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ABSTRACT

The paper presents the application of theory of electric theory and modeling methods to develop algorithms
flowchart and build graphic user interface designs on computers. The program aims to simulate virtual experiments
of three phase electric power theory without having to use pratical devices. Typical applications of the program are
to simulate symmetrical and asymmetrical three-phase circuit experiments for analyzing the relationship among
the phase and the magnitude of currents, the line to line and line to ground voltages under the star- (Y) and delta-
(A) connected configurations in the symmetrical three-phase system. Moreover, it could be used to measure the
3-phase load power capacity by the 1-wattmeter and 2-wattmeter methods. Each process of measuring, calculating
and processing results of the software program is verified and retested accurately with the practical experiments.
Finally, this paper shows results in the form of tables or graphs within the experiment scopes.

Keywords: Virtual experiment, three-phase circuit, symmetrical circuit, asymmetrical circuit, star circuit, delta

circuit.
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TOM TAT

Bai bao trinh bay tung dung 1y thuyét vé Ly thuyét mach va Phuong phap mo hinh héa trén méy tinh dé

nghién ciru, xay dung luu d6 thuat toan, thiét ké giao dién va viét chuong trinh nham mo phong thi nghiém, thuc

hanh (TN — TH) a0 vé Ly thuyét mach ma khong phai dung cac thiét bi that. Két qua duoc thuc hién mé phong cho

céc thi nghiém mach dién ba pha ddi ximg va khong dbi xting véi cac ndi dung nhu phan tich, nghiém lai quan hé

vé pha va mé dun giita dong, ap day va pha trong hé pha d6i ximg ndi hinh sao (Y) va hinh tam giac (A); do cong

sudt tai 3 pha theo phuong phap 1 wattmet, 2 wattmet; xuét két qua do dudi dang bang s6 liéu hodc db thi.

Tw khéa: Thi nghiém ao, mach dién ba pha, mach doi xung, mach khong dsi xung, mach hinh sao, mach hinh

tam gidc.

1. PAT VAN PE

Mot trong nhiing yéu cau cép thiét cta
viéc d6i méi phuong phap day hoc hién nay la
tang cuong su dung phuong tién day hoc hién
dai va trng dung cong nghé thong tin trong day
hoc. Dic biét ddi voi cac nganh k§ thudt thi viéc
st dung phuong tién day hoc hién dai va tng
dung cong nghé thong tin cang c6 y nghia quan
trong trong giai doan phat trién nhanh cta cong
nghé nhu hién nay. Viéc han ché vé trang thiét bi
hién dai trong dao tao nham dép tmg cho ting
m6 dun, mén hoc dan dén viée sinh vién sau khi
t6t nghiép thudng gip nhiéu lung ting bd ngd
trong thyc hanh. C6 thé khic phuc han ché nay
bang cach xay dung cac thi nghiém - thuc hanh
40 c6 du md hinh céc trang thiét bi nhur that dé
sinh vién c6 thé 1am quen véi thiét bi, thao tac
trén céc thiét bi, do dac cac thong sb vat 1y, khao
sat cac dac tinh, thtr nghiém dé dang cac ché o
cua mach, doc chi s thiét bi do m¢t cach thanh

‘Tac gia lién hé chinh.
Email: doanductung@gqnu.edu.vn

thao nhim trau doi cac k§ ning.**¢’ Do vy,
viéc xay dung céc bai thi nghiém - thuc hanh 4o
Ly thuyét mach bao gdm céc thiét bi do luong
hién dai ciing cac panel thi nghiém tong hop co
¥ nghia rat 16n trong cong tac dao tao, giang day
va nghién clru tai cac co sé dao tao.
2. MACH DIEN BA PHA
2.1 Khai quat

- Nguon dién ba pha c6 thé lay ra tir may
phat dién xoay chiéu dong bo ba pha hoic tir cac
may bién 4p ba pha & cac tram bién ap. Ngudn
ap d6i dbi xtng co cac stc dién dong (sdd) hoan
toan giéng nhau va léch nhau 120° Gmg véi thoi
gian 1/3 chu ky. Ta c6 biéu thirc cac sdd do.!

