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Abstract

Before starting, the initial rotor position is required in permanent magnet synchronous motors (PMSM). High Frequency Injection (HFI) is a
common method for initial position estimation. However, the conventional HFI method is only applicable to the interior permanent magnet
synchronous motors (IPMSM) because of the significantly different d-axis and g-axis inductance characteristics. Meanwhile, for the surface-
mounted permanent magnet synchronous motors (SPMSM), this difference is not significant. To solve this problem, Short Pulses Injection
(SPI) uses series pulses that cause an Inductance Saturation Effect and then considers the feedback currents to estimate the rotor position. The
disadvantages of this method are that the estimation time depends on the current response speed as well as requires the motor to be at the
saturation boundary to ensure an apparent saturation effect. This paper proposes a combined method based on these two methods. Initially,
the position of the sector containing the d axis vector is determined by SPI. Then, injecting a voltage vector causes inductance saturation
creating a significant difference between L_d and L_q (this vector position is at the middle of the sector determined in the former stage). At
the same time, HFI estimates the initial rotor position. To verify the method, a model established from a ceiling fan motor is simulated by
ANSYS MAXWELL and MATLAB SIMULINK. Compared with existing methods, this method offers better accuracy and speed and is
suitable for applications with large moments of inertia, such as ceiling fans.

Keywords: High-frequency injection, Inductance saturation effect, Initial position, Short-pulses injection, Surface-mounted

permanent magnet synchronous motor

Tém tit

Théng tin vi tri ban dau cua rotor trong dong co ddng bd nam chim
vinh ciru (PMSM) cén ¢6 duge trude khi khoi dong. High Frequency
Injection (HFI) 1a phuong phép phd bién dé u6c lugng vi tri ban dau.
Tuy nhién phwong phap HFI truyén thdng chi phti hop cho dong co
nam cham 4n trong rotor (IPMSM) do c6 dic diém dién cam truc d
va truc q khac nhau dang ké. Trong khi d6, loai dong co nam cham
gin bé mit rotor (SPMSM) thi su khac biét nay la khong dang ké. Dé
giai quyét vén d& nay, Short Pulses Injection (SPI) sir dung cac chudi
xung nbi tiép gdy ra hiéu umg bdo hoa dién cam (Inductance
Saturation Effect) sau d6 duwa trén cac dong dién phan hdi dé udc
lwong vi tri rotor. Nhuoe diém ctia phuong phap nay 1a thoi gian wéc
lwong phu thude vao tbe do phan hdi dong dién ciing nhu doi hoi
dong co phai & bién giGi bio hoa dé dam bao hiéu tmg bio hoa 15 rét.
Bai bao nay d& xuat phuong phéap két hop ca hai phuong phap trén.
Ban dAu, vi tri sector chtra vector truc d ctia nam cham rotor dugc
xéc dinh boi SPL. Sau d6 dua vao stator mot vector dién ap V nim &
chinh giita sector d4 xac dinh dé gay sw chénh léch dién cam trén hai
truc dq, khi d6 HFI dugc st dung dé uée Iwong vi tri rotor. Pé kiém
tra hidu qua, phuong phap dugc thyc hién bing mé phong ANSYS
MAXWELL va MATLAB SIMULINK dua trén m6 hinh dugc mo
hinh héa tir dong co quat tran. So sanh véi mot s nghién ciru, phuong
phép nay dem lai su chinh xac, nhanh chéng va thich hgp véi cac tmg
dung c6 momen quan tinh 16n nhu quat tran.

1. Giéi thi¢u

Pong co dong bo nam cham vinh ctru da dugc ing dung
rong rdi va thay the dan dong co khong dong bo truyén thong
trong vai thap ki gan ddy. Loai dong co nay ¢ nhung vu diém
chinh nhu cu tao don gian, Chl phi thap, hiéu suat, do tin cay
cao. Trong cac ng dung yéu cau hiéu suit cao hoic diéu khién
truc tiép momen cic phuong phap diéu khién vector truyén
thdng thuong dugc sir dung nhu FOC (Field oriented control)
hay DTC (Direct torque control) [1] [2]. Tuy nhién khi hoat
dong ching yéu cau thong tin chinh xac vé vi tri cua rotor, do
d6 di kém véi bo diéu khién thuong 1a cac cam bién vi tri duoc
gan 1én dong co nhu Hall sensor hay Encorder. Diéu nay lam
gia ting gi4 thanh ciing nhu giam do tin cay cua hé théng,
dong thoi trong nhitng wng dung yéu cau chinh xac cao, do
phan giai thip cua Encorder hay Hall sensor gy ra nhitng han
ché nhat dinh. Tur day, nhiing phuong phép wdc lugng vi tri
khong dung cam bién di dugc nghién ctru va tng dung.

