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Abstract: The transformer is an important device in the electrical system. This article introduces a virtual
model designed within the EMTP software for testing a single-phase power transformer. The models
presented in this study emulate real-world tests such as the no-load test, short-circuit test, and load
test with high accuracy. This virtual laboratory model is attractive to students and helps them to gain a
deeper understanding of the operational aspects of power transformers, from which they can apply it in

real practice.
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1. Pit van dé

May bién ap (MBA) 1a mét trong nhirng thiét bi
quan trong trong nganh dién lyc ciing nhu doi song.
Vi vay, trong chuong trinh nganh k¥ thuat di¢n, MBA
la mot trong nhitng ndi dung trong tam. Trong phong
thi nghiém may di¢n, sinh vién (SV) thuc hién mot
s6 thi nghiém co ban véi MBA mét pha va ba pha.
Céc thi nghiém nay bao gdm thi nghiém hé mach, thi
nghiém ngén mach, thi nghiém MBA c6 tai... Cac thi
nghiém nhu vy cung cap hiéu biét sac vé kién thirc
va k¥ niang kiém dinh MBA ciing nhu tac phong, ¥
thirc van hanh may moc thiét bi. Trong thi nghiém
thue té, SV duoc nghién ciru quy trinh thyc hién thi
nghiém MBA, dugc truc tiép thao tac trén thiét bi
thyc. C6 rat nhiéu k¥ nang SV ¢o thé hoc duoc thong
qua thi nghi¢ém nhu: k¥ nang quan sat, so sanh, phan
loai, giai quyét van dé, 1am viéc nhom, giao tiép,...

Y nghia cua thi nghiém trén thiét bi thyc rat 16n,
tuy nhlen chi ph1 xay du’ng céc phong thi nghiém rat
dat tién, cling can tinh dén phi bao dudng hang nam.
Hon nira, s6 lugng ban thi nghiém han ché khong dap
tmg dugc sb lugng SV dong nén khong phai truong
nao ciing dap tng duge. Do d6 cac truong cin tim
giai phap khac: Str dung cac thi nghi¢m 4o. Mac du
hiéu qua khong thé bang SV truc tiép thao tac trén
thiét bi thuc, tuy nhién thi nghiém 4o phan nao dap
{rmg yéu cau vé tim hiéu sau sic vé MBA.

Phan mém st dung dé mé phong MBA dugc
cac nha nghién ctru khai thac sir dung nhiéu nhat
1a Matlab/Simulink. C6 nhiéu nghién ctru di duoc
cong bd vé linh vuc nay. C6 thé ké dén mo hinh
MBA mét pha trén MATLAB Simulink da dugc thu
nghiém boi Ayasun va Nwankpa [1], nhém Srimanti
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Roychoudhury va dong nghiép [2] trong do ho da
lam viéc véi mo hinh “MBA tuyén tinh” ¢ sin trong
Simulink hoat dong voi dudng cong tir hoa tuyén
tinh. O Viét Nam c6 tac gia Ngoé Xuan Cuong xay
dung mé phong MBA 3 pha [3] ciing sir dung phan
mém Matlab/Simulink. Tuy nhién, viéc xdy dung
md hinh MBA trong cic nghién ctru nay doi hoi kién
thtrc chuyén sau vé may dién, diéu ma SV chua thé
c6 dugc trong moi truong gido duc dai hoc. Trong
bai viét nay chiing t6i gioi thiéu phan mém EMTP dé
thuc hién cac bai thi nghiém MBA mot pha trén may
tinh trong giang day hoc phan may dién. So véi phan
mém Matlab, m6 hinh MBA trong EMTP dugc tich
hop sédn, dé sir dung hon. Cac md hinh nay dé dang
tich hop vao cac bai giang va huéng dan thuc hién thi
nghi¢m a0 MBA trong cdc mdy tinh c4 nhan.

2. N§i dung nghién ciru

2.1. Cic mé dun mdy bién dp trong phin mém
EMTP

Tranformers

Hinh 2.1. Ciac mé dun mé phéng MBA trén phan
mém EMTP.

Phan mém EMTP (Electro-Magnetic Transients
Program) la mét chuong trinh may tinh dung cho
viéc mo phong cac qua trinh qua do dién tu, dién
co va hé théng didu khién trong hé thong dién nhiéu
pha. EMTP dang duoc st dung rong rai trén toan thé
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gidi trong cac linh vuc tinh toan thiét ké ciing nhu
van hanh cho cac loai thiét bi khac trong hé thong
dién. Phan mém EMTP c6 nhiéu mé dun may bién ap
cho cac loai mé phong khac nhau (hinh 2.1), ching
han MBA 1y tudng (khong c6 ton hao), MBA c¢6 dic
tinh vat liéu tir tuyén tinh, MBA c¢6 dic tinh vt lidu
tir phi tuyén...
2.2. Thi nghiém khéng tdi va ngin mach

