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TOM TAT

Ngay nay, b6 nghich luu (BNL) da bac néi tang cau H (CHB) da cé nhiéu ting dung trong céc linh vuc
nhu cung cdp ngudn cho hé truyén déng dién déng co xoay chiéu, bién déi nang lugng dién mat
troi két n6i ludi, lam thiét b bl loc cho ludi dién. Nham nang cao hiéu qua st dung BNL da bac nhu
giam chi phi b6 bién déi khi sé bac tang 1én, cac cau tric bién ddi da bac dang lai dugc phat trién,
dong thai yéu cau phai thiét ké cac gidi phap diéu khién mdi cho cac cdu tric nay. Do do, bai béo
nay trinh bay mét phuong phap mdi diéu khién BNL 4p mot pha néi tang lai st dung bang trang
thai rit gon. Bang trang théi rit gon qui ddi tir trang thai dong ngat clia BNL da bac truyén théng
sang trang thai dong ngét BNL ndi tang lai. Bang qui d6i dugc thiét ké sao cho gidm s& chuyén
mach khi thuc hién diéu khién ap ngd ra, do dé nang cao hiéu suét lam viéc clia BNL lai. Phuong
phép diéu khién BNL lai st dung bang trang thai rit gon dé xuat c6 uu diém |a thuc hién don gian,
tan dung cac ky thuat Sin-PWM truyén théng ma khong can phai tinh toan ham diéu khién hoac
thay d6i sébng mang. Hiéu qua clia phuong phap dé xudt dugc danh gia qua céc chi s6 do méo
dang séng hai dién ap, dong dién khi dp dung cac dang bo tri séng mang dich muc (LS-PWM) va
Ung dung diéu khién téc d6 déng co KBB 3 pha. Ngoai ra, dé thay uu diém ctia phuong phép
PWM st dung bang trang thai rit gon dé xust, cong suat tén hao clia BNL lai ciing dugc tinh toan
va so sanh vai BNL bay bac truyén thong va BNL ba bac. K&t qua phan tich va mé hinh hoa diéu
khién BNL lai bay bac néi tang dugc kiém chiing va danh gia bang phan mém MATLAB SIMILINK
va PLECS.

Tur khoa: Bién tan CHB bay bac, Bién tan lai ni tang, PWM, 36 méo dang séng hai, Ton thét cong

suat

GIGI THIEU

Trong vai thap ky qua, viéc sti dung bién tan da bac
(MLI) da phat trién manh trong cac linh vyc ting dung
&hauhét cic cudng quéc cong nghiép . MLI c6 nhiéu
cdu tric truyén thong khdc nhau nhu MLI dung diode
kep diém trung tinh (NPC Newtral Point Clamped),
MLI dung tu dién kep (FC_Flying Capacitor) hay MLI
ndi tdng ciu H (CHB_Cascade H Bridge) va nhiéu loai
MLI ¢6 cdu tric lai khac nhau?. Trong s& nay, MLI
CHB c6 nhiéu uu diém nhu: v€ ciu tric c¢é tinh mo-
dun hoa, gia tri dinh muc cac linh kién giong nhau,
kha ning m& rong cdu H d€ nang cao dién ap ngd ra dé
dang so véi cac cdu tric khac. Bén canh d6, MLI CHB
c6 han ché la khi s6 bac ting thi s6 lugng mo-dun
cdu H, b ngudén DC va tdn hao cong suit ting theo.
Nhéim khidc phuc bat 1¢i nay, tic 1a gidm s6 lugng ciu
H va ngudén DC ma van ting s6 bic ta c6 thé sii dung
cdu hinh MLI lai. MLI lai gom c6 cic md-dun cdu H
lién két néi tdng va cac bd ngudn DC co gia tri dién ap
khac nhau*. Bai bao nghién ctiu cdu tric b nghich
luu lai stt dung 2 bo nghich luu cdu H néi ting H1, H2.
N6 ¢6 thé tao ra nghich luu 5 béc truyén thong khi ti

$6 d¢ 16n hai dién 4p nguén 12 1:1, nghich luu lai 7 bac
khi ti s6 d¢ 16n dién ap nguodn 1a 2:1, va nghich luu lai
9 béc khi ti s6 d¢ 16n dién 4p nguodn 1a 3:1. Hiéu qua
ctia nghich luulai tii viéc ting s6 bac ctia dién dp ralén
7 va 9, nén gidam do méo dang song hai ngd ra trong
khi giti nguyén s6 lugng nguén DC va s6 modun cau
H. Néu Vdc la dién dp qui d8i ctia cdu hinh b nghich
luu 2 béc, d€ tao ra cung pham vi ap tai, thi d6 16n
ngudn DC ctia 2 mach cdu H1,H2 lan lugt la Vdc/6,
Vdc/3 cho nghich luu lai 7 bac va Vdc/8 va 3Vdc/8 cho
nghich luu lai 9 bac. T d6, kha ning qué 4p ctia linh
kién, kha ning dong ngit va tn hao trén cdc cdu hinh
lai la khac nhau. Mat khac, phan tich bang trang thai,
bd nghich luu lai 9 bac gay ra mét s6 chuyén mach 3
(triple switching - xudt hién thoi diém c6 3 cdp linh
kién tii 2 nghich luu cdu H1 va H2 d6ng thaoi chuyén
mach), so v6i chuyén mach déi (double switching) &
nghich luu lai 7 bac. Diéu nay c6 thé anh hudng tiéu
cyc 1én dp ngo ra trong qua trinh chuyén mach, déng
thdi gy ra tén hao déng ngit cao hon. Noi dung bai
bdo tép trung nghién ciiu ciu hinh lai 7 béc cho cac
nhu ciu thuc té thoa man tiéu chi d6 méo dang THD,

Trich dan bai bao nay: Thao D T, Nhd N V. Mé hinh hoa va mé phéng ky thuat PWM méi cho bd nghich
luu lai 7 bac dung bang trang thai rat gon. Sci. Tech. Dev. J. - Eng. Tech.; 5(2):1474-1496.
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dong thoi tranh duge cic hé qua biét lgi ctia chuyén
mach 3.