C6 thé chia linh vyc ndy dua trén rai toc d6 hoat dong cua
dong co. Tht nhit, & rai tc d6 trung binh va cao, cac phuong
phap udc lugng vi tri dua trén sic phan dién dong Back EMF
thuong dugc st dung va da dugc ung dung rong rai nhu
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Sliding Mode Observer (SMO) [3]. Ngoai ra c6 mét sb
phuong phap khac nhu, bg loc mo rong Kalman (EKF) [4] hay
bo quan sat thich nghi (MRAS) [5]. Thir hai, khi ding yén va
& toc do thap, cac phuong phap ude luong vi tri thuong dya
trén dac tinh 1i cua dong co (dic diém lam cho dién cam truc
d va truc q khac nhau dang ké&). Mot vai phuong phap phd
bién la High Frequency Injection (HFI), Inductance Tracking
Method (ITM). Phuong phap HFI truyén théng thuong dua tin
hiéu dién 4p cao tan vao truc d hoic g cua hé dq uée luong
sau d6 thong tin sai sb Vi tri dugc chira trong cac dong dién
trén hé truc nay. Trong [6] tin hiéu tan s6 cao duoc dua vao hé
truc af8 dimg yén, dong dién phan hoi trén hai truc nay mang
thong tin vi tri cua rotor dugc trich xuit ra dé xu ly, dua vao
vong diéu khién. Trong [7] dién &p tan sé cao duoc dua vao
hé truc dq quay, dong dién mang thong tin vi tri dugc quan
sét & tryc alpha cua hé dung yén. Tuy nhién, dic tinh 15i
thuong rd rét & dong co IPMSM, con ¢ dong co SPMSM thi
dac tinh nay khong rd rét. Do d6 cac ky thuat wéc lugng van
con ton tai mot s han ché ddi vai loai dong co nay.

Khi khai dong, théng tin vi tri ban dau rotor can phai xac
dinh truge dé dam bao khoi dong thanh cong, dac biét déi véi
céc chién Iuge diéu khién vector nhu FOC hay DTC. Théng
thudng c6 hai budc chinh dé thyuc hién viéc nay. Pau tién thyc
hién wéc lugng vi tri ban dau (thuong tir 0 dén 7) , sau d6 xac
dinh cuc tinh cua rotor dé xac dinh vi tri chinh xac Ia thuoc 0
dén 7 hay  dén 2n dé dam bao dong co khong bi khoi dong
nguoc. Thong tin vi tri ban dau dugc xac dinh theo High
Frequency Injection [8], [9], [10], [11], [12] thuong doi hoi
dic tinh dién cam truc d va truc g khac nhau dang ké. Sau d6
thong tin vé cuc tir ¢6 thé duge xac dinh boi mot sé phuong
phéap nhu sir dung hiéu ttng béo hoa [9], [12] hay phuong phap
song hai bac 2 [8]. Trong khi @6, phuong phap SPI [13] thuc
hién dwa chudi xung ndi tiép & cac vi tri khac nhau dé co thé
wée lwong vi tri chinh xac cua rotor ma khong can phai thyuc
hién budc xac dinh cuc tinh, tuy nhién do chinh xac cua
phwong phap phu thudc vao d6 phan giai cua cam bién dong
dién. P9 chinh xac két qua cang cao thi cam bién dong dién
phai cang chinh xac. Hon ntta, d§ chinh xac cao con doi hai
dua nhiéu xung dién ap hon do d6 thoi gian xir ly s& cham hon.
Ngoai ra, ddi voi dong co SPMSM, dac tinh dién cam truc d
va truc g khac nhau khong dang ké lam viéc wéc lwong vi tri
tré nén kho khan. Vi du trong [8], [13] thuc hién ude lugng vi
tri ban dau cho dong co SPMSM nhung diéu kién 1a mach tir
dong co dugc thiét ké ¢ bién gidi bio hoa dé dam bao hiéu
ung bdo hoa dién cam rd rét khi dua tin hiéu kich thich vao.
R rang day 1a diéu kién kho dé &p dung trong thuc té.

