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Tém tit

Thiét ké h¢ truyén dong diéu khién dong co nam
cham vinh ctru chim (IPM) cho 6 t6 dién (EV) c6
nhitng ddc thu riéng. Trong bai bao, bén canh phuong
phép diéu khién vector cho hé truyén dong, nhom tac
gia sé trinh bay cac giai phap nang cao chit lugng
trong diéu khién dong dién (mot yéu td anh huong
truc tiép dén dap tmg moémen) st dung cac ky thuat
bu deadtime, cyc dai momen trén dong dién (MTPA)
va quan sat nhiéu (DOB). Hiéu qua cua c&c chién luoc
nay sé duoc thé hién qua cac mé phong va két qua
thye nghiém trén hé théng 0 t6 dién i-MiEV tai CTL.
T khéa: Diéu khién dong co, IPM, 6 to dién,
deadtime, MTPA, DOB.

Abstract:

Design of interior permanent magnet (IPM) motor
drive for electric vehicles is special. In this paper, the
authors developed the solution included deadtime
compensation, maximum torque per ampere (MTPA)
and disturbance observe (DOB) to improve response
of current which directly affects torque ripple. The
effectiveness of this strategy is demonstrated by
simulation results and experiment in i-MIiEV at the
Center for Technolory and Innovation.

Keywords: motor control, IPM, electric vehicles,
deadtime, MTPA, DOB.
Ky hi¢u
Ky hiéu Pon vi Y nghia
Py S6 doi cue
Tu thong nam cham
@ [Wb] vinh ctru
R [€Q] bién tro stator
Ve V] bién ap DC
e [rad/s] Téc d6 dién cua dong co
®r [rad/s] Téc d6 co cua dong co
T [Nm] Momen dién tir
T, [Nm] Momen tai
J [kg.m?]  M6men quén tinh

gia tri dat, gia tri can
1. Phan mé dau

Thé gi6i dang dung trude hai thach thic 16n cia phat
trién bén virng 1a 6 nhiém moi trudng va su can kiét
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clia cac ngudn ning luong héa thach (than da, dau
mo, va khi d6t). O t6 dién (Electric Vehicles — EV) va
cac phuong tién chay dién no6i chung la mot giai phap
hiéu qua cho nhiing van dé nay. O t6 dién, do d6, hién
dang 13 mot chii d¢ thu hut rat nhiéu sy quan tim ciia
gidi nghién clru trong cac truong dai hoc ciing nhu
cac doanh nghiép 6 t0.

O to dién 1a mot linh vuc nghién ctru da nganh, c6
nhiéu cach tiép can khac nhau theo nhiéu “trudng
phai”. Viéc Iya chon va giéi han di twong nghién ciru
cling 1a ca mot van dé. Nham muc dich timg budc lam
cha nhing cong nghé cbt 16i cta 6 t6 dién, ching t6i
tap trung vao vin dé thiét ké va ché tao hé truyén
dong va diéu khién cho 6 to dién.

Céu tric ciia bai bao nhu sau. Trong Muc 2, chung t6i
trinh bay cdu hinh hé diéu khién vector dong co dong
bd nam chdm vinh ctru chim IPMSM. bay la loai
dong co ¢ nhiéu tinh chét wu viét, dac biét phu hop
cho truyén dong kéo 6 t6 dién. Cau hinh hé diéu khién
vector ndy dong vai tro 1a framework dé phat trién cac
thuat toan diéu khién nang cao nhim cai tién chit
luong hé truyén dong. Muc 3 trinh bay vAn d& anh
huong cua thoi gian chét deadtime dén chat luong hé
diéu khién dong dién va phuong phap bu nham giam
thiéu anh huong d6. Véi vai tro 1a hé truyén dong kéo
cho 6 t6 dién, van dé hiéu suat 1a rit quan trong ddi
v6i van dé diéu khién dong co. Trong Muc 4, ching
t6i trinh bay thuat toan diéu khién cuc dai ty sé
momen trén dong dién MTPA. Thudt toan nay cho
phép giam dong dién cén thiét dé sinh ra mot lugng
moémen khong dbi, qua d6 lam ting hiéu sudt hé
truyén dong. Trong hé truyén dong dién, mach vong
diéu khién dong dién 1a mach vong co ban nhét. Khi
nhitng yéu t6 sai s6 vé& do luong va/hodc nhan dang hé
thdng khién cho thong s6 ciia md hinh dbi tugng thiéu
chinh xac, hodc khi nhiing thong s6 nay bién thién
trong qua trinh lam viéc thi chét luong diéu khién bi
suy giam. Chiing t6i dé xuit mot cau tric didu khién
bén viing don gian dya trén co s& by quan sat nhiéu
(Disturbance Observer — DOB) trong Muc 5 cta bai
béo. Cac két qua mé phong dugc trinh bay kém theo
mo td thuat toan. Trong Muc 6, chiing t6i md ta hé
thong thyc nghiém trén 6 t6 dién i-MiEV va két qua
thi nghiém.
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H.2  Hé truyén dong diéu khién vector dong co IPM trong 6 6 dién iMiEV.

