TAP CHi PHAT TRIEN KH&CN, TAP 18, SO K5- 2015

Bu dién ap offset trong cac vong khoa pha
cta nghich luu ndi ludi

e Tran Quang Tho!
e Trwong Viét Anh’
e Trao Van Hoan'

e Lé Minh Phwong?

Truong Dai hoc Su pham K§ thuat Tp. HCM; thotg@hcmute.edu.vn
2Truong Pai hoc Bach khoa, PHQG-HCM; Imphuong@hcmut.edu.vn

(Ban nhan ngay 09 thang 02 nam 2015, hoan chinh sira chita ngay 10 thang 10 nam 2015)

TOM TAT

Céac bd nghich lvu nbi lwdi st dung
vong khéa pha dwa vao cac tin hiéu trong
hé toa d6 déng boé SRF-PLL duoc st dung
rét phé bién. Nhiém vu cua vong khéa pha
la xac dinh bién dé, tan s6 va goc pha cda
dién 4p nguén luéi. Chét luong cda dong
dién bom vao nguén luwéi cua nghich Iuwu
phu thuéc nhiéu vao viéc do chinh xac céac
tham sé nay. Viéc xuédt hién thanh phén
dién &p léch mot chiéu (dc offset) cda dién
ap nguén ludi c6 thé do phép do hodc do

quéa trinh bién déi kiéu dir lidu 1a tat yéu.
Thanh phén dc offset la mét trong nhing
nguyén nhan gay ra sai sé trong viéc wéc
lwong céc tham sé cia dién &p lwdi va lam
cho dong dién bom vao lwéi ciing c6 méo
dang séng hai. Bai bao nay dé nghj mét ky
thudt bu thanh phén dc offset trong vong
khéa pha dwa vao bé tich phan téng quéat
bac hai (SOGI). Cac két qud mé phéng da
xac thue tinh hiéu qud va bén vikng cda ky
thuat dé nghi.

Ttr khéa — bu dién 4p léch dc (dc offset); ngudn phét dién phén tan (DG); b phét tin hiéu
true giao (OSG); nghich luu néi ludi: d6 méo hai toan phén (THD); vong khoa pha dwa vao hé

toa do déng bd (SRF-PLL).

1. PAT VAN PE

Cac ngudn ning luong tai tao tir gid, mat
troi... duoc s dung ngay cang nhiéu vi tinh bén
viing va than thién véi moéi truong trong khi
tiém nang vo cung lén. Do d6, cac ngudn dién
phan tan (DG) st dung ning lwgng tai tao cling
phé bién trén ludi dién. Nham dap Gng tiéu

chuan chéat lwong dién ning [1]-[2] khi phat Ién
ludi, céc bo bién d6i nang lwong tai tao can phai
xac dinh nhanh va chinh xac céc théng sé bién
do, tan sb, goc pha caa dién ap ludi. Cac thong
s6 cot 16i nay dung dé van hanh dong bo cac bo
bién ddi ndi ludi. Phuong phap xac dinh céc
thdng s6 nay hién nay chu yéu bang vong khoéa
pha dya vao hé toa d6 déng bé (SRF-PLL) nhu

TRANG 5



SCIENCE & TECHNOLOGY DEVELOPMENT, Vol.18, No.K5 - 2015

hinh 1. Néu céac théng sé nay khong chinh xac
thi cac DG nay lai I thanh phan tac dong tiéu
cuc dén chit luong dién nang cua hé théng. Do
do6, nhiém vu cua PLL phai xac dinh nhanh va
chinh xac cac tham sb ngudn ludi trong van
hanh binh thuong ciing nhu khi c6 sy ¢ nhu:
mét can bang, nhidu séng hai cao, léch pha, suy
giam tan s6 ngudn ludi, sut dién ap ludi do ngan
mach... lam léch offset [3]. Ngd ra cua PLL
phai cung cap cac vector don vi sin®’ nhu trong
hinh 1 diing dé phuc vu cho viéc xac dinh dong
dién chuan muén bom vao ludi [4].

