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LOI NOI PAU

Ngay nay Khoa hoc — Ky thuat ngay cang c6 nhimg budc tién vuot bac nhu cau sir
dung nang luong 12 yéu t6 vo cling quan trong cho su phat trién caa mdi quéc gia. Khi
ngudn niang luong hoa thach truyén théng dang can kiét dan, viéc xay dung va dua vio cac
g dung cac hé théng dién dung ning lugng téi tao d trd nén mot yéu cau bic thiét. Cac
hé théng ning luong tai tao dic trung boi cc ngudn phét phan tan trong mot ludi dién yéu
quy mé tuong d6i nho. Viéc két ndi nguon phat phan tan trong ludi dién nho c6 két ndi véi
ludi qudc gia doi hoi ¢ cac bo bién doi dién niang tin cay. Nghich luu da muc chinh
(NLBM) 1a cac thiét bi bién doi c6 thé dap wng cac yéu cau nay. NLDM phan nho cac budc
nhay dién ap ra phia xoay chiéu, giam dugc téc d6 ting dién ap trén tai, cac van ban dan
chi phai dong cat & mtrc dién ap thap, tan sb dong cét caa cac don vi mach luc thap trong
khi vAn dam bao tan s dién &p ra cua qua trinh didu ché cao. NLPM duoc coi nhu mét giai
phap hiéu qua cho cac tng dung cong suat 16n va dién ap cao Céc bo nghich luu doc 1ap 1a
mét trong nhitng bo bién dbi rat quan trong, c6 nhitng tng dung cap thiét trong thuc té. Cac
phu tai xoay chiéu ngay nay y&u cau ngudn dién cung cip co dién &p, tan s thay do6i duoc
trong pham vi rong. Bén canh do, cong nghé FPGA la mot phuong an ngay cang dugc tng

dung rong réi trong Dién tr cong Sut.

Trong thai gian caa ky hoc 20172, em dugc sy phan cong va thuc hién Pé An Chuyén
Nganh véi thay gido TS. Vit Hoang Phuong, duoc thiy huéng din cho dé tai: “Tim hiéu
va ing dung FPGA cho nghjch Iuu nguon ap ba pha ba miic si dung hai phwong phdp
SinPWM va SVM”.

Noi dung cta do an gom 5 chuong nhu sau:

Chuong 1: Tong quan chung vé nghich luu nguén ap ba pha ba mirc
Chuong 2: Phuong phép diéu ché d6 rong xung

Chuong 3: Ung dung FPGA trong diéu ché d6 rong xung

Két luan chung



Nho ¢6 sy huéng dan tan tinh caa thay gido TS. Vii Hoang Phuong, da giup em nam
bat rd nhiém vu va thuc hién dé tai hiéu qua, em xin chan thanh cam on thay rat nhiéu. Bén
canh d6, mic du em da cb gang thuc hién do &n can than, nhung do kién thic va ning luc
con han ché, ban bao céo kho tranh khoi nhirng sai s6t, em kinh mong céc thay cd, cing

cac ban gop y thém nira.

Em xin chan thanh cam on!



CHUONG 1
TONG QUAN VE NGHICH LUU PA MUC
1.1. Téng quan vé nghich lwu da mic

Nghich lIuu 13 bd bién d6i DC-AC, cung cip dang song sin dau ra véi bién do (V),

tan sb (rad/s) va pha (a,b,c) tir mot nguén DC.
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Hinh 1.1. (a). Nghich luwu cau ba pha 2 mize, (b) Pién &p day dau ra,
(c) Pién &p pha dau ra
Nghich luu da mic 12 bo bién d6i str dung chudi cac van béan dan va nhiéu nguén
DC két hop lai v6i nhau dua ra dién 4p c6 dang song sin dau ra véi chét luong tét, cac
budc nhay dién &p bé (dv /dt) , hé s6 méo song hai (THD) thap. Nghich luu da muc
khong chi dat tai cong suat cao ma con cho phép sir dung cac ngudn ning lwong téi tao
Nguon DC c6 thé 1a PIN, ACQUY, cac nguon dién ap tir nang luong tai tao(gio, mat

troi,..),...
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1.2. Phan loai

Hién nay, nghich luu da mtc ¢ cac cau tric pho bién sau:
- Céu trc dang diode kep (Neutural Point Clamped Multilevel Inverter-NPC).
- C4u trdc dung tu dién thay doi (Flying Capacitor -FC).
- Céu trc dang cau H ndi tang (Cascade H-Bridge).

1.2.1. Cau tric dang diode kep

Céu trac nay duoc gisi thidu boi A. Nabae, I. Takahashi va H. Akagi vao nim 1981.
Str dung thich hop khi cac nguén DC tao nén tir hé thong dién AC. Bo nghich luu da bac
chtra cac cap diode kep c6 mot mach ngudn DC duoc phan chia thanh mot s cap dién ap
nhé hon nho chudi cac tu dién méac ndi tiép. Bo bién ddi dibt kep sir dung cac dibt va tu
dién ndi tang dé tao ra nhidu mirc dién &p khac nhau. Hinh 1.4. 1a so db céu tric b bién
d6i didt kep mot pha nim mac 1 pha, né tao ra cac muc dién &p Vi, Va2, 0,
-Vde/2, -Ve.

Hinh 1.4. So dé cau tric bg bién déi nam mirc 1 pha kiéu diode kep
Néu bd nghich luu duoc thiét ké sao cho mdi dibt khoa déu c6 cling mirc dién ap voi
cac van chuyén mach, thi didt Dnsé phai twong duong véi n diét mac néi tiép nhau. Khi do
dan dén s6 luong didt can co caa bo bién d6i m muc s& 1a 2(m-2).
10



Céc ung dung tiéu biéu cia NLDM cau tric didt kep 1a: két ndi trung gian giira duong
day truyén tai dién &p cao mot chiéu véi duong day truyén tai xoay chiéu; dung trong diéu

khién téc do cho dong co cong suat I6n, sir dung dién trung &p.

1.2.2. Cau tr(c tu dién thay d6i FC
Céu trac nay duoc dé xuat naim 1993 boéi Meynard va Foch. Hinh 1.5 mé ta ciu tric

bo bién ddi da muc 1 pha dung ty dién thay ddi voi 5 mic dién ap.

<k

dec

Te

Hinh 1.5. So do bé bién doi 5 mirc 1 pha kiéu tu dién thay doi

Véi su két hop gitta nap/xa céc tu cd thé gidp can bang dién ap trén tu. Tuong ty cau
trac didt Kep, ta cling can mot s6 luong 16n cac tu dé kep dién ap. Vi diéu kién ap nap trén
mdi tu 13 nhu nhau, mét BBD m muc can (m-1)(m-2)/2 tu kep trén mdi pha cung (m-1) tu
trén bus DC chung.

1.2.3. Cau tric dang cau H ndi tang

Cau trdic cau H ndi tang (Cascaded H-Bridge) dugc cau thanh tir nhiéu cau H mac ndi
tiép, mdi cau H (hay mdi cell) gom 4 khda ban dan mic theo so do cau, duoc cung cap boi
mot nguon DC. Mai cell s& tao ra ba murc dién ap (1,0,-1), cAc trang thai dong cit ung Voi
mdi mic dién &p thé hién dudi Hinh 1.6.

11
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|Vac STATE=0

STATE=-1

Hinh 1.6. Trang thdi déng cdt méi cell

Hoat dong cua n b nghich Iuu ap trén mot nhanh pha tai sé tao nén n kha nang mirc
dién ap theo chiéu duong, muc dién &p 0 va n kha ning muc dién &p theo chiéu am. Hinh
1.7. 1a c4u tric mot pha cua nghich luu bay mirc dung 3 cau chit H néi tang. Cac nguon DC
c6 thé co gié tri bang nhau hoic khéc nhau theo mét quy luat nhat dinh. Bién ap dau ra caa
nghich luvu m muc 1a tong cua tit ca cac gia tri dau ra cia cac mach cau. Néu tit ca cac
ngudn DC c6 gi4 tri bang nhau thi véi m muc trén dang song dién ap dau ra c6 mot muc
khéng 1a chung khi tat ca cac cau H déu cho dau ra khong, vay trong nira chu ky s& ¢ s6
muc 1a (m-1)/2, chinh 1a s6 cau H thanh phan. Nhu vay s6 mic chi ¢ thé 1a s6 1¢, vi du ba
muc (chi gom mot cell, n=1), nam mac (hai cell, n=2),... Nghich luu da mic cau tric cau
H ndi tang c6 thé tao ra dang song dién &p gan nhu hinh sin tir mot sé6 nguén DC, c6 thé
duoc lay tir pin mat troi, pin nhién liéu, tu dién, tir chinh luu véi may bién ap c6 nhiéu cuon

th cap..., nhung déu phai dam bao yéu cau cac ngudn DC d6 cach ly nhau.
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Hinh 1.7. Sor dé cau tric b bién doi 1 pha 7 mic kiéu cau H néi tang
1.3. Két luan
Ngay nay, trong cdng nghiép st dung céc thiét bi céng suat cao vi vay yéu cau cac b
bién d6i dap tmg duoc chit lwgng tot ma con phai tiét kiém nang lwong téi da. Nghich luu

da muc dap tng dugc yéu cau trén.

Nghich luu da muc phé bién trong cac tng dung cong suit vira va cao nhu ndi ludi

(tiét kiém nang luong), dong co cong suét 16, ...

Giira cAc cau tric nghich luu da muc ta thiy cu tric ndi ting “Dang ndi tang cau H

(Cascade Multillevel H-Bridge Inverter)” chiém wu thé Vi né ¢ cac uu diém:
- Tiét kiém duoc s6 linh kién, thé hién & Bang 1.1.
- D& dang thay doi cdu hinh, ting s bac bang cach ting s6 mach cau H.

- Pam bao chat lwong vé mat dién ap va yéu cau cong suat lon.

13



Cau hinh nghich Diode Tu thay Cascade
L kep NPC doi inverter
Van IGBT 2(n-1) 2(n-1) 2(n-1)
Diode d6i song 2(n-1) 2(n-1) 2(n-1)
Diode kep 2(n-2) 0 0
Tu "%‘88"5“ (n-1) (n-1) (n-1)/2
Tu can bing 0 (n-1)(n-2)/2 0

Bang 1.1. So sanh linh kién 1 pha giira cac dang nghich luu da mic

Vi nhitng wu diém trén trong dd an ndy em chon cu tric nghich luu da méc dang ndi

tang cau H (Cascade Multillevel H-Bridge Inverter) cho nghich luu ba pha ba muc.