Dé thyc hién udce lugng Vi tri ban dau cho dong co SPMSM
g dung trong quat tran, bai bao nay dé xuit ung dung két
hop hai phuong phap SPI va HFI nhu mé hinh & Hinh 1. Ban
dau, vi trf sector chtra vector truc d duoc xac dinh theo SPI.
Sau d6 dua mot vector dién ap V vao stator (nam chinh giira
sector chura vector d da xac dinh boi SPI) gay ra hiéu (ing béo
hoa dién cam va sy chénh Iéch gitra dién cam truc d, truc q.
Khi do6 &p dung uéc lugng vi tri rotor chinh xac dua trén HFI.

Dé kiém tra higu qua, phuong phap duge thuc hién bang
md phéng 3D FEM ANSYS MAXWELL va MATLAB
SIMULINK dya trén m6 hinh dong co dugc moé hinh hoa tir
mot dong co quat tran thyc té. Két qua cho thay wu diém cia
phuong phap 1a khong can didu kién chat ché rang mach tir

cua dong co phai & bién gidi bdo hoa. Tuy nhién, phuong phap
nay thich hgp cho céc (ing dung ¢ momen quan tinh I6n nhu

quat tran dé tranh sy dich chuyén qua muc cua rotor.
Vector
Vs

Vi tri sector
chira vector d

Sw chénh léch
Ly Lg

Vi tri chinh
xic vector d

Hinh 1. Mb hinh téng quét két hop hai phuong phap SPI va HFI

2. Mb hinh dong co dong bd nam cham vinh
ciru

2.1. Mb hinh toan hec

Dé don gian hoa céc gia thiét duge dua ra bao gom: phéan
bd tir truong trong khong gian hinh sin, dong dién xody va ton
hao tir tré duoc bé qua. Cac phuong trinh dong co trong hé toa
d6 dq dwoc biéu didn nhu sau:

Phuong trinh tir thong:
Vg = Laig + ¢ )
Vg = Lgiq
Phuong trinh can bang dién &p:
, dig .
Ug = Rgig + Ly ar pwpyLgig
it 2)
uq = Rsiq + Lq E + p(l)deid + p(l)mlpf
Phuong trinh momen dién tu:
T, = 1,5p[siy + (Lg — Ly)iai,] ®)

Trong do:
Ug, Uq, ig, lg, La, Lg, Ya, Pq - dién ap, dong dién,
dién cam va tu théng trong hé truc dq.
R,y dién trd mot pha day quén va tir thdng moc
vong mét cuc cua nam cham khi khong cé dong dién stator
D, Wy SO ddi cuc va te do co rotor.
Khi dong co dung yén hodc ¢ téc do thap, bo qua w,,.
Phuong trinh dién ap duoc biéu dién:
) dig
Uy = Rsig +Lg—
e ()
dig
= Riig + 1L, d
2.2. Hiéu @ng bao hoa dién cam

Trong dong co SPMSM, do cau triic rotor 1a dang hudng
vé mat tir tro nén dién cam day quan trén hai truc dq 1a xap xi
nhau. Biéu nay gy ra kho khan cho viéc udc lugng vi tri.

2.2.1. Stator gan ngwong bio hoa

Diéu kién dong co gin ngudng bao hoa xay ra khi tir thong
¥ cuanam cham lam mat d6 tir thdng cta thép stator gan bién
gidi bao hoa. Do do6 tir truong stator trén truc d s€ c6 anh
huong lon dén dién cam L,. Trong Hinh 2, iy la dong dién
Kich tir twrong duong cua nam cham vinh ciru, ¥ la tir thdng
moéc vong twong dwong sinh ra bai nam cham. R& rang, néu
dong dién kich thich i, stator cung chiéu véi dong dién kich
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tir nam cham i, khi d6 dong dién kich thich tong 1a iy + i,.
Tir trudng tong duoc gia ting toi Y4, gay ra bdo hoa trén truc
d, dién cam L, giam xudng Lg;.

Wb

\Pl'l
¥, S35

'
[ saturation
'

Ynl-

!
' non-saturation
'

(A)

i-ig i gty
Hinh 2. Budng dac tinh cua tr truong trén truc d
Wb

Wy [

g} +ill \

———— _\fE——b saturation

Hinh 3. bic tinh cua tu truong trén truc q

Nguoc lai néu dong dién kich thich i, cua stator ngugc chiéu
véi dong dién kich tir nam cham i, thi dong dién kich thich
tong 1a iy — ig. Tir trudng téng giam xudng ¥, & viing khong
bao hoa, dién cam L, khong thay dbi hay L, = Lg. Do d6 co
thé thiy Ly, < Lgy = Lg.