Sy xuat hién thanh phan offset cé thé do su
léch pha hay do qua trinh bién ddi kiéu dir liéu
cua tin hiéu dién ap ngd vao ADC tir uint sang
int hodc do sy sai léch caa cam bién... 1a diéu
thuong gap. Do do, thanh phan offset ciing s&
Xuét hién ¢ ngd ra 0’ ciia PLL nén ciing s& Xuat
hién trong cac vector don vi sin®’. Didu nay dan
dén dong dién bom vao lugi ciing s& ton tai
thanh phan dc offset va c6 thé vuot qua tiéu
chuén [2] cho phép 12 0.5%.

Theo két luan cua [5], thanh phan offset
gay ra sai sb tan sb tuong ddi thip nén kho loc
hét bang bo loc théng thap. Néu thiét ké bo loc
véi day thong cuc thap thi s& loc hét hoan toan
thanh phan dc offset, nhung lai lam dap ung
dong cham lai. Pay 1a didu bat loi dbi voi
phuong phap sir dung b loc théng thap.

Dién mat treri

Nehich hodc

~ Iwu a

. Téngtré Tongtré Dién gié
Neuon ngudn bd loc

wei "8 °10
Dién ap Déng
Iwdi Vin o Ig
Diéu

Wl Khién
céng suat
Pién ap dinh ngd vao

vong
khéa pha
(SRF-PLL)

Hinh 1: Nguyén ly nghich Iru ndi luéi 1 pha sir dung
hé toa do ddng bo dq

C6 nhiéu ky thuat [6]-[11] dé phat tin hiéu
tryc giao (OSG) trong ciu tric PLL & hinh 2
dugc cdng bd nhu:
+ Str dung khau tao tré ¥4 chu ky
+ Bién doi Hilbert
+ Bién dbi Park nguoc
Trong d6 Vin 1a dién ap luéi ngd vao, 0’ 1a
g6c pha udc lugng dugc. Tuy nhién, cac phuong
phép nay c6 nhiéu nhuge diém nhu: phu thugc
tan s, phuc tap trong tinh toan, phi tuyén, kho
loc tin hiéu vao hiéu qua... Do do, can phai c6
su nghién ciu sau thém vé PLL dé khic phuc
cac nhuoc diém trén.

Do pha

7 v =[F]=V

V,, | Phattin 1 ap [ Bolocvong Phat goc pha, tan sé

— o higutrye | ) o=0-2
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Hinh 2: CAu tric téng quéat cua
SRF-PLL ding 0SG

2. KY THUAT SOGI

Trong [12] d& sir dung k¥ thuat SOGI mang
tinh tiéu biéu cho viéc phat tin hiéu truc giao
nhu hinh 3. Vi ng6 vao la dién ap Vi, va ngo ra
la hai séng sin caa v’ va qv’ léch pha nhau 90°.
Thanh phan v’ ¢6 cing bién d6 va géc pha [13]
Vv6i ngd vao Vi, Cau tric cia SOGI c6 ham
truyén duoc xac dinh theo (1).

G S)=——
soai (5) R

Hinh 3: Vong khda pha str dung ky thuat SOGI
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Khi d6, ham truyén vong kin cua v’ va qv’
nhu (2) va (3) tuong ung.
V' Kao's
Gy(s)="(s) = OS 2
‘ v s°+ Ko's + w? @
Ka)|2

>+ Ka's + @”

Vinag = V2 +aQv*? (4)

Trong d6, K 1a d6 loi anh huéng dén day
bang thong cua hé thdng SOGI, o’ la tan sb
cong huong cia SOGI. Vg | bién do dinh dién
ap uoc luong dugc.

Gy(5)=T(5) - o

Dap ing gian dd Bode cua Gq(s) véi nhiing
gia tri khac nhau cua do lgi K nhu hinh 4 va
Gq(s) nhu hinh 5.