Strc dién dong pha A:

e,()=E, V2sinot
Strc dién dong pha B:
e, () = E,+/2sin(ot - %)
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Strc dién dong pha C:
ec(t):EC\/Esin(wt—z?ﬂ)

- Néu cac nguodn dién ndi riéng 1& vai cac
tai ¢ tong tro pha Z,,72, 7Z.tacoh¢ thong ba
pha géom ba mach mét pha nhung khong lién hé
nhau (hinh 1). Mdi mach dién goi 1a mot pha cua
mach dién ba pha.!

A ia

Gl eA ﬂZA

X
€c
ZY
€s . Z
- r®/ NG ﬁ]ZB e T

—P-

Hinh 1. H¢ thong 3 pha nbi riéng ré

- Mach ba pha khoéng lién hé (hinh 1),
trong thyuc t& khong dung cach ndi day nay vi
khong kinh té. Thuong ba pha ciia ngudn ndi lién
v6i nhau, ba pha cua tai ndi lién véi nhau va co
dudng day ba pha ndi giita ngudn véi tai, dan
dién nang tir nguon dén tai. Thong thuong ding
2 cach ndi: ndi hinh sao (ky hiéu Y) va ndi hinh
tam giac (ky hiéu A).!

2.2. Quan hé¢ giira dong dién va dién ap day,
pha trong mach 3 pha ddi xirng

2.2.1. So db néi sao - sao (Y-Y)

+ Quan hé giita dién ap day va dién ap pha:

v

Hinh 2. So d6 ndi sao - sao (Y- Y).2

- Vé tri sb hiéu dung: dién ap day 16n hon
dién 4p pha 3 lan: U, =3U,

- V& goc pha: U, vuot trude U, 1a 30°.

+ Quan hé gitta dong dién day va dong
dién pha:

- Vé tri b hiéu dung: I, =1,
- V& goc pha : fd = if
2.2.2. So do néi tam gidc - tam gidc (4- A):
+ Quan hé gitta dién ap ddy va dién ap pha:

Hinh 3. So d6 ndi A- A
- Vé tri b hiéu dung: U, = U,
- V& gbc pha: Ud = I.Jf

+ Quan hé giita dong dién day va dong
dién pha:

- Vé tri s6 hiéu dung: Dong dién day bang
/3 lin dong dién pha: I, =+/31,

- V& goc pha: dong dién day cham sau
dong dién pha la 30°.

2.3. Do cong suit tai 3 pha bing cac Wattmet
2.3.1. Po céng suit mach ba pha doi xieng

Ta chi can do cong suit mot pha, cong
sudt ba pha 1a: P= 3P=3P,

v6i P, - chi s6 clia oatmét (Wattmeter) mot

pha.
A *l 51:* P,
W $
B Tai ba
pha doi
C xung
N

Hinh 4. Do cong suat bang 1 wattmet

2.3.2. Po cong sudt mach ba pha khéng doi xirng:

Pé do cong sudt mach ba pha bén day
khong d6i xtmg ta dung ba oatmét dé do cong
suét timg pha. Cong suét ba pha la:'23

P=P +P_ +P,
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A * Pa
%
s Tai ba
B *l ;W\ Py pha
C N [ Pc| khong
. W doi xtmg
N
Hinh 5. Do cong suét bang 3 wattmet
*
A, Py
\J) Tai ba
pha
. A
P khong
B L2 |adi ximg
-C j/

Hinh 6. Do cong suit bing 2 wattmet

Véi mach ba pha ba day ddi xting hoic
khong ddi xtmg c6 thé ding hai oatmét ndi day
nhu hinh 6. Cong suét ctia toan mach 1a:

P=P +P,=P +P, +P,
3. THi NGHIEM AO MACH DIEN BA PHA

Xuit phat tir co sé khoa hoc vé 1y thuyét
mach dién, két hop voi ky thuét 1ap trinh trén
MatLab bai bao da nghién cuu xay dung mé hinh
thi nghiém dé thyc hién mo phdng cho céc bai thi
nghiém Ly thuyét mach, trong phan nay s& trinh

bay céc thi nghlem vé “Mach ba pha d6i xtng va
khong dbi xtmg”.