Sy thay doi cuia tir truong trén truc q dugc biéu dién ¢ Hinh
3. Trén truc q khong xuat hién tir thong nam cham Y nén sy
thay ddi gia tri dién cam khi béo hoa L, dbi xting qua géc 0,
dodo Ly =Ly <Lg.

2.2.2. Stator xa ngwong bdo hoa

O mét s6 tng dung sir dung nam cham cé mat do tir du
thap, thép stator & xa ngudng bdo hoa. Lic nay, dé thu duoc
hiéu tmg bao hoa dién cam, dong dién kich thich phai l6n dé
sinh ra nhiéu tir thong hon. Truong hop nay duoc minh hoa
nhu Hinh 4. Khi dong dién kich thich i, cing chiéu véi i,
dong dién tong 1a iy +if, hién tuong bdo hoa trén truc d xay
ra, dién cam giam xudng Lg;. Tuy nhién khdng giéng nhu
trudng hop stator gan ngudng bdo hoa, khi iy nguoc chiéu i,
bién d6 iy 16n hon nhidu i nén dong dién tong —iy + iy
nguoc chiéu véi truc d va 1am truc d bi bio hoa theo huéng
nguoc lai, dién cam giam xudéng Ly, < Lg.

C6 thé thay ca hai dong dién kich thich theo hai huéng cua
truc d déu gay ra bao hoa va lam dién cam L, giam, tuy nhién
khi i, cung chiéu i; s& sinh ra tong tir thdng lén hon, do d6 cé
thé thay Ly, < Lgp < Lg.

3. Nguyén ly co bian cac phwong phap wéc
lwgng vi tri ban dau

3.1. Phwong phap Short pluses injection

Sau khi dat mot vector dién ap V; vao stator dong co trong
hé truc dgq nhu Hinh 5 thi dong dién phan héi i,,; dugc sinh ra.
Qua trinh xac 1ap ctua dong dién nay phu thudc chat ché vao
hang sb thoi gian L/R cua day quan. Tai suon xung xubng cua

Wb
Yy fe-es
\r non-saturation
me '
P\ @
Ip=lg s I i d\
H / saturation
F1¥e

Hinh 5. Quan hé truc dq thuc, vector dién ap V; va vector dong dién phan

héi i,_;
Vi!ivi
V.
Vil '
ivi—max / ivi
0 ty 4 ty

Hinh 6. Dang séng cua dién 4p dit va dong dién phan hdi

dién ap V;, thu duoc gia tri dong dién i,;_q, nhu Hinh 6.

Nhu di dé cap o trén, truc d nam cham 1a noi xay ra hién
tugng bdo hoa dién cam manh mé nhit bai c6 su xuét hién cua
tir thdng nam cham, trong khi truc g khdng c6 thanh phan nay.
Do @6, khi mét vector dién ap V; du 16n dugc dua vao triung
phuong va huéng véi truc d nam cham, hiéu ing bao hoa dién
cam & vi tri ndy xay ra manh mé nhat, dién cam L, nho nhét
va thu duoC gi tri iy;_mq, 16N Nhat.

Két qua 1a néu dwa 1an luot cac vector dién ap nbi tiép V; —
¥, c6 cling bién do va d6 rong xung, dong thoi do cac dap tng
dong dién twong Gng i,; thi ¢6 thé thu duoc vi tri truc d nam
cham tuong ung vi tri vector dién &p V; gay ra iy;_mqx 12 16N
nhat. Day chinh 1a nguyén 1y co ban ciia viéc udc lugng vi tri
ban dau theo phuong phap SPIL

3.2. Phwong phap High Frequency Injection
3.2.1. Nguyén ly ciia phwong phap

Quan hé gitra cac hé truc quay dq thuc, dq udc luong va
hé truc dimg yén ap duoc biéu dién nhu Hinh 7:
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Hinh 7. Quan hé gitta ba hé truc toa do

Trong d6 6, 6, A6 1a géc rotor thuyc, goc rotor udc lugng va
sai léch gitta goc udce lugng va goc thuc.