14




CHUONG 2

PIEU CHE PWM CHO NGHICH LUU PA MUC

Ky thuat diéu ché d6 rong xung PWM cho nghich luu da mic gom 2 phuong phép
chinh 14 : diéu ché Sin-PWM va diéu ché vector khdng gian SVM. Cac dang PWM nhiéu

song mang st dung cho nghich Iuu da muc la dich pha séng mang va dich mac séng mang.

2.1 Phwong phap Sin-PWM
Sin-PWM 1a phuong phép so sanh mot song sin chuan, ¢ tan sé bang tan sé ra nghich
lwu mong mudn, voi mot dién &p ring cua tan s cao ¢ 2-10Khz tir d6 thay ddi duoc do

rong xung ma van.

C6 2 phuong phap pho bién dé diéu ché d6 rong xung Sin-PWM trong nghich luwu cau
1 pha : diéu ché don cuc va diéu ché ludng cuc. Piéu ché don cuc s& cho song hai tét hon.
Vi khi diéu ché mot cuc tinh mdi nhanh nta cau duoc diéu khién bai tin hieu PWM bai 2
rang cua léch nhau 180°. Nhu vay sb ring cua c6 thé ting 1én gap doi hay noi cach khéc 1a
dién ap dau ra c6 tan sb gap doi tan s6 chuyén mach. Do d6 dién 4p dau ra cho chi sb séng

hai tt hon.
C6 hai phuong phap diéu ché séng mang :
- Dich pha song mang (Phase-shifted).
- Dich muc (Level- shifted).

Phuong phéap dich mic(Level- shifted) s& cho hé sé méo song hai (THD) t6t hon so
vaéi dich pha (Phase-shifted).

2.1.1. Dich pha séng mang ( phase shift)
Theo phuong phéap dich pha tat ca cac cau H déu tuan theo ciing mét séng sin chuan.

S6ng mang 1a song ring cua, ¢6 (M-1) séng ring cua (vai m 1a sé mac cia NLDM).

o

(m-1)

Do dich pha giira hai song mang lién ké nhau:

15



O pham vi dé tai nay la nghich luu 3 pha, dién &p ra mdi pha c6 3 muc, sé cau H &
mdi pha l1a 1, do vay can sir dung 2 tin hiéu rang cua léch nhau 180°

A K aiX L1 n aA Aref ,
H¢é so dieu che bién d0 m = —— trong do
Acar
Acar bién d6 tin hiéu sdbng mang

Aref 1a bién d¢ tin hiéu dat (tin hiéu sin chuan).

L'-'-? [r_-

£ 4 ”% o

a. Song mang kiéu PSP W

N N e S Sl N®
T, wﬁw o

b. Dang dién dp ra mét pha v,

Vac(V)
+3 Vdc

=

Hinh 2.1. Dich pha song mang 3 pha muc

2.1.2. Dich mirc song mang (Level shift)

Vi phuong phap dich muc, c6 ba kiéu bé tri song mang biéu dién Hinh 2.2.

- PD (Phase Disposition): tt ca cac song mang déu cling pha.

- APOD (Alternative Phaseopposite Disposition): Bé tri nguoc pha luan phién, hai
s6ng mang ké can lién tiép nhau dich pha 180°.

- POD (Phase Opposite Disposition): Céc song mang ké can lién tiép nhau nam bén
trén va bén dudi truc zero s& cing pha véi nhau, hai séng mang nam trén truc zero nguoc
pha véi nhau biéu dién dang dién ap ra vac tng véi phuong phéap diéu ché séng mang kiéu

PD, hai kiéu song mang con lai ciing cho dang dién &p ra vac tuong tu.
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a. Sang mang kiéu PD

T N WL WLL WA
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b. Dang dién ap ra Va tmg véi séng mang dang PD

+
L

+ o+ 4
btk

0

SRR RR

¢. Séng mang kiéu APOD

["i: .':|:.1 LT-:_':E: ‘["i: :|:

3
ot o) “&RNWVV'\E?Myﬂﬁﬂmﬁyyﬁﬁﬁﬁﬁﬁﬂ
o TS ! '-\ | y AV,
A f“v* f\ﬂ -“’-ff"x.s-’a.f-*‘:.}*x ~"~w\”}$’s s\"/\fu\/\m VAR,
o A AW A a"h A / / ,-*/x
T T A A
o oA \L/

d. Séng mang kiéu POD

Hinh 2.2. Dich muc séng mang
2.2. Phwong phap diéu ché vector khong gian SVM
Phuong phap diéu ché Sin-PWM nhu d trinh bay & muc [2.1] ¢6 ciu tric don gian,
tuy nhién khi thyc hién rat kho dam bao tinh chinh xéac cta qua trinh diéu ché. Ngay nay
phuong phéap diéu ché vecto khong gian (Space Vector Modulation) dang duoc ng dung
ngay cang rong rai hon. SVM la phuong phap bién diéu hoan toan bang ki thuat s, dam
bao d6 chinh xac cao va thuc hién dugc trén cac bo vi xir ly hién dai. Khi ap dung SVM

cho nghich lvu da muc nhiéu muc dién ap s& tao nén vector khdng gian ¢ nhiéu sector, 6

17



nhiéu lya chon cho cac vector trang thai, tir ¢6 c6 thé ap dung cho nhiém vu can bang dién
4p mot chiéu.

S6 trang thai vector cua nghich luu da mire duge xac dinh theo cong thac :
M —1 .
Nyegor =1+6) i trong dé M la sé mizc (2.1)
i=1

Muc dich cubi cling cta qué trinh diéu ché 1a xac dinh trang thai dong cit cua van ban

dan ting cell trong ting pha, thix tu thuc hién duoc biéu dién ¢ so do Hinh 2.3.

Vector dién ap
ra mong mudn

3

Vector chudn dién ap ba

pha V(kA, kB kC)
Trang thai mirc pha A Trang thai mirc pha B Trang thai mirc pha C
(kA=kA1+kA2+...+kAn) (kB=kB1+kB2+...+kBn) (kC=kC1+kC2+...+kCn)
: '
Trang thai mitc cia ting Trang thai mirc clia ting Trang thai mirc cua ting
cell pha A ( kAi) cell pha B (kBi) cell pha C (kCi)
Tin hiéu mé cdc van pha A Tin hiéu mé cac van pha B Tin hiéu mé cac van pha C

Hinh 2.3. So d6 xdc dinh cac trang thai déng cat van
2.2.1 Xac dinh trang thai déng cit van, trang thai mic, trang thai vector chuan
( State switch, State level, State vector)
a) Khai niém trang thdi déng cat van, trang thai mac, trang thai vector chudn
Hinh 2.4 13 so d6 cau tric nghich luu ba pha 3 mic cau H ndi tang. Xét cac nguon
Vdc trén mdi cell cau H phai cach ly nhau va cé gia tri bang nhau. Khi d6 mdi dau ra xoay
chiéu khi néi dau ra A, B, C cua phuy tai ba pha canbing Z, =Z, =Z_ , con mét dau noi

chung tai diém N 1a diém cach ly, Z 1a diém trung tinh cua tai.
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A La
e
ih B Zn
-+ 1~z
Waea
C e
— 1—=
i m
Vas | o T l"“ Y N

Hinh 2.4. Nghich leu 3 mitc cau H ndi tang
M®i cell nhu trén hinh 2.5 13 so 6 cAu mot pha, hay con goi 1a cau H, dién 4p ra cua

cau c6 thé co 3 gi tri -Vdc, 0, Vdc, dugc biéu dién trén hinh 2.5.

[« -

- . .
sa1l :l Sal3
L |

Ve | 5T “’ﬂ*‘
L

om 172127 ] | L [T Sa1a

Hinh 2.5. Nghich lieu ba mirc cau H mét pha
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Ki hiéu cac trang thai dong cat caa cac van trong mdi cau H: “0” ¢ng vai van khoa
dong va “1” ung véi van dan dong. Cac trang thai mirc dién ap ra ciia mdi cell twong tng

trong mdi pha ki hiéu 1a K, K , K., . Xét trén cell_la, mirc dién ap Kk, co gia tri sau:
0 Ky =
Vy =14V, ky=1 (2.2)
Ky=-1

Ta c6 bang 2.1 thé hién dién ap ra trén cell_la( v,, ) va muc dién ap K,

Trang thai dong cat van Vv Trang thai muc cell
Al
Sall| Sal2 | Sal3| Sal4 Ko
1 0 0 1 V i 1
1 0 1 0 0 0
0 1 0 1 0 0
0 1 1 0 -V -1

Bang 2.1. Trang thai van va trang thai mize dién &p véi mai cell cau H

Khi xac dinh trang thai mac dién ap méi cell co so, thi xac dinh duoc trang thai muc
dién ap ra trén mdi pha A, B, C tuong ung.
Mach nghich Iuu 3 pha 3 mtc ndi tang, mdi pha c6 1 cell duy nhét. Trang thai muc

cell chinh Ia trang thai muc pha ki hi¢u 1a K, . Muc dién &p ra dugc thé hién & bang 2.2.

Trang thai mac dién V Trang thai mac dién ap
ap cell K, ac pha K,
1 V i 1
0 0 0
-1 _Vdc -1

Bang 2.2 Cac muze dién ap ra moi pha cua nghich luu 3 mirc cau H néi tang
20



b) Biéu dién vector cdc dai lwong dién &p

Pién 4p trén mdi pha tai nghich luu s& bang:

Van = kA'Vdc
Von = Kg Vg, trong d6 k, kg, k. € —1,0,1
Ven = kC'Vdc

Gia thiét tai 3 pha can bang, dién &p trén mdi pha cua tai s& bang:

Va=Vaz =Van — Vo
Vg =Vg; =Vgy — Vi

Ve =Vez =Von — Vo

1
trong d6 V, 4 Vg + V. =0,V,, :g(VAN +Vegy Vo)
Hé thdng dién &p ba pha c6 thé duoc biéu dién boi vector dién ap:
2 2
v=—(v,+av; +a-.v.)