Uu diém cua ky thuat SOGI 1a khi tan sé
ngudn ludi dao dong thi tan sé cong huong sé
dugc diéu chinh thich nghi. Ngoai ra, séng hai
bac cao cua tin hiéu ngd vao ciing bi loc hoan
toan.

Hinh 4 cho thay c4c thanh phan ngoai tan
s6 cong huong déu duoc loc hoan toan hay néi
cach khac thanh phan dc offset khong anh
huong dén v’.

Tuy nhién, ¢ hinh 5 lai cho thay rang, thanh
phan dc offset c6 anh huong truc tiép dén qv’
bai vi ham truyén cua (3) khong loai bo dugc tin

hiéu tan s6 thap.

Bode Diagram

45 = \\\

10" 10° 10° 10"
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Hinh 4: Béap irng gian d6 Bode cua Ga(s)

Bode Diagram

s -t —K=0.7
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Hinh 5: Béap irng gian d6 Bode cua Gq(s)
3. KY THUAT BU DC OFFSET
3.1. K§ thuat dung bd loc thong thap

Phuong phép sit dung khau tich phan dé
xéc dinh thanh phan offset va mot bo didu khién
PI dé bu thanh phan nay trong [14] thuc chét la
mot bo loc thong thip nén c6 dap tng cham.
Mot ki thuat khac dwoc dé xuat [15] nhu & hinh
6. Tuy nhién, ky thuat loai bo offset nay dé khic
phuc nhugc diém cua SOGI ciing st dung bo loc
thong thap voi tan sb loc cuc thip, chinh diéu
nay lam giam dap tmg ddng cua PLL, lam ning
tinh toan nén doi hoi phan cing dat tién va
khéng bén viing. Do d6, dé loai bo offset va
phai c6 dap ung dong nhanh thi khong thé chon
bo loc thong thap duoc.

Tir phan tich o trén cho thay rang, véi k§
thuat SOGI, thanh phan offset chi con ton tai
trong thanh phan dién ap qv’. Do do, chi can xéac
dinh dwgc offset cua qv’ va bu cho qv’ thi sé
khéc phuc duoc van dé nay.

3.2. Bu di¢n 4p offset dc dé nghi

Khi c6 dién ap offset ¢ dién ap ngo vao Vin,
thi dang song cua dién ap qv’ trong ky thuat
SOGI & hinh 7 cho thay rang khi l4y tri tuyét ddi
cua dién &p qv’ thi dang séng s& xuét hién céac
dinh dién ap cao thap xen ké. Dwa vao céc gia tri
dinh nay ta s& xac dinh dugc chinh xac lwgng
offset bang céach lay tri tuyét déi cia mot nua
hiéu sb giita hai gia tri dinh lién tiép. Do hai
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dinh lién tiép nay cach nhau nira chu ky ludi,
tac 12 chi 10ms 1a c6 thé xac dinh duoc gia tri
offset.

v
—>
v X
Loc théng %
thap
' X

<«
qv' h

Q' a A
{2 Khau tich phan tong quat bac hai

Hinh 6: K§ thuat SOGI ci tién sir dung b loc thong

thip cua [15]
= qV'A(7O°;:<w/i;[h o;f\set dc /:\5% for/t\<0js a;:dj% for [t:o.qusplao
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INEARARAN AR R
Time (s)

Hinh 8: K§ thuat bu offset d& xuat

Dé xac dinh diu cua dién &p offset nay ta
phai két hop véi dai luong 0 véi 0 1a goc pha
sau khi ldy mode cua 2m, roi sau do sé& bu hay
diéu chinh cho dién ap qv’. Do dai lugng 0’ ¢6
gié tri thay doi tir 0 dén 27, nén mdi khi cap nhat
dién &p offset tai dinh & thoi diém c6 0 & lan
can w thi d6 1a dinh cua ban ky dwong. Va
nguoc lai, tai dinh & thoi diém ¢6 6’ ¢ 1an can 0
hoac 2r thi d6 1a dinh cua ban ky am. Tu day
xéc dinh dugc diu cua dién 4p offset.