2. Hé truyen dong di€u khién vector
dong co IPM cho EV

2.1 Mé hinh dong co IPM

Pong co IPM la loai dong co déng bd ¢ nam chim
vinh ctru duge gin chim trong rotor; didu dé khién
cho loai dong co nay c6 dién cam doc tryc va ngang
truc khac nhau, cu thé 1a Ly <Ly Mo hinh todn hoc
clia dong co gdm c6 cac phuong trinh dién, phuong
trinh dién ttr, va phwong trinh dong luc hoc. M6 hinh
dién cua dong co trong hé truc toa do quay déng bo
d —q duoc cho nhu sau [7]:

) |t %t J O } )
Vq WLy R+qu |q w,®

Dién ap trén mdi truc bao gdm ba thanh phan: thanh
phan dong hoc cua ban than mach dién(R+s|_d,q),

thanh phﬁn tuong tac chéo (Falyg) va stc phan dién
dong (w0, @) .
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Tiép theo, phwong trinh dién tir 1a mbi quan hé sinh
modmen cua dong co:

3P, -
T :T[q)lq +(Ly —Lq)ldlq]. )

Trong phuong trinh nay, ta thiy rd momen dién tir ciia
dong co gdm hai thanh phan 1a mémen do nam cham
sinh ra vd momen tur tré do chénh léch dién cam L,
va Lq .

Cudi cung, phuong trinh dong luc hoc 1a moi quan hé
gilta momen dién tir, mémen tai, va toc d¢ cua dong
co:

da,
. (3
. O

Sau khi da c6 mo hinh trén miénd —q, cac khau
chuyén dbi Park va Clarke thuan va nguoc gitp cho
md hinh dong co c6 thé két ndi véi hé thong bén
ngoai. Mo hinh toan thé cta dong co dugc biéu dién
nhu trén Hinh 1.
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H.3  B6 diéu khién tach kénh dong dién.

2.2 Cu triic h¢ diéu khién vector dgng co IPM

Vi nhiing vu viét vé chét lugng dong hoc, cAu trac
diéu khién vector (con goi 1a FOC) da tr& thanh
phuong phap chuan muc dugc sir dung rong rii trong
cong nghiép [1-3], [8]. Trong bai bao nay, chung toi
sir dung cau tric nay nhu mot nén tang (framework)
dé trién khai cac thuat toan diéu khién nang cao chat
luong hé truyén dong 6 t6 dién trong cac muc tiép
theo. Céu trac hé diéu khién vector dugc cho trén
Hinh 2. Pong co IPM cua 6 t6 dién dugc cap nguon
tr bo nghlch luu ba pha nguon ap. Bong co c6 gan
resolver dé dua ra thong tin vé vi tri goc 6, cua rotor.
Hé théng diéu khién bao gdm céc khdi chuyén hé toa
d9, c4c khau tinh toan va diéu khién.

