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Phat trien phan mém tinh toan hé thong dién
lam coéng cu ho tro’ qua trinh day va hoc nganh
Ky thuat Dién

V6 Tién Diing"*, Nguyén Van Minh' va Ngé Thj L&’

"Truong Pai hoc Sw pham ky thuét Vinh
TOM TAT
Céng nghé dang mé ra mot ky nguyén mai trong gido duc. V&i sw phét trién cua khoa hoc méy
tinh, dao tao ky thuat dién da tré nén hiéu qua va tiét kiém chi phi hon dua trén céng nghé mé
phdng. Bai viét nay trinh bay viéc thiét ké va phat trién phdn mém tinh toan hé théng dién va st
dung phdn mém nay nhw mét céng cu hé tro qua trinh day va hoc nganh ky thuat dién. Céng
cu nay cung cap mét giao dién twong tac va don giadn héa dé nguoi dung phén tich cac hé théng
dién khéc nhau & ché dé xéc Iap. Ba thuét toan khac nhau da duoc trién khai dé cung cép nhiéu
Ira chon hon cho nguwdi dung. B6 chinh xac va hiéu qua cua céng cu dwgc xac minh va so sanh
véi phdn mém tiéu chuén hién c6. Céng cu nay phu hop dé gidng day cho sinh vién nganh

dién va dang duoc str dung tai Khoa Pién, Truong Dai hoc Swpham Ky thuat Vinh.

Ttr khoa: hé thong dién, phdn mém day hoc, nganh Dién

1. DAT VAN PE

Cudc cach mang coéng nghiép 4.0 anh hwéng
dén moi van dé trong xa héi ngay nay, trong
do cé gido duc. Cac cbng nghé hoc tap ky
thuat s6 dwoc ky vong sé cai cach giao duc
dai hoc. Chuyén dbi k§ thuat sb trong gido duc
dai hoc dé cap dén viéc tich hop cong nghé
ky thuat s6 vao cac khia canh khac nhau cua
hé thdng gido duc, bao gdm giang day, quan
tri va ng dung trong 1&p hoc. Diéu nay bao
gdm viéc st dung cac cong cu va nén tang ky
thuat sb dé nang cao va hop Iy héa cac quy
trinh, cling nhw dé cai thién trai nghiém hoc
tap tdng thé cho hoc sinh. K& hoach Hanh
dong Gido duc Ky thuat sé (2021-2027) gan
day cta Uy ban chau Au (EC) tuyén bé rang
gido duc ky thuat sb sé tao diéu kién cho viéc
giang day dwoc ca nhan hoa, linh hoat hon va
|dy sinh vién lam trung tam [1] .

Trong xu hwéng hdi nhéap, Viét Nam dang tich
cwc day manh chuyén déi sé theo huwéng
mang lai két qua thwe chat, bén virng bang
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cach thanh lap Uy ban Quéc gia vé chuyén
doi sb6 dé thuc day hiéu qua lam viéc cla cac
co quan chinh pht ciing nhw sy phat trién
kinh té dia phuwong [2]. Pé an Tang cudng
tng dung cdng nghé théng tin va chuyén déi
sb trong gido duc va dao tao giai doan 2022-
2025, dinh hwédng dén nam 2030 da duoc
Thu twéng phé duyét thang 1/2022 véi muc
tiéu 1a: Tan dung tién bo cdng nghé dé thuc
day dbdi ma&i sang tao trong day va hoc, nang
cao chat lwong va co hdi tiép can gido duc,
hiéu qua quan ly gido duc; xay dwng nén gido
duc mé thich tng trén nén tang sb, gép phan
phat trién Chinh pht sé, kinh té sb va xa hoi
sb [2]. Diéu nay dat ra yéu ciu I&n dbi voi
giang vién dai hoc, nhirng ngwdi ma ky
ndng cdng nghé dang |a rao can l&n dbi voi
qué trinh chuyén ddi ky thuat sé cla gido
duc dai hoc.

