BO GIAO DUC VA PAO TAO
TRUONG PAI HQOC SUPHAM KY THUAT TP. HO CHI MINH

KHOA PIEN- PIEN TU
BO MON PIEN CONG NGHIEP

*m*

PGS.TS. QUYEN HUY ANH

GIAO TRINH

THIET KE HE THONG PIEN

TP. HO CHI MINH




Gido trinh Thiét ké hé thong dién PGS.TS. Quyén Huy Anh

Chuong 1
THIET KE MANG PHAN PHOI PIEN

Hé thdng phan phdi gdm:

Hé thong truyén tdi trung gian.

C4c tram phan phdi.

Mang phan phdi s6 cap.

Céc may bi€n 4p phan phdi. H;

Mang phan ph6i tht cap (ha é
i

HE Tram trung gian

Pudng ddy truyén tai trung gian

i
=
f

p—

A

thé).
6. Céc thiét bi phu trg.

Hinh 1.1 13 sd d6 cia mang phan phoi
dién hinh, dién 4p cla tram trung gian tir
12,47 kV dé&n 245 kV. Tram phan phoi ™™
gdm cdc mdy bién 4p, thiét bi diéu chinh
cip dién dp, cdc thanh cdi, mdy cit, dao

cach ly, phédt tuyén so cip 3 pha (theo ——
tiéu chudn Viét Nam, mang phin phdi

thudng hoat dong & cdp 10 kV dén 30

Tram phan phéi

Mang phan phéi
sd cap

Mang phan phdi

kV). M4y bié€n 4p phan phdi c6 cdng suat Ph i i
dinh mifc tir 10 d€n 250 kVA. Hinh 1.1. So dd don tuyé&n hé thdng phan
phoi dién

1.1I.  DPUOGNG DAY TRUYEN TAI TRUNG GIAN
Hé thong truyén tdi trung gian 12 phian cla mang dién phan phdi, truyén tdi ning
lugng tir tram trung gian d€n tram phan phdi bing diy din trén khong hay cdp ngam.
Mang truyén ti trung gian dugc thiét
k€& theo mang don gidn hinh tia ho#c phiic [Tj [Tj
tap mang vong, mang ludi.
Hinh 1.2 12 hé thdng truyén tdi trung ! 1
gian hinh tia cdc mach phan nhdnh tir tram
trung gian dén tram phan phdi. Hé thong
hinh tia thi don gidn va c6 chi phi thap
nhung tinh cAp dién lién tuc khong cao.
Mot dang cdi ti€n clia mang hinh tia nhu
Hinh 1.3, loai mang nay cho phép phuc hdi
st ¢ nhanh hon (khi ¢6 su ¢ x4y ra trén
mach ctia tram trung gian).

Hinh 1.2. Mang truyén tdi trung gian hinh tia
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N.O

E

Hinh 1.3. So dd mang truyén ti trung gian
hinh tia cdi ti€n

i
j

Hinh 1.4. So dd mang truyén tai
trung gian mach vong

Pé€ ting d6 tin cdy, hé thdng mang trung gian dugc thi€t k&€ dang mach vong hoic
mach nhiéu nhénh. Hinh 1.4 13 so dd tram trung gian loai mach vong. Hinh 1.5 gidi thiéu
hé th6ng mang dang ludi.

LEiLL

i1

Hinh 1.5. So dd mang truyén tdi trung gian dang lu6i
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1.2. MANG PHAN PHOI SO CAP
1.2.1. Céc dang sd do cung cip dién
a. S do hinh tia

A N A (3
Déy 1a S(j do fidn gian Tram phan phéi
va chi phi ré nhat, vi thé
né 1a mach thong dung T“yen trung the
nhat.

Cau chi
Hinh 1.6 gi6i thi€u so
dd mang phin phoi so cap g MBA phin phdi
hinh tia chia 1am nhiéu
nhianh d€n cdc mdy bién g =1
4p phan phéi. .
b tin ciy cla mang sd (7)==
cAp hinh tia thdp, sy c6
xdy ra bat ky vi trf ndo

i

!
2N
¥

trén diy s€ lam gidn doan Nhanh
sy cung cip dién. Sy ¢ —(ODEn / phu  —(O))-=r¢ uchl nhénh
dugc cdch ly khdi ngudn — R
B . ) y — —
nhd thi€t bi dong cat nhu I:
mdy cit, dao cdch ly hoic —O=-
ciu chi.

Hinh 1.7 12 s6 d6 mang
sd cAp hinh tia ma ¢6 thém
bd phadn dong lién lac
phin doan dé tdi cung cip
dién nhanh hon.

Hinh 1.6. S¢ d0 mang phan phdi so cAp hinh tia

‘ Ving tai tuyén 1

e
e | ; 189
4

> Ving tai tuyé&n 3

Hinh 1.7. Tuyén so c4p hinh tia va hé thong dao cdch ly
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Hinh 1.8 gidi thiéu so d6 cung cAp cho khu vyc phu tdi bing tuyén diy sd cAp hinh tia
véi mot tuy€n chinh va mot tuyén ngude. DAy ndi giita tram dén trung tAm tdi goi 12 tuyén
chinh (day chinh), khong c6 day phu hodc nhianh ddy dugc ndi ré tir diy tuyén chinh.

. . .
®
[ ]
® ® ® ® ®
*® *® *® *® ®
- Trung
Tuyén 4 &
® ngugc ¢ ° ° dfl ® ®
) tai
® [ ]
®
® [ ] ® ® [ ]
&n chi —9o o
¢ Tuy€nchinh [ $ It
® [ ® *——o—o *—4
W [ ]

° MBA
phan phdi

Hinh 1.8. So dd mach hinh tia vdi mot tuyé€n diy chinh va mot tuyén diy ngudc

Hinh 1.9 12 s6 dd phan bd phu tai tirng pha cho tirng khu vuc tif tuyén 3 pha.

Tram phan phdi
Ittt Eie T—=
: Tuyén :
| 1 pha |
| / || Khu
| | vuc tai
: : pha A
I I | v
B Nhénh 1 pha B 1
| — Y \Tuyen |
| 3 pha | Khu
: : vuce tai
| | pha B
| |
| |
F————————————— ] ————————————— 'y
| |
| |
| | Khu
| | vuc tai
: : pha C
| |
| |
- 1 v

Hinh 1.9. Tuyé&n diy cung cip hinh tia tai khu vuc
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b.S¢ @6 mach vong

Hinh 1.10 gidi thiéu so dd
mang sd cAp mach vong. Poi
khi dao cdch ly ctia mach
vong dudc thay bing mdy cit
do diéu kién phu tdi. Trong
cic trudng hgp, dao cich ly
hoic mdy cdt lién k&€t mach
vong c6 thé hoat dong binh
thudng dong hodc md.

Thudng ¢d diy bing nhau
cd mach vong, sd d6 mach
vong dudc chon theo day di€n
tai binh thudng.

Su ¢b x4y ra trén mang so
cap s& lam mdy cit hoat dong
(m& ra). Mdy cit s€ duy tri
trang thai m& cho dén khi sy
c6 bi cdch ly cd hai phia.
Mach vong rat tin cAy dé cung
cap dién cho ho quan trong.

Tram phan phdi

> >
— o] o o —eo— I o o
3 y
3 . - —eo—e
N nhdanh 3
ot o o o o
— o " o¥,
s DCL {
phin doan p
y ~———eo9
— Nt " o oo i
y \/

DCL lién k&t

Vi tri MBA phén phdi

Hinh 1.10. So dd tuyé&n day trung thé mach vong

¢. Mang phan phdi so cap dang ludi

Hinh 1.11 gidi thiéu so dd
mang dién so cAp gdm nhiéu
diy dudc noi lai v6i nhau va
dugc cAp dién bdi tram, céc
tram khédc nhau, cdc tuyén so
cip cling dudc cip dién truc
ti€p tr cdc tram, trén moi
tuyén c6 hai mdy cit dit &
mdi dau.

Mang lu6i sd cap cung cip
dién cho phu tdi theo nhiéu
huéng. T6n thit trong mang
1u6i sd cap thi thap hon so véi
hé théng hinh tia.

Do tin ciy va chit lugng
dién niang ctia mang ludi cao
hon nhiéu so v6i mach hinh
tia va mach vong nhung lai
khé thi€t k€ va van hanh hon.

Tram C

Tram B
o
*—r—
*————0
—o
-
]
=
3
v
——¢o
—¢ ]
—eo—9
—eo—o

q el

Hinh 1.11. Mang phan phdi so cap dang lugi
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1.2.2. Céc cap dién 4p ctia hé thong phan phdi so cap

CAp dién 4p cla tuyén diy sd cAp la y&u t& quan trong nhit 4nh hudng dén sy thiét k&
hé thdng, chi phi va sy hoat dong clia hé thong dién. Mot vai yéu td clia viéc thi€t k& va
st hoat dong clia hé théng dnh hudng d&€n mic dién 4p nhu:

1. Chiéu dai tuy&n diy so cap.
Tai clia tuyé&n day so cap.
S6 Iugng tram phan phdi.
Pinh mtc clia cdc tram phan phdi.
SO dudng day truyén tai trung gian.
S6 lugng phu tai dic biét.
Hé thdng bio tri.
Sy md rong sd db hinh cay.
. Cédc diém ndi caa tru.

10. Cdc loai day va cau tric.

11. Hinh ddng cua day tru.

Ngoai ra, con c6 cdc yé€u t6 khdc cling 4nh hudng dé&n viéc chon lya cAp dién dp, dudc

minh hoa nhu Hinh 2.12. Theo tiéu chuin Viét Nam, cip dién 4p phan phdi sd cAp (trung
thé): 10kV, 15kV, 22 kV, 35kV, 66 kV,...

Dy an phat
trién ti
TSn that
dién ap

Chiéu dai Gia tri
dudng diy thi&t bi
trung gian tram lan cin
Chinh sach
cong ty BL

Hinh 1.12. Céc y&u t6 4nh hudng dén cip dién 4p tuyén diy so cip.

00N oL AW

Tén that
cong suat

Chon cap
dién ap

Thong thudng tuyén diy so cip dugc dit & ving c6 mat do phu tdi thap bi han ché
chiéu dai ddy do sut 4p cho phép. Con tuyén diy sd cap trong khu vic ¢é6 mat do phu tdi
cao (cong nghiép, thuong mai), bi han ché& bdi diéu kién phat nhiét diy din.

Téng quit v6i d6 sut 4p cho truSe, chiéu dai tuyén diy va tii1a ham cAp dién thé.

Céc quan hé nay dugc bi€u dién bdi cdc cong thifc sau:

Ti s6 khodng cach x ti s6 tdi = hé s6 binh phuong dién 4p.
v 2
Heé s6 binh phuong dién 4p = | —=-mo
L-N.ci

khoang cach mdéi

Ti s6 khodng cdch = -
khoang cach cii
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. « .. Taituyénday méi
TisO tai= y Y

Taituyén day cii
1.2.3. Chon c& day trung thé&

Céc y&u t& 4nh hudng dén sy thi€t k& tuyén day:
1. MAt d6 phu tdi trén nhanh.
bic tinh phu tai.
Miic gia ting cla phu tai.
Céc yéu cau vé cong sudt du trif trong trudng hop khin cap.
Yéu cau cap dién lién tuc cho phu ti.
Yéu cau dd tin cAy dién ning.
Cha't lugng cung cap dién.
CAp dién 4p clia mang trung thé.
Phén loai va chi phi cua viéc xay dung mang dién.
10 Vi tri va cong sudt clia tram phan phoi.
11. Céc yéu ciu vé cip dién 4p qui dinh.
Ngoai cdc y€u td trén cdn c6 cic yéu td khac dnh hudng dé€n sy xdc dinh tuyén day
trung th€ nhu s6 luong tuyén day. Téng quat c6 thé bi€u dién viéc chon diy phan phdi so
cAp bing cdc hinh 2.13, 2.14, 2.15.

000 NN R W

Hinh 1.13. Nhitng y€u t6 4nh hudng dén sy chon lya tuyén day trung thé
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Chiéu dai
nhanh
Gidi han
nhanh
Cd day din

Hinh 1.14. Cé4c y&u td 4nh hudng dén s6 lugng tuyén day.

Cong suat
MBA

Pinh muc
day din
Tdng chi phi
Tén that
cong suat

Hinh 1.15. Céc y&u t6 4nh hudng d&€n chon lya ¢d day din.

S6 lugng
tuyé&n day

Cong suit
tram

Miic ting tdi

C3 day dan

a. Su lya chon ¢& dudng diy cung cap dién cho tdi tip trung

Yéu ciu chinh cta ddy din 1a truyén Hess 100
tdi dién ning tif tram trung gian dé€n tram  tn thit (%) /
bi€n 4p phan phdi hoic cic diém trén 80
cdc tuyén day. Thiét k& tuyén diy thod
min dong yéu cau trong gidi han cho 60
phép. Céc tinh chidt vé nhiét cla cép
dugc chon phit hgp. Po sut dp c6 thé 0
dugc tinh va ki€m tra, nhung trong vai
20

trudng hop dic biét né6 khong ding dé
thi€t k&, dic biét doi vdi dién 4p rdi cho
phép, ching han trong viéc thiét k& o 20 40 60 8 100

Hé s6 phu tdi dong dién dudng day (%)

dudng diay phin phdi ngudi ta c6 thé
diéu chinh dién 4p theo yéu cau tai cdc
di€m trén day din bing céc thiét bi diéu

Hinh 1.16. Sy quan hé giita hé s& phu
tai v4i hé so ton that.

DPH SPKT Tp HCM-Khoa bPT feee.hcmute.edu.vn

10
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khién dién 4p. Thong thudng kich thudc diy din dugc chon theo dinh luit Kelvin. Pinh
luat Kelvin phat biéu ring : kich thu6c ddy din mang tinh kinh t& nhat khi chi phi ddu tu
hiing nim va chi phi tdn thit hing nim do truyén t3i 12 nhé nhat. Chi phi hiing nim cida
diy cdp dugc xét bdi hai thanh phian: mot phan do chi phi ¢d dinh va phan con lai ti 1&
thuin vdi ti€t dién day dan. Chi phi hiing nim do diy din 1a P; + P,F.

V6i F - 1a ti€t dién day dan.

N&u I 12 dong dién trén 3 pha thi 3I°R 12 tdn thit cong sudt. 'Rx8760 kW.h 1a t&n that
dién ning trong nim. Chi phi tdn thit dién ning ti 1& thuin vdi dién ning ton thit hing

. 2 ’ . 2 1A . 2y 0 A DN A x z b P
nam. Chi phi ton that di€n ndng lai ti 1€ nghich véi ti€t dién day dan dugc tinh 1a Fg .

0 0 P. o N
Tong phi ton: P, + P,F +73 s€ nhd nhét khi dao ham theo F bang 0.

P
Lic d6: P,F=—
F
. 1 P
Néu P, = p,I*, mat do dong j, =—= |-
F P

V6i P; — hiing s0.

Ji — mat dd dong kinh t€ va khong phu thudc vao dién 4p.

I 1a dong dién trung binh qua tdi trong mot nim va d€ bi€u dién t6n that dong dién I
bing gid tri hiéu dung clia dong tdi qua dudng day trong sudt mdt nim. Do dic tinh bi€n
thién cda tdi va tinh chat khdc nhau cda téi, gid tri dong dién hiéu dung @ng véi dong
trung binh dugc dung d€ tinh tdn tha't cong suit va ton that dién ning.

Tdn thi't cong suat: hé s6 ton that x 312, R

Imax 12 dong dién cuc dai. Hé sd t6n thit c6 quan v6i hé s6 phu tdi trung binh trong
Hinh 1.16 va cdc gid tri tuong &ng cho trong Bing 1.1. N&u biét chi ti€t dudng cong clia
tdi, cdc hé s6 dugc xdc dinh cho nhitng trudng hdp tudng ng. Néu x;, x5, ..., X, 1a dong tai
cdcdi€m 1,2, .., n
X+ X, Fot X,

Dong trung binh: I =
n
i , X;+ X5+ X
Gia tri hi€éu dung cua I: I =
n
Bang 1.1. Hé so phu tai
_ héso ton thit cong sudt
) Dong hiéudung 5
Hé 8 tai % K=— - % h¢ sd tai
Dong trung binh = K| -100%
10 2,20 4,84
20 1,70 11,60
30 1,45 19,00
40 1,30 27,00
50 1,20 26,00
70 1,08 57,00
100 1,00 100,00

Cho hé s6 tai 12 0,7.
Hé s6 t8n that = (0,7.1,08)> = 0,57 = 57%.
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C6 han ché khi dung dinh luat Kelvin trén mot doan day cdp vi né khong can thi€t ddi
v6i k&t qud chinh x4c bdi cdc ly do:
1. Gi4 dién ciing nhu khau hao hiing nim cida hai dy cdp cung loai trong hé thong
s& khac nhau khi ldp dit & nhitng ndi khdc nhau.
2. Khong phai chi c6 chi phi day 12 chi phi thay d6i.
3. Hé s6 phu t3i clia tram hay cda hé thong va hé s6 ton thit khdc nhau giy sai s6
trong tinh todn.
= Chon tiét dién ddy dan theo mdt dp dong dién kinh & khi biét thoi gian Ty
Mat @6 dong dién kinh t&€ phu thudc vao nhiéu y&u t& va thay d6i theo sy phat trién
clia nén kinh t&€, miic d6 sit dung dién, chi phi dau tu, vt liéu diing 1am day din. Theo tai
liéu ctia Lién X0 cii, ¢6 thé tham khdo tri s ji (A/mm?) doi véi dudng day trén khong nhu
sau:
Bang 1.2. Mat do dong dién kinh t&.

Tén day din Thdi gian stt dung cong sult cuc dai Ty, h
1000 - 3000 3000 - 5000 >5000
DAy din tran
Pong 2,5 2,1 1,8
Nhoém 1,3 1,1 1,0
Vidu 1.1.

Mang dién 110 kV, cung cé’p cho ba phu tai cong nghiép. Lua chon ti€t dién cho cdc
dudng day néu diung diy nhdm 15i thép (AC).
S, =40 +j30 MVA
T T =5500h

maxl

Q O] 0}
1 2
3 S,=20+j15MVA
: T, ..o = 5000 h
S,=12+j9MVA
> T, ,=4000h
Hinh 1.17

Giai:
Xd4c dinh tri s0 trung binh ctia thdi gian st dung cong suit 16n nhat
T - 40 %5500 +20x 5000 + 12 x 4000 _ 5100 h
40+20+12
Tra bang, v6i Tax = 5100 h va ddy AC ¢6 ji =1 A/mm”.
Dong dién trén day din ctia mdi doan day:

V122 +92

I[.=———=10°=78A
> J3x110
2 2
12:—20 157 10 —65A
V3 x110x2

(chia cho 2 vi dudng day kép)

2 2
. J(@0+20+12) +(30+15+9) 107 - 236 A
J3x110x2

Tiét dién kinh t& cia mdi doan:
F,,=78/1=78mm’
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F,, =65/1=65mm’
F,, =236/1=236mm’

Chon tiét dién day tiéu chudn:
Poanmét :day AC-240 [, =610A

Poanhai :day AC-70 I, =275A

Poanba :day AC-70
Kiém tra diéu kién phat néng khi sy cd.
Khi dit mot diy trén dudng day 16 kép, diy con lai phai tdi toan bé dong dién phu tai.
Khi d6: I,=2x65=130A<275A
I, =2x236=472A<610 A
Khi nhiét 46 khong khi khac vdi nhiét do tiéu chudn ctia nha san xud't cAn hiéu chinh
lai dong dién cho phép.
Theo s6 liéu cia diy AC, nhiét d6 tiéu chuin 1a 25°C, néu nhiét do moi trudng thuc t&
1a 35°C, hé s6 hiéu chinh 12 0,82. Nhu vay dong dién cho phép dugc tinh lai nhu sau:
Day AC -70 1,=082x275=2255A

Day AC - 240 1, =082x610=5002A

P&i v6i dudng day truyén tdi cao dp trén khong, do diéu kién han ché t6n thit ving

quang, thudng qui dinh dudng kinh t&i thi€u cho mdi cAp dién 4p.
D6i véidiéndp 110kV  d>9,9 mm (day AC - 70)
Db6i v6i dién dp 150 kV  d > 13,9 mm (day AC - 120)
D6i vé6i dién 4p 220 kV d> 21,5 mm (day AC - 240)

Theo tai liéu clia Westinghouse, néu 14y dd cao bing myc nudc bién, thdi ti€t tot va
gi6i han & mic t6n thdt ving quang 1 kW/3pha/1,6 km (1 mil=1,6 km) hay 0,625
kW/3pha/km thi dudng kinh day t3i thi€u & cAp dién 4p:

Véidién dp 120 kV d > 1,02 cm tng véi:

DAy dong 2/0 AWG (133.100 CM ~ 65mm*)
Day ACSR 1/0 AWG (105.535CM =52,5 mm?)
V61 dién 4p 220 kV d > 2,23 cm tng véi:
Day dong 600.000 CM ~ 300 mm*
Diay ACSR 500 MCM ~250 mm*
G dd cao 1800 m cach myc nudc bién:
Vi dién dp 120kV d > 1,15 cm tng v6i
Dy ddng 3/0 AWG (85 mm?)
Day ACSR 2/0 AWG ( 65mm?)
Véi dién 4p 220 kV d > 2,8 cm tng véi
Day dong 900 MCM =~ 450 mm*
Diay ACSR 795 MCM ~ 400 mm*
Ghi chd: CM — Circular Mil — don vi ti€t dién day dan
(1 MCM = 1000 M
1CM ~5.10* mm?)

Téng quit viéc chon diy din : kich thu6c diy din cé thé Iwa chon theo kha ning tai
ctia diy din va 4p dung dinh luat Kelvin. Phat tuyén diy so cip (day trung th€) c6 thé dit
trén khong hoic cdp ngam. o) Viét Nam, mang phan phdi thudng cé dinh mic tir 10 kV
dé&n 22 kV phia trung th&, cong suat dinh mitc phat tuyé&n tir 500 kVA dén 1500 kVA.
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Vi vay, cong sudt dit mdy bi€n 4p dudc dung tinh dong tinh todn trong day din va do
sut 4p.

Mot hé thong phan phdi dugc thi€t k& cho tdng d6 sut 4p 8% - 10% dugc chia ra nhu
sau: dién dp roi tr ddy trung th€ dén may bi€n dp 1a 2% - 2,5%, mang ha th€, dién 4p rdi
trong mdy bi€n 4p va day phan phdi 1a 6%, dién 4p rdi trén day ndila 0,5% - 1%.

» Chon ddy dén theo diéu kién sut dp

Toan dudng day chon ciing mot tiét dién.

Mang phan phdi do nhiéu phu tdi mic truc ti€p khong qua mdy bi€n 4p nén yéu ciu
v€ chat lugng dién 4p rdt chit ché. Mit khdc, khd ning di€u chinh dién 4p trong mang
phian phdi cling han ch& so véi mang truyén t3i. Vi vay, khi thi€t k&€ mang phan phdi
thudng cin cif vao mifc dién 4p cho phép dé chon ti€t dién dy.

D&i vdi dudng diy c6 mot phu tai, ton thi't dudc tinh theo cong thic:

AU:M:AU’+AU”

dm
O day:
AU’ - thanh phin t6n that dién 4p do cong sut tic dung giy ra, V;
AU”" - thanh phan tdn thit dién 4p do cong suit phan khang giy ra, V.
Né€u 14y ton thi't dién 4p trén dudng day bing tri s6 cho phép
AU, = AU' + AU
Vi cdm khing dudng diay trén khong thay ddi trong pham  vi
hepx, =0,33+0,43 km, vi thé gin ding c6 thé 14y mot tri s6 cdm khdng trung binh
x, = 0,36 + 0,4 km va tinh gin ddng thanh phan AU".
0.X 0O.x,l
Uy, Uy
D3&i v6i cdp ngdm chon x, ~ 0,08 km
Tir d6 xdc dinh tri s6 cho phép clia thanh phan AU’
AU, = AU, — AU
, PR Prll Ppl

AU" =

AU’ -
: Udm Udm Udm F
P
Suy ra: F= ,—’Ol
A Ucp 'Udm

Tir d6 xdc dinh ti€t dién diy din cin tim.
Chon tiét dién diy din tiéu chuin gan véi ti€t dién tinh todn. V6i ti€t dién nay, tra
bang tim ry va xp va tinh todn ki€m tra ton thit trén dudng day.
Trudng hop dudng day lién thong cung cAp cho mot s6 phu tai, twong tu cling cho mot
tri s6 trung binh x( va xdc dinh dugc
AU" = ;0 ZQili = ;0 zqil‘i

dm =1 dm i=1

Tir d6, suy ra tri s6 thanh phan AU, do dién tré day din va trén co s§ clia cOng thifc:

r n r n
AU; S Pl = . piL,
! Udm ; Udm i=1

Xic dinh ti€t dién day:
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= ,LZPJ; v6i pla dién trd sudt cda kim loai lam ra day.
AU.,U,, =

Vidu 1.2.
Mang dién 35 kV, cung cip cho ba phu tdi. Hay xdc dinh ti€t dién diy din cho mang
dién néu toan bd mang dién ding didy nhom. Cho ton thit dién 4p cho phép la

AUCID =6%.
Giai:
tfs l,=8km ] l,=5km 2 L,=3km 3
i — — —
P1 +]Q1 P2 +]Q2 P3 +JQ3
S, =4+3MVA §S,=3+2MVA S,=2+j2MVA
=pb; +jq1 :p2+jq2 :p3+jq3

3,6+2,84Q 225+ /177502 135+ j1,065 02
R — — —
| J l J

4 +j3 342 2 +j2
Hinh 2.18

LAYy tri s8 trung binh x, = 0,4 km , xdc dinh thanh phin t&n th't dién 4p do cdm

khéng va cong suit khang trén dudng diy AU" .

AU”:%[(3+2+2)x8+(2+2)x5+2x3]103 =940V

Suy ra: AU!, = 6%.35000 — 940 =1160 V = 1,16 kV
Ti€t dién dudng day:
F= 1?2’25 [(4+3+2)x8+(3+2)x5+2x3]=80 mm>

Chon day nhom A-70 (p =315Qmm? /km)
Véi diy A-70, khodng cdch trung binh giira cdc pha D = 1,25 m ¢6
7, = 0,45 km, x, = 0,355 km .Tong tré mdi doan dudng day:
Z, =(0,45+ j0,355)8 = (3,6 + j2,.84) 2
Z, =(0,45+ j0,355)5 = (2,25+ j1,775)
Z, =(0,45+ j0,355)3 = (1,35 + j1,065) 2
Tén that dién 4p trén toan bo dudng day:
(9%3,6 +5%x2,25+2x1,35)+(7x2,84 +4x1,775 + 2x1,065)
AU ;% = 5
35
K&t qua nay cho thdy chon day A-70 1a chdp nhan dudc.
Ghi chii: Trong trudng hgp diay phdn nhdnh, AU" dugc xdc dinh theo nhdnh nao cé tri
so tinh dugc 16n nhat.
» Xdc dinh tiét dién ddy dan theo mdt do dong dién khong doi
D6i v6i mang dién cung cAp cho phu tdi tiéu thu c6 thdi gian sit dung cong suit cuc
dai Tmax 16n thi thinh phan tdn thit dién ning chi€m tf trong 16n trong ham chi phi tinh
todn. Trong trudng hgp nay, ti€t dién t8i da clia mang dién dugc lya chon theo muc tiéu

100 = 6,2%
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ton thit dién ning it nhat, két hop tiéu chuin tdn thit dién 4p khong vudt qud gid tri cho
phép.

Véi mot lugng kim loai miu clia diy din cho trudc, tdn thit dién ning trong mang
dién s& nhd nhit khi mat d6 dong dién trén cic doan dudng day khong d6i. C6 thé chitng
minh diéu nay bing cich 1dy dao ham riéng ciia tdn that theo ti€t dién ddy din va cho
bing 0, 14y vi du dudng diy cung cAp cho ba phu tdi.

1‘\ R, ] R, 2 R, 3
- —_— — —_—
I 1 L

Hinh 2.19
AP = RI} + R,I; + R,I; (vi€t cho 1 pha)
NN
K F K
Vi khdi lugng kim loai mau cho trude
V=FEl +FlL +F,,

Hay Fy=(V-FL, - FL)

3
Thay F; tinh theo F; va F, vao bi€u thdc cia AP va 14y dao ham theo F; va F..
Giai cdc phuong trinh dao ham riéng c¢6 dudgc:

oap _ . oAP _
OF, OF,
L_L_1
KB K

Hay mat do dong: j, = j, = j, = j = const

DPé€ chon tiét dién day, cin ti€n hanh cic budc sau:

Cho mot tri s6 trung binh xo va tinh thanh phan sut 4p AU".
Tinh AU, = AU, —AU"

AU, =\/§(Rlll cosp, + R,1, cosp, + R,1, COS(p3)

I 1 I
= p\/g(—lll cosp, +—=1, cosp, +—=1, cosgo3)
F F, F,
= p\/gj(ll cos@, +1, cosp, +1, c0s¢)3)
Tinh mat dd dong cho toan bd dudng day:
yAU! yAU!

P cp

] = = n
\/g(ll cos, +1, cosp, +1, cos @) \/521 cos @.
i=1

Vé6i cos@,, cos g,, cos ¢, - hé s6 cong sudt trén tirng doan dudng day.

| N »
y =— :di€n dan suat.

Yo,
Tinh ti€t dién cho tirng doan dudng day:
1 1 1
K :_};Fz :_?; F, =_?
J J J
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Chon ti€t dién tiéu chudn va ki€m tra sut 4p thuc t€.

Trong trudng hdp mang dién c6 phin nhdnh, tdng sut 4p dudc tinh theo nhdnh nio ¢
tri s6 tinh dudc 12 16n nhat.

Khi tinh mat d6 dong j cAn so sdnh j kinh t€&, tri s nio nhd hon s& dugc chon 1am mat
d6 dong chinh thiic cia bai todn.

Vidu 1.3.

Mang dién 10 kV, cung cap cho ba xi nghiép biing dudng diy trén khong, diy din
biang nhom. Thdi gian st dung cong suit 16n nha't Ty, = 4500 gid/ndm. Hay xdc dinh tiét
dién day din cho mang dién né&u tdn that dién 4p cho phép 1a 6%.

