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Abstract: In the era of industry 4.0, digital transformation is taking place strongly in many countries and
many fields, including education. From university teaching practice, virtualization of laboratories brings
many benefits to both universities and students. This article proposes the use of EMTP/ATP sofiware to
perform three-phase circuit experiments on computers in electrical engineering teaching. This virtual
laboratory model is attractive to students and helps them understand the lessons more deeply, so they can

apply them into practice.
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1. Pit vin dé

Muc tiéu cua gido duc dai hoc khong chi dung
lai & viéc trang bi kién thtrc cho sinh vién (SV) ma
con chu trong hinh thanh ning luc giai quyét van
dé, nang luc ty hoat dong nhén thirc. Qua trinh hinh
thanh nang luc sang tao ctia SV khong chi dugc quan
tdm & khau van dung kién thire vao thuc tién ma con
dugc chu trong ngay trong khau xay dung kién thirc
méi. Muc tiéu day hoc d6 khong thé tach roi kién
thirc 1y thuyét va k§ nang thyc hanh ma xem no 14 hai
mat cia mot hé théng nhét. Tuy nhién, khi xay dung
mot phong thi nghiém cho SV hoc tap nghién ctru can
phai trang bi kha nhiéu thiét bi hién dai va chuyén
ding, vi sy han ché vé kinh phi nén cac phong thi
nghiém cac trudng dai hoc, cao ding kho c6 thé trang
bi dy du va kip thoi cac thiét bi thue dé dap ing nhu
cau hoc tap va nghién ctru. Pay 1a mot trong nhiing
nguyén nhan khién cho SV khi ra truong ling ting
bd ngd trong cac thao tac thuc hanh. Cé thé khic
phuc han ché nay bang cach xay dung thi nghiém ao.
N6 ¢6 loi thé rat 16n vé chi phi va tinh linh hoat so
v6i thiét bi thuc. Vi vay xdy dung thi nghiém o t6
ra hiéu qua dang ké vé kinh t& va ¢ y nghia rat 16n
trong cong tac dao tao giang day va nghién clru tai
cac truong dai hoc [1, 2].

Tuy vao muc dich st dung ma nganh Pién c6 rat
nhiéu phan mém chuyén nganh nhu PSIM, EMTP/
ATP, Matlab/Simulink, Power World... Dé md
phong mach dién ba pha, chung t6i lya chon st dung
EMTP/ATP vi phan mém nay dung luong nho, doi
hoi cau hinh thap, phi hop véi cac hé diéu hanh va
str dung don gian. Vi cac uu diém do, trong bai viét

nay, chiing toi nghién ctru dé xuat giai phap xay dung
cac bai thi nghiém mach dién ba pha trén may tinh
bang phan mém EMTP/ATP,
2. N§i dung nghién ciru
2.1. Mach dién ba pha
Mach 3 pha c6 ngudn ddi xtmg, tai dbi xing, tong
tré cic pha ciia duong dy bang nhau goi 1a mach 3
pha d6i xtmg. Nguoc lai mach khong dép ung du 3
diéu kién trén goi 1a mach 3 pha khong ddi xtmg [1].
Nguon dién ba pha co thé 13y ra tir may phat dién
xoay chiéu dong bo ba pha hodc tir cac may bién ap
ba pha ¢ cac tram bién ap. Ngudn ap ddi d6i xing
c6 cac stic dién dong (S.d.d) hoan toan giéng nhau
va léch nhau 120° tng v&i thoi gian 1/3 chu ky (hinh
2.1). Ta cb lz\iéu thire cac S.d.d do.

Hinh 2.1. Biéu dién S.d.d ciia nguon dién 3 pha.
ep = EV2 sin(wt)(V)

ep = EN2Zsin(wt —120°)(V)

ec = EN2Zsin(wt +120°)(V)

Trong mach 3 pha can phan biét hai loai dai lugng
la cac dai lugng day va cac dai lugng pha.