Khi dwa dién 4p cao tan vao stator, phuong trinh dién ap
(4) duoc biéu dién:

Ugn = Lg ar
a, (5)
tan = La g

Trong d6 Ugp, Ugn, Lan, ign 12 diéN &p va dong dién cao tan
trén hé dg
Tin hiéu dién &p cao tan dugc dwa vao hé dg udc luong
c6 dang:
Zdh : (l)]hCOS (wpt) (6)
qh
Véi Uy, wy, 12 bién d6, tan s6 cua dién &p cao tan
Theo Hinh 7, quan hé gitra cac dai lugng trén truc dq thuc
va dq udce luong:
fd] _ [ cosAB sinAf fa
fq —sinA8  cosABl|f,

Thuc hién chuyén toa do, dién ap cao tan trén truc dq thyc:

(")

Ugp, = Uy cos(wyt) cosAB

Ugn = — Uy cos(wpt) sinAb (8)
Dong dién cao tan trén truc dgq thuc:
Uy, sin(wyt) cosAO
lan = wnlLy
] —Uy, sin(wpt) sinAf ©)
fan = wyLyg

Thuc hién chuyén toa do, dong dién cao tan phan hdi thu
dugc trén hé dg wdc luong c6 dang

idh = Sin(wht)[ia,,g + idifCOS (ZAQ)]

10
tgn = sin(wpt)[igissin (240)] (10)
Véi:
i Unltgtla) o Un(lq=La)
W9 T 2wpLalq T W T 2wpLglg

lsin(wht)
Sy s LpR % pr S

Hinh 8. Quy trinh xir ly tin hiéu

. ~Winding
_ /- Permanent magnet

Hinh 9. Cu trac dong co
Tir phuong trinh (10) ¢6 thé thay dong dién phan hdi i4y,
ludn ludn cé thanh phan khong phu thudc vao sai sb vi tri A6.
Nguoc lai dong dién i, chi c6 thanh phan mang thong tin sai
s vi tri AB. RO rang néu AG = 0, dong dién i,, = 0. Pay la
nguyén ly caa phuong phap High Frequency Injection.

3.2.2. Udc luwong vi tri

Quy trinh xtt ly tin hiéu dwa ra vi tri wéc luong & nhu Hinh
8. Pau tién, tach riéng thanh phan mang sai s6 vi tri A8 va tin
hiéu cao tan sin(wpt):
’l\thin((l)ht)

_lgipsin (240)[1 — cos (2wpt)] (11)

2
C6 thé thay rang, thanh phan mang sai s6 vi tri £(A0) la
thanh phan mot chiéu néu sai s6 nay khong thay d6i. Thanh
phan con lai 1a thanh phan cao tan c6 tan s6 2wy,. Do d6 thanh
phan mang sai s6 vi tri £(A6) d& dang duoc l4y ra bai bo loc
thong thap LPF (Low Pass Filter).

£(00) = LPF (iqhsin(wht))
1q:
=L sin (246)

Sau d6 bo diéu khién PI diéu chinh £(A8) = 0 va thu duoc
goc ude lugng 8. DE thay rang do thanh phan nay 1a ham cua
sin (2A0) nén khi £(A@) = 0 gia tri A8 c6 thé hoi tu vé bdn
diém la 0,%,71, 37” Tuy nhién chi c6 hai diém 6n dinh 140,
[8], do d6 budc xac dinh cuc tinh s& cho biét chinh xac géc
AG =0 hay A6 = 1.

(12)

4. Pic diém thiét ké va thuit toan wéce lwong vi
tri ban dau dong co SPMSM

4.1. Pic diém dong co thi nghiém

bong co ap dung udc luong vi tri 1a dong co st dung cho
quat tran dan dung rotor ngodi 12 ranh/16 cuc. Pong co nay
dugc md hinh héa dé dwa vao méd phong trong Matlab
Simulink va Ansys Maxwell. Hinh 9 la ciu tric cua 1/4 dong
co, ddc diém théng sé cia n6 dugc thé hién trong Bang 1.

Tir bang s6 ligu, dic tinh BH cua thép & Hinh 10 va mat do
tir thong khong tai ciia dong co & Hinh 11 ¢ thé thay:

Bang 1. Thong s6 dong co

| Tham s6 |D0n Vi| Gia tri |
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Téc do dinh mirc (w,) V/p | 300,0
Dién 4p dinh muc pha (U,) \Y% 55,0
Dong dién pha dinh muc (I,,) A 0,36
bién cam truc d (Ly) mH | 281,7
bi¢n cam truc q (L,) mH | 279,7

Mat do tir duw nam cham (B,) T 0,4

Chiéu dai stator (L,,) mm | 14,0
Chiéu dai rotor (L,) mm | 20,0
Momen quan tinh ciahé (3)  |kg.m?| 2,0
1.50
<7 138 |
1.25
?1.30
g
m 0.75
0507
0.25
0.00
0.00 2000,00 400000 £000,00 8000.00
| H (A per mB‘ﬂﬂ