3

27 AT

S A g j
Trong d6 a la sé phuc: a=e ®;a° =e 3
Biéu dién vector dién ap trén hé toa do 0o
V=V, + v,

Trong do

1
V, = _3(VB _Vc)

Ve

G6c pha cua vector v duoc xac dinh bang

V'i
6 =arctg —
v

«
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Dung phép chiéu vector tuyén tinh chuyén biéu dién vector dién ap ra trén hé toa do
vudng goc Oaff sang hé toa dd 0gh vai hai truc g va h tao voi nhau 1 goc 60°, truc g dat
triing véi truc « , ta thu duoc biéu dién cac vector trang thai vai cac toa dd nguyén thuan

loi cho tinh toan. Vector don vi co s& cua hé toa do Ogh la

eio 1
=| +|=|1 3 (2.9)
o3 ——}—j.£
2 2

Phép bién dbi tuyén tinh nay khong l1am thay ddi vector, giit nguyén goc toa do, vi

vay mot vector biéu dién trén hai toa ¢ van bang nhau
V=V, +jv,=Vv.g, +V.h (2.10)

T 2.9 va 2.10 ta viét dugc

i 1 .43
vV, + v, =V, v (o J-£ (2.11)
’ 2 2
V =V_ + 1V \Y \Y 1 \Y
a 'g P g: o« A Vs
Tir d6 ta suy ra 2 hay - V3 (2.12)
_\3 v =2y
Vs —7Vh "B

(2.13)

Tir 2.3, 2.4 thay rang

Va = Vg =Vay — Ve :Vdc(kA _kB); Vg — Ve :Vdc(kB _kc)

A

Vay
22



2 2
Vg = gvdc (kA - kB) Vg = gvdckg

) hay ) (2.14)
Vh — §Vdc(kB - kC) Vh — §V kh

dc

., 2 _
Tu day ta c6 thé thay, neu lay gvdc l1a d6 dai co s& cua cac vector trang thai,

k,,Kg, K. 12 cac s6 nguyén thi toa do ctia cac vector 1a cac s6 nguyén.
kh

Vi nghich luu 3 pha 3 muc dién ap thi k,,k;, k. € —1,0,1 theo 2.15 ta tinh duoc

kA_kB
kB_kC

(2.15)

toa dd k,k, cua cac vector trén truc 0gh ng vai vi tri céc trang thai vector chuan V, va

tinh dugc dién ap trung binh V,,, theo 2.4. Tinh toan sir dung phan mém Excel, két qua thu
dugc thé hién & bang 2.3 sau:
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Vi ka kb kc Vzn/\Vdc kg kh
VO 0 0 0 0.00 0 0
VO 1 1 1 1.00 0 0
VO -1 -1 -1 -1.00 0 0
V1 1 0 0 0.33 1 0
V1 0 -1 -1 -0.67 1 0
V2 1 1 0 0.67 0 1
V2 0 0 -1 -0.33 0 1
V3 -1 0 1 0.00 -1 -1
V3 0 1 0 0.33 -1 1
V4 0 1 1 0.67 -1 0
V4 -1 0 0 -0.33 -1 0
V5 -1 -1 0 -0.67 0 -1
V5 0 0 1 0.33 0 -1
V6 1 0 1 0.67 1 -1
V6 0 -1 0 -0.33 1 -1
V7 1 -1 -1 -0.33 2 0
V8 1 0 -1 0.00 1 1
V9 1 1 -1 0.33 0 2
V10 0 1 -1 0.00 -1 2
V11 -1 1 -1 -0.33 -2 2
V12 -1 1 0 0.00 -2 1
V13 -1 1 1 0.33 -2 0
V14 -1 0 1 0.00 -1 -1
V15 -1 -1 1 -0.33 0 -2
V16 0 -1 1 0.00 1 -2
V17 1 -1 1 0.33 2 -2
V18 1 -1 0 0.00 2 -1

Bang 2.3. Bdng tinh vector dién ap cho nghich lwu 3 pha 3 mirc cau H néi tang

Tir s6 lidu & bang 2.3, biéu dién trén hé toa do dinh Ogh cac vector s& tao nén cac tam
gidc déu co6 canh la 1. Hinh 2.6 biéu dién vector khdng gian trén truc toa 6 Ogh cho so do
nghich luu 3 pha 3 mic ndi ting cau H. Trén hinh chi ra vi tri cua 19 vector chuan 1a dinh
cuia CAc tam giac con, voi cach danh sd cac vector tang dan theo chiéu nguoc chiéu kim
dong ho., tir trong ra ngoai. Cach danh sé ndy nham muyc dich dé dang mo rong sé muc caa

nghich luu da muc. Cac vector ¢6 d6 dai dinh bang 2,1 .
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Hinh 2.6. Vecto khdng gian cho nghich luu ba muc

2.2.2 Téng hop vector dién ap dau ra tir vector trang thai chuan.

a) Xac dinh vi tri cia vector dién ap ra trong sector lon.

Thé hién trén mat phang vector ba hé toa do g6c phan sau
((Zyy.Z1,), (Z54.2,,), (Z3,,Z5,) nhu trén hinh 2.7.

Hinh 2.7. Hé toa dé khdng vudng goc tao nén cac goc phan sau ( cac sector)

Truéc hét ta can xac dinh hinh chiéu cioa vector dién &p ra mong mudn
Vit = [Vis Vs I" 18n hai vector bién ciia goc phan sau bang phép chidu cac toa do f 1én
hé toa do twong tng (Z,,,Z,,), (Z,y.Z,,), (Z5.Z,,) - Dicu nay c6 thé thuc hién véi céc

ma tran bién doi hé toa do M, M., M, nhu sau:
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(2.16)

=
||
Sl Gl

0 — -1 -1
J3
Hay:
Z_=V L'I.w’ rZ =V +LV zZ —iv
4 lx o \/5 ,3. J 2x o 3 B . ) 3x \/g Ji
2 ’ 1 1
Zl,=—vﬁ Zz,=“vg"|"—vﬁ Zy, =V, "'—Vﬂ
A A A G N

L.

Tuy nhién dé don gian viéc tinh toan, ta théng qua mot bién trung gian
*

tmp =—=,cac thanh phan con lai c6 thé dugc x4c dinh nhanh chéng nhu sau:
J3

*
le = vﬂ' ‘—‘fmp. sz — .Z].XI + Zl}’ 23 —

2 >

z,, = 2tmp Zy, =

Sau khi xac dinh cac toa d¢ z;; , ta c6 thuat toan xac dinh sector nhu trén hinh 2.8.

L. , A ~ , c , \ A T . p p
Ngoali ra cac toa do nay cling dong vai tro nhu cac thanh phan [Vrg ,Vrh] trong tinh toan cac

hé sb diéu ché trong cac géc phan sau tuong Gng.
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Yes

}

Sector I11

b) Xdc dinh vj tri vector trong cac tam gi&c con tao bdi ba dinh la dau mit cacsc vector

chuan

Biéu dién céc trang thai vector chuan trén hé toa do dinh Ogh , céc vector s& tao nén

cac tam gidc déu cd canh 1a 1. Véi nghich luu 3 pha M muc, s6 tam giac c6 trong mot sector

M-2)

Ion la~——= MFL

S thu tu tam gidc trong mdi sector s& danh theo thtr ty nguoc chiéu kim déng ho va

o<z > %

Y es:

<>

tu trong ra, minh hoa & hinh 2.9.

Hinh 2.9. Thet tir cac tam giac cé trong mét sector lon cua nghich luu ba mirc

—

No

}

Sector VI

Sector [

Nor

/0N

o\Y%e

N01

Sector [V
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Hinh 2.8. Thudt todn xac dinh sector lon

v6i nghich Iuu 3 pha 3 muc s& c6 4 tam giac trong moi sector 16n.




Ta xé4c dinh vi tri vector nam trong tam giac nao dé tao thuan loi cho viéc tinh toan hé
sb diéu ché theo céc vector chuan.
Sau khi xac dinh vi tri cta vector trong cac sector 16n & muc [2.2.2.a], tng véi moi

sector ta s€ thu duoc toa do [z. Z ] .

ix? “iy

Xac dinh hai hé s6 m1, m2 thé hién Ia ty 1& hinh chiéu cua vector dién ap dau ra mong

muén 1én 2 vector co ban cua goc phan sau.

7.
m = —%
i v6i |\/i|:2Vdc (2.17)
- :
=
Vil

Dua vao ml, m2 xéac dinh vi tri vector trong mdi tam giac trén hinh 2.9, ta thu dugc
bang 2.4

Truong hop Tam giac

m <1
m, <1
m, +m, <1

m >1
1<m +m, <2

(m, <1
im, <1
1<m +m, <2

(m, >0
im, >1
1<m +m,<2

Bang 2.4. Xac dinh thi ty tam trong sector lon 1

Tir bang trén ta c6 thé phat trién cho tat ca cac sector con lai.
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¢) Tong hop vector dién dp dau ra tir ba vector trang thai chuan gan nhat.

Khi vector dau ra mong mudn nam trong mot tam giac bat ki cd thé téng hop vector
dién &p ra tir ba vector dinh la dinh cua tam giac nay. Phuong phap nay goi la dung céac

vector gan nhat ( Nearest Vector Modulation).
Goi m,,m, la cdc phan thap phan ngoai phan nguyén cua cac toa do v, chiéu lén

truc Og, Oh tuong Gng.

(2.18)

Trong d6 K, = H”HH’kh = “mZH 1a chi s& nguy@n nho nhét cua céc gia tri tuyét doi

tuong tng.

o
4

@

&

_"’,( kg =0 : kg =1 -

Hinh 2.10. 6 thi minh hea qua trinh tinh todn cac hé sé diéu ché
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Céc tam gic con déu cd dang thuoc vé mot hinh thoi déu, ¢ cac canh song song Voi

truc Ogh, c6 dinh la céc vector trang thai chuan p,,p,p., P, nhu thé hién trén hinh 2.11

P h
pilkekit)  PalketLietD)
——lm ____m Vo
[ v"‘rrl
!
L
pi(ke,5) p2kgt1 k)
/
/ g
0 m1 o

Hinh 2.11. Téng hop vector dién ap ra tir ba vector dinh cia tam giac

Duong thang m, +m, =1 chia hinh thoi trén hinh 2.11 lam hai tam gi4c, trong do:
Vector Vr1 thugc mién tam giac D1: m, +m, <1

Vector Vr2 thugc mién tam giac D2: m, +m, >1

Vector Vrl c6 thé tong hep tir 3 vector chuan p,,p, p, nhu sau:

Vrl =P+ m, (pz - pl) +m, (ps - pl)

(2.19)
:(1_ mg - mh)pl + mgpz +MP;

Tuong tu, vector Vr2 c6 thé tong hop tir 3 vector chuan p, p,,p, nhu (2.20)

Vi, =p,+ 1- mg)(p3 - p4) +@1- mh)(pz - p4)
=(m, +m, =Yp, + (2 —m,)p, + (1—m,)p, (2.20)
= dopz + d1p3 + d2p4
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2.2.3. Tinh toan hé sé diéu ché

Ta c6 bang chon vector (cho sector 1)va hé sé bién diéu twong Gng:

Truong hop Tam Hé so bién | Lua chon vector trang thai
giac | dieu(d, dz, do) dién ap ra

m <1 m, V,(1,0,0)—(0,—1-1)

m, <1 1 m, V,(11,0)—(0,0,-1)

m, +m, <1 1-(m +m,) | V,(0,0,0)—(-1-1-1)
{m1>l m-1 |V,L-1-1)

l<m +m,<2 2 m, V3(1,0,—1)

2-(m+m,) | V,(10,0)—(0,—1—-1)

m <1 1-m, V;(1,0,0)—(0,-1-1)
Im, <1 3 (m+m,)—1 | V4(10,-1)

l<m +m,<2 1-m, V,(1,1,0)—(0,0,-2)
0 -m, V,1,0,—1)
im, >1 4 (m+m)—-1 |V,(1,1-1)

l<m +m,<2 1-m, V,(1,1,0) —(0,0,—1)

Bdng 2.5.Bang chon vecto va hé sé bién diéu tirong 1ng trong Sector 1

Tir d6 ta xay dung bang chon vector va hé sé bién diéu twong ung trong cac sector

con lai nhu bang 2.6.
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Xéc dinh tam giac | H&¢  s6  bién G6c phan sau 16n (Sector)
nho diéu | nlnu | v | Vv | Vi
m, <1 m, V1 V2 V3 V4 V5 V6
m, <1 m, V2 | V3 | V& | V5 | V6 | VI
m,+m, <1 1-(m +m,) VO | VO | VO VO VO VO
m >1 m —1 V7 | V9 | Vi1 | Vi3 | V15 | V17
{1< m +m,<2 | m, V8 | V10 | V12 | V14 | V16 | V18
2- (ml + m2) V1 V2 V3 V4 V5 V6
(m, <1 1-m, VI | V2 | V3| V4 | V5 | V6
im, < 1 (m1 + mz) -1 V8 | V10 | V12 | V14 | V16 | V18
l<m+m,<2|1-m V2 | V3 | Va4 | V5 | V6 | VI
'ml >0 1-m, V1 V2 V3 V4 V5 V6
Im, >1 (M +m)—1| V8 | VIO | VI2 | V14 | V16 | Vi8
l<m +m, <2 |1-m V2 | V3 | va | V5 | V6 | VI

Bang 2.6. Bdng chon vecto va hé sé bién diéu twong img trong cac Sector lén

2.2.4 Nguyén 1y phat xung dén cac van

Sau khi tinh dugc cac h¢ sb bién digu d,,d,,d, , ta tién hanh so sanh cac h¢ sé bién
diéu vé6i séng tam giac dwoc cac xung mang thong tin d,,d,,d,. Cac xung dwoc xu 1y dé
chon vecto can thyc hién trong bang téi wu dong cat hoic tdi tu Common mode voltage.
Khi di co vector can thuc hién V. taco thé dua ra tin hiéu xung dén céc van trong mach
bang dung cac ham logic véi dau vao 1a cac muc caa pha dugc ma hda bit nhi phan.

dg,dl, d2 S 2m

{twong ty) Ll L
eyl 2o
So sanh  |#eetdztios |_ 1L . .
FLYAYAYAY ? i | Bangchen Vi [SA, 5B, SC} Phat xung
—_ - dé&n van
Sector
Triangle

Hinh 2.12. Nguyén Iy phdt xung dén céc van
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a. Téi wu Common mode voltage

Ngoai diém trung tinh tai (Z) nhu ¢ nghich Iuu ngudn 4p 3 pha thong thuong, nghich

lwu da mac con c6 thém diém trung tinh N giira c4c pha.

Vzn goi la Common mode voltage, Van €6 dang la nhitng budc nhay dién ap, Vz lon
s& gay ra hién tuong phong dién, ton tai dong do tir diém Z dén N gy nhiéu dién tir cho cac

thiét bi khac. Vi vay ta can tdi vu gia tri Van

. .
Fic)
sal Sa13 i

1
Wac C:: l'v"

A Za
| S
4 N
v- | Sa1y ; |SE|14
(-2
+.
— & & ‘
Sbll S5b13 1k B Ly
- { z
oo {:== #"r::
— )
D lad 5=
- S'b12 | Sbl-'l'l. -
C C
o . — 1—=
+.
Fi % ':|_.
Sc11 Sc13 e Vi
Ve ":== l""':lc L ]
N

Hinh 2.13. Cdu tric nghich luu ba pha ba mirc cau H

Dé giam anh huong ctua do dap mach trung tinh tai Vzn, ddi véi nhitng vector c6 nhiéu
trang thai khoa trong diéu ché vector khong gian luén chon vector c6 common mode voltage
nhé nhat vé gia tri tuyét doi. Vi du vecto V1 ludn chon trang thai khoa (1,0,0) vi c6 thé
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1 1
3 3

chon t6 mau xam & bang sau chi tng véi mot trang thai nén bat budc lua chon.

Vzn = 3.Udc, vector V2 chon trang thai (00-1) vi Vzn = —zUgc. Nhitng trang thai dugc

Vi ka kb ke Vzn

Vdc

VO 0 0 0 0.00

VO 1 1 1 1.00

VO -1 -1 -1 -1.00

V1 1 0 0 0.33

V1 0 -1 -1 -0.67

V2 1 1 0 0.67

V2 0 -1 -0.33

V3 -1 0 1 0.00

V3 0 1 0 0.33

V4 1 1 0.67

V4 -1 0 0 -0.33

V5 -1 -1 0 -0.67

V5 0 0 1 0.33

V6 1 0 1 0.67

V6 0 -1 0 -0.33

V7 1 -1 -1 -0.33

V8 1 0 -1 0.00

V9 1 1 -1 0.33

V10 0 1 -1 0.00
Vil -1 1 -1 -0.33
V12 -1 1 0 0.00
V13 -1 1 1 0.33
V14 -1 0 1 0.00
V15 -1 -1 1 -0.33
V16 0 -1 1 0.00
V17 1 -1 1 0.33
V18 1 -1 0 0.00

Hinh 2.14. Bang chon té hop trang thai vector chudn

b. Téi wu déng cat

Ton that do dong cat luén duge dé cap ti khi thiét ké cac bo bién doi dién tur cong
suat va Nghich luu da mire ciing duoc thiét ké sao cho ton that dong cat 1a nho nhat.

Pé t6i wu thi trong chu ky Tewm thi s6 1an chuyén mic pha phai 12 it nhat hay n6i cach
khéc tai mot thoi diém chi c6 mot mic ciia pha duoc chuyén.
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Khi ta di xac dinh Sector va tam gidc ma mut cta vector Vet nam trong d6 thi ta sé
thuc hién theo phuong phap str dung 3 vector gan nhat (The Nearest Vector) va ta sap xép
trinh tu thuc hién cac vecto dam bao sb lan chuyén mirc cua pha Ia it nhat.

Co6 2 truong hop:
o 0<Vref< yde

V3
Udc

2
. E <Vref<§Udc

Udc

i. Truong hop: 0 < Vref < 5

Hinh 2.15. Thit tu déng cdt cho ché dé nghich heu 2 mirc
Nghich luu 3 mc s€ hoat dong nhu nghich Iuu 2 mic thong thuong. Vector 0 tai tam
luc giac dugc st dung la : VO (000/ 111)

Gia str Vier NaM & Sector 1, tam giac 1 nhu hinh 2.15
Thi tw chuyén mach 1a :
V0(000) — V1(100) — V2(110) —»VO0(111) — V2(110) — V1(100) — V0(000).

Ta thdy rang tdm cua luc giac: vector VO la vector thuc hién dau tién trong Tpwm Va

ciing 1a vector két thic chu ky diéu ché.
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Sa A : : : : : : :

000 i 100 i 110 111 {110 i 100 i 000 !

1 ‘ ‘ : : :
0 H H ; . : N
" M M n n Call
st : : s : 1

oo ' : ; P
0 5 =. N R
r i i ' H H . . -
se i : a : : Pt

1 ; ; : : ;
0 s s s s 5 N

TUME T1/2 : T2:2 : TOi2 : T2/2 : T1/2 : TOM :

< ‘ ' ' : : : %

Tpwm :

Hinh.2.16. Thu tw thuc hién vector cho Tam giac 1 cua Sector 1

Tuong tu ta thuc hién véi cac trudng hop Vres NAm trong cac sector nhu trong hinh 2.15

gde « Vref <§Udc

ii. Truong hop : =

teceseecascaccacns eseesessccscsscsccasgbecccccacenas

RV

/1-1-1

R cessacnccsacsscssscsfrccescssasssccccsonannts

Hinh 2.17. Thit tw déng cdt cho ché dg ba muic
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Vector Vrer 5& ndm & viing luc gidc ma rong va Nghich luu hoat dong & ché @6 3 muc.
Khi hoat ¢ong & viing nay do st dung 3 vector gan nhat dé diéu ché vector Vies nén ta sé
khdng st dung dugc VO. Vi vay ta s€ sir dung vector khac thuc hién chirc nang nhu VO &
nghich Iuu 2 muc.

Tur day ta dinh nghia khai niém tdm cac luc giac phu (Subhexagon) d6 chinh la cac
mdt caa vector : V1, V2, V3, V4, V5 V6. Trong cé4c luc gi4c phu (Subhexagon) bao gom
cac Sector phu dugc danh s6 tir 1 dén 6. Cac vector c6 mut Ia tam cac luc giac phu c6 chic
ning nhu vector VO khi diéu ché Vrer nam trong viing sector phu cuaa luc giac phu.

Gia str Viernam tai Tam giac tht 3 cua Sector 1. Str dung 3 vector dé diéu ché:
V1 (100/0-1-1), V8 (10-1), V2 (110/00-1)

Thir tu thuc hién vector trong 1 chu Ky Tpwm:
V1 (100) — V8 (10-1) — V2 (00-1) —»V1 (0-1-1) — V2 (00-1) — V8 (10-1) — V1 (100)

S8 oA

100 101 0o-1 0-1-1 0o-1 10-1 100

Y

—~ Y

T0/4 T2 T242 T2 T2 T2 TO/M

.

i [
g o

Tpwm

Hinh 2.18. Thu tw thuc hién vector trong Tam giac 3 cua Sector 1

Nhu vay trinh tu thuc hién cac vector da duwgc danh mii tén nhu trong hinh 2.17.
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X So sanh 2 ché dé lam viéc cua bg nghich luu:

S6 lan dong cat cua BBP lam viéc & ché do nghich luu 3 mirc s& nhiéu hon khi lam
viéc & ché do nghich luu 2 mtc. Trén Hinh 2.18 d4 phan ra nhitng ving dung chung tam

luc giac phu dé diéu ché:

- V1 s& 1a tam luc giac diéu ché cho 4 tam giac 1a : Tam giac 1, 3, 4 caa Sector 1;
Tam giac 2 cua Sector 1.

