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Chuwong 1
TONG QUAN

1.1 Tong quan gidi thuat ting cwong dd loi dién 4p va cAn bang dién ap
trung tinh.

Trong cac mach nghich luu mét ching, hai van dé chinh can duoc dic biét
quan tam 1a: do loi dién ap va su can bang dién &p trén cac tu dién, bai vi chling
Ia nguyén nhan tryc tiép anh huong dén dién ap dat trén cac linh kién, higu suat
chuyén doi va chat lugng dién ap ngd ra. Nghién ciru [14] da ting cuong hé s6
tang ap 1én gip hai lan cac ciu hinh nghich lvu mot chang truyén théng [1], [3],
[4], [7]-[13], [15]-[17], bang cach sir dung UST va LST. So sénh véi nghién
ctru [14], mot gi4 tri twong tu cho hé sb ting ap ciing dd dat dwgc trong nghién
ctru [20] — [22]. Ngoai ra, céng bd [20] — [22] con thé hién su vuot troi trong
viéc str dung it cac linh kién thy dong hon so vai [14]. Trang thai FST da dugc
sir dung trong [20] — [22] cho viéc ting cuong hé sb ting ap. Trong cac cau
hinh trén, cdu hinh [22] sir dung it linh kién nhat, tuy nhién, d6 gon song dong
dién qua cudn cam cao 1a mot bt loi cua ciu hinh nay.

Dbi v6i van dé can bang dién &p trén cac tu dién, c6 hai phuong phap
chinh da dwoc &p dung: 1) sir dung phuong phap diéu ché do rong xung thich
hop hoic sir dung cac bo diéu khién vong kin, 2) str dung cau hinh c6 kha ning
tu can bang dién &p trén cac tu dién. C6 kha nhiéu céng bd sir dung phuong an
1 cho viéc can bang dién ap trung tinh [13] — [15], [20], [26] — [29]. Gan day,
céc nghién ctiu [13] — [15], [20] da trinh bay cac phuong phéap cin bang dién &p
trén céc tu dién cho cau hinh nghich luu mét chiang. Céng b [20] sir dung b
diéu khién PID nham thay doi thoi gian tac dung cia cac khda tich cuc phia
mach tang ap dé can bang dién &p trung tinh. Sai sb giira cac gia tri dién ap cua
tu dién dugce xem xét nhur 1a ngd vao caa PID. Tuy nhién, khi cac hé sé nay bi
thay ddi, hé sé tang ap ciing s& bi anh huong. Trong nghién ctu [13], thoi gian
tac dung cua cac vector nho dang P va dang N s& duoc thay ddi tuy thudc vao
gia trj thuc cua dién &p trén céc tu dién nham can bang dién p trung tinh. Tuy

Trang 1



nhién, cac vector nhé ciing duoc sir dung dé chén cac trang thai UST va LST.
Do d6, viéc thay doi thoi gian ciia cac vector nho dan dén viéc hé sé tang ap bi
anh huong. Nhu dugce dé cap trong [13], téc d6 phuc hdi trang théai can bang
cang nhanh thi h¢ sb ting 4p cang bi anh huong. Bét lgi nay ciing 1a nhuoc
diém trong phuong phap dugc dé cap trong [14]. Xuat phét tir chudi xung dugc
dé xuat trong [16], nghién ctru [15] dé xuét viéc thém mot vector nho dang P
hoac N nam & 1an can ving hoat dong nham giai quyét van dé can bang dién ap
diém gitra. Nhin chung, hé s ting ap trong nghién ciru ndy khong bi anh huong
boi viéc sur dung trang thai FST thay vi UST va LST. Tuy nhién, thoi gian tac
dung cua vector dugc thém vao dugc tinh todn kha phuc tap. Ngoai ra, thoi gian
tac dung cua cac vector nay kha nho dan dén téc do can bang kha cham. Nghién
ctru [22] trinh bay phuong phap thir 2 cho viéc can bang dién &p trén cac tu
dién. Bang viéc nbi song song hai ty dién trong trang thai ST, dién ap giira
ching c6 kha nang ty can bang ma khdng can sir dung cam bién. Tuy nhién,
van con ton tai su chénh léch nhit dinh giita cac gia trj dién &p trén tu dién gay
ra boi cac thanh phan ky sinh trén céc linh kién. Thong thuong dién ap chénh
léch chiém khoang 4% gia tri trung binh cua céc tu dién.

Nhin chung, c4c giai thuat va cau hinh da néu trén c6 mot sb bat loi chinh
nhu sau: 1) d6 loi dién ap, 2) phuong phap can bang tu con kha nhiéu han ché
nhu tinh todn phuc tap, anh huong dén do loi cua hé théng. Do d6, luan &n trinh
bay mot phuong phap didu ché vector khong gian (Space Vector Modulation —
SVM) nham khéc phuc cac nhuoc diém nay [30]. Cau hinh nghich luu 3 pha 3
bac tya khoa chuyén mach hinh T (3L-qSBT2I) duoc chon lam d6i tugng dé ap
dung giai thuat duoc d& xuat. Trong giai thuat ndy, cac vector nho dwoc ding
dé can bang dién ap trung tinh va chén cac trang thai UST va LST nham ting
cuong do loi cho mach nghich luu. Cac két qua dy kién c6 thé néu ra nhu: 1)
cai thién do loi cua mach nghich luu, 2) dién ap trén cac linh kién nho, 3) giai
thuat can bang don gian va hiéu qua, khdng anh huéng dén hoat dong ting
giam &p cua mach nghich luu.
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1.2 Téng quan giai thuit giam dién 4p common-mode cho cAu hinh nghich

Iwu mgt ching.

bién &p common-mode (common-mode voltage — CMV) 1a mét trong
nhitng van dé quan trong cua nhitng bd nghich luu ngudn 4p. CMV 13 nguyén
nhan chinh din d&én dong ro, dién ap truc, dong qua 6 bi cta dong co, va nhiéu
dién tr [31], [32]. Ngoai ra, dong rd cao con din dén sy mat 6n dinh cia hé
thong. Mic di nghién ciru trong [30] thé hién sy vuot troi trong viée tao ra do
loi dién ap cao va can bang dugc dién ap trung tinh. Tuy nhién van d&& CMV
khéng dugc xem xét trong nghién ciru nay.