0.6 +j0,45 MVA

A
[, =3km 1
| I
|
/ 3
140,75 MVA 7= Yoy I ,
0.8 + 0,6
MVA
Hinh 2.20

Giai:
Cho xp = 0,35 Q/km , xdc dinh AU" theo tuyén A-1-3.

AU, = i[(o,6 x0,35x4)+(0,6 +0,45+0,75)x 0,35x3]= 0274 kV =274 V
P10

Thanh phan AU/, trén tuy€n A-1-3:
AU)5 = AU, — AU" = 6%x10.000 — 274 =326 V
Mat do dong di€én khong dsi
j= AU 5
\/g(ll cos@, +1, c0s¢)3)
j- 31,7x107° x326 _ 1,05 A/mm”
J3(3x0,8+4%0,8)
véi 74 =31,7.107 km/O2mm*
cos@, =cosp, =0,8
V6i diy nhom Tpax = 4500 h, tra bang dudc ji = 1,1 A/mm?
J <Jjxené€ndung j = 1,05 A/mm?* d€ xdc dinh tiét dién:

I P

F=-—"= : _ 1708406 s 55 pm?
J N3jU,, cosp, J3x1,05x10x08
I P

F,="2= 3 = 08 10’ =52,5mm’
j  N3jU, cosp, ~3x1,05x10x08

Chon ti€t dién day doan 1 12 A-150 va doan 3 12 A-50. Gia thi€t khodng cdch pha
D = Im, ¢6 dugc thong s& dudng day:
Z, =021+ ;0,319 Zkm

Z,5 =0,63+ j0,355 Ikm

Ki€m tra lai tn thit dién 4p v4i nhitng ti€t dién vira chon:
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AU - (1+0,840,6)x0,21x3+(0,75+0,45+0,6)x 0,319 x 3+ (0,8x 0,63+ 0,6 x 0,355 4
A13 T 10

=0,608 kV =608V
So sanh v6i AU, =600 V, k&t qua c6 thé chdp nhan dugc.

Chon tiét dién diy doan 12, t6n tha't dién dp cho phép trén doan 12:

AU“P” - AUC/J —A4U,,
_ 600 1 +0.8+0.6)x021x3+(0,75+045+0,6)x0319x3 5
10
=277V
va AU!,, =AU, — AU/,
ypy 04SX035x3
10
Ti€t dién doan 1-2:
0  i
0,232x10

Chon day tiéu chuén cho doan 1-2 1a A-25.

» Chon tiét dién ddy ddn cho mang dién kin

Vi chua biét tdng tr§ dudng diy nén chua bi€t phan bd cong suit chinh xdc trong mang
dién kin, vi vy, chi c6 thé chon ti€t dién diy din trong mang dién kin bing phuong phap
gﬁn ding.

D6i v6i mang truyén ti, ti€t dién diy din khd 16n, do d6 R {({ X. Mit khdc, xo khong
thay ddi nhiéu theo ti€t dién nén X phu thudc chi y&u vao chiéu dai. Tir d6, suy ra phuong
phdp chon ti€t dién cho mang dién kin nhu sau:

Xi4c dinh phan bd cong suat theo chiéu dai, cin cif vio cong suit trén mdi doan, xdc
dinh ti€t dién diy din theo mat do dong kinh t&.

Kiém tra ti€t dién chon dugc theo diéu kién ki thuat: sut 4p lic binh thudng va su cd,
dong dién lic sy co:

AU, %<U,, %
AUSC % S UC[)SC %
Imax < Icp

D6i v6i mang phan phdi, phu tdi twong ddi day, t6t nhit nén chon diy clung ti€t dién
va nhu vay ciing ti€n hanh phin b cong suit theo chiéu dai.

Vidu 14.

Mang dién kin truyén tdi 110 kV, cung cip S —30+20MVA
cho hai phu tdi c6 Tpax = 5500gi5. Yéu cau chon '
ti€t dién day din thod man ton that dién 4p cho
phép lic binh thudng 10% va lic su c6 15%,
chon ddy nhom 161 thép (AC).

wy o =9

2
L» S, =20 +j10 MVA

Hinh 1.21
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Giai:
Phan b3 cdng suit theo chiéu dai
Sa(ZZ + 13)+ SbZZ
L+ +1
_ (30+j20)30+40)+(20+,10)30 _ (27+ J17)MVA
30+30+40
S, (I, +1,)+S,1,
L+ +1
_ (20+j10)30+40)+(30+,20)30 _ (23+ j13)MVA
30+30+40
S, =8,-5, =03+ j3)MVA
V6i Tinax = 5500 h, ddy nhom 13i thép, ji = 1 A/mm>.
Tiét dién kinh t€ mdi doan dudng day:

2 2
F = Y217 105 Z 170 mm?, chon day AC-185, I, = 515 A

J3.110.1
V237 4132

F,="2""""_10° =140 mm?, chon day AC-150, I, = 445 A
J3.110.1

W32 43°

Pk

V6i khoang cich D =5 m, ta ¢6:
Z,, =017+ j0,407 km
Z,, =021+ j0,420 km
Z,, = 0,45+ j0,442 Ikm

Niit 1 c6 dién ap thap nhat va ton that dién 4p lic binh thudng:
AU — D PR +ZZQX 1000 = 27X 01730+ 170,407 x 30

110°
Trudng hgp su ¢d ning né 1a dit doan Al, mang trd thanh hd va dong dién di trén cdc

doan I, va Is:
V507 + 302

=———""10° =306 A< [, =445A

1
max?2 \/5110
V30% +20°

l,,.,=—F——10"=190A<I_,=275A
max 3 \/5110 p3

Tén that dién dp khi sy c6:
(50x0,21+30%0,42)x 30 + (30 x 0,45 + 20 x 0,442)x 40
AU, % = :
110
C4c ti€t dién day chon nhu trén 12 thod man.
»  Xdc dinh tiét di¢n ddy dén theo chi phi kim loai mau it nhat
DP&i v6i mang dién c6 Tnax nhd, vi du mang dién ndng nghiép, chi€u sdng, thinh phin
von dau tr cho diy din chi€m ti trong 16n hon thianh phin tn that dién ning trong ham
chi phi tinh todn Z. Vi vay, d6i véi mang dién nay, tiét dién dudc chon sao cho phi tén vé
kim loai mau 13 it nhat.

1

2

10° =22,3mm?, chon day AC-70, I, =275 A

100 =2,86% < 10%

100=13,11%<15%
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A I,F, 1 L, F, 2 L, F, 3

| b

Hinh 1.22. So dd mang dién cung cip cho 3 phu tai.
Gia thi€t mang dién cung cdp cho mot s6 phu tdi v4i tdn that dién dp cho phép AU, .
Cho mot tri s6 trung binh x, s& x4c dinh dugc AU" va AU, (H.2.22).
C6 thé phan tich AU, thanh ba s& hang:
AU, = AU| + AU, + AU,

Ti€t dién clia cdc doan ddy dugc tinh theo céc tri s6 AU’ :
__ A
WU, AU;
PZZZ
W 4, AU,

F — PSZS
3 '
deAU3

1

) =

Thé tich day dan:
L [pE PE . PL
W, | AU AU, AU! - AU\ — AU,

Thé tich nhd nhat khi:
oV .oV

oAU’ =0va oAU,
P} _ PL _ PL
(av;} ~ (au;}  (avs)y
K _ RL _ PRL

Tic 1a khi:

H P = —
v "B auyy (v
[)1 P2 P3

Tinh dugc F; va F; theo Fs:

i

ro_ Plll + PZZZ + P3l3
v 7Ude1 deFZ ;/Ude3

P]ll + P212
P P
—‘-F3 72.}73
P3 P3

Tt d6 suy ra:  F, = R (,JB +1,P, +1,/P;)

7UdmAU

Viét lai biéu thic:
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Tongt:  F,= Lj{},(zlﬁﬁ LB+ 1)

YU i
F, = \/_ +0L\ P, +1
=AU e RNy
Téng quat, ti€t dién doan thit k clia dudng day lién thong cé n phu tai:

Fo=—Y"%t VB Zl\/_

de cp i=1
Vi du 1.5.

Mang dién 10 kV, cung cip cho hai phu t3i, tdn thit dién 4p cho phép bing 6%. Hiy
lra chon ti€t dién day din theo chi phi kim loai mau it nhat, diy nhdom (Al), khodng céch

D=1m, y,, =31,7.10" km / Q.mm".

S, =1177 +j880 kVA S, =493 +j162 kVA
Hinh 1.23
Giai:
Cho x, = 0,36 km, tinh AU"
Ay = 93¢ —2~[(162 +880)x 4 +162x5]=179 V

AU! = AU, — AU" = 600~ 179 = 421V
Xdc dinh ti€t dién day din:

Fy=—"2— VP il\/_

dmA cp i=l

/493

31,7x107° x10x 421

_ (B /1177+49345=83mm2
P, 493
Chon day A - 70

Téng trd mdi don vi chiéu dai dudng day:
Z,, = 0,45+ j0,341 km
Z,, = 0,63+ j0355 km
Kiém tra ton thit toAn mang dién:
AU (1670 x 0,45 +1042 x 0,341 4 + (493 x 0,63 + 162 x 0,355)5
0 =

10% x 1000
Vay két qua chon tiét dién diy din chip nhan dugc.

2 =

Chon day A-50

[5J493 +441177 + 493]: 45mm’

100 =6,2% ~ AU,,
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b. Khao sat tinh todn thi€t k& dudng diy c6 ciac dang phan bé tai khiac nhau
Pé€ tinh todn cong suit dinh muc clia tram, dd sut dp, ton tha't dudng diy, ta can khio
sdt cac dang phan bd tai khdc nhau trong mang phan phoi.
»  Duong ddy phdan b cé tdi tdp trung
Pudng day phan phdi thudng c6 chiéu dai I < 80 km nén c6 thé diing md hinh dudng
day don gian cho tai tdp trung nhu hinh 2.24.

B ey
Q—

P, +jQ,

Hinh 1.24. M6 hinh dudng day cd téi tap trung.

Do sut ap:
Sutdppha: AU =1Z
P,R+0,X
Sutdpday: AU =~3I(Rcosp+Xsing) = zU—Qz
2

P,R+0Q,X
BRYOX | 100%

Do sut dp %: AU% =
dm
P,, Q; - cong suit 3 pha
U, ~U,, -diéndpday.
Tén that cong suat tic dung:
P’ +Q;
2
dm
T6n thi't cong sudt phan khing:
P} +0;
2
dm
Cong suit dau dudng day:
P, +jQ, =(P, + 4P)+ j(Q, + 4Q)

dm

AP = ‘R

A0 = -X
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»  Tuyén ddy hinh tia véi phu tdi phdn bé’ déu
T4i phan bd déu trén tuyén day nhu Hinh 2.25 dugc mo hinh hod trén Hinh 1.26.

FT T .
| | .
! ! L i -0
| | | dii = 2dx ) oy
| | B — L .
| | 1 —> l I)(2 —>
| I X dI
| |
o |
: : — ¢ dX
| |
| I l
| |
| |
L a
Hinh 1.25. Phy tdi phan bd déu. Hinh 1.26. M6 hinh dudng diy tii phan bo déu

Goi: dI,dx 1an luot 12 vi phan dong dién va vi phan khodng cdch.
[ — chiéu dai clia tuy&n day.
x — khodng cdch tir di€m (1) d&€n diu day.
Khodng cich tir di€m (2) d€n dau day 1a x + dx.
Is — dong dau dudng day.
Ir — dong & cudi dudng day.
I,,,I, - dong dién trén tuyé&n day chinh tai di€m 1 va 2, gid thi€t ti't cd tdi c6
cung hé s6 cdng suit.
Gij thiét tdi phan bo déu tir x=0 dén x = [

'/ N
— =K = hang s6
dx
P&i v6i doan dx, dongl .1, ddu va cudi doan cho bdi:
I,=1,+dl
[,=1,-dl
. . dl . )
I,=1,——dx=1_,—Kdx
dx
Hay gan ding: [, =1, —Kdx
I,=1,+Kdx
Suy rong ra cho toan tuyén dudng day vdi dong Is va Ig:
Ir=1Is- K/
Is=1g + K!

I
Vilg =0 nén K=TS

Tai khodng cdch x cho trugc, dong I, dudc tinh theo dong Is ddu phat tuyén

I, =1, +Kx
I
Suy ra: I, =I,-Kx=1I, —TS-les[l—ﬂ
I.=0 & x=1I
IX: 2,
I.=1, 6 x=0
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Do sut dp vi cap dU = I zdx =Isz(1—§dxj v6i z 12 téng trd mot don vi chiéu dai

dudng day.
D0 sut dp tai diém x:

sfa- ol
0 0

DJ sut dp trén toan by dudng day x = [:

AU zélszl

T6n thi't cong suat vi cap:
2
dP =1’ xrdx = {IS(I —%H rdx
Tén that toan dudng day:
AP = idp = %Iszrl

Do d6, d6i véi tdi phan bo déu trén dudng diy thi dd sut 4p tuong dudng vdi tdi tip

. ) . R I R e a7 A .
trung tai khoang cich x = 5 con ton that cong suat thi tuong dudng v4i tai tap trung tai
[
xX=—.
3
»  Phdt tuyén cé phu tdi tang ddin
Khéo sdt phdt tuyén c6 phu tdi .

phin bd ting din nhu hinh 2.27.
Goi Is 12 dong dién téng cia
phét tuyén.
Dién tich viing phu tdi A = h.l
Suy ra mat d6 phu tdi ampe trén
dién tich

D, = s Akm?
h.l

Xét phu tai cia vung gach chéo
ting v6i di€ém cdch diu dudng day
khodng cdch x, ving nay c6 dién
tich: N

~
Ny /

Hinh 1.27. M6 hinh dudng day t3i ting din.

A :(h—i—thj(l—x):?(Z+x)(l—x):?(lz —x?)
Dong dién trén dudng day tai x:

I. h x?
I =D A =3 .—\>=x*)=1|1-=
A Y| l( ) S( 12]

Xét mdt doan vi cip dx tai vi tri x clia dudng day, dong dién I, giy ra sut 4p vi cap.
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d(AU)=1 z,.dx

x2
= IS(ZOdX{l —l—zj

Vi zo 12 tong trd mdt don vi chiéu dai day.

Suy ra sut 4p d€n cudi dudng day: (sut 4p pha)
1

[ 3
X l 2 2
AU Z'([d(AU):ZOIS|:X—37j|O :ZOIS|:Z_§j| ZEZOHS ZEZ[S

v6i Z = z,.l 1a tdng trd toan dudng day.
Tuong ty, tdn that cong sud't vi cAp trén doan dx khi c6 dong I, di qua (1 pha)
2 2
x
d(AP)=I*r,dx =17, (1 —l—zj dx
vdirg 1a dién trd trén 1 km chiéu dai dudng day.
1 l 2
X 8 8
Suy ra: AP = |d(AP)=I{r || 1-= dx=—1I3r)l=—I;R v6iR =r,]
y .([( ) so_([[ lz)d 15 5’0 155 0
Nhan xét: @6 sut 4p clia phdt tuyén c6 tdi ting din déu tuong dudng vdi tdi tap trung
tai vi tri 2/3 dudng diy, con tdn thit cong sudt tuong dudng v4i phat tuyén c6 tai tap trung
tai vi tri 8/15.
Tir cdc nhian xét nay dwa d&€n khdi niém dung hiing s6 sut 4p K d€ tinh todn ton thit

dién 4p clia dang phan bo déu va ting dan gidng nhu tinh d6i véi tdi tp trung.

PR+Q X

bit: AU =tKS = don vi tuong ddi

r~ cb
V6i: K - hiing so sut 4p;
t - chiéu daihiéu dung dudng day phu thudc sy phan bd tai;
S:, P, Q; - cong suat 3 pha dau nhan;
U, - dién 4p dau nhan;
Uep - dién dp cd ban.
T6n thi't dién ning:
Tén that dién ning trén dudng diy c6 thé tinh theo hai cach:

Dung thdi gian ton that cong suat cyc dai T, AA=AP_ .1, .
Diing hé sd tdn that AA =K AP__ 8760

Véi AP 1a ton tha't cong suat cuc dai.

» Xdc dinh hing so sut dp K véi cdc mé hinh phén bé phu tdi khdc nhau
T tong tré dudng diy Z =z,.l, v6i zo 12 tdng trd cda dudng day/km, [ - chiéu dai

dudng day.
Xdc dinh tong trd hiéu dung ctia mdi loai phan bd tdi:
T&i tap trung & cudi dudng day: Z = z,.1(2pha)
T&i phan bd déu: Z = %zo.l (2pha)
T4i c6 mat do phu tai ting dan: Z = %zo.l (2pha)
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Dung mo hinh tdi tdp trung tuong duong (Hinh 1.28)

U, U,
R iX
| I
I ——

« l

A4

P +jQ,

Hinh 1.28. So dd6 mot pha.
U =U20° U, =U/S8, 1=1£-¢°

AU% = Usl; U, x100%

Véi U, Us - dién dp pha ddu gdi va diu nhan.
Né&u tinh trong don vi tuong ddi
U -U

AU*,, —__s r
dvtd Ucb
Véi Ug, - dién dp co bén.
Tinh theo phin trim:
AU % ==Y 1 100%
cb
U =U +IZ

U (coss+ jsinS)=U,2£0° +(R+ jX)I(cosp— jsing)
=U, +(IRcos g+ IX sing)+ j(IX cos p— IR sin )
~U, +IRcosp+IX sing
. N . . P —j
Cong suat phtic dau nhdn: P+ jO =U, 1 —>1 :’U—]Q’

r

U =U 20"+ PrR+Q6X +jPrX—QgR _U + PR+Q.X
U,Z0 U,Z0 U,
S S
PR ¥ (U’ ch0s¢+[U’ szingo
iy +
Suy ra: AU = ox _\% - dvtd
UrUcb Ucb

Né&u tinh theo cong suit 3 pha & diu nhin:

(S3¢ Xt)(ro cos @+ x, sin gp{; X 1000)

AU = PR+0Q X _
UrUcb U’Ud’
hay: AU =1KS,,

0] day:
U - dién dp cd béan, V;
U, -dién 4p pha diu nhan, V;
ro - dién trd trén 1 km ddy, (Q/km);
Xo -cam khdng trén 1km day, (Q/ km);

S;, - cOng sudt 3 pha, kVA;
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t - chiéu daihiéu dung clia dudng day tily theo su phan bd tai, km.
T&i tap trung: t=1

Phu tdi phan b& déu: =Ly

N 2
Phu tdi mat do ting dan: ¢ = gl
Tir d6, suy ra hiing s sut 4p K:
(ro cos @+ x, sin (p{; X 1000}

Ur Ucb

K = dvtd

K = f(kz’ch cdday, khodng cach pha, cosp, U, ) = AU/ kVAxkm

(ro cos @+ x, sin (o{; X 1000)
5 x100%
Udmpha

N&u Uy, 12 dién dp day (kV), Sz 12 cOng suat bi€u kién 3 pha (kVA)

Tinh gan ding: K% =

Thi: K~ 0S8 % P g A xckm = 2 EBLE X SN /A ckm
1000xUZ, 1000xU,
Hay: K% ~ 08P X0 NP g A x km
1002,

Vi du 1.6.
Cho dudng day 3 pha bon diy, ¢ U = 4,16 kV, diy din dong #4 AWG tuong duong
21,14 mmz, khodng cédch giita cdc day 37 inch = 0,94 m, cos¢p =0,9 tré.
Xic dinh hiing s6 sut 4p K.
Giai:
X4c dinh hiing s6 K dung cong thic:

(r coS @+ x sin go{; X 1000]

K = Uu, puV
Lay: U =U,=2400 V.
(r coS @ + X sin go{; X 1000)
Suy ra K= U2 dvtd
Trong d6 : r, = 1,503 Q/mile = 0,9341 (Ykm

x, =0,7456 Q¥/mile = 0,46339 (V/km
cos@ =09 tré = sing = 0,4359

U, = 4160 =2400V
V3
Suy ra:
(0,9341 x 0,9+ 0,46339 x 0,4359)@ X 1000]
K= 5 =0,0000621 dvtd/kVA x km
2400
Hay: K% = 0,00621%/km.kVA
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Vidu 1.7.
Gid thiét phét tuy€n néi trén cung cAp cho phu tii 500 kVA, c6 cosep=09 tré, tip
trung & cudi dudng day dai 1 mile = 1,609 km. Tinh phan trim sut 4p (Hinh 1.29).
Giai: AU% = t.K%.S =1,609.0,00621 %.500 = 5%
| t=1=1mile =1,609 km

| Day dong # AWG =21,15 mm”
D, =37inch=0,94 m
U,, =416kV

l 500 kVA
cos@ = 0,90 tré
day
Hinh 1.29
Vidu 1.8.
Gid thi€t dudng day c6 cung so liéu nhung cung cap cho phu tdi 500 kVA, cose=0,9
phan bd doc dudng day. Tinh dd sut 4p (Hinh.1.30).

Giai: AU% =t.K%.S = %1,609.0,00621 %.500 =2,5%
l
| 1,609 km
IR NERE i |
t:%l 3 r= 5”1 4 ~y
Hinh 1.30 Hinh 1.31

Vidu 1.9.
Gid thi€t dudng day c6 cung s liéu nhung cung cap cho phu tdi S = 500 kVA phan bo
ting din. Tinh do6 sut 4p (Hinh 1.31).
Giai:
AU% =tx K% xS =1,0727 x 0,00621 x 500 = 3,33%

Trong d6: t = %l =1,0727 km
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1.2.4. Thiét k& tram phan phdi

a. S¢ do hé thong thanh cai

Mot so do tram phu thudc vao cAp dién 4p cla tram trung gian, su sip x€p mdy cit,
dao cédch ly, thanh cdi, ngoai ra con phu thudc cong dung clia tram. N6i cach khdc, viéc
xdy dung mot so dd tram dién dua trén dd an toan, do tin cdy, tinh kinh t€&, tinh kh3 thi,
tinh don gidn va cac mit khac.

Céc dang so db tram dudc cho & cdc Hinh 1.32 va Hinh 1.37.

—
——

T | T?anhcéiTl T
T%I 1 jj] ii
b he 22 28
A 'imanhcégz1

Hinh 1.32. S6 dd mot thanh c4i. Hinh 1.33. So dd hai thanh c4i — 2MC

Thanh céi |

Thanh cai chinh

MC
lién lac Thanh céi -
MC []

T
[
Iy 77 UL

I
| !

4

Hinh 1.34. So do thanh cdi chinh va phu. Hinh 1.35. So dd hai thanh cdi.
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Hinh 1.36. So db thanh cdi vong.

RN, NS

&
<

Bang 1.3. Bing so sdnh giffta cdc sd d6 tram

| | T I 1 | T Thanh cai 1
44y
MC
gj gj gj lién lac
l l l Thanh cai 2

Hinh 1.37. S6 d6 1 MC va 1/2 MC

S¢ d6 tram

Uu diém

Khuyét di€ém

1.Thanh cai
don
Hinh 2.32

- Chi phi ré.

—Tram ngung hoat dong khi ¢ su c&
trén mdy cdt hodc thanh cdi.

—Khé bdo tri, stta chira.

—Khong thé phét trién dugc thanh c4i.
—-D0 tin cdy clia sy cap dién lién tuc
thap.

2.Hai thanh cai,
hai mdy cit.

— M&i mach c6 hai mdy cit
— Giffa cdc thanh cdi dudc noi két linh

—Chi phi cao.
—Mot nita mach s€ khong hoat dong

— B4t ky mdy cit ndo ciing c6 thé
cdch ly khdi mach d€ stta chita ma
khong can ngung cip dién cho phu
tai.

— Chi cAn 1 mdy cit trén mot mach.

Hinh 2.33 dong. do sy ¢d mdy cit, n€u mach khong
— Tram van hoat dong néu c6 bat ky | dugc ndi v6i cd hai thanh c4i.
mot mdy cit nao bi tdch ra.
— DJ tin cdy cao.
3.6 d6 thanh | — Chi phi thip —Can gia ting may cit cho thanh c4i.
cdi chinh va | — Tram vAn hoat dong khi mdy cdt | —Dao cdch ly hoat dong phic tap khi
phu. dugc cdch ly, stra chira. bdo tri mdy cit.
Hinh 2.34
4S80 @b hai | — Hai thanh cdi hoat dong linh hoat. —CAan thém mot mdy cit cho thanh
thanh cdi, mot | — C6 th€ tdch mot thanh c4i chinh d€ | cdi.
mdy cit. stra chira. —Can bon dao cach ly cho mdt mach.
Hinh 2.35 — Mach nay c6 thé chuyén tir thanh | —Sd db bio vé thanh cdi c6 thé giy
cdi nay sang thanh cdi khdc thong qua | ton that trén tram khi n6 tic dong néu
mdt mdy cit lién lac. tt cd cdc nhdanh ndi vdi thanh cdi do.
5.Thanh  cdi | — Chi phi 14p dit thap. —Né€u sy c6 x4y ra trong lic sta chita
mach vong. — Hoat dong linh hoat khi sira chita | mdy cit thi s6 dd mach vong sé& dudc
Hinh 2.36 may cit. tdch ra 1am hai phan.

—Hé thong tu dong déng lai va bdo vé
mach thi phtc tap.
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— Khong dung thanh cdi chinh.

— M&i mach dugc bdo vé bdi hai mdy
cit.

— Céc dao cach ly dugc phdi hgp véi
mdy cit.

6.S0 d6 mot | — Hoat dong linh hoat. ~ oL

. A —Can 1— mdy cat trén moi mach.
rudi. — B0J tin cdy cao. 2
Hinh 2.37 — Mach vin hoat dong khi c6 su c6 —Hé thong rdle va ty dong déu phu
trén mdy cit. ’ thudc vao may cét § gitta.
— Céc dao cach ly hoat dong phoi hgp
mdy cit
— Van hanh don gian.
— Thanh cdi chinh c6 thé cich ly dé
stta chita ma khong can cit phu tdi.
— Su ¢d trén thanh cdi cdc mach
khong mit dién.

b. Vi tritram

DPé€ lwa chon mot vi tri tram thich hdp nhit, cin dura vao cdc quy ludt sau:
1. Bit tram gan trung tAm tai cda ving phu tai
2. Pit tram sao cho viéc diéu chinh dién 4p 13 thich hdp nhat.
3. Chon lya vi tri tram sao cho thudn 1¢g1 dudng ddy vao tram trung gian va cédc
dudng day ra va cho phép ting thém trong tuong lai.
4. Chon lya vi tri tram trong khodng khong gian cho phép dé md rong tram trong
tuong lai.
5. Chon vi tri tram phlt hgp v6i nhitng quy dinh vé viéc st dung dit, khong gy
dnh hudng dén moi trudng dan cu xung quanh noi dit tram.
6. Chon vi tri tram sao cho 1am gidm nhd nhit s6 phu tdi bi 4nh hudng do mat
dién.
c. DPinh mic ctia tram

1. Phan tich ving phu tai hinh vuéng (H.1.38)

MBA phan

<«— nhanh

b

Vung phu
tai cia mot
nhanh

Hinh 1.38. Vung phu tai hinh vuéng.
Cong suat mdi dudng day cung cip cho phu tdi:
S,=A,.D=1;.D (kVA)
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Véi: Ay - dién tich tai cia mot nhanh, km?;
D - mat do phu tai theo dién tich, kVA/km®.
Sut 4p trén dudng day chinh:

AU% = %14.1{%.54

Trong d6: K% hiing s6 sut 4p (%/kVA.km). VG6i gid thi€t phu tdi ting dan déu. Céc
mdy bié€n 4p phan phdi mang tdi bing nhau va dit cich khodng bing nhau.
Suy ra: AU, % = %14 K%I2D)=0,667K%.D.L
2. Phan tich viing phu tai hinh luc gidc déu (Hinh 1.39)

l
A = ﬁlﬁ - Dién tich viing phu tdi mot nhénh.