Phan I&n gidng vién van quen vé&i cach gidng
day truyén théng véi phan, bang, tai liéu phat
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tay, voi rat it sw hd tro cla cbng nghé. bai dich
Covid-19 nd ra, gan nhw “chi sau mét dém”,
cac giang vién da budc phai diéu chinh viéc
gidng day cta ho sang dinh dang truc tuyén,
k{ thuat sd dé dap tng nhu ciu cla hang triéu
sinh vién. M&c du rat s8n ldng thay déi, nhung
hon mét ndm sau dai dich, sw thét vong cua
cac giang vién va sinh vién da tré nén rd rang.
Giang vién thi than phién sinh vién chi vao
diém danh, khéng tham gia qua trinh hoc tap,
twong tac. Sinh vién lai phan héi gidng vién
day online nhw doc bai giang, hinh thirc danh
gia khéng phan anh dwoc chat lwong hoc tap.
Tai liéu hoc tap chi yéu |a bai giang, gido trinh
don diéu nén khéng gay hirng thu cho ngudi
hoc. Dé tang tinh twong tac, gidng vién can st
dung nhiéu céng cu hd tro nhw phan mém
chuy&n nganh va cac &ng dung truyén théng
khac. Mét nghién clru vé gidng day cac nganh
khoa hoc, k¥ thuat va toan hoc cho thay rang
viéc két hop khai thac cac rng dung trén nén
tang ky thuat sé véi bai giang truyén thdng
dem lai hiéu qua ro rét [1].

Trong qua trinh giang day cho sinh vién
nganh dién, tac gid két hop kién thic
chuyén nganh v¢&i toan giai tich va cong
nghé théng tin d& xay dwng phan mém tinh
toan phan tich hé théng dién. Trong bai viét
nay tac gia gi¢i thiéu qua trinh xay dwng
phan mém Power System Calculation (PSC)
va rng dung lam céng cu hd tro cho cong
tac giang day nganh Dién tai Truwdng Dai
hoc Sw pham ky thuat Vinh.

2. PHAT TRIEN PHAN MEM POWER
SYSTEM CALCULATION

2.1. Phan tich bai toan tinh toan ché do xac
lap hé théng dién

Pé dat muc tiéu xay dwng chwong trinh
tinh toan ché do xac lap hé théng dién can
tich hop kién thirc cta ba nganh: Ky thuat
dién, Toan giai tich va cong nghé théng tin.
Tl so d6 va thong sb co ban cla hé thdng
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dién (cdng suéat ngudn, cdng suét phu tai,
thong s6 may bién ap, dwdng day, thiét bj
bu...), kién thirc vé truyén tai dién giap
nhan dang dic diém, phan loai tinh chét
cac nut thanh ba loai: nut co s& (Slack
bus), nat diéu chinh dién ap (Regulated
buses hay P-V buses), nut tai (load buses
hay P-Q buses). T& dic tinh vat ly, so do
hé théng dién c6 thé dwoc md hinh hoa vé
so d6 mach dién véi cac théng sb dac
trwng: dién tré, dién cam, dién dung va
dién dan. D& mo ta mdi quan hé gira dong
dién, tdng tré (hoac tbng dan) va dién ap
nat, s&¢ dung dinh luat Kirchhoff 1 va 2,
dwoc hé phwong trinh nut:

[11=1Y]. [V] (1)
Véi
[11 I& ma trén dong dién nut,
[Y]1a matran t6ng dan nat d&c trwng cho
céu truc lwoi va
[V] Ia ma tran dién ap nut.
Trong d6, dong dién nut duwgc tinh:
S _R-jQ
h=%="= 2
V. V.

