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Tom tat: Trong hé thong dién, viéc xdc dinh gia tri dong, ap va cong sudr dong vai tré rat quan
trong. Cdc dai lrong ndy ¢ thé phuc vu cho muc dich do lwong hodc bdo vé céc thiét bi dién. Bai bao
nghién citu phuong phdp xdc dinh cdng sudt tac dung dua trén viéc bién doi cdc vector dién ap va
dong dién trén hé quy chiéu tinh trong hé quy chiéu quay dong bé. Trén hé quy chiéu dong bé cdc dai
leong hinh sin dwoc thay thé bang cdc dai hrong mét chiéu Vi thé viéce xdc dinh cac gid tri dong, ap,
cdng sudt tré nén don gidn hon so véi hé quy chiéu tinh. Pé kiém chieng Iy thuyét nghién cizu, bai bao
da thyc hién md phéng trén phan mém Matlab & Simulink va thec nghiém trén mé hinh vér Iy don
gian cho két qua tot.

Tir khoa: Cong suat tac dung, hé toa dé d-q, Matlab & Simulink, bién dong, bién &p,
STM32F103VET6.

Ma& phan logi: 10.2

Abstract: In the electrical system, determining the value of current, voltage are a very important
role. They may serve the purpose of measuring or protecting electrical equipment. This paper
researches active power measurement based on transforming voltage and current vectors from static
frames into a synchronous rotating frame of reference. The sinusoidal values are replaced by direct
current (DC) on the reference system, so the determination of the active power becomes simpler than
the static reference system. The paper performed simulations and experimented on a simple physical

model.
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1. Gigi thigu

Trong hé théng dién, viéc xac dinh gia
tri dong, ap, cong suit dong vai tro rat quan
trong. Céac dai lugng nay c6 thé phuc vu cho
muc dich do ludng hodc bao vé cac thiét bi
dién. Giai phép truyén théng la s dung cac
mach phat hién diém khong dé xac dinh pha
cia dong hoic ap, sau do6 do diém cuc dai
[1], phuong phap nay c6 thiét ké phuc tap va
t6 ra thiéu chinh xac khi hoat dong trong ché
do dong. Mot phuong an khac 1a tinh gid tri
hiéu dung trén co sd thuat toan RMS (Root
mean square) [2], nhuoc diém cia phuong
phap 1a khong xac dinh dugc cac gié tri tac
thoi cua dong va ap, ngoai ra goc pha gitra
dong va ap cling khong xac dinh dugc do vay
khong thé tinh dugc cdng suat bang phuong
phép nay.

Bai bao dé xuat phuong an xac dinh cac
gia tri dong dién, dién ap va cong suat tac
dung cho ludi dién mot pha theo co so ly

d-g frame, Matlab & Simulink, current sensor,

transformer,

thuyét cong suat ba pha trén hé toa do quay
ddng bo d-q [3] dé chuyén cac dai lwgng hinh
sin thanh mot chiéu. Véi viéc ap dung ly
thuyét cong suat ba pha, mot vector ao (ap
hoic dong) tré pha mét goc 90° so véi vector
thuc duoc tao ra. Cap vector thuc va vector
ao hinh thanh 1én moét hé toa d6 quay vai van
t6c w=2xf (f 1a tan s6 ludi), hé toa do nay co
vai tro tuong tu nhu hé toa do a-f [3] cua
lusi dién ba pha. Két hop véi phép bién doi
hé toa d6 (phép xoay toa dd) s€ thu duoc gia
tri cua cac vector nay trén hé toa do quay
dong bo d-q [3].

2. Xac dinh dién ap/dong dién trén hé
toa do d-q

So d6 khéi clia khau tinh toan bién do
dién ap pha trén hé toa do d¢ong bo duoc chi
ra tai hinh 1. Viéc tinh todn gié tri dong dién
hoan toan tuong ty nhu véi gié tri dién ap.
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Hinh 1. So d6 khéi khdu tinh todn bién dj dién &p
trén hé toa do dong bé.

