac dung trong mang dién tinh theo (%) cong sut cuc dai:

APy 4338,7.1073

AP% = .100 = 100 = 3,69%

max
3.4.2 Ton thit dién niing trong toan mang dién
- Tong ton that dién nang trong toan mang dién cé thé xac dinh theo cong thuc sau:

YAA = (APp + AP;, — APg, + AP). T + APg,. t
=[(4072,7 - 128 + 138). 3979,45 + 128.5500].10~3
=16950,90 (MWh)

Trong do:
- 7: Thoi gian ton that cong sudt 16n nhat, tinh theo cong thirc
7= (0,124 + Tmax x 10%)? x 8760
= (0,124 + 5500 x 10%)? x 8760 = 3979,45 (h)
- t: thoi gian cac may bién 4p lam viéc trong nim
- Ton thét dién nang tinh theo (%) cua tong dién ning cung cap:

YAA  16950,90
Toax- 2Pnax  5500.114

YAAY% = .100 = 2,70%
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CHUONG IV: TINH TOAN VA THIET KE BAO VE CHONG SET CHO

TRAM BIEN AP

Hé thong chéng sét cho tram bién 4p dong vai trd quan trong trong viéc bao vé cac thiét bi dién,
dam bao an toan van hanh va duy tri sy 6n dinh cua hé théng cung cép dién. Tram bién ap, voi vai
trd trung tAm trong ludi dién, thuong xuyén phai doi mat véi nguy co bi anh hudng bai sét danh
tryc tiép hodc cac xung qua ap do sét gay ra. Nhitng tac dong nay c6 thé dan dén hu hong thiét bi,
gian doan cung cap dién, thim chi gy thiét hai nghiém trong vé kinh té va an toan.

Hé thong chéng sét duoc thiét ké dé thu nhan, din truyén va phan tan ning luong sét mot cach an
toan xuéng dat, tir d6 giam thiéu rui ro cho cac thiét bi dién va két cdu cua tram bién ap. H¢ théng
nay bao gom céc thanh phan chinh nhu kim thu sét, diy dan sét, hé thong tiép dia va cac thiét bi
bao vé chéng xung qua ap (surge arrester). Viéc thiét ké va lap dat hé thong chong sét can tuan
thi cac tiéu chuan k¥ thuat nghiém ngit, chang han nhu TCVN 9385:2012 hoic IEC 62305, d¢
dam bao hiéu qua bao vé tdi vu.

Trong bdi canh thoi tiét ngdy cang cuc doan va cac yéu cau vé do tin cay ciia hé théng dién ngay
cang cao, hé thong chong sét khong chi 1a mot giai phap k¥ thuat ma con 1a yéu to then chot dé
nang cao tudi tho va hiéu suit ctia tram bién 4p. Phan nay s& thiét ké vé hé thong chdng sét dé
dam bao an toan cho hé théng.

4.1 Xac dinh pham vi bao v¢ ¢t thu sét:
a. vung bao vé ciia mgt cft thu sét:

&
T - _/K\
£ “_‘_/,/_::t\l‘\,E
// |
P 1] \
i . bl comsinm Y S 5
U /e iiidiiiiiii/iiiiiiiiz/dz/zzudda

i T omh

) 150 L

Pham vi bao vé cua mot cot thu sét
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£ 2 v _ hy
Néurh< Zh thir, = 1,5h(1 0Bh) p

h> 2h thir, = 0,75h( —%).p

Trong dé: h: B§ cao cua cot thu sét.
h, : D0 cao cua vat can bao vé.
7. Ban kinh dugc bdo v¢ boi ¢t tuong tng véi hx.

. 55 .
p =1 Khi h< 30;p=ﬁ khi h>30

b. Vung bio vé ciia hai cot thu sét c6 dd cao biang nhau:

Y
R
d
ho = h = 7
| { i »
§ \ \ =
........................................................... . 2
3 -~
i S e U L L] " 2 L T
Rx
- @ v -
= &F
o)
1~
~ \\

!

