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TOM TAT
Thiét ké bo diéu khién phu hop nhét cho dién ap dinh cép vao bo nghich luu hiéu suét cao nguon Z anh hudng
16n téi hiéu suét cua nhitng hé thong lai xe dién, hé thong nang lwong mit troi. Bai bao nay dua ra danh gia va phan
tich 6 nhét cua nhting phuong phap diéu khién khac nhau nhu bod diéu khién PI, mo va tu chinh dinh mo dua vao su
quan sat dap tmg cta dién ap dinh DC-link va téng hai dong dién. Tét ca nhitng phuwong phap trén dugc tng dung
trong vong lap kin cua dién ap dinh DC-link trong bo nghich Ivu hiéu sudt cao ngudn 7. Két qua nghién ctru cia
nhitng phuong phap nay duoc xac nhan boi phan mém Matlab.
ABSTRACT

Design studies of the most suitable controller for the peak DC-link voltage of high performance z-source
mverter greatly affects performance of hybrid electric vehicles. This paper is to give comprehensive analyses
comparison and evaluations of the different control techniques as PI controller, self-tuning fuzzy PI controller and
fuzzy logic controller based on observation of its response and total harmonic distortion of current. All methods are
applied to the closed loop of the peak DC-link voltage in HP-ZSI. These methods are verified by Matlab software.

Tw khoa: Dién ap DC-link, B diéu khién Fuzzy, B6 nghich luu nguén 7., SVM
1. GIOI THIEU

B6 nghich luu nguon Z (ZSI) 1a bo chuyén doi cong suat voi nhiéu dic tinh tién loi nhu dic
tinh nang-ha dién ap, chi phi thip ma dac biét 1a hiéu suét cao so v6i nhitng bd chuyén dbi cong
suat DC-DC kinh dién [1,2]. ZSI c¢6 thé vuot qua nhiing bo nghich luu ngudn ap kinh dién nhu
dién ap cuc dai dau ra cua c6 thé vuot qua dién ap DC cap vao bd nghich luu, hai cong tic cia
bat ky pha nao co thé dong & cung thoi diém ma khong anh hudng dén trang thai ngan mach va
pha huy cta bod nghich luu [3]. Nhu mét diém nhan trong thiét ké ZSI, bo nghich luu hiéu suat
cao ngudn Z (High-Performance Z-Source Inverter: HP-ZSI) ddi phé véi sut ap cua dién ap cip
vao bo nghich luu (DCV), st dung cudn cam nho va dam bao thiét ké don gian. Do d6, HP-ZSI
la phu hop hon cho hé thong lai xe dién (HEV) [4,5].

Trong nhiing hé théng HEV, yéu ciu chat luong diéu khién tot nhu ting do chinh xac, dap
ung mo6 men nhanh, nhép nho mo men tha?ip 0 trang thai xac 1ap, khoang toc do rong va mo men
cao O toc do thap. D6 la van dé kho khin néu dung nhiing phuong phap kinh dién nhu
voltage/hertz, dinh hudng tir truong va diéu khién mo men kinh dién, nhung diéu khién truc tiép
md men kinh dién (DTC) két hop voi diéu ché khong gian véc to da thanh cong trong [6-8].
Ngoai ra, DTC két hop voi céi tién cta khong gian véc to (MSVM) duoc goi la DTC-MSVM.
Trong MSVM, trang thai trung dan (STS) duoc st dung dé thém vao chudi dong cat cta diéu ché
khong gian véc to, chinh trang thai nay duoc st dung dé diéu khién dién ap DCV trong HP-ZSI
[6-8].

DCYV trong HP-ZSI la dang song vudng quan hé gitra dién ap dinh DC-link (PDV) va dién ap
tu 1a quan hé phi tuyén [3], [8]. Do do, gia tri trung binh cia DCV duoc diéu khién boi diéu khién
gia tri ciia dién ap dinh DC-link (PDV). Trong nhiing nim gan day, mot vai nghién ctu da dé
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xuat mot s6 phuong phap diéu khién nhu PI, mang noron duoc st dung dé diéu khién PDV trong
HP-ZSI [4-8]. Tuy nhién nhiing phuong phap nay van con ton tai mot sd khuyét diém nhu cham
thich nghi theo su bién d6i tham sb ctia hé thong, hai dong dién cao, ting dién ap cudng buc trén
cac khoa, dap ung ciia PDV sé khong t6t néu dién ap dau vao dot ngdt thay doi [5]. Do do,
nghién ctru thiét ké bo diéu khién phu hop cho PDV la rat quan trong trong hé thong HP-ZSI.