Céc dong, ap trén cac pha cia tai hodc ngudn goi
la cac dong pha, ap pha I, U,; cac dong, ap trén cac
day cua tai hodc nguon goi la cac dong dién day, dién
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Cac dai lugng day thong dung hon céac dai lugng
pha vi mach 3 pha coi 1a mot hé thong nhét va cac dai
luong day dac trung qua trinh nang lugng cta toan
hé, khong can biét két cau pha nhu thé nao.

Phu tai c6 thé ndi sao (Y) hodc tam giac (A). Néu
mach dién ba pha c6 ngudn, dudng day, phu tai ddi
xtng goi 1a mach dién ba pha ddi ximg. Néu c6 mot
trong ba phan trén khong dbi ximg thi goi 1a mach
dién ba pha khong ddi xing.

2.2. Xay dung cdc bai thi nghi¢m mach dién ba pha
trén phan mém EMTP/ATP

Qua trinh thi nghi€ém dugc thuc hién theo trinh
tu sau:

Buoce 1: Khoi dong phﬁn mém ATPDraw, tao file
moi.

Buéce 2: Doc ndi dung bai thuc hanh, chon cac mo
dun trong phan mém, lap dit cac thiét bi theo so dd.

Buéce 3: Nhap di liéu theo ndi dung thuc hanh,
lap dat cac mo dun do ludng.

Bude 4: Chay mo phong, doc két qua.

Buwde 5: Xt i va phan tich dir liéu.

Bai viét trinh bay két qua thuc hién cac thi nghiém
ao: mach dién ba pha ddi xung ndi sao-Y, mach ba
pha dbi xung nbi tam giac- A va mach ba pha khong
d6i xtmg (mang ba pha 4 day).

2.3. Mach dién ba pha déi xirng néi sao

Bai 1: Mach dién ba pha déi xtng nbi sao.
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Hinh 2.2. So @6 mach dién ba pha noi sao.

Cho mach dién 3 pha dbi xung ndi sao trén hinh
2.2. Bo dong dién day, dong dién phu tai, dién ap
pha, dién ap day, voi thong s mach: Ngudn:
e, =2203/2sin(3141) (V) »Lfihgotgln‘:g’.l pha R =200 £,

Thuc hién theo cac budc 1, 2 va 3 nhu trinh bay
trén, so d6 mach thi nghiém xay dung trén phian mém
EMTP/ATP thé hi¢n trén hinh 2.3. Budc 4: chon run
ATP trén thanh cong cu dé chay mé phong va doc
két qua. Két qua do dong dién, dién ap thé hién trong
bang 2.1. Khong nhitng vay phan mém con thé hién
két qua dang d6 hoa: mo ta sy bién thién dién ap day,
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dién ap pha, dong dién pha trén hinh 2.4.
A
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Hinh 2.3. So d6 thi nghiém trén EMTP/ATP cho
mach dién ba pha doi xung noi sao.
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Hinh 2.4. Két qua mé phong thi nghiém truong hop
so do mach ba pha néi sao: dién dp day, dién dp
pha, dong dién pha.

Theo két qua thi nghiém mé phong, khi phu tai
nbi sao, dong dién day bang dong dién pha (I =L
con dién 4p day gép 1,732 1dn (~~/3) dién 4p pha
(U, =+3U,) va sém pha 30°. Két qua pht hop va minh
hoa cho 1y thuyét.