Hinh 10. buong cong BH cua thép stator

Hinh 11. Mat d6 tir thong trén stator khi day quén stator khéng mang dong
dién (m6 phong bai 3D FEM Ansys Maxwell)

Do mat d¢ tir du ctia nam cham thap (0.4T) nén mat do tir
théng cua thép stator khi khong tai (trung binh <1T, nhiing
diém cuc bo trén bé mat c6 thé bé qua) nho hon nhidu so véi
diém b&o hoa cua thép (1.38T). Pic diém nay chinh 1a diém
khéc biét so véi [8] va [13] (doi hoi thép phai ¢ bién gidi bao
hoa) khién thiét ké dong co nay thuc té hon.

Do d6 dé c6 duoc hiéu g bio hoa dién cam rd rét, dong
dién dat vao day quan stator phai lon. Ngoai ra, thoi gian cap
tin hiéu mot chiéu DC dé tao ra hiéu ung bao hoa dién cam,
hay thoi gian u6c lugng phai di nhanh dé dam bao rotor bi
dich chuyén it nhit. Tuy nhién, do dic diém hé théng c6
momen quén tinh I6n nén phan nao giam thiéu duoc hién
tuong rotor dich chuyén.

Su bién déi dién cam L, L, ciia dong co bai hidu (g bao
hoa dién cam (dong dién truc d va truc q khao sat tir -4A dén
4A) dugc thé hién nhu Hinh 12. Tir két qua md phong c6 thé

thdy, khi ap dit dong dién kich thich I, va I, , hiéu tng bdo
hoa di¢n cam xay ra:

Trong Hinh 12a, hiéu tng nay di2n ra manh mé nhét khi
iq cung huéng vei tir thong nam cham (i, = 0), di¢n cam
Lg1—min = 116,8 mH. Ngugc lai, khi iy nguoc hudng, dién
¢am Lgy—min = 152,7 mH. C6 thé thy hiéu tng nay xay ra
tuong tng v6i Hinh 4 do tir théng nam cham sinh ra nho, diém
hoat dong cua thép & xa diém bao hoa.

Trong Hinh 12b, hiéu tng nay dién ra trong wng véi Hinh
3. Khi iy = 0, dign cam L, bién déi ddi xtng theo dong dign
ig, dién cam Lgi_min = Lgz—min = 131,5 mH . Khi stator
khong tai, dién cam L, va L, xap xi nhau ( ~ 280mH).
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Hinh 12. Bién déi dién cam trén hé dq theo dong dién kich thich md phong
boi 3D FEM Ansys Maxwell (a) dién cam L (b) dién cam L,

4.2. Thuét toan thuc hién wée lwong vi tri

Luu d6 thyc hién thuat toan uée lwong vi tri duoc biéu dién
& Hinh 13.

4.2.1. Uéc lwgng vi tri sector chiva vector truc d bang Short
Dpluses injection

4 sector trong khong gian tao boi 4 vector diénap V; — V,
nhu Hinh 14. Pua 4 vector V; — V,, twong tmg c¢6 d6 16n Uy =
80V,U,; = 0V vao stator dong co lan luot theo thu ty tir 1-4,
mdi vector cach nhau 90°. Mdi vector dugc dua vao trong
15mS, sau do IGBT néi dién tro véi day quan dé dua dong
dién vé 0 trong vong 1mS rdi méi dua vao vector tiép theo.
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Dong dién phan hdi trén truc cua cac vector nay thu duoc tai
thoi diém 15mS c6 gia tri twong NG 13 iy —max — lva—max-
Truong hop 1: Vector d caa nam chadm nam hoan toan
trong cac sector (khéng trang véi céc vector V; — 17,). Hinh
14a, vector d nam trong sector 1. Theo hiéu ng bio hoa dién
cam thi ludén thu dwoc hai gid tri I, _maxr Tpz—mayx 16N Nhét
(c6 thé bang nhau khi truc d & 45°) twong ung trén hai truc
cua vector V;, V. Do d6, vector truc d nam trong sector tao
bai hai vector nay. Hinh 15 thé hién két qua mé phong su thay
ddi dién cam Lg;, Lg; theo cac vector V; khi truc d & vi tri 30°.