Trong hé thong phi tuyén, tham sd van hanh cua hé thong thay doi lién tuc nhu tham s dong
co, nhidu tai va dién ap dau vao bién d6i. C6 dinh d6 loi ciia bo diéu khién PI s& khong phu hop
voi yéu cau hiéu suat cao cta hé thong 1ai. Do do, k¥ thuat diéu khién thong minh nhu diéu khién
logic mo (FLC), s& rat hira hen trong hé thong nay.

FLC thuong duoc st dung trong nhiing hé thong c6 tham sb bién d6i hodc khong dua vao bat
ky mo hinh toan ctia hé thong ma hé thong van dugc diéu khién bén viing va thich nghi véi sy
bién d6i tham s cua nod. Pac biét, FLC cliing dugc st dung dé thay doi truc tuyén d0 lot cua bd
diéu khién PI, duoc goi la tu chinh dinh mo (SFP) tng dung cho diéu khién PDV [6-9]. Tuy
nhién, nhitng bo diéu khién nay cling duoc nghién ctu trong mot sb bai bao riéng ré ma chua co
su so sanh giita nhitng bo diéu khién nay véi nhau dé chon ra bd diéu khién phu hop nhét cho
PDV.

Mic du nhiéu tac gid nghién cuu dé xuit bo diéu khién maoi dua vao k¥ thuat diéu khién thich
nghi thong minh dé d6i pho véi su bién doi lién tuc va khong chic chan cta nhiing tham s trong
PDV. Tuy nhién nhiing k§ thuat nay duoc nghién ctru trong mot sd bai bao riéng r& ma khong chi
ra su so sanh cua nhiing bd diéu khién nay véi nhau. Muc dich cda bai bao nay la dua ra su phan
tich so sanh va danh gia ctia nhiing k¥ thuat diéu khién khac nhau nhu PI, SFP va mo cho PDV
dua vao sy quan sat dap ing clia n6 va tong hai dong dién. Tat ca nhitng phuong phap dugc ung
dung trong vong lap kin cua PDV trong trong bd nghich luu hiéu suét cao ngudn Z. Nhiing
phuong phap nay duoc kiém tra bdi mo phong dung phan mém matlab.

2. PHAN TiCH PHUONG PHAP CAI TIEN KHONG GIAN VECTOR VA HP-ZSI
2.1.  Phéan tich phwong phap cai tién khong gian vector

Phuong phap SVM duoc tng dung rdng rai trong k§ thuat diéu rong xung dé chi s6 diéu
ché cao va hai dong dién thap [8]. Ngoai ra, voi mé hinh HP-ZSI, STS duoc thém vao trong
mdi chu ky dong cat cia SVM duoc goi 1a MSVM. Nguyén li cia MSVM ciing gidng nguyén
li cia SVM. Pic biét, STS cuia MSVM duoc Gmg dung dé giai quyét nhirng van dé nhu ting-
giam DCV trong HP-ZSI. Nhu thé s& giam duoc dién ap common, khong doi hoi thoi gian
chét dé bao vé ngan mach & hai khoa bat ky trén cuing mot pha [3], [8].

Trong mdi chudi déng cat cia MSVM bao gém c6 3 vector zero nhu V7, V7 va vector thir 3
la STS. Véi V; t61 Vs 1a 6 vector hoat dong duoc chi ra trong hinh la. Vref quay xung quanh
tung sector cua luc giac tu 1 dén 6, V,va Vyla 2 canh lién tiép cua luc giac tao nén dién ap
vector tham chiéu Vier, Vi (a,b) = (1,2); (2,3); (3,4); (4,5); (5,6) trong mdi sector duoc chi
trong hinh 1a), tuong ting. Do d6 trong mdi chu ky déng cat, V, va 7, két hop voi T, va T} tao
ra Vref nhu chi ra trong cong thuc (1) nhu chi ra trong hinh la va 1b, tuong ung. Thoi gian
shoot-through (7},) duoc tinh toan nhu 7, =7,-1y' véi 1y'=1~(1,+ T+ 1) nhu hinh 1c.
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Hinh 1. SVM cua VSI
a) Chudi dong cdt cia SVM kinh dién b) Chudi dong cat cia MSVM c).

Do d6 tu (1) V,er duoc tinh nhu sau:

f/ref If/an-i-I}bE (1)
14

T, =32 .Tsf.sin[f—ﬁj (2)
v, 3
v

T, =\3.~L T, sin(B) 3)
V.

Véi B 1a goc gitta Vyerva Vi, V,1a PDV.