Bang 2.1: Két qua do chq mach dién ba pha doi xiing

noi sao.
Dong dién Dién ap
Dong dién pha: Dién ap pha:

I, =0,8652-38,1°(A)
I =0,865£-158,1°(A)
I =0,86581,9°(A)

E, =22020"(V)

Ep =220/-120°(V)
Ec =2202120°(V)
Dong dién day:

I, =0,865/-38,1°(A)
Iy =0,8652-158,1°(A)
I =0,865/81,9°(A)

Dién ap day:

U, =381230°(V)
Upge =381£-90°(V)
Ucy =3812150°(V)

2.4. Mach dién ba pha doi xwng phu tdi noi tam
gidc
Bai 2: Mach dién ba pha d6i xting ndi tam giac.
Céc thong sd cho nhu bai thi nghiém 1 nhung
ngudn va phu tai ndi tam gidc (hinh 2.5) véi

e, =3814/2sin(3141) (V).
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Hinh 2.5. So' @6 mach dién ba pha néi tam gidc.
A Al

Hinh 2.6. So do thi nghiém trén EMTP/ATP cho
mach dién ba pha déi xirng noi tam gidc.

So dd mach thi nghiém xay dung trén phan mém
EMTP/ATP thé hién trén hinh 2.6. Két qua do dong
dién, dién ap thé hién trong bang 2.2, su bién thién
dong dién day va dong dién pha thé hién trén hinh 2.7.
Bang 2.2: Két qua do cho mach dién ba pha doi ximg

néi tam gidc.

Dong di¢n Dién ap

Dong dién pha: Dién &p pha:

Ly =1,4982-38,1°(A) | E,p =38120°(V)

Igc =1,4982-158,1°(A) | Epe =3812-120°(V)
I, =1,498281,9°(A) Eca =3812120°(V)
Dong dién day: Dién 4p day:

T4 =2,5952-68,1°(A) | U,p =38120°(V)

Igp = 2,5952171,9°(A) Upe =381£-120°(V)
Tye =2,595251,9°(A) Ucy =3812120°(V)
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Hinh 2.7. Két qud mé phong thi nghiém trieong hop
5o do mach ba pha noi tam gidc: dién ap day, dién ap
pha, dong dién pha.
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_ Theo két qua thi nghi¢m mé phong, khi phu tai
nodi tam giac, dong dién day bang 1,732 dong dién
pha (I, =+/31,) va sém pha 30°, con dién 4p day
bang dién ap pha (U, = U,).

Nhu vay, két qua mé phong thi nghiém cho so d6
mach dién ba pha dbi xtimg ndi sao va nbi tam giac
phui hop véi 1y thuyét. M6 phong thi nghiém ao tai
hién qua trinh thuc hién ndi dung bai thi nghiém voi
tinh huéng tuong tu nhu cac hoat dong that sy dién
ra trong mdi truong thyc té, giup cho SV trai nghiém
song dong va kha nang tuong tic véi cac yéu to mo
phong. SV ¢o thé thir nghiém cac tuy chon thay ddi
cac thong s6 mach khac nhau va xem két qua. Viéc
thyc hanh thi nghiém 4o co thé thyc hién bat ctr noi
nao voi may tinh c4 nhan. Pdng thoi, thi nghiém mo
phong gitip giam thiéu i ro lién quan dén viée thuc
hién thir nghiém hodc cac hoat dong nguy hiém trong
mai trudng thyc té.

3. Két luin

Bai viét trinh bay viéc xdy dung céc bai md phong
thi nghiém mach dién ba pha trén phan mém EMTP/
ATP trong giang day k¥ thuat dién. Pay 1a cong cu
rat hitu ich hd tro tich cuc trong cong tac giang day,
giang vién c6 thé két hop giang day va thuc hién thi
nghiém trén 16p hoc qua may tinh trinh chiéu. Cac
thi nghiém 4o mang lai hiéu qua: Tiét kiém dugc
kinh phi dau tu phong thi nghiém; tiét kiém kinh phi
bao dudng, vat tu tiéu hao cho thi nghiém hang nam;
st dung linh hoat trong giang day, thyc hanh. Thi
nghi¢m 4o khong nhiing tao dong luc cho SV ma con
gitip cho kha ning van dung kién thirc vao thyc tién
cua SV linh hoat va hi¢u qua hon.
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