Pham vi bao vé cua 2 cot thu sét cung chiéu cao

Trong d6: hy = h — %
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c. Vung bao vé ciia ba cot thu sét

Pham vi bao vé ba kim thu sét
Pham vi bén trong ctia tam giac dugc bao vé néu théa D< 8(h — h,)p, voi
D 14 dudng kinh dudng tron ngoai tiép tam giéc.
Poi v6i tam gidc duong kinh D duge tinh bang cong thirc:
a.b.c

D =
Vp(@-a)(p-b)(P-0)
P: ntra chu vi ctia tam giac.
a+b+c
2

p:
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d. Ving bao vé ciia bon cdt thu sét
Pham vi bén trong ctia tam gidc dwoc bao vé néu théoa D< 8(h — h,)p, véi D 1a duong kinh
duong tron ngoai tiép hinh chir nhat.

|
|
|

Sicee) | \\\_‘_,/
|
|

1
i b'x
"D —>
|
== el 3 U s 1 55 ) Qs - —_— -

|
|
|
|

- RX\ ; - \

Pham vi bdo vé béon cét thu sét
Trong d6: D 1a vong tron ngoai tiép cta hinh tam giac hay hinh chit nhat qua dinh céc cot
thu sét.
Péi v6i hinh chit nhat duong kinh D dugce tinh bang D = va? + b2 (m)
Véi a: 1a chiéu dai ctia hinh chit nhat (m)
b: chiéu rong ctia hinh chir nhat (m)
4.2 Thiét ké bao vé chong sét cho TBA phu tii s6 3
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113

BDK 110 kV

SA CVT DS(3p)-2ES CT CB DS(1pyPl DS(1p)Pl  DS(3p)-2ES Pl
| 20001500 2500 | 3000 | 3500 | 4000 | 3000 |2000]2000] 3000 |2000] 3000 |2000]
* ¥ ¥ L] ¥ L * L * * * * * *

Hinh 4.4: Mt cit phin doan dwong ddy

4.3 Xac dinh chiéu cao cdt thu sét

a. So liéu ban dau
Chiéu cao cong trinh can bao vé
+ Chiéu cao ddy dan tai xa ngang: hy = 11,3m
+ Ciéu cao clia may bién ap: hxo= 6,3m
Céc khoang cach gifra cac cot ta dya vao mat béng cua tram
b. Tinh do cao c0t thu sét
Cong trinh nam trong da giac hinh thanh gitta cac cot
+ Xac dinh duong tron ngoai tiép da giac C1C2C3Cs=D
D 1a dudng tron ngoai tiép da giac C1C2C3Cq
Ci1C2=30m ; C3C4=26,5m
D =+/C1C12 + C3C4% = /302 + 26,52 = 40,03 m

Tt D ta tinh duoc chiéu cao ctia cot thu sét C; C2 C; Ca
40,03

D< 8(h — hyy)p=>h>=2+h,y = =2 +11,3 = 16,3 (m)

Tuong tu véi cac da gidc khac ta dugc bang sau:
Bing 4.1: Chiéu cao hitu ich ciia cdc cjt thu sét

Da giac D h
Hinh chir nhat C2C3CsCs 47,98m 17,3m
C2C3=40m, C3C¢=26,5m
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CsCs=40m, CsC7=31,4m

Tam giac vuong C4CsCs 43,42m 16,72m
C4Cs=30m, CsC7=31,4m
Hinh chit nhat CsCsC7Cs 50,85m 17,65m

= Ta lay chiéu cao cot h=19m (dé dam bao viéc chdng sét an toan); p=1(h<30m)

4.4 Kiém tra phin cong trinh nim ngoai da giac
Xéc dinh pham vi bdo v¢ cua tung cdp cot:
- Ban kinh bao vé cua 1 cot:

+Tacoha=11,3m
h=19m

Nhan théy hy; <=h = 12,6 m nén

re = 1,50 (1 - (%;) p=1519.(1- 01815’9) 1=73m
+Tacéd: hy, =6,3m
h=19m
Nhén théy hy, < =h = 12,6 m nén
T2 = 1,5h (1 - :le) p=1519(1- 0683;9) 1=16,7m