Pé tim hiéu cac thong s6 ky thuat ciia MBA,
can tién hanh cac bai thi nghiém 4o va so sanh véi
thong s6 duoc cung cép boi nha san xuat. Nhu véy,
quy trinh thuc hién thé hién trén so d6 2.1. Thong sb
MBA dugc thu thap tu thiét bi thuc ctia nha san xuét.
Céac thong ) ky thuat dinh mic duoc tinh trén co so
dit liéu nay. Két qua mé phong s& dugc so sanh, phan
tich so v&i thong sb cta nha san xuét.
T thap di Lie Tinh céc thong

MBA 56 theo ntha sén
xudt
So sanh két qua

mb phéng va

thong s6 NSX
Xay dung mé Thue hién mé
hinh mé phéng |  phdng thi

trén phén mém nghiém

So do 2.1. Mé ta quy trinh thuc hién thi nghiém do
trén may tinh.

Xét MBA mot pha voi thong sb tir nha san xudt
nhu sau: S, = 50 kVA, 35/0,23 kV, P, = 108 W,
1,=1,5%, P —57OW u, = 4%.

Theo du’ heu nay, thong s cia MBA duoc tinh:

o =28~ 33428 ()

Uldm
Lygm = Sim >0 ——=217,4 (A)
Usgm T 0,23
. 1,5
I =igLiym = 00 .1,428=0,0214 (A)

Uy =un Uy = %.35000 =1400 (V)

Céc budc thyuc hién:

Buoc 1: Xay dung S0 db thi nghiém.

- Khoi dong phan mém.

- Tao file mé1, lua chon cac phén tu trong so dd thi
nghiém: Source (ngudn), Transformer (chon mo dun
may bién 4p BCTRAN), phu tai mot pha R-L, md
dun do luong dong dién, dién ap. So do thi nghiém
trén phan mém EMTP thé hién trén hinh 2.2.

,\I"? BCT2 Ao Load
HO— A

Hinh 2.2. Dang song dién dp ba phia 0,4 kV.
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Buwoce 2: Nhap dir li¢u thi nghiém.

Céc thong s6 cia MBA duoc cai dat trong mo
dun (hinh 2.3) v6i luu ¥ vé don vi méc dinh cta phan
mém (chang han cong sudt MBA dudi dang MVA).
Phan mém chi thuc hién dugc khi mach khép kin, vi
vy v6i thi nghiém ngin mach, dé phu tai vo cing
nho (R=0,00001 Q), trong thi nghiém khong tai dé
phu tai vo cung 16n (R = 10 MQ)

BCTRAM: MBALP n

Stucture Ratings
Mumber of phases 1T w HY Ly

Wolkage kY] |35 0.23
Mumber of windings 2 W

Power [Miya]  |0.05 0.05

3 & WA W
Test frequency [Hz] 50 Connections
[C] &R Dutput
[CJExt. neutral connections
Factory tests
Open circult | Short circuit
Performed at | HY v | Connect at | LV v
positive sequence
Wolt [%] Courr (%] Loss [Kw] &

a0 15 n10s

Hinh 2.3. Cai ddt théng s6 MBA

Budre 3: Chay phan mém cho két qua mé phong
thi nghiém.

Sau khi nhap dit lidu tit ca cac phan tir trong so
dd thi nghlem cai dat thoi gian mo phong va chay
phdn mém. Thu thap cac thong sd can do va xur li
thong tin. Hmh 2.4 thé hién dién ap khong tai phia
50 cap va thir cap cua MBA khi lam viéc khong tai.

MC's PlotXY - Plot 1 BEEN - MC’s PlotY - Plot 2 =B
M>/\ AAN AN AV | S VNN | 5
o 01
NANANANAN]" VA A
WRYRYRYAY] - VRVRVAVAY]
\{oz \/04 \{s vooe @\/m [are ot 0 002 004 005 008 () OL ;Mf‘
(fle MBATPp4; x-var t) vil value: () (fle MBAIPpI4; X-var 1) vi2 vae: (ms)
I o = FlvFm 0L

Hinh 2.4. Pién dp phia so cap va thir cap trong thi
nghiém khong tai

Vé cach thi nghiém do thong s6 MBA da duogc
trinh bay trong cac giao trinh [4]. V6i thi nghiém
khong tai, dat dién ap dinh muc (35000 V) vao phia
so cip, do dong dién, dién ap va cong sut. Két qua
thi nghiém mo phong va so sanh véi théng s nha san
xudt thé hién trong bang 2.1.
Bdng 2.1. So sanh két qua thi nghzem khong tai voi

théng s6 nha san xudt

Nha san xuét Két qué thi nghiém Sai s
U, 35000 V 35000 V 0,0 %
U, 230V 229,87V 0,06%
I, 0,0214 A 0,0214 A 0,0 %
P, 108 W 108,02 W 0,02%