bé so sanh danh gid hiéu qua ctia ky thuat dé xuit
cho c4u hinh lai, cdu hinh BNL CHB bay bac truyén
théng ciing dugc khao sat>~7. Cac phuong phap diéu
ché PWM s6ng mang cho BNL da béc truyén thong
dugc st dung nhiéu trong thuc té€ nhu: PD-PWM,
POD-PWM, APOD-PWM. Thuc hién bang cich so
sanh truc ti€p 4dp diéu khién Sin véi cac séng mang.
Uu diém c4c phuong phép PWM séng mang la don
gian, dé thuc hién. Tuy nhién, BNL lai khong c6 bang
trang thdi giong nhu BNL truyén th6ng nén khong thé
ap dung cac phuong phap PWM séng mang truyén
théng. Viéc thiét ké ky thuat PWM séng mang cho
BNL lai sé phtic tap hon va giai thuat thuc hién thudng
thay d6i phu thudc gia tri dién 4p tai yéu cdu. Do
do, trong bai bao nay, mot ky thuat diéu khién PWM
don gian dugc thiét ké bing cach két hgp bd diéu ché
PWM truyén thong véi bang trang thai rut gon (Sim-
plified Switching Table - SST). D€ dat hiéu sut by bién
d6i cao, bang trang thai qui d6i SST sé chon cic trang
thai déng ngit tuong ting cdc mtuic ap lién ké sao cho
gidm s6 chuyén mach khi thay d6i ap nghich luu. Nh¢
dé, ky thuat PWM dé xudt sé loai bo qud trinh hiéu
chinh séng diéu khién va chi st dung song diéu khién
Sin thong thudng. Bing cich dp dung bang trang thdi
qui d6i, cdc phuong phép bé tri song mang dang PD,
POD va APOD c6 thé 4p dung cho BNL lai mét cich
dé dang. Hiéu qua cta viéc chon bang qui d6i sé dugc
danh gid qua tinh todn cong suit tn hao. Két qua cho
thdy BNL7 béc lai v6i phuong phdp diéu khién dung
bang trang théi rit gon gidm t6n hao déng ngit, do d6
dat hiéu sudt cao hon so v6i 7 bac truyén thong. Ngoai
ra, két qua tinh todn ctia cac cdu hinh khao sat ciing
cho thdy BNL lai 7 bac ciing dat hiéu suit cao hon so
vGi BNL 3 béc & tin s6 dong ngit cao. Noi dung tiép
theo ctia bai bdo gébm cidc phan nhu sau: phén tich
BNL béy bac cascade va ky thuadt PWM truyén théng;
phén tich BNL bay béc lai va phuong phdap PWM st
dung bang SST dé xudt; két qua mo phong va thao
luén; déanh gid va so sdnh t6n hao cong sudt; két luan.

GIAI THICH MACH BNL 7 BAC VA
PHUONG PHAP PWM PIEU CHE LAI
MOl

B6 nghich luu ba bac cau H

C4u truc mo-dun BNL mdt pha ciu H dugc hién thi
trong Hinh 1(a) gom 4 khoa cdng suat (IGBT), trong
mobi khéa gdm mot Transistor mac song song véi mot
Diode ngugc. Diode cung cdp dudng dan cho dong
dién xoay chiéu. Bing cach diéu khién xungkich dong
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ngat cac khéa nhu trong Bang 1, BNL tao nén dién ép
& ngo ra co babic. Dang séng dién dp ctia BNL ba bac
nhu Hinh 1(b) dugc mo6 ta nhu sau:

.

Céc khoa s; va sg hoat dong déi nghich:

0 khi khoa s; ngat

. ,i=1,2 1)
1 khi khoa s; dan

si+s;=0 2
Phuong trinh dién 4p m¢t pha BNL ba bac:

Vag = (Sl + 52) 3Vdc—3Vdc 3)

Bo nghich luu CHB bay béac truyén théng
BNL CHB bay bac truyén thong Hinh 2(a) gom 3 mo-
dun ciu H mic ndi tiép tao ra dién dp xoay chiéu
(Vag) tii 3 bo ngudn DC doc lap. Moi md-dun cdu H
nay la mo-dun cau H ctia BNL 3 bac Hinh 1(a). Dién
4p ngd ra V4 trong Hinh 2(b) dugc tao ra bing cach
kich chuyén mach cac khoa trong cic mo-dun cdu Hy,
Hj, Hj3, Theo dinh nghia (1) véi i=1,2,3,4,5,6 ta co
phuong trinh dién dp V4 cia BNL bay béc la:

VAG =Vy1 +Vygy + Vo = (Z?:l)VdC -3Vdc (4)
VAG = VXO - 3Vdc Véi: 0 S VXO § 6Vdc (5)

Trong d6, dién ap nhanh nghich Iuu Vyo dugc dinh
nghia nhu sau:

Vxo = (L5_,S;) Vde (6)

Vidy, khi §; =1thi Vg = Vg = Vg3 =Vdcva Vg
= +3Vdc; tuong tu khi S; =0thi Vg = Vg = V3 =
-Vdc va Vg = -3Vde. O céc truong hop con lai, dién
ap V¢ dat cac gid tri+2Vdc,+Vdc, 0, -Vdc va -2Vdc
trong Bang 2. Dién dp V4 ctia BNL CHB bay bac c6
dang séng dugc hién thi trong Hinh 2(b).

Ky thuat diéu khién séng mang truyén
théng

Thuc t€ ¢6 nhiéu ky thuat diéu ché dé€ kiém soét dién
&p ddu ra MLI®10, Vé co ban c6 hai loai ky thuat diéu
ché d6 rong xung nhu dich pha (PS-PWM) va dich
muc (LS-PWM) séng mang. Trong dd, ky thuat LS-
PWM la phuong phép thudng dugc st dung do don
gian dé thyc hién nén dugc dé xudt st dung trong
bai bdo nay. Phuong phap LS-PWM ép dung cho
bién tin lai bay bic st dung sdu song mang tam giac
c6 cung tan s va bién d6 1éch nhau 1 don vi gidéng
nhu 4p dung cho bién tin béay béc truyén thong. Ky
thuat LS-PWM so sanh bién d¢ séng diéu ché va song
mang. Song mang u., (carrier signal) c6 tan s6 f.,
cao, dang tam gidc c6 bién do V.. Séng diéu ché
u,(modulating signal) dang sin c6 tin s6 fm va bién
do v,,.
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Hinh 1: (a): BNL cau H, (b): Bién ap ng6 ra ba bac
Bang 1: Bang trang thai déng ngat BNL 3 bac
Trang thai Dién ap
Si Sz Vac
1 1 +3Vdc
1 0 0
0 1 0
0 0 -3Vdc

Céc khoa cong sudt duge kich dong khi séong mang
nho hon song diéu ché (V.<V,,,) va ngdt trong trudng
hop ngugc lai. Ky thuat LS- PWM c6 thé stt dung cac
dang bé tri song mang nhu sau:

+ B0 tri ciung pha (PD-PWM: Phase Disposition
PWM): b6 tri sdu séng mang ndm ké nhau, c6 pha
trung nhau va séng sin diéu ché dat & gitia sdu song
mang dugc minh hoa trong Hinh 3.

+ B6 tri doi lap theo pha (POD-PWM: Phase Opposite
Disposition PWM): b6 tri sdu song mang dugc chia
déu thanh hai nhém ngugc pha véi nhau. Séng sin
diéu ché dit gitia sdu séng mang dugc minh hoa trong
Hinh 4.

+ B0 tri doi lap theo pha thay thé (APOD-PWM: Al-
ternative Phase Opposite Disposition PWM): BS tri ba
séng mang ngugc pha dan xen véi ba séng mang cling
pha va séng sin diéu ché dit & gitta sdu séng mang
dugc minh hoa trong Hinh 5.