- Chiéu cao cot thu sét gia tuong:
Ze g o A a 30
Do1 voi cdp ¢t C1 Ca: hyy = h — o= 19 — = 14,3 m

Trong do: h,; 1a dd cao cua cdt thu sét gid tudng
a la khoang cach gitta 2 c6t Ava B
+ 0 d6 cao hy; = 11,3m
2 Ry
hy1 > S ho1 => To1x1 = 0,75h0; ( - h_oi) P
11,3

= 0,75.14,3. (1 - E) 1=225m
+0 dd cao hy, = 6,3m
2 ()
hy, < 3_h01 =>To1x2 = 1,5h0 (1 - ).p

0,8.h¢1

=1,5.14,3. (1 _ 53

0,8.14,3

).1=9,63m
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Tuong tu v&i cac cap cit con lai ta dugc bang sau:
Bang 4.2: Pham vi bdo vé cua cdc cap cot thu sét

Cap cot a(m) | h(m) | ho(m) | ha(m) | rx(m) | hom | rox(m)

C2Gs, C1Cs 40 19 13,2 11,3 1,425 6,3 7,98
Ci1C4, C3Cs 26,5 19 15,2 11,3 2,925 6,3 10,98
CsCs 314 19 14,5 11,3 2,26 6,3 9,93

CaCs 43,42 19 12,8 11,3 1,125 6,3 7,38
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CHUONG V: TiNH TOAN HE THONG NOI PAT CUA TRAM BIEN AP
Trong khi thiét ké mot cong trinh dién nao thi viéc thiét ké hé thong ndi dat 1a khong thé bo qua
dugc. Boi vi hé thdng nbi dit 1a mot phan rit quan trong trong viée bao dam an toan va bao vé qua
dién 4p, do d6 viéc nbi dat cua tram bién 4p, cac cot thu 161, cac dudng day, cac thiét bi chong sét
phai duoc tinh toan cu thé trong khi thiét ké. Tac dung cia nbi dat 1a tan nhanh dong dién va giir
muc dién thé thfip trén cac vat duoc ndi dat khi co phong dién sét hay khi cach dién cua vat b1 hu
hong. Trong hé thong ndi dit c6 ba loai:

* No1 dat lam viéc: Nhiém vu cua loai no1 dat nay la ddm bao sy lam viéc binh thuong cua thiét bi
hodc ctia mot s6 b phan cua thiét bi theo ché do lam viéc di qui dinh san.

* N6i dit an toan (néi dét bao v€): C6 nhi€ém vu dam bdo an toan cho nguoi khi cach dién bi hu
hong. Thuc hién ndi dat an toan b'fmg cach dem nbi dat moi bd phan kim loai binh thuong khong
mang dién (vé may, thung may bién ap, may cat dién, cac gia do kim loai, chan str...). Khi cach
dién bi hu héng, trén cac b phan nay sé xuat hién dién thé nhung do da duoc ndi dat nén gilr duoc
mitc dién thé thap... Do d6 dam bao an toan cho nguoi khi tiép xtc voi ching.

* No6i dat chong sét: Nham tan dong dién sét trong dat (khi c6 sét danh vao cot thu sét hodc trén
duong day) dé gitr cho di¢n thé tai moi diém trén than cot khong qua l6n... Do d6 han ché duge cac
phong dién nguoc téi cong trinh can duoc bao vé.