1 1

Ma trén Y dwoc dwoc xac dinh nhw sau [1 - 2]:

Yii = Zyij voi yij la tdng d&n nhanh ij.
=0
j#i

Y =-y;; j#i

Phwong trinh (1) c6 thé dwoc khai trién thanh:
=2YV, 3)
1

Do dong dién nat phu thudc vao cong suét
nén hé phwong trinh (1) 1a phi tuyén. Dé giai
dwoc hé phwong trinh nay can dao sau kién
thirc vé toan giai tich.
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Hinh 1. So’ d6 thuat toan tinh toan hé thdng dién

2.2. Cac phwong phap giai tich cho bai
toan phan tich hé théng dién

Trong nhiéu phwong phap giadi hé phwong
trinh phi tuyén, c6 ba phwong phap phu hop
nhat cho bai toan tinh toan hé théng dién, dé
la phwong phap Gauss - Seidel, phuwong phap
Newton - Raphson va phwong phap Fast
Decouple. Tém tat ndi dung 3 phwong phap
nhw sau [3 - 4]:

2.2.1. Phwong phap Gauss - Seidel
Thay phwong trinh (2) vao phwong trinh (3):
\2 :L(Pi _*.]Qi _ % Yij'Vj)
Yi vy =

1

j#i
Gan gia tri ban dau: V2, v2, v ... VO

Ap dung phuong phap Gauss-Seidel:

\']'(k+l) =L(Pi _jQi _El Y. \'/.(k+1) _
! Y. * a1 9

il V-k

1

; (k)
Y, V®)

j=i+l

(®)

Qua trinh nay dwoc tiép tuc thuwe hién dén khi:
VD - V0| <& v&i € la d6 chinh xac yéu cau.

2.2.2. Phwong phap Newton - Raphson
Biéu dién trong hé toa dé cwc: Yij= Yij 49ij
Phwong trinh (3) tré thanh:

L = ZlYij v, = Z}Yij.vij £(0,+8,)  (6)
1= =
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Tw (6), viét lai theo hé toa d6 cuc:

P-Q;= Vj*(k) {zl Yij'Vj :l = Vil(—si)zl Y;- VL0605 +6;) (7)
= =

Rut ra:
B=2V Y Yycos0,-6+5)  (8)
=
Qi =— V;VJYZI Sin(gij - 5: + 51) (9)

J=1

Phuwong phap 1ap Newton- Raphson:
= ]
{AP}_ oI, {A6}= L) ov [AS} (10)
AQ Lo, AV [ag} {ag} AV
* 00 oV
V&i [J] la ma trén Jacobi va hé phuwong trinh
(10) la tuyén tinh.

o ‘ o APY
Giai hé phwong trinh (10) xac dinh ~—

va
oM . s A s :
i la phan dw cong suat, dwgc tinh nhw sau:

AP =P R (11)

AQ" =0 g (12)
Gia tri xap xi cho budc 1&p ké tiép cla dién ap
nut la:

5 =61 + A" (13)

Ut =Uu® + AU (14)
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Qua trinh nay dworc tiép tuc thuwe hién dén khi:
AP <& va |aQf|<e  (15)

2.2.3. Phwong phap Fast Decoupled
Phwong phap nay trén co s& don gian hoa
phwong phap Newton - Raphson. Thyc
nghiém cho thay trong khi tinh toan ma tran
Jacobi thanh phan J2 va J3 rat nhé co thé bd
qua. Ta c6 thé don gidn hoa hé phwong trinh
(10) nhw sau:

oP
_ _ 90
AQ—J4.AV—[8V].AV (17)

Qué trinh tinh toan tiép theo nhw dbi voi

phuwong phap Newton - Raphson.

2.3. So do6 thuat toan va xay dwng

chwong trinh

Tw cac budc phan tich trén, dé thuan loi cho

viéc viét chuong trinh tinh toan theo ba phuong

phap, tac gia de xuat xay dwng so do thuat toan b. Giai thuat Newton - Raphson va Fast
clia cac phwong phap trén Hinh 2 [5 - 7]. Decouple

Tac gia xay dwng chwong trinh tinh toan ché Hinh 2. So' d thuat toan tinh todn
do xac lap hé thong dién vaoi tén goi la “Power ' hé thén .dién

System Calculation (PSCY’, giao dién thé hién > thong dien.
trén Hinh 3.