Gia st dién ap 1 pha tai c6 dang:

V(t) = Vy.sin(2xfy, t+ 0) (7)

Déi voi BNL bay bac 1 pha ta cd: v4g = v(t) va dién
dp diéu khién Vdk c6 thé xic dinh tu dién 4p nhanh
nhu sau:

1
Vxo = Vdec. <ﬂ / Z?:lsidt) =VdeVdk  (8)

V6i Ts: chu ky song mang

T cac hé thic trén suy ra 4p diéu khién nhu sau:
Vdk =3+ y2sin(2 7f,, t + 6) (9)

Do: 0 < Vdk < 6Vdc nén ta co: V,, < 3Vdc

Goi my = 3 1a chi s6 diéu ché. Pién dp diéu khién
dugc biéu dién theo chi s6 diéu ché nhu sau:

Vadk = 3 +3my,. sin(2 nf, t + 0) (10)

B6 nghich luu CHB lai bay bac

So d6 BNL CHB lai bay bdc mot pha nhu trong
Hinh 6, gébm c6 2 md-dun cdu H néi ting véi nhau
va 2 nguén DC doc 14p cdp cho 2 mo-dun cdu H ¢
gid tri dién 4p khac nhau ti 1¢ (1:2)Vdc,. BNL lai nay
¢6 céu hinh don gian giéng nhu BNL nam bac truyén
thong, véi nguén DC & cau H1 ¢6 gia tri Vdc va cau
H2 ¢6 gia tri 2Vdc c6 thé tao ra dién dp V4 bay béc
nhu Hinh 2(b).

Phan tich cac dién 4p trén Hinh 6, ta c6:

Dién ép cdu H1: Vg = (Sp1+Sy2)Vde - Vdc

Dién ép cAu H2: Vo = (S3+S54)2Vdc - 2Vdc

DPién ap mot pha cia BNL lai (ap tai):
Vac=Vu1+Vm

Vag = (Shl +Sh2)VdC+(Sh3+Sh4)2VdC—3VdC (1 1)

VAG = VXO - 3Vdc (12)
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Bang 2: Bang trang thai déng ngat BNL 7 bac truyén théng

Trang thai Dién ap Trang thai Dién ap

Sy N S3 S4 Ss Se Vxo Vac Si N S3 S4 Ss Se Vxo Vac

1 1 1 1 1 1 6Vge +3Vy 1 0 1 1 0 0 3V4e 0
1 1 1 1 1 0 5Vgze +2Vg 0 1 1 0 0 1

1 1 1 1 0 1 1 1 0 1 0 0

1 1 1 0 1 1 0 1 1 0 0 1

1 1 0 1 1 1 1 1 0 1 0 0

1 0 1 1 1 1 1 0 1 0 0 1

0 1 1 1 1 1 0 1 0 0 1 1

1 1 1 1 0 0 4V +Vg 1 0 0 1 1 0

1 1 1 0 0 1 0 0 1 1 0 1

1 1 0 0 1 1 0 1 1 0 1 0

1 0 0 1 1 1 0 0 0 0 1 1 Ve Ve
0 0 1 1 1 1 0 0 0 1 1 0

0 1 1 1 1 0 0 0 1 1 0 0

1 1 1 0 1 0 0 1 1 0 0 0

1 1 0 1 0 1 1 1 0 0 0 0

1 0 1 0 1 1 1 0 0 0 0 1

0 1 0 1 1 1 0 0 0 1 0 1

1 0 1 1 1 0 0 0 1 0 1 0

0 1 1 1 0 1 0 1 0 1 0 0

1 1 0 1 1 0 1 0 1 0 0 0

1 0 1 1 0 1 0 1 0 0 0 1

0 1 1 0 1 1 1 0 0 0 1 0

1 1 1 0 0 0 3V4e 0 0 0 1 0 0 1

1 1 0 0 0 1 0 1 0 0 1 0

1 0 0 0 1 1 1 0 0 1 0 0

0 0 0 1 1 1 0 0 0 0 0 1 Vi 2Vac
0 0 1 1 1 0 0 0 0 0 1 0

0 1 1 1 0 0 0 0 0 1 0 0

1 1 0 0 1 0 0 0 1 0 0 0

1 0 0 1 0 1 0 1 0 0 0 0

0 0 1 0 1 1 1 0 0 0 0 0

0 1 0 1 1 0 0 0 0 0 0 0 0 -3Vye
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Hinh 3: S6ng mang bd tri cing pha PD

Vxo : dién ép nhanh
Véi: Vxo = (Sh1+sh2)VdC + (Sh3+sh4)2VdC
0< Vyo < 6Vdc

Phuong phap PWM st dung bang trang thai
rat gon dé xuat

Giai thuat PWM dé xuit cho BNL lai 7 bAc 2CHB7L
cép cho tai RL gém c6 2 khoi chinh nhu mo ta trén
Hinh 7. Khéi PWM la khdi tao xung kich ctia BNL da

béc truyén thong va Khéi SST la Bang trang thai rut
gon qui d6i SST. Khéi PWM c6 nhiém vu ctia bd diéu
ché PWM truyén thdng, tao sdu xung kich diéu khién
bién tan bay bac CHB truyén théng. Vi du trong so
d6 Hinh 6, sau tin hiéu séng mang tam giac dang PD-
PWM dugc so sanh séng diéu khién sin tao ra mét
chudi xung kich $1,57,53,S4, S5,S¢. Khdi SST, dung
Bang trang thai rut gon d€ qui déi cic trang thai xung
kich tii kh6i PWM sang xung kich cho BNL lai.
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Hinh 6: C4u trdc BNL CHB lai bdy bac (2CHB7L)
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Bang SST dugc thiét ké don gian § Bang 4 gém 7 trang
thai. Ti 16 trang thai day dt ¢ Bang 3, Bang SST
chi chon loc 7 trang thai 1,2,4,10,13,15 va 16 dé st
dung kich linh kién BNL lai. Tuong ting mt mic ap
nhénh Vxo ta chon mot trang thai duy nhét dé thuc
hién diéu ché. Vi du: Chon trang thai 1100 dé tao
Vxo = 2Vdg, trang thdi 0101 d€ tao Vxo = 3Vdc. Céc
trang thai dugc chon trong Bang SST sao cho han ché
chuyén mach khi thay d6i 4p nghich luu. Khi dién
ap Vx o thay d6i trong pham vi (0—1)Vdc tuong ting
v6i trang théi bén khod cong sudt Sp; Spo Spz Spa
chuyén tii trang thai 16 1a 0000 sang trang thai 15 la
0100. Trong lan chuyén d6i nay c6 1 chuyén mach
la khod Syp. Tuong tu sé c6 1 chuyén mach khi dp
Vxo chuyén (1—2)Vdc tuong ung véi thay déi trang
thai (15 —13) hay chuyén mach ti (0100) — (1100)
la khod Sp;. Tuong tu, ta c6 1 chuyén mach khi Vxo
l4n lugt chuyén gitia (4—5)Vdc, va (5—6)Vdc tuong
tng chuyén trang thai (4—2), (2—1) trong Bang 3.
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Bang 3: Bang trang thai dong ngéat BNL 7 bac lai

Thi tu trang

thai
1

2

10
11
12
13
14
15

16

Sn1

Sz Sn3 Siha
1 1 1
1 1 1
0 1 1
0 1 1
1 1 0
1 0 1
0 1 0
0 0 1
1 1 0
1 0 1
0 1 0
0 0 1
1 0 0
0 0 0
1 0 0
0 0 0

Vxo

6V
5Vic

4V 4

3Vdc

2V

1V

0Vye

Vac

3Vdc
2Vg4e

1Vdc

OVdc

-1Vye

-2Vge

-3Vye

Discrete
le-06s. |

Vdk

Current

= .
cr
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i
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cr3
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w 1 sh3

= G
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w o Sha
Ci6

PWM SST 2CHB7L

Hinh 7: Nguyén ly SST (Simplified Switch Table)
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Trudng hop ngoai 1¢, ¢ 2 chuyén mach xuét hién khi
dp Vxo thay déi gitia (2—3)Vdc, tuong ting su chuyén
trang thdi 13 (1100) sang trang thai 10 (0101). Ngoai
1é khac xuit hién trong Bang SST chon khi thay d6i
dp Vxo gitia (3—4)Vdc, tuong tng su chuyén trang
thdi 10 (0101) sang trang thai 4(0011). Luc 46, c6 sy
tang t6n hao chuyén mach va danh gia ton hao cta
gidi thuat 1a can thi€t nhu mo6 ta & phan sau.

