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BAN TOM TAT

Bai bdo nay gi6i thiéu mot phuong phdp méi trong diéu khién bi€n tan da bac. P6 1a phuong phap
diéu ch€ vector khong gian diing séng mang. Dya trén cd s& phén tich tuong quan gitta SVPWM va
s6ng mang d€ thi€t k& dang séng diéu khién t&i uvu. C6 nhiéu ham offset dudc gidi thiéu. K&t qua
phan tich cho thi'y phudng phap common mode cuc tiéu dat nhitng tinh chat t3i uvu vé phan bd cong
suit t6n hao va c6 d6 méo dang mot cach tuong ddi twong dudng vdi phudng phdp common mode
trung binh. Bai bdo di thi€t k& gidi thudt md phéng cho diéu ch& @ rong xung st dung phAn mém
PSIM chuyén dung, trong d6 bd diéu ch& séng mang c6 thé st dung linh hoat cho cic ng dung
khic nhau. K&t qua dugc 4p dung cho diéu khién téc do dong co khong déng bo vong hd theo
nguyén Iy V/f khong ddi.

ABSTRACT
The paper presents a novel carrier based SVPWM method for multilevel inverter, based on the
SVPWM- carrier correlation, which has been published recently. In this new PWM method, an
optimized PWM performance can be fully controlled in an offset generator. A common-mode
SVPWM method will show be advantageous for its better balancing the switching losses. The total
harmonic distortion will be also investigated. The simulating algorithms using PSIM software will be
derived and can be properly modified for various applications.

1. GIOI THIEU dat dugc mot s6 thanh cong trong viéc thiét 1p
tuong quan giita chiing d€ tin dung cdc vu th&
diéu khién. Tuong quan giita hai k§ thuit
PWM dugc thi€t 1ap thanh cong 1an diu nim
1996 cho bién tin 2 bac [1]. Mot sd tién bod dat
dugc cho bi€n tdn 3 bic dugc phdt hién bdi
mot 8 it cong trinh ndi ti€ng [2]. Cic c6 ging

Gan day, viéc nghién cttu bi€n tin da bac di
dugc ddy manh phdt trién va dat dugc nhitng
két qui diang k& Mot trong cdc van dé phic
tap ctia bi€n tin da bac 1a k§ thuat diéu khién
PWM. Ba huéng ki thuit dugc ddu tu nghién

ctu nhiéu gdm k§y thuit séng mang (CPWM)
v6i wu di€m vé tinh thuc hién don gidn, ky
thuat di€u ch& vector khong gian (SVPWM)
v6i uu diém linh hoat trong diéu khién phim
chit diéu ch& va k§ thuit chon loc séng hai
(SHE-PWM) vdi 1¢i thé t6n hao it do sd 1an
déng ngit linh kién thdp nhat. Pa tr l1au, cdc
nha nghién ctu dd nhin thiy c6 su tuong quan
gitta hai k§ thuat CPWM va SVPWM va da

thi€t 1ap tuong quan cho bi€n tin N bic dudc
biét [3],[4] chi c6 gid tri cho ham offset cuc bo.
Mii dén nim 2004, 1an dau tién, ham offset
clia cdc k§ thuat PWM cho bi€n tdn N bac
dugc phan tich dudi dang tong quit [5]-[6] va
ky thuait SVPWM c6 thé thuc hién hdoan toan
twong duong bing ky thudit CPWM bing cich
diéu khié€n ham offset tuong ng.
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Hinh 1: So do b6 diéu ché séng mang tong qudt [7]

Tuong quan gifta k§ thudt diéu ch€ vector
khong gian va k§ thuat diéu ché bing séng
mang dugc md t& trong bo di€u ch€ séng mang