Khau tao gia tri dat cua dong dién (Current
Commands Generator) c6 dau vao la luong dat
momen ldy tir chan ga dién tir cua 6 to, dau ra 1a cac
lugng dat dong dién iy vai, . Cac thujt toan diéu khién
MTPA va/hodc giam tir thong c6 thé dugc trién khai
trong khau nay. Vi phuong phap didu khién vector
thong thuong cho dong co PMSM noi chung, do dong
co did c6 nam cham vinh cuu tao tr thong nén ta

thuong dati; ty 1¢ véi momen ddt vaiy =0.

Khéi diéu khién tach kénh dong dién (Decoupling
Current Controller) ¢6 cau tric nhu trén Hinh 3. Nhu
ta thay trong (1), cac thanh phan dién dpvy vav, co

sy twong tac xen kénh voi nhau. Bé c6 thé diéu khién
timg kénh doc 1ap, bo diéu khién dong dién can co
khau tach kénh (decoupling compensation) dé loai bo
anh hudng cua twong tac chéo va stic phan dién dong
EMF.

3. Anh hwéng ciia deadtime

va thuéit toan bu

3.1 Anh hwéng cla deadtlme

Nghich luu nguon ap co chu tao gom cac nhanh van,
moi nhanh van gdm mdt van trén (high side) va mot
van duéi (low side), hai van nay thudng dwoc diéu
khién v&i hai trang thai ngugc nhau hodc cung khoa,
khong duoc dé hai van cing md vi s& lam ngin mach
ngudn 4p. Viéc chuyén mach cia van 1a khong 1y
tudng, cac van ban dan can c6 mot thoi gian nhit dinh
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dé m& hoan toan (t,,) va khda hoan toan (t,; ). Do
vay, dé tranh tinh trang van nay chua khoa van kia da
md, ta can dam bao mdt khoang thoi gian chét khi
chuyén mach van, goi 1 deadtime (ty ). Khi mgt van
nhan tin hiéu khoa thi phdi sau khodng thoi gian ty
van kia méi dugc nhan tin hi€éu mé. Hinh 4 1a hinh
anh thyc nghiém cta xung dién 4p trén van Vg va
xung dién 4p mo van Vg . Trén hinh, ta thiy khoang
thoi gian deadtime (2us) duoc thiét 1ap dé dam bao
qua trinh on va off cia hai van khéng giy ra tring
dan. o

Tuy dam bao dugc sy an toan cho b bién déiz thoi
gian deadtime nay gdy ra nhimg anh huong dén hé¢
thong. Cu thé, né khién cho dién ap diéu ché sau
nghich luu c6 gia tri khac véi lugng dat. Cu the,
lugng sai 1éch dién 4p mot pha do deadtime gay ra la:

AT

Vg khii, >0

pwm

AV,, = (4)

ATy, Khii, <0

pwm

trong d6 AT =ty +1t,, —tg . Chi tiét vé luong sut dién

4p trong mdi chu ky chuyén mach duoc phan tich
trong Hinh 5.
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H.4  (Thuc nghiém) Dang séng dién dp Vg (trén) va
Ve (durdi).
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H.5  Dién dp pha khi tinh dén dnh hiéng ciia deadtime
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3.2 Thuét toan bu dnh huwéng cia deadtime

Ngdy nay, bu hiéu Umg deadtime tr¢' thanh mot bai
todn quan trong trong cong nghiép boi anh hudng rat
16n cua nd dén chat luong cua hé thong. Nhiéu
phuong phap bu da duoc dé xuat va ap dung thanh
cong trong céac thiét bi dién tir cong suat [9- 11]. Cac
phuong phap nay phat trién dua trén ly thuyet trung
binh bang cach cong thém mot lugng dién ap cd dinh
duoc tinh dya trén tin s6 PWM va thoi gian deadtime,
vao dién 4p dat dé 1am giam su anh hudng cua hiéu
ung deadtime.