S, =A,.D =0,578DI;

Do sut 4p: AU% = %16 K%.S, =0385.K%.D.I

|
|
I N
7 | Tam phu tdi >~
e | ampiat s MBA phan
(\ I ; /\‘bl/ ph61
: AN :Tuyén ¢ e
| \\\ | chinh P 4 ° hinh
: -~ : - [«—nhin
~N 7~
| ~ a P T { * b
: tram l )
-~ ~N
| e BN i // Ving phu
: 7 II NG Y tai ctia mot
| e | ST P nhdnn
e | ™2
< | S oc
-
N | 7
~N | A
\\\ | -
~ | Pid
\\ I //
\\ I 2
S~ 23l

Hinh 1.39. Vung phu tai hinh luc gidc déu.
3. Trudng hgp tdng quat: viing cung cAp bdi n phap tuyén (H.2.40)

Tu hinh 2.40, ta c6: 1g0 = Y y= (x + dx)tg(9 ~ x.tg0
x+dx
Téng dién tich ving phu tii:
A, =["dA=11g0—S, = Di}1g0

0
Do sut dp: AU% = %zn K%.S, = %K%.D.lj 180 = %K%.D.lj 1g 360

n
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Y
Tuyén
y chinh
\V
\\\ c
5 X dx
« .
Hinh 1.40. So dd phu t3i dang tong quat.
4. So sanh tram bon dudng day va sdu dudng diy ra
»  Tit gidc (b6n duong ddy ra)
Cong sut cha mot dudng: S,=ID
Téng cong suat toan viing: S, =41;D
, N N 2
Do sut 4p % cia mot dudng: AU% = EK%DI:
Dong cung cip & dau dudng day: 1, = e Di, (A)
' BERNEI /NEY
V6i U Ia dién 4p day.
» Luc gidc (sdu duong ddy ra)
. 1
Cong suit cda mot dudng: S, = TléD
3
Téng cong suat toan viing: Sy = ilzD
. 62 \/g 6
2
Do sut 4p % cia vung phu ti: AU% =—=K%DI’
33 °
N ~ 2, A 0N A S6 Dl62
Dong cung cap ¢ dau dudng day: 6= =—=(A)
J3u  3U
Viéc ddnh gid dua vao cdc diéu kién sau:
» Piéu kién gidi han bdi phdt néng
Cho mdt loai ddy din va bd qua do sut 4p
Taco I, =1
2 2 2
DI _ DI LY _3
\/gUL,L 3l]L—L l4
Ty s6 cong suit toan ving:
6
— DI 2
S6Z _ \/g ° _ \/5 lé _ 3 h —
Zex _ —=-—|-—"| == hay S;z =1,58,5
S, 4Dl 2\l ) 2
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Viy sdu dudng day cung cAp tii gdp 1,5 1in bon dudng diy néu c6 ciing diéu kién
phdt néng.
» DPiéu kién gi6i han bdi do sut 4p, cling loai diy din
AU, % = AU, %

%K%.D.lf = LK%.D.ZQ

33

I, = 0,833,
6
V3

S,y =41;D=2,78;D
Ser 3 — Sgy =1,258,5
S,y 4
Nhu vay, sdu dudng diy cé thé cung cip tai 1,25 1an bon dudng diy néu cé ciing dd
sut ap.
5. Gidi thich vé cong thic tinh do sut 4p K
Duya vao cdng thic tinh dd sut 4p, Reps dua ra cong thifc lién quan dén viéc 4p dung
cho tram phan phdi cung cip cho ving phu téi:

Cuchon, (2.
AUn % = = = _ln KSn
n n 3

Véi: AU, % la do sut 4p % trén mach so cap;
K 12 hiing s& sut 4p % /kVA.m;

Sgs =—=1¢D

2 N N N [N 2 A ~
El" l1a chiéu dai hiéu dung cua day sd cap;
S,s 12 t3ng cong sud't cung cdp cho toan viing = n.D.A,;

(e S
Sn 12 cong suit cAp mot trong n ddy = D.A, = "=

n
n la s6 dudng day;
D la mat do tai, kVA/m’;
A, 12 dién tich viing cung cAp clia mdt dudng day.
D€ minh hoa céch st dung va gidi thich cong thifc nay, gia thiét dwa ra 5 trudng hop:
TH1: Ting dién tich ving cung cidp néu chiéu dai phdt tuyén ting gdp doi (2x [,) va
cdc dai lugng khac khong ddi.
Nhén thdy: dién tich ving phuc vu A, ting gdp bon nén S,y va S, ting gdp bon lam
AU% ting gdp tdm lan.
TH2: Tdng mat do phu tdi din dé€n S, ting. Gid thi€t D ting gap ddilam choS,y, S,
ting gip ddi va AU% ting gip doi.
TH3: Thém phat tuy€n, n ting gdp doi thi S, gidm Y2 dua d€n AU% gidm Y5 .
TH4: Tiét dién ting gdp doi duwa dén K gidm Y2 va AU% gidm Y2
THS: D3i (8 ddu diy m4y bién 4p 4 — ¥ (trung tinh ndi dat) dién 4p day ting+/3 1n,
K giam 1/3 va AU% giam 1/3.
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Céc trudng hgp trén dudc tém tit & bang sau:

STT Trudng hgp L K Uaay n D A, S,s Sa AU %
I | Ting (Al,len tich x2T x1 x1 x1 x1 x4T | x4T | x4T | x87
cung cap
2 ;lzng mat do x1 x1 x1 x1 x2 T x1 x2 T x2 T x2 T
3 Thé hat 1 1
© P xI | xl x| x2™ | xt | x1 | x1? [x=4 [x=4
tuyén 2 2
4 Chon day lai 1 1
ondayal x1 x—4 x1 x1 x1 x1 x1 T x1 7T XE‘L
5 | Pditd dau day 1 1 1
mdy bién 4dp | xI XE\L xv37T | x1 x1 X§~L x1T | 11 XE‘L
A—>Y
1.3. CAC ViDU TINH TOAN THIET KE MANG PHAN PHOI SG CAP
Vi du 1.10.
Cho phu tdi phan bd hinh vudng, mdi canh 2 mile = 3,218 km.
= Mat do phu tii 2000 kVA/mi* = 772,5 kVA/km* (mi”® = mile?)
= Hé sd nhu ciu trung binh cho moi tdi 0,60.
» Hé sd phan tdn 1,2 (hé s& dong thdi % )
» Hé s cong suat 0,90 tré.
C6 hai phuong phdp dit tram: tai A va B.
A
- j
nhdnh E ‘
g
B l O
tuyén =
e [s
nhanh ’; |
l€«—1,609 km—>»><€¢——— 3218 km —>»
Hinh 1.41
bit tai A: Phét tuy€n chinh dai 2 mile = 3,218 km ~ 3,2 km
Phét tuyén nhdnh dai 2 mile = 3,218 km.
(c6 tAt cd 16 nhdanh)
bit tai B: Phdt tuyén chinh dai 3 mile ~ 4,8 km
Phét tuyén nhdnh dai 1 mile = 1,609 km.
(c6 tA't cd 32nhdnh)
bién 4p dudng day 13,2/7,62 kV 3 pha, bon day.
Phit tuy&n chinh dung day dong #2/0 AWG = 67,4 mm’
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Phét tuy&€n nhdnh dung day dong #4 AWG = 21,2 mm’

Khodng cach pha Dy, = 37 inch = 0,94 m

Chon phuong dn dét tram tai A va B?

Hé s6 nhu cAux mat do phu tai

Matdo phu tditdng theo yéu cau = ——
Hésd phantian

_0,6x772,5 kVA/km?
- 1,2
Dién tich phu tdi: 3,218 x 3,218 =10,335 km?
Phu tdi tong cla tram cung cAp:
S, =386x10,335~4000kVA =S,
Hing s& sut 4p clia hai loai day:
Da6i v6i day #2/0 AWG = 67,4 mm?, K% = 0,0002486 %/kVA.km
D6i véi day #4 AWG = 21,1 mm?, K% = 0,0005904 %/kVA.km
Né&u dit tram tai A, sut 4p tif tram A d&€n di€m xa nhat cia phat tuy&€n nhanh:

=386 kVA/km”

/ l
AU% = 5 K i %o S i T E K i %o S iini

352 % 0,0002486 x 4000 + 352 % 0,0005904 x 1000

=1,84%

Né&u dit tram tai B, sut 4p tif tram B d&€n di€m xa nhat ctia phét tuyén nhanh:

AU% = (1,6 + 32

Do d6, vi tri tram A t6t hon & B.

Vidu 1.11.

Mot phét tuyén 3 pha bon day dién
dp 15/8,66 kV dai 4 km. Phdt tuyén
cung cAp cho 10 nhdnh, bén trdi 5
nhdnh, bén phdi 5 nhanh (Hinh 1.42).
Day nhdanh dai 3 km. Dung ddy nhom
c6 khodng cich pha D, = Im. Mbi
nhdanh cung cip cho 300 khich hang,
mdi khdch hang tiéu thu 4 kVA,
cosp =09 tré qua may bi€n 4p phin
phéi.

Pién 4dp trong nha thay ddi tir 220 V
dé&n 250 V, chon dién 4p thap nhat tai
khach hang la 230 V.

Yéu cau dién 4p tai khach hang

5 j0,0002486 x 4000 + 1’26

4000

% 0,0005904 x —— =3,26%
32

AN\

4 km > 5 nhanh

|

[ ] 15/8,66kV
Hinh 1.42

V., =250V
Vv, =230V

Sut 4p cho phép trén phét tuyén sd cip (cao dp) 1a 4% va sut d4p cho phép trén hé

thong phan phoi thit cAp (ha 4p) 1a 3,5%.

Xac dinh:

a.C3 day chinh va diy nhdnh thod min sut 4p cho phép trén hé thong phan phdi so cap.
b.N€&u vudt qui 4% hay két hgp day chinh va day nhanh c¢6 ti€t dién 16n hon.
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Giai:
Cong suat tong trén dudng diy nhanh:
S =4 kVA/khich hang x 300 khdach hang =1200 kVA
Dong dién tdng trén dong day nhdnh
Lo =22 _ 46,18 A
\/§ x15
Chon day nhom A-16 c6 dong cho phép 105 A
Dong dién tdng trén diy chinh:
I, =46,18 A/ nhdnh x10 nhanh =461,8 A
Chon day A-185 c6 dong cho phép 500 A.
Hing s sut 4p K cho bdi cong thifc:

(ro cos @+ x,, Sin (p{; X 1000)

nhdnh

K% = 5 x100%
l]dmpha
Day A-16 r, =198 km x, =0,391 km
Day A-185 r, = 0,17 £2km x, = 0,312 2km

DAy A-16 c6 hiing s sut 4p:

(1,98x 0,9+ 0,391 x 0,436)(; X 1000]
K% = - x100%
8660
= 0,0008678%/kVA.km

Day A-185 c6 hiing so sut ap:
(0,17 x0,9+0,312x 0,436{1 X IOOOJ

K% = x100%

8660°
=0,0001284%/kVA.km
Phu ti gid thi€t phan bd déu
Sut 4p trén dudng day nhanh:
AU%,, ... = %x 0,0008678 x1200 =1,562%

Sut ap trén dudng day chinh:

AU%,,,, = %x 0,0001284 x 1200 x10 = 3,08%

Do sut ap téng: AU%y =1,562 +3,08 =4,642% > 4% , chon lai diy chinh va day

nhanh.
DAy chinh : chon diy A-240 r, = 0,132 Jkm x, = 0,304 Zkm

Day nhdnh : chon day A-25 r, = 1,28 (Jkm X, = 0,375 Jkm
(0,132 x 0,9 + 0,304 x 0,436{; X IOOOJ
Day A-240 K% = . x100%
8660
=0,0001117%/kVA.km

DPH SPKT Tp HCM-Khoa bPT feee.hcmute.edu.vn 37



Gido trinh Thiét ké hé thong dién PGS.TS. Quyén Huy Anh

(1,28x0,9 +0,375 0,436)(; X 1000]
Diy A-25 K% = . x100%
8660
= 0,0005847%/kVA.km

Sut ap dudng day nhdanh
AU ;i %0 = % % 0,0005847 x1200 = 1,05%
Sut 4p dudng day chinh:
AU ., %o = % x0,0001117 x1200 x10 =2,68%

Sut 4p tdng: AU%y =1,05+2,68 =3,72% < 4%

Pat yéu cau.

Vidy 1.12. . . 3 km 3 km

M6t mang phan phdi so cap ] e
15/8,66 kV gdm hai dudng day trén
khong dai 4 km xuat phdt tir hai tram 6 nhdnh
A va B, mdi dudng diy cung cip 6
nhdnh ré diing cdp ngdm XLPE dai 3
km, phu tdi mdi nhanh 1200 kVA/3
pha, cosp=08phin bs déu trén
nhianh. S d& mang dién nhu Hinh 1] Te
1.43. (C4p ngam XLPE dung cip 1 E; E;l

r—
- [ 4km

pha, mot dudng nhdnh gdm ba dudng
1 pha XLPE, phu tdi phan bd déu trén
3 pha). Hinh 1.43
Trong tinh trang binh thudng céc
dudng nhdnh h3 § gifta, cd hai dudng chinh déu van hanh. Trong tinh trang sy c6 mot
dudng chinh, ciu dao & giita dong lai d€ chuyén tai cho dudng chinh con lai.
Sut 4p cho phép lic binh thudng 1a 4%.
a. Chon c¢& day chinh va day nhdnh.
b. Tinh % sut 4p d&€n diu cudi clia dudng nhdnh xa nhat trong tinh trang binh
thudng.
c. Tinh % sut 4p d&€n nhénh ré xa nhat trong tinh trang su cd.
Giai:
a. Trong tinh trang sy ¢d, dudng diy chinh con lai cung cAp gip doi s6 nhanh ré.
Cong sudt tdng: Sy =2x1200x6 =14.400 kVA
14400

V315
Chon day AC-240 c6 dong cho phép 610 A

r, = 0,132 Jkm

x, = 0,315 km (chon khodng cach trung binh pha D = 1,3 m)

Trong tinh trang sy c¢d, cong sudt tdng trén mdi dudng nhanh ciing ting gip doi.

1, =21200 9374

\/§x15

Chon cdp ngim XLPE 1/0 AWG (53,5 mm? cép nhom) c6 dong cho phép I, = 155A

Dong dién dudng chinh:/ ,,, = =554,25A
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Co r, = 0,208 £21000ft = 0,682 {2km
x, = 0,0229 21000t = 0,07513 2km

b. Tinh trang binh thudng

Pudng diy nhdnh van hanh hd § giita, hai dudng day chinh déu van hanh.
AU ., = I(ro cos @+ x, sin go)é (tinh sut 4p theo pha)

(0,132x0,8+0,315x 0,6)% =163,28V

554,25
2

163,28

AU, % = x100% = 1,88%
8660

Sut dp trén dudng nhanh:

2
au,. . = %(0,682 x 0,8 +0,07513 x 0,6)% =40,92V
AU, %= 4092 100% = 0,47%
8660
Sut 4p t8ng: AU%y =1,88+ 0,47 =2,35%

c. Tinh trang sy cO
AU%,,  =2x188% =3,76%

AU, = 92,37(0,682 % 0,8+ 0,07513 x 0,6)2 =163,68V

AU, % =29398 1009 188%
8660
Sut 4p tong: AU%; =3,76+1,88 =5,64% (c6 th€ chip nhan)

Vi du 1.13.

Gia st sd dd bo tri mang phan phdi trén khong gdm mot phat tuyén va 10 nhdnh diy
ndi v6i phat tuyén d6, trén cic nhanh diy c6 gin cau chi, mang dién nay c6 thé cip dién
cho hai phia phu tdi (Hinh.1.44).

Tuyén diy chinh 1a diy 3 pha, hai bén tuyén diy nay c6 t8i da 10 nhdnh day hoic it
hon, cdc nhanh diy bén hong dugc bdo vé bdi cdc cau chi, cdc nhdnh diy nay c6 thé 1a 1
pha ho#ic diy 3 pha. Phu tdi c6 hé s& cong suit cosp =0,90.

144 khach hang (518 kVA)

a'

b b’

c c'

de . d

e* * € 1 1005m
*~— - — — — — — — — — — — —e
~— - — — — — — — — — — — — —o —

1755 m
Hinh 1.44
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Mang dién 3 pha bon day c6 cap dién dp 4160/2400 V. Khodng céch giita cdc diy din
Dy, =37 inch = 0,94 m.
Chiéu dai day din chinh: 3300 ft = 1005 m.
Xét trudng hgp chi ¢6 hai nhdnh a, a’ lam viéc cho trong Hinh 1.45.
Kich thudc diy din khong nhd hon loai AWGH#6 = 13,3 mm? vi d6 bén cd. Hiy xéc
dinh:
a. Do sut dp % tai di€m cudi diy din chinh va clia nhdnh ddy xa nhat (tir may cit
dén di€m a,a’)
b. N&u do sut 4p % cho phép 1a 4%. Hay xdc dinh lai day din chinh va nhdnh day.
Giai:
a.Dong di€n phan nhanh day:

_ S S8

In dnh
e J3u,  3x416
Chon diy din ddng loai AWGH#6 c6 dong dinh mifc 1a 130 A.
Dong dién trén diy din chinh:

L Sa _2x518 =<E‘ AWGHS 24 »
M Bu, 3x416 :
Chon diy din dong AWG#4 = 21,2 mm’ AWGH4 |1 144 A

véi dong dinh mdc 180 A, chd y day din

ddng loai AWGH#5 = 16,8 mm” c¢6 dong dinh

mic 150 A khdng dugc chon vi téng do sut Hinh 1.45

ap cao.

Tinh hing s& sut 4p K% ctia day dong loai AWG#6 va AWG#4 lan luct 1a
0,0093225% va 0,006215%/kV A.km

Do sut 4p trén didy din nhdnh c6 phu tdi phan bo déu:
1,755

AU %o = l”h%.l(%.s = x 0,0093225 x 518 = 4,24%

Do sut 4p phan trim trén day din chinh c6 phu tdi tp trung (1036 kVA):
AU, J%o=1,. ..K%.S =1005x0,006215x1036 = 6,48%
Do sut 4p tong clia toan dudng day:
AU % = AU, %o+ AU ... % = 6,48 + 4,24 =10,72%
Nhan thdy 16n hon dd sut 4p cho phép 1a 4%
Né&u dudng diy nhanh 13 dudng ddy 1 pha thi dd sut 4p phan trim cda day din 1 pha
gin biing bdn 1in do6 sut 4p trén day 3 pha c6 ciing tiét dién.

AU, ,,% =4x AU, ,, % =4x424 =16,96%
Téng phan trim sut 4p 1a:
AUy % = AU, % + AU ., % = 6,48 +16,96 = 23,44%

Do sut dp vira tim dugc 16n hon do sut ap cho phép.

Chon lai day ddng loai 4/0 = 107 mm” vd AWG#1 = 42,4 mm? c¢6 dong dinh mirc 480A
va 270A, Gng v6i diay din chinh vad diy din nhdnh cé hing s& sut 4p lan lugt 1a
0,001864% va 0,003729%/kV A.km

AU, % = 1’7255 x0,003729 x 518 = 1,695%

AU, % =1,005x 0,001864 x 1036 =1,943%
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Téng sut 4p trén toan dudng day:

AU % = AU, %+ AU ,,,,, % = 1943 +1,695 = 3,638%

Thod man di€u kién sut dp cho phép AUy % < 4%

Vidu 1.14.

Gidng nhu vi du 1.13 nhung thay diy din dong bing diy cdp nhom XLPE trén khong
(Al) cho dudng nhdnh. Dong dién cho phép cdp XLPE trén khong cho trong Bang 1.3. Hay
tinh lai sut 4p trén dudng nhanh va ki€m tra sut 4p tong.

Giai:

a.Do sut 4p day din nhdnh c6 phu tdi phan bs déu:

chinh

AU, = 1(r_cosg+ x_sin (p)IE V)

VG6il=72 A cho & vidu trén.
Chon day dan nhom (Al) loai AWGH#6 c6:
r. =413Q/mi=2,567 Q/km
x, =0,258 £2mi = 0,16 {2km
cosp=0,9; sinp=0,436
1,755

Do d6: AU, = 72(2,567 x0,9+0,16 x 0,436)>< =150,4V
Do sut dp %: AUnh%:%IOO%=6,27%
2400
Do sut 4p trén day din chinh ¢ phu tdi phan bd tip trung:
AU, zl(rCOS(p+xL sin(p)l V)
Bang 1.3. Dong dién cho phép ctia cdp XLPE.
B} e x Dong dién cho phép, A
Kich thudc day dan Cip 5 kV Cip 15 KV
6AWG 75 -
4 AWG 99 -
2 AWG 130 135
1 AWG 151 155
1/0 AWG 174 178
2/0 AWG 201 205
3/0 AWG 231 237
4/0 AWG 268 273
25 Kcemil 297 302
350 Kcmil 368 372
500 Kcemil 459 468
Vé6il=144 A
Chon cdp nhom trén khong (Al) loai AWG#1 =424 mm? ¢6:
r =129 mi = 0,8 Ikm
x=0,2112mi=0,131km
Do d6: aUu,, = 144(0,8 x0,9+0,131x 0,436)1,005 =112,5V

Do sutdp %: AU, % = 22.100 = 47%
2400

Téng dd sut 4p trén toan tuyén day:
AUs % =4,7+6,27=10,97%
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D0 sut 4p nay 16n hon do sut ap cho phép (4%)

b. Chon lai cdp nhom trén khong (Al) loai 4/0 =107 mm? va 1/0 = 53,3 mm” ¢6 dong
dinh mtrc 12 268 A va 174 A tuong tng cho day din chinh va ddy din nhdnh.

Day nhanh c6: r=0,64 (Jkm, x =0,1292km
1,755

AU, =72(0,64x0,9+0,129x 0,436)=—> = 39,95 V

b sut ap %: AU, % = 39,95
2400

100 =1,66%

DAy chinh ¢6 r=0,322 (Jkm, x =0,1190km
AU, =144(0,322% 0,9 + 0,119 x 0,436)1,005 = 49,45 V
Do sut dp % AUC,,%:%JOO:Z%%
2400
Téng dd sut 4p trén toan tuyén day:
AU % =2,06+1,66 =3,72% < 4%

Thod mén do sut dp cho phép (4%).

Vi du 1.15.

Giong nhu vi du 1.13 nhung cAp dién 4p lam viéc 1a 12,47/7,2 kV cho hé thdng ba pha
bdn day trung tinh ndi di't v6i day din bing dong (Cu). Khodng cdch gifta ciac day din 1a
Dy, = 37 inch = 0,94 m. Chiéu dai day din chinh Ia 3300 ft =1005 m, c6 10 nhdnh diy mdi
bén 5 nhdnh nhu hinh 2.46. Kich thudc diy din khong nhd hon diy AWGH#6=13,3mm".
Hiy xdc dinh do sut 4p % tai diém cudi clia day chinh va diy nhédnh.

Giai:

Téng cdng suat phu tdi trén cdc nhdnh:

Sy =518 kVA/nhdnh x10 nhdnh = 5180 kVA

N N ~ ~ . 1,755km 1,755 km
Dong di€n trén day chinh:

a a'
Lo SBOKVA : -
V3 x12,47kV ¢ < om
Chon day din ddng AWGH#2 = 33,64 mm” o o
Dong dién trén mdi nhanh: 1003
—m
I, = _ SI8kVA 24,01 A (] 2
V3x12,47kV
Chon diy ddng loai AWGH#6 = 13,3 mm” cho céc Hinh 1.46

nhanh diy va diy ddng AWG#2 = 33,64 mm* cho
day chinh. Tinh dudc hing s6 K% 1an lugt 12 0,0010876 va 0,0004972%/kV A.km cho loai
day AWG#6 va AWGH#2.
Do sut 4p % trén didy din nhdnh véi gid thi€t tdi phan bd déu doc day nhanh.
1,755

!
AU%,, =K% = x0,0010876 x 518 = 0,5%

Do sut 4p % trén day din chinh:

AU%,, :3676'11(%.5 _3.1,005

x0,0004972 x 5180 =1,94%

Do sut 4p % trén toan tuyén day:
AUs% =194 +0,5=2,44% < 4%

Thod mén do sut dp cho phép (4%).
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Vi du 1.16.

Mot tram phan phdi cung cdp cho mot khu vuc tdi hinh vudng nhu hinh 2.38 ¢6 bon
dudng diy 3 pha 4 diy 2,44/4,16 kV. Tuyé&n day chinh 12 loai diy dong #2AWG = 33,6
mm” hoic ACSR#1AWG = 53,3 mm?, dudng diy trén khong c6 khodng cdch giita cic pha
12 37 inch = 0,94 m. Hé s& cong sudt tai 0,9 tr& va mat do phu tai 386,27 kVA/km’. Phu ti
phan bo déu. Tinh :

1. Xét dén diéu kién tod nhiét diy chinh. Tim:

a. Cong suit cuc dai cia day.

b. Cong suit clia tram.

c. BO tritram.

d. Do sutdp % tir diu d&n cudi dudng day.
2. Xét do sut 4p gi6i han 1a 3%. Tim:

a. BO tri tram.

b. Cong suit cuc dai clia day.
c. Cong suitclia tram.
d. Dong dién trén day.

Giai:

Tir bang tra dong dién cho phép cia diy din nhom 16i thép ASCR#1 = 53,3 mm” 1a
230 A.

1. Theo diéu kién phdt n6ng
S, =3U 4, %1, =+/3.4,16.230 =1657,2 kVA
Sy, =4S, =4.16572=6628.8 kVA

S, =A,xD=I1>.D

a. Cong sult tai:
b. Cong suit tram:
c. Khodng cdch gilra cdc tram:

% %
oS o(LeT2kvA VR,
D 386,27 kVA/km

21, =2x2,07=4,14 km
d. Téng % sut 4p:

AU% = %K%.D.lj = §0,00435 x386,27x(2,07)' =9,94%

Hiing s6 sut 4p K% = 0,00435 %/kVA km
2. Theo diéu kién sut 4p cho phép

AU% = %K%.D.lf

a. Khodng cdch gifra cdc tram:
b b
2K%.D 2x0,00435%x 386,27

b. Cong suit cyc dai clia day:

S, = DI? =386,27x(1,38)" =736 kVA
c. Cong suit clia tram:

Sy, =4S, =4x736 =2944 kVA
d. Dong dién ctia day:

I = 5 736 =102,1 A

U, 3416
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Dong dién tuong d6i so véi kha ning tdi:

021 444 (dvia)
230

I =

Vidu 1.17.

Tram c6 bon tuy&n diy cdp cho phu tai hinh vudng c¢6 dién tich 2a x 2a (km?) nhu Hinh
1.47. M4t do phu tdi D (kVA/km?), phu tdi phan b& déu, mbi tuyé&n 1a 3 pha, 4 diy, trung
tinh ndi dat lap lai. Bi€t khodng cdch d « a, dién tich viing phu tdi xa nhat gan bing a.d
(km?), hé s8 cong suit cose (tr8), khing tr cha mdi pha dudng diay chinh
2 =Ty +JX, (£2km), khdng tr clia mdi pha dudng day nhdnh z, =r, + jx,, (£2km)

Chon Ugzy 12 dién dp cd ban (kV)

a. Gid thi€t dudng nhdnh 3 pha 4 day c6 trung tinh ndi dat 1dp lai, ching t6 ring do sut

4p phan trim t6i di€ém cudi clia nhdnh xa nhi't.

2.D.a’ D.a’.d
ZAU% z—j(rch cosQ +x,, Sin (p)+ a—2(th cosQ+x,, sin (p)
*~ day *~ day

b. Gid st dudng nhanh la 1 pha hai day, trung tinh n6i dat lap lai, tinh lai d sut dp %.

Hinh 1.47

Giai:
a. Tdng cong sud't ciia mot tuyén chinh:
2
S, = Dx@ =Dxa’ (kVA)
Dong dién trén tuyé&n chinh:
3 D[kVA/km2 ]x a’ [kmz]
“ \/E'Uddy [kV]

Do sut 4p % tdi di€m cudi tuyén chinh:
AU, % = 1.K%.S

1

(A)

Trong d6 : t = %a (phu tdi c6 mat do ting dan)
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2 si
K% =208 20 TP v A km
1002,
AU, % = %a- r, COSQ+ fch sing D&’
3 1002,
= M(r cosQ+x singo)
30.Ujﬁy ch ch
Cong sudt cia mot nhanh xa nhat: S, = Dxaxd (kVA)
. D
Dong dién trén nhanh day: = Dxaxd

V3xU,,

Sut 4p % dé&n cudi nhdnh:
AU, % = 1.K%.S,,
1 + ]
1 rycosg jcnh sing
2 1002,
_Da’d
20U,
> AU% = AU, % + AU, %
b. D6 sut 4p % clia mach 1 pha gan biing bon 1an cda mach 3 pha néu c6 cling tiét dién
day:

d

(rnh cosQ+x,, sin (0)

AU, % = 4x AU, %
Dién 4p roi trén day chinh giéng ciu a, con dién 4p roi trén day nhanh:

D.a’.
AU, % =4 x > (rnh cosp+x,, sin go) = a—zd(rnh cos@+x,, sin go)

*~ day *~ dady
2.D.a’ D.a’.
ZAU% =AU, %+ AU, % = —i(rch cosQ +x,, sing0)+ a—zd(rnh cosQ+x,, sin(/))
*~ day *~ day

1.4. THIET KE HE THONG PHAN PHOI THU CAP

Quan di€m thuc t&€ clia hé thdng phan phdi dién dwa vao chifc ning “tip hop” hon 1a
“phan ph&i” bdi vi cd cOng sult va vi tri khong dugc quyét dinh bdi k§ su thi€t k& ma bdi
khach hang. Khdch hang 1ip moi thiét bi tiéu thu dién ma chiing c6 thé két ndi trong mdi
t6 hop cho phép va & moi thdi di€m khich hing mudn. Khai niém phan phdi bit dau véi
khach hang va tdi riéng 18, roi ti€n tri€n qua nhiéu giai doan, ma mdi giai doan bao gdm
nhiéu nhém khdi lugng khach hang gia ting v nhu ciu tdi cia ho. Nhu thé ngudn phit sé&
cung cAp dén ho tiéu thu thdng qua cdc dich vu, hé thdng thit cAp, mdy bi€n th& phan
phdi, hé thong sd cip, tram phan phdi, tram trung chuyén, tram cip dién va hé thong
truyén ti.

Khi thi€t k&€ hé thdng, ngudi k§j su khong chi nén xem xét cdc yéu td trudc mit, trong
giai doan ngin, ma con cdc van dé 1au dai. Hé thong dugc thi€t k& khong chi gidi quyét
van dé vé xay dung va hoat dong ciia hé thong mdt cach kinh t& d€ phuc vu cho hién tai
ma con phai ddp ng cdc nhu cau du phong trong tuong lai. Vi thé, viéc thuc hanh thiét k&
hién tai s& bi 4nh hudng bdi cdc doi hdi clia hé thong tuong lai.

DPuong nhién, ngudi k§ su phai xét d€n nhiéu y&u td, bi€n s8, cdc 18i gidi lva chon clia
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bai todn thi€t k& phan phdi phiic tap, cAin c6 mot k§ thuat gitdp ho chon lya dinh mitc kinh
t&€ nhat clia mdy bi€n thé€ phan phdi, diy din thit cip, dd dao dong dién 4p clia hd tiéu
thu.

Su phit trién v& mdy tinh k§ thuit s6 tdc do cao, qua viéc s dung cdc chuong trinh
tinh todn, cho phép xem xét nhanh chéng van dé kinh t& clia nhiéu phuong 4n kh4 thi va
ddnh gid tinh k§ thuit va tinh kinh t€ clia cdc phuong 4n nay khi ching lién quan dén
nhiéu chi€n lugc khic nhau qua giai doan nghién cttu. Céc chi€n lugc c6 thé 1a, vi du, thay
ddi hé thong thi cAp, thay d6i bién thé, kha ning gin thém cdc tu dién.

