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TOM TAT

Bai bao nay gisi thiéu nghich heu 3 pha 3 bdc NPC véi muc tiéu can bang dién ap
de-link trén ty dién. Khi dién ap trén tu bién thién can dwoc én dinh & mike khéng dé trang
thai mdt can bang xudt hién trong hé théng. Sw mat can bang dién &p trén ty sé gay ra song
hai bdc thdp khéng mong musn. Mdt khdc khi dién &p trén ty diroc can bang, dién &p pha tam
nguon DC sé ¢d chdt liwong dién ap tét hon so véi khi sir dung cau hinh nghich lieu chuwa cén
bang. Bai bao nay sit dung phirong phdp xét chiéu dong dién trén tu, sau dé diéu khién lai cac
khéa sao cho dién ap trén hai tu can bang. Két qud cia bai bdo dwoc kiém chiing qua md
phong va thic nghiém.

Tir khéa: Nghich lueu NPC; offset; chi sé diéu ché; THD; ba bdc.
ABSTRACT

This paper presents a solutionfor balancing capacitor voltage of a three-level NPC
inverter by controlling DC-link in capacitors. When the capacitor’s voltage varies, it should
be stabilized at zero in order to not create imbalance in the system. The imbalance of
capacitor’s voltage will cause unexpected lower harmonic. On the other hand, when
capacitor’s voltage was balanced, the center source phase DC voltage will be better than
when the inverter configuration works in imbalance mode. This paper uses the method that
firstly checking current direction on the power line in the capacitor, then accordingly
controlling switches for capacitor voltage balance. Simulation and experimental results are
provided in order to validate the proposed method.

Keywords: Neutral point diode clamped converter; offset; modulation index; THD; Three levels.

1.  GIOI THIEU nang tiéu thy dién ning, giam thiéu chi phi
bao dudng va ting kha ning diéu khién tinh
vi. B6 nghich luu dugc dung trong cac bo
phan cua bo bién tan, thiét bj 106 cam tng
trung tan, thiét bi han trung tan, bo du trit
nang lugng. Ngoai ra, bd nghich luu con
duoc ung dung vao linh vyc bl nhuyén céng
suat phan khang luéi dién. ..

Bién tan da bac la thiét bi bién doi dién
nang c6 vai trd ngay cang quan trong trong
cac linh vuc ung dung khac nhau nhu phuc
vu Ngay nay, céac thiét bi dién tir cong suét
dugc ¢ng dung rat nhiéu trong cong nghiép.
Trong d6 bd nghich luu ap duoc st dung
rong rii trong cac linh vuc truyén dong dién
dong co khong ddng bo vi ludn doi hoi véi Uu diém cua b nghich luu ap da bac 1a
d6 chinh xac cao, ting do tin cdy, giam kha cdng suat cia bo nghich luu ting 1én, dién ap
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dat I1én cac linh kién giam xudéng nén cong
suit ton hao do qua trinh déng ngit cua linh
kién ciing giam theo, véi cung tan sé dong
ngit, cac thanh phan song hai bac cao cua
dién ap ra giam nho hon so véi b nghich luu
ap hai bac. Nguoc lai, bd nghich luu da bac
c6 nhiéu han ché nhu: sb lugng khoa béan dan
I6n, didu nay 1am cho hé théng tré nén phuac
tap va dat tién [1].
2.  CAU TRUC NGHICH LUU 3 BAC
NPC
Mdi pha nghich luu 3 pha 3 bac dugc

cAu tao tir 4 khoa chuyén mach IGBT chia
thanh 2 nhanh trén va dudi nhu hinh 1
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Hinh 1. Cdu tric ciia nghich luu NPC ba bdc

Néu goi Sxi va Sxi’la khoa cong suat
thr | & nhanh trén va nhanh dudi caa pha x.

X=(a, b, ¢) vai= (L, 2).

