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PHAN TiCH TiNH HIEU QUA CUA HAI PHWONG PHAP PIEU KHIEN
TOC PO DONG CO PIEN KHONG PONG BO BA PHA
TUA THEO TU THONG FOC VA PIEU KHIEN TRUC TIEP MO-MEN
DTC SU’ DUNG TREN XE O TO PIEN

AN EFFECTIVE ANALYSIS OF TWO METHODS OF SPEED CONTROL FOR
THREE-PHASE ASYNCHRONOUS MOTOR BASED ON FIELD ORIENTED
CONTROL AND DIRECT TORQUE CONTROL APPLIED ON ELECTRIC VEHICLES

Piao Quang Khanh*, Hira Xuin Long, Téng LAm Tung
Khoa Dién — Dién tur, Truong Pai hoc Hang hai Viét Nam

TOM TAT

Truyén dong dién dong lwc bang dong co dién khéng dong bé ba pha dang dwoc ap dung
rong rdi trén cdc xe o to dién vi nhirng wu diém cau tao don gian, van hanh tin cqdy, it bao tri sua
chita, gid thanh ché tao thap, hiéu sudt cao. Trong bdi bdo nay trinh bay co sé Iy thuyét ciia hai
phiwong phap diéu khién téc dp dong co khéng dong bé ba pha tua theo tir thong (FOC) va diéu
khién truc tié'p mo-men (DTC) ap dung trén hé truyén dong dién dong luc cho xe 6 to dién. Trén co
s6 do, xdy dung mé phong chi tiét cac thanh phan cia hai cdu triic diéu khién trén bang cong cu
Matlab — Simulink. Két qua mé phong cho thay, cac dac tinh toc @, dong dién, mé-men theo thoi
gian dd chi ré wu, nhwoc diém ciia hai phirong phap diéu khién FOC va DTC. Ngodi ra, két qua mé
phéng ciing cho thay wu diém cia hé truyén dong dién sir dung dong co khéng dong bg ba pha sir
dung trén xe 6 to dién.

Tir khéa: Dieu khién twa theo tir thong; Piéu khién truc tié’p mé-men, Diéu khién xe dién.
ABSTRACT

Electric powertrain using a three-phase asynchronous motor is being widely applied on
electric vehicles because of the advantages of simple structure, reliable operation, less maintenance
and repair, and low cost, high efficiency. In this paper, the theoretical basis of two methods of speed
control of a three-phase asynchronous motor based on Field Oriented Control (FOC) and Direct
Torque Control (DTC) is presented electric powertrain systems for electric vehicles. On that basis,
the simulation model of the two control structures above using Matlab — Simulink software were
built. The simulation results showed that the characteristics of speed, current, and torque over time
clearly indicate the advantages and disadvantages of the two control FOC and DTC methods. In
addition, the simulation results also showed the advantages of the electric powertrain system using
three-phase asynchronous motors used in electric cars.

Keywords: Field Oriented Control — FOC; Direct Torque Control — DTC; Electric Vehicle
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1. PAT VAN PE

Su ra doi ctia cac van ban dan cong suat
16n tao nén cac cau hinh bo bién doi da dang cho
cac hé thong diéu khién truyén dong dién bién
tan dong co. V4i cac cong bd ciia Hasse nim
1969, Blaschke nam 1972 da tao nén mot budc
dot pha trong k¥ thuat diéu khién bién tan dong
co khong déng bd va da nhan duoc sy quan tam
16n cua gidi khoa hoc va cong nghiép. Cac tién
bd vuot bac trong cong nghé vi xir 1y, vi diéu
khién, va dic biét 1a DSP cho phép thuc hién
cac thuat toan phuc tap trong thoi gian thyc da
gitip cho cac phuong phéap didu khién vector,
hay con duoc goi 1a diéu khién twa tir thong
(Field Oriented Control — FOC) tr¢ thanh céac
cong nghé diéu khién dong co xoay chiéu duogc
chuan hoa trong cong nghiép. Phuong phap
diéu khién tryc tiép mo-men (Direct Torque
Control — DTC) do Takahashi dé& xuat nim
1986 va Depenbrock nam 1987 la mot phuong
phap diéu khién khéac can dé cap. Tir d6, co rat
nhiéu cac cong trinh md phong hé thong truyén
dong dién bién tan dong co dugc dé cap nhiéu
trong cac nghién clru trong va ngoai nudc [2],
[3], [4], [5], [6],... Trong bai bao nay, nhoém
tac gia s& mo phong hé thong truyén dong dién
bién tan dong co KB cho xe 6 t6 dién va phan
tich, danh gia tinh hi€u qua ctua hai phuong
phap diéu khién trén.