Céc vector trong hé toa do tinh dugc ky
higu véi chi s6 s phia trén. Vector v lay
trung vai vector dién ap v,. Con V; duoc tao
ra bang cach dua V, qua bo loc théng toan bo
APF (All-pass filter) dé tao ra vector léch
pha 90° so véi V,. Phuong trinh V; va V;
nhu sau:

Vg =V, cosd )

~ Dinh nghia mot hé truc toa do vai truc d
gan vai vector dién &p V, va truc g vudng
g6c vai truc d goi 1a hé truc d-g. Hinh chiéu
cua V; va V; trén hé méi twong tng la v va
V¢. Goc lech pha (6-6) giita Vi va V; dugc
duy tri bang 0 nho b diéu khien PI (b dicu
khién ti Ié-tich phan) nam trong vong khéa
pha PLL (phase-locked loop) [4]. Gia tri vy
va V; dugc xac dinh véi phép xoay truc toa

Vg
g o

Ta c6 thé viét (3) dudi dang sau:

do mot gocé:
Vg

Vs

sin@

3 cosé
—sind cosd

Vi =Vy (:os¢§+vqS sing 4)
Vg =-V;gsin 6 +V; cos 6 )

Thay (1) va (2) vao (4) va (5) s€ thu dugc
vector dién ap trong hé toa d6 d-g nhu (6) va
(7):

Vi =V, cocho§¢9+Vm sindsin @ 6)
=V, cos(68-6)

Vy =-V, cos@sin@+V, sindcosd

=V, sin(H—é)

(7)

Tu (6) thay rang néu duy tri dugc 6=0
thi v =V _noi cach khac dién ap trén truc d
s€ tro thanh bién d6 cua dién ap ludi v, .

Gid tri V¢ s& duoc st dung nhu dau vao
cua bo diéu khién PI, c6 nhiém vu diéu chinh
dé giam v vé bang khong, khi d6 6 s& trung
Vol 6.

3. Thyc thi by loc APF va bj diéu
khien PI trén néen tang dung vi dieu khien

3.1. Thuc thi loc APF

Bo loc APF c6 ham truyén dat nhu sau

[5]:

S—o
H(s)=——2 8
O ®)
Dé thuc thi bo loc trén vi diéu‘ khién, ta
tim md hinh bg loc (8) trén micn z theo
phuong phap Tustin [6] bang céch thay:
71 r 2
s=2172_ va thé vao (8), trién khai dudi
T1+z
dang phuong trinh sai phan (10) , trong d6 T
la chu ky trich mau, we , y(k) va x(k) lan luot
la tan so cat, dau ra va dau vao cua mach loc.
-1
H (Z) — )Y((Z) — (_a)cT _2)_(0)(:-'- + 2) Z_l (9)
() (0.T+2)+(0,T-2)z

w,T -2 ol-2
a)cT+2X(k)+X(k 1) 0T 2 y(k-1) (10)
3.2. Thuec thi b diéu khién PI
_Phuong trinh tong quét cia by PI trén
mién thoi gian lién tuc cho boi ham truyén
dat sau:

u(t)=K, {e(t)+_l}j.e(t)dr}

co

y(k) =

(11)

~ Trong d6 e(t) va u(t) la sai léch Kr 1a hé
so khuech dai va Te la hang so thoi gian
cham sau. No luc xép xi khau PI duogc thuc
hién thdng qua viéc xap xi khau I (tich phan).
3.2.1. X4p xi khau tich phan
Thanh phan tich phan duoc biéu dién bai
phuong trinh:
t
u,(t):Tije(t)dt; T, =T./K, (12)
10
D¢ thyc thi bing vi diéu khién, khau tich
phan can duoc xap xi sang mien thoi gian
gian doan. V& mat todn hoc, phuong trinh
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(12) biéu dién phép tinh dién tich cua hinh
phang gidi han boi ham e(t). Dién tich d6 ¢
thé duoc xap xi theo phuong phap hinh chi
nhat thé hién trén hinh 2.

e(t) A

»

0 1 2 3 k

Hinh 2. Phirong phdp xap xi hinh chiz nhat.

