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When designing an industrial plant's electrical system, the calculation
and selection of appropriate electrical equipment will determine the
safe operation of the system. To solve this problem, designers often use
simulation modeling software to calculate and survey the operation of
the system before coming to a decision on equipment and system
selection. The article refers to the survey of a workshop's low-voltage
power supply system using Matlab software with the following key
contents: (1) Checking the electrical network according to the
allowable long-term current conditions; (2) Calculating of losses in the
transformer, and obtained simulation results allow conclusions about
the selected equipment and system. Surveying and testing low-voltage
power supply systems using Matlab software not only solving the
optimization problem in power supply system design but also helping
students majoring in electrical systems approach reality favorably.
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Khi thiét ké hé thong dién nha may cong nghiép, viéc tinh toan va lua
chon thiét bi dién phu hop s& quyét dinh sy hoat dong an toan cua hé
thong, dé giai quyét bai toan nay, nguoi thiét ké thuong sir dung phan
mém xay dyng m6 hinh m6 phong dé tinh toan, khao sat hoat dong cua
hé thdng trude khi di dén quyét dinh lya chon thiét bi va hé théng. Bai
viét dé cap tai viéc khao sat mot hé thdng cung cap dién ha ap ctia phan
xuéng st dung phan mém Matlab véi cac noi dung trong tam: (1) Kiém
tra mang dién theo diéu kién dong dién lau dai cho phép; (2) Tinh toan
t6n that trong may bién 4p, va két qua mé phong thu duoc cho phép két
luan vé thiét bi va hé thong da lya chon. Viéc khao sat, kiém tra hé
thong cung cap dién ha ap bang phan mém Matlab khong nhing giai
quyét dugc bai tinh toan t6i wu trong hé thong cung cip dién ma con la
giai phap tt giup sinh vién nganh hé thong dién cua co s¢ dao tao tiép
can thyc tién thuan loi.
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1. Giéi thi¢u

Ung dung Simulink 13 phan chuong trinh mé rong cua Matlab nham muc dich mé hinh hoa,
md phong va khao sat h¢ théng. Thuc hi¢n giao dién dd hoa trén man hinh cua Simulink cho
phép the hién hé thong dudi dang so d6 cau trac va cac khdi chirc ning quen thugc [1]. Simulink
cung cép cho nguoi su dung mot thu vién c6 san vai s lugng 1on cac khéi chirc ning cho cac hé
tuyén tinh, phi tuyén va roi rac [2]. Phan quan trong nhat cua hé thong dién nha mdy cong nghiép
chinh 14 hé thong dién bao gom hé thong dién dong luc va hé thong dién diéu khién. Nguon dién
dugc Iy tir cac tram bién 4p, thong qua hé théng cap ngudn tong dén cac ti dién va duoc phan
phdi dén cac khu vuc, may moc, thiét bi trong nha may [3]. Cac thiét bi nay phai duoc tinh toan
chon lya hop 1y dé dam bao lam viéc lau dai, 6n dinh, t6n hao trong mirc d6 cho phép [4], [5].
Sau khi da xay dyng mo hinh cua h¢ can nghién ctu, bang cach ghép cac khéi chirc niang thanh
so d6 cau trac cua hé, ta co thé khoi dong qua trinh hé thong cung cap dién ha ap dudi dang mo
phong. Bang viéc lya chon cac khoi thich hop trong Simulink giup thuc hién céc tinh toan phuc
tap trong hé thdng cung cap dién nho d6 t6i wu dugc qua trinh thiét ké cung cap dién [6].

O day, nhom tac gia ap dung tinh toan cung cip dién cho mot mang dién phan xudng ha ap
tong quat, tir 46 c6 thé dé dang ap dung véi nhimg déi twong khac bang cach thay ddi thong sb
yéu ciu ban dau. Mang ha ap vi du duoc 1ay khao sat gdom mot tram bién ap ha ap 22/0,4 kV cung
cip cho mot sb phu tai ciia cac phan xuéng hay mot cum thiét bi bang cac dudng cap chinh [7].
Tt tu phén phéi ctia phan xuong, cac dong co duoc cap dién bang cac cap nhanh riéng c6 tiét
dién va chiéu dai khic nhau dugc cho trén hinh 1 va cac thong sb trong bang 1.
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Hinh 1. So do cung cdp dién cho mét xi nghiép gom ba phin xwéng
Bang 1. Thong ké cdc phu tdi va thong s6