Hién nhién, mdi hé thdng thi€t k& nén ddp tng mot tiéu chudn thyc hién dic biét trong
subt giai doan nghién cttu. Thi€t k& t6i wu, c6 nghia 1a kinh t€ nhat, 1a phdi phu hgp véi
lich trinh ph4t trién tdi trong tuong lai. Ciing vay, qua s dung tirng giai doan clia chuong
trinh, k§ su phan phdi c6 thé xdc dinh liéu chi€n lugc nao can dugc xét tdi hay ching cin
phdi hiéu chinh do k&t qua clia mot vai thay ddi trong khi xem xét vé& hiéu qua kinh t& va
nhu ciu duy ki€n ting tdi trong tuong lai.

P& gidm thi€u chiéu dai mang thit cap, k§ su dit bi€n th€ gin trung tAm tii va c6 ging
tim dudng ngdn nha't xuéng phuc vu khich hang.

Vi chi ¢6 phin nhd sy c¢6 ngit dién 12 do hu hdng & hé thong thit cip, nén trong thiét
k& hé thong thit cap, ngudi ki su chinh yé&u phdi xét dén tinh kinh t&, tn that 16i dong
(I’R) trong bién th€ va dong thit cAp, d6 sut d4p cho phép ndi dich vu va dién th& chap
chdn ctia hé thong. Di nhién 1a c6 nhitng y&u td kinh t& va k§ thuat khdc 4nh hudng lén su
lra chon bién th€ va ciu hinh hé thdng thit cap, nhu 1a tai bi€n th& cho phép, tdi cdc pha
cAn biing d6i v6i hé thdng s cap, chi phi ddu tu clia cdac thanh phin khic nhau cla hé
thdng thit cAp, chi phi nhan cong, phi tw ban (1di suit) va lam phat.

Bién th€ phan phdi chi€m mot phan ding k€ chi phi hé thong thi cip. Vi th€, mot
trong nhitng mdi quan tim chinh cda k§ su 14 ha thdp nhat chi phi dau tu vao bién thé. Néi
chung, trong thuc t&€ hién nay trong cong nghiép dién, hoach dinh tii bién th& phan phdi
trén cd s§ 1a khong vudt qua cong sudt du trit, bi€n thé sé dugc thay, hay dudc k&t ndi
song song khi tdi thit cp gia ting.

Thong thudng, hé thong quin Iy tai bi€n thé (TLM) la t6i uu khi cho van hanh tdi lién
tuc va k& hoach md rong mot cach kinh t&. Ngudi k§ su phdi d€ y tinh phi thuc t& cia viéc
14y thong tin vé cdc nhu ciu trén moi khdch hang, phdi cd ging tap hop cdc dif liéu con
gidi han vé& nhu cau véi cdc sd liéu tiéu thu dién sdn c6, diy dd hon vao cdc tap tin tinh
nhu ciu tiéu thu ctia khach hing. Mot dudng cong nhu cAu dién hinh sé dugc vé theo ning
lugng tiéu thu va cdc thong tin két qua sé dudc dung d€ udc tinh tii dinh trén cdc phan
dic biét cla thi€t bi nhu 13 bi€n th& phan phdi, va trong trudng hgp do, né dudce goi la
quan 1y tdi bi€n thé&, ngudn cap, tram.

Ngay nay, mic dién 4p tiéu chuin cho hé thdng phan phdi ha thé dién tai Viét Nam
dudc qui dinh 1a 220/380 V.

1.4.1. Thiét ké& thyc t&

Phin nim giita hé thong so cap va thi€t bi ngudi tiéu dung 13 hé thdng thit cAp. Hé
thong phan phdi thit cAp bao gdm bié€n thé phin phdi ha thé, cdc tuyén diy chinh trén
mang thit cip, day xuong ho tiéu thy va cdc dong ho dién.

N6i chung, hé thdng phan phdi thit cAp dugc thi€t k& 1 pha cho khu dan cu va 3 pha
cho khu cong nghiép hay dich vu v6i mat do téi cao.

Céc loai hé thong phan phdi thit cAp gdm:
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a. Hé thong nhém phu tai riéng biét cho mdi khach hang vdi bi€n thé phan phdi riéng
va cdc két noi thit c4p riéng biét.

b. Hé thong hinh tia v&i tuyén day chinh thit cAp chung, dudc cung cdp bdi mot bién
th& phan phdi va cap cho mot nhém khéch hang.

c. Hé thdng nhém m4y bi€n 4p phan phdi v6i tuyén diy chinh thit cAp chung ma né
dudc cung cip bdi nhiéu bi€n thé phan phdi, nhitng bi€n thé nay dugc cAp bdi cling mot
phat tuyé&n sd cAp chung.

d. Hé thdng mang thit cAp véi mang thit cAp dang 1udi, mang ndy dudc cAp bdi mot s
16n cdc bi€n th€, nhitng bi€n thé nay c6 thé dugc ndi bi nhiéu ngudn cap khic nhau.

Hé thong cung cAp riéng ré it khi dugc dung va thudng 1a khu vic nong thon hay cong
nghiép. N6i chung, hiu hét cdc hé thong thit cAp cho khu dan cu, thdn qué, khu thuong
mai dugc thi€t k& hinh tia. Hinh 1.48 minh hoa so @6 don tuyén clia hé thong thit cAp dang
hinh tia. N6 cho chi phi thip va dé van hanh.

Thanh cdi tram
phan phdi

MC
Tuyé&n chinh ‘“/h"‘“h

— 4 CAuchi g g g %
nhanh

[
Il

MBA phén
phdi
——— =
Mang ha th€
——— =

Hinh 1.48. So dd don tuyé&n clia mot hé thdng thit cAp hinh tia don gian.
1.4.2. Nhém may bi&n 4p phan phdi
Nhitng tram phan phdi bi€n 4p dugc mic song song, nhitng m4y bién 4p nay dudc lién
k&t nhau trén phia thit cAp hai hay nhiéu may bi€n 4p phan phdi dugc cung cAp. Cach mic
nay dugc thuc hién & khu dian cu hay khu thuong mai, noi c6 nhu cau cung cAp dién lién
tuc. Giita cdc may bi€n 4p doi hdi c6 khodng cdch nhd. Tuy nhién, trong mot s6 trudng
hop phdi gilt cidc tram phan phdi ddc 1ap v6i nhau, trong trudng hgp ndy, mang sd cap la
mang dic biét clia ciu tric hinh tia. Sy thuin 1gi clia nhém mdy bi€n 4p phan phdi gom:
a. Cai thién do dao dong dién ap.
b. Gidm nhidp nhdy dnh sidng do kh&i dong dong co, biing cach cung cip hai nhdnh
song song cho dong cd khdi dong.
c. Ting dd tin cdy cung cap dién.
d. Cai ti€n sy linh hoat khi phu tdi phét trién vdi chi phi thap.
Viéc k&t nhém phia thit cAp clia mdy bi€n 4p dudc thuin 1¢i khi c6 sy phin tdn giita
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mot s& 16n cac ho tiéu thy va do d6 tiét kiém dudc cong suit clia may bién 4p, c6 thé tiét
kiém dé&n 35% dung lugng clia mady bién 4p tuy theo loai tdi va s6 lugng khdch hang.

Hinh 1.49 thé hién nhitng phuong phdp khic nhau clia viéc k&t nhém thit cdp. Phuong
phdp nay dugc minh hoa trong Hinh 1.49a dugc sit dung phd bi€n va nhin chung 1 rat tot,
vi n6 cho phép st dung nhitng ciu chi dinh mifc thAp bén phia cao clia tram bién 4p va
ngin cin viéc chdy ciu chi xdy ra, phuong phdp nay ciing tao ra sy phdi hop don gidn
nhitng cau chi phan doan nhdnh so cip biing cich diing cau chi dinh mic thip & bén phia
dién dp cao clia mdy bi€n 4p. Hon nita n6 12 mot hé thong kinh t€ nhat.

CC

MBA MBA
phén phdi phan phdi

1] T

I-Iinh 1.49. Hai phuong phdap mic nhém thu’ cap.

MBA
MBA ) phan phdi
phan phdi

a.
Hinh 1.50. Hai phuong phap mic nhém thit cAp khac

Hinh 1.50 dua ra hai phuong phap khac clia cdch mic nhém. Phuong phép thé hién &
Hinh 1.50a 1a mot cdch cii nhat va it dugc bdo vé nhat. Hinh 1.50b cho phuong phdp bdo
vé cao nhat. Vi vay, nhitng khuyé&t diém ctia cdch mic Hinh 1.49a, b va Hinh 1.50a la:

a. Yéu ciu kiém sodt cdn than hé thdng thit cAp c6 cdc tram bién 4dp dugc két nhém
v6i nhau d€ phat hién nhitng su ¢d tir ciu chi.

b. Khé khin trong viéc phdi hdp cau chi & phia thit cAp.

c. Hon nita nhitng phuong phap thé hién trong hinh 2.49b c¢6 khuyét di€m 1a khé khin
trong viéc phuc hdi lai su cung cap khi mot s& ciu chi trén nhitng bi€n 4p can ké bi
dut.

Ngay nay, vi nhitng khuyét di€m trén, phuong phap hinh 2.50b dudc diing nhiéu hon.
M4y bié€n 4p phin phdi dic biét 12 may bi€n dp tw bdo vé c6 cau chi bdo vé dién thé cao
va mdy cit dién thi cip, tin hiéu 4nh sdng bdo qud tdi va bdo vé chdng sét ngay trong
may.

Miy bién 4p tw bdo vé c6 cdc loai 1 pha va 3 pha, ching c¢6 hai mdy cit dién thit cip
gidng nhau, nhitng mdy nay tic dong doc 1ap nhau khi c6 qud dong dién. Trong trudng
hdp mdy bi€n 4p bi hu thi nhitng ciu chi bdo vé dong sd cAp va cdc mdy cit thi cAp cling
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tdc dong md, vi vay su gidn doan trong cung ciAp dién 1a it nhat. Tuy nhién, phuong phap
ghép nhém déu c6 chung khé khin trong viéc quin 1y tdi mdy bi€n 4p theo kip vdi bi€n
ddi cta phu tai. P& 6n dinh trong diéu kién tai bi thay ddi, m&i quan tAm chinh khi thi&t
k& hé thong két noi thit cap 12 viéc phan chia tdi gitta cic mdy bién 4p.
1.4.3. Mang thi cap

N6i chung, hau hét hé thdng thit cAp dugc thiét k& dusi dang hinh tia ngoai trir ddi véi
mdt vai khu vuc dich vu dic biét (khu phd, khu kinh doanh, mdt vai khu tap k&t quan su,
bénh vién) 12 nhitng ndi do tin ciy va tinh lién tuc cda dich vu quan trong hon rat nhiéu so
v4i chi phi v hiéu qua kinh t€. Vi th€, trong nhitng khu vyc nay, cdc hé thong thit cap c6
thé dudc thi€t k& theo cau hinh dang Iudi. Mang thit cip dugc 4p dung hdp 1y trong cic
khu vyc c6 mat do tdi cao. Chiing c6 thé dudc chon ngam trong long dat. Mang thif cap
trén s& khong hiéu qua vé mit kinh t& hon so véi mang ngadm trong cic khu vuc cé6 mat do
phu tdi trung binh. Tuy nhién, mang thi cAp ngdm cung cap dich vu c¢6 dd tin cdy cao hon.

Hinh 1.51 trinh bay s6 dd don tuyén cda mdt phan nhd trong mang thit cAp dudc cung
cAp bdi ba tuyén sd cip. Tdng quat, hé thong mang dién the thap loai ludi thudng diung
dugc cung cAp cac bi€n th€ mang bdi hai hodc nhiéu tuyén so cip d€ tao nén do tin ciy
cao hon. Thong thudng cdc tuy€n dang hinh tia. Tuy nhién, cdc tuyén sd cAp dang vong
ciing c6 thé dugc ding. Cic tuyén ngudn sd cidp dude didu dan xen nhau trdnh viéc cung
cAp d&€n bat ky hai bi€n thé ké nhau tir cling mdt phat tuyén. Nhd vao sy sip x&p nay, néu
phdt tuy&n so cAp ngung hoat dong vi mot 1y do nio d6, cic phat tuyén con lai ¢ thé cung
cap ma khong bi qud tdi vd khong bi sut 4p qud mitc. Mitc dién th€ tuyén sd ciAp nim
trong khoang 4,16 — 34,5 kV. Tuy nhién, ¢6 khuynh huéng thién vé viéc su dung dién th&
tuyé&n sd cAp cao hon. Hién nay, loai 22 kV 12 phd bién. Mang thit cAp phai dudc thiét k&
sao cho phép it nhat mot trong nhitng tuy€n sd cap diung 1am dy trit ciing v6i cdc bi€n thé
clia n6. D€ dat dugc phan bo tai déu giita cdc bi€n thé va dd sut 4p toi thi€u trong mang,
céc bié€n th€ phan phoi mang phai dugc dit xuyén sudt mang thit cap.

a e
MBA
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Hinh 1.51. So dd don tuy&n ctia mdt phan nhd cla mang thif cap
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a. Tuyé&n day chinh trén mang thi cidp

C& day va su phian bd hdp 1y cda tuyén day chinh trén mang thit cAp cin phdi thod
man:

» Sy phin chia hgp 1y clia tdi binh thudng giita cdc bi€n thé mang.

» Sy phén chia hop 1y clia dong dién khi c6 su c6 gifta ciac bi€n thé mang.

= P9 6n dinh dién 4p t6t cho moi khach hang.

= Cit sy ¢d ngdn mach hay cham dit tai bt k¥ di€m nao ma khong gidn doan
cung cap dién.

TAt cd cdc tuyén ddy chinh trén mang thit cdp (trén khong hay cdp ngdm) dudc di doc
theo dudng va 1a loai 3 pha, bdn diy, ndi sao cho diy trung tinh ti€p dit mot cdch chic
chin. Trong mang dién ngdm, cic tuyén diy chinh mang thit cAp thudng gdm cic diy cép
don c6 thé dugc boc biing kim loai hay khong kim loai. C4c diy cap phu thudng c6 vo boc
nhya phan cdch, nhung diy cdp PE hién dang dudc dung rong rii. Ching dugc 1dp dit
trong cdc 6ng din hay trong hdm cdp. Cdc hidm cdp tai ciac ngd tu dudng phai di 16n dé
cho phép ndi két cdc loai cdp khdc nhau va cho phép cdc dich vu sitfa chita cAn thiét cla
thg dién.

Miit khdc, cdc tuyén day chinh trén mang thit cAp § trén khong thudng 1a day cé boc,
khong bi 4nh hudng do thai ti€t. Kich thu6c clia cdc diy din tuy thudc vao dinh mic bién
th€ mang. P&i véi cdc tuyén day chinh trén mang thi cAp dang 1u6i, kich thudc t8i thi€u
clia day din phdi ddm bio tdi 60% dong diy tdi d&€n bi€n thé mang 16n nhat. Ty 1& nay sé&
nhé hon nhiéu d6i véi cdc tuyén diy chinh trén mang thi cAp ngidm. Kich thuéc cip
thudng dugc sit dung nhi€u nhi't cho cdc tuyén ddy chinh trén mang thit cAp 12 4/0 hay 250
kemil (21,2 mm®) va mdt 46 md rong nhat dinh, 350 va 500 kemil (42,4 mm®). Viéc lya
chon kich thuéc cdp cla cdc tuyén diy chinh trén mang thi cip cling can xét d&€n dién 4p
rdi cho phép trén diy din ving phin phdi. Mang phan phdi thd cap dugc thi€t k&€ véi do
sut 4p 6% tir may bi€n dp d€n ho tiéu thu xa nhat, &€ ddm bio dd dao dong dién dp +6%
so v&i dinh mic.

b. CAu chi han dong bio vé ddy din, cap

D€ cit nhanh nhitng sy ¢d va bdo vé diy din/cdp, ngudi ta ding bd cau chi han dong.
Bo nay 12 mot cau chi kh3 ning cit cao dudc dit trén mdi pha cla cdc tuyén diy chinh
trén mang thit cip tai mdi diém chuyén ti€p. Pd nhdy cau chi hay cic dic tinh vé thsi
gian - dong dién dudc thi€t k&€ nhim cho phép dong tdi binh thudng di qua ma khdng bi
chdy nhung lai cdt nhanh loai trit doan day chinh bi sy ¢6 trude khi vé boc cdp bi hu hdng
do nhiét tao ra bdi dong dién su ¢d. Sy c6 dugc cit nhanh nhd cdc cAu chi han dong nay
trudc khi cAu chi mang 1u6i nd. Vi thé, cic dic tinh thdi gian - dong dién clia cau chi nay
phai dugc phdi hop véi cac dic tinh vé thdi gian - dong dién clia cdc thi€t bi bdo vé mang
va cdc dic tinh vé hu hai vé boc cia cép.

c. Thi&t bi bdo vé mang

Nhu trong Hinh 1.52, bi€n th€ mang dudc ndi véi mang thit cAp qua mdt thi€t bi bdo
vé mang (MCCB, MCB, ..., va cAu chi du phong) bao gdbm mot may cit khong khi véi bod
phian déng mé bing co khi dugc diéu khién bdi mot role chinh va cdu chi bdo vé du
phong. T4t ca ching dugc dit chung trong mot hop kim loai va cé thé gin trén bién thé
hay gin tdch r&i. Cau chi cho phép bdo vé du phong 1a ngit bi€n th€ mang ra khdi mang
néu MCCB bi hu khong hoat dong khi c6 su cd.
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M&di mang c6 ciu chi du phong, mdi mdt ciu chi cho mot pha. Nhitng cau chi nay cho
phép bdo vé du phong d6i v4i bién th€ mang néu cdc MCCB bi hu khong hoat dong. Hinh
1.52 minh hoa mot sy phdi hgp clia cdc bdo vé mang thit cAp. Su diéu phdi nay dat dudc
bdi viéc Iya chon hdp 1y thdi gian tri hodn cho cédc thi€t bi bdo vé dit ndi ti€p. Vi du, trong
trudng hop sy c6 xdy ra trong dudng day chinh thit cAp, chi cdc cAu chi bdo vé diy din
lién quan co 14p sy ¢d, con trong trudng hop c6 su ¢d bén trong bién thé, mdy cit tram sé&
ngit.

t,s

10.000 11 Fyge i MC
5.000 cdch dl~(‘1’1
2,000 \ day dip
2:000 \Q \ \\MC
1.000 \ \ \
0 \ \ \
;88 CC bap va\ \
day din \ \
100 \ \
MCCB
50
;8 CC bdo vé CC bdo vé mang
mang
10
5 CC bdo vé diy din
3 A= W o = w3 '5)
2322 228 8 88 8¢5 8

Dong, A
Hinh 1.52. Sy phdi hdp hoan hdo cia cdc thi€t bi bdo vé mang thit cAp
1.4.4. Bié&n thé mang

Trong mang thit cAp ngoii trdi, bi€n thé c6 thé dudc gin trén cot hay trén san tuy
thudc vao kich thudc clia ching. Vi du loai nhd (75 hay 150 kVA) cé thé gin trén cot
dién, con loai 16n hon (300 kVA) dudc gin trén san. Cdc bi€n thé c6 thé 13 1 pha hay 3
pha.

Trong mang thif cAp ngim, bi€n th& dudc dit trong cdc hAim. M4y bi&€n thé phan phdi
thudng dugc trang bi bd diéu chinh khong tii d€ chinh dién 4p theo yéu cdu. Mic diéu
chinh b6 dién 4p khoang +10%.

» Heé s6 st dung bi€n th&
DPinh nghia hé s6 st dung bi€n thé& 1a tf 1& giita bién thé mang dudc ldp dit vdi tdi. Co

nghia la:
251

25

véi: > S; - tdng cong sudt bién thé mang.

Hé sd st dung =

DS, - tong tai mang thi cap.
Hé s0 st dung dua trén sy ¢ don nghia 13 khi ¢6 mdt trong cdc phdt tuy€n bi cit ra.
Hé s6 st dung phu thudc:
= S0 phét tuyé€n dugc dung.
= Tile Z,/Z,,v6i Z, 1a tr§ khdng cia mdi phan doan cla day chinh tht cidp

va Zr 1a tr§ khdng clia bi€n th€ mang thit cap.
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= Mic dd phu tii phin bd khong déu gifta cdc bi€n th€ mang trong trudng hdp
xdy ra sy c6 don.
Hé so st dung 53

MBA B e E
2,2 .
’ = 2 phéat tuyén
2,1
2,0
1,9
1,8 —
/// ;
L7 _ 3 phit tuyén
1,6
1,5 —T 1 |
’ ] 5 phéat tuyén
1,4 ]
1,3 —
12 = 10 phdt tuyén
1,1
1,0 27
0 1 2 3 4 5

Hinh 1.53. Hé s& st dung mdy bi&n thé theo ti 1& Zy/Zr va s6 nhinh st dung.

Hinh 1.53 th€ hién cdc 16 clia cdc hé sd ¢ng dung bién thé theo ti s6 Z,, /Z, d6i vdi s6
tuy&€n ngudn khdc nhau. Véi s§ tuyén ngudn duge cho va i 1€ Z,, /Z, dugc cho, cong sudt
yéu cau cla cdc bi€n th€ mang nhim cung cidp cho mot tdi dugc cho s& dudc tim thay
bing cach st dung Hinh 1.53.

1.4.5. Do sut ap trong hé thong phan phoi mét pha

Dién 4p 4 tdi tai cdc di€m khdc nhau trén mach phan phdi dién xoay chiéu don pha cé
thé dudc tim tir dién trd ciing nhu trd khdng diy din. N&u I 1 dong dién v6i hé s6 cong
sudt cosetai mot di€m tai cu thé va R 1a dién trd, X 13 trd khdng clia day din, khodng
dién 4p roi s& 12 (IRcos@+IX sing)V). Vi thé, dién 4p roi gdm hai s6 hang. Piéu d6
dugc minh hoa bing vi du sau:

Vidu 1.18.

Cdp hai 161 ¢6 dién tr§ la 0,3 km va trd khang 1a 0,15 (km mang tdi nhu Hinh
2.54. Tim dién 4p tai cdc di€m cung cap cho ti.

Chiéu dai ctia dudng day 1 km, chiéu dai mdi doan va dién tré ciia mdi doan cho &
hinh 2.54. T3i tai cdc di€ém B, C, D va E1dn lugt1a 25 A 8 cosp =08, 15A 3 cosp =0,8,
50A & cosp=1,40A & cosp =0,9. Pién dp tai diém cung cidp A dudc duy tri & 240 V.

0,06 Q 0,06 Q 0,06 Q 0,12 Q
A 200m B 200m C 200m D 400 m E
118A 98A 86A 36A
20A 12A 50A 36A

a. Phin bd thanh phin tic dung clia dong dién qua dién trd.
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A 0032 5 003Q C 003Q D 0,06 Q E
> — — E—
41,45A 26,45A 17,45A 17,45A
15A 9A 0A 17,45A

b. Phin b6 thanh phin tic dung clia dong dién qua cdm khéng.
Hinh 1.54

Giai:

Céc thanh phin tic dong va phdn khdng clia dong tai nhu sau:
I,cos9p=25.08=20A; [,sing=2506=15A
I.cosp=15.08=12A; I.sinp=15.06=9A
I,cosp=50.1,0=50A; I,sing=50.0=0A
I,cosp=40.09=36A; I,sinp=40.0,435=1745A

Thanh phin sut d4p do dién trd:

Poan Dong Dién dp roi Dién 4p rdi tdi diém
AB 118 A 118 x 0,06 = 7,08V B: 7,08V
BC 98 A 98 x 0,06 = 5,88V C: 1296 V
CD 86 A 86 x 0,06 =5,16V D: 18,12V
DE 36 A 36x 0,12 =432V E: 22,44V
Thanh phin sut 4p do khing trd:
Poan Dong DPién dp roi Pién 4p roi tdi di€m
AB 41,45A 41,45 x 0,03 =142V B: 1,24V
BC 26,45A 26,45 x 0,03 = 0,80V C:2,04V
CD 17,45A 17,45 x 0,03 = 0,52V D:2,56 V
DE 17,45A 17,45 x 0,06 = 1,05V E: 3,61V

Nhin thay thanh phin sut 4p do khdng trd khd nhd hon so v6i thanh phan dién tré.
Suy ra dién 4p tai cac di€m nit:
V, =240V
=240V -(7,08+1,24)=231,68V
=240V -(12,96 +2,04) =225V
VD =240 V-(18,12+2,56)=219,32 V
V, =240 V-(22,44 +3,61)=213,95V
1.4.6. Dong dién phan phdi va dién 4p rdi trong hé thong phan phéi 3 pha 4 day
Trong hé théng 3 pha 4 day, tdi dong cd va tdi 3 pha can bing dugc cung cap tir dudng
day 3 pha, trong khi tdi 1 pha dugc phan bd giita diy pha va day trung tinh. C4c ndi két
céc tai doc theo chiéu dai cung cip sao cho dat dugc su cAn bing c6 thé dugc trén cic pha
va khi d@6 dong qua diy trung tinh dudc gidm d&€n mic t&i thi€u, vi dong dién qua day
trung tinh chi xuat hién khi tdi khong can bing. C3 clia diy chinh dugc chon nhim mang
dong tii can thi€t qua day din trong gidi han do sut 4p cho phép, c& clia diy din trung
tinh thudng dugc 1dy bing Y2 ¢ day din pha.
Vi du sau minh hoa phudng phdp d€ tim ra dong dién chinh trong mdi diy din chinh
va qua day dan trung tinh & hé thong 3 pha 4 day.
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Vi du 1.19.
C4c tdi sau day dugc ndi dén hé thdng phan phdi 3 pha 4 day 400/230 V
1. Mot tai 16 kW 3 pha, hé s6 cong suat 0,8 tré.
2. Mot tdi 10 kW 3 pha, hé s6 cong sudt 1.
3. Mot tdi 2 kW 1 pha, hé s6 cong sut 0,9 tré giita pha A va trung tinh.
4. Mot tdi 3 kW 1 pha, hé s& cong suit 0,8 tré giita pha B va trung tinh.
5. Mot tdi 5 kW 1 pha, hé s6 cong suat 1 tré gitta pha C va trung tinh.
Thit ty pha ctia hé thong 1a A, B, C. Tinh todn dong trén mdi diy va dong trén day
trung tinh. V& d6 thi vecto.
Giai:
* Dong tii qua diy din pha A:
1. Tai 3 pha, 16 kW, cosp = 0,8 tré:

_16x1000 __ 28,7(0,8 - j0,6)=23,10— j173 A
V3 x400x 0,8
2. Tai 3 pha, 10 kW, cosp =1 M:14,45+J'0A
V3 %400
3. T4i 1 pha, 2kW, cos@ =09 tré: 2x1000 9,65(0,9 - j0,436)=8,68— j42 A
230%0,9
Tdéng dong dién qua pha A: 1,=4623—-j215=51/-25"A

» Dong tai trén pha diy din B
1. Tudng tng v6i tai 3 pha, 16 kW:  28,7(0,8 - j0,6)=23,10— j17,3 A
2. Tuong tng vdi tai 3 pha, 10 kW: 14,45+ j0 A
3. Tuong Gng vdi tai 1 pha B: 3x1000 16,3(0,8+ j0,6)=13,00+ j9,8 A
230x0,8
Téng dong dién qua pha B:
1, =50,55-j7,5=51/-8,6° A (véi pha B 1am chuén)
Néu pha A dudc 14y 1am chuin:
I, =-32-j39,7=51/-128,6° A
» Dong ti trén pha day din C
1. Tuong tng vdi tdi 3 pha, 16 KW: A
28,7(0,8 - j0,6)=23,10— j17,3 A s
2. Tuong tng vdi tai 3 pha, 10 KW:
14,45+j0 A 259
3. Tuong tng vdi tdi 1 pha C:
5000

— =217+ j0A
230
2 . 0
Tong dong dién qua pha C: I, 262 >
I.=61,7/-163" A (v6ipha Clam

c B
IB

chuén)
Né&u pha A dudc 14y 1am chuin: Hinh 1.55. Gidn dd vectd
l. =—-14,60- j60=61,7,256,3° A
Hinh 1.55 bi€u dién m&i lién hé vi tri cdc dong qua cdc pha A, B, C.
Dong di€n trong day trung tinh:
I, =1, +1,+1,=(4623-j21,5)+(=32+ j39,7)+(~14,6 + j60)
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—1,=-037—-j12 hay I, =037+ j1,2=125/729° A

1.4.7. Piéu chinh dién ap

Céc phuong phdp diéu chinh dién 4p trong hé thdng phan phoi:
Nac phan 4p trén mdy bién 4p 2, 5, 7% 1a cdc mic thudng dung.
B0 diéu chinh cdm tng tv dong.
Boosters (b0 ting dién 4p ngudn)
Chuyén nic ty dong va Boosters.
e. Tu bu.

Diéu chinh dién 4p bing Boosters tur dong ré hon loai diéu chinh cdm tng tu dong va
4p dung hop Iy trong viing ¢c6 mat do tai thap, nhat 1a dudng day din dai hoic dudng day
din vé nong thon.

Pau phin 4p diéu 4p dudi tdi dugc ding v6i mdy bi€n 4p phan phdi 16n va mdy bi€n
ap trong tram d€ diéu khién dién 4p trén thanh cdi hodc trén cdc phat tuyén.

D€ van hanh thich ddng, sy 1am viéc clia cdc bd diéu chinh dién 4p trong mach phan
phdi phdi phdi hgp nhau véi hé thdng thi€t k& va bd chinh dién 4p dugc chinh dinh dé c6
dudc hiéu qua tot nhat.

Hé thong phin phdi ¢6 thé dudc thi€t k& véi cdc gidi han sau:

» Dién 4p roi 8% giita phia so cAp clla mdy bi€n 4p diu tién v dau thit cip clia
mdy bi€n 4p cudi phia thit cAp khi tdi cuc dai trén todn mach va tdi cuc dai &
phia sd c4p clia mdy bi€n 4p cudi.

= Bo diéu chinh dién 4p dudc chinh dinh d€ tao ra dudc dién 4p tai phia so cip
clia mdy bi€n diu khodng 4% cao hon dién 4p binh thudng.

= Khi bo diéu khién tu dong dugc ding cho hé thdng phan phdi thi role clia b b
sut 4p dudng day dugc chinh dinh § mitc dién dp chudn can dudc duy tri.

Chinh nic phin 4p trong mdy bi€n 4p can luu y dén dién 4p & cdc thanh cdi khong
dugc di€u chinh trén phét tuyén.