- V2 s& 1a tam luc giac diéu ché cho 4 tam gi4c 1a : Tam giac 1, 3, 4 caa Sector 2;
Tam giac 2 cua Sector 3.

Khi Vit quay hét mot vong trén mat phang ap, thi ¢ 6 1an chuyén tam luc giac con.
Tai mdi lan chuyén tam thi trang thai muc céc pha bi chuyén ¢ dau va cudi Tpwm dan dén

sb 1an chuyén mach nhiéu hon.

Tuy nghich luu hoat ddng & ché d6 3 mirc s& thém 6 lan thay d6i muc cac pha trong
mét chu ky dién 4p mong muén (Tsin) nhung ta giam duoc cac thanh phan song hai dang

ké so vai nghich luu 2 muc.

2.3 So sanh giira SINPWM va SVM

- SinPWM 1a phuong phap don gian dé thuc hién, ciing c6 thé mang lai hiéu qua cao
vé dam bao thanh phan séng hai. Tuy nhién do cac dang séng mang 1a cé dinh nén mudn
thay d6i cac ché do cua so dd didu ché dé dat duoc nhitng muc tiéu khac nhu ting kha
ning st dung dién ap ngudn DC (dat hé sé bién do séng co ban mong muén trén dién ap
DC 16n hon), giam s6 lan dong cit cua khda ban dan bang cac so do diéu ché theo tdi uu
dong cat thi chi cd thé tac dong 1én séng chua dao.

- Phuong phép diéu ché vector khdng gian SVM c6 nhimng vu diém & kha nang linh
hoat hon nhiéu so vgi PWM dya trén séng mang. SVM c6 kha ning tao ra quy dao vector
mong mudn ¢ dang bat ky nho lua chon céc vector trang thai va cac thoi gian phu hop
trong mot chu ky diéu ché. Diéu nay rat can thiét dé dam bao dic tinh dong hoc cua hé
thdng vi thong thudng bo bién doi nam trong hé théng cac mach vong diéu chinh, lugng

dit cho khau diéu ché c6 thé c6 dang khac xa so véi hinh sin, khi d6 tinh toan céac luong

38



offset cho PWM nhiéu séng mang trg kha phtic tap. SVM ciing c¢6 thé cho phép thuc hién
cac phép diéu ché gian doan mot cach dé dang dé giam thiéu sé 1an khoa ban dan chuyeén
mach. THD dién ap dau ra ciing t6t hon khi str dung phuong phap SVM so véi PWM. Yéu
cau tinh toan cao duoc coi 1a nhuge diém chinh cia SVM.
2.4 Két luan
Trong chuong 2, em di trinh bay vé cac phuong phap diéu ché do rong xung SinPWM
va SVM véi céc noi dung: Co sa Iy thuyét; Cac budc thuc hién; Nguyén Iy phét xung .

Qua d6 em thay rang, phuong phap SinPWM don gian, d& thuc hién nhung d6 chinh
xac khong cao, do dap mach con 16n. Khi yéu cau do chinh xac cao hon, hiéu qua hon thi

ta str dung phuong phap diéu ché SVM.

Chuong nay 1a co s& |y thuyét quan trong dé ta tng dung FPGA cho viéc diéu ché do

rong xung, 1a co sé dé kiém chiing céac két qua md phong & phan sau.
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CHUONG 3

UNG DUNG FPGA TRONG PIEU CHE

3.1. Téng quan vé cong nghé FPGA

FPGA (Field Programable Gate Aray) la cong nghé vi mach tich hop kha trinh sir
dung cau trdc mang phan tir logic ma ngudi dung ¢ thé 1ap trinh duoc. Thuat ngi Field
Programmable chi qua trinh tai cdu tric IC c6 thé duoc thuc hién boi nguoi dung cudi,
trong diéu kién thong thuong, hay n6i mot cach khac 1a nguoi ki su 1ap trinh 1C ¢6 thé dé
dang hién thuc hda thiét ké caa minh sir dung FPGA ma khong Ié thuoc vao mot quy trinh
san xuit hay ciu trdc phan cang phuc tap nao trong nha may ban dan. Pay chinh 1a mot
trong nhitng dic diém lam FPGA tré thanh mot cong nghé mang lai sy thay ddi 1on lao

trong ki thuat dién tir s6 hién dai.

3.1.1. Lich sir ra doi

ASIC (Application _Specific Integrated Circuit) 1a mot vi mach tich hop duoc thiét
ké danh cho mét tng dung cu thé. ASIC lap trinh dwgc di xuat hién tir 1au dudi dang PLD
(Programmable Logic Device), va sau ndy phat trién hon tré thanh CPLD (Complex
Programmable Logic Device). Tuy nhién, vai trd ctua cac dang ASIC nay 1a khong nhiéu vi

sb lwgng cong logic trén chip rat it dan toi chirc ning cua cdc CPLD nay ciing kha han ché.

Ké tir ndm 1980, cac cong ty san xuat CPLD hang dau da diy manh qué trinh nghién
ctiru vé FPGA va nhanh chong ra doi cac thé hé dau tién. FPGA dugc thiét ké dau tién boi
Ross Freeman, ngudi sang lap cong ty Xilinx vao nam 1984. Kién tric mai cia FPGA cho
phép tich hop s6 luong twong d6i 16n cac phan tir ban dan vao 1 vi mach so véi kién tric
truéc d6 1a CPLD. FPGA c6 kha ning chira téi 100.000 dén hang vai ty cong logic, trong
khi CPLD chi 1a 10.000 dén 100.000 cong logic. Piéu nay giup FPGA phét huy ti da kha

nang 1ap trinh cua cac phan tir logic va hé thong mang két ndi.
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3.1.2. Uu diém FPGA

FPGA ciing dugc xem nhu mot loai vi mach ban dan chuyén dung ASIC, nhung néu
so sanh FPGA vai nhimg ASIC dic ché hoan toan thi FPGA wu viét hon & chd c6 thé tai
c4u trac khi dang st dung, kha ning lap trinh linh dong hon, va khac biét quan trong nhat
la kién tric FPGA cho phép né c6 kha niang chira khdi lugng 16n cong logic, So Vi Cac Vi

mach ban dan Iap trinh dugc trudc do.

Mot diém khéc biét nira so vai CPLD 14 trong nhitng FPGA hién nay duoc tich hop
nhiéu b logic s hoc da tdi wu hoa, hd trg RAM, ROM tdc do cao, hay cac DSP silce ding

cho nhitng tng dung xu ly tin hiéu sé.

3.1.3. Cau tric tong quan FPGA

C4u trlc tong quan FPGA co ban gébm nhirng khéi chinh sau:
- Khéi logic (CLB- Configurable Logic Block)
- Khéi két ni (Interconect wires)

- Khéi 10 (10_PAD)

.......................
JE
_______________________ Bl e
g

H Interconnect
IP_COREs, RAM, :
i wires
g
....................... E
—

=) 1 A ]
|

afif
5

Hinh 3.1. Cdu tric téng quan FPGA
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a. Khi logic

Khdi CLB thuc thi cac chirc nang logic, cung cap tinh toan va phan tir nhé co ban
duoc sir dung trong hé thong s6. CLBs 1a phan tir co ban cau thanh FPGA , 12 ngudn tai

nguyén logic chinh tao nén cac mach logic dong b 1an khong ddng bo.
Mot CLB co ban gdm mot mach t6 hop ¢6 thé 1ap trinh (con go 1a LUT), mét flip-flop

hoac mot chét (latch).

CLB

r------------------------|

O/P

D-Flip
Flop

T >
Clk ;f >

FPGA Logic Block

Hinh 3.2. Khoi CLB
LUT(Look-up table) Ia khéi logic c6 thé thuc hién bat ki ham logic nao tir 4 dau vao
(s6 dau vao nay s& tuy thudc vao tirng dong chip cua mdi hang), két qua ciia ham nay tuy
vao muc dich ma guri ra ngoai khéi logic truc tiép hay théng qua phan ti nhé flip-
flop. Ngoai khéi logic co ban d6, nhiéu chip FPGA hién nay gom mot hdn hop cac khéi
khéc nhau, mot sb trong d6 chi dugc ding cho cac chire nang cu thé, chang han nhu cac

khdi b nhé chuyén dung, cac bo nhan (multipliers) hoic cac bo ghép kénh (multiplexers).
b. Khai két néi

Khoi két nbi dung dé lién két cac khéi logic va 1/0 lai v6i nhau dé tao thanh mot thiét
ké hoan chinh. Mang lién két trong FPGA duoc cau thanh tir cac duong két néi theo hai
phuong ngang va dung, tly theo ting loai FPGA ma cac duong két ndi duogc chia thanh
cac nhom khac nhau. Cac duong két nbi duoc ndi vai nhau théng qua cac khdi chuyén mach
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lap trinh duoc (programmable switch), trong mot khéi chuyén mach chtra mot sé lwong nat

chuyén lap trinh duoc dam bao cho céc dang lién két phic tap khac nhau.

Frogrammable
Wire SIH\'[[':I-
Segment

"
o

Hinh 3.3. Khéi két néi
c. Khai 1/0

Khéi 1/0 diéu khién giao tiép giira cac khéi logic dén céac thanh phan bén ngoai. Sé
luong Pin (1/0) cua FPGA tuong déi 16n, thudong duogc chia ra 1am 2 loai: User Pin(chan

nguoi dung), Dedicated Pin (chan chuyén dung):

- User Pin: ngudi ding c6 thé Iap trinh nhu dau vao, dau ra hodc ca dau vao — ra. Mai
pin duoc két ndi véi mot “I0 Cell” bén trong FPGA, dugc cip boi cac chan VCCIO (10

power pin).
- Dedicated Pin: duoc ma héa cimg voi mét chie ning cu thé:
+ Power Pin
+ Configuration Pin: cac pin dé cau hinh FPGA
+ Dedicated input hay Clock Pin: diéu khién mang ludi clock trong FPGA
+ Voltage 10: cap ngudn cho cac cong logic 1a flip-flop bén trong FPGA

Hién nay, céc kién tric FPGA co ban di duoc phat trién hon nira théng qua viéc bo
sung cé&c khéi chie nang dac biét co thé lap trinh, nhu bd nhé trong (Block RAMs), logic

s6 hoc (ALU), bo nhan, DSP-48 va tham chi 1a bo vi xir Iy nhiing dwoc thém vao do nhu
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cau cua cac nguon tai nguyén cho mot tng dung. Két qua 1a nhiéu FPGA ngay nay c6 nhiéu

nguon tai nguyén hon so véi cac FPGA trude do.