Trong MSVM, mdi nita chu ky dong cat (7//2) nhu duoc chi ra trong hinh lc. Ba lan STS
(3x27'/3) duoc an dinh vao trong hai khoang co trang thai 0 va khoang chinh giita cta 2 trang
thai hoat dong. STS duoc an dinh vao trong mdi chu ky dong cat nhung khoang thoi gian hoat
dong 7, va T, van duy tri khong doi. Do d6 STS khong anh huéng dén dic tinh ciia SVM va
thoi gian trung dan (7%,) duoc gidi han béi 7i/2 nhu duoc chi ra trong (5) va hinh lc. Trong
mdi chu ky dong cat g6m 6 1an 2T/3 (6x27'/3) STS. Do @6, T, va T dugc xac dinh boi (4)

4T >T =" 4)

7, 1 T,
o<d,= <——>0<T,<7 (5)
S

Voi dyla ti 1é trung dan véi Ty, tir (4) va (5) ta co:

T
0<T < gf (6)

Do d6, DCV duoc diéu chinh bdi diéu khién PDV trong cau nghich luu phai dya vao giéi han
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cua thoi gian 7.
2.2. Phan tich m6 hinh HP-ZSI
Pé thiét ké giai thuat diéu khién PDV chung ta phai biét duoc dic tinh dong ctia HP-ZSI.

Ham truyén vong ho G(s) duoc dua ra trong (7) 1a ti 1€ dy(s) va PDV Vi(s) duoc chi ra trong
[5], [7] va trong hinh 2. Vi tai la dong co cam ung va Vi, Ve, I 1y Ly Ry L ;C Dy lan luot la
DIV, dién ap tu, dong dién cudn cam ¢ xac lap, dong dién tai, dién cam tai, dién tro tai, dién
cam, dién dung cua HP-ZSI, ti 1é tring dan & diém van hanh tuong tng.

3. BQ PIEU KHIEN PIEN AP PINH PDV

3.1. B diéu khién m¢ (FLC)

FLC duoc sir dung rong rii trong linh vuc diéu khién hé thong cong nghiép bsi no khong
doi héi mo hinh toan ctia hé thong diéu khién va dé thuc hién. Pac biét bo diéu khién nay co
thé d6i pho véi su bién ddi ctia DIV trong hé théng DTC-MSVM [4], [5].

(<21, +1)LLs +[ (<21, +1,)RL+(1-D,) (21, -7, )L ]+ [ (1-2D,)(2V, -V}, )L, ]s +(1-2D, ) (2. =T/, )R,
LLCS +RLCs' +[20(1-2D,) +L,(1-2D,)' |s + R (1-2D,)

G(s) =

(7)
Vi thé, FLC phu hop véi hé thong nay.

FLC duoc str dung dé diéu khién PDV trong HP-ZSI ma ciu trac 1a FLC kiéu PI nhu chi ra
trong [8] va s luong tap mo duoc xac dinh bang thuc nghiém dya vao dap tung cia PDV.

Theo cdu tric ciia FLC n6 gom ba khoi chinh: mo hoa, suy dién mo dé tao ra luat mo va giai
mo [4], [6], [8]. Cau trac FLC kiéu PI duogc chi ra trong hinh 3a. Hai tin hiéu dau vao 1a 16i (e,)
ctia PDV va vi phan ctia 15i (de,) cia PDV. Con tin hiéu ra cua FLC kiéu PI duoc tich hop dé lay
gia tri shoot-through (dy) nhu duoc chi trong hinh 3a. Mdi tin hiéu vao va ra c6 bay TMF. Bién
ngon nglt dugc chon nhu sau: NB=am 16n NM=am trung binh; NS=am nho; Z=zero, PS=duong
nho; PM=duong trung binh; PB= duong 16n ma dugc chi trong hinh 3b. Hinh 3¢ chi ra 49 luat
mo ma co thé dat duoc tir su quan sat chat luong cua dap ung dién ap PDV & cac diém van hanh
khac nhau.

i-ref @% p V. d, ™ MSVM
controller

Hinh 2. So' db khéi ciia PDV (')

Hésotilé K 1, K> va K, cing dugc xac dinh tir thuc nghiém hé sb nay duoc st dung dé chuan
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hoa tin hiéu dau vao va ra cta tip mo e, d,, va d, dugc thich nghi tot trong khoang

[-10 10] & bat ky diém van hanh nao. Trong bai bao nay gia tri cta hé s6 ti 1é duoc chon nhu
sau: K;=1, K,=0.0015 and K,~=10.