Nhim ké thira vu diém vé d6 loi dién 4p cao di gi6i thiéu & nghién ctru
trude d6 [30] va cai thién bién d6 CMV, luan an trinh bay phwong phap diéu
khién SVM nham giam CMV. TAt ca cac vector tao ra gia tri CMV cao s€ dugc
loai bo khoi gian d6 vector khong gian. Cac vector v6i bién do CMV thap duoc
sir dung dé tao ra vector tham chiéu. Trong phuong phap niy, cic vector nhod
van dugc str dung dé chén cac trang thai UST va LST nham ting cudng dién ap
phia nghich luu.

1.3 Téng quan giai thuat xir 1y s ¢6 hé mach

Trong thoi gian gan ddy, cac mach nghich luu dua trén cac linh kién ban
dan hoat dong & tan sb cao thu hut nhiéu nha nghién ctru trén thé gidi vi cac vu
diém cua ching co thé ké dén nhu: mat d6 cong suét cao, chit lugng dién ap
ngd ra t6t, hidu sudt cao, v.v... Tuy nhién, nhitng linh kién ban din nay co thé
ddi mat véi cac su cd lam giam d6 tin cay ctua hé théng. Trong mdt vai ing
dung doi hoi tinh lién tuc trong viéc cung cip ning lugng nhu trong cic hé
thong giao thong cong cong, hé théng y té thi cac sy ¢b nay co thé dan nhiing
thiét hai nghiém trong. Do d6, cac bd nghich luu can duoc thiét ké dé hoat dong
trong trang thai khoa ban din gip sy cb nham nang cao tinh 6n dinh ciia hé

théng.

Tir cac phan tich trén, ludn 4n trinh bay phuong phap PWM giai quyét sy
cb OCF/SCF cua mach TLB-T?l nhdm khic phuc cac nhugce diém con ton tai
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clia cac phuong phap truyén thdng. Uu diém cta phuong phap duoc dé xuét co
thé duoc liét ké nhu sau : 1) giam dién ap dat trén cac linh kién, 2) khic phuc
duoc mot hodc nhiéu OCF cua cac khda ban dan, 3) khéc phuc duoc SCF cua
céc linh kién ban dan phia mang nguf")n khang, 4) khic phuc duoc OCF tai tu

dién phia mang ngudn khang.
Chuong 2:
GIAI THUAT SVM PE XUAT CHO CAU HINH 3L-gSBT?l

2.1. Cu hinh 3L-qSBT?I

SPJ"'] D, P
— 11t
LBg Dy c,
iLT io
O —>
1t
V™= D, Cu
re |
Sy Dy [y

“E

Ve

RN R S~H'H
(@ (©
Hinh 2.2. Cac ché d6 hoat dong cua 3L-qSBT?l (a) NST 1, (b) NST 2, (c) NST
3, (d) NST 4, (e) UST, (f) LST.
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Tuong tu nhu cac cdu hinh nghich luu mét chiang khac, cau hinh 3L-gSBT?
hoat dong ¢ hai ché do chinh 1a ché d6 ngan mach (ST) va ché d6 khong ngan
mach (NST), dwoc md ta trong hinh 2.2. Tuy nhién, trong ché d¢ ST, hai trang
thai ngan mach nira trén (UST) va ngan mach nira dudi s& duoc sir dung thay
cho trang thai ngan mach toan phan (FST) d¢ tang cuong dién 4p DC-link, hinh
2.2(e) va 2.2(f). Hai trang thai nay s& duoc chen vao céc vector nho dang N va
P nham khong 1am anh hudng dén dién ap ngd ra cua mach nghich luu.

2.2 Giai thuit diéu ché vector khong gian dé xuat

Sector II
Ts A7 P
NPN 0P ﬁ /A PPN
Sector L /7 L/ o\ Sedtord

oPo\/ T3
NON

Sector V

Hinh 2.3. Gian db vector khong gian cho giai thuat dé xuat.
2.2.1 Tinh toén thai gian tac dung
Bang 2.1. Thoi gian cua cac vector thanh phan cua sector .