T =
u, (k) z?ZeH =u,(k-1) z?ZeH

1 i=1 | i=1
Vay:

T
I(k) ~U, (k_1)+?ek—l

|
3.2.2. Xap xi bp diéu khién Pl
Bang viéc xap xi thanh phan tich phan
theo phuong phap hinh chir nhat ta c6 dugc
phuong trinh sai phan (13):

u(k) =K, {e(k){ien(k)}

c i=l

[

= u(k)=uk-1)+K, {e(k) ~e(k-1) +:e(k —1)} (13)

C

Tu phuong trinh sai phan (13) va lua
chon cau truc song song [6] dé thuc hién bo
d

diéu khién PI di chon.

q Céng suat P

[Ved] vd

o
=
o

4. M0 phéng trén Simulink

Thur nghiém moé phong khau xac dinh
dong, ap va cong suat tdc dung trong ludi
dién mét pha nhu hinh 3.

Khau bién doi hé toa do quy chiéu dong
dién nhu trén hinh 4. Khau bién dbi dién ap
c6 CAu trac tuong tu.

Khau loc dich pha APF véi tan sb cat wc
ly bang 314 rad/s. Thong sé Kp va Ki cua bo
diéu khién PI cho mach vong khoa pha PLL
tinh theo phuong phap t6i wu d6i xung [3]
lan luot la 150.1 va 120.5.

Mo hinh tai ludi nhu hinh 5 véi tai thi
nghiém la dang tai RLC véi R = 50Q, L =
1mH va C = 20yF. Bién do dién ap ludi duoc
diéu khién dé thay doi cua trong pham vi +20
V. Cong suit tac dung trén hé toa do d-q
duoc xac dinh theo [3] nhu sau:

P =Vl +V7IE (14)

Két qua mo phong dién ap vao, dién ap
trén hé toa do quay dong bo va cong suit tac
dung trén tai nhu trén hinh 6. Bién ap V; co
dang mot chiéu véi bién do bang vai gia tri
hi¢u dung cta dién ap pha. Thanh phan v¢
bang 0. CAng suit tac dung duoc tinh theo
(14) va ciing 1a dai lugng mot chiéu. Gia tri
cong suat do dugc ¢ trang thai xac lap duoc
chi ra nhu trong bang 1.

]

MRS G
a la 5

15 =) -cong suat
led < [led] [led] >_p|d

Teta legb—»< [leq] fleal >»iq Teta | [Teta_l]

Bién ddi hé quy chiéu dong dién PLL dong

vsd [Vsd]
Ved [Ved] e .

P Teta Veq|—»< [Veq] [Ueq] Vg i <[Teta_U]]

Bién dbi hé quy chiéu dién ap PLL ap

Hinh 3. So' @6 m6 phong trén Simulink
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Hinh 4. Khau bién doi hé quy chiéu dong dién
Continuous fal
powerguli
200V 50Hz
U1
r\\/ pu2 Udk [va]
g == - VM
240V 50Hz | Thay ddi dién &p lwei
V M hinh tai-lwéi
220V 50Hz

Hinh 5. M& hinh md phdng tai ludi

Bdng 1. Két qud ciia phép do cong sudt.

bién ap (V) Cong suit ly thuyét (W) Cong suit do (W)
200 842,1 844,3
220 1016,4 1015,2
240 1215,7 1216,5
. V: stl | Dién ap ting 20V——  Bign ép gidm 20V
o T V; T T T T T T T T
Mf = il
N__v ,_ ‘
::/’\ T P_\\ T T :, T T T T T |

004 0.06 0.08

0.1 012

Hinh 6. Két qua md phong dién &p va cong sudt.
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Két qua cho thay phuong phap tinh toan
la chinh xac, véi sai sb tdi da khoang 0,26 W
SO V&i gia tri tinh toan.