2. NOI DUNG

2.1. Céu tric hé truyén dong dién dong co
dong bo ba pha cho xe 6 to dién

So véi cac loai 6 t6 s dung dong co dot
trong, xe 0 t0 dién c6 cac bd phan chuyén dong
it hon dén 90%. Mot s6 bd phan chinh cua xe 6
t6 dién dugc thé hién trong hinh 1, bao gém cac
bd phan:

1 — Bdng co dién trén xe 0 t6 dién cung
cap ning luong cho xe dé quay cac banh xe.
DPong co nay co thé 1a loai DC (mot chiéu) hoic
AC (xoay chiéu), nhung phd bién hon van la
AC;

2 — Pin: O 6 dién dung pin dé luu trix
nang lugng can thiét cho xe chay;

3 — B9 diéu khién: C6 thé néi, bo diéu
khién trén 6 t6 dién nhu mot bo ndo cia xe, bd
phan nay quan Iy tit ca cac thong sb va kiém
soat toc do sac thong qua cach xu 1y thong tin
tur pin. Thém vao do, bd diéu khién cling c6 thé
chuyén 4p luc 1én ban dap ga dé diéu chinh tbc
d6 trong bién tan ctia dong co xe.

4 — Bién tan: Bién tan la mot thiét b
ding dé chuyén d6i ngudn dién mot chidu
thanh ngudn dién xoay chiéu. Bo phan nay co
thé thay d6i toc do quay cua dong co thong
qua cach diéu chinh tan sb cia dong dién xoay
chiéu. Thém vao do, co thé thong qua cach didu
chinh bién d6 cua tin hiéu bién tan dé tuy chinh
cong suat hoic mé-men xodn ciia dong co theo
cac phuong phap khac nhau nhu FOC, DTC.,...
[4].

Hinh 1. Cau tao cua xe 6 to dién

2.2. B bién tin dong co khong dong bd ba
pha sir dung phwong phap FOC va DTC

2.2.1. Phwong phdp diéu khién FOC

Diéu khién dong co dién khong dong
bd v6éi1 phuong phap diéu khién vector, hay
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con duge goi 1a didu khién tya tir thong (Field
Oriented Control — FOC) da tré nén dé& diéu
khién, dat duoc cac tinh ning cao, do vay da
dan thay thé dong co mot chiéu trong nhiing
tmg dung doi hoi phai diéu khién tron toc do
trong mot pham vi rong [1], [7]. Cau trac bo
diéu khién FOC duogc thé hién trong hinh 2a.
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Hinh 2. a — Cdu tric bo diéu khién FOC,
b — Cau triic bé diéu khién DTC

Trong ciu tric FOC (hinh 2a) bao gom:
bd diéu khién PI cho tir thong va bo diéu khién
PI cho mé-men va cac khau bién doi Clark
thuan, Clark nguoc, Park thuan, Park nguoc,...
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2.2.2. Phwong phdp diéu khién DTC

Trong phuong phéap diéu khién truc tiép
md-men DTC (hinh 2b), m6-men ctia dong co
khong duoc diéu khién mot cach “gian tiép”
thong qua dong dién ma duoc diéu khién “truc
tiép” thong qua viéc dong mad cac van cong suat
theo quy luat dya vao trang thai tire thi cia mo-
men va tr thong. Phuong phap nay da cho phép
dap tmg mo-men ctia hé truyén dong nhanh hon
gap hang chuc lan so véi phuong phap diéu
khién vector thong thuong [1], [7].

2.2.3. Co s¢ ly thuyét ciia hai phwong phdp
FOCva DTC

Bo diéu khién dong dién va cac khau
bién d6i trong ciu tric cta hai phuong phap
diéu khién FOC va DTC bao gém [1], [7]: phép
bién ddi Clark thuén, Clark nghich, Park thuan,
Park nghich, by udc lugng tir thong, Bo diéu
khién PI, B¢ diéu ché vector khong gian,...
duogc thé hién trong cac cong thirc (1)-(13):

Phép bién d6i Clark thuan:

2 -t -,

il |3 3 3|

Bl 1A W
NN

Phép bién doi Clark nghich:

; 1 0
Vrefl | ﬂ [va} @)
ref 2 2 ||
Vref3 1 3
2 2

Phép bién d6i Park thudn:
lg | | cos@, sinb, ||,
Iy - —sin@, cosd, || i
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Phép bién d6i Park nghich:

Ve | | c086, —sind, || vy (5)
Vg - sing, cosd, ||V,

B6 udc lugng tir thong va moé-men:

A3
Me =7p(l//aiﬂ _l//ﬁia) (6)
Trong do:

. . ~ ’ 2 2
Vo :_[Ua_Rsla’ '//ﬂ :IUﬁ_Rslﬂ’ Vs = l//a+l//ﬂ .