Hinh 3. Giao dién chwong trinh “Power
System Calculation”.

Dir liéu dau vao dwoc nhap vao file text, bao gébm:
1) Busdata bao gém loai nut, cong suét;
2) Line data: théng sb nhanh (dién tr&, dién
cadm, dién dung, dién dan trong hé don vi
twong dbi).
Gi¢i han sb bwéc 18p dwoc méc dinh 1a 100.
Yéu cau vé do chinh xac sé dwoc nhap truc tiép
trén giao dién. Viéc lwa chon phuwong phap
duorc thue hién bang cach 4n nat twong tng.
Chuwong trinh tinh toan ché do6 xac lap sé
a. Giai thugt Gauss- Seidel duwoc tinh theo ba phwong phap: Gauss -
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Se,idel, Ne‘wton - Raphson va Fast D,ecouple.
Két qua dau ra bao gom cac théng so sau:

- S6 buéc Iap.

- Sai sb.

- Dién ap nut gém bién dd va goc pha.

- Cong suét nut co s6.

- Cong suét trén cac nhanh.

- Tn hao cong suét trén cac nhanh.

- Tdng tén hao cong suét trén hé théng.

3. KIEM NGHIEM PHAN MEM POWER
SYSTEM CALCULATION

DPéi twong tinh toan phan tich 1a so d6 hé
thdng dién 5 nut véi thong sé (trong hé don vi
twong déi) nhw trén Hinh 4. Nt 1 13 nut co' s&
duy tri dién ap 1.06 (p.u), nut 2, 3 la nat may
phat duy tri bién dé dién ap: |U2| = 1.045 (p.u),
|U3| = 1.03 (p.u). Coéng suét co ban lay bang
Scb = 100 MVA. D{¥ liéu chi tiét ctia hé thdng
trong Bang 2 va 3.

Vi = 1.0620°

i 0.08+50.24
0.06+70.18

0.04+50.12

2 |20MW

10 Mvar
60 MW
QT“O MW 40 Mvar

[Va] = 1.045

Hinh 4. So d6 hé thdng dién 5 nat [3- 4].

Bang 2. D liéu nut clia hé théng dién 5nut[3, 4].

Pién ap Ngudn Phu tai
Nat | L0 | Bien | Géc
nit | g6 |pha Pr Qr P: Q
(o) | (a) | MW) | (MVAT) | (MW) | (MVAr)
1 | Slack|1.060|0.00 - - 0 0
2 P-V [1.045]/0.00| 40 - 20 10
3 P-V [1.030|0.00| 30 - 20 15
4 | P-Q |1.000(0.00| O 0 50 30
5 | P-Q [1.000|0.00f O 0 60 40

Bang 3. D{¥ liéu nhanh ctia hé théng dién 5 nut.

Nhanh R X B
TT
Twnat | Dénnat | (P-u) (p.u) (p-u)
1 1 2 0.0200 | 0.0600 | 0.0600
2 1 3 0.0800 | 0.2400 | 0.0500
3 2 3 0.0600 | 0.1800 | 0.0400
4 2 4 0.0600 | 0.1800 | 0.0400
5 2 5 0.0400 | 0.1200 | 0.0300
6 3 4 0.0100 | 0.0300 | 0.0200
7 4 5 0.0800 | 0.2400 | 0.0500

Hinh 5. Két qua tinh bang Power System Calculation.

Hong Bang International University Journal of Science
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3.1. Tinh toan bang Power System Calculation

Théng tin vé hé théng dién dwoc nhap vao file
text, sau dé chay chwong trinh v&i yéu ciu do
chinh xac 0.0001. Két qua tinh bang Power
System Calculation thé hién trén Hinh 5. PSC
cho két qua bang 3 phwong phap:

Ngoai két qua, PSC con cung cp dir liéu vé
mdi phwong phap thwe hién, bao gém sai sb,
s6 bwéc 1&p. PSC con tinh dwoc cdng suét va
tdn that cong suat cac nhanh.