t6ng quat mod ta nhu trén hinh 1. Mach diéu ché

(Carrier PWM Modulator) gbm 2 khdi co ban.
Khéi tao séng tich cuc (Active signal
Generator) nhan thong tin vé dai lugng
(vector) 4p yéu ciu va tao tin hiéu tich cuc &
ngd ra. Trong ving di€u ché tuyén tinh, dai
lugng 4p yéu ciu bing véi dai lugng tich cuc
ngd ra va bing thanh phin 4p cd ban yéu ciu.
& ving qud diéu ché, dai luong tin hiéu tich
cuc ngd ra thudng khac biét vé pha va bién do
so vdi dai lugng 4p yéu cau. Cdc thanh phin
séng hai xud't hién trong tin hiéu tich cuc. Khdi
tao ham offset (Offset Generator) tao thanh
kh&i khdc biét so v6i cdc phuong phip PWM
trudc day. Khoi c6 kha ning diéu khién dugc
ham offset § ngd ra bim theo ham offset yéu
cAu va ddng thdi c6 thé thi€t 1ap cdc ché do
lam viéc khiac nhau cia bd bi€n tin (ch& dd
Continuous, Discontinuous, SVPWM...)

MO ti céc gidi thuit cia bd diéu ché tdng quat
dudc din gidi chi ti€t trong [6].

Bai béo trinh bai gidi phdp thyc hi€n bd
diéu ché& bing PSIM va chi ra khd 4p dung clia
b diéu ch& v6i tdi cu thé. Pong thdi thuc
hién tinh téan cdc thong s6 THD d€ so sinh
phdm chit cla cdc phuong phap PWM khic
nhau.

2. Mo ta Offset Generator

2.1Ham Max, Mid, Min, Interger:

Cédc ham lan lugt dudc dinh nghia nhu
sau:
Max=max(V,ai2,Vrp12,Vrer2)
Mid=mid(V,412,V1p12,Vrei2) (1.1)
Min=min(v,412,Vrp12,Vrer2)

Ham Max 14y gi4 tri cuc dai trong 3 tin hiéu
hai cd ban clia 3 pha (Vw2 VipizVierz) - Min 12 18y
gid tri nhd nhat gifta chiing. Mid dugc thiét 1ap
bing gid tri con lai.

Ham nguyén (interger) 14y gid tri nguyén clia
mot s& thue ndo d6.VD : Int (5,4) = 5 ; Int(-3,6)
=-3

Tin hiéu ba pha V,.;; dua vao khdi diu tién,
goi 12 kh&i chon cuc tri. Khdi ndy ¢6 nhiém vu
thi€t 1ap cdc gid tri max, mid va min.

2.2 Khéi ham Offset cuc tri (Extreme Offset)

V& mic todn hoc Vipmn V2 Viemar dUGC
dinh nghia nhu sau:

Viomax=Puin+n-1-Max (1.2)
VrOlninzpmin'Min

Trong d6 P, = - (n-1)/2, n€u 1a nghich
Iuu n bac 1é.

2.3 Xdc dinh thoi gian tdc ddng ciia cdc vector dién
dp K, K>, K;

Tru6c hét ta dinh nghia tham s6 xdc dinh vi tri
vector yéu cAu bdi ham S nhu sau:



S=Int(Max-Min)—Int(Mid-Min)—Int(Max-Mid) (1.3)

Gi4 tri cda cdc tham sd thdi gian K, K,, K; sé
dugc tinh theo cac cong thifc sau va ching phu
thudc vao diéukién S =0hay S = 1.
-NéuS=0

K;=1+Int(Max-Min)-(Max-Min) (1.4)
Kr,=Max-Mid-Int(Max-Mid)
K3= ]-Kz-K3

NéuS =1

K;=1+Int(Mid-Min)-(Mid-Min) (1.5)
K>=1-(Max-Mid)+Int(Max-Mid)

K3=1-K2-K3

2.4 Thiét lap ham offset t07 uu ( Optimum offset )
Ham yéu ciu Vs & ngd vio cia
khéi tao séng mang c6 thé thi€t 1ap theo mot
yéu ciu t8i wu cho truc ndo d6. Lién quan
dé&n dién 4p common mode, ham offset yéu
ciu c6 thé thiét 1ap theo cdc phuong phéap sau:

Minimum common mode ( cuc tiéu common

mode ).- (Phuong phdp Minimum CM
SVPWM):
VrOmax if VrOmax <0 L6
VrOref = 0 i Vomax =92 Vromin (1.6)
v . if v . >0.
rOmin rOmin

Medium CM SVPWM (Phuong phdp medium
CM SVPWM):

VrO,ref - 0'S(VI’Omax + VrOmin) (17
= —(max+ min)/ 2 '
Chon Mode PWM

Mode PWM c6 thé chon d€ thuc hién
diéu ch&€ theo k§ thuit gidn doan
(Discontinuous PWM) dé gidm tdn hao déng
ngit hoic theo ky thuat diéu ch& véi thdi gian
clla cdc vector tring lip active bing nhau

(SVPWM) dé dat phdm chit séng hai t8i wu.
Viéc chon mode PWM sé& dugc thyc hién trong
phan gidi thuit tinh téan ham offset ngd ra.