Tinh toan dong dién trén stator:

iy =1 (7)

m

Tinh toan dong dién trén stator:

. 21L 1
Igs =3 _Te (8)
3pL,y,

Tinh toan tu thong rotor:y, =ﬂ,

14T,
. L
trong do: 7. = R—’ )
Tinh toan goc I¢ch tir thong:
trongdé: w, =2 (10)
- ,trong do: o, =
0, I(a}r + paw,, )dt g o, v

- DPiéu ché vector khong gian: 1a k¥
thuat didu khién duoc g dung rong rii trong
diéu khién thiét bi dién tir cong suat. Trang thai
dong cét cua 6 khoa dién tir cong suat (S1~S6)
dua trén thuat toan SVM tao thanh tam vector
dién ap cung cap cho dong co. Trong d6 vector
U0 va U7 cho dién 4p ngd ra bang khong. Vi
vay, vector di¢n ap Uout trén dong co dugce tinh
toan dya trén 6 vector con lai dugc tong hop
theo bang 1, bd phat hién cac vung dong mo
van dién tu [1], [7].

u,om
Sectord

'/

Hinh 3. Cdc vector dién dp cung cdp cho dong co

Bang 1. Bang luva chon vung dong mo van dién tur

dy | dy | Sectorl | Sector2 | Sector3 | Sectord | Sector 5 | Sector &
1 L L, U, L, Uy U,
1o | © U, U, U, U U,
1 U, U, U, U, U, U,
I U, U, U, id v
0 0 U, U U, U U, U
1| v, v, v, U, v,
Bdng 2. Théng so cua dong co khong
Théng sb Ky hiéu | Gia tri
Cong suét P(W) 7000
bién ap uv) 460
Tan sb f(Hz) 60
bién tro stator R () 0,6837
bién khang stator L (H) 0,004152
bién tro Rotor R (Q) 0,451
bién khang Stator L (H) 0,004152
Dién khang ho cam L_(H) 0,1486
Mo-men quan tinh T (kg.m?) 0,05
Sb d6i cuc tir p 2
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2.4. M6 phéng hé thong diéu khién FOC va
DTC

Thuc hién mé phong hé thong, ta khao
sat dong co dién khong dong bo ba pha véi cac
thong s6 theo bang 2. Tir cac cong thirc (1)-
(10) str dung cong cu Matlab — Simulink, ta
xay dung cac khoi tinh toan cho hé thdng FOC
va DTC [1], [7], tir d6 ta ghép dugc so dd mod
phong diéu khién dong co khong dong bo ba
pha theo phuong phap FOC va DTC nhu trong
hinh 4 va hinh 5.

Hinh 4. So d6 mé phong bién tan diéu khién dong
co KPB bé ba pha bang phwong phap FOC

B6 diéu khién tdc d6 PI dugc thém vao
hé théng, tde do cua dong co khong déng bo ba
pha dugc phan hoi vé bo diéu khién toc do PI.
Luc nay, ta c6 thé dicu khién dong co khong
déng bo ba pha bam theo tde do dat trudce cla
hé¢ théng nhu hinh 4, 5. Tin hiéu dong dién ba
pha do duoc tir dong co phan hdi vé qua phép
bién d6i Clark va Park, cac tin hi¢u tir toc do,
gbc tur thong, mo-men,... xac dinh dugc dong
dién i, va i , tin hi¢u ndy st dung dé so sanh voi
tin hiéu do duogc thong qua Clark va Park [7].