3.2. Tinh toan bang Power World Simulator

Dé thuc hién tinh toan trén phan mém Power
World Simulator can xay dwng so dd hé
thdng, nhap di liéu cho méi phan tlr rdi méi
chay chwong trinh tinh ché dé xac lap, két qua
thé hién trén Hinh 6.

Két qua chi tiét con dwoc thé hién trong cac
bang két qua. Tuy nhién, phan mém chi cho
két qud bang phwong phap Newton -
Raphson.

Hinh 6. Két qua tinh bang Power World Simulator.

3.3. So sanh két qua giira hai phan mém

Bang 4. So sanh dién ap tinh toan gitra hai
phan mém

i PSC Power World | Sai léch
Nat U] o] U] ) Ul | &
1 |1.0600 | 0.00 | 1.0600 | 0.00 | O 0
2 |1.0450 | -1.78 | 1.0450 | -1.78 | 0 | O
3 [1.0300 | -2.66 | 1.0300 | -266 | 0O | O
4 11.0186 |-3.24 | 1.0186 |-324| 0 | O
5 10.9901|-441)09901 |-441| 0 | O

Bang 5. So sanh két qua tinh ton that trén
cac nhanh gitra hai phdn mém

Nhanh PSC Power World | Sai léch

AP | AQ AP AQ | AP | AQ
1-2 065 |-470| 065 | -4.70 | O 0
1-3 041 |-424 | 041 | 424 | O 0
2-3 0.08 | -4.07 | 0.08 | -4.07 | O 0
2-4 0.23 | -3.57 | 023 | -3.57 | O 0
2-5 1.3 | 0.78 | 1.3 0.78 0 0
3-4 024 |-139| 024 | -139 | O 0
3-5 015 |-458| 0.15 | -458 | 0 0
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Két qua tinh toan vé dién ap va tbén that cong
suét trén cac nhanh gitra hai phan mém duoc
thé hién trén Bang 4 va 5. So sanh két qua
gitra hai phan mém cho thay sy chinh xac la
twong duwong.

3.4. 'ng dung phan mém hé tro’ giang day
nganh Dién

Trong tinh toan phéan tich hé théng dién,
Power World Simulator la phan mém thuong
mai v@i gia thanh kha cao (11 000 $ cho chirc
nang tinh co ban, mudn mé réng chirc ndng
can mua thém [8]). Phan mém cung cap ban
mién phi chi thwc hién mé phéng véi sb nut
han ché. Hon nira ngudi hoc chi sir dung
phan mém don thuan dé tinh, kiém tra két qua
ch khéng hiéu ré phwong phap thwc hién,
sai s6 cling nhuw danh gia hiéu qua cula
phwong phap. Trong khi do, véi phan mém
PSC, nguwdi hoc nghién ctvu ly thuyét, tim hiéu
cac thuat toan dé phéan tich hé théng dién
phirc tap va th&r nghiém cho cac hé théng
khac nhau dé danh gia hiéu qua cac phwong
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phap. Mét trwdng hop nghién clru voi hé
thdng dién chuan IEEE-30 nut [3, 4] dwoc thiy
nghiém. Yéu cau doé chinh xac cang cao (sai
sb cang nhd) thi sé6 bwéc 1ap 16n. Dé xét anh
hwéng clia sai sb va su hiéu qua clia cac ba

phwong phap: Gauss- Seidel, Newton-
Raphson va Fast Decouple; ta so sanh viéc
tinh toan trén hé théng IEEE 30 nat véi sai sb
lan Iwot 14 0.01; 0.001; 0.0001; 0.00001. Két
qua dwoc thé hién trong Hinh 7.