Trong bai bo nay, do viéc didu bién do rong xung
dugc thyc hién bang phuong phap diéu ché vector
khong gian SVPWM, chung t6i thyc hién viée bu dién
ap trén mién  — £ nhu sau:

{Ava }
AV 3

son(iy) —=sgn(is) - =sgn(iy) 5)
2 2
2 T
—_ V..
T dc
pwm
0 ?sqn(ib) —?sgn(ic)

Céu tric cia bd bu sai léch dién ap dugc thuc hién
nhu trén Hinh 6. Hi€u qua cda thuat toan trong viéc
giam d6 méo hai dong dién dugc kiém ching bang
két qua md phong trén Hinh 7.
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H.6  Cdu triic b diéu khién dong cé thudt toan bi dnh
huong cua deadtime deadtime
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H.7 (M6 phong) Dang song dong dién trudc (trén) va sau
(duwdi) khi thuc hién bu anh huong cia deadtime
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H.8  Kha nang sinh mé men cua dong co IPM

4. Thuat toan MTPA

Mot ddc diém ndi bat ciia dong co IPM 1a kha ning
sinh mot luong mémen tir tr¢ Ty (phuong trinh (2)).
Tuy nhién, Hinh 8 chi ra rang véi clng gia tri g,
luong momen tir trér d6 s& thay d6i phu thuc goc pha
dong dién f (goc gilra vector dong stator s va truc q).
Nhu vy, ddc diém nay chi bién thanh lgi diém trong
truong hop f co gia tri hop 1y, dé thay, day la dai
luong c6 thé duoc gian tiép diéu khién thong qua gia
tri |q va ig.
Bing cach dao ham phuong trinh mémen tong T phu
thudc vao goc 8, quy dao cac cap diém (ig, i) khién
cho mémen cyc dai dugc thé hién trén Hinh 9 hay
qua quan hé [7]:

@ P? 2

- +i5 .

2Ly —La) 4Ly -L)?
Nhu vay, dé ung dung thuat toan MTPA, ta st dung
phuong phap tra bang: (1) Lap bang gia tri quan hé
gilta ig, iq va T (sir dung phuong trinh (2) va (6));
(2) Cai dat bang nay vao khau tao lugng dat dong dién.
Khi khao sat két qua do thuc nghiém, chung t6i nhan
thiy rang dong co trong i-MiEV c6 kha ning hoat
dong & tdc do rat cao ma khong cham téi gidi han
dién ap ngudn DC, hay noi cach khéc, s& khong can
thiét phai di vao ving giam tir théng dé dat téc do cuc
dai theo thiét ké cuia xe. Pidu nay ciing dong nghia
v6i viée thut toan MTPA c6 thé 4p dung trén toan
dai hoat dong cua dong co, rd rang, hiéu sult cta
dong co duoc tinh toan nang cao phuc vu didu khién
ngay tir khau thiét ké.

(6)

id:

MTP4 \ A ——

H.9  Quj dao vector dong dién dam bdio ty s6 mémen trén
dong dién dat cuc dai
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H.10 Két qud mé phéng thudt toan MTPA

Hinh 10 thé hién két qua mo phong thuat toan MTPA.
C6 thé thdy ring, v6i mot luong moémen sinh ra dam
bao gilt nguyén, dong di¢n ba pha sau khi MTPA
dugc 4p dung di giam xudng mot lugng dang ké.
Viéc nang cao hi¢u suét theo xu hudng nay dac biét
¢6 loi cho 6 t6 chay trong ving d6 thi, noi ma vin dé
tic duong khién 6 t6 thuong xuyén phai nang cao
moémen (dong dién) dé khoi dong.