Vung ta to tc
1 2MTsin(z/3-0) Ts-2MTssin(z/3+6) 2MTsin(O)
2 Ts— 2MTssin(O) 2MTssin(z/3+6)-Ts Ts—2MTssin(z/3-6)
3 2MTssin(O) - Ts 2MTsin(z/3-6) 2Ts—2MTsin(z/3+6)
4 2Ts—2MTssin(n/3+6) 2MTssin(O) 2MTssin(z/3-6)-Ts
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Bang 2.1 liét ké thoi gian tac dung ctia 4 vung thuoc sector |. Cac sector khac
ciling c6 thé ap dung phuong phap twong tu dé tinh toan thoi gian tac dung.
2.2.2 Lya chon chudi xung dé can bang dién 4p trung tinh

Iy Hoad Za Iy Za

(ay [POOI by [ONN]

Hinh 2.4. Anh huéng caa vector nho dang P va N 1én dién ap trén cac tu
dién (a) vector nho dang P [POQ], (b) vector nho dang N [ONN].
Nhu duogc biéu dign trong hinh 2.4, mdi vector nho déu ton tai hai bién thé 1a
vector nho dang P va vector nho dang N. Hai bién thé nay tao ra cing mét gia
tri dién ap day ngd ra. Do d6, viéc thay thé cac bién thé nay cho nhau khong
lam anh huong dén dién ap ngd ra. Tuy nhién, mdi bién thé lai ton tai cac anh
hudng 1én dién &p trung tinh khac nhau. Cu thé duoc mé ta nhu sau:
Déi voi vector [POO], hinh 2.4(a), ¢d thé thay rang dong dién chay qua tu Cp c6
gia tri nho hon dong chay qua tu Cn. Do d6, dién ap trén tu Cp $& cd xu huédng
taing cham hon dién &p trén tu Cy, gia sir rang hai ty dién co cung dién
dung.Tuong tu, khi vector [ONN] duoc sir dung nhu hinh 2.4(b), dién &p trén tu
Cp €0 XU hudng tang nhanh hon dién p trén tu Cn.
Dua trén cac phan tich trén, viéc can bang dién &p trung tinh c6 thé duoc chia
thanh hai truong hop nhu sau: 1) dién ap tu Cp I6n hon dién ap tu Cy, 2) dién ap
tu Cn 16n hon dién ap tu Cp.
Déi véi truong hop 1, Ve > Ve, C4c vector nho dang P s& duoc st dung thay
cho cac vector nhé dang N nham ting cudng dién p tu Cy va giam dién ap tu

Cr. Khi nay, chudi xung caa bo nghich luu cho viing 2 cia sector | duoc xac
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dinh nhu sau: [PPO]-[POO]-[PON]-[POQ]-[PPO] va lap lai.

Déi véi truong hop 2, Ve < Ven, cac vector nho dang N s& duoc sir dung thay
cho cac vector nho dang P nham ting cuong dién &p tu Ce va giam dién 4p tu
Cn. Khi nay, chudi xung cia bo nghich luu cho ving 2 ctia sector I dugc Xac
dinh nhu sau: [ONN]-[OON]-[PON]-[OON]-[ONN] va lap lai.

Nhim dam bao dic tinh ting giam ap cua bo nghich luu, cac trang thai UST va
LST dugc chén vao chudi xung da néu trén, dugc biéu didn nhu hinh 2.5.

Vool - T N t
c — Vee |
0‘ . ’\ \‘/\
Ven 0 T
’\ — —_— Vent | S
0 0 !
SPT T/ , DOz T - } /4 - D12 - T
0 1 : || 0 [ :
T 1 | | T | DyT/2 | i i i | D.TJ/2 | t
o | | | | | uTs i t N j D, T,/2 LT |
f\‘ ; . DuT2 ! ! i t
UM P o o P o ol PP P P P P P P 1P
t T
B
WIWNJo o o N Jo o jo[N.t Plol o fof P Joi o ‘ofF
T
0
(0; N | N N N N N N N[ Nt clEST i]o N of LST o N offLsT] t
wh h | 42 Wh 42 WA 42 [ WA WA 42 WA U2 A G2 /4 4
T T
W-ust  [H=nsT3 (a) =tsT  [ll=NsT3 (b)

Hinh 2.5. Chudi xung dugc dé xuat cho viing 2 sector I, UST, LST va xung
kich cho khoa Sp, Sn cia mang ngudn khang.

2.2.3 Phan tich trang thai xac lap

Gié tri dinh cta dién ap pha ngd ra dugc xac dinh nhu sau:
2 v 2 M -V,

V, peak :ﬁM c :ﬁ'm (2.1)
Mdi quan hé giita Dst va M duoc xéac dinh nhu sau:
D, =2x(1-M) 2.2)
Mbi quan hé giita hé s6 Do va hé s6 ngan mach Dst duoc biéu dién nhu sau:
D,, <D, <1- D (2.3)

2.3 So sanh giai thuat dé xuit va cac nghién ciru di cong bb.
Giai thuat duoc d& xuat gilp cai thién do loi dién ap va giam dién ap dat trén

cac linh kién.
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10 6

9 [20] Dé xudt 5

8 | A7 nag oy b L
%7 ' [ 1.[22] / Cuc dai >% 4 Pé xuat [2_2]
S ,,."'}5" o
£6 4 [137], [15] || \»; >3 3] o
~5.5 4 /\ Cuc tieu & 2 >
8’: -

=) >
5 o —; [14]
1 1 [15]
05 06 07 08 09 1 1 3. 4 5 6
Modulation index, M Do loi dién ap, G
(@) (b)

5 5
o [20] [20]
34 54
E [14], _[22] b < ok [2?]
=3 P2 xuit : >“3 be¢ xuat )
] 8
£ <
i o [13].[15] 7, 2
a1 a1

01 2 3 5 6 0L 5 6

4
Do loi dién ap, G
(©

3 4
Do loi dién ap, G
(d)

Hinh 2.7. (a) M va G, (b) G va dién ap cua tu dién, (¢) G va dién ap roi trén

diode, (d) G va dién ap roi trén khoa phia mang ngudn khang.