Khi dién tré ndi dat cang nho thi cé thé tan dong dién voi mat do 16n, tdc dung cua ndi dat tét hon
an toan hon. Nhung viéc giam trj sb ctia dién tré ndi dat s& 1am gia thanh xay dung ting 1én nhiéu
vi s6 lwong kim loai ting, do vay trong tinh toan ta phai thiét ké sao cho két hop duoc ca hai yéu to
1a dam bao vé k¥ thuat va hop 1y vé kinh té. Mot s6 yéu cau vé ky thuat cua dién tré ndi dat:

+ Dbi v6i tram phan phdi c6 Udm > 110 kV (mang dién trung tinh truc tiép ndi dat) thi dién tré ndi
d4t an toan 1a: R < 0,5Q
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5.1 Thiét ké ndi dit dang ludi

- Thiét ké h¢ thong ndi dat

+ Ludi ¢6 kich thuée A=L X R =70 x 60 m?
+ Kich thuéce 6 ludi 5x5m (D x D)

+ P9 chon sau cua luoi: h=0,5

+ Chon s6 coc trong ludi 13 n=0

+ Chon loai s6i d4 va bé day 16p séi da trén bé mit tram: chon da Gravel c6 dién trd suét

ps = 8534,40m. Bé day cia 16p da ta chon hs= 0,15 m.
+ Chon loai sit thanh: kich thudc 13 50x5.

Ta c6 thiét ké hé thong ndi dat nhu sau:
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Hinh 5.1: Thiét ké hé thong néi dit cho tram bién dp bang lwdi



5.2 Tinh dién ap budc va dién ap tiép xic cho phép
+s: thoi gian duy tri sy ¢d 14y ts =0,5s

+ Dbi voi nguoi ning 50 kg
0,116

Etouchso =
ouc \/E

0,116

Estepso =
e Jts

Hé sb hiéu chinh 1am giam dién tro do 16p bé mat

(1000 + 1,5. Cs. ps)

(1000 + 6. Cs. ps)

_p
L 1_0,09( Ps)
5T 0,09 + 2h,
Trong do:

+ pg 12 dién tré sut cua 16p da rai nén tram: pg = 8534,4 Om
+ p 1a Pién tro suit cia dit p = 200 Om
+ hg 12 bé day cta 16p soi: hy = 0,15m

0,09<1—i) i 0,09.(1-200)

Ps 85344

- (=1———* = 0,774
0,09+2hg 0,09+2.0,15
Doi voi nguoi nang 50 kg
0,116

—~— (1000 + 1,5. Cs. ps)

Etouchso =
ouc \/E

0,116
= (1000 + 1,5.0,774 .8534,4) = 1791,61V

v 0,5

0,116
——— (1000 + 6. Cs. ps)

Estepso =
e Jts

0,116

E(lOOO + 6.0,774.8534,4) = 666591V
5.4 Dién tré ciia h¢ thong ndi dit R, va do dang thé (GPS):
a. Chiéu dai sat thanh:
S6 thanh c6 chiéu dai theo phuong x: n,= % + 1= % + 1 = 13 (thanh)

S6 thanh c6 chiéu dai theo phuong y: n,= g + 1= ? + 1 = 15 (thanh)
Téng chiéu dai thanh ndi dat cua ludi (m)

Lc = ny.L+n, R=1570+13.60 = 1830 m

b. Tinh dién tré noi dat:

> Pién tré cia lwéi ndi dat
2L kL
Ry = -2 [ln( ,C)+ L C—kz]
mLc a VA
Trong do:

- L,: Tong chiéu dai ludi ndi dit bao gdbm ca thanh va coc (m)
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- a' =+ a.2h: kich thudc hi€u chinh
- A: dién tich lu6i ndi dat = 60 x 70=4200 (m?)
- ki va ko: hang sb
+ k4 c6 thé dugc xép xi:
* Dudng cong A. Khi by =0 > k, =- 0,04 % +1,41=- 0,04 g +1,41 =137
L 60
> kg =-0,05.2+12=-005—+12=115
— A(0;1,37) ; B(6,5;1,15)

ha—hp ha—h 0-6,5 0-0,5
Suyra: k; = — =——> =
kia—kip  kig—ki  137-1,15  137-k;
— k, = 1,353

+ k, ¢6 thé dwoe xap xi:
* Dudong cong A. Khi by = 0: k4 =0,15.2+55=0,15. g +5,5 =565