5. Cii tién chat lwgng dap irng dong dién
str dung by quan sat nhieu
Céu triic didu khién PI duoc st dung phd bién trong
cong nghiép boi tinh hiéu qua va bén vimng cua no.
Tuy nhi€n, phuong phdp nay c6 nhing han ché ma
mdt trong nhitng van de quan trong 1a sy phu thudc
clia n6 vao cac thong s6 cia md hinh dbi tugng. Cac
thong s6 nay c6 thé khong chinh xac do cac sai s6 do
luong, nhan dang, hodc thdm chi thong s6 do nha san
xuit cung cip ciing c6 thé thiéu chinh x4c. Bén canh
do, trong qua trinh hoat dong cua hé thong, cac thong
sO nay ciing c6 thé bi thay doi, vi du nhu dién tro
dong co thay ddi khi nhiét do tang sau mot thoi gian
van hanh.
C6 rat nhiéu cac thuat toan didu khién bén viing va
diéu khién thich nghi dd dugc nghién ciu dé giai
quyét van dé trén. Mic du cac phuong phap d6 cho
chat lwong rat tdt nhung viéc tinh toan va thuc hién
thuong kha phirc tap. Ching t6i dé xuit mot phuong
phap don gian nhung hiu qua sir dung by quan sat
nhiéu dé giai quyét van dé nay.
Ban dau, k¥ thuat quan sat nhidu dugc tao ra dé nang
cao chét luong hé thong diéu khién chuyén dong, dic
biét 1a trong robotics, béng viéc loai bo anh hudng cia
nhiéu tai [4-6]. Tu twong cua phuong phap duoc minh
hoa trong Hinh 11 va dugc md ta nhu sau:
Dau ra y ciia hé duoc dwa qua mé hinh nguoc Pn"1 cua
déi tugng va sau d6 dugc dem so sanh véi tin hiéu
diéu khiénu dé 1dy thong tin vé nhiéu tai tic dong.
Tuy nhién, trong thuc té, ta khong thé thuc hién truc
tiép phuong phap nay. Nguyén nhan c6 thé duoc dién
giai theo hai cach:

e Trén phuong dién 1y thuyét diéu khién, mo hinh
nguge cla mot ddi tugng thyc 1a khong nhan qua
(non-causal);

e Trén phuong dién thyc tién, mot mo hinh ¢ chira
nhitng thanh phan dao ham nhu vdy s& rat nhay
cam véi nhiéu do.
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Dé giai quyét van dé nay, mot bo loc thong thap
(LPF) duoc sir dung. Do b loc thong thap c6 dic tinh
tu nhién 1a gy tré, ta dung thém mot b loc nita &
phia tin hiéu diéu khién u dé can bang do tré nay.

Téc dung ctia khau quan sat nhiéu khong chi 14 loai bé
nhiéu tai ma con c6 kha nang giam thiéu anh huong
clia sai léch thong sé mo hinh. Do d6, ching toi dé
xudt cu truc st dung bd quan sat nhidu cho hai vong
diéu khién dong dién ctia dong co IPM nhu trén Hinh
12. Cac khdi c6 ham truyén (mau vang) 1a mé hinh
dbi twong can diéu khién, bao gdbm bo nghich luu, cac
cam bién dong dién, thanh phan dong hoc dong dién
clia dong co, cac thanh phan twong tac chéo va stic
phan dién dong. Hai khéi PI 1a cac bd diéu khién PI
thong thuong. Khau bu tach kénh duge dua vao thuc
hién trong khau quan st nhiéu.

Khau quan sat nhiéu c6 dau vao 1a cac dong dién iy va
i » céc luong dat dién ap Vg Va V; , va tdc do rotor dé bu

tach kénh. Dau ra ctia khau quan sat nhidu la cac luong
dién ap Avy va Av, dé cong vao luong dat v; va v; .
Céu tric chi tiét ciia bo quan sat nhidu duoc cho trong
Hinh 13. O mdi nhanh d va g c6 ba ham truyén nguoc
cua bd nghich~ Iwu, cam bién d(‘n}g dién, va dong hoc
dong dién. Moi hém’ truyén dc’; can duogc tich hop y(’yi
mot b loc thong thap bac nhat 1/ (ST pr +1). Hang
s6 thoi gian T, pp cua bd loc dugce chon bﬁng v6i chu
ky trich mu T, cta hé¢ diéu khién, va do do ciing
bang chu ky diéu ché xung Tewnm - Do khau loc thong
thip bac nhat dugc su dung ba lan dé can bang v6i mo
hinh ngugc ctia doi tuong nén mot khau loc thong
thap bac bal/ (ST pr +1)° s& duoc sir dung dé lam trd
tin hi¢u diéu khiénvy va v, . Khau bl tach kénh vin
duge thyc hign nhu voi bo diéu khién PI thong
thuong. K&t qua mé phong trén Hinh 14 cho thay r6
tdc dung cta bd quan sat nhiéu. O trén la ddp Ung
dong dién iy trudc (bén trai) va sau (bén phai) khi ap
dung bd quan sat nhidu. Tuong tu nhu vy la dap Gng
dong dién i, ¢ dudi.