2.4 Thuc nghiém véi giai thuat SVM dé xuit
Bang 2.2 Thdng sb thyc nghiém

Thanh phan/thdng s6 Giatri
bién &p DC ngd vao Ve 70V -210V
bién 4p RMS ngo ra VxRrMS 110

Tan s6 nghich luu fo 50 Hz
Tan s6 chuyén mach fs 10 kHz
Cuon cam ngo vao Ls 3mH/20 A
Tu dién Cpva Cy 1 mF/400 V
Bo loc LC Lfva Cs 3 mH va 10 pF
TaiR R 56Q
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TekPrreVur | Tek Prevu | — —
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Tskstop \_ E—u—] _ Tekstop | i [—- —
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| vse 200V/div]

ISy [200V/ div]

s L
VN [200V/div] | |

1| TR 7T 4 VR |
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Hinh 2.8. Két qua thuc nghiém caa 3L-qSBT?I véi giai thuat dé xuat va [20] khi

Vg =70 V: (a), (c) phuong phép [20], (b), (d), (e), (f) phuong phap dé nghi.

@\
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Tek Prevu {

k Prevu

r

Ver [100V/div]

Fer [LO0V/div]

1

0ms

§

| Ve OOV

IR [200V/div]

Bl [
1 [40ms/div] 1 [40ms/div] |
(a) (b)
Tek Prevu I I Tek Prevu { ]
Vi [100Vidi] Vev [100V/div]
Covam : I T
e Ll ,
-‘ v 40ms
o Jer [100Vidiv] 2 e OOV V] oo b
L FR[200V/div] - VR[200Vidiv]
B B ‘
¢ [40ms/div] r [40ms/div] |
(c) (d)

Hinh 2.9. Két qua thuc nghiém véi giai thuat can bang dién ap tu khi (a), (b)
Ver > Ve, (€), (d) Ver < Ven, trong d6: (a), (¢) phuong phap [20], (b), (d)

phwong phap dé xuét.

93 T T ; T . T
92 /M\
91r
& 90t
.fg’ 89+t
2 88 m
F a7t —-Vidc =210 V: Gii thut dé nghj
861 ——Vdc = 140 V: Giai thuat dé nghi
g5 | —-Vdc =210 V: Gii thuat [20]
" —Vdc = 140 V: Gii thuat [20]
300 400 500 600 700 800 900
Cong suat ngd ra (W)

Hinh 2.10. So sanh hiéu suat gitta giai thuat d& xuit va giai thuat [20].

Béng 2.3. So sanh giira giai thuat dé xuat va nghién cau [20]

Ve =210 V Ve =70 V
[20] Dé xuit [20] Dé xuit
Dién 4p tu Cp 161V 144 V 188 V 146 V
Dién 4p tu Cy 159 V 143V 185 V 144V
THD ciia Vas 659% | 47.8% | 946% | 51.4%
THD cua la 255% | 176% | 2.87% | 1.88%
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Chuong 3:

GIAI THUAT PE XUAT CHO CAU HINH 3L-qSBT2l NHAM GIAM
PIEN AP COMMON-MODE

3.1. Giai thuat gidm CMV d& xuit cho cAu hinh 3L-qSBT?|
Bang 3.1 CMV cua mach 3L-qSBT?l

Vector CMV CMV CMV

Khong [000] 0 [PPP] | +Ven/2 | [NNN] | =Vpn/2
Vector nho | [POO] | +Ven/6 | [PPO] | +Ven/3 | [OPQ] | +Ven/6

dang P [OPP] | +Ven/3 | [OOP] | +Ven/6 | [POP] | Ven/3
Vector nhé | [ONN] | —Ven/3 | [OON] | —=Ven/6 | [NON] | —Ven/3

dang N [NOQ] | —Ven/6 | [NNO] | —=Ven/3 | [ONO] | —Ven/6
[PON] 0 [OPN] 0 [NPO] 0
[NOP] 0 [ONP] 0 [PNO] 0
[PNN] | —Ven/6 | [PPN] | +Ven/6 | [NPN] | —Ven/6
[NPP] | +Ven/6 | [NNP] | —Ven/6 | [PNP] | +Ven/6

Medium

Large

Sector 11

NPNi—— OPN ———IPPN

PN
LINETN

P

AYAYAYAYS
VA g \/

NNP ONP e

S8
e“fo,/[/

Sector V

Hinh 3.1. Gian db vector khdng gian cai tién.
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Trong nghién ciu trudc d6 duoc trinh bay ¢ chwong 2, tit ca 12 vector
nho dugc ding dé tong hop vector dién ap tham chiéu. Do d6, CMV dao ddng
trong khoang +Ven/3 dén -Ven/3. Trong giai thuat SVM cai tién nay [37], tat ca
cac vector nho tao ra gia tri £Ven/6 tai CMV, vector khdng [OOO], vector trung
binh va cac vector l6n duoc sir dung dé tong hop vector tham chiéu nham 1am
giam bién do ctia CMV.

3.1.1. Tinh toan thoi gian tac dung va lya chon thir tw chuyén mach.

Trong phan nay, viing 2 caa sector | dwoc lya chon dé phan tich hoat dong cua
giai thuat dé xuat. Thoi gian tac dung cua céc vector thanh phan duoc tinh toan
nhu trong chuong 2. Phuong phap SVM dé xuat chudi xung chuyén mach Ia:
[PON]-[POO]-[OON]-[PON] va lip lai, nhu biéu dién & hinh 3.2.

] To/4 : DoTs/2 DyrTo/4
o] M [
2 .
0

PP P O O P o o[ 7T TP,
| i | _ DaTd2_ |
o o pEENEEC o o 0 o
NJo o [N NI N N[ o o[n |t
7Y w2 b2 2 w2 uih

Hinh 3.2. Chudi xung cho viing 2 cua sector .