Thuét todn qui ddi st dung bang trang théi rut gon
ctia khoi SST biéu dién quan hé gitta trang théi cac
khéa S1,572,53,54,55,S¢ ctia BNL 7 bac truyén thdng
(dat dugc ti khoi PWM) véi trang thdi khoa Sp1,S0,
Si3> Spa cia BNL lai. Cu thé nhu sau:

e NeuY® | si=6thiS; =S2=S3=Su=1

« Néu Z?:l si=5thiS,; =0;S;p=S;3=Sp4 =1
e NeuY® | si=4thiSy =S5 =0;S3=Su=1
« Néu 21-6:1 si=3thiS,; =S;3=0;p=Sp4 =1

« Néu 21-6:1 si=2thiS, =S =1,3=S1,=0
« Néu 21-6:1 si=1thiS,; =S;3=S34=0;S;p =1
e NeuY?® | si=0thiSy =S2=S13=Su=0

KET QUA MO PHONG VA THAO
LUAN

Két qua dang séng va phd song hai ngo ra cia BNL
lai 7 bac 6 Hinh 6 dugc thuc hién véi thong s6 co ban
cho trong Bang 5.

Bang 5: Théng s6 mé phéng

Ky hiéu  Thong sé Gia tri
Vdc bién dp nguén DC 200VDC
fer Tén s6 song mang 2kHz
m, Chi s6 diéu ché [0.1;1]
R bién tro tai 30W

L Dién cam tai 20mH

+ Dang séng dién dp ciia BNL bdy bdc lai khi bé tri
séng mang dang PD-PWM sii dung SST

Trong Hinh 8 tu trén xudng 1a d6 thi dién dp ngo ra
cua cdu H;(Vyy), cdu Hy(Vyp), dién ap tai va dong
dién gén sin cua tai khi st dung phuong phap PWM
két hgp bang SST v6i m,=1. Két qua phén tich FFT
ctia dién ép va dong dién hién thij trén Hinh 9, Hinh 10
vdi chi s6 tong méo hai dién 4p THD-U = 15.80%, va
dong dién THD-I = 1.80%.

+ Pho séng hai dang séng ngo ra cia BNL bdy bdc lai
khi bé tri séng mang dang PD-PWM sit dung SST
Ap dung phuong phdp PWM diing bang SSTvéi b6 tri
soéng mang dang POD va APOD, ta thu dugc két qua
so sanh trong Bang 6.
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Bang 6: K&t qua THD khi bé tri séng mang dang
LS-PWM

LS-PWM THD-U% THD-1%
PD-PWM 15.80 1.80
POD-PWM 15.80 1.81
APOD-PWM 15.60 1.80

So sanh céc két qua, ta thdy véi chisd diéu ché m, =1
bé tri song mang dang APOD-PWM cho chit lugng
ngo ra tot nhat (THD-U = 15.60% va THD-I = 1.80%)
bic tinh THD-U va THD-I thay d&i gidm dén theo
gid tri ting d4n ctia chi s6 diéu ché. Lan lugt thay d6i
chi s6 diéu ché m, cic gia tri khic nhau trong pham
vi 0.1 dén 1, c6 thé thu dugc va vé biéu d6 dic tinh
THD-U, THD-I theo chi s6 diéu ché cho cac phuong
phdp PWM khac nhau (Hinh 11).

O chi s6 didu ché thép, cac gia tri méo dang kha cao,
ching han khi m,=0.1, THD-U l4n lugt dat cdc gié tri
154.50%, 154.44% va 154.44% tuong ting v6i ky thuat
PD, POD va APOD. Chét lugng song hai tot ro rét &
chi s6 diéu ché16n. Vi du, khi m,=1, THD-U dat cac
gia tri = 15.80%, 15.80%, 15.60% tuong ting véi cac
ky thuét PD, POD va APOD. Khi m,=0.1,THD-I dat
céc gia tri nhu nhau 16.25% véi tat ca cac ky thuat PD,
POD, APOD. Chét lugng séng hai dong dién dugc cai
thién & chi s diéu ché 16n. Vi dy, khi m,=1, THD-I
dat cac gid tri 1.80%, 1.81% va 1.80% tuong ting véi
cac ky thuat PD, POD va APOD

BNL lai néi tdng 7 bac mang lai 1¢i thé ro rét vé song
hai so véi cac BNL bac nho hon nhu bac 5 va bac 3.
Trén cac Hinh 12 va Hinh 13 13 d6 thi so sanh d6 méo
dang cua dién 4p va dong dién ctia BNL 7 béc so véi
BNL 3 bacva 5 bac.

Trong Hinh 12 cho thdy khi st dung ky thuét diéu
ché PD-PWM vé6i m,= 0.1 thi BNL 7 b4c ¢c6 THD-
U =154.50% thip hon so v6i BNL 5 bac ¢6 THD-U =
177.44% va BNL 3 béc ¢6 THD-U = 194.04%. Tuong
tu, vdi chi s8 diéu ché cao m,= 1 thi BNL lai 7 bac
c6 THD-U = 15.80% thap hon so v6i BNL 5 bac ¢
THD-U = 23.29% va thdp hon gin gip 3 14n so BNL
3 bic c6 THD-U = 44.93%.

Hinh 13 cho théy, chi s6 THD dong dién véi m,=
0.1, BNL 7 bac ¢6 THD-I = 16.25% thip hon so véi
BNL 5 bac (THD-I = 17.77%) va BNL 3 bac (THD-I=
18.82%). Khim,=1, BNLlai 7 bic c6 THD-1 = 1.80%,
thap hon so v6i BNL 5 bac (THD-I = 2.62%) va BNL
3 bac (THD; = 5.01%).