* Puong cong B Khi h g =1—\/§=%=6,5m
> kg=0,1 .§+4,68=0,1.§+4,68 = 4,78

— A(0;5,65) ; B(6,5; 4,78)

ha—h ha—h 0-6,5 0-0,5
Suyra:k, = 22 =—2¢_— =
kza—kap  kog—kz  565-478  565-k,
-k, = 5,583

+ D0 chon sdu cua ludi h = 0,5 (m)
a’=va.2h=,/0,0125.2.0,5=0,1118

D 2Lc> kiLc ]
%Rl_nLC[ln<a’ VA k2

200 (2.1830) L 13531830
~ m1830l"\o1118 V4200 ’
~140Q

> Pién tré cia hé thong ndi dat:
Dién tré cua hé thong noi dat chinh bang dién tré cia luwdi noi dat
Ry=R; =14Q

5.5 Tinh dién ap bwdc va dién ap tiép xic thue té:
+ P dang thé (GPR): La dién thé 16n nhat cta ludi ndi dat.

GPR = I;.R,

Véi Ig = Dy.1,
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+ Dong dién su c¢6 vao luéi

Trong do:

-8 =0,71a hé sd phan dong dién sy cd tan vao dit théng qua diy chong sét,
day trung tinh n6i dat, (Nguon: phu luc 1.7-6 sach quy chuan qudc gia ki thuat dién trang 182)

—C,=051ah¢ s6 hiéu chinh thiét ké khi xét sy gia ting ctia dong dién sy ¢d. (Ngudn: phu
luc 1.7-6 sach quy chuan qudc gia ki thuat dién trang 182).

- Dy lahé s6 suy giam dong trong thoi gian sy cb.

- 31, 1a dong dién ngan mach (tir Etap) : 3I,= 12,697(kA)

Update Ground Gnd Short-Circuit Current X
Gnd ID
. Gndd
¥
Faulted Bus
| "I,u'., |
S o1 BusiD | Bus8
I3 MVA 0385 Mva
It b1l ‘4 Fault Type | Line-To-Ground
+- Jav. -
18,94 Ground Fault Current
] 1 ALy 1 ;
== Mo _joad_C3 kA X/R
4 - 0.0072 MyA ———— -
3 Existing Value [12697 M
I
45,176 NIVA
e = b New Value (12697 481
Replace Cancel

Ta —th
Df = 1 + —. 1-— e Ta
L

Voi: t; = 0,5s la thoi gian duy tri sy cb
T, = X/(2nfR) véi f1a tan s6
X/R = 4,81 14 dién khang tinh dén diém ngan mach (theo két qua mo phong)

X 4,81

= = = 1
2nfR  2m.50 0,015

—>Ta

T, 2ty 0,015 -2.05
- D= |1+—.(1—-eTe |= |1+ .(1—60'015)21,015
te 0,5
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I, = Cp.(3,) .S =0,5x12,697x0,7 =4,44(kA)
Ig = Dy.I, =1,015x 4,24 = 4,50(kA)

Do dang thé GPR = I. Ry;=4,50.1,4=6,3kV =6300V
Nhan xét: GPR > E,,,, ., ta tinh dién ap 0 ludi va dién ap budc.
+ Pién ap tiép xiic 16n nhét dwec tinh theo cong thirc sau:

_p-Kn.Ki 1
m Lm
Trong do:

+ p 1a Pién trg suat cta dat p = 200 Qm
+ Ly : tong chiéu dai di¢n cuc dugc chon trong dat véi ludi khong coc

Vi \/ﬁ/l )

L, 1a chiéu dai 16n nhat cta ludi theo phuong x

L, 1a chiéu dai 16n nhét cua ludi theo phuong y

Ly 12 chiéu dai cua tat ca cac coc ndi dat, véi ludi khong coc nén Lz=0
Lr 1a chiéu dai ciia mdi coc ndi dat