Trang thai kich cac khoa cong suét
nhanh trén (Ksx,i) va nhanh dudi (Ksx,i’) cing
chi s6 1udn dbi nghich nhau:

Nghia la Ksxi + Ksxi’ =1 (1)

Goi Tsxi la trang thai cua khéa cong
suat thir i pha x (Sx,i). Tsxi = 0 tic khda mé,
nguoC lai Tsxi = 1 la khéa dong. Nhu vay,
trang thai ra mot pha s€ phu thugc trang thai
cac khoa cong suat.

Néu goi Tsx la trang thai cac khoa cong
suat nhanh x thi Tsx duoc dinh nghia:

Tsx=Tsx1 + Tsx2 -1 2

Do d6, thanh phan dién 4p pha tam
ngudn DCUxg duoc xac dinh dya vao (3) nhu
sau:

Uxg = Ude. Tsx/2 (3)

Va dién ap pha tdm nguédn cua 3 pha
duogc xac dinh (4)

U ag TSa

udc
Uy |= Y Ts 4)
U cg TSc

Va c6 thé tinh duoc dién ap pha tai va

dién ap day(5) va (6)
U, J2 1 -1[u,,
U [=3[L 2 -1||U, (5)
U, -1 -1 2|y,
u,] [1 -1 oTu,
U,|=|0 1 -1|uU,, (6)
U, | |-1 0 1]u,

Do @6, thanh phan Uxg chtra hai bac 3
con hai thanh phan dién ap pha Uxn va dién
ap day Uxy s€ khong c6 hai nay [3]. Chinh vi
vdy c6 thé thay ring néu ham offset trong
giai thuat nghich luu dé xuit 1a hai bac 3 thi
s& khéng lam anh hudéng dén bién d6 thanh
phan dién ap hai bac 3 trén tai. Bén canh do
cling co thé thay rang dién 4p pha — tam
nguon Uxg s& ¢6 3 muc véi 1 mirc duong, 1
muc am va gia tri zero [4-8].

3.  GIAl THUAT PIEU KHIEN CAN
BANG TU

Phuong phap cén bang &p tu duoc trinh
bay sau la phuong phap duoc cai tién tir k§
thuat diéu ché SPWM. Trong phuong phap
SPWM, méi pha dugc diéu khién boi mot tin
hiéu diéu ché, va mot tin hiéu offset duoc
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cong vao tin hiéu diéu ché ban dau dé diéu
khién ine. Ky thuat dugc cung cap dudi day
dua trén viéc st dung hai tin hiéu diéu ché
cho mdi pha cua bd nghich luu. Vi tin hiéu
diéu ché ban dau [2]:

v, =m*sin(wt)

V, =m*sin (ot —27/3) (7)
vV, =m*sin (ot +27/3)

Va =V, Y

Vo = Vo = Vo ®)
Ve =Ve Vo

Véi.

v _ max(v,, Vi, V) + min(v,, v, v, ) ©)

0 2

CAc tin hiéu diéu ché ban dau duoc cai
bién dé tao ra hai phan sao cho dién ap diéu
khién van con trong ving hoat dong tuyén
tinh. Hai tin hiéu diéu ché cai bién cho mdi
pha s& duoc tao ra ¢ mbi lién quan nhu &
cong thtc (10).

vV, = Vap +V,,
v, = pr +Vy, (20)
V. = ch +V,

V&1 Vxp> 0 va vin< 0, x 1a cac pha a, b,
c. Tin hiéu c6 ky hiéu “p” s€ so sanh vai
séng mang trén, V& ... €[01], va tin hiéu
cé ky hiéu “n” s& so sa&nh véi song mang
dudi, Vo.or €[-L0]. C6 thé thdy duoc,
dong qua mot pha di qua diém NP khi xay ra
mot trong hai diéu kién sau( hinh 2) [2]:
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Vyp <V
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&v >V,

carrier
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Vi >V,

carrier

&Vxn <v(?arrier
Hinh 2. Méi quan hé giita dp diéu khién va
séng mang Véi dong qua diém NP