TON THAT CONG SUAT VA HIEU
SUAT

Hiéu qua hoat dong ctia BNL lai 7 bac véi phuong
phép PWM dung bang SST so v6i BNL néi tdng 7 béc
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Bang 4: Bang trang thai rit gon

Vo Trang thai Sni Si2 Si3 Sna VAG
6Vdc 1 1 1 1 1 3Vdc
5Vdc 2 0 1 1 1 2Vdc
4Vdc 4 0 0 1 1 Vdc
3Vdc 10 0 1 0 1 0
2Vdc 13 1 1 0 0 -Vdc
Vdc 15 0 1 0 0 -2Vdc
0 16 0 0 0 0 -3Vdc
Dign ap VH1
200~ ‘ f f |
; [ W
ol ] I T | I . ]
Dién ap VH2
500 T T T T T T
l | | | —Voltage 2
0
_500 | | | |
Dién ép tai
K W Wmm _Vomge
500 - W ,
~ Daong dién tai _
/\ W \/_\—Current
.zu E \a/ |
0.0 0.02 0.03 0.0 0.05 0.06 0.07 0.0 0.0

Hinh 8: K&t qua m6 phong dién ap va dong dién khi st dung ky thuat PD-PWM-SST v6i m,=1

= Fundamental (50Hz) = 599.3 , THD-U= 15.80%

£

S 10} -
=

o |

[T,

S 5 1
=

%0 | N N | ||||II|.|.|.|.J;.1[[|:11[“]Jﬂ_ldnJl_lulLLllL"]lL
=

0 20 40 60 80 100
Harmonic order

Hinh 9: K&t qua phan tich phé séng hai dién 4p st dung ky thuat PD-PWM két hop SST véi m,=1
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— Fundamental (50Hz) = 19.55 , THD-l = 1.80%

_g 15F : r \ : .
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©

el :

=

[

kS

320.5‘ .

2 Lkl |

g 0 i IS e F al.n | IO T T 111
(0] 20 40 60 80 100

Harmonic order

Hinh 10: K&t qua phan tich phé séng hai dong dién st dung ky thuat PD-PWM két hgp SST véi m,=1

BIEU DO THD NG VO1 CAC K¥ THUAT PWM, fc=2kHz

ul-PD w|-POD mwl-APOD = U-PD mU-POD mU-APOD

160.00
140.00
120.00

5 100.00
80.00
60.00

THD,%

U-APOD
uU-POD
U-FD

40.00
Y &y & & o = =y = |APOD
20.00 ay & & & = &y &y = o
ar = & &N =~ =~ ==~ =~ |7
01 02 O

0.00
.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
uI-PD 16.25 1095 6.15 4.09 4.06 3.33 241 241 2.29 1.80
uI-POD 16.25 1096 6.16 4.10 4.08 3.35 243 243 231 1.81
mI-APOD 16,25 1096 @ 6.16 4.08 4.04 3.30 2.40 241 2.29 1.80
U-PD 154.50 9451 55.56 37.37 | 3550 29.67 2138 21.38 20.05 15.80
mU-POD 154,44 94,51 55.65 37.47 3556 29.72 2151 21.33 20.15 15.80
EU-APOD 154.44 94,51 55.65 3729 3539 2952 2129 21.20 19.75 15.60

Hinh 11: Biu d6 so sanh THD dién 4p va dong dién khi bé tri séng mang dang PD-PWM, POD-PWM, APOD-PWM
véi m,=[0.1;1]

truyén thong thé hién qua cong sudt ton hao, vavithé  va tén thit dan trén Diode p¢(pjoqc) duoc tinh theo

hiéu sudt ctia bo bién dai. cong thic (14)

T6ng t6n hao bao gdm tén hao dan va tén hao chuyén

mach cta IGBT. Tdn thit dan ty 1¢ thuan véi dong Pe(1diote) = VDIp(avg) +RDILZ)(rms) (14)
dién tai, t6n hao chuyén mach ty 1é thuén vdéi tan suft

ngit/dan 1114, Trong d6: VcE, L(avg)s L(rms): Re 14n lugt 1a dién 4p

ddt, dong dién trung binh, dong dién hiéu dung va

Phan tich, tinh toan va mé phéong tén that  dién tré cta Transistor; Vb, Ip(avg): Ip(rms): Rp 1an

Tén thit chinh trén khod cong sudt IGBT la t6n that lugt 1a dién dp ngugc, dong dién trung binh, dong

. . ) . . dién hiéu dung va dién trG ctia Diode
dan va chuyén mach ctia Transistor va Diode. ; wu aung ;

+ Ton thdt chuyén mach py,Gpr) trén Transistor

+ Ton thdt dan trén Transistor p.(gpr) dugc tinh oL . .
dugc xdc dinh bdi cong thiic (15):

theo cong thtic (13)

1 (T
Pe(IGBT) = VCEI(an) —I—RCI(2 (13) Psw(IGBT) = T /0+9 (Eon +Eoff) dt. fow (15)

rms)
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BIEUDO SO SANH THD-U

250.00
W7 Bic mmm5Bic =3 Bac
194.04
200.00 177.43
154.50 .
150.00
X 0.6 130.66
&
=)
g i
94.50
100.00 94,51 94.51 .
68.51 e
55.56 7T 44,93
/
50.00 37.37 35. 50 37.37 36.76 33.96
29.67 21.38 21.38 kil 23.29
' ‘ i ‘i
0.00
0.2 0.3 0.8 0.9 1.0
Chi s0 dleu che ma
Hinh 12: K&t quéa THD dién ap cda bién tan 3 bac, 5 bac va 7 bac lai, fc=2 kHz
BIEUDO SO SANH THD-I
20.00 e
18.00 17.77
16.25 16.24
16.00
14.49 14.49 =7 Bic = 5Bic —3 Bic
14.00
12.00 10.95 10.95 7
8
'Jﬁ_: 10.00 =
8.00 7.63 - 7.63
6.15 :
6.00 5.01 ~5.01
4.09 : 4.09 4.12 3.91
4.00 406 3.33 3.33
2.41 2.41 2.29 2.62
0.00
01 0.2 0.3 04 0.7 0.8 0.9 1.0

Chi s6 diéu ché ma

Hinh 13: Két qua THD dong dién clia bién tan 3 bac, 5 bac va 7 bac lai, fc=2 kHz
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Va tén thit chuyén mach trén Diode (p;e.) tuong ting
cong suit giai doan chuyén mach khi ngét xac dinh
bdi cong thiic (16):

1_,_ Vb

=T
= — E... 16
Prec = 7 Li=0+6 meR —datasheet (16)

Trong d6: Eon, E,fy la nang lugng chuyén mach khi
dan, nang lugng chuyén mach khi ngét ctia Transistor;
Eyec 12 ning lugng chuyén mach khi ngit ctia diode,
VR—_datasheer 12 dién dp ngugc trén Diode ¢ nhiét do
Tj; fi 13 tn s6 chuyén mach va T 1a chu ky tinh toan.
Céc dic tinh cong sudt vé ton thét ctialinh kién do nha
san xudt linh kién cung cip dugc luu trong thu vién
tién ich cta phdn mém PLECS. Vi dy, cic thong s6
Eon, Eopy cia IGW40N60H3_IGBT dugc minh hoa
trén Hinh 14 (a) va (b) ctia hang Infineon cung cép.
Tuong ty, dic tinh V-A d€ tinh tdn hao dan dién
cualinh kién cia IGW40N60H3_IGBT trong thu vién
PLECS dugc cho trong Hinh 15.