3.2. B diéu khién ty chinh dinh fuzzy

Do DIV bién d6i lién tuc trong sudt thoi gian, gidi phap tot nhat cho van dé nay la cap nhat
truc tuyén dd loi cua bo diéu khién PI dua vao luat mo dé duy tri d6 chinh xac cua dap ung PDV.
Dua vao su quan sat dap tmg PDV theo PDV tham chiéu & cac diém van hanh khac nhau dé thiét
ké cac tap mo va luat mo. Do do, mdi tin hiéu dau ra cua FLC ¢6 bon TMF va 25 luiat mo nhu
duoc chi ra trong hinh Savab. Luu do gidi thuat cua SFP duoc chi ra ¢ hinh 4.

< Ad d
1 0 0
z £ M\ e
—K ]

FLC ()

o p[-NP NM NS ZE PS PM PB
508; / '
506 \/ / .
g . )
Qa 0.4 [ \ /N \ // -1
ko4 A\ / \ /
202 \ an / b
on \ /
53
a o0 :

-10 -5 e,deg,do 5 lo(b)

2 NBNM| NS| ZE| PS|PM|PB

PB|(NS|NS| ZE|PS |PM|PB | PB
PM|NM| NS| ZE| PS |PM|PB | PB

PS|NM| NS|NS| ZE| PS |PM| PB
ZE NM|NM| NS| ZE| PS |PM|PM

NS|NB|NM| NS| ZE| PS | PS |PM
NM|NB|NB|NM| NS| ZE | PS |PM
NB|NB|NB|NM| NS| ZE | PS |PS (C)

Hinh 3. So' d6 khéi PI-Type FLC a) 2 tin hiéu, 1 dau ra (d0) MF cia PI-Type FLC b) Luit
PI-Type FLC ¢)

e -
TE e e
B —
_p
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K| K,
e, [ PIPDV | d,
controller

Hinh 4. So' dd khéi b tw chinh dinh SFP
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3.3.

B6 diéu khién PI
Bo diéu khién PI duoc st dung dé diéu khién PDV trong HP-ZSI. Bo diéu khién nay duoc

thiét ké dung phuong trinh (7) két hop vdi cong cu Matlab [6].

o' NB[NM| Ns| ZE | ps|pm|PB eﬁie" NB[NM|NS | ZE| PS [PM|PB
NB [Kps|Kp3|[Kp3|Kp5[Kp5[Kps[KpS NB | Ki5|Kis5 |Kis | Ki5|Kis5 | Ki5|Ki5
NM |Kp4|Kp4|Kp4|Kp4|Kp4[Kp4[K p4 NM| Ki3|Ki4 | Ki4 | Ki5| Ki4 | Ki4|Ki3
NS |Kp3|Kp3|Kp3|Kp3|Kp3 Kp3|Kp3 NS | Ki2|Ki3 | Ki4 | Ki5| Ki4| Ki3|Ki2
© 2 |kpi|kp1|Kp1| Kp1|Kp1| Kplkp1 © ZE | Kil|Ki2 | Ki3 | Ki4| Ki3 | Ki2|Ki1
PS |Kp3|Kp3| Kp3 Kp3|Kp3|Kp3|Kp3 PS | Ki2|Ki3 | Ki4|Ki5|Ki4|Ki3|Ki2
PM |Kp4|Kp4|Kp4 Kp4{Kp4[K p4[K p4| PM | Ki3|Ki4 |Ki4| Ki5| Ki4 | Ki4|Ki3
PB |Kp5[Kp5|Kp5|Kp5[Kps Kp5|Kp5 PB |Ki5|Ki5 [Ki5 | Ki5 |Ki5 [Ki5|Ki5

Hinh S. Luat mé cia AK, a) va AK;b) theo SFP

4. KET QUA MO PHONG

Tham s6 mé phong nhu trén bang 1. DIV 1a pin ma duoc st dung lam dién ap ngudn dé cung
cap cho hé thong DTC-MSVM. Do d6, muc dich ctia viéc cai tién dap ung PDV la dé tang su 6n
dinh cia dién ap dau ra trong HP-ZSI, giam pho hai dong dién dé ting hiéu suat cua hé thong
DTC-MSVM [7], [8]. Gia st rang dic tinh cia DIV duoc chi ra nhu hinh 6a. Pap ung cia PDV
dudi nhiing k¥ thuat khac nhau duoc chi ra & hinh 6b, gia tri cia PDV tham chiéu duoc chon la
560V. FLC, SFP va PI nhu duoc chi ra ¢ hinh 6b, va dap ung qua do cua nhitng k¥ thuat nay la
giong nhau.