" . Pam Udm lam H¢ so cs Scap Lecap S6
T TP gw)  v)  a)  €0Se M (mm)  (m) lwomg
Phén xuéng s 1
1 boéng co 1 132 380 250,7 0,89 0,9 50 25 1
2 Pong co 2 75 380 147,4 0,86 0,9 50 25 1
3 bong co 3 32 380 65,96 0,82 0,9 50 25 1
4 bong co 4 21 380 40,8 0,87 0,9 25 25 1
5 Chiéu sang 1 5 380/220 8,451 1 0,9 4 60
Phan xwéng so 2
6 bong co 1 4 380 9,448 0,7 0,92 16 15 1
7 boéng co 2 11 380 21,15 0,86 0,92 16 15 1
8 Chiéu sang 2 8 380/220 12,81 1 0,95 4 50
Phén xwéng so 3
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. . Pam Udm lgm H¢ s6 cs Scap Lecip SO
T Teaphwtii oy (v) (A C0S¢ M (mm) (m) lugng
9 bong co 1 14 380 27,34 0,82 0,95 25 10 1
10 Pong co 2 11 380 22,58 0,78 0,95 25 10 1
11 bong co 3 2,2 380 4,132 0,9 0,9 16 10 1
12 Dong co 4 55 380 9,885 0,92 0,92 16 80 1
13 Pong co 5 55 380 9,885 0,92 0,92 16 80 1
14 Chiéu sang 3 4 380/220 6,405 1 0,95 4 50

2. Phuwong phap nghién ciru

Tir so dd cung cap dién cho mot phan xuong dién hinh, cac cong thie tinh toan dong dién phu
tai cling nhu cac tiéu chuan Quy pham Trang bi dién 11-TCN-18-2006 (dong dién cho phép trong
day dan, ton hao dién ap), nhom tac gia lya chon cac khdi thich hop trong Simulink gitip thuc
hién cac tinh toan phuc tap trong hé thdng cung cép dién. Bang cach ghép cac khdi chic ning
thanh so d6 cau tric dé xay dung mo hinh cua hé can nghién ctiru. Khoi chay mé phong mé hinh
hé thdng cung cép dién ha ap, so sanh v&i cac tiéu chuan dé rat ra két luan cac thiét bi da chon
trong mach dién cung cap dién c6 hop 1y hay can phai thay thé.

2.1. Kiém tra mang di¢n theo diéu kién dong di¢n ldu dai cho phép
2.1.1. Tinh todn dong dién trong ddy cap cua mang dién

Dong dién chay trong cap cho mdt phu tai dién nhu sau:

_ P,10°
=i )
J3U, cosp.n
Dong dién chay trong cap chinh cung cap cho mét nhém phu tai:
3
B Ky 2 P10 ?
cc
V3 U COS @y,

Trong do:
COS @, : Hé s6 cong suat trung binh ctia nhém phu tai duge tinh theo cong thire:

Z dmi COS(P| (3)

Z |:)dml

Hé sb yéu ciu Ky dugc tinh toan theo s6 phu tai cia nhém [1].
Khi s6 phy tai n=> 20 thi Ky tinh theo cong thurc:

COSQ,, =

K, =0,29+0,71 P 4

2-Pim

Khi s phu tai n < 20, thi hé s6 yéu cau duoc tmh theo cong thirc sau:

dmmax
Ky = 0,43+0,57 z (5)
dm
Sau khi tinh toan dong dién trong cap nhanh va cap chinh, ta 14p bang so sanh véi dong dién
cho phép I;; cua cac nha san xuét cap. Néu Iy <l¢p twong Gmg voi tiét dién cap tra trong bang cap
dién cua nha san xuat thi day cap do dat yéu cau.

2.1.2. M6 hinh tinh todn dong dién trong ddy cdp bang Matlab

Dua vao céc cong thirc trén sir dung cac khéi ham trong Matlab ta thu dugc mé hinh tinh toan
dong dién cac cap nhanh nhu hinh 2 va dong dién trong cép chinh nhu hinh 3.
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Hinh 2. M6 phong tinh toan dong dién trong cdp nhanh va két qua mé phong phén xwong 1

Kye
(132 75 32 21 5) Pdmi
Kyc
Pdm
e 394
lecl
cosphi-i -
Sosphid Dot Product : — [0.890.860.820.871.0] cosphi
Divide 1 cosphity _0‘8735
cosphi-i
Cosphith
Cosphith Subsystem

Hinh 3. M6 phong tinh toan dong dién trong cdp chinh va két qua mé phong phan xwong 1
2.2. Tinh todn ton thit trong mdy bién dp
2.2.1. Xéc dinh cdc théng sé ciia may bién dp

Cbng suét tinh toan:

Pu=Kye. . Pan (6)
Cong suat biéu kién:
Kyc Z I:)dm
S = = ()
COSPy,

Trong d6: Hé s6 cong suat trung binh ciia nhém phu tai COS @, dugc tinh theo cong thirc (3).