= Pién 4p 16n nh4t tai thanh c4i khong dugc diéu chinh qui cao d€ bd diéu 4p c6
thé ha thap dién 4p d€n tri s6 mong mudn lic tai cuc ti€u ddi vdi mach cé sut
4p it nhat.

= Pién 4p thap nhit tai thanh cdi khong dudc di€u chinh qua thap d€ bo diéu dp
c6 thé nang dién 4p 1én tri s6 mong mudn lic tai cyc dai ddi vdi mach c6 sut dp
16n nhat.

= Tam diéu chinh ca mdy diéu 4p phdi biing nhau vé cd hai phia ting 4p va
gidam ap.

Tu b c6 thé dugc dung trong hé thong phan phdi d€ cii thién dién dp cho hé thong.
Tu bl ngang, mic song song v4i phu tdi va déng theo tdi (bu ¢ng dong) s& Iam gidm dién
4p roi trén hé thong phan phdi va do dé gidp cho viéc diéu chinh dién 4p t6t nhat. N&u
phu tai khong thay d6i nhiéu, viéc diéu chinh dién 4p biing tu bii ngang ¢ dinh sé& c6 hiéu
qua hon.

Tu bu dudc 1ip trén hé thong phan phdi lam gidm dong dién va cii thién dién 4p hé
thong va lam gidm tdn thit dién ning trong cdc phan khac clia hé thong giita mdy phat va
tu bu. Vi du sau ddy minh hoa cdch diing tu bu dé€ cai thién dién 4p clia hé thong, ciing
nhu ning cao hé s& cong suit cia hé thong.

o

~o o
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Vi du 1.20.

Ngudn dién 1910/3300 V dudc ndi d&n thanh cdi phan phdi c6 phu tdi dinh Gng vdi
dong 150A, hé s6 cdng suit 80% tré. Pudng diy c6é dién trd 0,8 {km va dién khing
1,4 km . Tu dugc dung d€ ting hé s6 cong suat cho hé thong.

= Tim dung lugng cong suit cia tu dién dit tai tAm tdi d€ ning hé s6 cong suat
cho thanh cdi lic phu tai dinh tir 80% dén 90% tré.
* Tim dung lugng clia dudng day va dong dién trén day.
» Dién 4p rdi tru6c va sau khi 1dp dit tu tim & budc thit nhat.
Giai:

150

Cong suat tai dong tai cuc dai: 3x1910 x 000" 860 kVA

Khi cos¢p =0,8 va sing =0,6
Cong sult: kW =kVA % 0,8 =860x0,8 =688 kW
kVAr = kVAx0,6 =860x0,6 =516 kVAr

Khi cosp =0,9; sinp =0,435 va tgp =0,4834

Cong sut: kVAr(tai cosp = 0,9) = kW x 1g¢ = 688 x 0,4834 = 332 kVAr

Khi dung lugng clia hé thdng dugc nang 1én tit cosp =0,8 dén cose =0,9 nhu yéu
caula: 516 —332 =184 kVAr

Thanh phan thyc ciia dong dién: 150x 0,8 =120 A

Dong dién cuc dai khi cosp =0,9: % =135A

’

Cong suat bi€u ki€n cia dudng diy (tai cosp =0,9): ]z)—vg = %—85 =765kVA
Dong dién gidm xudng: 150 -135=15A

Cong suat gidm dugc: 860 — 765 =95kVA

Pién 4p rdi trén 1 pha: I(Rcosg+ Xsing)=150(0,8x0,8+1,4x0,6) =222V

Do d6 dién 4dp roi % trén mot pha: 2220 x100% =11,62% khi chua c6 tu.

Sau khi 14p dat tu dién, dién 4p rdi: 135(0,8x 0,9 +1,4x0,435) =180 V

Do dé dién 4p roi % trén mot pha: 800 x100% = 9,42%

bién dp rdi giam dugc: 222 -180=42V

Tinh theo %: 42 x100% = 2,2%
1910

biéu trén cho ta thdy dugc ring khi 1ip dit dung lugng bu thi hé s& cong suit dugc
ting 1én, gidm dong dién qua day din, gidm cong suit yéu ciu va dién 4p roi cling gidm.
Vi th€, s& cai thién dudc dién 4p.
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Chuong 2

THIET KE MANG PHAN PHOI PIEN CHO
KHU CONG NGHIEP

2.1. PHAN TICH NGUON VA PHU TAI
2.1.1. Phan tich nguén

Trong hé thdng cung cAp dién, ngudn dién c6 quan hé mat thi€t v6i phu tdi, cap dién
4p, sd d6 cung cAp dién, bdo vé tu dong hod va ch& dd van hanh. Do vay, phdi xem xét
toan dién khi xdc dinh ngudn dién. Khi c¢6 nhiéu phuong 4n, viéc chon ngudn dién phii
dua trén cd s tinh to4n va so sdnh kinh t€& - k§ thuat.

Ngudn dién cung cip cho khu cong nghiép c6 thé 12 nha mdy phdt dién 1an cin, tram
phat Diezen, thanh gép clia hé thong dién, tram bié€n 4p khu vyc, tram bi&n 4p trung gian
hoic cdc tram phan phdi.

2.1.2. Phén tich phu tai

Viéc phan tich phu tai chli y&u l1a d€ nim vitng vi tri ciia phu tdi, tinh chd't cia phu tai
(loai san phdm, sdn lugng hang nim), nim vitng nhu ciu dién, yéu ciu lién tuc cung cip
dién, cdc yéu cAu vé an toan, k& hoach phét tri€n trong tuong lai, ... nhim muc dich dé ra
céc phudng 4n cung cap dién hop 1y thod cdc yéu cau clia phu tii.

a. Phén loai phu tai

» Theo nganh nghé

> Phu tdi cong nghiép: diy 1a cdc nha mdy hoidc xi nghiép c6 tai chii y&u 1a dong co
khong ddng bd.

> Phu tdi kinh doanh va din dung: dic diém clia phu tii nay phin 16n la phu t3i
chi€u sdng.

» Theo ché do 1am viéc

» Ché& do 1am viéc dai han: phu tdi dudc goi 1 1am viéc & ché @6 dai han khi trong
thdi gian 1am viéc, nhiét dd ctia thi€t bi tif nhiét d6 mdi trudng xung quanh da dat
dé&n nhiét dd &n dinh.

» Ch& d6 lam viéc ngin han: phu tdi goi 12 1Am viéc & ch& dd ngin han khi trong
thdi gian 1am viéc, nhiét do clia thi€t bi ting tif nhiét 6 moi trudng xung quanh
nhung chua dat d€n nhiét @6 dn dinh va trong thdi gian nghi nhiét do gidm xudng
bing nhiét do moi trudng.

» Ch€& do lam viéc ngidn han Lip lai

DPay chinh 1a phu tdi ma thdi gian 1am viéc va thdi gian nghi xen k& 14n nhau. Trong
khodng thdi gian 1am viéc, nhiét dd cia thi€t bi chuwa dat d&€n nhiét dd 6n dinh va thdi gian
nghi nhiét do thi€t bi chua gidm dé€n nhiét d® moi trudng xung quanh.

= Theo dd tin cdy cung cAp dién, phu tdi c6 thé chia thanh cic loai sau.

> Ho loai 1: Bao gdm nhitng phu tdi rit quan trong khong dudc d€ mat dién, n€u xay
ra mat dién sé gy hau qud nghiém trong.

- Lam maAt an ninh chinh tri, mit trit ty x4 hoi. D6 1a sin bay, hai cdng, khu quan su,

cdc dai st qudn, nha ga, truc giao thong chinh trong thanh phg, ...
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- Lam thiét hai 16n d€n nén kinh t&€ quoc dan. P6 1a khu cong nghiép, khu ch& xuat,
dau khi, luyén kim, nha mdy co khi 16n, tram bom ndng nghiép 16n, ... Nhitng hd nay déng
vai

trd quan trong trong nén kinh t& qudc dan.

- Lam nguy hai dén tinh mang con ngudi.

Vi phdi ddm bdo lién tuc cung cip dién & miic dd cao, nén cdc dudng day cip dién
phdi bd tri ddc 1ap nhau, d@m bio cung cip dién ddy dd va lién tuc cho cdc phu ti.

> HO loai 2: Bao gom cédc xi nghiép ché& tao hang tiéu dung (nhu xe dap, vong bi,

banh keo, dd nhya, d6 choi tré em, ...) vd thuong mai, dich vu (kh4ch san, siéu thi,
trung tAm thuong mai 16n, ..). V§i nhitng ho nay, n€u mit dién s& bi thiét hai vé
kinh t& nhu din cong, gdy thit phadm, ph& phdm, phd v& hdp ddng cung cAp nguyén
liéu hoic sdn pham cho khich hang, lam gidm sit doanh s& va 14i xuit, ... Vi vay,
mic bdo ddm an toan va lién tuc cung cAp dién & day can phai so sdnh vé kinh t&
dé quyé&t dinh phuong 4n cung cAp dién.

> Ho loai 3: Bao gdm nhitng phu tdi khong quan trong, nghia 1a nhitng phu tdi ma

viéc mat dién khong gy ra nhitng hau qua ph4 hoai nghiém trong. P&i v6i ho loai
3 viéc ngirng cung cap dién cho phép ti€n hanh stra chita va loai su ¢ ra hé thong
dién.

b. X4c dinh phu tai tic dung tinh toan

Xdc dinh phu tdi tinh todn hién nay c¢é nhiéu phuong phdp. Nhitng phucng phip don
gidn tinh todn thuin tién thudng cho sai sd 16n, ngude lai n€u dd chinh xdc cao thi phuong
phdp phifc tap. Vi vdy, tuy theo giai doan thi€t k€&, tiy theo yéu cau cu thé ma chon
phuong phép thich hgp.

Phu tai tdc dung tinh todn c6 thé x4c dinh theo cdc phudng phép sau:

> Xdc dinh phu tai tinh todn theo cong sudt dit Pd va hé s& nhu cau K,

Cong thic tinh:

Ptt = knc Z pdmi
i=1
fo = P[[ 'tg¢
S, =\Pa+0,
0 day:
Pami : cong suat dinh mic cia thiét bi thit i, kW;

Py, Qu Sy : cong suat tdc dung, cong suit phan khidng v cong suit toan phian cla
nhém thiét bi, kW, kVAr, kVA;

Kne : hé s6 nhu ciu (tra & s6 tay);
n : s6 thi€t bi trong nhém.

N&u hé so cong sudt (cose) cla thi€t bi trong nhém khong gidng nhau ta phai tinh hé
s6 cong suat trung binh theo cong thic:

n
Zp,. cos @,
_ D COSQ+ P, COSQ, +...p, COSQ, T
CoS Py, = N

p+p, t..p, .
Pi
2
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Phuong phap nay c6 uu diém 1a don gidn, tinh todn thuin tién, vi th€ né dugc st dung
rong rdi, nhung nhuge di€m ciia phuong phap nay 13 kém chinh x4c.

> Theo suit tiéu hao dién ning trén mdt don vi sdn pham

P&i v6i cac ho tiéu thu c6 dd thi phu tii thuc t€ khong thay d6i hay it thay d&i (quat
gi6, bom nudc, mdy nén khi, thi€t bi dién phan, ..). Phu t3i tinh todn bing phu tdi trung
binh va dugc xdc dinh theo sudt dién ning trén mdt don vi san phadm khi cho trudc tong
san phdm sin xuit trong mot nim.

W.N

Prt:T—

0 day:
W :sudttiéu hao dién ning trén mot don vi san pham, kW.h/dvsp;
N  :s6 lugng sin phAm trong mot nim;
Tmax : thdi gian st dung cong suat cuc dai, h.
Duya trén k€t qua phan tich tinh hinh van hanh clia hé thong trong mdt giai doan nhat
dinh, xdc dinh dugc thdi gian st dung phu tdi 16n nh't clia tirng loai hd tiéu thu nhu sau:

Bang 2.1. Thdi gian tiéu thu cdng suat cuc dai.

Loai ho dung dién T max (gi0/niim)
Phu tdi sinh hoat clia thanh phd va khu cong nhan 2000+3000
Céc xi nghi€p cdng nghiép lam viéc theo 1 ca 1500+2200
Céc xi nghi€p cdng nghiép lam viéc theo 2 ca 3000+4500
Céc xi nghi€p cdng nghiép lam viéc theo 3 ca 5000+7000

Hoic dya vao d6 thi phu tai, xdc dinh theo biéu thic:

T, Zpitl',h

max
max

» Theo suat phu tdi trén mdt don vi dién tich sdn xuit
P, =pF

F - dién tich sdn xudt, m*;
po - sult phu tdi trén mot don vi dién tich, kKW/m>.

Suat phu tdi tinh to4dn trén mdt don vi dién tich sdn xuat phu thudc vao dang sdn xuat
va dugc phan tich theo s6 liéu thong ké.

Phuong phap nay chi cho két qua gin ding. N6 dugc dung d€ tinh phu tii cic phin
xudng c6 mit dd may méc sdn xudt phan bd twong d6i déu (phan xudng dét, sin xuit
vong bi, gia cdng cd khi, ...).

»  Xdc dinh phuy tdi tinh todn theo s0 thi€t bi dién va npq

n
Ptt = kmax Z ksdi 'Pd‘mi
i=1

Pym - cOng sudt dinh mic clia thi€t bi thit i, kW;
Kei - hé so st dung ciia thi€t bi thif i;
Kmax - hé s cuc dai, Kmax = f(Ksg, Nng)-
Phuong phdp nay cho k&t qud twong ddi chinh x4c vi khi xdc dinh hé s6 thiét bi dién
hiéu qui da xét t6i mot loat yéu t& quan trong nhu dnh hudng clia s6 lugng thi€t bi trong
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nhém, s thi€t bi c6 cdng sudt 16n nhit ciing nhu sy khidc nhau vé ch& do 1am viéc cda
ching.
Bang 2.2. Hé s6 stf dung clia phu tdi trong xudng mdy.

Tinh chit cia tai Heé so st dung
Xudng gia cong kim loai va xudng ch€ tao cd khi 0,15+0,3
Xudng cdng nghé hod hoc 0,20+0,4
Xudng dét 0,40+0,6
Xudng gia cong gb 0,15+0,3
Xudng k§ nghé nhe va xudng ché bi€n thuc phim 0,20+0,4

Bang 2.3. Hé s6 st dung cda phu tdi thip sdng.

Tinh chit cia tai Heé so st dung
Thip sdng bén trong cdc toa nha 1iu 16n 0,5+0,8
Thip sdng trong nha & 0,8+1,0
Thip sdng ngoai troi 1

¢. Xdc dinh phu tai phan khing tinh todn

P& x4c dinh phu tdi phdn khdng tinh todn can xem xét cdc y&u td sau:
» Cin ctt vao dudng cong phu tai phan khang.
> Cin ctf vao hé s6 st dung va hé s§ cong suit trung binh d€ tim cong suat phin
khang. Khi xdc dinh phu tdi phdn khdang, khong nén dwa vao tri s6 cose ldc phu tdi 16n
nhit ma nén dya vao tri s6 cos¢@ trung binh cla phu tdi trong todn nim hoic trong mot
ngay dém.
Xy

18P, = ?

O day:
Q. - lugng cong sudt phan khdang phu tdi tiéu thu trong thdi gian t, KVAr;
P, - lugng cong suit tdc dung phu ti tiéu thuy trong thdi gian t, kW.
(t1a thdi gian mot ndm hay mdt ngay dém)

2.2. CANBANG CONG SUAT TRONG MANG PHAN PHOI PIEN
2.2.1. Can biing cong suit tic dung

Pic di€m quan trong nhit clia qud trinh sdn xudt dién ning 13 sdn xuit, truyén tai,
phin phdi va tiéu thy dién ning trong hé thdng dudc ti€n hanh dong thdi, do khong thé
tich luy dién ning sin xuat thanh s6 lugng cé thé luu trit. Vi vay, tai mdi thdi diém ludn
c6 su cin bing gifta dién ning sdn xudt ra va dién ning tiéu thu, diéu dé c6 nghia 12 tai
mdi thdi di€m cin phdi cé su cAn biing giita cong sudt tdc dung va phan khdng phdt ra véi
cong suit tic dung va cong suit phdn khdng tiéu thu. N&u sy cin bing trén bi phd v& thi
cdc chi tiéu chat lugng dién ning bi gidm, din d&€n chit lugng clia sdn phdm hoic c6 thé
din d&€n mat 6n dinh hodc 1am tan rd hé thong. Vi vay, tai mdi thdi di€m trong cic ch& do
xdc 1ap clia hé thdng dién, cdc nha mdy dién trong hé thdng can phai phit cong sui't bing
cong sudt tiéu thu clia cdc ho tiéu thy, k€ cd ton thi't cong suit trong hé thong.

Can bing cong sudt tic dung trong mang phan phdi dudc bi€u dién bing biéu thirc
sau:

Py = Ppt):

Py =mY P +> AP+P,
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0 day:
P,  -congsuittic dung cung cap tir hé thong, MW;
PptE - cong sudt tic dung phu tdi tdng ciia mang dién c6 ké dén phat trién tuong

lai, MW;
m - hé s& dong thdi xuat hién cdc phu t3i cuc dai;
ZP,W - tdng cong suit tic dung clia cdc phu tdi & ch€ do tdi cuc dai, MW;
ZAP - tong ton thit trong mang dién (MW), khi tinh so bd c6 thé 13y:
D AP=1+15%) P,
- cOng suit tdc dung du trit cho phdt trién tuong lai, MW;
P, =10+15%) P,
Khi xdc dinh hé s6 dong thdi ciia modt khu vuc phdi cin cif vao tinh hinh thuc t€ cla
cdc ho tieu thu & d6 d€ quyét dinh. C6 thé tham khio céc s6 liu sau.
Bang 2.4. Hé s6 dong thoi.

P,

t

Khu vuyc ¢6 hai xudng méy m=1

Khu vuc tir 3 dén 4 xudng may m = 0,85

Khu vuc tir 4 dén 15 xwéng mdy | m=0,8

Khu vyc trén 15 xudng mdy m=0,75+0,7

2.2.2. Can biing cong suit phan khing

Pé dim bdo chit lugng dién 4p cin thi€t & cdc ho tiéu thu trong hé thdng dién va
trong cdc khu vuc riéng biét cla né, cin c6 day di cong suat clia cdc ngudn cdng suit
phdn khang. Vi vay, trong giai doan dau cda thi€t k& phdt trién hé thong dién hay cic
mang dién clia cdc viing riéng biét, cAn phdi ti€n hanh cin bing s6 bo cdng suit phin
khang.

Phuong trinh cAn bing cdng sud't phdn khiang c6 dang:

QHT + Qb = thz
szz = mz O max +ZAQL + ZAQBA + 0,

O day
Q,;  -cong sudtphdn khdng do hé thdng cung cip, MVAr;
0, - cOng suat phdn khdng clia cdc thi€t bi bu, MVAr;
O, - cong sudt phin khdng phu tdi tdng clia mang dién c6 ké dé€n phat trién
tuong lai, MV Ar;
m - hé s6 dong thdi xuat hién cdc phu tdi cuc dai;
> 0, - t0ng cong sudt phdn khang tiéu thy clia cdc phu tdi & ch€ do i cyc dai,

MVAr;
ZAQL - t6ng ton that cong sudt phan khdng clia cic dudng diy trong mang dién,

MVAr, khi tinh s6 bo 18y: > AQ, =5%) 0,
> AQ;, - t8ng t3n thit cong suat phdn khdng trong cdc tram bién 4p, MVA.
2 AQq, =(8+12%)) S,
hay: Y AQu, =(15+20%)> 0.,
O, - cong suit phan khang du trit cho phdt trién tuong lai, MVAr;
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Q, =(5+10%)30,.,

2.2.3. Bu cong suit phan khing
Tur biéu thic can bing cong sudt phan khang, tim dugc tri s6 cong suit phadn khing

cin bii 12 Q,. N&u Qy c6 gid tri duong thi hé théng can phai dit thém thi€t bi bu. D€ khdi
4nh huéng nhiéu dén k&t qua lwa chon day din, mady bi&€n 4p, khi tinh todn trong phan so
sdnh phuong 4n ndi diy clia mang dién, cAn du ki€n b sd bd dua trén nguyén tic: bl vu
tién cho nhitng ho & xa, c6 cos¢e thip va bu d&én cose = 0,9 +0,95(khong bl cao hon nita
vi khong kinh t& va dnh hudng khong tdt d&€n 6n dinh). Con thira lai, b cho nhitng & gin,
cos@ cao hon, bu d&€n cosp =0,85+0,9, cong sudt bu cho hd thit i dugc x4c dinh theo
biéu thic:

0, =0,-0/=0,—-Pigy;

G day:

P, Q; : cdng suat tic dung va cong suit phdn khdng ctia hd tiéu thu truc khi b,
(MW, MVAr];

tgp! :dugc tinh theo cos @] cia ho thit i sau khi bu;

Q) : cOng suat phdn khdng clia ho thit i sau khi bii, MVAr.

Luu ¥ ring, tdng cong suit bl Zsz‘ cho cdc hd tiéu thu phdi bing cdng suit bu s6 bd
Qy tinh theo diéu kién cin biing cong suat phdn khiang da néu § trén.
2.3. DU KIEN CAC PHUONG AN NOI DAY CUA MANG PIEN

Van dé dau tién phdi gidi quyét trong viéc thi€t k€ mang dién 1a lya chon phuong 4n
ndi day clia mang dién. Chon phuong 4n ndi ddy tot nhat clia mang dién 12 mot trong
nhitng budc quan trong nhat clia thi€t k&, bdi phuong 4n ndi day tim dudgc phai la k&t qua
lao dong sing tao clia ngudi thi€t k&,

Khi chon phuong 4n ndi diy, cAn phdi c6 nhitng quan di€m r6 rang vé phuong dién
cung cAp dién t6t nhat cho cdc hd tiéu thu vdi hiéu qud kinh t& cao. Vi vay, khi dy kién
cdc phuong 4n ndi diy can chi y d&n tinh kinh t& cia ching. Pong thdi chi y chon cédc
phuong 4n ndi diy don gidn. Cdc phuong 4n ndi day phifc tap hon dudc chon trong trudng
hdp khi cdc phuong 4n ndi day don gidn khong thod man nhitng yéu ciu vé kinh t& va k¥
thuat.

Nhitng phuong 4n dudc chon d€ ti€n hanh so sinh vé kinh t&€ phdi 13 nhitng phuong 4n
thod man cdc yéu cau k§ thuit clia mang dién.

Nhitng yéu cau k¥ thuat chli y&u doi véi mang dién 13 d6 tin cay va chat lugng cao cla
dién ning cung cip cho cdc ho tiéu thy. Khi du ki€n phuong 4n ndi diy clia mang dién
thi€t k&, trudc hét can chd y dén hai yéu cau trén. D€ thyc hién yéu ciu vé do tin ciy
cung cip dién cho cdc ho tiéu thu loai I, cAn ddm bdo dy phong 100% trong mang dién,
ddng thdi du phong dudc déng tu dong. Pdi v6i cac hd tiéu thu loai II, cho phép ngiing
cung cip dién trong thdi gian can thi€t dé€ nhin vién tryc nhiat déng ngudn cung cip du
phong. P& cung cip cho cic ho loai II cho phép diing dudng diy trén khong, khong c6 dy
phong khi dién 4p cao. N&u c¢6 du phong tip trung, cung cip dién cho cdc hod tiéu thu loai
II bing mot mdy bi€n 4p dugc cho phép. Cic ho tiéu thu loai III, cho phép ngirng cung
cAp dién trong thdi gian cin thiét d€ sira chita hay thay th& phan tif hu hdng, nhung khong
quda moQt ngay.
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Thuc t&€ khong c6 mot phuong phap nhit dinh nio dé€ chon phudng 4n ndi diy cia
mang dién. Mot s6 d6 mang dién c6 thich hop hay khong 13 do rat nhiéu y&u td khic nhau
quyét dinh: mifc do yéu cau vé ddm bdo lién tuc cung cip dién cla cic nha may dién, vi
tri phAn b3 cdc nha may dién, ... Ngoii ra, con nhiéu yé&u td phu khic ciing 4nh hudng dén
k&t ciu va vach tuyén dudng day clia mang dién nhu: diéu kién vé dia chat, thuy vin, dia
hinh, ...

2.3.1. Cong tic vach tuyé&n day

Viéc lya chon va vach tuyé&n diy 13 cong viéc khdi dau clia cong tic thi€t k& dudng
diy tdi dién, né 4nh hudng d&n viéc thi cdng, quin 1y vin hanh cling nhu vé mit k§ thuat.
Khi vach phuong 4n ndi diy cAn phdi chd y dé€n cdc y&u td sau.

a. Khi lya chon, vach tuy&én diy phai quan tAm diing mifc tdi qui hoach toan dién, tinh
hinh khi tugng, dia chat, thuy vin, ngudn cung cAp nguyén vt liéu, diéu kién thi
cong va quan 1y vin hanh hié€n nay va sau nay, cong tac quan ly van hanh dudng
diy can dugc chi€u cd ding mifc, vi khi xay ra mat dién phdi x& 1y rdt nhanh, tranh
thiét hai cho sin xuat, ...

b. Tuy ring phai k&t hdp nhi€u mit qui hoach twong lai trdnh cdc khu din cu, dia hinh
phtic tap, ... nhung phai quan triét y thitc kinh t€ va ky thuat dé€ lya chon chiéu dai
céc tuy€n (so v6i dudng sit va quoc 19, chiéu dai cla tuyén dudng day ngin hon tir
5% -10% 1a hop 1y) va s6 lugng géc ré trén tuyén khong qué nhiéu.

c. Dinh cdc vi tri vudt nhu: qua sdng 16n, dudng sit va qudc 10, dudng diy dién 4p
thap, dudng diy thdng tin quan trong phai chi ¥ van hanh an toan. Nhat la vuot
song 16n phdi chi y ddy dd van dé da't dai, khi hau, nuéc 1d, thuyén be qua lai.

d. Tru6c khi vach tuyén day chinh thifc cAn luu y d€n cdc budc cong tic k§ thuat 1a
cot méng, vi tri vudt, ... d€ tranh khi thi cong phdi diéu chinh tuyén do diéu kién
thuc t&€ bit budc.

e. Can chd y d&n chinh sich ruong dit, nha cta, trdnh do thi cong hay tuyé&n day di
qua ma phai gidi tod nhiéu nha hay st dung nhiéu rudng di't canh tic.

f. Ngoai ra, cling cAn chi y khi tuy&€n ddy phdi di qua viing d6i niii s& gip nhiéu khé
khin nhu chon khodng vugt, loai cot, xa, ti€p dia, ... ciing nhu cdng tdc quan 1y van
hanh sau nay.

g. Ngudi thi€t k& dudng ddy phdi c6 ki€n thitc vé khdo st thim do, do dac d€ vach
tuyé&n phit hop véi dia hinh, dia chat, khi hu va cdc cip dudng giao thong.

Chinh vi vay, viéc lya chon va vach tuy&n khong hgp 1y s& dua dé€n nhiéu nhuge diém,

khuyé&t diém gy kho6 khin kéo dai cho viéc van hanh sau nay.
2.3.2. Vachramot sé so d6 ndi diy ctia mang va phan tich vu, khuyét di€m

Sd d6 noi day bat ky clia mang dién trong nha, trong thanh phd, mang dién trong cong
xuéng hay mang dién khu vyc trén cin ban déu c6 thé phan thanh 3 loai.

» Loainhai quat.

* Loai mach vong kin.

» Loai ndi thdng lién ti€p.
a. Loai nhai quat

= Uu diém:

— P&i véi loai nay, kh3 ning x3y ra sy cd phdi cit dién tuong ddi it, vi mdi phu tdi déu
c6 dudng diy riéng cung cip dién, mot dudng diy bi sy c6 khong thé dnh hudng sang
dudng day khac dugc.
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— Khodng cédch din dién tuong ddi gan. Do d6, néu diay din dugc chon theo mat do
dong dién kinh t& thi khdi lugng tiéu hao vé kim loai mau va cd mic t6n thi't cong suit va
t6n that dién 4p déu tuong d6i nhd.

— C6 nhiéu kha ning st dung nhitng thi€t bi don gidn, ré tién & cudi dudng day. Thiét
bi bdo vé rdle ciing don gidn, n€u dudng diy ngén chi dung bdo vé qué dong dién Ia du.

=  Khuyét di€m:

— N&u s6 hinh tia nhiéu thi s6 dd tram bi€n 4p dau ngudn phic tap, ton nhiéu thiét bi
nha't 12 mdy cdt cao 4p, chi€m nhiu dién tich mit bing.

— N&u chon day theo mat d6 dong dién kinh t&, nhiéu trudng hdp phai ting tiét dién dé
chdng vang quang 4nh sdng va ddm bdo sitc bén co gidi, do d6, von dau tu lai ting tuy
ring AP va AU ¢6 gidm hon.

— Chi phi thim do, khao sat cao.

i 2
Hinh 2.1. So dd ndi day hinh quat.
b. S¢ do ndi thong lién ti€p
= Uu diém:
— Chiéu dai toan by dudng dy tuong d6i ngan nén vén dau tu xay dung cé thé it.
— Viéc t3 chifc thi cong thuin tién vi hoat dong trén ciing mot tuyén.
— C6 thé dung dudc cdc thi€t bi don gidn § tram trung gian 1 va tram cudi 2 nhu dao
cach ly tw dong va dao ngdn mach ma khong dung may cit, ...
=  Khuyét diém:
— Vi khodng cich diy din t6i phu tii 2 tudng ddi xa nén tdn thit dién ning ciing nhu
t6n that dién 4p 16n.
— Muc 1gi dung kim khi mau cao, vi né phdi hgp vdi chdng tdn thit ving quang sing va
ddm bao stic bén co gidi clia day din.
— N&u vi mot 1y do ndo d6 ké phia cao 4p phai dung mdy cit thi s6 lugng mdy cit sé
nhiéu hon va bio vé role ¢ phiic tap hon.

2
Hinh 2.2. S0 dd ndi thong lién tiép
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a. So @6 mach vong kin
= Uu diém:

— P4dm bdo lién tuc cung cip dién cho cdc hd tiéu thy.