3.1.4. Ung dung
Do kha ning tai cdu trac don gian va s¢ hiru mot khdi tai nguyén logic 16n, FPGA c6
thé duoc @ng dung cho nhiéu cac bai toan xu Iy tin hiéu s6 ¢& 16n ma cac cdng nghé trude

d6 khong 1am dugc hodc 1am dugc nhung véi toe do va hiéu suat thap.
Cac 16p ung dung do la:

- Céc tmg dung chung vé xtr Iy s6 nhu loc tin hiéu, tim kiém, phan tich, giai ma, diéu

ché tin hiéu, tron tin hiéu,. ..

- C4c tmg dung v& mi hoa, giai ma giong noi, nhan dang giong nodi, tong hop giong
noi. Xt ly tin hiéu am thanh bao gdm loc nhiéu, tron, ma héa, giai ma, nén, tong hop am
thanh,...

- Ung dung trong xt Iy anh sd, nén va giai nén, cac thao tac bién ddi, soan thao, nhan

dang anh so,...

- Ung dung trong hé thdng thdng tin nhu cac hé théng Voice IP, Voice mail. modem,

dién thoai di dong, ma hda va giai ma truyén théng trong mang LAN, WIFL,...

- Ung dung trong diéu khién céc thiét bi dién tir: 6 cimg, may in, may céng nghiép,

dan duong, dinh vi, robots.

C4c san pham mg dung FPGA hién tai van nam & con sé khiém tén néu so sanh véi
cac giai phap truyén thong. Tuy vay, v&i cac thé manh ké trén, FPGA chic chan s& la mot

cdng nghé quan trong cua tuong lai.

3.2. Cong cu lap trinh FPGA

Ngbn ngit lap trinh cho FPGA 1a ngdn ngir md ta phan ciing HDL (Hardware
Description Language), gilp mo ta ngan gon, dé hiéu, don gian cac hoat dong cua phan
cing. Hau hét cac dong FPGA déu hd tro hai ngdn ngit HDL chinh 1a : Verilog HDL,
VHDL (Very High Speed Intergrated Circuit Hardware Description Language).
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Mot phuong phép nira thuong dung trong cac bai toan xi ly tin hiéu 1a sir dung khdi

Toolbox System Generator, mot cong cu trén Mathlab do Xilinx thiét ké.

3.2.1. Ngon ngir VHDL

a. Gigi thiéu so lwoc

VHDL viét tit cia VHSIC HDL (Very high speed intergrated circuit Harware
Description Language) la ngdn ngit mé ta phan cang cho cac mach tich hop téc do cao,
dugc phat trién bai bo qudc phong My. Muc tiéu caa viéc phat trién VHDL 1a c6 duoc mot
ngdn ngit md phong phan cing tiéu chuan va thong nhat, cho phép thir nghiém cac hé thong

s6 nhanh hon ciing nhu cho phép dé dang dua cac hé théng d6 vao tng dung trong thuc té.

VHDL dugc phat trién nhu mot ngdn ngir doc 1ap khong gin vai bat ky mot phuong
phap thiét k&, mot cong nghé phan ctmg nao. Ngudi thiét ké c6 thé tu do lua chon cong
ngh¢, phuong phép thiét ké trong khi chi sir dung mot ngdn ngit duy nhat. Do ¢6 VDHL ¢6

mot s6 wu diém hon han cac ngdn ngir khac:

- Tinh cdng cong: VHDL 1a ngdn ngit duoc chuan hoéa chinh thic caa IEEE, do d6
duogc su hd trg caa nhiéu nha san xut thiét bi ciing nhu nhiéu nha cung cip céng cu thiét

ké md phong hé théng.

- Puoc hd trg boi nhiéu cong nghé: VHDL c¢6 thé sir dung md ta nhiéu vi mach khéc
nhau trén nhirng cong nghé khac nhau tir cac thu vién roi rac, CPLD, FPGA t6i thu vién
cong chuan cho thiét ké ASIC.

- Tinh doc lap voi cdng nghé : VHDL hoan toan doc 1ap vai cong nghé ché tao phan
ciing. Mot mo ta hé théng chirc niang dung VHDL thiét ké & muc cong ¢ thé chuyén thanh
cac ban tong hop mach khac nhau tly thuoc cong nghé ché tao phan ctig nao duoc sir dung,
nhu vay khi mot cong nghé ché tao phan ciing méi ra doi, n6 cd thé dugc ap dung ngay cho

cac hé thong da thiét ké.

- Kha ning mé ta md rong: VHDL cho phép mé ta hoat dong cia phan ciing tir muc
hé thong sé cho dén miic cong. VHDL ¢6 kha niang mé ta hoat dong cua hé thong trén nhiéu

mutc nhung chi sir dung mot cu phéap chit ché théng nhat cho moi mtrc. Nhu thé ta ¢ thé
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md phong mot ban thiét ké bao gdm ca céc hé con dugc mé ta & mirc cao va cac hé con
duoc md ta chi tiét.

- Kha ning trao d6i két qua, tai sir dung: Viéc VHDL dugc chuan hda gidp cho viéc
trao doi céc thiét ké gitra cac nha thiét ké doc 1ap trd nén hét suc dé dang. Ban thiét ké
VHDL duoc md phong va kiém tra cd thé dugc tai sir dung trong cac thiét ké khac ma trong

phai lap lai cac qua trinh trén.
b. Cdu triic mgt md hinh hé thong md td bang VHDL

Cau tric mot mé hinh hé théng mé ta bang VHDL gom ba phan chinh: phan khai bao

thu vién, phan md ta thuc thé entity va phan mé ta kién trac architecture.

Khai bao thw vién
LIBRARY declaration

M6 ta thuc thé
ENTITY Declaration

Mé ta kién truc
ARCHITECTURE

Hanh vi Luéng dir liéu Céu truc
Behavioral DataFlow Structure

Hinh 3.4. Cdu tric mgt mé hinh hé théng mé ta bang VHDL
Phan khai bao thu vién phai dugc dat dau tién trong mdi chuong trinh VHDL. Khai
bao thu vién dugc bat dau tir khoa Library Tén thu vién (chi y 1a VHDL khdng phan biét

chit hoa chir thuong), sau do khai bao cac thu vién con su dung.

libhrary IEEE;

use IE';:E.S'l'D_LCISLE_l'.-'Eu’-.P.L'..,'

use IEEE. E'l'L‘n_LEISLL'_.Mil'?‘E ~ALL;
usze IEEE. S'l'B_LC!SLE_UZ\'SLSZ\'EL‘I. ALL;

Hinh 3.5. Khai bao thw vién
Phan khai bo thyc thé (entity) 1a khai bao cac mat cau tric cac cong vao ra (port),

c4c tham s6 tinh dung chung (generic) cia mét chuong trinh VHDL.
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Cu phéap:
entity [name_entity] is
generic (generic_variable_declarations);
port ( port_name : signal_mode signal_type;);
end [name_entity];
Trong d6: entity:khai bao tén ctia module
generic: khai bao cac tham sé tinh cua thyc thé
port: liét ké cac cong giao tiép cua module.
end: két thic khai bao thyc thé

Phan mé ta cau tric architecture 1a phan mé ta chinh trong mot chuong trinh VHDL,
chtra ndi dung vé chirc ning cua module. C6 ba dang céu tric co ban 1a md ta hanh vi

(behavioral), md ta ludng dit liéu (dataflow) va md ta ciu tric (structure).
C4u tric cuia mo ta kién trdc tong quat nhu sau:
architecture entity_name is
[declarations]
begin
[statements]
end entity_name;
Trong do6 [declarations]:chure khai bdo chuong trinh con,tin hi¢u, module con,...

[statements]: chira cac phat biéu dong thoi hoic cac khbi process chira cac

phat biéu tuan ty.
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3.2.2. Toolbox System Generator for DSP trong Mathlab/Simulink

System Generator 1a mot céng cu thiét ké hé thdng gitp cho viéc thiét ké céc ung
dung phan ciing trong FPGA va md phong Simulink. N6 duoc st dung gidng nhu cac khoi
Simulink théng thudng, cung cip cac khéi tinh toan toan hoc, logic, bo nhé, cac khoi
DSP,... d¢ xay dung mot hé théng xu 1y tin hiéu phic tap. B cong cu nay cho phép lap
trinh FPGA bing giao dién khéi mét cach truc quan, dé st dung, kha ning mé hinh hoa

cao.
Chtre nang chinh cua toolbox :
- M6 phong chuong trinh FPGA truc tiép trén Simulink.

- Két ndi va md phong truc tiép kit phat trién véi Mathlab/Simulink (Hardware Co-

Simulation).

- Dich file mé phong sang ngon ngit VHDL, phuc vu cho lap trinh FPGA trén ISE

Xilinx.

Toolbox gdbm hai thanh phan chinh 14 : Xilinx Blockset va Xilinx Reference Blockset.

=" Xilinx Blockset | Xilinx Reference Block...

- AX]4 -Communication
- Basic Elements - Control Logic

- Communication = DSP

- Control Logic ~Imaging

- [Data Types

- Index

- Math

- Memaory

- Shared Memaory

- Tools

Hinh 3.6. Thanh phan chinh trong System Generator
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System
Generator

Accumulator

ert

Eﬁ?

CIC Compiler 2.
a

CORDIC 4.0

Clock Enable
Probe

Complex
Multiplier 5.0

Constant

Convolution
Encoder 8.0

. AXI FIFD

AddSub

BitBasher

CIC Compiler 3.
a

Clodk Probe

Concat

Convert

Counter

0
o

Absoclute

Addressable
Shift Register

Bladk Box

Chult

ChipScope

Complex
Multiplier 2.1

Configurable

Subsystem Ma...

Convolution
Encoder 7.0

DS Compiler
4.0

Hinh 3.7. Cac khai con trong Xilinx Blockset

3.3. So dd thuat toan diéu ché PWM cho nghich lwu ba pha ba mic

3.3.1. So dé thuat toan Sin -PWM

Hinh 3.8 1a so dd thuat toan diéu ché Sin-PWM cho pha a, b,c va chon phuong phéap

diéu ché don cuc cho cell.

NV

sawtooth 1 tin sd | 'Ll - van 1 pha a
5kHz so sanh >
F Y
= van 2 pha a
déo
dich
pha
180 46
Pién ap pha a
dae van 4 phaa
» h
sawtooth 2 > so sanh
= van 3 phaa

Hinh 3.8. So dé thudt todn diéu ché Sin-PWM pha a
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S6ng rang cua dugc so sanh vai 3 tin hiéu sin chuan caa 3 pha (Ua (t), Up (t), uc (1)), két
qua so sanh lan luot 12 xung cap cho van 1 cua cell. Dau ra dao cap cho cac van s 2 cua

cac cell.