2.5 Tinh téan ham offset ngo ra

TU cdc phén tich [7], ham offset ngd ra
Viopwm dudc mo td & dang thong nhat, 4p
dung dong thdi cho cdc k§ thuit SVPWM va
DPWM, ch& @6 diéu ch& tuyé&n tinh va qud
diéu ché& bing biéu thic sau:

Viomin b9 if OSVrISKI
YaPWNT) romin TS I K=K
vromiﬁrerrKl+K2+c3 if K1+K2<vr1<1.
(1.8)
Trong do:

Vio=Viorer 5 J=1,2,3 (1.9)

Vri=Vr0=Vromin-No
no=Int(v,0-V,omin)

Né&u chon mode PWM biing ky thudt SVPWM,
tham s6 ¢j trong ham (1.8) dugc thi€t 1ap nhu
sau:

¢=0.5K, (1.10)

Né&u chon Mode PWM 1a k§ thuit diéu ché&
gian doan (DPWM offset), ta can thiét 1ap:

. K, if vrlzKl/z (111
L= .
0 if vr1<K1/2
. :{Kz v - K=Ky 2 (1.12)
2 0 if (v -K)< K,
Ve =K =K 2Ky /2 3y

K3 if
37V 0 if (V= Ky =Ky <Ky /2.

3. M6 phéng bp diéu ch& CPWM biing PSIM

Phin mém PSIM la phan mém chuyén dung
cho viéc md phdng trong linh vuc diéu khién
thi€t bi dién t¥ cong suit. Phin mém cé thé



Hinh 2: So d6 mé phéng bo nghich luu 5 bic dang diode kep, tdi RL

thi€t k& diéu khién bing ky thuit analog, k¥
thuat sd, c6 kha niing thiét k&€ giao dién dudc
v6i MATLAB/SIMULINK d€ tin dung ngudn
thu vién phong phii ctia n6. Ngoai ngudn linh
kién cong sudt, di€u khién, ham téan cé sin
rit phong phd, phdn mém cho phép ngudi st
dung thi€t k& cdc khdi chifc ning riéng, st
dung ngdn ngit C**. Ching han, ta c6 thé s
dung kh&i ham DLL trong PSIM. Céc khoi gidi
thuat ta s& vi€t bing ngdn ngit C™, sau d6
ding visual C™ dich t file .cpp sang file .dll
chita trong thu muc PSIM. Vi du khdi tao ham
max,mid va min dugc minh hoa & phy luc.

Vi du 1: so @5 bo diéu ch& séng mang cho
nghich luu 5 bac dung PSIM dugc V€& trén
hinh 2. Qud trinh séng diéu khién va ham
offset ngd ra clia hai k§ thuit diéu ch&: diéu
ché& vector khong gian v6i common mode cuc
ti€u (minimum CM SVPWM) via common
mode trung binh (medium CM SVPWM) dudc
mo phéng va vé trén cdc do thi tuong dng &
hinh 3 va hinh 4.