Hai khoa ban dan giira (Sx, Sx3) cua bo
nghich luu s& & trang thai “ON” khi bién diéu
khién &p nghich luu bang &p tai diém NP (0)
twong ung, Sxo, dugc tich cuc. Noi cach khac
thi s =1 thi &4p pha a ndi dén diém NP.
Tuong tu cho sho Va Sco. Nhu vay, dong qua
diém NP 1a:;

I, =S, X1, +S,0 X1, +S,0 %I, (12)

Dé tao ra can bang ap tu, thi gia tri
trung binh cua dong io trong mot chu ky séng
mang bang khong. Do d6 can phai diéu khién
hoat dong cua mach bang viéc diéu khién
dong trung binh ine thay cho viéc diéu khién
dong ttrc thoi:

t+Ts

== [ i©©) (13)

Vi Ts la chu ky 1dy mau hay con goi 1a
chu ky chuyén mach, va thoi gian cac khoa cua
pha x ¢ trang thai ON trong mét chu ky Ts la
dvo. Ap dung diéu nay vao (14), ta c6 dugc:
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lo=d_,xia+0d,,xin+d,xic (14)

Véi d =S, X 1a cac pha a, b, ¢. Vi
tan sb cua s6ng mang 16n hon nhiéu tan sb
cua tin hiéu diéu ché, nén duty cycle c6 thé
dugc tinh bang:

lo =|V,, +1-V,, ia
: . (19
+‘vbn +1_pr‘|b + Ve +1=V, |l
Tur (14) va (15) ta c¢6 duogc:
io= Vo 1=V, ia
i . ()
+|vbn +1—pr||b + |V +1=V, [Ic
Néu dat:
V=V, _Vap = Vin _pr =Ven _ch (17)
Dong NP trung binh la:
io = [1+V] (ia+ib+ic) (18)
Xac dinh v theo cong thac 19 [4]:
max(v,,V,,v.)+min(v_,V,,V
V= (a b c) (a b c) (19)
2
Tir ddy ta tim duoc cac tin hiéu diéu ché:
T —min(v,,v,,V,)
xp
p (20)

v, —max(v,,v,,V,)
Vxn = 2

Hinh 3 m6 ta méi lién quan giita cac
dién 4p diéu khién cai bién cua pha a véi dién
ap diéu ché sin ban du. Bién do cua tin hiéu
diéu ché m hay con goi la chi sb diéu ché

bién. Gia tri cuc dai cua chi so diéu ché bién
trong ving tuyén tinh dugc tinh nhu sau:

2 =1.1547

max %

3
I

(21)

Hinh 3. Dang séng dién dp diéu khién cia 3
pha va dang séng dién dp diéu khién cdi bién
cua pha a.

Tin hiéu diéu ché cai bién cho pha b va
¢ tuong ty nhu pha a nhung lan luot bi dich
pha. Cha y 1a tin hiéu diéu ché cai bién ciing
nam trong khoang [-1,1], khi d6 bo bién tan
s& hoat dong dudi ché do diéu ché tuyén tinh.

Dua vao hinh vé dang song cua vap va
Van ta thay trong cac khoang goc pha [n/3,
2m/3] va [4n/3, 51/3] thi khong 6 tin hiéu
nao bang 0. Do do, tin hiéu diéu ché cai bién
ctia pha a co thé dich 1én hoic xubng trong
hai doan ndy ma khong lam ting tan sb
chuyén mach cua linh kién. Ta ciing lam
tuong tu cho pha b va pha c. Mac du, phuong
phap nay gitr duoc tan sé chuyén mach cua
linh kién khi tién hanh bu dién ap tu, nhung
nd it ¥ nghia vi sy xuat hién cua cac dao
dong dién ap quanh diém can bang. Su xuat
hién nay la do chi cac tin hiéu diéu ché cai
bién két hop véi nhau cho mot pha duoc dich
chuyén moi lic. Bé khic phuc su dao dong,
ta can cha y dén chiéu caa cac dong ngd ra.
Ham dién ap offset cho Vxp la:
Vy o :—kp‘AvC