Qua trinh thyc hién thi nghiém dugc thuc
hién theo so d6 nhu hinh 7. Sinh vién thuc hién
cac budc thi nghiém theo cac lién két chinh
trong so do, trong d6 sinh vién c6 thé xem bai
thi nghiém mau dé thun tién cho viéc lam thi
nghiém.

Thu vién
cac thiét bi Giao dié Mo bai~thuc
thi nghiém — ’a}‘l’, t‘f“ > hanh miu va
\_ thuc hanh ) chin chay mo phong
1
v /,'
(" Lép thiét bi /
thanh h [~ == =Y--x . ,/ A e
thli? hanhva | | P;hf‘,‘} “f}lll, E S
A~ ; sOliuthi . ___-
chay mo i nghiém :( ——-- Lienkéthé
\_ phong )\ T / ire

Hinh 7. So db qua trinh tién hanh thi nghiém

Trén co s k¥ thuat 1ap trinh trén ngén ngir
MatLab, bai bao xay dung cac bai thi nghiém ly
thuyét mach c6 giao dién chinh nhu hinh 8.

a Giao_dien_thi_nghiem a0 - oI
8R309Q -
_ﬁm Busbes
IIl 08| i LEM AO VE MACH BA PHA DOI XUNG VA KHONG DOI XUNG.
stwe
0§ Thy i b moch e iyt 4 Ko i mch i b s img 4
g ing v e i i i v
Lo | o T
02 xing il i,
il do g sl 1 3 p e iy | e, 2 watt.
Losusoutn| 1] 2o
02 04 06 08 Lip 083y i g tn iy o
e
ol s in e s 1t e ),
ahixing b it
u a2
[ | o oo
n
= 06 3. e ahniopin
A1 pch 3 b xing i ik 00
04 Moch 3pha 1 ximg i i s 8 iah 5.1
B . .
28 A
02 04 06 08 A
)
| T 2 1/ 2 [ O 5 Sl sa i
= il Mac 3 i i i c 500 s Hih 5.2
; i & - &
= 1
< >

Hinh 8. Giao dién thi nghiém - thuc hanh do lic méi
khoi dong

Trén giao dién chinh nhén vao Tab “Thu
vien” lay céac thiét bi dé ldp mach thi nghiém -
thuc hanh. Giao dién cac thiét bj nhu hinh 9.

1) Library: thuvien =T
File Edit View Format Help
Ded&| 2|4 2 nEm|
~
: a=—AAN—=
ontinuous|
R
povergui e
o J_ <
P e
b e G M [ = 0 %
VoltmetS Voltmeté Voltmet7 o -
o[ P o[Fusw 1 o[Furm P2 o[Fusn P2 M E
L&M
olup 1Bfe  elu@ 18] elUE 1B)e  elup 1B A
‘Wattmet Wattmet1 ‘Wattmet2 Wattmet3 _@1
ofn ale
Ps Psl Ps2 Ps3
ofl oI*UH) oI o[IU%
U 72 ) £ U 722 ) 722 el
slup 10 ojup m slup 10 slup 10e 3 phase AC
Powermet
ofI*U"(+) cosphip ofI1*U"(+) cosphil o |1*U*(+) cosphi2 o |I*U*(+) cosphi3
olup  1@feelua 1B ojue 18l elug  1G) I
Cosphimet i i i
- = B
190 g0
X A0
Lower Left .20
i

rong
Ready 100% Locked 7

Hinh 9. Giao dién céc thiét bi thi nghiém ao

Trén giao dién chinh duoc thiét ké véi
nhiéu tinh nang nhu: Chon cac bai thyc hanh
mau di co (co6 5 bai, mdi bai co6 nhiéu so dd
thi nghiém), thu vién cac thiét bi thi nghiém,
c6 thé luu va hién thi dir ligu cho mdi 1an 1am
thi nghiém.