So db nguyén ly cua k¥ thuat dé nghi dwoc
thé hién o hinh 8. Trong do, khdéi EO
(Estimation of Offset) co6 chitc ning nhan ngo
vao la dién ap qv’ bi léch offset va 6°. Sau khi
xac dinh dugce dién ap offset thi thuc hién bu
hay chinh lai qv’ d& qv’ou khdng con offset &
ngd ra cua khéi EO dé dua t6i khéi bién doi
sang dq.

4. KET QUA

M6 hinh m6 phéng trén Matlab/Simulink
duoc thé hién & hinh 9 véi tan s6 1y mau 1a 10 kHz.

Kit DSP 32 bit TMS320F28335 va bo
chuyén d6i DAC 12 bit dwoc ding dé kiém tra
tinh kha thi khi nhing xuéng phan cting caa mo
hinh m6 phong. Céc dang séng khao sat dugc do
bing dao dong ky (DPK) Tektronix MSO-
2024B nhu hinh 10.

s
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2
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SE s p Integrator3
Repy
o o v Gain
song
Cnffantl
)
HUH "
Repeating MATLAB Functionl
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vl H—p
val y—p|
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w > | [—
mf] From2
w > [theta] S—pp|

From12 From1
Scopel

Hinh 9: So db mé phong trén Matlab/Simulink

4.1. Cai dat thong sd

Do uu diém cua SOGI c6 thé loc song hai
bac cao ¢ ngd vao nén Vi, cai dit cho md phong
trong bai bdo nay khong can phai c6 séng hai
bac cao.

Tin hiéu dién ap ngd vao Vi, co tan sé cai
dat thay ddi tir 50Hz xudng 45Hz tai thoi diém
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t=0.2s, bién do thay déi tir dinh mac 311V
xudng con 70% dinh mic 217V tai thoi diém
t=0.4s. Thanh phan offset cai dit bang 5% trong
khoang t<0.6s va -5% trong khoan t>0.6s. Bién
do dién ap duoc loc thdng qua bo loc thdng thip
véi tan sb cat 1a 50Hz. Cac hé sb duoc chon
K=0.707, Kp=20 va Ki=61.69.

Hinh 10: M6 hinh do béang dao dong ky
4.2. Két qui mo phong

0% offset in Vin - using OSG-SOGI based PLL
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Hinh 11: Tan sé, dién ap v’ va qv’
khi dung SOGI

(Khi offset 0% a) Tan sb; b) Bién 4p v’ va qv’ trong
khoang 0.15s-0.45s)
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b)

Tek prevu —

c)
(Kénh 1: Vin; Kénh 2: Vimag; Kénh 3: Offset-ref)

Hinh 12: Bién d0 dién ap udc lugng dugc cua SOGI.

(Khi c6 offset 5%; a) M6 phéng; b) Po bing DPK; c)
Po bang DBK trong khoang 0.4s-0.8s)
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5% offset in Vin - using OSG-SOGI based PLL
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b)
(Kénh 1: v’; Kénh 2: qv’; Kénh 3: Offset-ref)
Hinh 13: Bién &p v’ va qv’ khi st dung SOGI

(Khi c6 offset 5%; a) M6 phéng; b) Po bing DPK
trong khoang 0.4s-0.8s)

5% offset in Vin - using OSG-SOGI based PLL
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(Kénh 1: f-ref; Kénh 2: f-est; Kénh 3: Offset-est)
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c)
(Kénh 1: f-ref; Kénh 2: f-est; Kénh 3: Offset-ref)
Hinh 14: Tan s6 wéc lugng dugce khi sir dung SOGI.