So d6 mach mé phong BNL lai 7 bac (2CHB7L)

So d6 mach mé phong BNL 7 bac truyén théng
(3CHB7L)

Trong so d6 BNL 3 bac 1H3L (Hinh 16), cac khoa
IGBT st dung loai IGW40N120H3_ IGBTTrong so
d6 BNL lai 2CHB7L (Hinh 17), 4 khéa IGBT & mo-
dun ciu H1 st dung loai IGW40N60H3_IGBT, 6 mo-
dun ciu H2 st dung loai IGW40N120H3_ IGBT.
Trong so d6 BNL 3CHB7L (Hinh 18) tit ca 12 khoa
IGBT st dung loai IGW40N60H3_IGBT thong s6 cho
trong Bang 71°, thong s6 cho trong Bang 816. Cac
thong s6 linh kién cho & Bang 7 va Bang 8 dugc trich

loc trong datasheet Infineon !>16.

Bang 7: Théng s6 GW40N60H3_IGBT

Tén dai lugng Thong s6 Gid tri
Dién ap t6i da Vce-max 600V
Dong dién t6i da § 25°C  Ic-max 80A
Dong dién t6ida ¢100°C  Ic-max 40A
Nhiét d6 mdi ndi t6i da Tj-max 175°C
Thoi gian déng 6 25°C td(on) 19 ns
Thoi gian ngit & 25°C td(off) 197 ns

Két qua tinh toan tén hao céng suat

Thuc hién moé phong mach Hinh 16, mach Hinh 17
va mach Hinh 18 st dung ky thuat diéu ché b tri
séng mang dang PD-PWM, cai dit cic thong s6 trong
Bang 9.

Xét hoat dong BNL 6 tan s6 song mang thap. Vai tro
ctia ton hao dan dién sé dong vai tro chinh, va cong
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Bang 8: Théng s6 GW40N120H3_IGBT

Tén dai lugng Thong s6 Gid tri
bién ap t6i da Vce-max 1200V
Dong dién t6i da 6 25°C Ic-max 80A
Dong dién t6i da & 100°C Ic-max 40A
Nhiét d6 mdi ndi t6i da Tj-max 1750C
Thoi gian déng & 25°C td(on) 30 ns
Thoi gian ngét ¢ 25°C td(off) 290 ns
Bang 9: Théng s6 mé phéng PLECS
Ky hiéu Tén dai lugng Gia tri
Vdc Dién dp nguén DC 200V
R Dién trd tai 30 Q
L Pién cam tai 20 mH
ity Tén s6 s6ng mang 1-50 kHz
my Chi s6 diéu ché 0.1-1

sudt t6n hao chuyén mach khong déng ké. Luc nay,
BNL 3 bac 1H3L sé c6 lgi thé 16n nhat khi ¢6 2 linh
kién dan dién trong qud trinh hoat dong. Tén hao
téng ctia 1H3L vi vy sé thip nhat. BNL 7 bic truyén
thong 3CH7L trd nén bat 1gi nhét, khi ¢6 t6i 6 linh
kién dan dién dong thoi. Tén hao téng ctia né sé dat
gid tri cao nhat. BNL 7 baclai sé c61¢i thé so v6i BNL 7
béc truyén thong khi chi c6 4 linh kién dan dién dong
thoi. Tén hao ctia né sé, cao hon so v6i BNL 3 bic,
nhung thép hon so v6i BNL 7 béc truyén thong. Nhu
vay, 6 tdn s6 dong ngat thédp, cic cdu hinh BNL don
gian c6 1¢i thé vé tdn hao va hiéu suit hoat dong.

Cu thé, trén d6 thi Hinh 19 khi tin s6 fc = 2kHz, t6n
hao dan ctia BNL 7 bacla 105.1207 W, BNL lai 7 bacla
71.5459W, BNL 3 bac 14 38.8960 W va t6n hao chuyén
mach ctia BNL 7 bac 1a 0.3228 W, BNL lai 7 bac 1a
0.5249W, BNL 3 béc 1a 2.7429W.

Khi ting dan tin s& déng ngit, vai trd tén hao do
chuyén mach sé tang dan. T6n hao cong suit tong
ctia cac cdu hinh déu ting 1én do sy ting cta tén hao
chuyén mach O BNL lai 7 bac, qué trinh chuyén mach
xdy ra cht yéu xudt hién & cdu H néi ngudn ap 1Vdc,
nén t6n hao chuyén mach géy ra sé gan v6i BNL 7 béc
truyén thong, nhung do ¢6 s6 linh kién dan dién cung
luc it hon, nén t6n hao dan dién thép, dan dén tén
hao t6ng ctia BNL lai 7 bac sé thdp hon so v6i BNL
3CH7L. D6i v6i BNL 3 béc, chuyén mach chu yéu véi
dién 4p cao (3Vdc) nén t6n hao chuyén mach sé ting
dan theo tin s6 song mang. Khi tdn s6 song mang kha
16n, t6n hao chuyén mach déng vai trd chi yéu, va sé
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0.01

0.008 |

E [J] 0.006

0.002

1.2e-05
1e-05
8e-06

E [1] 6e-06
4e-06
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Hinh 14: Nang lugng tiéu hao do qua trinh d6ng ngat ctia IGW40N60H3_IGBT (a) E,,, (b) Eorr

7 - |Legend:

A | — 25
§ | — 175
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Von [V]

04 10 20 40

o
fon [A]

160

Hinh 15: D6 thi t6n hao dan dién ctia khoa IGW40N60H3_IGBT & nhiét d6 25°C va 175°C Sa d6 mach moé phong

BNL ba bac (TH7L)

lam giam dang ké hiéu suit cia BNL 1H3L so v6i cdu
Hinh 7 bac.

Cu thé, xét tin s6 séng mang 20kHz. Tdn hao cong
suéit BNL 7 bac truyén thong 3CHB7L hién thi trong
Hinh 20 bao gém t6n hao dan va tén hao chuyén mach
ctia 3 mo-dun cau H1, H2 va H31a 111.5233 W. BNL
lai 7 bac 2CHB7L ¢6 t6n hao thdp hon va két qua tinh
todn dugc hién thi trong Hinh 19, véi gid tri ton hao 1a
81.8904 W. Tdn hao cong suit ctia BNL ba bac 1H3L
trong Hinh 20 12 94.3990 W.

Két qua t6n hao cong sudt véi tin s6 séng mang fc=
20 kHz BNL 3CHB7L hién thi trong Hinh 20, BNL
2CHBY7L hién thi trong Hinh 21, BNL 1H3L hién thi
trong Hinh 22.

Céc s6 liéu phén tich chi tiét cdc thanh phan tén hao
cho thdy nhu sau. T6n hao dan 1an lugt 1a 108.1032W
cho BNL 7 bic, 76.4193W cho BNL lai 7 bac 13,
65.2219W cho BNL 3 bac. Cong sudt tén hao chuyén
mach 1an lugt 12 3.4201W cho BNL 7 bic, 5.4711W
cho BNL lai 7 bac va 29.1771W cho BNL 3 bac. Nhu
vay, ton hao chuyén mach ting manh & BNL 3 bac va
la nguyén nhan giam hiéu sudt ctia bo bién d6i nay ¢
tan s cao.

Hiéu sudt ctia BNL truyén thdéng, BNL lai 7 bac va
BNL 3 béc khi thay ddi tan s6 f. tit 1kHz dén 50kHz
dugc hién thi trong Hinh 23.