Tur giao dién chinh nhu hinh 8 va thu vién
cac thi nghiém nhu hinh 9 ta c6 thé lp dat cac
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mach thi nghiém theo nhu ciu cin khao sat va
tién hanh khao sat dé thu nhap céc di liéu.

Bai bo trinh bay két qua thyc hién cac
thi nghiém &o: mach dién ba pha ddi xtmg du
Y, mach ba pha ddi ximg dau A va mach ba pha
khong d6i xtmg dau Y.

3.1. Mach dién 3 pha déi xirng ddu Y

Tur giao dién chinh nhu hinh 8 va thu vién
cac thi nghiém nhu hinh 9, tién hanh lép mach
dién 3 pha dbi xing ddu Y. So d6 thi nghiém
duoc lép dat tir chuong trinh nhu hinh 10.

File Edit View Simulation Format Tools Help

DISE&E| S DB ||| > npa [Nom CRERS s hEES®

20v

R3=100 Ohm

GetmH C3-2200uF
Fomrgul
Reac (100% [ [ode23s /
LS = s

Hinh 10. So d thi nghiém mach dién 3 pha di ximg
dduy

Tién hanh khao sat (chay chwong trinh) ta
duoc céac s6 liéu vé dong dién, dién ap, cong suét
hién thi trén cac thiét bi do nhu hinh 11.

FEile Edit View Simulaion Format Tools Help
A I e O | HERe: nEES

[—]

R1=100 Ohm L=t mH c1=2200 uF

‘,.y
@ M.. PN | (R
aee JW\fA—Jm’L-—-—{ (7-7
— R2=110 Ohm L2=1mH C2=2200 uF
1 —=| =
oy =l = [ 22 B Z]etmes
—-g - — A= LTI —]
R3=100 Ohm LB=1mH €3=2200 uF
L 5 i 0.00]
i es
o
s i [odez3: Y

Hinh 11. Két qua do céc s6 liéu thi nghiém mach dién
3 pha d6i ximg dau Y

C6 thé xuat cac s6 liéu thi nghiém va vé
cac dac tinh trén giao dién chinh nhu hinh 12:

S dics
T e m i moch iy Ko st mch i b ph s ing
g g 6 e i sih v

)+ i g (1),

b g i | v 2 vt
l L duieuin| 1 |f

o durghinghidn:

ot chuong roh ¢ t(s) L

] T
==
e | { |
W 45

3} ” \ [ e [ 8 Tout
143506403 1.41126403 2198 22002 22002 "
2 143506403 141126403 2198 22002 22002

< > =

() i am i ().

LICH

i

E]

E&w@@ B

=)
— u v ut (V)
Chon bai§ v Biishos.
i
T vien
S1. M0 i
T i o iy o Kl mch b e xing vk
Nobimau Y v Ko s g e 0ich i
‘ha dbi ximg dl ss0 (Y) vi df tam gide (8),
Vedothi o @ o
xing il i,
- o g sl ke ki | v, 2wt
Luudubeulan 1
0 o005 001 005 0@
Totchuong rion J t(s) B
L v i(A)
4
U1=2199725 V |
| Vatmet 2
o
ﬁn_m‘“ ‘ Swckeduinin
| ‘Mach 3 pha d6i ximg ndi hinh 30 c6 50 db sh Hish S.1.
o1 V4T 4
1411208W | 4
P 0005 001 005 002
0 l(s) 002
[ m | n [ B Tout
1 143500403 141126403 21998 22002 22002 A
2| 1430003 14ft2e03 2198 22002 22002 5 1
< > &) =) ‘

Hinh 12. a) Hién thj cac $6 lieu; b) cac dang séng cua
dién ap va dong dién

Trong qua trinh 1am thi nghiém thi cac két
qua co thé doc sb lidu tir cac dong hd hién thi
trén Giao dién mo phong (hinh 11), ciing c6 thé
doc va phan tich trén Giao dién chinh (hinh 12).
Két qua ciing ¢6 thé duoc trich xuat nhu bang 1.