(Khi c6 offset 5%; a) M6 phéng; b) Po bing DPK; c)
Po bang DBK trong khoang 0.25-0.6s)

5% offset in Vin - using OSG-SOGI based PLL
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b)
(Kénh 1: Vin; Kénh 2: 8°; Kénh 3: Offset-ref)
Hinh 15: Diép &p Vin va 6’ khi sir dung SOGI

(Khi c6 offset 5%; a) M6 phéng; b) Po bing DPK)
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b)
(Kénh 1: Vin; Kénh 2: Offset-ref; Kénh 3: Offset-est)
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c)
(Kénh 1: Vin; Kénh 2: Offset-ref; Kénh 3: Offset-est)

= oy Janams

Hinh 16: Dang séng Vin va offset udc lugng SOGI-
EO
(Khi c6 offset 5%; a) M6 phéng; b) Po bing DPK; c)
Po bang DBK trong khoang 0.4s-0.8s)

b)
(Kénh 1: Vin; Kénh 2: Vmag; Kénh 3: Offset-ref)
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c)
(Kénh 1: Vin; Kénh 2: Vmag; Kénh 3: Offset-ref)
Hinh 17: Bién do dién ap khi c6 SOGI-EO

(Khi c6 offset 5%; a) M6 phéng; b) Po bing DPK; c)
Po bang DBK trong khoang 0.4s-0.8s)

5% offset in Vin - using OSG-SOGI based PLL with EO
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Tek prevu e T — — T5.0MHz Maise Filter
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(Kénh 1: Vin; Kénh 2: Vmag; Kénh 3: Offset-ref)
Hinh 18: bién 4p v’ va qv’ khi c6 SOGI-EO
(Khi c6 offset 5%; a) M6 phéng; b) Po bing DPK

trong khoang 0.4s-0.8s)

5% offset in Vin - using OSG-SOGI based PLL with EO

(Khi c6 offset 5%; a) M6 phéng; b) Po bing DPK; c)
Po bang DBK trong khoang 0.25-0.6s)

5% offset in Vin - using OSG-SOGI based PLL with EO
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b) cao chét luong tan sb, bién do va goc pha uéc
(Kénh 1: f-ref; Kénh 2: f-est; Kénh 3: Offset-est) luwong cua dién ap nguén luéi cua vong khoa
Tek Prevu M 100ms_Zoom Facter, 5 ¥ 7S.0MHz_ Moiss Filter
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c)

(Kénh 1: f-ref; Kénh 2: f-est; Kénh 3: Offset-est)
Hinh 19: Tan s6 udc lwong khi c6 SOGI-EO

pha.
5.1. Két qua ciia SOGI

Két qua & hinh 11 cho thay khi khéng c6
thanh phan offset dc thi ki thuat SOGI cho két
qua tét vé& dap umg dong ciing nhu d6 chinh xéac
cua tan s udc lwong duoc bai vi dién ap v’ va
qv’ khong bi léch offset.

Tuy nhién, két qua & hinh 12 dén hinh 15
lai cho thay rang khi c6 thanh phan dc offset &
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ng0 vao thi ky thuat SOGI lai khong wéce lugng
chinh x4c duoc tan sé ciing nhu goc pha. Bién
do dién &p ¢ hinh 12 dao dong tir 300V dén
325V, tic la dao dong 25V (trong khoang O-
0.4s). Béi vi thanh phan offset dc van con ton tai
trong dién ap qv’ nhu hinh 13, mac du v’ khéng
con offset. Chinh diéu nay da lam cho viéc uéc
luong cac dai lwong bi sai sé dang ké. Do dao
dong tan sé ¢ hinh 14 1a 2Hz, do céc bo phat tin
hiéu truc giao rat nhay véi dién ap offset dc
[10], [16]. Do dao dong nay vuot qua giGi han
cho phép trong tiéu chuan [1] va [2], mac du
thoi gian xac 1ap nho hon 100ms. Piéu nay lam
cho géc pha 6’ ¢ hinh 15 khéng chinh xac nén
s& gay song hai dang ké cho cac dai lwong
sin va cosin don vi dung dé ddng bo dong
phat 1én ludi.