Tin hiéu xung ring cua léch 180 ° so voi séng rang cu ban dau duoc so sanh lan luot
Vv6i 3 tin hiéu sin chuan cua 3 pha, két qua so sanh lan lugt 1a xung cap cho van sé 3 cua

cell. Pau ra dao 1a xung sé& cap cho van 4 cua cell.

3.3.2. So' d6 thuit toan SVM

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

Driver —> Mutil-level
Converter

. ~
. ~
, ‘\
, " " X
! Dién dp 3 pha .| Chuyén t0a g6 5 z‘:m; ‘toaznh » xac-g::‘gis;: for \ F P G A
— i =Y. ©

: us(t), un(t), ug(l) abe — af 23,2323, Tinh todn m1,m2 ‘,

: e :

, ]
]

" % Tinh toan do, |, m1.m2 .

' DN a2 | '

. L]

. ]

' Sector '

’ Tam gidc '

: . h 4 L 4 :

, Triangle Waveform ]

, ]

' /\/\/\ Vi(Sa,5b,5¢) .

' R N v - " - ]

. So sanh »  LUT » Ham logic |

: ]

: ]

' ]

v N— — eeee ==

: SlrSZ

: 53,5,

]

]

]

]

]

]

[ ]

]

L]

i

Hink 3.9. So do thugdt toan SVM
Sau khi di dua ra duoc vector chuan Vi can thuc hién trong khoan thoi gian t tuong
ing (trong mot chu ki trich mau Ts), ta tién hanh m& hda. Do mach nghich Iuvu 3 pha 3 muc,
trong mdi pha chi c6 mot cau H, mdi cau H co 3 trang thai nén ta chi can 2 bit dé ma hoa

cho trang thai cua cau H do.
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Vi(kA, kB,KC)

h 4

Ma hoa

Vi = f(bién ma

hoa)

Hinh 3.10. Ma hoéa tin hiéu phat xung

Ta c0 bang ma hoa nhu sau :

KA 2 bit ma héa muc cell_1 pha a. kA1~B1B2
kKAl Bl B2
1 1 0 1
0 0 0 0
-1 -1 1 1

Bang 3.1. Bang ma hoa muc cua 1 cell cua pha a

Tir d6 ta di xay dung cac ham logic rng vai cac tin hiéu di vao cac van

KA 2 bit ma hoa cell_1phaa Tin hiéu dén céc van cell_1
pha a
kAl Bl B2 S11 | S12 | S13 | Sl14
1 1 0 1 1 0 0 1
0 0 0 0 1 0 1 0
-1 -1 1 1 0 1 1 0

Bang 3.2. Bang chan ly
Tir bang trén (Bang chan ly) ta tdng hop céc tin hiéu xung vao cac van S11, S12, S13, S14
1a ham logic theo bién B1, B2

S11= B1
S12 = B1
S13= B1+ B2

S14= B1.B2+BLB2
3.4 Lap trinh FPGA diéu ché PWM cho nghich luu ba pha ba mic

Viéc lap trinh thuc hién bang Tooltbox System Generation cua Xilinx trong Simulink.

Pay l1a dang lap trinh giao dién khdi truc quan. Sau day 1a mot s6 két qua thu duoc.
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3.4.1 L4p trinh FPGA cho diéu ché Sin-PWM
a) So' do khéi

G Gl

Giz Giz Uan
rc ddo G13 G13
—I—D rc d3o 514 &4

wiooth
G2 G21
G2 G2
Us Ubn >

Ua GZ23 G23
G4 | GZ4
Ub » Ub G311 | G21
G312 I GIZ

Ue G633 | G532 Ucn

L 534 » G324 ScopeData
3-phasesin

Logic H-BRIG

Hinh 3.11. So do6 khéi PWM

So dd gdm céc khdi chirc nang:
- Khéi sawtooth: tao séng mang xung ring cua
- Khéi 3phase-sin: tao dién &p sin chuan 3 pha
- Khéi logic: dwa ra xung diéu khién cho ting van trong cac cell
- Khéi H-BRIG: khbi mach luc
b. Khoi 3-phase Sin
Viéc tao ra s6ng sin chuan duoc thuc hién bang hai cach sau: dung khéi CORDIC

SINCOS hoic khéi DDS trong Xilinx Blockset.
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++ #|ip  HTESIN sc2 |z z
ol Lo L]
Counter2 MC ode IL Us Gateway Out1
CORDIC SINCOS
cosfy
—| =
a-b iP CONVER sc2 |z =
2.084482421875 » b
sin » Out
P AddSub MCode2 1L Gateway Out2
CORDIC SINCOS2
—(2)
Ub
L |z
ath ip CONVER sc2 w=sp
2054452421875 »|b |_> > -2
AddSub2 MC odet

Séng Sin Pha a, b,c léch pha nhau 120° , ¢6 tan sb 1a 50Hz .

Constant2

'L

CORDIC SINCOS1

™

Gateway Outd

Scope3

Hinh 3.12. Khéi tao s6ng Sin bang CORDIC Block va Mcode

Constant2

Cornstant?

0.0050048828125

hJ

A J

Constant4

v

Constant1

config_tvalid

config_tdata_poff

config_tdata_pinc

data_tready

config_tready

data_tvalid

data_tdata_sine

>

DD'S Compiler 5.0 1

hd

Hinh 3.13. Khgi tao séng Sin pha a bang DDS Block
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c. Khéi Sawtooth

++

Count=r2
dEE
++ — = | 0 x 0.000485%
triangle_wave
Countera Delay2 | d1 Chiutt1
Mz

Counterd

Hinh 3.14. Khéi tao séng rang cua
Ta sir dung 2 b dém (Counter3 va Counter4) dém tién va dém Iui dé tao 2 canh cua s6ng
tam giac, va bo dém (Counter2) tao xung vudng quy dinh chu ky séng tam giac ra mong

muén.

d. Khoi logic

(1} k]
rc a=Zzhb 1
| o G11
£ -
phaa1.2 —
? | not > 2 )
G2
C = ‘j »= Inverter
rodaoc azh 2 )
& G123
phaa3.4
| not s 4 )
I—I G4
Irverterd
Lk
a=h 5 )
| o 21
phab 1.2
L <} | not
Ub G222
»l= Inverter2
b =23
phab3.4
| not > 5 )
[ G24
Irverter3d
k]
| G
hac12
D' " = »| not »( 10 )
Ug Gaz
. Inverterd
-
azk 11
| & G323
phac34

3

[
gls

- not
[

Inverters

Hinh 3.15. Khgi logic
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Str dyng 2 tin hiéu séng rang cua léch pha nhau 180 ° dé diéu ché cho 1 pha. So sanh
vé6i 3 tin hiéu Sin chuan 3 pha (a,b,c) Iéch nhau 120 ° xuat cac xung ra cho ting van cac
cell theo phwong phép diéu ché don cuc.

e. Khoi H-BRIG
P —
Series RLS Brandhl
=TT =13 I
e _15} o _15"‘%
:‘J[_DC & 5 -
ez _—:lL—_ G12 . a7y 1
L = =14 [
oo e
] T
A —
Series AL Branchd g}j | ]
— _—':L_: Masfesd _LEr’,} Mafet§ _105‘3:
:_Jl_—ucn ] AT ]
L @
Ma=less —1%{ bdo Tes? —1%
] |
e —
Series RLS Brandhi %}j . g}ﬁm .
__j_ Ma=les —1% kMa=fen —1‘,’%
! mﬂdﬂ _:I" h @ﬁ o
T G2 . G -t
Musietl _15'3: Mt 11 _15‘%
] |

Hinh 3.16. Khoi H-BRIDGE

Khoi mach luc gom 3 cell, mdi cell 14 1 mach cau H vai 4 van IGBT mac song song
nguoc Véi diode dé trao d6i cong suat phan khang vaéi ngudn.

Nguén DC ctia mdi cell 13 Vdc = 400V, tai RL véi R=10Q, L= 10mH.
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f. Két qua md phong véi Xilinx blockset

Tin hiéu dat Vref = 150V trt = 0 - 0,05s va tin hiéu dat Vref =375V trt = 0,05 - 0,1s

Ua
1000 T T T T T T T T T
500
= 0
-500
-1000 1 L 1 L 1 1 1 1 1
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

i-abe

40 L L L L L L L L L
1} 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
Time(s)
Uzn
T T T T T T T T T
300 =
200 =
5 100
| I
o| ||
-100
-200 1 1 1 1 1 1 1 1 1
0.05 0.052 0.054 0.056 0.058 0.06 0.062 0.064 0.066
Time(s)

Hinh 3.17. D6 thi dién dp, dong dién ra tai va Vzy

Uan
500 T T T T T T T T T
5 0
500 L L L L L L L L 1
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0
Time(s)
Ubn
500
=
= v
_500 L L L L L I L L 1
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0
Time(s)
Uen
S
=

L L L L L L L L 1
v} 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 01
Time(s)

Hinh 3.18. Muzc dién dp dau ra ba pha
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— Signal

Selected signal: 5 cycles. FFT window (in red): 1 cycles

500

-500

I I I I I
0.05 0.06 0.07 0.08 0.09 01

Time (s)

I I I I
0 0.01 0.02 0.03 0.04

— FFT analy=is

Fundamental (50Hz) = 122.2 | THD= 167_19%

18 .
1.6 .
1.4 .

121 -

08 -

Mag (% of Fundamental)
|

0.6 -

0.4 -

[ -

0 100 200 300 400 500 600 700 800 900 1000
Freguency (Hz)

Hinh 3.19. Phdn tich FFT bién d¢o Vref 1a 150, f = 50 hz

— Signal
Selected signal: & cycles. FFT window (in red): 1 cycles
500 T T
0
-500 L L L . . . L L L
v} 0.01 0.02 0.03 0.04 0.05 0.06 o.o7 0.08 009 0
Time (s)

— FFT analyvsis

Fundamental (5S0H=z) = 306 , THD= F0.7¥2%

0.35 | -

025 1

Mag (% of Fundamental)

0 100 200 300 400 500 600 700 800 a00 1000
Frequency (H=)

Hinh 3.20. Phdn tich FFT bién d¢o Vref 1a 375V, f =50 hz
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Nhan xét:

- Chu ki dién 4p pha 12 0.02s, thoa man tan s6 50Hz.