Bang 1. Két qua do trong thi nghiém mach 3 pha ddi
xtng déu Y

Cong suat (W) | Dong dién (A) |  Dién ap (V)

Pl 1434951 (I, 220 |U,=U, 2200

1

P2 1411203 |I, 220 |U,=U,  220.0

2

L 220 |U.U, 2200

3

U, =U 381.1

BC 4

U = 0.0

n0
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Qua két qua thi nghiém ta nghiém lai dugc
quan h¢ gitra dién ap pha va dién ap day dung
nhu Iy thuyét da co.

3.2. Mach dién 3 pha déi xirng diu A

Tién hanh 1ap mach dién 3 pha dbi xing
dau A, so d6 thi nghiém duoc lip dit tir chuong
trinh nhu hinh 13.

m<:=;>1}|oo\> Bt [oms

H2ubss hEBES

Hinh 13. So d thi nghiém mach dién 3 pha déi ximg
diu A

Tién hanh khao sat (chay chuong trinh) ta
duoc cac sd lidu vé dong dién, dién ap, cong suét
hién thj trén céc thiét bi do nhu hinh 14.

B
Fle Edt View Smulatin Format Tooks Help

D\nné|x'hm<:=mr[~zr\r pa [Nomat

C2spon hEES®

Hinh 14. Két qua do cac s6 liéu thi nghiém mach dién
3 pha d6i xtimg diu A

C6 thé xuat cac s6 liéu thi nghiém va vé
cac dac tinh trén giao dién chinh nhu hinh 15.

o R G R

]
|

]
I
|
|

W

I B
[F= =

1 02
t(s)

e [ & u

LT TR

32 Mg 3 pha g i it i
Moch 3 s 65 ish g s i Hioh 52

1
2| rssovens u s«o: 2998 30004 2000

g xing diuso (1) o i (3.

dising i i

Watne, 2

g | Watmet v 2 W

53 Cie s b th i

5
e

] |E

x
8
4

[ B
0

0.005 001 0015 0.02
ts) B

T 2

T2 N |

1| 19500003 190150003 2999
2| 1ss00e3 1s3seds 20898

LT

Q

3000 30004 174
aoe as 17

i

Mach 3 pha i ing i i g 500 e Hih

[«

]

Hinh 15. Hién thi cac s6 liéu va cac dang song cia
dién ap va dong dién

Két qua ciing c6 thé duoc trich xudt nhu
bang 2.
Bing 2. Két qua do trong thi nghiém mach dién 3 pha

d6i xtmg ddu A

Cong suit (W) | Dong dién (A) | Dién ap (V)

P, 1950008 |I,=1 3.00 |U, 381.05

P, 1931.498|I =1, 3.00 |U, 381.05
=1, 3.00 |U. 381.05
I,=1, 173 |U_=U 38105
I,=1 173 |U,=U, 381.05
I.,=1 173 |U,=U, 381.05

Qua két qua thi nghiém ta nghiém lai dugc
quan hé dong dién pha va dong dién day dung
nhu 1y thuyét da co.