3.1.2. Can bing dién ap trung tinh.

Nham can bang dién &p trén hai tu dién, thoi gian tac dung cua ché do NST 1 va
NST 2 duogc dinh nghia lai nhu sau: (D1 — Dst)Ts/2 va (D2 — Dst)Ts/2, trong do,
D1 va D; duge dinh nghia 1a hé s6 cong tac ting thém cta hai khoa Sp va Sy.

Mot cach don gian, hé sé D1 va D2 ¢6 thé dugc tinh toan nhu sau:

{Dl = Do /2+k(vcp _VCN)

31
D, =Dy /2-k(Vep —Vey) ()
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3.2. So sanh giira giai thuat dé xuit va cAc giai thuat trudc dé

100 T T T T T 0.7
— )
90 - 1 206
2\/‘
— 1
2 80 = 05
=
£ - 5
& = {36] 53047
5 60 —e—[30] va dé xuét 2
L= a 03
@ >
5 L =
3 50 B o2
a @
T | 5
= 40 )
@ 0.1
0 __‘_//’4 - =
0
20 - :
1 1.5 2 25 3 35 4 1 15 2 25 3 35 4
D6 lgi dién ap, G D4 lgi dién ap, G

(a) (b)
Hinh 3.3. So séanh giita giai thuat dé xuat va cac cong bé trude do.
Nhin chung, dong gop chinh ctia nghién ctu nay la viéc lam giam bién do cua
CMV ma vén duy tri duoc cac uu diém d4 trinh bay cua giai thuat trudc do nhu

d6 loi dién &p va chat luong dién &p ngd ra cao.

3.3. Két qua thye nghiém
Bang 3.2 Thong s6 md phong va thyc nghiém

Thanh phan Values
bién ap ngdb vao Ve 100 V + 200 V
bién 4p ngd ra VoRrMs 110 Vrwms
Tan s6 ngd ra fo 50 Hz
Tan sb chuyén mach fs 5 kHz
Hé s6 ngan mach Dst 0.16
Hé s6 tang thém Do 0.16 + 0.84
Chi s6 diéu ché M 0.92
Cuon cam Ls 3 mH/20 A
Tu dién Cpr=Cn 2000 pF/400 V
Mach loc LC Lt va Cs 3mHva 10 uF
Tai dién tro R 40 Q
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'[? Stop. I 1 Tek stop. I

Vae[200V/div]

CMV [200V/div]

t{10ms/div] |
I TR |

t[10ms/div] |
P Wi |

Hinh 3.4 Két qua thuc nghiém CMV cua giai thuat dé xuat va [30]. (a) giai
thuat [30], (b) giai thuat dé xuat.

Chuong 4:
GIAI THUAT PE XUAT CHO CAU HINH TLB-TI NHAM KHAC
PHUC SU CO TAI CAC KHOA CONG SUAT
4.1. Cau hinh TLB-T?I trong trang thai binh thuong.

T T
| |
b I eV
5ol 2 o t
0 5 O . t
Sn —— Sn I" r
O—— 1t vt 1 t
0 l(a) 2 3 0 1 2 (b) 3

Hinh 4.1. Xung kich cua Sp va Si.

Lo Sp _D1+ +V, L Spl —Dlld +V
iLT D, _ép ILT D, _!:P
Vdc + DO CN Vdc [+ [? CN
g _+| _ = Ds _+| v

ToHn 9 TiHA S
(@) (b)

Hinh 4.2 Céc ché do hoat dong caa TLB-T2I: (a) ché do 1, (b) ché do 2, (c) ché
d6 3, (d) ché do 4.

bién ap DC-link, Vpn, dugc tinh toan nhu sau:

Vae (4.1)

Von =Vep +Vey = 1-D
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Do loi dién ap ctia bd nghich luu dugc tinh toan nhur sau:

G:Vx,peak =ix M
V,/2 3 1-D

4.2. Phuwong phap xir Iy 15i cho cau hinh TLB-T2I.

(4.2)

Trong phan nay, mét 18i hé mach tai mot khda ban dan duoc xem xét dé xur 1y.
Nhiing su ¢d c6 thé xay ra duoc chia thanh ba loai chinh: 1) 15i ho mach xay ra
tai khoa Sp phia mang TLB, 2) 16i hé mach xay ra tai khoa Sia phia mach 3L-
T21, 3) 16i ho mach xay ra tai khda Sza va Ssa phia mach 3L-T2I.

4.2.1. Phwong phap xir ly 16i hé mach cho khoéa Sp.

Sector 1

Phase A dugc ding dé chén UST
Phase B dugc dung dé chen UST
Phase C dugc dung dé chen UST

Sector V

Hinh 4.3. Gian db vector khong gian dé sira 16i khoa Sp hd mach.
Pé sta dugc 16i ho mach tai khoa Sp, phuong phap dé xuat diéu khién bo
nghich luu hoat dong twong ty nhu bd nghich Iuu hai ching hai bac truyén
thdng. Trong phuong phap dé xuat, ngd ra cua bd nghich Iuu Vxo (X = A, B, C)
dat duoc hai gié tri 14 0-V va -Ven trong sudt qua trinh hoat dong. Hai gié tri
nay duoc dai dién bai hai trang thai [O] va [N] trén gian d6 vector khong gian.
Gié tri 0-V tai ngd ra dat duoc bang cach kich déng dong thoi hai khda ban dan
Sox VA Sax. Khi hai khoa Sax va khoa Six duogc kich dong mot cach dong thoi,
dién &p -Ven duoc tao ra tai ngd ra Vo cua bo nghich luu. Co thé thiy rang,
khéa Sax luén duogc kich dong khi giai thuat dé xuat dugc sir dung. T hop cac
trang thai dién &p ngd ra cua giai thuat dé xuét duoc biéu dién nhu hinh 4.3.
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Trong giai thuat nay, trang thai [NNN] (tao ra bang cach kich déng dong thoi
khoa Saa, Sas, Sac) khong dugc su dung.