— Miic kinh t&€ vé mit van hanh cao, chli yéu 12 do tdn thit cong suit AP trong mang
kin it hon trong mang hd. Trong nhiéu trudng hgp, von dau tw xay dung mang dién kin bé
hon mang dién hG c6 ciing mot mic dd du trit nhu nhau.

— Tinh linh hoat cao: khi phu tdi trong mang dién kin c6 sy thay ddi dot bi€n thi & cac
phu tdi trong mang dién, dién dp bi€n thién it.

=  Khuyét di€m:
— Van hanh mang dién kin phtc tap.
— Bdo vé rdle va tu dong hod mang dién cling phic tap va khé khian.

Hinh 2.3. So d6 mach vong kin.
2.4. TINH TOAN PHAN BO CONG SUAT
Muc dich ctia viéc tinh phan bd cong suit 1a xdc dinh dong cdng suit chay trén céc
doan luéi.
D4i véi phuong 4n hinh tia: cong suit trén cdc doan 1u6i tim dudc bing phuong phip
cong dd thi phu tdi P; (t) va Q; (t).
D6i v6i phuong 4n mach vong:

Hinh 2.4. So dd mach vong.
D6i véi s6 dd & Hinh 2.4, dong cong suit chay trén cdc doan dudng diy Al va A2
dugc xac dinh nhu sau:
N&u trong trudng hop céc tiét dién day khdng chénh Iéch nhau nhiéu thi c6 thé st
dung phuong phép tinh phin bd cong sui't theo chiéu dai.
Sl +1)+S,1,

S, =
L+, +1
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Sb(ll +l3)+Sall
L +1,+1,

2

Trong trudng hop tiét dién diy clia cdc doan ludi chénh 1éch nhau nhiéu thi phdi tinh
phan bd cong suit mot cdch chinh xdc theo biéu thifc sau:
$u2,+2,)+8,2,

Z,+7Z,+7Z,
S, (Z'1 + Z3)+ S 7,

Z, +7Z,+7Z,

Dong cong suat chay trén dudng day 12 dudc xdc dinh trén cd s dinh luat Kirchhoff
doi v4i nidt 1 hodc nit 2.
2.5. SO BO SO SANH CAC PHUGNG AN VE KINH TE

DPE€ c6 thé s bo loai bd mdt s6 phuong 4n ma khong can phai tinh todn chi tiét, c6 thé
ding moment phu tdi » P/, d& phan tich. Momen phu tdi Y P/, c6 thé néi lén dugc

S, =

2

khdi lugng kim loai mau st dung va tdn thit dién ning trong mang dién d6. Phuong 4n
hgp 1y vé& mit kinh t& 1a phuong 4n ¢6 Y Pl — min.

a. Khdi lwgng kim loai mau st dung

Xét mang dién nhu Hinh 2.5.

Hinh 2.5. So dd mang dién
Khéi lugng kim loai mau diing cho mang:
V=3(Fl, +FlL +FL)
Chon ti€t dién F theo mat do dong dién kinh t€:

k= d ;B :I_2 ; Fy= el
Jklé' ‘]kté' Jkté'
Suy ra:
V=3[Illl+1212+13l3j
Jkté' ‘]kté' Jkté'
VZS[ Plll + P212 + P313 J
\/EUJM cos @, x/gUJk,é, cos @, \/EUJM cos ¢,

Né&u cos @, = cos @, = cosp, =cos ¢ thi:

3
V= m(ﬂll + Py, + Pyl,)

kté

V=a)PLl,
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Sau day xét mang dién nhu trén vdi hinh ddng so db thay ddi:

Hinh 2.6. So dd mang dién.
Khéi lugng kim loai mau diing cho mang:
V' =3(FI + F}l, + F]I,)
Trinh ty ti€n hanh twong ty nhu trén, xdc dinh dugc:
V'=a) Pl
So sénh 2 phuong 4n qua ty so:

v DRl

vy P
Tir ddy, thdy ring chi cAn tinh ra tdng s6 momen phu tii ZPI.II. cta tirng phuong an 1a
c6 thé sd bo két ludn ring phuong 4n nio kinh t& hon vé mit tiéu hao kim loai mau.
b. Tdn thit cong suit
Xét mang & Hinh 2.5, ton thi't cong suit tic dung trén dudng ddy clia mang:
AP =3(I’R, + IR, +I’R,)

AP=3(112pll +122,012 +I3ZPZ3J

K F, F,
AP =37 ,.p(I,.1, +1,.1, +1,.I)

P. P,. Pl
AP=3Jk,é»p£ 1+ n 2Ly n 353 J

\3U cos ®, V3U cos ?, V3U cos &

z

Neéu: COS @, = COS P, = COSP; = COSP
3J,s
Suy ra: AP = M Pl ,=b>P.lI,

Ucosgp
Tuong tu, ton that cong sudt trén dudng diy cda mang dién & hinh 3.6:
_ \/g-]kré’p

AP! I. ! — I. !

UCOS¢ Pm lm bz Pm lm
Suy ra: AP _ ZP'"Z’”
AP Pl

c. Ké&tluan
Pé€ s0 bd so sanh cic phuong 4n vé mit kinh t&, c¢6 thé sit dung mdmen phu t3i ZPJ,-

va giif lai mot s6 phuong 4n d€ tién hanh so sdnh kinh t& chi ti€t hon.
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2.6. LUA CHON CAP PIEN AP CHO MANG PIEN

bién 4p dinh mic cia mang dién dnh hudng chli yé€u dén cdc chi tiéu kinh t& - k§
thuat, cling nhu cdc dic trung k§ thuit cda mang. Vi du, khi ting dién 4p dinh mifc, ton
tha't cong sudt va dién ning s& gidm, nghia 13 gidm chi phi van hanh, gidm ti€t dién day
din va chi phi vé kim loai khi xdy dung mang dién, dong thdi ting cong suit gidi han
truyén tai trén dudng diy, don gidn hod su phét tri€n tuong lai ctia mang dién, nhung ting
von dau tu d€ xay dyng mang dién. Mang dién c6 dién 4p dinh mic nhd, yéu ciu von dau
tu khong 16n nhung chi phi van hanh 16n vi tén that cdng suit va dién ning déu 16n, ngoai
ra kh3 ning truyén tai nhd. Vi vdy, chon ding dién 4p dinh mifc cia mang dién khi thiét
k& ciling 12 mot bai todn kinh t€ - k§ thuat.

Pién 4p clia mang dién phu thudc vao nhiéu yé&u t8: cong suit clia cdc phu tai, khodng
céch giffa cdc phu tdi va cdc ngudn cung cap, vi tri tuong d6i giita cdc phu tii v6i nhau, sd
dd clia mang dién, ... Nhu vay, chon dién 4p dinh mic clia mang dudc xdc dinh chi yé&u
bing cic diéu kién kinh t&. D€ chon dugc dién 4p t&i wu can tién hanh so sdnh kinh t& - k¥
thudt cdc phuong 4n khdc nhau cla dién 4p mang.

Dién dp dinh mtc c6 thé xdc dinh so bd theo cong suit truyén tai da bi€t P (kW) va
theo chiéu dai cia dudng day truyén tai [ (km) vdi cong thic Still:

U, =434,1+0,016P

P : cong suat truyén tai, kW;
[ :khodng c4ch truyén tai, km.
Cong thifc nay dugc d4p dung cho cdc dudng day cé chiéu dai d&€n 220 km va cong suit
truyén ti P < 60 MW.
Trudng hop cong suit truyén tdi I16n va khodng cdch truyén tdi d€n 1000 km, can st
dung cong thiic sau day clia A. A. Zalesski:

U, =+/P(100+15V1)

Ngoai ra, c6 thé xdc dinh so b dién dp dinh mic theo cdng thic ctia G. A. Illarionov:
1000
500 2500
—+
[ P
Cong thic trén cho két qua phu hgp d6i véi tat cd cac dién dp dinh mic tr 35 d€n 150
kV.
27. CHON LOAIDAY VA TIET DIEN DAY DAN

Chon ti€t dién day din clia mang dién dugc ti€n hanh chd § d&n cdc chi tiéu kinh t€ -
k§ thuat, khd ning tdi clia ddy din theo diéu kién phdt néng, trong cic di€u kién sau sy
0, 6 bén cd clia cdc dudng day trén khong, cdc diéu kién tao thanh ving quang dién.

Ti€t dién diy din clia mang dién can phdi chon sao cho phlt hgp v6i quan hé t6i wu
giita chi phi dau tu xdy dung dudng diy va chi phi vé tdn thit dién ning. Khi ting tiét
dién day din, chi phi dau tu sé& ting, nhung chi phi vé tdn thit dién ning s& gidm. Xdc
dinh quan hé t&i vu nay 1 vin dé kh4 phic tap va trd thanh bai todn tim ti€t dién diy din
tuong Gng véi cac chi phi quy ddi nhé nhat.

Trong mang cao 4p, vi cdc dudng day thudng tdi cong sud't va c6 chiéu dai 16n cho nén
y&u t6 kinh t&€ déng mot vai trd rit quan trong. Trong mang cao 4p lai c6 nhitng bién phdp

Udm =
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diéu chinh dién 4p nhu: thay d6i ddu phan 4p clia mdy bi€n 4p, bil, ... cho nén thudng chon
day din va cdp theo diéu kién kinh t& v kiém tra diéu kién vé ky thuat.
2.7.1. Trudng hgp diy din cé mot phu tai

Néu bi€t thdi gian sit dung cong suit 16n nhi't cda phu tdi va bi€t dudng day dung loai
day gi, tra bdng dudc Jie. T d6, d& dang tim dugc ti€t dién day dan:

I
Fkté’ — Iv max
Jkté’
g day:
Iivmax - dOng dién lam viéc trén dudng diy & ché& dd phu tai cuc dai, A;

S
max 103

Ilvmax n\/gUdm
n - sd mach dudng day (dudng day 1 mach n = 1, dudng ddy 2 mach n = 2);
U - dién dp dinh mdc ctia mang dién, kV;
Smax - cOng suat chay trén dudng day & ch€ dd tdi cyc dai, MVA,;
Jue - matdo dong dién kinh t& , A/mm>.
Céc gid tri mat dd dong dién kinh t&€ cho trong bdng 3.5.
Bang 2.5. Mat do dong dién kinh té&.

Cic day din Thdi gian sit dung cong suit cuc dai, h
1000+-3000 | 3000+5000 | 5000--8700

Day din trAn va thanh gép:

DPong 2,5 2,1 1,8
Nhom 1,3 1,1 1,0

DAy cdp vdi cach dién gidy, ddy din cdch dién
biing caosu va vat liéu tdng hop c6 cic 16i:

Pong 3,0 2,5 2,0
nhdm 1,6 1,4 1,2
Day cédp 161 dong cach dién bdang caosu va vat 3.5 31 27

liéu tdng hgp.

Dua vao tri s8 Fye tinh todn dudc, tra bang chon ti€t dién tiéu chuidn cda day din gin
nhat. Chon day din theo mat do dong dién kinh t€ trong trang thdi lam viéc binh thudng
va dudc kiém tra theo diéu kién phdt néng trong diéu kién sy cd.

Trong cdc ché€ d6 sau su c6, dong dién chay trén cic diy din cé thé vugt ddng ké
dong dién 1am viéc binh thudng. Trudng hop nhu thé c6 thé x4y ra trén dudng diy hai
mach, khi mot mach ngirng cung cip dién, va ciing nhu trén dudng diy c6 hai phia cung
cAp, khi cung cdp dién tir mot trong hai di€ém cung cip dién bi ngitng. Trong cic trudng
hdp nhu vy, ti€t dién day din dugc Iva chon phdi thod man cdc diéu kién phat néng cho
phép gidi han khi ciac dong dién clia ch& dd sau su c¢d chay qua. Piéu kién ki€m tra vé
dong dién tdi 1au dai cho phép theo phdt néng nhu sau:

1. <KlI,
0] day:
Inax - dong dién 16n nhit chay qua day din khi su c6, A;
Inax = Iymax (n=1)
Imax = 2liymax (n = 2)
I, -dong dién cho phép tng vdi ti€t dién day dan dugc chon, A;
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K - hé so hiéu chinh, K = K;.K»
K, - hé s& hiéu chinh theo cich 1ip dit ddy, day trén khong K, = 1;
K - hé s6 hiéu chinh theo nhiét do moi trudng.
Piéu kién vé t6n that dién dp cho phép:
AU, % < AU, %
AU, %< AU, %

seep
0 day:
AU, % - tdn thit dién 4p cla dudng day trong trudng hgp 1am viéc binh thudng,%;
AU, % - ton that dién 4p cho phép trong trudng hgp lam viéc binh thudng, %:;
AU, =5%
AU, % - ton that dién 4p cla dudng day khi xdy ra sy c6 nguy hiém nhat,%. Déi

btcp

v6i dudng diy c6 2 mach, n€u ngitng mdt mach thi tdn that dién 4p trén
mach con lai:
AU, % = 24U, %

AU__ % - t6n thi't dién 4p cho phép trong trudng hdp su ¢8,%: AU % =10%.

sccp sccp
2.7.2. Trudng hgp day din cé nhiéu phu tai
Xét duong diy co6 hai phu tai diat cach xa nhau nhu sau:

i i

[ [

1 2

Hinh 2.7. Budng diy c6 hai phu tai.

DPudng diy c6 hai phu tdi dit cdch xa nhau. Ti€t dién ddy din & mdi doan diy l1a khéc
nhau, bdi vi dudng ddy cung cip cho nhiéu phu ti phian b3 xa nhau, doc theo dudng day.

Ti€t dién ddy din cda tirng doan:

F, = Dvmaxt s F, = Ly maxa
Jkté’ Jkté’

Thudng trén cdc doan dudng diy dudc chon theo cling mot tri s Jie. Vi chon Jie
giong nhau nhu vy c6 1gi 13 ton that cong suit tic dung AP trén dudng diy sé& nhd nhat.
That vay, gid thi€t dong dién trén cdc doan 1 va 2 1a I; va I, thi tdn that trén toan bd
dudng day:

AP =3I]R, +3I;R, = 3prl—1+ 3122,31—2
F 19

Goi V 12 kh&i Iugng kim loai mau dung cho toan bd dudng day.

V, la khdi lugng kim loai mau ding cho doan day 2 thi:

F, =‘l/—2 va F, = V;VZ
2 1

Thay gid tri cia F; va F, vao bi€u thitc tim dudc:
3iply | 31500
V-V, v,

LN LN e ~ A ~ e R
bi€u ki€n ton that cong suat cuc ti€u:

AP =
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oAP _ 3Iipl}  3L;ply
ov, (v-wv, v}
1’0 L
Hay: 121 — 222
Vi v
Vi: Vi=Fl vaV,=F,l,
A L'y Ll
nen FF R
1% 272
I, 1
Do d6 L-_2
LA
1 1
Ma: L =J va-—2=J,
1 F2
Suy ra: J, =J,

2.7.3. Truong hgp cé nhiéu phu tai phian bd déu

0

Né&u c6 nhiéu phu tii c6 gid tri khong 1éch nhau nhiéu va bé tri gan nhau thi c6 thé coi
nhu 13 dudng diy c6 phu tai phdn bd déu, trong trudng hop nay thong thudng d€ ddm bio
tinh kinh t&, chi diing mot ti€t dién trén toan bo dudng diy. PE chon mat d6 dong dién
kinh t& c6 1¢i nhi't cAn so sdnh véi mot dudng diy khdc, gid thi€t c6 cling tiét dién F, cling
chiéu dai L va c6 cling mot tdn thit cong suit tic dung, nhung phu tdi tip trung & cudi

dudng day.

A

. 4

1

|

Hinh 2.8. Pudng diy c6 phu tdi phan bd déu

Vi dudng day gia thiét, ton tha't cong suit:
31°pL

AP =

Véi dudng day c6 mot sd phu tii phan b déu, tdn that cong suit:

AP =3(1%r, + I2r, + 127, )= %p(zle + 12 +120,)

. I, 1
Goi: b=—vaa=-=2
Il Il
Phuong trinh trén c6 thé viét:

AP = 3?”13 (, +a’t, +b71,)

O trén da gid thi€t 1a dudng dy c6 phu tdi phan bd déu va dudng day gid thi€t phu tai
tap trung & cudi déu c6 ton that cong suit tic dung nhu nhau, do dé:
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312,0% _ %pzf (i, +a1, + b7,

Chia 2 v€& cla phuong trinh cho F, ta dugc:

[ AT
FL :F(ll +a lz +b 13)
) 1 . . ez .
Goi: Fl =J ¢ dingn 12 Mt d0 dOng dién kinh t€ dang tri.
N 1
Va F = Jkté’
Thi: J2%L = T2 a0l +b°1)

Viy mat do dong dién kinh t& dezmg tri:

L
J oo o =J
kté ddngtri kté \/(l] + a212 + b213)

Tir d6, dé dang tim dudc ti€t dién diy din cho toan bd dudng diy & trén:
ot
J

kté ddngtri

2.8. CHON PHUONG AN NOI DAY HGP LY VE KINH TE VA KY THUAT
2.8.1. So sdnh cic phudng 4n vé miit kinh t&

Chi tiéu kinh t€ dudc st dung khi so sdnh cdc phudng 4n 1a chi phi tinh todn hang nim,
dugc xdc dinh theo bi€u thic:

Z, = (avh +a, )Kd +AA.c
0 day:
a,, - khau hao hiing ndm vé hao mon va phuc vy ddi v6i cdc dudng diy trong
mang di€n, %;
Bang 2.6. Khau hao hang nim vé& hao mon va phuc vu.

A e Khau hao vé Khau hao vé
Tén phan ti trong hé thong N
hao mon phuc vy
Céac dudng day trén khong:
dit trén cot gb 4+6% 2+3%
dit trén cot thép va bétdng cdt thép 3% 1+2%
C4c thi€t bi trong tram 6% 2,5%
a, -hé sohiéu qud cda von dau tu.
a, = 1 (T, — thdi gian tiéu chuén thu hdi von)

Ic
Kq¢ - vondau tu xay dung dudng day, d;
K, =Y nK,l
n - hé sd phu thudc vao s6 mach dudng diy. P6i v6i dudng day 1 machn = 1,
ddi véi dudng day 2 mach dit trén cing mot cot n = 1,6, doi v6i dudng day
hai mach dit trén hai ¢dt khdc nhaun = 1,8;
l; - chiéu dai dudng day th i, km;
Koi -gid thanh 1 km dudng ddy mdt mach, d/km;
K, =K, +K,
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K, - gi4 thanh clia 1km dudng day khong phu thudc vao ti€t dién cla day
dan, d/km;
K, - gia thanh clia 1 km dudng day phu thudc vao ti€t dién diy din, d/km;
K, =3mK,
m - khdi lugng 1 km dudng day, kg/km;
Ky - gid thanh 1 kg dudng day, d/kg;
AA - t8ng ton that dién ning hang nim, MW.h;

AA - ZAPimaxri
AP, - ton thit cong suat tdc dung trén dudng day thit i & ché do tai cuc dai,
MW;
T, - thdi gian tdn thit cong suit cuc dai trén dudng day th i, h;
2
r=(0124+T,, x107*) x8760

V&i Tax 12 thai gian st dung cong suat cuc dai, h;
c - gid 1 kW.h dién ning ton that, d/kW.h.

2.8.2. So sanh cic phuong 4n vé mit ky thuat

Ngoai cdc yéu t8 AU < AU, ki€m tra phdt néng day din lic sy ¢§ ning né nhit con
phéi chi y d€n dd lién tuc cung c4Ap dién clia mang, ...

Xdc xuat ngling cung cip dién xdc dinh dudce ddi v6i mot sd db6 cung cAp dién nhd vao
hai dinh nghia sau day:

X4c xud't x3y ra su cd trén phan ti mang dién:

tsc _ QSCl‘I
T T
Va x4c xuat sita chita dinh ky:
t
- _f
U T

tee 0O gid su cd trong thdi gian quan sat T, h;

Qs :s6lansucod 1 nim;

ty :thdi gian sita chita mot sy c0, h;

tp  :sO gid slra chita dinh ky trong thdi gian T, h.
a. Xét so do duong day 110

A Cl D B C2
] () ] |
Hinh 3.9. So dd dudng day mot 16.
Xdc sudt ngitng cung cap dién:
h=q.,+qp+45+q.+ fp
Céc tri s0 qe1, qp, g8, qe2, Ip tinh dugc theo 2 dinh nghia trén, cin cit vao cic s6 liéu
thong k& Q, tg, tr. P31 v6i dudng day 1 10 thudng bi€t dugc cdc s liéu thong ké 1 ndm
trén 100 km, vi thé:

v

Q1

1> ='g760 " 100
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b. Xét s¢ dd dudng day 2 1o

¢, p G
] 1
L1 I

—>
¢, p G
] 1
L | —

Hinh 2.10. So dd dudng day hai 1.
Xdc sudt ngitng cung cip dién:
h=qp +2k;.q,-fp
O day:
q), :xéacsudtxdyra sy co trén 110 dudng day;
q) :xdc sudt x4y ra dong thdi trén 2 19;
fp :xdc sult sira chita dinh ky dudng day;
ki : hé sO bé hon 1, xét dén nhitng bién phap dugc thyc hién nhim ddm bdo cho
dudng day con lai van hanh t6t hon khi sita chita dudng day kia.
D6i v6i dudng day 2 19, so liéu thong ké cho xdc sudt sy ¢d trén 1 16 gdm cd xdc sudt
st cd dong thdi trén 2 10, trong d6 xdc suit sy c6 dong thdi trén 2 16 chi€m khodng 15 —
25%, Vi thé:

[1-(0,15+0,25) oly |

9= 8760 100
. (015+025)0,1, 1
qdp = X
8760 100

Cin ctt theo s6 liéu tinh todn, chon phudng 4n c6 chi phi tinh todn Z cuc tiéu.

N&u cdc phuong 4n c6 phi tén tinh todn chénh 1éch nhau khong quéd 5% dudc coi nhu 1a
tuong duong nhau vé mit kinh t€. Trong trudng hgp nay mudn quyét dinh chon phuong 4n
nio cin phdi so sinh cdc phuong 4n d6 vé mit k§ thuat. TAt nhién, phuong 4n nao ddm
bdo vé dién 4p van hanh cao hon, sd d6 ndi diy don gidn hon, c6 nhiéu kh3 ning phat
trién, mifc dm bao cung cAp dién cao, td chiic thi cong va quin 1y van hanh don gidn hon,
c6 xu huéng phat trién mang trong tuong lai, ... thi phuong d4n d6 dugc chi y nhiéu hon.

Cudi cuing phdi néi 12 khi thi€t k€ mang dién, cAn phai bi€t cAn nhic mdt cdch than
trong va toan dién, phdi bi€t o tinh than trach nhiém, ... d€ dua ra mdt phudng 4n phu hop
vdi nén kinh t€ qudc din, ddm bdo vé k¥ thuit, an toan va c6 xu hudng phét trién trong
tuong lai.

29. CHON SO LUGNG VA DUNG LUGNG CAC MAY BIEN AP

Chon s& lugng cdc mdy bi€n 4p phu thudc vao cdc yéu ciu vé do tin ciy cung cip
dién cho cdc hd tiéu thu clia tram va nhu vay 12 mot bai todn kinh t& - k§ thuat.
2.9.1. Chon sé lugng va ching loai may bién 4p

C6 nhiéu phuong phdp d€ x4dc dinh s6 lugng va chiing loai mdy bién 4p, nhung thudng
van phdi dua vao nhitng nguyén tic chinh sau day:

= Chiing loai mdy bi€n 4p trong mdt tram bi€n 4p nén ddng nhat (hay it chling
loai), d€ gidm s& lugng mdy bi€n dp du phong trong kho va thuén tién trong 1ip
dat, van hanh.
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= S6 lugng mdy bi€n 4p trong tram bi€n 4p phu thudc vao nhiéu yéu t6 nhu: yéu
cAu vé lién tuc cung cAp dién ctia ho phu tai, yéu cau vé lva chon dung lugng
mdy bi€n dp hdp ly, yéu ciu vé van hanh kinh t&€ tram bié€n 4p, ... Pdi v6i hod
phu tdi loai I, thudng chon hai mdy bi€n dp trd 1én. P3i v6i hd phu tai loai II,
s6 lugng may bi€n 4p dugc chon tuy thudc vao viéc so sdnh cdc hiéu qui vé
kinh t& - k¥ thuat. Tuy nhién, &€ don gidn trong van hanh, s& lugng mdy bién
4p trong mot tram bi€n 4p khong nén qud ba mdy va cdc mdy bién 4p nay nén
c6 cung ching loai va cong suit.

Né&u phu tdi ctia tram chi 13 cdc hd tiéu thu loai III, trong tram c6 thé dit mot mdy
bi&n 4p, cong suit clia mdy bi€n 4p dugc xdc dinh biang phu tdi cuyc dai clia tram. Mot s6
ho tiéu thu loai II cho phép mat dién tam thdi, ciing c¢6 thé dudc cung cip tif tram mot
mdy bién 4p.

2.9.2. Chon dung lugng may bi€n ap

Cong suit clia mdy bi€n d4p can ddm bio cung cAp dién ning cho tit cd cdc ho tiéu thu
clia tram trong diéu kién van hanh binh thudng. Ngoai ra, con chi y dé€n su can thié€t phii
ddm bdo cung cap dién cho cdc phu tdi quan trong ca trong trudng hdp sy ¢6 mot trong cic
mdy bi€n 4p dit trong tram. Can chd ¥ ring, hu héng cic mdy bi€n dp dit trong tram
gidm 4p din d€n cit ching x4y ra rat han hitu, nhung cin phdi tinh d&€n kha ning dé, dic
biét n€u nhu tram cung cap dién cho cdc ho tiéu thu loai I, khong cho phép mat dién. Vi
vay, néu tram cung ciAp cho cdc ho tiéu thu thudc cdc loai trén, trong tram can phai dit
khong it hon hai mdy bi€n 4p. Trudng hgp sy c6 mot trong cdc may bién 4p, mdy bién dp
thtt hai cAn ddm bdo toan bo cong suit clia cac hd tiéu thu loai I. Thuc t& diéu d6 c6 thé
dat dugc bing gidi phdp dit hai may bi€n 4p trong tram, cdng sudt dinh mic ctia mdi mdy
bi€n 4p dudgc chon bing 0,65 dén 0,70 phu tii cuc dai cla tram d€ ddm bio cung cip dién
dl cho tAt ca cdc ho tiéu thy khi c6 sy ¢ mot may bién 4ap.

Hién nay, c6 nhiéu phuong phdp dé xdc dinh dung lugng mdy bi€n 4p, nhung vin phai
duva theo nguyén tic chinh sau day:

= Chon theo diéu kién lam viéc binh thudng c6 xét d&€n qu4 tai cho phép (qué tai
binh thudng). Mitc d6 qua tai phai dugc tinh todn sao cho hao mon cdch dién
trong khodng thdi gian xem xét khong vugt qua dinh mic tuong ¥ng v4i nhiét
dd cudn day la 98°C. Khi qud tii binh thudng, nhiét @6 di€m néng nhat cda
cudn day c6 thé 16n hon nhung khong vugt qua 140°C va nhiét do 16p diu phia
trén khong vuot qua 95°C.

» Kiém tra theo diéu kién qud tdi sy c¢d (huw hdng mot trong nhitng mdy bién 4p
lam viéc song song) v4i mot thdi gian han ché dé€ khong gidn doan cung cip
dién.

a. Né&u tram chi dit mét may bién ap

Cong sudt dinh mic ca may bi€n dp chon theo khad ning qua tdi thudng xuyén cla
may bi€n 4p. Hé s6 qud tdi thudng xuyén cé thé xdc dinh tir 6 thi kha ning tdi cda may
bi€n dp. PG 1a quan hé giita hé sd qud tdi cho phép Kaep, hé s8 phu tdi bac 1 (K;) va thdi
gian qud tai t.

Pé€ st dung phuong phap nay cin phai bi€n d6i @6 thi phu tdi nhiéu bac ctia mdy bién
4p thanh hai bac ding tri.

Cong sudt ding tri cia mdy bi€n 4p trong khodng thdi gian xét dugc xdc dinh theo
biéu thic :
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¢ - St +S3t, +-+ St
. 4L, 4t

O day: S; 1a phu tai clia mdy bi€n 4p & thdi gian t;.

A S (VA) AS (VA)

(—)4—”
t, 2
18 24 th 0 6 12 18 24 t(h
a b.

Hinh 2.11. P4 thi phu t3i clia m4y bi&n 4p.
Khi bi&€n ddi thanh dd thi phu tai hai bic ding tri ¢6 thé c6 cdc trudng hdp sau:

= P06 thi phu t3i nhiéu bic cia mdy bi€n 4p c6 mdt cuc dai vao budi chiéu (Hinh
3.11a). Theo biéu thic trén, tinh Sgp v4Gi thdi gian lic qud tai 1a t; va tinh Sy vGi
thoi gian trude lic qud tdila 10 h.

= PO thi phu tdi nhiéu bic clia mdy bi€n dp c6 mdt cyc dai vio budi sang (Hinh
3.11b). Theo biéu thic trén, tinh Sap v6i thdi gian lic qud tai 1a t; va tinh Sqy vG6i
thdi gian sau khi k&t thic qué tdila 10 h.

= Né&u @6 thi phu tdi c6 hai cuc dai trong mot ngay thi phu tdi ddng tri bac hai dudc
tinh d6i véi cuc dai nao cé tong ZS,.ti dat tri s6 16n nhat. Khi d6 sé chon dudc

Sar2, cOn Sg; s€ tinh nhu mot trong hai trudng hgp trén.

* NE&u Sue < 0,9 Siax thi chon Sgo = 0,9 Spax. Thdi gian cdp thit hai dugc tinh nhu

sau:

2

t! — Sdtz 't2
’ (O’9Smax )2

Trong trudng hgp mdy bi€n 4p lam viéc véi do thi hai bac hodc dd thi phu tdi nhicu
bac di bi€n ddi vé @6 thi phu tai hai bac ding tri thi trinh tu x4c dinh qud tai cho phép cia
mdy bién 4p theo dudng cong kha ning tdi dugc ti€n hanh nhu sau:
Sdt2

S
Tinh K, =—%L va K, =
dm Sdm
T K, va tp, tra cdc dudng cong qua tai cia may bi€n ap dé€ tim Ksep va so sdnh véi K.
Néu K, <K, thi mdy bi€n 4p da chon 1a chip nhin dugc, ngugc lai cin thay dbi cong

sudt may bi&n 4p.
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b. N&u tram dit hai may bi€n 4p tréd 1én

Cong suit dinh mitc ciia m4y bi€n 4p dudc chon cé xét dé€n kha niing qua tdi khi sy cd
mdt trong cdc may bi€n 4p.