X_

sign(Av, .1, )
i (22)
sign(v,, —v,, —1)
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Gia trj tuyét d6i cua do léch ap gitra hai
tu nhan vai hé sb kp. Dau cia  AVc*ix duoc
xem la diu caa bo bu. Tuy nhién, dau cia ham
offset ciing co phu thudc vao dau caa biéu thir
(Vxp-Vixn-1), diéu ndy phil hop hai trudng hop ¢6
thé xay ra duoc trinh bay trong hinh 2

Dau cua biéu thic (Vxp-vxn-1) bang -1
Vi (Vxp-Vxn-1) luén ludén nho hon khéng véi
moi gia tri ciia goc pha véi ap diéu khién ba
pha trinh bay trong céng thiac (7). Nén cong
thae rat gon cua tin hiéu offset la:

V o =Ko ‘AvC

Sign(Av, .i, ) (23)

Luu d6 giai thuat

Dodp  Khi tao offset
VeV,
o Ve2

B0 gioi han offset

Tos ]
V. =KnlAve Gigi han 4p B{ ta0 xung
g |0 diku Khitn Kich

ae WY _/'
faibic | SOAVed) / 1 o
@_> _/_ |7y Sosénhép
diéu khién

0 . Mach nghich
0 L Nk
Va, Vb, Ve Vi ViBAL | b bie
™ 7 Vin hifu s6ng

- —»  mang

¥, - 1inf, v,

Va, Vb, Ve

o, ) ||

»>
2

Hinh 4. Luu do gidi thudt tao dién ap offset

Tir co s6 ly thuyét nhu trén Téc gia xay
dung chuong trinh mé phong dé thir nghiém
vé6i cac thong sb nhu sau:

- Dién 4p DC ngudn vao Vdc= 200V
- Tan s6 song mang fw= 5KHz
- Tan sé ngd ra fo= 50Hz

- Dién ap ban dau trén tu la Vcl= 10V,
Vc2= 190V

- bién dung C1=C2= 220uF
- Chi sb diéu ché m=0.8

- Tai tro R= 509, Tai cam L= 0.05mH

Téc gia d& xuat st dung Card DSP
F28335 dé lién két giita chuong trinh mo
phong va mé hinh thuc va kiém ching su
tuong dong cua co so ly thuyét va tinh ang
dung. DSP F28335 ¢ thé duoc 1ap trinh trén
ngon ngit CCS tuy nhién chung ta cling co6
thé lap trinh trén ngdn ngir Matlab bang cach
cai cac driver tuong ung. Trong bai bao nay
cac module diéu khién vao ra da ning GPIO
s& duogc st dung dé tao ra 12 xung kich kich
cho cac IGBT trén mach dong luc. Véi cac
g dung khéc ching ta hoan toan cé thé sir
dung cac module khac cua vi mach DSP
F28335 nhu module ADC, module PWM va
&p dung cac phan tich trong [10] dé thuc hién
diéu khién

Hinh 5. Nhing chuwong trinh mé phong vao
mo hinh thuc nghiém sw dung Card DSP
F28335
4.  KET QUA MO PHONG VA THUC

NGHIEM
1. M6 phong THD dang song dién ap va
dong dién nghich luu 3 pha 3 bac tai RL.
2. Thyc nghiém THD dang song dién ap va
dong dién nghich luu 3 pha 3 bac tai RL, su
dung may do Tektronic 2014C.

ap nghich luu pha A
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Hinh 6. Ap nghich lwu khi dp tu khdng can
bang

ap nghich luu pha A

Bién do [V]

0% o0
Time [s]