Sau khi di kiém tra toan bo chirc ning
ctia ting khoi trong mo hinh mé phong Simulink
duoc thiét 1ap nhu trong hinh 4, hinh 5.
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Hinh 5. So do mé phong bién tan diéu khién dong
co KPB bé ba pha bang phiong phiap DTC

L BACTiH NOMENCUABONG CO K00 AP DUNG DU KAENFO

£ 1 ol
Je 1 A UL

\
\l
v

DAC TiNH TOC [l 8 HONG BONG v BTE

Hinh 6. Két qua mé phong cia hai phwong phdp
diéu khién FOC va DTC

2.5. Két qua va thio luin

Sau khi thay cac thong sb trong bang 2
vao dong co va mé-men can dat vao dong co la
10 Nm tai thoi diém 0,4s. Cho chay mé phong
hinh 4, hinh 5 dong thoi véi thoi gian mo phong
1a 1,25 véi cac gia tri toc do dat ban dau 1a 500
v/p sau thoi gian 0,6s cho dong co giam tdc do
xubng 300 v/p va on dinh & toc d6 d6 trong sudt
thoi gian mo phong c6 két qua mo phong trong
hinh 6. Bang 3 so sanh dac tinh dong (thoi gian
qua d t, 46 qua diéu chinh o) cta cac dap Gmg

dau ra.
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Bdng 3. So sanh ddp iing dau ra ciia DTC va FOC

Pap ing diu FOC DTC
ra ts) | 6(%) | t(s) | o (%)
Téc do 006 | 0.1 | 002 | 10
Mb-men 0.06 2 0.03 2
Dongdién | 0.07 | 400 | 0.1 | 300

Bdng 4. Nhdn xét hai phirong phdp diéu khién
DTC va FOC

Phuong phap diéu
khién DTC

Phuong phap diéu
khién FOC

Phuong phap nay
khong diéu khién gian
tiép qua dong dién ma
dugc diéu khién truc
tiép qua cac van cong
suét dua vao trang thai
tuc thi cua tr thong va
mo-men

Phuong phap nay diéu
khién gian tiép tir thong
va mdé-men qua dong
i, vai ’th(”)r}g qua cac
phép bién doi Clark va
Park, tir d6 tinh toan
trang thai md van cong
suat

Uu diém cua phuong
phap diéu khién DTC:
cho phép dap ttng mo-
men, tdc do cua dong
co trong hé truyén dong
nhanh hon phuong
phap FOC. Cau tric
diéu khién don gian
hon phuong phap FOC

Uu diém cua phuong
phép FOC: khi ¢ trang
thai xac 1dp dong dién
hinh sin trén céc pha
cua dong co khong bi
bién dang va thoi gian
xac lap nhanh hon
phuong phap DTC

Nhuge  diém  cua
phuong phap DTC: d¢
nhip nhd cua mo-men
16n; dong dién bi bién
dang khi ¢ trang thai
xac lap; thoi gian xac
lap cham hon phuong
phap FOC

Nhuoc diém  cua
phuong phép FOC: déap
ung mo-men, tbc do
cham hon phuong phap
DTC; cau trac diéu
khién phtc tap hon
phuong phap DTC

Céc thuat toan phtc tap thyc hién trong
thoi gian thuc di gitp cho phuong phap diéu
khién vector FOC tr& thanh cac cong nghé
diéu khién dong co xoay chiéu dugc chuan hoa
trong coéng nghiép. Phuong phap diéu khién
tryc tiép DTC duoc coi 1a phuong phap thay
thé cho phuong phap FOC cho nhiing tmg dung
doi héi diéu khién tdc d6 va md-men nhanh ma
khong yéu cau vé do chinh xac mé-men nhu 6
t6 dién. Tuy nhuoc diém ctia phuong phap diéu
khién DTC duoc cac nha nghién ctru céi thién
bang dang bién tan ma tran [2] nhung van chua
dugc cai thién triét dé.

3. KET LUAN

Diéu khién tdc do dong co khong dong
bd bang bién tan s dung hai phuong phéap
DTC va FOC da dugc md phong thanh cong
v6i cong cu Matlab & Simulink. Két qua mo
phong cua hai phuong phap cho thiy uu va
nhugc diém cua phuong phap DTC va FOC
thé hién trong cac dac tinh va dir li¢u da téng
hop dugc. Bai bao nay da gop phan kiém chimg
hoat dong ctia hai phuong phéap diéu khién bién
tan dong co khong dong bo ba pha DTC va
FOC, 1a phuong phéap diéu khién hién dai, linh
hoat cho ddi twong 1a dong co khong dong bod
ba pha phd bién hién nay dang st dung trén cac
xe 0 to dién. Viéc nghién ciru hé truyén dong
dién bién tan dong co khong dong bo ba pha ap
dung phuong phap diéu khién vector FOC hodc
DTC la nghién ctru quan trong trong thiét ké xe
6 t6 dién v6i muc tiéu tiét kiém dién ning, kéo
dai thoi gian hoat dong cho mot lan sac dién.

"Nghién ctru nay dugc tai trg bdi Truong

DPai hoc Hang hai Vi¢t Nam trong Pé tai ma sb
DT22-23.50. ¢
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