T T
| A T Le Se |__D| iJ Le Se |_—D| 1+
L te b, ¢ t

D2 Cp

H 0

A DT ! i'fv"c““D3
ST

H N

@ (b) (c)
Hinh 4.4. (a) Tin hiéu diéu khién caa khoa Sy, (b) ché d6 1, (c) ché do 2.
Hoat dong tang ap duoc dam bao bang cach diéu khién hé sé cong tac cua khoa
ban dan Sy. Tin hiéu diéu khién cua Sy duoc md ta nhu hinh 4.4(a).

Dién ap ngo ra trong treong hop nay dugce xac dinh nhu sau:

Vo=t Ly Ve (4.3)
e 3 2 3 1-D
b0 loi dién 4p caa mach nghich luu dwoce tinh toan nhu sau:
V
_ X, peak :ixl (44)
V,/2 3 1-D

4.2.2. Phwong phap xir Iy 16i hé mach cho khéa Sia.

Tuong tu nhu 16i hé mach tai khoa Sp, 16i ha mach tai khoa Sia ciing duoc xi ly
bang cach diéu khién mach nghich luu hoat dong & ché d6 hai bac hai chang.
Cac ché d6 hoat dong cua TLB-T?I va tin hiéu diéu khién hai khoa ban dan phia
nghich luu dugc trinh bay nhu hinh 4.5. Trong trudng hop nay, giai thuat diéu
khién kich dong khoa Sp va kich ngit tin hiéu diéu khién ciia cac khda Sia, Sis
va Sic phia nghich lvu. Didu ndy dan dén viéc cach ly tu dién Cp khoi mach
cong suat. Diode Dy phan cuc nguoc trong khi diode D, phan cyc thuan. Hai
ché do hoat dong chinh ciia mach nghich luu dwoc xac dinh théng qua trang

thai dong ngit ctia khoa Sy.
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A T
L
0 ' [

Y T Lg S —'DIiJ g S —'DIiJ
Se 5 ! te o[ & % 1€ o &
0 i i: Ve O 0

4 DT ! Pt et D, +CN_ XD, +CN_
P TR TS
0 :T N D, -V N| D, -Ve

(@) (b)
Hinh 4.5. (a) Tin hiéu diéu khién cua khoa Sp, Sy, (b) ché do

©
1, (c) ché d6 2.

Giai thuat dé xuat diéu khién mach 3L-T2l hoat dong nhu mot mach nghich luu

hai bac truyén thong bang cach kich ngit tin hiéu diéu khién
Sig, Sic. T6 hop cac trang thai dién &p ngd ra cua giai thuat

cua ba khoa Sia,

dé xuat tuong ty

nhu 15i tai Sp. Tuy nhién vector [NNN] van dugc sir dung trong truong hop nay.

4.2.3. Phwong phap xir ly 16i hé mach cho khoa Sza va Ssa.

Sector Il
\j

Sector 11

Vo
NPOG,

PPP
NNN

Vs /| opp
NP TNOO

%9@9

POP
ONO

&

/PNO

Sector IV Sector VI

NNAVAS

= \/pPNP
Viz

Vig

Sector V

Hinh 4.6. Gian d6 vector khéng gian cho giai thuat stra 15i khoa Sza Va Saa.

Pé xir ly sy ¢b nay, giai thuat vector khéng gian cai tién duoc

vector khdng gian cho su ¢ nay duoc biéu dién nhu hinh 4.9.

sir dung. Gian d6

C6 thé thay rang

khi 16i ho mach xay ra tai S;a va Ssa cac vector khong [O0O], vector nho
[ONN], [OON], [OPO], [OPP], [OOP], [ONO] va hai vector trung binh [OPN]
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va [ONP] khdng thé dat duoc tai ngd ra cia bo nghich luu. Khac véi cac vector
trung binh, c&c vector nho va vector khdng lubn cé cac vector du phong. Do do,
hoat dong caa mach nghich luu trong cac sector 1, 11, IV,VI ¢6 thé dugc dam
bao twong tu nhu trong trang thai binh thuong nho sy trg gilp cta céc vector du
phong. Vi vector trung binh [OPN] va [ONP] khéng c6 cac vector du phong
nén hoat dong cua mach nghich Iuu trong hai sector II va V khong thé duy tri
nhu trong trang thai binh thuong. Trong truong hop ndy, giai thuat dé xuat diéu
khién mach nghich luu hoat dong nhu mét mach nghich luu 2 bac bang cac
dung cac vector khong va vector 16n dé diéu ché vector ngd ra.