S6 buéc Lip véi HTD IEEE 30 nut

SAl SO 0,01 SAlI SO 0,001

PP Gauss- Seidel

PP Newton- Raphson

sAl SO 0,0001 sAl SO 0,00001

PP Fast Decoupled

Hinh 7. So sénh sb bug')’c lap cua ba phuwong phap cho HTD IEEE 30 nut
v&i sai sO yéu cau lan lwgt 1a 0.01; 0.001; 0.0001; 0.00001.

Nhw vay, phan mém PSC la cho két qua chinh
xac, tin cay (ddi sanh v&i Power World
Simulator). V&i dac thu hwdng téi trang bi kién
thire co s& nhwng tap trung vao giai phap cong
nghé thi viéc sir dung phan mém PSC la cong
cu hiéu qua trong day va hoc.

- Mét Ia, phan mém gitp kiém nghiém lai két
qua thure hién trén ly thuyét, so sénh sw hiéu qua
ctia méi phwong phap vai hé thong dién cu thé.

- Hai la, PSC duwoc sir dung dé tinh toan
phan tich cac hé théng phurc tap, st dung trong
nhiéu mén hoc: lwdi dién, cung cap dién, tinh
toan hé thdng dién, thiét ké mang ludi dién, van
hanh lwdi dién...

- Ba la, n6 1a cdng cu hd tro' sinh vién lam
bai tap I&n, dd an mén hoc, d6 an tbt nghiép.
Giang vién sir dung dé kiém tra, giam sat két
qua thwe hién.

- Bén la, phan mém PSC c6 kha nang (ng
dung tinh toan phan tich hé théng dién thuc té.
Trén co s& d6 dé dé ra gidi phap van hanh téi wu
va kiém nghiém lai bang két qua mé phéng, tinh
toan trwdc khi dem ap dung.

Hong Bang International University Journal of Science

4. KET LUAN

Chuyén dbi s trong gido duc la viéc (rng dung
cac giai phap céng nghé trong cong tac quan
ly, d6i m&i phwong thire gidng day nham nang
cao trai nghiém ctia ngwdi hoc, déng thoi giup
cac t6 chirc dao tao van hanh hiéu qua, tinh
gon. Chuyén dbi sb giup cai thién cac cong cu
hé tro, thay ddi va nang cao chét lwgng giang
day dé dap (rng nhu ciu ngay cang tang cla
ngudi hoc. Trong xu thé do, dwdi goc do
ngwdi day, tac gid phat trién phan mém Power
System Calculation dé tinh toan phan tich hé
thdng dién. Phan mém nay co dd tin cay va
chinh xac twong dwong véi phan mém Power
World Simulator, hon nira lai khéng bi han
ché s6 nut. Phdn mém c6 thé s dung cho
nhiéu mén hoc, linh vwe khac nhau nhw tinh
toan mang dién, tinh cac ché dd lam viéc, van
hanh |wéi dién, thiét ké, Iwa chon thiét bj dién,
nghién cru van hanh téi wu... rat phu hop lam
cobng cu hd tro' cho gidng day nganh Dién va
dang dwoc si¢ dung dao tao nganh Dién
trwong Pai hoc Sw pham ky thuat Vinh.
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Development of power system calculation
software as a tool to support the teaching and
learning processes in Electrical engineering

Vo Tien Dung, Nguyen Van Minh and Ngo Thi Le
ABSTRACT

Technology is ushering in a new era in education. With the development of computer science,
electrical engineering training has become more efficient and cost-effective based on simulation
technology. This article presents the design and development of software to calculate electrical
systems and use it as a tool to support the teaching and learning processes in electrical
engineering. This tool provides an interactive and simplified interface for users to analyze
different systems in steady-state. Three different load flow algorithms have been implemented to
provide a wider choice for the users. The accuracy and effectiveness of the tool is verified and
benchmarked with existing standard software. This tool is suitable for teaching electrical
engineering students and is being used at the Faculty of Electrical, Vinh University of
Technology Education.

Keywords: power system, teaching software, electrical engineering.
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