Cong sudt ctia mdi mdy bi€n 4p trong tram n mdy bi€n 4p c6 thé xdc dinh theo bi€u
thitc:

§ > Sma__
k(n ~1)
6] day:
Smax - phu tdi cuc dai cia tram, MVA;
k - hé sd qud tdi su cd cia may bi€n 4p. N&€u khong c6 thong tin cu thé, cé thé

chap nhan 140% cho cdc mdy bi€n 4p Lién X6 vé6i diéu kién thdi gian nhu sau:
qué tai khong qud 5 ngdy dém, mdi ngay qua tdi khong qud 6 gid va 130% cho
cdc may cta cdac hiang khac theo IEC 354;
n - SO may bi€n 4p dit trong tram.
Duya vao cdc gid tri tinh dudc theo cdc cong thic trén, tié€n hanh chon cong suit dinh
mifc clia cdc may bi€n 4p trong tram.
Kh4 ning qué tii clia may bién 4p (hing ABB) dudc biéu dién & cic hinh sau.

A

1,6 -

1,57— t=\07,5\h=\1h

: 1
130 T~ t=4h N f
12} -
L1 -

| ‘

025 05 07 08 09 1

AK

1,677T7T7T777
| | | |
|

1,5

1.4
1,3
1,2
1,1
1
0,9

0,25 0,5 0,7 0,8 0,9 1
Hinh 2.13. Pudng cong qud tdi cia mdy bi€n dp v6i nhiét dd moi trudng 1a 30°C.
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A
1,6
1,4
1,2

1
0,8

025 05 07 08 09 1

Hinh 2.14. Pudng cong qud ti cia mdy bi€n dp v6i nhiét d6 moi trudng 1a 40°C.
2.10. CHON SO PO NOI DAY TRAM BIEN AP

So db ndi diy clia tram bi€n 4p phdi ddp dng cdc yéu cAu vé chi tiéu kinh t&€ - k§
thuat, cu thé:

2.10.1.

Pam bio lién tuc cung ciAp dién theo yéu ciu cda phu tai.

S d6 ndi day don gidn, thudn 1¢i trong van hanh va xi¥ 1y su c6.
An toan trong van hanh va stra chita.

Hop 1y vé kinh t&€ trén co s& ddm bio cdc yéu cau vé mit k¥ thuit.

Tram bi€n 4p trung gian 110/22 kV

Trong thuc t&, cdc tram bi€n 4p trung gian c6 cong suit nhd (< 40 MVA), dién 4p
110/22 kV thudng st dung so dd ndi ddy vdi cac luu y sau day:

2.10.2.

D6i v6i tram mdt mdy bi€n 4p, phia sd cAp thudng khong sit dung thanh gép
ma k&t ndi truc ti€p v6i dudng diy trén khong va thit cap s dung so d6 thanh
g6p khong phan doan.

DG&i véi tram bi€n 4p c6 hai mdy bi€n 4p, phia sd cAp thudng st dung so do
thanh gép c6 phan doan hay sd do hai thanh gép c6 mdy cit vong va phia thit
cAp st dung so d6 thanh gép c6 phan doan.

Céc tuyén ddy vao/ra tram, néu l1a dudng diy trén khong déu dudc trang bi
thi€t bi chong sét.

D&i v6i cdc tuyén cdp ngdm, dudng diy vao/ra tram khong cin trang bi thiét bi
chong sét.

Pé€ bdo vé chong qud dién dp lan truyén vao tram st dung hai chdng sét dit &
hai phia cao 4p va ha 4p clia mdy bién 4p.

Trong trudng hgp cdc tuyén diy vao/ra 1a cdp ngdm thi cic mdy cit dit trén
cdc tuy&n nay thudng 1a cac mdy cit ki€u hop bo, dit trong nha.

Céc dao noi dat dugc trang bi nhim ti€p dat thi€t bi da co 1ap khdi mang dién,
ddm bdo an todn cho ngudi sita chita. Mot s6 dao ti€p dit c6 lién dong co khi
véi dao cédch ly (dao ndi dat dong thi dao cdch ly m& va ngudc lai) nhim trdnh
st c6 do thao tdc nhadm 14n.

Céc tram bi&n 4p déu duogc trang bi VT (Voltage Transformer) va CT (Current
Transformer) phuc vu cho bao vé rdle va do luGng.

Tram bi&n 4p phan phdi 22/0,4 kV

a. So dd don

Tram dudc cAp ngudn bing mdt diy ré tif mang phan phdi trung th€. PE thuc hién
chitc ning déng cdt va bdo vé mdy bi€n 4dp, thudng dugc trang bi dao cit tdi (LBS), cau
chi tu roi (FCO), dao cit tai kém ciu chi (LBFCO), hay dao céch ly va cdu chi (DS + F). O
mdt s6 quoc gia, d6i v6i tram bi€n dp c6 cong sudt nhd hon 160 kVA va cé két cAu dang
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treo thi phia trung 4p mdy bi€n 4p khong trang bi LBS/LBFCO/FCO. Trong trudng hgp
ndy, cdc thi€t bi bdo vé va déng cit dit & xa va thudng diéu khién dudng diy trén khong

truc chinh cung c4p dién cho cdc tram.
Day trung thé 22 kV

b. S¢ do doi

Tram dudc cung cAp bing hai diy ré tir mang phan phdi trung thé. Hai diy nay dudc
k&t ndi vao thanh cdi qua dao cdch ly DS. M4y bié€n 4p dudc ndi vao thanh cdi qua cAu chi
tu roi FCO, phia ha th€ may bi€n 4p dudc trang bi may cit ha 4p hay cau dao ha th&. Cic
dudng diy cung cip cho cdc phu tdi thudng dudc bdo vé bing ciu chi.

-
g VT
| i 22 kV
A
X
CT I_' LA

FCO

—3

CB
0,4 kV

Hinh 2.16. So db doi.

c. So @6 mach vong

Mach vong (RMU — Ring Main Unit) 12 mdt truc phan phéi lién tuc ¢c6 dang mach kin
véi diém bit diu va két thiic déu & trén cing mot thanh gép. Mdi diu cda né duge dicu
khién bdi mdt mdy cit riéng. Mach vong thudng dudc két ndi d€ tao vong chinh hay truc
phan phdi - lién lac, thanh gép ciia n6 sé chiu dong clia toan vong hay toan bo sy lién lac
gifra hai tram.

Mbi mach vong chita ba lién két:

» Hai lién k€t d€n, mdi cdi chita LBS/dao cdch ly va mot dao ti€p dat.
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=  MOotlién k€t ra va ngin bdo vé chung chita cau chi/LBS hay t6 hgp mdy cit véi
dao ti€p dat.
So dd mach vong cho phép hod phu tdi st dung hai ngudn cung cip, ning cao do tin cdy
cung cip dién. Kiéu sd db nay thudng dudc ding trong ludi cip ngdm phin phdi trung ap
cta do thi.

CB

Hinh 2.17. So dd mach vong.

d. So d6 truc phan phdi song song

Trong so dd truc phan phdi song song, phia trung thé c6 hai day hay cdp ngam ciing
xudt phét tir mot thanh gép. Su khdc biét chl y&u clia sd @6 phan phdi song song vdi so do
mach vong 1a hai lién k&t thudng c6 khoa lién dong. Khi lién k&t nay dong thi lién k&t kia
md. Khi cung c4p bi gidn doan trén lién két dong thi thi€t bi déng cit sé tic dong cit
mach va lién k&t con lai s& déng vao hoic ty dong hoic bing tay.

So d6 nay thudng dudgc st dung & cdc noi c6 mat dd phu tdi cao, phu tdi yéu cau do tin
cdy cung cAp dién cao va dudc cip dién bing cdp ngadm.
22 kV

‘ FCO
DS\ - <z - A

e T s | i

Cdp ngdm song song

CB
0,4kV

Hinh 2.18. So dd truc phan phdi song song.

DH SPKT Tp HCM-Khoa DT feee.hcmute.edu.vn 80



Gido trinh Thiét ké hé thong dién PGS.TS. Quyén Huy Anh

2.11. CHON THIET BI PONG CAT VA BAO Vi TRAM BIEN AP
2.11.1. Thiét bi déng cit cao ap

a. Cic chung loai

= Midy cat (CB - Circuit Breaker)

M4y cit1a mot thiét bi diing trong mang dién 4p cao dé déng, cit dong dién phu t3i va
dong dién ngin mach. D6 1a thi€t bi dong cit lam viéc tin cdy, song gid thanh cao nén
mdy cit thudng chi dudc diing & nhitng noi quan trong. Trong mAy cit cao 4p, van dé dap
tit ho quang khi ngin mach rit quan trong. Chinh vi vy ngudi ta thudng cin cf vao
phuong phap dap hd quang d€ phin loai mdy cit.

0 Miy cit diu: ddu vira 1a chit cdch dién, ddng thdi sinh khi d€ dap tit hd quang.
Trong may cit dau dugc phan lam may cit it diu va mdy cit nhiéu dau.

0 M4y cit khong khi: trong mdy cit khong khi, hd quang dudc dap tit nhd khi
thdi ctia khong khi nén 4p sudt tir 8 d€n 20at. Cach dién va ban thin budng dap
ho quang 12 sit hay vat liéu rin cach dién.

0 Mady cit ty sinh khi: dung vat liéu cdch dién c¢6 khd ndng tu sinh khi dudi tdc
dung nhiét d6 cao ctia hd quang. Khi tif sinh 4p sudt cao c6 kha ning dap tit hd
quang.

0 Midy cit dién tir: hd quang dudc dap tit trong khe hep 1am bing vat liéu rin
chiu dudc hd quang. Luc dién tir s& ddy hd quang vao khe hep.

0 M4y cit chidn khong: hd quang dugc dip tit trong mdi trudng chin khong.

0 Mady cit khi: khi &léga (SF6) c6 kha niing dap tit hd quang cao nén dudc ding
dé dap tit hd quang trong may cit khi.

Theo thdi gian tdc dong, mdy cdt dugc chia thanh 2 loai: mdy cdt nhanh va mdy cit
cham.

Theo s6 lugng pha, mdy cit c¢6 thé chia 1am mdy cit 1 pha va 3 pha.

Theo vi tri 1dp dit, mdy cit dudc chia Iam m4y cdt dit trong nha va mdy cit dit ngoai
troi.

Céc thong sd chinh clia may cit:

0 bién dp dinh muc.

0 Dong di€n dinh mc.

o0 Tan s6 dinh mc.

0 Kha ning cit dong ngin mach.

0 Dong &n dinh nhiét dinh mic.

o0 Dong 6n dinh dong dinh mic.

o Thai gian cit.

0 Thai gian md.

= Mady cat dong lap lai (Recloser)

Trong mang dién cao 4p, cdc su c6 thudng 13 su co thodng qua, do dé d€ ting cudng
lién tuc cung cip dién, ngudi ta thudng st dung may cit dong lip lai.

M4y cit déng lip lai c6 ciu tao giong mdy cit. Tuy nhién, né c6 thém bd phan diéu
khién riéng gitip cho né c6 kha ning déng lip di lip lai theo mot chuong trinh dinh trude,
c6 kha niing ghi nhan cdc so liéu, cdc thong s clia phu tdi dién, chifc ning bdo vé chong
su ¢o.

Céc thong s6 chinh cia mdy cidt d6ng lip lai twong ty nhw may cdt, tuy nhién cé thém
thong sd bo diéu khién va xi 1y dit lidu.
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= Dao cachly (DS - Distance Switch)

Nhiém vu chi y&u clia dao cdch ly 1a tao ra mot khodng hd cach dién dudc trong tha'y
giita bd phan dang mang dong dién va bo phan cit dién nhim muc dich ddm bdo an toan
va tao cho nhan vién sfa chifa thi€t bi an tim khi 1am viéc. Do vay, & nhitng noi can sifa
chita, ngoai cdc thi€t bi déng cit can dit thém dao cdch ly. Dao c4ch ly thudng b tri trén
cOt vdi thanh phan chd y&u la bé d5, dao cit va ti€p di€m. Dao cich ly c6 thé thao tic
bing tay thong qua sio cdch dién hoic qua cdc cd ciu truyén dong dit dudi chan cot.

Dao cdch ly khong c6 b phan dap tit hd quang nén khong thé cit duge dong dién 16n.
Né&u nhdm 14n ding dao cdch ly dé cit dong dién 16n thi c6 thé phat sinh hd quang gay
nguy hiém. Do vdy, dao cach ly chi dung d€ déng, cit dong khong tai.

Phan loai:

0 Loai ti€p diém xoay ngang.
0 Loai ti€p diém xoay chiéu thing ding.

Céc thong s chinh clia dao céch ly:
bién dp dinh mic.

Dong dién dinh mic.
Dong &n dinh dong.
Dong 6n dinh nhiét.
o Tan s6 dinh mic.
» Dao cit tai (LBS — Load Break Switch)

Dao cit tdi c6 thé déng, cit dong dién khi mang tai nhung khong ty dong ma thudng
thuc hién biing thao tdc clia nhan vién van hanh thdng qua sao cdch dién hoic cd ciu lién
dong. Dao cit tai khong cit dude dong ngdn mach. Do d6, d€ bio vé dong ngidn mach,
thudng k&t hop véi sit dung cau chi.

Céc thong sd chinh ctia dao cit tai:
bién 4p dinh muec.

Dong di€n dinh muc.
Tan s6 dinh mdc.
Dong 8n dinh dong.
o Dong 6n dinh nhiét.
* Dao cit tao khodng ciach (LTD - Line Trip Distance)

Dao cit tao khodng cach thuc chat 1a dao cdch ly nhung dugc b tri trén dudng day.
Nhiém vu 12 d€ cich ly dudng diy tao khodng hd thdy dudc, tao cdm gidc an toan khi stta
chita. C4c thanh phin chinh bao gdm st @& dang thanh, cic diu ddu ndi day, dao cit va
ti€p diém. LTD thudng dudc thao tdc bing tay thong qua siao cich dién.

Céc thong s& cida LTD tuong ty nhu céc thong so clia DS.

= Céau chi ty rdi (FCO - Fuse Cut Out)

CAu chi ty rdi thudng dugc trang bi trén cdc tuyén diy khong quan trong (cong suit bé,
yéu cau lién tuc cung cip dién khong cao) hay dugc trang bi d€ bio vé mdy bi€n dp nhd.

Cau tao cAu chi ty rdi gdm c6: bé dd, ong chi, day chdy, ti€p diém déng cit. Cu chi tu
roi chi c6 thé déng cit dong khong tii hoic déng cit dong tdi nhd. P& c6 thé déng cit
dudc dong tdi twong do6i 16n, ngudi ta dung ciu chi ty rdi cé bd phan dip hd quang
(LBFCO - Load Break FCO).

CAu chi ty roi thudng dugc thao tic biing tay thong qua sao cdch dién.

O O O O

O O O o
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Cédc thong s6 chinh cla cau chi ty rdi:
bién ap dinh muec.

Dong dién dinh mic.

Cong suat dinh muc.

Dong cidt ngdn mach dinh mic.
0 Dic tinh bdo vé.

O O O O

b. Céc diéu kién lva chon

Céc thi€t bi déng cit dugc lya chon theo diéu kién 1am viéc 1au dai va ki€m tra diéu
kién su co.

Chon theo diéu kién lam viéc lau dai:

Ui T AU 4y 2 U ging T AU triian
Idmlh 2 Ilvmax
O day

U,., -diénap dinh mdc cia thi€t bi, kV;
AU, -d0 ting dién dp cho phép cla thi€t bi, kV;
Iy - dong dién dinh mic cla thiét bi, A;
U gmng - di€n dp dinh mic cila mang dién, kV;
AU mang t6n thit dién 4p cho phép clia mang dién, kV;
I,... -dongdi€nlam viéc cuc dai, A.

Tri s6 do l1éch dién 4p cho phép tuong doi so véi dién dp dinh mifc clia thiét bi dién
dudc cho phép nhu sau:

Dao ciach ly : AU, =0,15U,,
Mdy citdién : AU, =0,15U,,
Cau chi : AU, =0,1U,,

Kiém tra theo di¢u kién su cé"
= Kiém tra diéu kién 8n dinh dong
Khi ning 6n dinh dong (n6i mot cach khic, dé 1a kha ning chong lai tic dung cda luc
dién dong) cla thi€t bi dién dudc dic trung bdi dong dién 6n dinh dong dinh mifc. Dong
dién nay chinh Ia dong dién cuc dai c6 thé chay qua khi cu di€n ma lyc dién dong do n6
sinh ra khong thé phd hoai thi€t bi dién dudc.
id.dm 2 ixk
6] day:
i,, -dongéndinh dong dinh mic cda thiét bi, A;
i, -dongngdn mach xung kich, A;
Ly = \/Ekxk gy
In - gié tri dong ngdn mach, A;
—0,01
LV T, =)
.r

ke - hé sO xung kich, k, =1+e

0 N AR . N
» Ki€ém tra di€u ki€én On dinh nhiét:

Lo

Idm.nh 2 Ioo
tdm.nh
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6] day:

dmnh

- dong dién &n dinh nhiét dinh mic, qui dinh bdi nha ch€ tao ng véi thdi gian
dn dinh nhiét dinh mc tamnn;
- gid tri hiéu dung dong ngdn mach &n dinh, A;

- thdi gian tdc dong qui d6i clia dong dién ngdn mach, c6 thé xédc dinh tyq dua

14
vao thdi gian ton tai ngdn mach ty = tyy + tpe VA i s8 B" = —

tyy - thOi gian tdc dong clia bdo vé rdle, tpy = 0,2s (cit nhanh),
tpy = 0,58 (cdt cham);
tme - thOi gian cit clia may cit, s;
1" - gi4 tri hiéu dung clia dong ngdn mach siéu qua do, A. N€u ngin mach xa
ngudn: I"=1_=1,

Trong tinh todn thyc t€ ludi trung 4p, ngudi ta cho phép 14y thdi gian qui ddi tye bing
thdi gian ton tai ngdn mach, nghia 12 bing thdi gian cit ngdn mach.

D&i v6i nhitng thi€t bi ¢6 dong dién dinh mic trén 1000A thi khong cin ki€m tra diéu
kién &n dinh nhiét.

2.11.2.

Thié't bi déng cit ha ap

a. M4y cat ha 4p (LVCB)

0]

O O O

O O O O O

Cac chung loai
MCCB (Molded Case Circuit Breaker): Py la loai CB vo dic, thudng la loai
CB 3 pha, c6 ciu tao bao gdm ti€p di€m déng cit, budng dap hd quang, role
nhiét, rdle tlr, tay gat va cdc thi€t bi khdc. MCCB thudng dudc trang bi cho
nhitng dudng diy c6é cdng suit 16n, cho ngd vao cda cdc ti dién chinh, ngd ra
cta td dién chinh va ngd vao cta td dién phu.
MCB (Miniature Circuit Breaker): DAy 1a thi€t bi déng cit loai nhd. MCB ¢6
thé dugc ché tao loai 1 cuc, 2 cuc, 3 cuc hoic 4 cuc. MCB dudc trang bi cho
nhitng dudng diy c6 tai nhd, thudng 1a cdc tuyén diy di ra tir ti phan phdi phu
dén thié€t bi dién.
RCCB (Residual Current Circuit Breaker): Pay la CB ngoai cdc chic nidng
déng cidt va bdo vé nhu cdc CB thdong dung, né con c¢é thém chic ning chdng
dong ro, bdo vé an toan cho ngudi khi thi€t bi dién bi 1o dién. Cdc dong rd dinh
mic 1a 10, 30, 300 mA. RCCB con c6 tén khiac 1a ELCB (Earth Leakage Circuit
Breaker).
Cic thong so chinh ctiia CB
bién 4p dinh muc: U,,.
Dong dién dinh mic: I,.
Dong hiéu chinh (dong tdc dong nhiét)

I, =(08+1)I, (cd cAu ngdt nhiét)

I, =(0,4 +1)I, (cd ciu ngit dién i)
Thai gian cit: t (ms).
Dong cdt ngdn mach dinh mic, L., (kA).
Cd ciu cit: Thermal/Magnetic, Electronic.
bic tuyén bdo vé: B, C, D, MA, K.
S6 cuc: 1,2, 3, 4 cuc.
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o0 Tan s6 dinh mic, f,.
0 Dong tic dong clia co cau tir, 1.
Ghi chu:

0 CB c6 dic tuyén bdo vé B thudng dugc st dung d€ bio vé cho cic mach dién
chinh c6 dong dot bi€n khong qud 16n (mach dién ndi tir tram bi€n 4p dén th
phan phdi chinh, mach dién ndi tr ti phan phdi chinh dén td phan phdi phuy,
mach dién cung cip cho tdi khong c6 dong khdi dong).

0 bic tuyén loai C, con dudc goi 1a dic tuyén phd thong. CB cé dic tuyén C
thudng dugc st dung d€ bio vé cho ciac mach cung cip dién cho dong cd.

0 CB c6 dic tuyén loai D va K thudng dugc sit dung d€ bao vé cho cic mach cé
dong khdi dong 16n (ddng co khdi dong ¢6 tai).

0 CB c6 dic tuyén loai MA thudng dugc st dung d€ bio vé dong co khi phdi hop
vdi contactor ngit (contactor v6i bdo vé chdng qua tai).

= Pijéukién chon CB

22U

n nmang

bién dp dinh mic:

~

v

Dong dién dinh mic: n = L nmang

~
I

Tan s& dinh muc: Jumang
1

(0]
(0]
0 n
N ¢ . . . > 70)
0 DOl’lg cat ngén maCh dlnh muc: cu = 4N
0 Thdi gian cit: chon theo diéu kién phdi hop bio vé.
(0]
(0]
(0]

~N

Co cidu ngit: c¢6 thé chon cd cAu ngit thermal/magnetic hoic electronic.
bic tuyén bdo vé: B, C, D, MA, K.
S6 cuc: 1, 2, 3 hoic 4 cyc.
Db6i véi RCCB, con ¢6 thém diéu kién chon dong ro:
0 CB dong rd dinh mdc tir 10+30mA, thudng dugc st dung trong dan dung.
0 CB dong ro dinh mdc tir 30+300mA, thudng dugc st dung trong cdng nghiép.
0 CB dong rd dinh mtc tir 500+-1000mA, thudng dudc sit dung trong chong chdy.

a. Cauchi

Trong cong nghiép thudng st dung cau chi HRC (High Rupturing Capability: kha ning
cit 16n). Pay 1a loai cAu chi c6 kha ning cit dong ngin mach 16n va thudng dugc sit dung
dé bdo vé cho cdac mach dién khdng c6 nhu ciu déng cit thudng xuyén.

Cau chi HRC c6 dong dinh mifc tir 6630 A va ciu tao bao gdm: cau chi va d€ ciu chi.
D& thay th€ ciu chi, ngudi ta thudng st dung 1 tay kep chuyén diing. Trén cAu chi c6 mot
niém chi ma khi ciu chi tic dong, niém chi s& bi mat khi€n cho ngudi st dung c6 thé biét
dé thay th& ciu chi. Kha ning cit dong ngin mach ciu chi HRC c6 thé 1én t6i 20 kKA.

biéu kién lwa chon cdu chi nhu sau:

IN 2 Ilvmax
Uu,zU

nmang

1
IN Z max

O day:
Liymax - dOng lam vi€c cuc dai qua ciu chi, A;
Imax - dong dién 16n nhat di qua cau chi khi dong co khdi dong, A.
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n—1

Imax = Ikdmax +kdzzldmi

i=1
Ixamax - dOong khéi dong 16n nha't clia dong co trong nhom thiét bi, A;
Iami - dOng dién dinh mic cla thi€t bi thi i, A;

n - s0 dong co trong nhém thiét bi.
a  -hé s, dugc lva chon nhu sau:

a = 2,5 néu dong cd khdi dong binh thudng.
a =1,6 néu dong co khdi dong c6 tai.
1) - dong ngdn mach 3 pha, twong ¢ng véi diém ngdn mach ma dong ngdn mach
qua ciu chi 13 16n nhat.
2.11.3. Chon thanh cai

Tiét dién thanh cdi dudc chon theo dong phit néng cho phép va ki€m tra theo diéu
kién 6n dinh dong va 6n dinh nhiét cia dong ngin mach.
Chon theo diéu ki¢n phdt néng:
Icp = K1K2K3Icpth 2 1)
O day:
I, - dong dién cho phép cua thanh cdi, A;
Liymax - dOng di€n lam vi€c cuc dai qua thanh cdi, A;
Ipn - dong dién cho phép cua thanh cdi khi nhiét dd thanh cdi la 70°C, nhiét dd
mdi trudng xung quanh 1a 25°C va thanh cdi dit ding.
K =1 vé&i thanh cdi dit ding; K; = 0,95 v4i thanh cdi ddt ngang;
K, - hé s6 hiéu chinh khi xét trudng hdp thanh cdi gdbm nhiéu thanh ghép lai, néu
la diy din trén khong thi K, = 1;
K; - hé s& hiéu chinh theo nhiét d moi trudng xung quanh khic véi nhiét do tiéu
chuén.
Kiém tra diéu ki¢n 6n dinh nhigt:

Stc 2 Sédn = aloo \ tqd

S - ti€t dién cla thanh cdi,mm?;
a - hé s6 phu thudc vao loai thanh cdi, tra bing 8-8, trang 280 - sdch “Cung C4p
Pién” - T4c gid Nguyén Xuan Phi.
I, - dong ngin mach &n dinh tai thanh céi, A;
tqa - th3i gian qui d6i, c6 thé 18y bing thdi gian tdn tai ngdn mach, ms.
Kiém tra diéu kién on dinh dong:

- tng sudt cho phép ciia vat liéu lam thanh céi, kG/cm®.,

v6i thanh dong o, = 1400 kG/cm?;

v6i thanh nhom o, =700 kG/cm”;

, - Ung sudt tinh todn, xuat hién trong thanh cdi do tdc dong cla lyc dién dong

dong ngdn mach, kG/cm?;
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_ M
o, = W
M - momen udn tinh todan, kG.cm
oy Fud
10

Fy - luc tinh todn do tdc dong cta dong ngdn mach:

F,=176.10"" -i-ifk,kG
a

O day
l - khodng cach giira cdc st cua 1 pha, cm;
a - khodng cdch giita cac pha, cm;
Ixk - dong ngdn mach xung kich tai thanh cdi, A.
W - momen chéng udn cia thanh cdi, cm’.
2
W = —— (thanh cdi hinh chit nhit)
3
W = —— (thanh cdi hinh tron dudng kinh d)

2.11.4. Thié&t bi chéng sét lan truyén vao tram bi&n 4p

Theo thdng k&, 80% hu hdng do sét giy ra 1a do sét ddnh lan truyén theo dudng cip
ngudn va dudng tin hiéu. Do viéc chong sét lan truyén chua dugc quan tAim mot cdch diy
dl, din dé€n thiét hai do sét lan truyén giy ra rat I6n. Vi thé, viéc dé ra cdc gidi phdp va
cung cAp cic thi€t bi chdng sét lan truyén theo cong nghé mdi 1a cip bach va can thiét.

Céc dudng day trén khong, dit c6 dudc bdo vé chong sét hay khong thi cdc thi€t bi ndi
vdi ching déu phai chiu tic dong cla séng sét truyén tir dudng diy dén. Bién dd qué dién
ap khi quyén c6 thé 16n hon dién dp thi nghiém xung kich va cdch dién cta thi€t bi, din
dé&n choc thiing cdch dién, phd hoai thi€t bi va gdy nén sy ¢d, mach dién bi cit ra. Do vay,
dé bio vé céc thi€t bi trong tram bién 4p tranh séng quéd dién dp truyén tir dudng diy vao
phai ding cdc thi€t bi chong sét. C4c thi€t bi chdng sét nay sé& ha thdp bién do séng qud
dién 4p dén tri s6 an toan cho cdch dién can dugc bdo vé.

Thi€t bi chdng sét 12 thiét bi dugc ghép song song vdi thiét bi dién d€ bio vé qua dién
4p khi quyé&n. Khi xuét hién qud dién 4p, n6é s& phéng dién trudc lam gidm tri s& qué dién
4p dit 1én cdch dién cda thi€t bi va khi hét qud dién dp sé ty dong dap tit hd quang cia
dong dién xoay chiéu, phuc hdi trang thai lam viéc binh thudng. P lam dugc nhiém vu
trén, thi€t bi chong sét can dat cdc diéu kién sau day:

» (C6 dic tinh von - gidy (V-s) thadp hon dic tinh V-s cia cach dién.

» C6 kha ning dip tit nhanh chéng hd quang clia dong xoay chiéu.

= Khi qua dién 4p, thiét bi chdng sét 1am viéc (phéng dién) d€ tdn dong xudng
di't ddng thdi tao nén ngin mach cham dat. Khi hét qua dién 4p, phdi nhanh
chéng dip tit hd quang cda dong ngdn mach cham dat trude khi bd phan bio
vé rdle 1am viéc d€ hé thong dién dugc ti€p tuc van hanh an toan.

» C6 mic dién 4p du thap so v6i cdch dién cia thi€t bi dugc bdo vé

= Sau khi phéng dién, dién 4p con trén thiét bi chdng sét (4p du) sé tdc dung 1én
cach dién clia thi€t bi, n€u dién 4p nay 16n van c6 thé gay nguy hi€m cho thiét
bi dién.
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Luuy:

» Véi khe hd bdo vé va chong sét dng, gidm dién 4p du chli y&u biing cdch gidm
dién tr§ ctia bd phan noi dat.

= (J chdng sét van, bén canh viéc gidm tri dién trd khong dudng thing phai han
ch€ dong dién qua né khong 16n qua tri s6 qui dinh (5 kA hoidc 10 kA).