4.3. So sanh giira giai thuit dé xuét va giai thuat truyén thong.

9 9
8 8
71
2 6f 2 6r F2 nghich furu 2
Zu > chang
> 5t g 5r
2 2 .
&4 24
& kS F3 [65], [66]
R’ 3r & 3f 5
£ \
2 2
1 1 N
gnic!
0 0 & 0P
0 0 1 2 3 4 5
Do loi dién ap, G Do loi dién ap, G
(3 (b)
9 18,
8 16
7 14
: 2
%6 F2 nghich Iuu 2 312
> ching >
"f 5 s 510 F3[65], [66],
£, is 8 F1[67]
F3[66
2 dad &gl F3of2-Stage
E % & Inverter *
2 2, s
1 >0 2
e
0
0 &P 0
0 1 2 3 4 5 0 1 2 3 4 5
Do loi dién ép, G Do loi dién ép, G
(© (d)

Hinh 4.7. So s&nh gitra giai thuat d& xuét va giai thuat truyén théng: (a) G va
dién ap trén tu dién, (b) G va dién ap trén diode, (c) G va dién ap trén khoa

Sp/S, (d) G va dién ap trén khda Sax phia nghich luu.
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Céc khao sat vé dién ap dit trén cac linh kién ddi véi nhiing giai thuat xu ly su
¢b tai khoa ban dan khac nhau dugc trinh bay nhu hinh 4.7. Trong cac nghién
clru nay, phuwong phap dé xuat va cau hinh nghich Iuu 2 chang truyén théng thé
hién su vuot troi trong viéc tao ra dién ap dat trén céc linh kién ban dan it nhat
Vi ¢6 chi s6 diéu ché cao hon cac nghién ctru con lai. Dic biét, ddi véi 16i ho
mach xay ra tai Sia, phuong phap dé xuat c6 thé giam dién ap dat trén cac khoa
Six/Sax xudng bang % so véi cau hinh 2 ching truyén thong, duoc thé hién nhu
hinh 4.7(d).

4.4. Thye nghiém véi giai thuat dé xuét

Bang 4.1 Thong s6 thuc nghiém

Théng so/ Linh kién Gia tri
bién 4p ngd vao Ve 200V
Dién ap ng() ra Vx,RMS 110 VRMS
Tan s6 ngd ra fo 50 Hz
Tan s chuyén mach fs 10 kHz
Cudn day ting ap Ls 3mH/20 A
Tu dién Cp and Cy 1 mF/400 V
Mach loc Lsand Ct 3 mH and 10 puF
Tai Rx 40Q
Bang 4.2. Dién &p trén tu dién va THD dién ap day ngd ra
Trang thai binh thuong F1 F2 F3
biénap tu Cp 200V 200V oV 200V
bién ap tu Cy 200V 400 V 400 V 200V
THD cua Vas 49.4 % 96.3% | 99.8% | 66.7%

Ba phuong phép xir ly su ¢ tai khéa Sp (F1), Sia (F2), va khéa ban dan hai
chiéu Sy va Sza (F3) duoc kiém ching trong chuong ndy. Luu Y rang, phuong
phép chuan doan 15i s& khong duoc dé cap vi cac phuong phéap nay da duoc giai
quyét triét dé trong cac nghién ctu trudc d6. Thoéng sé hoat dong cua mach
nghich leu dugc dé cap & bang 4.1. Thong ké dién &p tu dién va gia tri THD cua

mach trong cac truong hop duoc liét ké nhu bang 4.2.
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4.4.1 Két qua doi véi phwong phap xir 1y sw ¢6 hé mach tai khéa Sp

Tek Prevu | e s—— delcprevi ]~ — T T T T T
TSI Jt |Binh theong FLi | Sia o0
Ve [200V/div] S
ot IVCN [200V/div] . ' S 4
of

\/Po [200V/div]

@

| von [200v7div]
B

it [100ms/d|v]

——EJ-—'@'-—-'-'_:@'_'_:_?_'_. -_'-._'_.

t [20ms/div]

Chi™“206 v &Cha| 200 v
®E 200V wcChd[ 200V |

M\moms\ A Chi F 0.00 VI Chﬂ 200V Mchz\ zoov

{ BE_ 200V _wch4| 200V_ |

M20.0ms A Chl - 0.00 v|:

Tek PrevVu | P E——— ——

'rék-PEv_u_\ _______________________

Binh thmmg F1:

VeN [200V/div] E i

Ia, Ie, Ic [4A/div]

Pt [100ms/d|v]

-

ikl salinty

t [20ms/div]

Chi 200V ®Cha| 4.00 A &

Ch3[ 4.00 A OWEIE] 4.00 A2 |

M\100ms| A Chz £ 0.00M Chil 560V Mchz\ G0 AD

Ll

Wz0.0oms A Chz + 0. 00A|

VAG [400V/div]’

t [100ms/div]

o

Hinh 4.8. Két qua thi nghiém cho giai thuét sira 16i hé mach Se.
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4.4.2 Két qua d6i véi phwong phap xir 1y sw c6 hé mach tai khéa Sia

L e e — U TN e e
S ' _Bifih thuwong F2 | Sita 16
Ver [200V/div] : i i
o lvenizooviangi © e :
O
Vro[200V/div] :

[ von (200vdiv]
(3

I N E—i

: : : S 1 0 T t[100ms/div] i | t [20ms/div]
@il 200V WcCh2 200V M 100ms| Al Ch1 J —4.00 Vi [l 200V &Ch2| 200V  4M20.0ms A Chl & —4.00V
Ch3‘ 200V MCI‘I‘I‘ 200V | L E"I_?:L E[]_[] ! _ﬂcﬂ‘ﬂ_ _22[]_\/_ _‘ _____________ )
(@)

Tek Prevu | ———— l'['EK_Pr_eV_u_I____4'[—]—___________________1
; e == e T T T aot
S Binhithuong i F2 Stea loi ,

>
Ven[200V/div] , : :
e v porer ™y : res WW‘TWMMWWWI
: i ,
« X

73 0 RS R WP S » : | )

; : Idiv o f 1A B ¢ X
1A, I_B, IC_[4A_/d|v] : + 3 3 :
(

> +1—2\ +:

S v T i t[100ms/div]) o t [20ms/div] )
@l 200V %Ch2| 4.00 A M T00ms| A Ch2 & 0.00 Al G 200V wCh2[ 4.00 A OuM20.0ms A Ch2 s 0.00 A)
Ch3[ 4.00 A @8Cha[ 4.00 A G | ( Ch3[ 4.00 AQWCh4] 4.00 A0 | ’

_____________________________ <9

't [100ms/div] i

Hinh 4.9. Két qua thi nghiém cho giai thuat sira 16i hé mach Sia.
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4.4.3 Két qua doi véi phwong phap xir Iy sw ¢6 hé mach tai khoa Sza va Ssa

k Prevu |
( : :

H
.