Vi thi nghiém do thong sb ngén mach, lan luot
di€u chinh dién ap nguon va do dong dién dén khi
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chi s6 dong dién bang dong dinh mirc. Cai dit dién
trg tai vé xdp xi 0 (R= 0,00001 Q), tién hanh diéu
chinh dién ap ngudn lan lugt tir 1% (twong Gmg véi
350 V). Két qua do luong thi nghiém ngin mach thé
hién trong bang 2.2.
Bdng 2.2. Két quda thi nghiém ngdan mach
U (V) | 350 | 700 | 1050 | 1400 | 1750
I, (A) | 03524 |0,7056 | 1,0573 | 1,4097 | 1,7621
Str dung phuong phéap ngoai suy dé tim duoc khi
I, =1,,= 1,428 A tuong tmg v6i dién ap 1428 V.
biéu chlnh dlen ap nguon dén gia tri 1428 V va do
cong sudt ngan mach, so sanh véi thong sé nha san
xuét thé hién trong bang 2.3.
Bdng 2.3. So sanh két qua thi nghiém ngdn mach véi
théng s6 nha san xudt

Nha san xuat Két qua thi nghiém Sai s6
. 1400 V 1428 V 2%
u, 4% 4,05 % 2%
P 570 W 57T W 1,2%

Nhu vdy, két qua moé phong thi nghiém MBA
trong ché d6 ngan mach va khong tai trén phan mém
EMTP véi cc thong sb cai dit cho két qua kha chinh
xac so v6i thong sd k¥ thut cho boi nha san xuat.
Trong d6, thong sé do khong tai cho sai 1éch rat bé
(duéi 1%), thong sb do ngin mach cho sai 1éch 16n
hon (1,2 dén 2%).

2.3. Thi nghiém mdy bién dp 6 tii

Dé khao sat anh huong ciia phu tai dén dién ap va
hiéu suit cia MBA, phu tai 50 kVA c6 tinh chat dién
khang v6i hé sb cong suét cose = 0,8 dugc sir dung
dé thi nghiém. Diéu chinh phuy tai theo cac hé sb 0;
0,2; 0,4; 0,6; 0,8; 1 tién hanh do dién 4p phia thir cip
va cong suat dau vao, dau ra MBA. Két qua thé hién
trong bang 2.4.

Bdng 2.4. So sanh két qua thi nghiém ngdn mach véi
théng sé nha san xudt

K, | U,(V) | P,(W) | P, (W) |Higu suét Hiéu Sai léch

suat tt %

0 | 229,87 | 0,0005 | 108,02 0,00 0,00 0,0
0,2 | 228,35 | 8025,3 | 8155,7 | 0,9840 | 0,9840 0,0
0,4 | 226,82 | 16008 | 16214 | 0,9873 | 0,9877 0,04
0,6 | 225,25 | 24013 | 24331 0,9869 0,9871 0,02
0,8 | 223,66 | 31997 | 32497 | 0,9863 | 09855 0,09

1 | 222,05 | 400023 | 40777 | 0,9815 | 0,9833 0,18

Trong do, hiéu suét lam viéc ciia MBA tinh theo
két qua thi nghiém theo:
PZ

77=PT

Hiéu suét tinh toan theo 1y thuyét theo cong thirc:
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R !
P P, +P,+k2Py

Két qua mo phong cho thiy voi phu tai co tinh
dién cam, khi h¢ so tai tang thi dién ap giam, dicu
nay phu hop voi ly thuyét. Puong dac tinh phu tai
thé hién trén hinh 2.5 va bang 2.4 cho thay: Hiu suat
theo két qua mo phong sai 1éch khong dang ké so voi
higu suat tinh toan theo 1y thuyét (dudi 1%).

Dic tinh dién ap voi tai R-L
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Hinh 2.5. Duong ddc tinh dién dp cia MBA voi tai R-L.

Trong thi nghiém c6 tai, GV c6 thé giao SV diéu
chinh phu tai dé xay dung duong dic tinh voi cac
loai phu tai khac nhau. Tu d6 gay hung thu cho SV
cht dong tim toi kién thirc méi.

3. Két luan

Bai viét trinh bay thi nghiém a0 may bién ap mot
pha béng md phdng trén ph?ln mém EMTP. Cac thi
nghiém nay bao gém cic mé hinh do ludng dién,
md phong thi nghiém khong tai, thi nghiém ngan
mach va thi nghiém c6 tai. Thi nghiém mé phong
cho két qua chinh xac cao so v6i thong s6 ngin mach
va khong tai ciia nha san xuat cung cip. Vi truong
hop co tai, dudng dac tinh dién ap lam viéc va hiéu
sudt theo md phong phu h0’p voi ly thuyét. M6 hinh
phong thi nghiém ao nay hap dan déi voi sinh vién va
gitip sinh vién c6 thé hiéu sau hon vé cac khia canh
hoat dong cua MBA.
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