O tn s8 thép, f.<15 kHz, thi BNL 3 bac c6 hiéu suft
cao nhat. Cu thé, khi f. = 1 kHz thi hiéu sudt BNL 7
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Hinh 16: M6 hinh tan nhiét BNL ba bac TH3L st dung PLECS.
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Hinh 17: M6 hinh tan nhiét BNL lai bay bac 2CHB7L st dung PLECS.
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Hinh 18: M6 hinh tan nhiét BNL bay bac truyén théng 3CHB7L st dung PLECS.

bac 14 98.20%, BNL lai 7 bic 14 98.77% va BNL 3bac (NG DUNG PIEU KHIEN TOC po
12 99.33%. O tin s6 f,> 15kHz thi BNL 7 baclai co  DONG CO KDB CONG SUAT LGN

hiéu suéit cao nhét. Véi f, = 15 kHz, hiéu suit BNL lai MANG TRUNG AP

Ky thuat PD-PWM két hop bang trang théi rat gon
(Bang 4) diéu khién BNL lai 7 bic dugc 4p dung dé
bac truyén thong va 3 bac tuong ing lan lugt1a 98.13  4isy Kkhién téc d6 dong co KDB theo dinh huéng
% va 98.64 %. O tan s& fc=50kHz, hiéu sust BNL 3  truong (FOC) (Hinh 24). Céc thong s6 hé théng cho
& Bang 10, tdn s6 song mang fc=1000Hz.

Sau xung kich Sal,Sa2,Sa3,Sa4,5a5,Sa6 trong Hinh 25
sufit cia BNL 7 béc lai va BNL 7 bac truyén théngldn  dugc tao ra tit bd diéu ché xung PD_PWM diéu khién
BNL 7 bac truyén thdng, sau khi qua bd chuyén déi

7 béc bang 98.65%. Hiéu sudt tuong ting ciia BNL 7

bac giam xudng thdp con 96.75%, trong khi d6 hiéu

luotla 98.91% va 98.31%. Trong tit ca cac truong hgp . .
SST tao ra bon xung kich Syp1, San2-San3»> Sana trong

trén, BNL lai 7 bac luon dat hi¢u sudt cao hon BNL 7 Hinh 26 diéu khién BNL lai 7 bac. BNL lai 7 bac tao
ra dién ap xoay chiéu Va, Vb, Vc (Hinh 27) va dong

béc truyén thdng.
dién ia, ib, ic (Hinh 28) cdp cho dong co KDB hoat
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CONG SUAT TON HAO
105.4436
105.1
72.0708

120

100 71.54
@ 60
‘g 40 Total loss

20 0.32 0.5249 2.7429 ERNATIORA
F - A A Switching loss
3CHB7L 2CHBT7L 1H3L
m Switching loss wm Powerloss wm Total loss
Hinh 19: Két qua tén hao cong suat ca BNL 3CHB7L, 2CHB7L va 1H3L véi f. = 2 kHz
CONG SUAT TON HAO
1115233
108.1
120.0000

g 38.1165 353154  38.0914
& 0000 36.57 97 6.55
3 60.0000
D 40.
3 20,0000 1.54 03 153 3.42 Power loss

— A e A 4 Switching loss

H1 H2 H3 H1+H2+H3
m Switching loss mPowerloss n Total loss

Hinh 20: K&t qua tén hao c6ng suat mé-dun cau H1, cu H2, cdu H3 va téng ctia BNL 3CHB7L. Tan s6 fc= 20 kHz
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Fa) - e
CONG SUAT TON HAO
81.8904
76.4193
100.0000
39,9457
2 80.0000
“E 60.0000
(1]
? Total loss
£ 40,0000
U Power loss
20.0000 . .
A av S sicigos
0.0000

H1 H2 H1+H2

m Switching loss = Power loss = Total loss

Hinh 21: K&t qua tén hao céng sudt mé-dun cdu H1, cau H2 va téng cia BNL lai 2CHB7L. Tan s6 fc= 20 kHz

CONG SUAT TON HAO

94.3990

100.0000 65.2

>0.0000 29-1 Total loss

Power loss
Switching loss

Céng suat, W

0.0000

m Switching loss m Power loss m Total loss

Hinh 22: K&t qua tén hao c6ng suat mé-dun cau H ctia BNL ba bac TH3L. Tan s fc=20 kHz
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HIEU SUAT (%)

—+—2CHB7L —m—-3CHBTL 1H3L
100.00
99.50 +
99.00 ; =:
¥ # * — :
98.50 “_'_'\.
——
98.00 . - Be——
97.50
97.00
96.50
96.00
95.50
95.00
1 2 5 10 15 20 50 (kHz)
—e—2CHB7L  98.77 98.76 98.73 98.69 98.65 98.59 98.31
~—3CHB7L 98,20 98.20 98.18 98.15 98.13 98.09 97.91
1H3L 99.33 99.28 99.13 98.88 98.64 98.37 96.75

Hinh 23: K&t qua hiéu sudt ctia BNL 2CHB7L, 3CHB7L va TH3L véi fc tir 1kHz dén 50kHz

Mc

Vaka
PO-FW

o
, aiphs?

Us_betg

Om

=

Torque
Moment MO_HINH_TU_THONG ‘

fiphabeta > abc PD-

P g i
Theta PO-PWH-
15
= i PD-PWM-SST-2CHB7L

Induction
machine!

ABG 1o aiphalbeta

<Electromagnelic torque Te (N'm)>

<Rotor speed (wm)>

alphalbela-dq

Hinh 24: Mach diéu khién t6c d6 dong co KDB 3 pha ting dung diéu khién PD-PWM két hgp bang trang thai rat

gon

dong. Theo Hinh 29, trong khoang thai gian t = (0-
0.5)s ddng co khéi dong khong tai, rotor bat ddu ting
toc va dat tdc do cuc dai n = 1453 vong/phut tai thoi
diém t = 0.227s, do quén tinh t6c d) rotor vugt qua
gid tri ddt (np; =1433 vong/phut). Sau do, rotor quay
v6i téc do gidm vé téc do dat vai sai s6 16n nhat 1a 20
vong/phut . Tai thoi diém t = 0.5s dong co mang tai
(M¢ = 90%Mdm), rotor gidm t6c¢, téc do quay thdp
nhét 1a n= 1255 vong/phit tai thai diém t= 0.505s, r6i
tang tdc bam tdc d¢ dit trong khoang thdi gian ngan
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(0.2s) thi xac lap. Dong co tiép tuc quay 6n dinh véi
tdc do dat, tai thoi diém t = 1.5s bat dau dao chiéu
quay, t6i thoi diém t = 1.8s rotor bam sat t6c do dit
(npp = -955 vong/ phit), do quén tinh nén rotor quay
ngugc chiéu véi téc do n = -977 vong/phit vugt qua
so véi t6c do dat gan 22 vong/phit tai thoi diém t
=1.838s, ro6i gidm t6c d0 quay ngugc bam t6c do dat
trong khodng thdi gian xac 14p (0.20s). Ta nhan thy
mach dap tng dugc yéu ciu diéu khién téc do dong
co KPB 3pha cong sudt 16n, khi dong co hoat 6n dinh
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ng kich cho BNL 7 bac truyén théng

Hinh 25: Sau xu

khi chuyén doi

Hinh 26: B6n xu

ng kich cho BNL lai 7 bac sau

== ©
£ >

b,Vc ctia BNL lai 7 bac

©
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Hinh 28: Dong dién ba pha ia,ib,ic tai

[ Signal Bulder
<Rolor speed (wmj |

-
1)
o

=
o o

o O o
T

wr [rad/s]

&
S

'

=y

o

o
T

Sum

A

15 2 25 3

time (s)

Hinh 29: Dap Ung téc d6 va sai s6

rotor quay véi toc do dit sai s6 nho. Sai s6 16n nhat 1a
khi ddng co mang tai tai t= 0.505s sai léch t6c d6 n=
178 vong/phut, tdc do rotor dat xac l4p trong khoang
thai gian ngan (0.2s).