Disturbance and
Parameters uncertainties

+ + u_, | I y .
e® Controller ) P >
Yy~ +[{Au

Disturbance

, Observer
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H.11 Nguyén Iy co ban ciia by quan sat nhiéu DOB
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H.12 Cdu triic diéu khidn dong tich hop b quan st nhibu
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H.13  Chi tiét khoi quan sdt nhiéu cho vong diéu khién dong
dién hai truc dva q

\ “ '
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H. 14 (Mo phong) Ddp vmg dong dién iy Vai, trudce va sau

q
khi sir dung bo quan sat nhiéu

6. Thuwe nghiém va két qua
Hé théng thyc nghiém duoc trién khai trén 6 t6 dién
iMIiEV. Xe dugc thir nghiém trong bang thi tai cla
phong thi nghiém nhu trén Hinh 15. Hinh anh cta b¢
nghich luu ba pha ngudn 4p va bo diéu khién
dSPACE 1103 dwoc cho trén Hinh 16. Thong sé dong
co dugc do bang thyc nghiém va cho trén Bang 1. Cac
két qua dugc thu thap bang dSPACE 1103 va xtr 1y
bang Matlab. Hinh 17 1a dap tmg dong dién trucd
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cia dong co. Trong thi nghiém & thoi diém nay,
ching t6i tam thoi chua trién khai thuat toan diéu
khién MTPA nén lugng dat dong dién iy bang khong.
Hinh 18 la dap ing dong dién i, . Luong dat cua dong
dién nay ti 1€ vai luong dat cua chan ga dién tr do
ngudi l4i diéu khién. Hinh 19 1a dong dién phaava

dong dién iy cua dong co. Ta thdy dong dién truc q

o gia tri bang bién d¢ cua dong dién pha hinh sin.
Diéu nay xac nhdn sy ding dén cua viéc trién khai
phuong phap diéu khién vector. Dong dién pha bi
méo dang do deadtime va dong dién iy va iy con chira

nhiéu nhép nhé. Sau khi trién khai thyc nghiém cac
thuat toan bu anh huong deadtime va bd quan sat
nhicu thi chat lugng cac dap tmg nay s€ dugc cai thién.

Bang 1 Thong s6 do thuc nghiém dong co IPM trong
0 10 dién iMiEV

Théng s6 Gia tri Pon vi
Dién ap DC dau vao 330 Vv
Cong suat cuc dai 47 kw
Pién tro 12 mQ
Pién cam truc d 140 pH
DPién cadm truc q 213 pH
T~u thqng nam cham 0.06 Wb
vinh ctiru
So cuc 8

B nghich luu v bg diéu khién dSPACE duoc lap dt
0 Vi tri bang ghé sau ciia 6 to
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H.19  (Thuc nghiém) Dong dién pha a va dong dién iq
7. Két ludn

Piéu khién hé truyén dong cho 6 to dién 1a mot van dé
thu hat nhidu sy quan tdm nghién ctru. Trong bai bao
nay, chiing t6i da thiét ké va trién khai cac thuat toan
co ban va nang cao nhdm muc dich cai thién chat
lugng ciia hé truyén dong trén nén tang cu tric diéu
khién vector cho dong co IPM. Céc két qua mé phong
va thyc nghiém trén 6 t6 dién iMIEV da xac nhan tinh
dung dén cta hé thong diéu khién.

Loi cam on
Nghién ctru nay duoc tai trg boi Dé tai cip Nha nude
KC.03.08/11-15: “Nghién ciru thiét ké va ché tao hé
truyén dong va diéu khién cho 6 t6 dién”. Ching tdi
xin cam on cac anh Tran Binh Duong, Nguyén Vin Dai,

VCCA-2015

Vo6 Duy Thanh, Bui Pang Quang, Pao Triéu Phi
Truong, va chi Tran Thi Mai Trang da giup do ching
toi trong qua trinh thi nghiém.
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