Ly = 1830 + [1,55 + 1,22 (-==)| 0= 1830 m

+ K,,, lahé s6 hinh hoc va dugc tinh theo cong thirc sau:

Ly = Lo+ 155+122

1 D? (D + 2h)? h K;; 8
K, = In + —l _
2 16hd 8Dd 4d n(2n—1)
Voi:

+ d=b/2=50/2=25mm=0,025m
+ h: d6 chon sau (h=0,5m)

+ V&i ludi khong ¢6 coc hodce chi 1 vai coc, khong chon trén chu vi, hodc chon ¢ goce thi ap

dung cong thuc: K;; = W

+ D 1a khoang cach giita cac thanh dan cua ludi. O ddy ta chon D = 5m
+n= Ng.Np.N.. Ny
Voi:
+n, =2 (L,: Tong chiéu dai thanh dan ciia lui (Le = 1830m )
P
Ly: Chiéu dai chu vi cta luéi (Lp = 2. (60 4+ 70)=260 m)

2Lc  2.1830
- n, =—=——=14,07
Lp 260

— |Lr _ 260 _
+nb_\/4\/2_\/4\/4200 1
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+n, = 1 : ludi hinh vuong, chir nhat

+n,; = 1 : ludi hinh vuong, chir nhét, hinh - L

> n=n,.n,.n..ng = 14,07.1.1.1 = 14,070

+He s c6 xét dén su gia tang mat do dong dién & cac goc ludi:
K; = 0,644 + 0,148.n = 0,644+0,148.14,07 = 2,72

+ho =1 1a d§ chon sau tham khao.

/1+— /1 +°—5—1225

i = (Zn)Z/n (2.13 9)2/13 9 = O 62
1 D2 (D422 R\ Ky 8
- K, = ln — +—In——

16hd 8Dd 4d, K, m(2n-1)
_ 1 N (5 + 2.0,5)? 0,5 N 0,62 ] 8
C2n 16.0, 5 0,025  8.5.0,025  4.0,025 1,225 nn(2.14,07 -1)
= 0,614
_P Kn-Ki.1;  200.0,614.2,72.4,44
- E, = = 1,297kV = 1297V
Ly 1830
+ Pién ap buwéc 16n nhat dwoge tinh theo cong thire sau:
K. K. 1
ES — p-Rs.Ri. Ig
Ls
Trong do:

p 1a dién tro suat cia dat

I; 1A Dong dién sy ¢b vao ludi

K; 12 Hé s6 c6 xét dén su gia ting mat 46 dong dién ¢ cac goc ludi

K 13 hé s6 khoang cach trong tinh todn Eg; dugc xac dinh theo cong thuc

K = S[2 4 2 + 1—0,5m2 ]

s=Zlzn T orR T )

K = "1 2 (1-0,5972)| = 0,439
m L2.0,5 5+4+0,5 5

Ls 13 chiéu dai hiéu qua cua ludi ndi dat (m)
Ls = 0,75L, + 0,85Lz = 0,75.1830 + 0,85.0 = 1357,5 (m)
p.Ks.Ki.I; 200.0,439.2,271.4,30

= = 1 =631
Ly 13575 0,6315kV = 631,5V

—>ES:

*So sanh:
E,,= 1297V < Eipuen = 1791,61V
Es=631,5V <Ege, = 6665,91V
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KET QUA MO PHONG
GRD Analysis Alert View for GRD1

Summary and Alert l

Result Summary

Calculated Tolerable =~  ———— Location ———————m
Volts WVolts A

Touch | 1304.7 | 17909 | 1293 |

Step | 6344 | 66713 | 594 |

GPR | 6333 WVolts g 1.404 Ohm

Alarm & Warnings

Close Help

Vay hé théng néi dat ki€u lwdi da thod man diéu kién dién ap ti€p xuc va dién ap buéc

tinh todn nhoé hon dién ap tiép xdc va dién ap bwéc cho phép
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Hinh 5.2: M6 phéng lwéi néi dit trén Etap

Depth
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