KET LUAN

Bai bdo da trinh bay mot ky thuat PWM mdi sti dung
Bang trang thai qui d6i d€ diéu khién BNL lai 7 bac
ndi tdng. Ky thuat PWM dé xudt c6 thé két hgp cacbo
diéu ché PWM truyén théng dé thuc hién cac ky thuét
PD-PWM, POD-PWM va APOD PWM mot cach dé
dang ma khong cin thiét kélai ham diéu khién va song
mang cho BNL da bic. Bang trang thai qui déi dugc
chon sao cho sy thay d6i muic 4p lién ké ngd ra giy ra
6 chuyén mach it va do d6, gidm t6n thit dong ngit.
Hiéu qua cia BNL CHB lai bay béc va phuong phap
PWM dung bang qui d6i giam chuyén mach da dugc
danh gia qua d6 méo dang va tén hao cong sudt. Két
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qua cho thdy dang séng ngo ra cia BNL CHB lai bay
bac gin dang song sin, c6 THD nho hon so v6i BNL
ba béc, ndm bac CHB truyén théng. Két qua tinh todn
bang phdn mém PLECS cho thdy, hiéu suit cia BNL
CHB lai bay béac ludn cai thién t6t hon so v6i BNL
7 bac truyén théng & cac tin s6 lam viéc khac nhau.
Hon nfia, ¢ tin s6 dong ngat cao, hiéu suit ctia BNL 7
béc lai t6t hon dang ké so v6i BNL 3 bac truyén thong.
Phuong phép nay c6 thé van dung thuc hién cho cac
b6 tri séng mang khic nhau nhu PD, POD, APOD dé
diéu khién céc dang cdu hinh bién déi da béc truyén
thong va cdu hinh lai khdc nhau. Cudi cling, hé nghich
luu lai va phuong phap PWM dé xudt dugc 4p dung
trong hé truyén dong cong sudt 16n dong co khong
dong bo. Cackét qua phan tich dugc kiém chiing bing
mo6 phong dung MATLAB/SIMULINK.
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Bang 10: Théng sé mé phéng

Thong s6 Ky hiéu Gid tri

Cong suat dinh mtic Pnom 1115kW

T6c d6 dinh miic nnom 1470 rpm

Dién 4p dinh miic Unom 6300V

Ding dién dinh mtc Inom 168 ARMS

Momen dinh muc Mdm 7243Nm

Dién p mot chiéu Vdcl, Vdc2 1600V,
3200V

S6 doi cuc Pc 2

Dién trd rotor Rr 0,5116Q2

Dién trd stator Rs 0,6Q2

Pién cam rotor Lr 0,0104H

Dién cam stator Ls 0,0216H

Hb cam Lm 0,24H

Hé s6 cong suét cosp 0,87

Hang s6 thoi gian Tr/Ts 0,4117/0,0247

Mo-men qun tinh J 1 kgm?2

LOI CAM ON

Nghién ctiu nay dugc tai tr¢g béi Pai hoc Qudc
gia Thanh ph6é H6 Chi Minh (PHQG-HCM) trong
khuén khé Dé tai ma s6 DN2022-20-03

DANH MUC TU VIET TAT

APOD : Alternative Phase Opposition Disposition -
Song mang dang tam gidc b tri d6i xting dan xenMLI
: Mutilevel Inverter - Bién tin da béc

BNL : B¢ nghich luu

CHB : Cascade H_Bridge - N6i tdng cau H

LS-PWM : Level shift Pulse Width Modulation - Diéu
ché d6 rong xung dich mdc.

PD : In Phase Disposition - Séng mang dang tam gidc
bé tri cung pha

POD : Phase opposition Disposition - Séng mang
dang tam gidc b6 tri d6i xting

SST : Simplified Switching Table - Bang trang thai rut
gon

THD : Total Harmonic Distortion - Téng méo dang
do séng hai.

THD-U : Téng méo dang séng hai dién dp.

THD-I : Téng méo dang séng hai dong dién.

CHB : Cascade H_Bridge - N6i tdng cdu H

1H3L : Bo nghich luu ciu H 3 bac

2CHB7L : B) nghich luu lai 2 c4u H néi tdng 7 bac

3CHB7L : B nghich luu truyén théng 3 cau H néi
tdng 7 bac
KDB: khong dong bo

XUNG POT LOI iCH

Nhém téc gia xin cam doan ring khong c6 bat ky xung
dot lgi ich nao trong cong bd bai bao.

PONG GOP CUA CACTACGIA

DPing Thanh Thao phéan tich mach, thuc hién mo
phong, thu thép va phén tich s6 liéu, viét

ban théo.

Nguyén Vin Nho dua ra y tudng nghién ctu, phan
tich mach, hudng dan noi dung thuc hién, viét ban
thao, kiém tra va danh gid két qua, stia va hiéu dinh
bai bao.
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Modeling and Simulation of New PWM Techniques for Hybrid
7-Level Inverters Using Simplified Switching Table

Dang Thao-Thanh', Nguyen Nho-Van?"

ABSTRACT
Nowadays, Cascade H-bridge (CHB) multi-level inverters (MLI) have many applications in the fields

- of electric drive control, high-power energy control, medium-voltage power grids, and populariza-
Use your smartphone to scan this tion in the conversion of renewable energy power. In order to improve the quality of MLI to meet
QR code and download this article today's needs while reducing costs, it is necessary to have new methods to improve the working

efficiency of the converter. Therefore, this paper presents a novel PWM control for single-phase cas-
caded hybrid 7-level inverter using simplified switching table (SST). The SST table converts switch-
ing states of the traditional multi-level inverter to the switching state of the hybrid cascaded in-
verter. The SST table is effectively designed to reduce the number of switching when performing
output voltage control, thus improving the converter's working efficiency. The PWM method us-
ing proposed SST has the advantage of simple implementation, utilizing the traditional Sin-PWM
technigues without re-calculating the control function or changing the carrier waveforms. The ef-
fectiveness of the proposed method will be evaluated through the voltage and current harmonic
distortion factors when applying level shift carrier arrangements (LS-PWM) and speed control ap-
plication of 3-phase asynchronous motor. Furthermore, in order to prove the advantage of the
PWM technique using the proposed SST, the power loss of the 7-level hybrid cascaded inverter is
also calculated and compared with traditional seven-level inverter and 3-level inverter. The analysis
and modeling results of the 7-level hybrid inverter control are verified and evaluated using MATLAB
SIMILINK and PLECS software.
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