Bang 1. Tham s6 md phéng

Tham sd Ponvi Giadtr
Dién cam Z-source (L;&L)) mH 1.5
Tu dién Z-source (C; and () o 0.6 tu Qs dén 1.5s; 0.7 tur
theo (1) H 1.5s dén 3s;
Cong suat dinh murc (P,,) w 3760
Dién 4p dinh muc (V) |4 400
Tan s6 (f,) Hz 50
Dién trd stator (R;) theo (t) Qs }élusl g7osssc§§n%ZSS,
Dién trd rotor (R,) Q 1.083
Dién cam stator (L) H 0.006
Dién cam rotor (L,) H 0.006
Dién cam tur hoa(L,,) H 0.2037
Tan so cat (fyr) kHz 10
S6 doi cuc (p) pairs 2
Moment quan tinh (/) kgm’  2x107
Hé s6 ma sat (B,,) Nm.s  5.752x107
PDV tham chiéu V; ¢ Vv 560
500 tur Os dén 1s; 450 tur
DIV (V;,) bién d6i theo (7) Vs 1s dén

2sva 450 tir 1s dén 2s

60
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Khi DIV doét ng6t giam tor 500V Xuéng 450V ¢ 1s, khi st dung FLC, dap ung PDV bam
PDV tham chiéu la t6t nhat. Khi st dung SFP va PI dap ung PDV giam 538V va 530V sau do
quay vé gia tri tham chiéu 1a 560V sau 0.15s va 0.25s tuong tng nhu chi trong hinh 6b. Tiép
theo, khi DIV dot ngdt giam tu 450V xuéng 400V ¢ 2s nhu chi ra ¢ hinh 6a, khi dung FLC thi
dap tng PDV ciing bam t6t tham chiéu ctia n6. Con khi dung SFP va PI dé diéu khién PDV, dap
g PDV giam ¢ 536V va 522V sau d6 quay vé gia tri tham chiéu 560 V ¢ 0.17s va 0.27s tuong
g nhu chi ra & hinh 6b. Tir két qua hinh 6b chi ra rang PDV diéu khién boi FLC 1a bén viing
nhat chéng lai su bién ddi cia DIV so voi bod diéu khién SFP va PIL.

500
>
= 480
g
= 460
>
2 440
g
2 420
400
0 0.5 1 15 2 2.5 3
Time [s] (a)
= 700 :
= I e SFP
Q
60— T PI H
S —TFLC
% 600 Reference [1
& 550 | g e ¥ e s
2 'y ;
s 500
(="
0 0.5 1 1.5 2 2.5 3
Time [s] (b)

Hinh 6. DIV gidm 10% & 1s va tiép tuc gizm 10% ¢ 2s a) dap tng PDV thay dbi theo DIV

Hinh 7 chi ra tong hai dong dién dudi nhiing k¥ thuat diéu khién khac nhau. TUr phan tich
nhu chi ra ¢ hinh 7, SFP va GAs-PI duoc st dung dé diéu khién toc do la tot hon so véi PL Gia
su rﬁng toc do dong co duoc diéu khién boi GAs-PI, dé dua ra mot su so sanh cua téng hai dong
dién (THD%) vé61 3 phuong phéap: PI, SFP va FLC cho PDV.

cP

| LG Fundarmerisl|SDHej=5 4508 THD=3 8%
I 1Pt Fumbamenta S0 =5 4454, THO=A 57%
[ |5FP FuridemasiahisDHe[=S 474 THD=3 B4%

nidamaenla

Mg |

‘:'h ) 'amuﬂuﬂlgmu}ll'!h]!ﬂ%mﬂ-llun

Fresuencs (Hzj

Hinh 7. THD% véi PI, SFP va FLC
Néu PI duoc sir dung dé diéu khién PDV va GAs-PI duoc s dung dé diéu khién toc do két
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hop cua hai chién luoc diéu khién duoc viét tat 1a PI-GAsPI nhu chi ra & hinh 7. Giéng nhu phan
tich trén ta c6 SFP-GAsPI va FLC-GAsPL Két qua tir hinh 7 chi ra rang FLC-GASPI c6 tong hai
dong dién la thap nhat THD% = 3.38% so v6i SFP-GAsPI la THD% = 3.64% va PI-GAsPI
THD% = 4.57%. Do d6 FLC la phu hop nhat cho diéu khién PDV trong HP-ZSI.
5. KET LUAN

Bai bao nay dua ra su phan tich so sanh va danh gia cta nhiing k¥ thuat diéu khién khac
nhau cho diéu khién PDV PI, SFP va FLC. Ngoai bd diéu khién PI, nhiing giai thuat con lai la
nhiing giai thuat thong minh khong can xac dinh mo hinh toan cua hé thong. Voi PDV trong HP-
7SI, FLC dugc su dung dé diéu khién PDV cho chat luong tot nhat so voi SFP va PIL.
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