5.2. Két qua cia ky thuat dé xuit SOGI-EO

Trong khi dé, két qua cua ki thuat dé xuat
& hinh 16 cho thdy viéc udc lwong chinh xéac
thanh phan offset trong nira chu ky co ban.
Thanh phan nay dung dé bu offset trong dién ap
gv’ cua PLL. Vi vay, bién d6 dién 4p udc luong
dugc cua ki thuat d& xuét o hinh 17 cho thay do
chinh xé4c cao véi do dao dong rat thap tir 310V
dén 312V, tac 1a dao dong 2V (trong khoang 0-
0.4s). Thanh phan v’ va qv’ & hinh 18 cho thiy
hoan toan khéng con offset, nén tan sd udc
lugng dugc & hinh 19 kha chinh xac véi d6 dao
dong 0.2Hz, trong khi thoi gian xac lap van nho
hon 100ms. Mat khac do vot 16 tan s6 wéc lugng

dugc ¢ hinh 19 12 2.5Hz ttc 1a 5%. Diéu nay tao
cho tin hiéu 0> ¢ hinh 20 duoc sach hon, nén
lam cho céc don vi sine va cosine sach hon. Tu
d6 gdp phan nang cao chét luong dién ning phat
1én ludi.

6. KET LUAN

Bai bdo nay da trinh bay vai tro, chirc ning
ciing nhu tinh can thiét cia SRF-PLL trong c4c
bo bién ddi nang luwong tai tao nhu gio, mat
troi...

Bai b4o nay ciing d4 phan tich nhuoc diém
cua SRF-PLL st dung ky thuat SOGI khi cé
thanh phan dc offset ¢ dién &p ngd vao. Trén co
s6 do, dd dé& xuat mot ky thuat cai tién dé woc
luong thanh phan dc offset nham xac dinh
nhanh va chinh xac thanh phan nay chi
trong ntra chu ky ludi vi khéng st dung bo
loc thong thap.

Tinh hiéu qua cia PLL ciia k¥ thuat dé xudt
SOGI-EO da duoc thé hién bang két qua mo
phong trén Matlab/Simulink. Két qua kiém tra
do bang dao dong ky ciing duoc kiém chimg va
cho thiy sai sb xac 1ap cua tan sd, goc pha va
bién do dién ap trong PLL cia k¥ thuat dé nghi
thap hon rat nhiéu so voi k¥ thuat SOGI va nim
trong gidi han cho phép cua tiéu chuan.

Xac nhgn: Nghién ciru nay dwoc tai tro boi
Pai hoc Quéc gia Thanh phé Hé Chi Minh
(PHOG-HCM) trong khuon khé dé tai ma so
B2014-20-06.
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ABSTRACT

The grid-connected inverters that use
synchronous reference frame based phase-
locked loop SRF-PLL are applied very
popular. The function of SRF-PLLs is fast
and accurate estimation of frequency,
phase angle, and magnitude of grid voltage.
The power quality of the current injected
into the grid depends on these estimated
parameters. The  measurements  or
processes of data conversion can typically
introduce the dc offset in the measured grid

voltage. The dc offset is one of the reasons
for causing errors for the estimated
parameters of the grid voltage and causes
injected current with harmonic distortions.
This paper proposes a technique of dc
offset compensation for SRF-PLL based on
the Second Order Generalized Integrator
(SOGI). The simulation results validated the
performance and robustness of the
proposed technique.

Key words - DC offset compensation; distributed generation (DG); orthogonal signal
generator (OSG); grid-connected inverters; total harmonic distortion (THD); synchronous
reference frame based phase-locked loop (SRF-PLL).
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