Bua vio stator
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Tinh toan 4 dong dién
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Hinh 14. Céc truong hop cta vector d trong cac sector

Trudng hop 2: vector d ciia nam cham trung véi mét trong
cac vector V; — V,. Trong Hinh 14b, vector d trung véi vector
V. Két qua 1a thu duoc ba dong dién c6 bién do lon nhat gay
boi Vi, Vs, V. Trong d6 Lyi—max > lz—max = Ipa—max 0O
dién cdm Lg; < Lgz = Lgs. Vi tri w6c lwong cua vector d
tring véi vector V;. Sy thay doi dién cam Lg;, Lg; theo cac
vector V; duoc thé hién & Hinh 16.

4.2.2. Uéc lwong vi tri chinh xdc béi High frequency
injection

Sau khi c6 duoc thdng tin sector chira vector d cua nam
cham. Pua mét vector Vs (bién do giong vai V;) nam chinh
giita sector d6 dé gy bdo hoa dién cam tao chénh léch Ly, L.

Vi du nhu trong Hinh 17, vi tri vector d nim trong sector
1, vector Vs nam & vj tri 45° hay%dé dam bao sy chénh léch
Lg, Ly duoc tao rangay ca khi vector d nam gan vector V; hay
Ia vector V.

Khi do, tiép tuc dua vao hé dq tin hiéu cao tan:

ﬁdh = UhCOS ((,l)ht)

ﬁqh =0 (13)

Dong dién phan hoi 14, sau khi qua bo loc thong thap chi chira

thong tin sai s6 vi tri A8, sai s6 nay dugc diéu chinh vé 0 boi

bo diéu khién PI, khi d6 gi tri goc 8 udce lugng chinh xéac &

dau ra bo P1. Gia tri ban dau cua khau tich phan trong bo diéu

khién PI duoc dit |a gia tri vi tri cia vector Vs thay vi dat bang

0. Viéc nay nham dam bao géc 8 léch véi 6 ludn nho hon 45°.
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Hinh 15. Bign cam Lg; (cam), Lg;(xanh duong) gay boi vector V; — V.
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Hinh 16. Bign cam Lg; (cam), Lg;(xanh duong) gay boi vector Vy — V.

Tém lai, quéa trinh wéc lugng vi tri ban dau cua rotor
dugcthyc hién theo hai giai doan. Giai doan 1, vi tri sector
chtra vector d ciia nam cham dugc tinh toan bai Short Pulses
Injection. Giai doan 2, thuc hién dua vector dién ap Vs (vi tri
ctia vector nay nam chinh giira sector chira vector d da xac
dinh & giai doan trudc) vao stator dong co gy ra sy chénh
léch dang ké Ly, L. Khi d6 udc lugng chinh x4c vi tri rotor d
uoc thuc hién theo High Frequency Injection.

5. Kétqua

5.1. Két qua wée lwgng vi tri sector chira vector d nam
cham béi Short pulses injection

Thuc hién wéc luong vi tri sector chara vector d nam cham
bang cach dua 4 xung V; — V,. Dang song cac dong dién phan
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héi I,, — I,,, d6i vai vi tri rotor & 30°duoc thé hién & Hinh 18.
C6 thé thay dong dién I, va I3 co bién do 16n nhat (I; 16n
hon do vector d nam gan véi vector V; hon V), do d6 vector
d nam cham nam giira V5 va V; trong sector 1.

Dang soéng cac dong dién phan hoi I,,; — I, khi vector d cua
nam cham & vi tri 0° duoc biéu dién ¢ Hinh 19.

Hinh 19 cho thay dong dién I,,; c6 bién do 16n nhét, trong khi
d6 I3 va I, c6 bién o bang nhau, 16n hon dong dién con lai.
Do d6 vector d nam cham tring véi vector V;. Két qua céc
dong dién phan hoi d6i véi cac vi tri khac cua vector d déu
phi hop véi ly thuyét da dugc dé cap ¢ phan trén.

Hinh 17. Vi tri vector V.

2
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Hinh 18. Dang song cac dong dién phan hdi I,,; — I,,4 khi rotor & 30°

Tuy nhién, sy khéc nhau cua cac dong dién phan hoi 1a kha
nhé do sy dong gop tir thdng trén truc d ciia nam cham it. Diéu
nay gay ra hiéu ung bao hoa dién cam khong rd rét (dién cam
thay di trén truc d theo cic vector dién ap la nho khi céc
vector ndy di chiéu). Do d6 can c6 cam bién dong dién c6 do
phén giai cao.

5.2. Két qua wée lwong vi tri chinh xac béi High
frequency injection

Sau khi c6 duoc théng tin vi tri sector chira vector d cua
nam cham, udc luwgng Vi tri chinh xac duwoc thuc hién boi
phwong phap High Frequency Injection. So dd md phong
Matlab duoc thé hién & Hinh 20.