Hinh 7. Ap nghich heu khi dp tu can bang

Tek . @ Stop 14 Pos: 0.000s CH2
-

Coupling
E' Lirnit
200rHz
“altssDiw

Probe
100
oltage

Irwert
Ot

CHZ 100y

1+ 10.0ms
f—%ep—16 17.03

Hinh 8. Ap nghich leu khi dp tu can bang
trén mo hinh thuc nghiém

4p tai pha A
T T T T

Bién do [V]

L L L L

Thai gian [s]

Hinh 9. Ap tdi pha a khi &p tu khéng can bang

4p tai pha A

Bién do [V]

|
I
L

Thai gian [s]

Hinh 10. Ap tai pha a khi &p tu can bang

Tek i M Pas; 0.000s CHz2
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Hinh 11. Ap t4i pha a khi &p tu can bang
trén thyc nghi¢m

Dong tai 3 pha
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Hinh 12. Dang séng dong tai 3 pha trén mé
phong

Tek A b Pos: 0.000s MEASURE

CH3
Croec: RS
BT
CH4
Crwc RS
B35

i Stop
-

CH3
L Cyz: AMS
BV 1%
CH3
Freq
50,15Hz
CH4
Mean
10.2%
P’ 2.00ms
§-Sep—16 1818

CH3 S0.0% CH4 50.0%

Hinh 13. Dang song dong tai 3 pha trén thuc
nghiém
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Hinh 14. Phé hai ciia dong tdi pha A khi tu
chira can bang trén mé phong

B Powergui FFT Analysis Tool.
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Hinh 15. Phé hai ciia dong ti pha A khi tu
cdn bang trén mé phong

Tek IL Trig'd I Paos: 380,008 Harronics
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CH1
Harrnonic [
Freq S0U0Hz %Fund 100.0% Setup
hRRS 6164y L 0.00= dutornatic
Save
Harrnanics
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CH2 5004 M A00ms
CH3 5000y 10-5ep-16 17:22

Hinh 16. Phé hai ciia dong tai pha A khi tu
cdn bang trong thuc nghiém
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Hinh 17. Dién dp trén tu khi tu cin bang
trong mo phong

Tek sup

2300 Hz Moise Filter
T T

TR T L i
(@50 Jeons Em <00y |

Hinh 18. Dién dap trén tu khi tu cdan bcing
trong thuc nghiém

5.  KET LUAN

Tur két qua hinh (6~16) cho thay hé sb
méo hai tong THD cuadong dién tai cua
nghich luu 3 pha 3 bac chua can bang la:
6.07 con cua nghich luu 3 pha 3 bac da can
bang va trén md phong va thuc nghiém la:
3.28 va 3.5,theo thdng sé vira néu két qua



can bang dién 4p trén tu da giam
xubéng57.66% so véi chua cin bang dién &p
trén tu, hinh 17~18 dap ung thoi gian tu can
bing 0.01s cua md phong va md hinh
thuc.Dién ap pha tai va dong dién tai déu
c6 hé s6 méo hai téng (THD%) lan luot 1a
3,5 nho hon gié tri yéu cau theo tiéu chuan
Viét Nam hién nay (TCVN-7909 2.2-2008)
dong thoi ciing dap (ng tiéu chuan vé nhiéu
dién tir theo tiéu chuan quéc té EN6100-2-2
(theo hinh 16).Mat khac Tac gia da ung
dung Card DSP F28335 dé nhung chuong
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trinh md phong vao md hinh thuc dé kiém
chiing két qua. Cac két qua thuc nghiém
cho thay viéc st dung phan mém Matlab
véi cac driver didu khién cho card DSP
F28355 c6 thé thyc hién dé& dang va gilp
rit ngan thoi gian lap trinh.

So vaéi [2] bai bao da thuc nghiém va
st dung giai thuat can bang dién ap trén tu
cd su sai léch Vci=190V, Vc2=10V va
nhanh chéng can bang trong khoang thoi
gian 0.01s.
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