- bién ap pha bam gia tri dat.
3.4.2. Lap trinh FPGA trong diéu ché vecto khéng gian SVM
a. So do khoi

&

System Continuous
Gener stor

powegui

Al ¥ G11
. |—> A N Uan
phase AL—m{ A Sector S AR—PE: A Giz
alpha [ Ualpha AlZ ¥ G132
B P G21 Ubn
B4 pG24
phase AtL—p{B @ w2 e I e L Vestort—# V SBHS B1 NI
B12 # G23 Lk
cn # G211
d3 a3
» ci4 a4
beta |1 Ubeta Triangle 5.cl—b{se e ... T
phase A2—p T g
S_— trarsform ci2 N[
= Puke H-BRIG Scope
LuT 5_Comvert
I-phase alphe-beta calculate:

Hinh 3.21. So' do khoi SVM
Céc khdi chirc nang:
- Khéi 3phase-sin: tao dién &p sin chuan 3 pha.
- Khéi alpha-beta: chuyén toa d6 abc vé toa d6 ofp.
- Khéi Calculate: tinh toan cac hé sé diéu ché d1,d2,d3.
- Khéi Transform: chuyén doi céc tin hiéu d1,d2,d3 don 1¢ vé dang xép chong.
- Khéi LUT: bang chon vector chuan.
- Khdi S_Convert: dua ra trang thai dién &p ting pha
- Khdi PWM: dua ra xung cap cho ting van trong tiing cell
- Khéi H-BRIDGE: mach luc

Trong d6 khi 3phase-sin va khéi H-BRIDGE tuong tu v6i phuong phap sin-PWM.
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b. Khéi chuyén toa dg abc — alpha-beta

x 0.6667 a
A a+h >l a
b

CMut2 €a
AddSub
x (-0.333 AddSub

A4

k4

alpha

m@
A4

ChMult

@
Y

x (0.333

CMult1

x 0.577 a
a+b
b beta

CNMul3

v
v

Y

AddSub2

A4

x (0.577

CMult4

Hinh 3.22. Khéi chuyén toa do abc sang alpha-beta
Dién &p v, va vp trén khung toa do op duoc tinh toan tir va(t), vs(t), ve(t) bing cong

thac :

c. Khéi Calculate

Sec (1 ]
G Secter

TriNe—— w5 )

o Triangle
di—— (3 )

TINHD d1

.—P ¥ a2 4I-.-3
asl— ()

d2

TINHM m

Hinh 3.23. Khai tinh toan hé sé bién diéu
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Dién ap V., Vp duoc tinh toan theo ly thuyét dé xac dinh cac hé sé diéu ché di,d»,ds

ddng thoi xac dinh dugc vecto dién &p Vrer mong mudn nam trong sector va tam giac nao.

d. Khéi Transform

(1) : ¥ a
“ - :
b - a+h
Convert b
not

Relaticnal CMult2
AddSub
nvertes
at+h
@ L . E : D
d2 . azb Comvertl ath 1)
AddSub2 . = b outt

A - -
ey Logicall CMutt -
Relafionalt AddSubt
Inverter
a

7]

ath snd cast
Cr—— L,
d3 N azh Convert2
AddSub3 bt Logical? CMult1
Relatiznal?
Outi

sawtooth

Hinh 3.24. Khai transform
Céc tin hiéu d1,d»,ds duoc so sanh véi séng tam giac, cac tin hiéu dau ra duoc chuyén
dbi tir dang tuwong ty sang dang sd, va xép chdng thanh 1 tin hiéu dau ra quy dinh thi ty

thuc hién cac vecto trong 1 chu ky Tpwm

A=
e. Khoi LUT
cl | ol
c2 | 2
c3 | c2
od | cd
co | c5
b | 5
x TN o | CT TINHH k—b@
Secior =] | B Vector
=] | 2
10 | 10
cl1 | 11
cl2 (12
MCode | no
MCodel
d123 a
ath
b
AddSub
Triangle

Hinh 3.25. Khoi LUT theo t6i wu Van
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Vector chuan dugc diéu ché duoc chon tir cac bang chon véi 2 tin hiéu dau I1a Sector

va Row trong Hinh 3.23

S2C

tia code sm

puls

MCode

Hinh 3.26. Khei LUT theo téi wu déng cat

Véi luat t6i wu dong cat can 3 tin hiéu dau vao : Sector, Triangle, Pulse

Trong d6 tin hiéu Pulse la tin hiéu quy dinh thir tu thuc hién cac vecto

f. Khéi S_Vector

C—>p

TINHS =B

sC

Hinh 3.27. Khéi S_Vector

MCede

Véi mdi vecto chuan theo phuong phap chon Vzn nho nhat s& tng voi mic cac pha

Sa, Sb, Sc
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g. Khai Pulse

vi—— D)
A1
val—»(Z)
= PULSE A2
== va——(3 )

Al

Vel ()

Ald

MCode

vi——(E)

B11
val (2 )

s PULSE B12
Sb va———»((7 )

B12

val ()

B4

MC odet

Vil ()

val (o)
5 PULSE c12
Se va——( 1)

val (72 )

MCode2

Hinh 3.28. Khai Pulse
MOoi trang thai dién &p pha s& (ing vai trang thai déng mé cua timg van trong pha do.

Nhu vay ta s& xac dinh dugc xung cap cho tirng van tat ca céc cell.
h. Két qua mé phong

Thong sé6 md phong:

e Tdi 3 pha, méi pha: R=10 Q, L = 10mH

e Udc=400V
150V,0 <t <0.05s

e Tin hiéu dat co bién d6: Vref =1{375V,0.05 <t <0.1s , f =50hz
525V,t >0.1s
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Ua

Ua

Uzn

Ua

1000
-1000
0.16
016
100 =
soll 1
s off ]
S0} _
100} =
-150kE . . . . . L L . . =
0.105 0.11 0.115 0.12 0.125 0.13 0.135 0.14 0.145 0.15
Time(s)
Hinh 3.29. Dién dp, dong dién ra tai va Vzn theo toi wu Vzn
Ua
1000 T T
500 - H H H F ! H =
U
-500 B
-1000 L
0 0.05 0.1 0.15
Time(s)

i-abc

-abe

Time(s)
Uzn
400
200
0
-200
-400 L L
0 0.05 0.1 0.15
Time(s)

Hinh 3.30. Pién dp, dong dién ra tdi va Vzn theo toi wu déng cdt
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0.12 0.14 0.16
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
Time(s)
Se
1
0.5 _
&S o =
0.08 o1 0.1z 014 0.16
Time(s)
Hinh 3.31. Muc dién ap cac pha theo toi wu Vzn
Sa
01 0.15
Time(s)
Sb
1
0.5
o 0
0.5
-1
0 0.05 0.1 0.15
Time(s)
Sc
01 0.15

Time(s)

Hinh 3.32. Mizc dién ap cac pha theo tdi wu dong cat
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i. Nhan xét
Panh gia THD 1an luot t6i uvu dong cat va tdi vu common mode voltage

Selected signal: 7.5 cycles. FFT window (in red): 2 cycles Selected signal:- 7.5 cycles. FFT window (in red): 1 cycles
200 T T 500 T T
0 0
500 I | -500
0 0.05 01 015 0 .
Time () Time (s)
—FFT analy — FFT analy
Fundamental (80Hz) = 1237 , THD= 117.41% Fundamental (50Hz) = 148 , THD= 97.08%
il , ; : . : 50 . . . . . . , . . =
45
60 R
40
@50' ] = 35
g 5
£ E
R[S — = 30
g 2
H £ 25
5 ok ] 5
& 2 20+
o g
Z ok i = 15F
10
10F
5
0 N TR’} i L. b il \| || bnil sl i |...J|\ 0 v
0 2000 4000 6000 6000 10000 12000 14000 16000 18000 20000 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Frequency (Hz) Frequency (Hz)
3 4 & — —
Hinh 3.33. THD ung vai Vref =150, f=50hz
— Signa Signal
Selected signal: 7.5 cycles. FFT windaw (in red): 2 cycles Selected signal: 7.5 cycles. FFT window (in red): 1 cycles
00 T T 500 T
0 0
500 | | -500 . s
0 0 01 015 0 0.05 01 0.15
Time (g) Time (s)
— FFT analy FFT analysis.
Fundamental (S0Hz) =306 2, THO= 42.95% Fundamental (50Hz) = 368.8 , THD= 38.07%
5F T T T T T T 3 T T T T T T T T T
181 8
16 1
= = 14r 1
£ =
E - R E 12} ]
@ ]
E 2 10
3 2 "
w [T
5 h-1
B # ar i
7 5k =
2 = b
al
2 |
hi 0 e et - b ki
0 000 4000 6000 8000 10000 12000 14000 G000 1BOO0 20000 0 1000 2000 3000 4000 £000 6000 7000 8000 9000 10000
Frequency (Hz) Frequency (Hz)

Hinh 3..34. THD wung véi Vref =375, f=50hz
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Selected signal: 7.5 cycles. FFT window (in red): 2 cycles Selected signal- 7.5 cycles. FFT window (in red): 1 cycles

500 T T T T

0
-400 ! !

0 008 01 015

Time (5) Time (s)
— FFT analy — FFT analy
Fundamental (30Hz) = 4298 , THD= 31.54% Fundamental (50Hz) = 476.7 , THD= 23 54%
T T T T T T T T T T T T T T T

10+ B
S 8 B =
£ =
5 =
£ E
5 =
A 2
b= 1 [
5 ‘s
B3 =
@ gk 4 =
b =

2- i

ol bt dia

0 2000 4000 b000 8000 10000 12000 14000 16000 18000 20000 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Frequency (Hz) Frequency (Hz)

Hinh 3.35. THD ung vai Vref =525, f=50hz
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KET LUAN CHUNG
Trong thoi gian nghién ctu dé tai “Tim hiéu va #ng dung FPGA cho nghich luu
nguén &p ba pha ba mic siz dung hai phwong phdp Sin PWM va SVM”, em di thu duoc
nhitng két qua: Co s& Iy thuyét nghich luu ngudn &p ba pha ba muc; Noi dung hai phuong
phap diéu ché do rong xung SinPWM va SVM; Ung dung FPGA cho diéu ché d6 rong

xung; M6 phong va kiém ching két qua.

Mot 1an nira em xin chan thanh cam on sy huéng dan tan tinh cua thay gido TS. Vi
Hoang Phuong da giup d& em hoan thanh db an nay. Do han ché vé thoi gian nghién ctu
va ban than em con thiéu nhiéu kinh nghiém nén do an van con ton tai nhitng thiéu sét. Em

rat mong nhan dugc su gop y cua thay ¢d va cac ban dé db an duoc hoan thién hon.

Em xin chan thanh cam on!
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