Tek Prevu | S

v

 Sita 16

Binh thiwong F3

\Vep Ven [200V/div]

H
.
.

.
e
.

VPO, VON [200V/iv]

¢ t[100ms/div]:

h
I

t [20ms/div]

: H
Chi[ 200V  &Ch2| 200V

M[100ms| A Chi - 0.00V)( Chi 200V &chz[ 200V

BB 200V &Chd[ 200V

M20.0ms A Ch1 S 0.00 V|

Tek Prevu | R S flak Prevu | [l sk i
i Binh thuong F3' Sita 16i

Ve [200V/div]

™

pibieme

Ia, Is, Ic [4A/dY] |

© 100mslcv]

t [20ms/div]

Chi[_200V &/ch2] 4.00 AQuM 100ms| Al Ch2 S 0.00A Chi| 200V #Ch2[ 4.00 A

Ch3[ 4.00 A Qa[EEE .00 A 2 |

L-Ch-3L 4.00 A Ch 4.00 A0 |

----------------------- -

M20.0ms A Ch2 J 0.00 A:

Hinh 4.10. Két qua thi nghiém cho giai thuat sira 15i hé mach Sza Va Saa.
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4.4.4 Hiéu suét ciia mach nghich luu

93
92 - .———.——* C=—=
91+ g:i — ‘Aik-—::gr-——-—egsﬁa

%0 =@-2 chang trong trang thai binh thuong

89 <hpé xuht trong trang thai binh thuong

88 | =@=D2& xuét cho F3

87! '.'Dzé xué:lt cho F2 =
=)=Dé xuit cho F1

86

85+

84 L L L L L
400 500 600 700 800 900
Cong suat ngd ra (W)
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éu sual

7
A

A

Hi

Hinh 4.11. Hiéu suat saa mach nghich luu.

Chuong 5:

KET LUAN VA HUONG PHAT TRIEN
5.1. Két luan
Tir cac két qua da dat duoc caa luan an, mot sé két luan nhu sau dwoc rit ra:
. Luan &n da trinh bay duoc tinh cip thiét cua viéc str dung cac bo nghich
Iru di vai sy phét trién cia xu hudng ning luong hién tai va tuong lai.
. Luan &n di trinh bay dwoc wu nhuge diém cua cac bd nghich luu mot
chang va giai thuat didu khién trong trudng hop binh thudng va su ¢ xay ra tai
cac khoa cong suét da cong bo.
. Giai thuat diéu ché vector khong gian dugc trinh bay cu thé trong luan
&n nham ting cuong do loi dién &p va can bang dién &p trén cAc tu dién (chuong
2).
. Giai thuat didu ché vector khdng gian cai tién duoc trinh bay cu thé
trong luan &4n nham 1am giam bién d6 hiéu dung ciing nhu bién d6 dinh-dinh

cua dién 4p common-mode (chuong 3).
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o Giai thuat diéu ché vector khong gian cho trudng hop su ¢d hé mach va
ngin mach xay ra tai cac khda cong suat va cac tu dién ciing duoc trinh bay cu

thé trong luan an (chuong 4).

Véi cac giai thuat da trinh bay, mach nghich luu c6 thé cai thién duoc hiéu suit,
dién ap dat trén cac linh kién, va kich thudc hé théng. Nhitng wu diém nay da
duoc kiém chung thdng qua so sénh, md phong va thuc nghiém trén mé hinh
thuc té.

5.2. Han ché va hwéng phat trién cia luin 4n

Bén canh cac wu diém néu trén, luan an van con ton tai mot s6 han ché nhu:

. M® hinh thuc nghiém duoc xay dung dé kiém chang giai thuat dé xut,
do do6, chua dugc thiét ké téi wu. Vi ly do an toan, céng suat thuc nghiém chi
dat khoang 1kW. Viéc nang cao cong suit thuc nghiém khong duoc xem xét
trong luan an nay.

. Do cac han ché vé kinh phi nghién cau, cac linh kién béan dan hién dai
nhu silicon carbide (SiC) hoic gallium nitride (GaN) chwa duoc dau tu. Do do,
hiéu suit caa toan hé théng nhin chung con thap so véi cac san pham thuong
mai hién c6 trén thj trudng. Ngoai ra, giai thuat dugc thuce nghiém trén tai thuan
tré nhirng 1a mot trong nhitng han ché cua luan én.

Tur nhitng han ché duoc liét ké nhu trén, hudng phaét trién trong twong lai cua
luan &n c6 thé duoc liét ké nhu sau:

. Mach PCB véi cac linh kién dugc lya chon tdi vu nham huéng téi san

pham thuong mai s& duoc dau tu phét trién trong tuong lai.

. Céc giai thuat dugc dé xuat s& duoc xem xét kiém ching véi tng dung
nang luong mat troi hoa ludi trong tuong lai.
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