Céc thong s6 mo phdng :

Ti s6 diéu ché : m=0.8

Tan s& cd ban clia 4p tai bing f = 50Hz. Ngudn
dién 4p ngudn DC tdng Upc = 500V

S6éng mang tam gidc dang cung pha (PD) cé
tn s8 biang f, = 1000Hz. Ti st dung RL ¢6 : R
=1Q ;L =0.02H.
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Hinh 3 : séng diéu ché, séng offset va gid tri CM ciia phuong
phdp minimum CM SVPWM
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Hinh 4 : Séng diéu ché, séng offset va gid tri CM ciia
Phuong phdp medium CM SVPWM



M=

Hinh 6: H¢ truyén djng dong co KPB- B bién ydn dp 5 bdc

St dung cdng cu tinh tham s§ do méo dang
THD, ta dat thu dudc k&t qud va vé trén hinh 5.
K&t qua so sdnh clia hai phuong phdp trong vi
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Hinh 5: So sdnh THD ciia 2 phuong phdp medium
CM SVPWM va minimum CM SVPWM

du trudc cho thd'y hai phuong phép chi s6 THD
bing nhau & viing chi s6 diéu ch& nhd (m<0.2).
O viing chi s6 diéu ch€ 16n hon, wu diém ciia
mdi phuong phip thé hién trong tirng khdang
khdc nhau. Tuy nhién diém khic biét giita
ching khong 16n.

Vi du 2: Pidu Khién T6c D6 Pong Co KB V/
f vong hd c6 so dd md phdng vé trén hinh 6.

Hé truyén dong dong co khong ddng bod rotor
16ng séc dudc thi€t 1ap diéu khién theo nguyén
ly giit tir thong khong ddi bing (V/f = const).
Ham quan hé V(f) c6 dang todn hoc : V =

Kf+V, . Trong d6, gia tri V, chon sao cho tur
thong dong cd 1a dinh mic & t6c do zero va gid
tri K dudc chon sao cho dién dp ra la dinh mdc
& toc do dinh mic ( cia dong co ).

Céc thong s6 md phdng:

Thong s6 bo nghich Iuvu 5 bac:

Uge = 500V ; tdn s séng mang tam gidc f,
1.000Hz

Thong s6 dong co KPB

Ugm = 220V ; fg, = 50Hz ; Ry = 0.294Q ; L
0.00139H ; R, =0.156Q

L, = 0.00074H ; L,, = 0.041H ; P = 6 ; My,
0.014.3

Thong s6 Tai

Constant Torque = 30Nm ; J = 0.01 mkg®

Do thi két qud md phéng dugc vé trén hinh 7
(dién 4p common mode), hinh 8 (dong dién
pha A) va hinh 9 (moment dong cd).
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Hinh 7: D thi dién dp common mode



Cac dédc tinh :
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Hinh 9 : Qud trinh vdn téc
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Hinh 10 : Qua trinh momen

K&t qué cho thdy, qué trinh md phéng clia hé bién
tan da bic vdi tai thong qua bd diéu ch& séng mang
c6 thé thuc hién dudc bing PSIM tuong ddi don
gidn. Van dé ning cao chit lugng qud trinh diéu
khién hé théng cin dudc nghién cttu hon nita dé
xdc dinh cdc tham s t8i uu hodc dua vao cdc k¥
thuat diéu khién thich hgp.

K&t luan

Bai bdo di trinh bai k§ thuat diéu khi€n s6ng mang
trong bi€n tin da bac , thuc hién tinh ning tuong
duong k¥ thuat diéu ché vector khong gian. Viéc
thi€t k& khdi tao ham offset 1am cho k§ thuat séng
mang trd nén linh hoat hon so véi cdc k¥ thudt séng
mang trudc diy. Bai bdo ciling chi ra kha niing thyc
hién bo diéu ch& séng mang tdng quit bing phan
mém PSIM. Hé th6ng md phdng don gidn di dugc
thi€t k& 4p dung cho dong cd khong ddng bd vong
hé.
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Phu luc

Vi du sau day 1a chuong trinh cho khdi max
mid min.
#include<math.h>
void _declspec(dllexport) ham (double t,double
delt,double *in,double *out)
{
double a,b,c;
a=in[0];
b=in[1];
c=in[2];
if(a>b)
{

if(a>c)

{ out[0]=a;

if(b>c)

{ out[2]=c;out[1]=b;}
else { out[2]=b;out[1]=c;}
}
else { out[0]=c;out[2]=b;out[1]=a;}}
else
{ if(b>c)
{ out[0]=b;
if(a>c) { out[2]=c;out[1]=a;}
else { out[2]=a;out[1]=c;}

else
{ out[0]=c;out[2]=a;out[1]=b;} }
H