Cong sut tinh toan ciia may bién ap (MBA):

. ) Piba = Py + Pincsmsa (8)
Vi Pypesmpa 12 ton hao cong suat cia MBA.
Dién tro cac cudn day ciia MBA:

AP U3, 10°
W= (© ©)
dm
bién khang cac cudn day cuia MBA:
U,%.UZ,,.10°
v (@) (10)
S,,100
Trong do: AP, : Tén hao cong suat ngin mach

U, % : Dién 4p ngan mach phan trim )
Uoam : Pi€n ap dinh mrc cua phia thir cap MBA.
Sam : CoOng suat biéu kién dinh muc.
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2.2.2. Xdc dinh ton that dién dp trong MBA theo diéu kién ton hao dién dp cho phép

Tén hao dién ap trong cap nhanh:

P,..0,.10°
Up =70 (V) (12)

50.S,,U,,

Tén hao dién ap % trong MBA:

AU, % =B(U,%.cose,, +U %.sin@,) (12)

u,, .AU /o
AU, =—2m———be \% 13
ba = 100 V) (13)

Trong d6: lg, : chidu dai ddy cap nhanh (m), Sc,: Tiét dién dy cap nhanh (mm?), B : hé sb
mang tai cuia MBA
AU,, : t6n hao dién ap trong MBA (V)
U, % thanh phan tac dung cua dién 4p ngin mach

Up % : Thanh phan phan khang ciia dién 4p ngan mach
T6n hao dlen ap trong cap chinh:

n
D Pyn-Lg-10°
AU =4t \Y 14
« 50.S,.Ug, V) a4
Trong do: L : chjéu dai cap chinh (m)
) S : tiét dién cap chinh ( mm?)
Tiét dién cap chinh tinh theo cong thuc:

K, Y Pyif10°
o = - 2P (mm?) (15)
50.AU_ U,
3
A, 1ia , s _ F>dmgcn:|'0 2

Tiet dién cap nhanh: on = (mm?) (16)

50.AU U,
Tén hao dién 4p tinh toan toan mang:

AU, =AU, +AU_ +AU_, 17)
Diéu kién can va du dé mang ha 4p lam viéc binh thuong:

AU, <AU,,

Dbi véi mang ha ap 380 V thi dién ap cho phép theo Diéu 1.2.39 Quy pham trang bi dién Viét
Nam: AUCp =400-(95/100)380 =39 (V)

2.2.3. Xdy dung so do Simulink tinh todn ton hao trong MBA

Dua vao céac cong thuc trong muc 2.2.2, nhoém tac gid xay dung md hinh tinh todn céc
thong s6 ctia may bién ap ciing nhu ton hao trong né tmg v6i ché do 1am viéc nhu hinh 4. Két qua
trong md hinh dugc hién thi dang s gitp nguoi ding so sanh véi gia tri cho phép va dua ra
nhitng Kkét luan chinh x4c. Cac ham function dugc xay dung véi muc dich tinh toan cu thé:

- Fen: Tinh t6n hao cong suat tac dung ciia MBA, A Py,
- Fenl: Tinh dong dién I;.

- Fen2: Tinh dién tré Ry, cia MBA.

- Fen3: Tinh tong tré cia MBA.

- Fcnd: Tinh dién khang Xp, cuia MBA

- Fen5: Tinh ton hao dién ap cia MBA, A Uy,
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- Fen6: Tinh ton hao cong suat phan khang ciia MBA A Qoa,
- Fen7: Tinh ton hao dién 4p trén doan céap chinh tr MBA dén thanh cai.
Céc thong so trong khoi function dya theo cac cong thic 6 - 17

Hinh 4. So do Simulink tinh todn tén hao trong MBA
3. Két qua va ban ludn
3.1. Két qua kiém tra thong sé ciia cdc phén xwéng bang phan mém Matlab

Khi nhap cic thong sé phan xudng 1 va khoi chay chuong trinh hinh 2, 3 ta thu duoc két
qué dong dién tinh toan & cac nhanh va cép chinh phan xuéng so6 1 nhu bang 2.
Bang 2. Két qud tinh todn phdn xuong s6 1