5. Thuc nghiém trén nén tang vi diéu
khién

So o cau tric thir nghiém thiét bi do
cong suat trén nén tang vi dieu khién nhu
hinh 7.

GLCD
320X240

AC
SOURCE 3.3V

%% ADC1
AN

ZMPT 101B  OP07 ARM 32BIT
STM32F103VET6

J‘ ﬁ] Df— ADC2

EMCTlOS’C OP07
LOAD
Hinh 7. So d6 cau tric thiét bz do céng suat trén hé
toa dé quay dong bg.

Khau xac dinh dong, ap va cdng suat
dugc trién khai trén mo hinh vat 1y dé kiém
chtng thuat toan trong thuc té.

bién ap ludi va dong dién duoc dua qua
bién 4p ZMPT 101B, bién dong ZMCT103C
va duoc cong thém mot luong dién ap la 3.3
V dé khtr phan am cua séng dién ap sau dé
dwa dén dau vao ADC1 va ADC2 ciia vi diéu
khién STM32F103VETS.

Vi diéu khién st dung trong thir nghiém
la loai ARM 32 bit c6 ma STM32F103VET6
hoat dong ¢ xung nhip 72 MHz. B ADC
(Analog to Digital converter) cia vi diéu
khién c6 thé ldy mau ¢ toc do 1 Mps véi do
phan giai 12 bit.

Chu ky trich mau cua bo PI chon 1a 0.1
ms. Cac thuat toan xur ly sb duoc thuc hién
trong ngat Timer 1 cia vi diéu khién. Tai thi
nghiém 1a thuan tré cong suat 725 W. Hinh
anh thar nghiém tai hinh 8.

Trong diéu kién ludi dién binh thuong,
thir nghiém cho thiy c6 su sai léch &p ¢ 1V
so voéi thiét bi ding dé kiém chuan. Nguyén
nhan sai léch dén tir su khong tuyén tinh cua
cac linh kién trong mach chuan hoéa tin hiéu

dwa téi vi diéu khién. Khi luéi dién c6 sy dao
dong, sai léch két qua do co thé dat d¢én +10
V. biéu nay giai thich do dang khdng sin cua
dién ap ludi. Tuy nhién c6 thé khic phuc
bang céc bo loc thdng thdp ¢ dau ra V¢ hoic
st dung phuong phap trich xuat thanh phan
thur ty khong cua dién ap luoi.

- B =
B’ 2
I i'" STM32F103

! THIET BI DO GONG SUAT

Cong suat : 717.8 Watt
Dien ap  : 231.5 Vol

Bidq ap" ra.éndg... womesous | B Dong dien : 3.1 Anpe

doltgng
Dong hﬁ van | nanh / DIEN MAMG : 167.5 ki

Hinh 8. Thiz nghiém khdu do dong/ap/cong sudt
trén mé hinh vt ly.
6. Két luan

Bai bao di dua ra phuong phap dé Xac
dinh bién do dién ap, dong dién va cong suat
tac dung cua mach dién mot pha trén hé toa
do quay dong bo. Phuong phap xac dinh
cong suit trén hé toa do “quay ddng bo gilp
cho thiét bi do cong sudt tro nén don gian
hon bang viéc loai bo cac khau phat hién
diém khéng. Cac budc thiét ké da duoc trinh
bay trong bai bao va dugc mé phong trén
phan mém Matlab & Simulink cho két qua
chinh xac vai sai léch khdng qua 0,26 %.
Tinh dung ddn cua nghién ctu duoc kiém
chung thong qua két qua méd phong va thuc
nghiém trén mo hinh vat lyQ
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