» Thiét bi chdng sét khong dudc 1am viéc (phdng dién) khi c6 qué dién 4p ndi bd

= Yéu ciu nay thuc hién bing cdch diéu chinh (khodng cich) khe hd phéng dién
clia thi€t bi chong sét.

a. Cic thi€t bi chong sét lan truyén

= Chéng sét van

Nguyén ly clia chdng sét van: gom cé 2 phin tif chinh 1a khe hd phéng dién va dién
tré 1am viéc. Khe hd phéng dién clia chdng sét van 12 mdt chudi cdc khe hd nhd c6 nhiém
vu phéng dién khi xud't hién qud dién 4p. Pién trd lam viéc la dién trd phi tuyén c6 tic
dung han ch€ tri s6 dong dién ngdn mach cham dit qua chong sét van khi séng qud dién
ap choc thiing cac khe hd phéng dién.

Gan ddy v6i cong nghé tién ti€n, ngudi ta dua ra loai chong sét van c6 dién trd phi
tuyén dudc tao bdi cdac hat ZnO va cdc hat nay dudgc bao bdi mdt man mdéng Bi,Os. Loai
chdng sét van nay c6 nhi¢u vu di€ém hon chdng sét van trude day:

0 DO tin ciy cao, kich thudc gon nhe.
0 Heé sd phi tuyén cao, dong dién rd nhd.
0 Dic tuyén bdo vé mém hon.

* Chéng sét van oxyt kim loai (MOYV)

Chong sét van di thay ddi mot cdch co ban trong khodng hon 20 niam trd lai diy cd vé
ciu tric 13n nguyén 1y 1am viéc. Loai chdng sét van c¢6 khe hé phong dién ki€u tAm phing
va phat trién 1&n loai c6 khe hé thdi tir va dién tré SiC mic ndi ti€p di dudc thay thé bing
chong sét van khong c6 khe hd phéng dién.

Chong sét van mdi khong c¢6 khe hd phéng dién ma dya trén dién trd oxyt kim loai
(MOV) ¢6 dic tinh U-I hoan toan phi tuyén va c¢6 kha ning hip thu ning lugng rat cao.
Chiing dudc bi€t d&€n nhu loai chdng sét van oxyt kim loai (MO).

Chong sét van MOV khong phéng dién, do vay khong dinh nghia dién 4p phéng dién.
Khi dién 4dp ting, chdng sét van MOV chuyén ngay tir tri s6 dién trd 16n sang dién trd nhd.
Khi dién 4p gidm, chong sét van MOV lai duy tri tinh din dién kém ctia né.

Mifc bdo vé clia chdng sét van MOV dugc xdc dinh bing dién 4p du clia nd.

Chong sét van MOV dudgc st dung d€ bdo vé thiét bi va tram quan trong (dic biét 12
mdy bién 4p dién luc) chong lai qud dién ap khi quyén va qua dién 4p déng md. Khi thi€t
k& va lya chon chdng sét van thong dung, can luu y dién d4p danh thiing va dién 4p dém.
Ngoai ra, chdng sét van MOV dugc chon theo cic tiéu chuin sau day:

o Dién 4p tin s6 ngudn tdi da.
0 Kh4 ning hip thu ning lugng.
O Miic bdo vé.

Chong sét van trong lugi phan phdi dudi 30 kV thudng dudc thi€t k€ véi dong dién sét
dinh mitc 5 kA, chdng sét van dung cho cdc dién dp trén 30 kV ludn c6 dong sét dinh mic
10 kA.
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b. Lua chon thi€t bi chong sét lan truyén vao tram bi€n 4p
P& ddm bio cdc bién han bdo vé va phat huy tdt chiic ning bio vé qué dp clia chdng
sét, can ti€n hanh cdc budc sau:
Buéce 1: Xéc dinh moi trudng 14p dit cda chdng sét
O bude ndy, cAn xdc dinh y&u t6 moi trudng bén ngodi ndi chdng sét s& duge 1dp dit
nhu: 1ip dit trong nha hay ngoai trdi, mic d6 6 nhiém d€ xdc dinh chiéu dai dudng rd cla
vé boc cach dién.
Budc 2: Xéc dinh cdc thong s6 clia hé thong
- Xd4c dinh dién 4p van hanh cuc dai ciia hé thong Uy,
Dién 4p van hanh clia hé thdng 12 gid tri hiéu dung cao nhit clia dién 4p day xdy ra
trong diéu kién van hanh binh thudng & mot thdi di€m va vi tri nao d6 trong hé thong.
N&u chi c6 dién 4p dinh mic ciia hé thdng Ugp, thi chon U, = (1,05+11)U,, .
- X4c dinh hé s6 cham dat K.
La ti s6 cla dién 4p & cdc pha khong bi sy ¢d trong qud trinh sy ¢d ddi véi dién 4p
trude khi bi sy cd cham dat.
- X4c dinh qué dién dp tam thdi Uroy (Temporary OverVoltage)
Thong thudng, gia tri Ut oy dudce hi€u la dién 4p & sy cd cham dit mot pha. Bién do
Urov dudc xac dinh nhu sau:
U m

NE

Uy = K %

Can llfa ChQn UT.O.VL'h&'ngsét 2 UT.O.Vlu(ﬁ

Buéc 3: Kiém tra cdc ly do khdc x4y ra qud dién 4p tam thdi TOV.

Thong thudng TOV xuit hién khi ¢ su c¢6 cham dat, hodc do sa thdi phu tdi, tuy nhién
& mot s6 két cau ludi nao d6 c6 thé xdy ra qua dién dp cong hudng, diéu nay ciing c6 thé
x4y ra khi cdc mdy cit tdic dong khong dong thdi. Qud dién dp cong hudng khong dugc
diing 1am co sd d€ tinh toan chon TOV ctia chong sét.

Trong vai trudng hdp van hanh, d€ gidm dong su c6, chi chon ndi dat trung tinh cla
mot sd bién 4p, trong trudng hdp nay c¢é thé x4y ra kha ning 13 mot s6 bd phan clia hé
thong c6 thé trd thainh mAt tic dung phan ndi dit trong mot s§ giai doan ma mot hoic
nhiéu may bi€n 4p, trung tinh dugc tich ra khong ndi dat. N&u khong du phong cho viée
nay thi mot sd sy c6 cham dit trong nhitng giai doan nay c6 thé din d&€n TOV cao hon va
lam hdng chong sét.

Tuy nhién, hi€m khi x4y ra trudng hdp nay, do vdy chdp nhian nguy co hdng chdng sét
thay vi chon mot chdng sét c6 TOV cao hon.

Bang 2.7. Hé s6 cham dat

Phuong thitc ndi dit clia ludi dién K.

Hé thong 4 day ndi dit lip lai 1,25-1,35
Cip (4 day) 1,50
Hé thong 3 diy, ndi dat tong trd nhd 1,40
Hé thong 3 diy, ndi dat tdng trd cao 1,73
Hé thong 3 diy, ndi A 1,73

Budéc 4: Xéc dinh dién 4p van hanh lién tuc ctia chong sét Uc (Continuos Operating
Voltage)

Thudng dugc viét tit 134 COV hay MCOV Ia tri s6 hiéu dung ciia dién 4p tan s& cong
nghiép cho phép di dugc thi€t k& cho chdng sét, ¢ thé 4p dung lién tuc vao hai cyc clia
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chdng sét. Luu ¥, Uc clia bd chong sét c6 thé nhd hon tdng cac Uc clia titng phan ti khi
dién 4p phan bd doc theo chdng sét khong hoan toan ddng nhat.

U
U >

V3
2.12. TINH THONG SO CHE PO CUA CAC MANG PIEN PON GIAN
2.12.1. S¢ db thay th& Iuéi cung cap dién

Thudng ding hai loai so db: so dd nguyén 1y va so do thay thé.

So d6 nguyén 1y 1a so dd chidp ndi cdc phan tir clia 1ui cung cip dién (mdy bién 4p,
dudng diy, mdy cit, cAu dao, cAu chi, ...) nhim md t4 cdch thic cdp dién tir ngudn dén cic
phu tai.

So dd thay thé 13 sd dd diing trong qué trinh tinh todn ludi cung cip dién, trén d6 ngudi
ta da thay th& cdc phan tif cla ludi bing cic dai lugng dic trung cho qud trinh truyén tdi
dién.

a. S¢ dd thay th& dudng day tai dién

So dd thay thé day di clia mot dudng day tdi dién 1a sd d6 Hinh 2.20.

A ILF 1
bs,
A Z 1 .
. 1 o —> 5§
G 18 G 1B
2 T2 2 T2

Hinh 2.20. So dd nguyén 1y va thay thé
doan dudng day tdi dién dai [, ti€t dién F.

Ba dai lugng diic trung cho qud trinh truyén tdi dién trén dudng diy 12 Z, G va B, trong
do:

Z - tdng tr§ ca doan dudng day, 2;

G - dién din cia doan dudng diy, dic trung cho ton thit cong sudt tic dung do rod
dién qua sit, cot va do vang quang dién. Vang quang dién 12 hién tuong khi ma cudng do
dién trudng trén bé mit day din dd 16n 1am ion hod 16p khong khi xung quanh tao nén
mdt vang sing xung quanh diy din.

B - dung din clia doan dudng day. Khi dudng day tai dién, giita cdc diy dit gin nhau
va gifta day véi dat hinh thanh nhitng bdn cuc, k&t qua 12 tao ra mot cdng sudt phdn khang
Q. phéng 1én dudng diy. Vé6i dudng day cao 4p (110, 220 kV) nhiéu khi hién tugng nay c6
16i vi n6 b lai lugng cong sudt Q tdn thit trén dién khdng X cda dudng diy, nhung lai rat
nguy hiém & nhitng dudng diy siéu cao 4p, dic biét khi khong tii va non tai, lam cho dién
4p cudi dudng diy ting cao vugt qud tri s6 cho phép.

Lugng Q. do dudng diy sinh ra ti 1€ vGi binh phuong dién dp tai dién, v6i dién dp
dudng diy nhd hon 35 kV, lugng Q. nay nhd, c6 thé bd qua.
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Ciing vi § dién 4p trung 4p va ha 4p, tdn that ving quang va rd dién rat nhd, ngudi ta
cho phép bd qua dai lugng G trén sd dd thay th&.Vi vdy, so db thay th& don gidn chi gom
tong tr§ cdc doan dudng day (Hinh 2.21).

A I,F 1

bs
A Z 1 .
. 1 e — §

Hinh 2.21. So dd nguyén 1y va sd d6 thay th& dudng day trung d4p va ha dp.
b. Sc¢ dd thay th& may bién ap
Mady bi€n 4p la thiét bi dién 1am nhiém vu bi€n ddi dién dp va truyén tii cong suit.
Ngudi ta thudng sit dung so db thay thé gin ding hinh I” (Hinh 2.22).

Zy

AS,
Hinh 2.22. So dd thay th& gan diing m4y bi&n 4p.

Zg - tong trd cudn day mdy bién dp, 2;

o) day:
AP, - t6n hao ngdn mach, kW;
U, - dién dp dinh mic cia bi€n dp, kV. Né&u tinh Zg vé phia cao dp thi 18y Ugnp &
phia cao, néu tinh Zg vé phia ha 4p thi 14y Ugyp & phia ha 4p;
S, » -cong suitdinh mdc clia mdy bi€n dp, kVA;
U, -diéndpngin mach, %;
AS, - ton thi't cong suat khong ti clia mdy bi€n dp, kVA;
AS, = AP, + jAQ,
o) day:
AP, - ton thi't cong sudt tac dung do phat néng 16i thép, kW;
AQ, - tdn thit cong sui't phdn khdng do tir hod 18i thép, kVAr.

2.12.2. Mang dién hé

a. Xdc dinh dong cong suit trong cac mang dién tré

Trong thiét k&€ ciing nhu van hanh, thong thudng dién 4p clia cdc nit ngudn cung cip
da bi€t. Vi vy, tinh thong s6 ch€ dd clia mang dién don gidn cé thé ti€n hanh theo
phuong phéip gan ding sau diy.

Trudc hét, chiing ta 14y dién 4p & tit cd cdc nit trong mang dién bing dién dp dinh
miic clia mang dién (U; = Ugy) va ti€n hanh tinh cdc dong cong sudt, cic tdn thi't cong
suat trong cdc phan tif cia mang dién.

D&i v6i so d6 tinh todn clia mang dién & hinh 3.23b, qu4 trinh tinh todn dugc thuc hién
nhu sau:
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U,=22kV

| i B
A| 1 2——
Bl BZ
a)
S, =P, +jQ, S, =P, +jQ,
UA SA S;’ S'2
}—P—i » »-
A Z, Z,
b)
Sl =P, +]jQ, S2:Pz+jQz

a. S0 d6 mang dién  b.So do tinh todn cia mang dién.

Hinh 2.23. Céc s6 dd mang dién hd.
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T&n that cong suat trong tdng trd clia may bién ap B, dudc xdc dinh:
P, +0, P +0;
2 R, +] 2 Xy,

dm dm

ASbZ = AP, + jA0Q,, =

Dong cong suat trude tong trd sz :

sz =P, +j0y = (Pz +APb2)+j(Q2 +AQb2)
Dong cong suit vao cudn diy cao 4p clia may bi€n 4p Bo:

S =P, +j0, = (sz + AP02)+ j(sz + AQoz)
T&n that cong suat trén doan 12:

. P 2 + 2
ASz = APz +jAQ2 = M(Rz +jX2)
dm

Dong cong suit trudc tdng trd Z,:

S£ =P/ +jO, :(Pcz +AP2)+j(Qc2 +AQ2)
T&n that cong suat trong tdng trd clia may bién ap Bi:

. ' P 2 + Q 2 '
A4S, = AP, + jA0Q,, = (I)U#(Rbl + ]Xbl)
dm
Dong cong suat trude tong trd Zbl :

Sy =Py +JOy = (Pl +APb1)+j(Ql +AQb1)
Dong cong suit chay vao cudn diy cao 4p clia may bi€n 4p By:

Sd =P, +jO, = (Pm + AP01)+ j(le + AQm)
Dong cong suit sau tong trd Z,:

St =P+ jOl =S, +$, =P + P, + (0, +0,)
T&n tha't cong sudt trong tdng trd Z, :

"2 n\2
ASI = API +jAQ1 = M(Rl + le)
dm

Dong cong suat tif niit A chay vao mang dién:
S, =Py +j0Q, = (P'+AP,)+ j(Q] + AQ,)

K&t qua tinh cdc dong cong sudt véi mdi ché dd clia mang dién dugc ghi trén sd do
tinh todn cta né. Né&u gid tri cong sudt mang gid tri Am, c¢6 nghia 1a trong thuc t&, dong
cong sudt c6 chiéu ngugc lai so véi chiéu qui udc.

b. Tinh dién dp cdc nit trong mang dién

Dién 4p § céc niit trong mang dién dugc xdc dinh trén cd s dién dp cla nit ngudn da
bi€t va su phan bd chinh xdc cdc dong cong sudt trong mang dién.

D&i v6i s6 dd tinh todn hinh 3.23b, tinh dién 4p cédc niit trong mang dién dudc ti€n
hanh nhu sau:

bién 4p trén dudng day b, dugc xdc dinh:

— PARI +QAX1
UA
bién dp trén thanh gép cao 4p ctia tram 1:
PARI + QAXI
UA

Dién 4p trén thanh gép ha dp ctia tram 1, qui ddi vé phia cao 4p:

AU,

U =U, -
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PR, +0 X
Ulq — U1 _AUbl — U1 I )| Ql bl
U,
bién 4p trén thanh gép cao dp clia tram 2:

2 1 U]
Dién 4p trén thanh gép ha 4p clia tram 2, qui d8i vé phia cao 4p:

PR, +0,X
U, =U,-AU,, =U, - 2Ry +0, X,

U,

2.12.3. Mang dién kin

— >
l Sl2 S12 l
Slt :Pn +jQ11 SZ[ :PZI +JQ21
b)
a. So do mang dién b.Sd d6 tinh todn clia mang dién.

Hinh 2.24. Céc sd d6 mang dién kin.
a. Quy cac phu tai vé phia dién 4p cao va lap so do tinh toan
Céc phu tai cuia mang dién thudng dudc cho trén cac thanh gép ha dp ctia cdc tram khu
vuc va cdc tram phan phdi. Vi vay, dé thuin tién khi phan tich ch&€ d6 xdc 1ap, ngudi ta
thudng qui ddi cac phu tdi vé mang cao 4p. Cac phu tai sau khi quy ddi vé€ cac thanh gép
cao 4p cla tram dudc goi 12 cic phu tai tinh todn (hay quy d6i) clia tram.
Phu téi tinh todn cia tram 1 (hinh 3.24a ) dudc xdc dinh theo cong thic:
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S, =8, +AS, +AS,,
0 day:
S, :coOng sut phu tdi cla tram 1, MVA;
AS,,: t6n thit cong sudt trong cdc cudn diy clia may bi€n dp trong tram 1, MVA;
AS,,: t6n thit cong sudt trong 16i thép clia mdy bi€n 4p trong tram 1, MVA.
Sau khi di xdc dinh dudc ti't cd cdc phu tdi tinh todn clia c4c tram, 1ip so do tinh todn
ciia mang dién.
DP6i v6i mang dién cho trén Hinh 2.24a, so dd tinh todn cé dang nhu Hinh 2.24b.
b.Tinh gan ding cac dong cong suit trong mang dién kin
Khi x4c dinh gin ding cdc dong cong suit trong mang dién kin, ta khong xét dén tén
that cong suat trong cic tong trd cia dudng ddy, ddng thdi diing phu tai tinh todn clia cic
tram.
D6i v6i s6 @6 tinh todn & hinh 3.24b, dong cong suit chay trén cdc doan dudng diy A,
va A, dugc xdc dinh theo cong thic:
— Sll‘ (ZIZ + ZAZ )+ SZZZAZ

ZAl +ZlZ +ZA2
S _ S2t (ZIZ +ZA1)+SITZA1
A2 - . . .
ZAI +ZlZ +ZA2

D6i véi mang dién kin c6 cung ti€t dién trén tdt cd cdc doan thi phdn bd cong suit
trong mang chi phu thudc vao chiéu dai:
Sll (112 + lA2 )+ S2tlA2

lAl + 112 + lAZ
S2t (l]2 + lAl )+ SlllAl

lAl + llZ + lAZ

SAI =

A2

Dong cong suit chay trén dudng diy 12 dugc x4c dinh trén co s§ dinh luat Kirchhoff

d6i véi nit 1 hodc nit 2. néu S,, > S, thi S, =S, -S,,.

c. Tinh chinh x4dc¢ dong cong suat trong mang dién kin

Sau khi xdc dinh cdc dong cong sudt trong mang dién, c6 thé dé dang tim dugc di€m
phan chia cong suit ctia mang di cho. Piém phan chia cong suit 1a nit nhian cong suat di
dén tir hai phia va 1a di€m c6 dién 4p thap nhi't cia mang dién kin.

D€ don gidn, khi tinh todn c6 thé chia mang kin di cho thanh hai mang hé tai diém
phan chia cong suit. Khi d6 tinh ch& do clia cdc dudng diy dudc ti€n hanh tuong ty nhu
mang hd.

Gij thi€t ring trong mang dién kin hinh 3.24 chi c6 mot di€ém phan chia cong suit 1a
di€m 2.

Nhu vy, dong cong suit sau tdng tr§ Z,, biing S,,, ddng thdi dong cong suit sau tong
tré Z,, bing S, .

Khi d6, t6n that cong sut trong tdng trd Z,,:

_ ' P2+ 0> .
A4S, = AP, + jAQ,, = %(Rlz +]X12)
dm

Dong cdng suit trudc téng trd Z,,:
Sl =Py + 01, = (B, + 4P, )+ j(Q,, + 40,,)
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Dong cong suit sau téng trd Z,, :
321 =P} +jO} = (Pu + P1’2)+J(Q1r +Q1'2)

T&n thit cong suit trong tong trd Z,; :

. p" 2 r \2
A, = AP, +jA0,, = ( Al)U+2( Al) (RAI +jXA1)
dm

Dong cong suit trudc tong trd Z,; :
S:ﬂ = PA’] +-]Q,,41 = (PA”] +APA])+J(Q,Z] +AQA])
T&n that cong sudt trong tdng trd Z ,, :
2 2
ASAZ =A4P,, +j40,, = PALZQAZ(RM + jXAZ)
dm
Dong cdng suit trudc téng trd Z,, :
S:&Z = P,L;Z +jQ,:\2 = (PAZ +APA2)+j(QA2 +AQA2)
Dong cong sudt do ngudn cung cip vio mang dién:
SA =P, +jO, :(PA,I +P,L;2)+j(Q:41 +Q,’42)

d. Tinh dién ap cac niit trong mang dién kin

bién 4p & tat cd cédc nit trong mang dién dugc xdc dinh trén cd s& dién dp U, cla
ngudn cung cAp va sy phan bd chinh x4c cdc dong cong suat trong mang dién.

D6i véi so dd tinh todn hinh 3.24b, tinh dién dp cdc niit dudc ti€n hanh theo thif ty sau.

bién dp trén thanh gép cao 4p ctia tram 2:
PA'ZRAZ + Q.:XZXAZ

UA
Pién 4p trén thanh gép ha dp ciia tram 2, quy ddi vé phia cao 4p:
P2Rb2 + Q2Xb2
U2

U,=U, -

Uy, =U, —

0] day:
P>, Q, :coOngsuittic dung va phdn khdng clia phu tdi tram 2, kW, kVAr;
Ry, Xpo : dién trd tdc dung va dién khdng clia cdc mdy bién dp tram 2, Q.
bién dp trén thanh gép cao dp ctia tram 1:

U =U. — Pf;lRAl * Q/’nXm
1 A UA
Pién 4p trén thanh gép ha 4p ciia tram 1, quy ddi vé phia cao ap:
Ulq — U1 _ RRbl +Q]Xbl
Ul

0 day:
P, Q; :coOng suittic dung va phan khdng clia phu tdi tram 1, kW, kVAr;
Rp1, Xp; : dién trd tdc dung va dién khdng cla cdc mdy bi€n 4p tram 1, Q.
2.13. CHON PAUPHAN AP CUA MAY BIEN AP
Biét dugc dién 4p trén thanh gép ha 4p clia tram bién 4p trong cdc ché dd phu tii 16n
nh4t, nhd nhat va sy c¢d quy ddi vé phia cao 4p, c6 thé tim dau diéu chinh tinh todn cida
mdy bi€n 4p. PAu diéu chinh dugc chon sao cho ddm bdo d6 l1éch nhd nhit cla dién 4p
trén thanh gép cla cdc tram bién 4p trong cdc ché dd lam viéc khdc nhau clia mang dién.
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Né&u cdc phu ti trén thanh gép ha 4p cla tram bi€n 4p c6 yéu cau diéu chinh dién 4p
khdc thudng, khi d6 ciAn sit dung cdc may bién 4p diéu chinh dudi tai.

St dung cdc mdy bi€n 4p diéu chinh dudi ti cho phép thay ddi diu diéu chinh khi
mdy bi€n 4p dang van hanh. Do dé, cht lugng dién 4p clia cdc hod tiéu thu dudec ddm bdo
trong c4 ngdy dém. Vi vay, cin xdc dinh dién dp clia diu diéu chinh d&i v6i ché do phu
tdi 16n nh4't va nhé nhat. Bdi vi thdi gian x3y ra su c¢d khong biét trudc, do d6 c6 thé gia
thi€t ring ch&€ do nay xuat hién trong trudng hdp bat 1¢i nhat, nghia 1a vao nhitng gid phu
tdi 16n nhat.

N&u bi€t cdc gia tri dién 4p trén thanh gép ha 4p cla tram bi€n 4p trong cdc ché do
phu t3i 16n nhat, nhé nhat va sau su ¢d, quy d6i vé phia dién dp cao la U U U

g min ? gsc*®
DPong thdi dién 4p yéu cau trén thanh gép ha 4p clia tram trong cdc ch& do phu tdi 16n

gmax *

nhit, nhd nhat va sau su ¢6 ¢ cdc gid tri twong ing 12 U,,... U, .- U, Nhut vy, dau
diéu chinh trong cudn diy cao 4p khi phu tdi 16n nhat dugc xdc dinh theo cong thic:
U (J.XU m
Udcmax = = &
Uycmux
D6i véi ch€ do phu tai nhd nhat:
U minU m
Udcmin = . =
Uycmin
Trong ch& do sau su c6:
u U
UdCSC _ gsc~ hdm
U

yese

V6i Upgm - dién dp dinh mitc ciia cudn ha dp, kV.

T cdc gid tri tim dugc cla dién 4p tinh todn theo cong thifc trén, ta ti€n hanh chon cdc
diu tiéu chuin gin nhit.

Ky hiéu dién 4p clia ciac dau diéu chinh theo tiéu chuin d6i v6i cic ché @6 phu tdi 16n
nhat, nhé nha't va sau su ¢6 12 Uy max, Ute mins» Use se. Khi d6, cdc dién 4p thuc trén thanh gép
ha 4p clia tram trong cdc ch€ dd dugc tinh nhu dudi day.

D6i v6i ché€ do phu tai 16n nhat:

_ quathdm
rmax Urcmax
D&i v6i ché dd phu tdi nhd nhat:

quinUhdm
U nin =
U
D&i véi ché dd sau su cd:
_ U s Uim
tsc UICSC

Do 1éch dién 4p trén thanh gép ha 4p clia tram d6i véi mdi ché dd duge xdc dinh theo

cong thifc tdng quét sau:

U

tc min

U

Mloo%

dm
0 day: Uy 1a dién 4p thyc trén thanh gép ha 4p clia tram trong ché€ do phu tdi 16n nhat,
nhd nhit va sau su co.

AU, % =
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2.14. LUUPO THU TUC THIET KE MANG PHAN PHOI

Phan tich nguén
va phu tai
Can bing cdng suit tdc dung va
cong suit phdn khdng
Vach ra cdc phuong dn
ndi day
Tinh todan
phan bd cong suat
So bd so sanh cdc phuong an
vé mit kinh t&

Loai bd cdac phuong an
khong hop 1y vé kinh t&
Lya chon cap dién 4p
cho mang dién
Lya chon loai day va
ti€t dién diy dan
So sanh cdc phuong an
vé mit k§ thuat
Loai bd cdac phuong an
khong ddm bio vé k¥ thuat
So sdnh chi ti€t cdc phuong 4n
vé mit kinh t&

v

Chon phuong 4n ¢6 Z, bé nhat
déng thdi ddm bio cdc yéu cau
vé k¥ thuat

v

Chon s6 lugng, cong sudt cdc mdy
bién 4p, sd dd cdc tram
Tinh cdc ch& d6 van hanh cda
mang dién
Tinh dién 4p cdc nit va diéu chinh
dién 4p trong mang dién
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CHUONG 3

THIET KE PUONG DAY TREN KHONG CHO TRAM PHAN
PHOI 22/0,4kV

3.1. BAI TAP THIET KE.

S6 liéu dudng day phan phdi 22k V:

- Chiéu dai dudng diy: 6 km
- S& tram bi€n 4p phan phoi: 10 tram
- Cong sudt may cit diu ngudn: 1400MVA

- Db thi phu tdi hang ngay clia tram bién 4p:

Gio 1 2 3 4 5 6 7 8 9 10 11 12
PoSmax | 50 | 50 | 50 | 60 | 60 | 70 | 70 | 80 | 80 | 90 | 90 | 60
Gio 13 14 15 16 17 18 19 | 20 | 21 22 | 23 | 24
PSmax | 40 | 40 | 50 | 50 | 70 | 70 | 100 | 100 | 100 | 80 | 80 | 60

- Téng cong suat phu tii: 650kVA/tram.

- Hé s6 dong thdi phu tdi cia tram: 0,65

- Heé s6 cong suat: 0,8

3.2. TINH TOAN VA THIET KE

1. Xdc dinh tai cuc dai va lya chon may bién ap cho tram.

Viy:

Tong cong suét tinh toan tram:

Smax = SLxkgr = 650x0,65 =422,5 kVA
Smax = St ram = 422,5 kVA
100%Smax = 422,5 kVA

Pudng diy trén khong vé6i phu tii phan bd déu:
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HT

h?zg@ P
lll lll _HT

Chon mdy bi€n 4p theo dicu kién qué tdi binh thudng d6i v6i tram c6 mot may bién ap:

P6 thi phu tai

Smax &
(KVA)

422,5
400
380,25

338

295,75

253,5

211,25

169

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Gid
Chon may bi€n 4p c6 cong suat 400kVA.

- Tinh phu tai ddng tri 10 gid trudc khi qua tai:

s 1> sl xt,
dtril — 10

_\/3382 x1+380,25% x 2 +253,5% x1+169% x 2 + 211,25 x 2+ 295,75% x 2
B 10

=280,76 (kVA)

- Tinh phu tai ding tri trong thdi gian qud tai:

2
Sy = 1/% = 422,5(kVA)
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— Ti s6 giita phu tdi ding tri trudc khi qud tdi va cdng suat dinh mitc cia MBA:

S..
K, = _ 28076
S, 400
- Ti s6 giita phu tdi ding tri khi qué tdi va cong suat dinh mifc cia MBA:
k2 - M - @ =1,06
S 400

dm

Véi k; = 0,7 va thdi gian qud tdila 3 gid tra trén do thi sau tim Kocp

A
k2cp

1,6

1,5

T B\

1,3 \\
| T~ L _L___ \\
1,26
1,2 \\\\ \ \\
t=4h
11 \\ \\\
I R t =8h
1 $r\\\ \,
N
t=12h
0,9 ‘ -
0,25 0,5 0,7 0,8 0,9 ki

Pudng cong qud tdi cud mdy bi€n 4p vdi nhiét do moi trudng 1a 30 do C

Tir d6 thiz = Ky, =1,26
Nhén thdy k, <k,

Vay chon mdy bi€n 4p c6 cong sudt dinh mitc 400(kVA) 1a hop Ii.
2. Tinh thong sé cia may bi€n 4p.

V6i cong sud't may bién d4p da chon, tra bidng c6 cdc thong s6 sau:

U, % = 4%
AP, =5750W
AP, = 840W

Trong d6: AP,: Tdn that ldc khdng tai.

AP, : T6n thit ldc ngdn mach.
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