Phu tai Cap chinh Pong co' 1 bongco2 Déngco3  DPongco 4 C.sang 1
L,(S=70mm% S=50mm* S=50mm? S=50mm’ S=25mm’ S=4mm’
lp (A) 171 134 134 134 89 28
ly (A) 394 250,7 174,4 65,96 40,8 8,451
Két luan Khong dat Khong dat Khong dat Dat Pat Dat

Tir két qua cho thdy, dé mang hoat dong tdt, phai thay thé duong cap chinh, cap cung cip
cho dong co 1 va dong co 2 bang cap c6 tiét dién:
See = 240 mm® ¢6 dong dién cho phép I, = 403 (A) > 1,=394 (A)
Sp1 = 250 mm® ¢6 dong dién cho phép I, = 259 (A) > Iy = 250,7 (A)
Sp2 =70 mm? c6 dong dién cho phép I, = 184 (A) > Iy = 174,4 (A)
Khi nhap cic thong sé phan xuong 2 va khoi chay chuong trinh hinh 2 va hinh 3 ta thu
dugc két qua dong dién tinh toan & cac nhanh va cap chinh phan xudéng sé 2 nhu bang 3.
Bang 3. Két qua tinh todn phén xuong sé 2

Phu tai Cap chinh Pong co' 1 Pong co 2 C. sang 2
L, (S=35mm?) S=16 mm’ S=16 mm’ S=4mm?
lep () 110 68 68 28
I (a) 31,68 9,448 21,15 12,81
Két luan Pat Pat Pat Pat

~ Khinhdp cac thong s0 phan xuéng 3 va khoi chay chuong trinh hinh 2 va hinh 3 ta thu dugc
ket qua dong dién tinh toan ¢ cac nhanh va céap chinh phan xudng so 3 nhu bang 4. Nhu vay, voi
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mo hinh da xay dung, viéc tinh toan dong dién clia mang dién ha ap trén Matlab tré nén dé dang.

Nho d6, c6 thé ap dung kiém tra day dan trong mang dién c6 dam bao yéu cu ky thuat. Phuong

phap mé phong nay c6 thé linh hoat thay ddi thong s pht hop voi cac mang dién ha ap khac nhau.
Bang 4. Két qua tinh todn phén xwong s6 3

Phutai CapchinhlL; DPongcol Dongco2 Dongco3 Dongcod Dongco5 C.sang3
(S=50mm?®) S=25mm’ S=25mm’ S=16mm’ S=16mm> S=16mm’ S=4mm’

lep 134 89 89 68 68 68 28
e 51,86 27,34 22,58 4,132 9,885 9,885 6,405
Két luan Pat Pat Pat Pat Pat Pat Pat

3.2. Két qud kiém tra ton hao trong mdy bién dp bang phin mém Matlab

Khi nhap thong sé may bién 4p cung cip dién cho phan xudng & vi du trén ¢ cac thong sd
nhu sau: S4, = 560 KVA; Usg, =400 V; APy= 1,28 kW; AP,=6,8 kW; n =97,8%; U,% = 2,
l, % = 5,5. Cac théng sb cua cap: Loy =5m; X, = 0,06 Q/m; r,=0,04 QQ/m. Nhap cac di liéu
phu tai cia 3 phan xu’cmg ta tim dugc hé sd yéu cau chung Kyc = 0,6579. M6 phong hinh 4 cho
két qua t6n hao dién ap téng trong may bién ap A Uy, iéng = 34,07V <AU¢, = 39V nén phu hop véi
yéu cau cho phép.

4. Két luan

Bai béo da lya chon mot mang dién phan xudéng ha ap tong quat, mét noi dung trong
chuong trinh dao tao sinh vién nganh h¢ thong dién, va str dung phan mém Matlab thuc hién
dugc cac chirc nang tinh toan, kiém tra mang cung cap dién ha ap va cho duoc ket gua mo phong
hé thng cung cap dién ha 4 ap nay. Nhiéu mang di¢n thyuc té hi¢n dai ngay nay néu dua vao trong
chuong trinh dao tao sinh vién nganh hé thong dién, phin mém Matlab c6 thé thuc hién mo
phong hd trg gop phan nang cao chat lugng dao tao.

Tuy nhién, mic d6 phirc tap caa hé thong dién ngay cang cao. Pé dap wng yéu cau nang cao
chat lugng cung cip dién can thiét phai co cac giai phap mé phong phan tich danh gia hé théng theo
thoi gian thuc. Day 1a mot giai phap wu viét dé hd trg nghién ciru cac tac dong, kiém tra thiét bi hay
thir nghiém cac giai phap cong nghé méi trude khi ap dung chinh thie trén ludi dién thuc té.
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