3.3. Mach dién 3 pha khéong ddi xirng dau Y,

Tt giao dién chinh cta chuong trinh va
thu vién cac thiét bi, tién hanh lap mach dién 3
pha khong d6i xtmg (ngudn d6i xtimg, tai khong
d6i xtng) ta duoc so dd thi nghiém nhu hinh 16.
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C1

Fle Edt View Smultion Format Tools Help

DIEHS sDB|E ¢ |2|> aps | [Noma CREpeE RBES

= |r:|1

=

N ] r AN~ T
"“ ”') R1=220 Ohm
L1-1000 mt
=
—
7 |
nmm
i { T —— ——]

: 12280 e 12=10 mH (C2=2200 uF

l:! m« =)
A-Mm-m = E—
“ 49 Aroaness R3=100 Ohm

Gel0mH CI-2200uF

Rn=220 Ohm

1
-~

1 === =

Hinh 16. So d6 thi nghiém mach dién 3 pha khong
d6i xtmg déu 'Y,

Tién hanh khao sat, thuc hién chuong
trinh ta duoc cac s liéu nhu hinh 17.

R1=220 Ohm

L1=1000 mH

e, B

m
=] e
" = ju—
"'”""" £ = va/\/—-—-mlf\—-——{ —
—Ilu 10] ""'“‘2 R2=100 Ohm = uf
B -8 ——mr —
= =] =
Bl
VY —— % — T
R3=100 Ohm L3=10 mH €3=2200 uF @
oz
—
1 =
==

Hinh 17. Két qua do céc sb liéu thi nghiém

Trong qué trinh 1am thi nghiém, cac két
quéa c6 thé doc tir cac dong hd hién thi trén giao
dién mod phong, cling co thé doc va phan tich trén
giao dién chinh nhu hinh 18.

H
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e
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T
e
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Hinh 18. Hién thi cac s6 liéu va cac dang séng cia
dién ap va dong dién

Khi thay d6i gia tri dién tré R ta duge két
qua nhu bang 3.

Bang 3. Két qua do trong thi nghiém mach 3 pha
khong dbi ximg

U nn

U1 |12 | U3 trung [trung| I1 |pha |pha
phaA [phaB [phaC ftinh | tinh phaA| B | C
I V) |0 |0 M) @A) @A A
917320471 ]18409 7235) 033] 0.52) 2.05] 1.84
29005 2107117891 715 033] 084 2111

2851200.20] 1816 6631 03] 0.4 201] L714] 0.617] 0827 120
292.86222.721166.27 7707 035] 0.84| 223) 1.66] 0.522| 0932] 0964] 150
1
1
1

Rl
®)
0938] 0958] 410
78] 0761) 093] 0363 3%0

CosPhi2
CosPhi3

=
oo [(CosPhil
by

!
300.67|229.33|157.15 8659] 0.39] 055) 229] L57] 0.301] 0.919] 0955 50
303.25\230.87|13425 9142| 042) 097) 231] L34] 0.209) 0.811] 0548 10
306.35|231.09)153.74 9253| 042) 098] 231] L54] 0.191) 0.909] 0546 1

e [ | e | e e [—

4. KET LUAN

Phan mém thi nghiém - thyc hanh 4o c6
ndi dung thi nghi€ém phong phu, linh hoat nén
gitp sinh vién nim duoc nhidu kién thirc bd ich
va rén luyén tot k§ nang thi nghiém - thuc hanh.
V6i céc thi nghiém 4o, ddy 1a cong cu rét hitu ich
ho trg tich cuc trong cong tic giang day, giang
vién dé dang gan cac tiét giang 1y thuyét vi thuc
hanh ngay cé khi & trén 16p hoc. V&i phan mém vé
cac thi nghiém 4o duoc xay dung s€ 1a mot trong
nhiing giai phap gitp nang cao chat lwong dao tao.

Phan mém thi nghiém - thyc hanh 4o ciing
s€ dong gop mdt giai phap cong nghé linh hoat
va hién dai. Qua do giup co sé dao tao dat dugc
hiéu qua:

- Tiét kiém duogc kinh phi dau tu thiét bi.

- Tiét kiém duogc kinh phi mua vt tu tiéu

hao phuc vu thi nghiém hang nam.

- Tiét kiém dugc kinh phi duy tu, bao dudng.
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