Vector Vs dugc dua vao stator dé tao ra chénh léch L, Lq
bai khdi “V5 Injection”. Vi tri cua vector Vs ciing nhu gia tri
ban dau cua khau tich phan trong khéi ESTIMATION dugc
ldy & chinh giita Sector chira vector d ciia nam cham thuc hién
& giai doan thir nhit.

Tin hiéu cao tan dugc dua vao truc d ude lwong bai khdi
“High Frequency signal” c6 bién d6 a 10V, tan sb 500Hz. Vé
co ban, gia tri bién do tin hiéu nay cang cao thi dong dién phan
héi cang 16n, thuan tién cho viéc do dac va xu ly. Tuy nhién,
momen dién tir sinh ra ciing 16n theo lam cho rotor bi dich
chuyén cang nhiéu. Tan sé cua tin hiéu ciing tuong tu, gia tri
tan sb cang Ion, thoi gian dap tmg cua dong dién phan hoi cang
nhanh tuy nhién, tan sé tin hiéu qué 16n lai tré nén khdng thuc
té voi cac bo bién tan hién nay.

Két qua ddi véi vi tri vector d & 85° va 95" twong ng Véi
hai sector 1 va 2 dugc thé hién & Hinh 21.
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Hinh 21. Két qua wdc luong vi tri rotor (@ thuc -nét lién; 8 udc luong -
nét dit) (a) tai 85° va (b) tai 95°

Hinh 21a cho thiy goc 8 uéc luong hoi tu vé 6 thuc sau
0,06s, sai 6 vi tri ~ 0,23°. Tai 0,1s sai s6 tang 1én ~ 0,43"do
rotor bi dich chuyén 2,25 boi vector V. Hinh 18b cho thay
su thay d6i twong tu 18a, sau 0,06s goc 8 hoi tu vé 6 thuc, sai
s vi tri ~ 0,12°. Tai 0,1s sai s6 giita hai dai lwong nay
~ 0,41° . Do d6 c6 thé chip nhan ding thuat toan tai 0,06s va
dua ra két qua.

Céc két qua ddi véi cac goc 6 khac ciing cho thiy diéu nay.
Vi vi tri ban dau khau PI dwoc dit & chinh giita sector chira
vector d nén tinh chat u6c lwong cua cac sector la giéng nhau.
Do d6, trong bai bao nay chi trinh bay két qua cudi cing so
sanh giira @ v6i 6 & cac vi tri khac nhau trong sector 1 va dugc
minh hoa bai Hinh 22. Hinh 22 cho thay, khi vi tri géc 6 cang
gan vi tri chinh giita sector 1 thi sai s6 u6c lugng gitra goc 0
thuc va goc 8 ude lwong cang nho. Nguoc lai thi sai s6 wéc
lwong cang 16n khi goc @ xa diém nay do vi tri rotor dich
chuyén do dong dién gay bai vector Vs va bo didu khién PI
phan &ng cham. Do d0, c6 thé str dung céac bo diéu khién khéc
dap ng tét hon véi sy dich chuyén cua rotor.

5.3. Tong hop két qua hai giai doan caa thuit toan wéc
lwgng

Thai gian thuc hién Short Pulses Injection 1a x4p xi 0,06s,
thoi gian thuc hién High Frequency Injection 1a 0,06s. Téong
thoi gian dé thuc hién ca hai giai doan 1a xap xi 0,12s, sai s6
I6n nhét 1a nho hon 0,25°. So sanh vai [13] sai s6 goc rotor
ban dau nho hon 7,5 1an (1,875"). Hon nira khi so séanh véi
cac nghién ctru khac, diéu kién khét khe 4 stator phai & bién
gidi bdo hoa khi khong c6 dong dién trong day quan ciing
khong can dat dugc. Pay 1a diém mau chdt 1am cho phuong
phap dé xuat trg nén thyc té hon.

6. Kétluin

Bai bao nay da trinh bay phuong phap wéc luong vi tri ban
déu cua rotor trong dong co ddng bd nam cham vinh ciru gin
trén b& mat (ng dung trong quat tran. Pau tién bai bao d trinh
bdy m6 hinh dong co va nguyén 1y co ban cua hai phuong
phap uéc lugng vi tri ban dau 1a Short Pulses Injection va High
Frequency Injection. Tiép theo, bai bao dé xuat phuong phap
tich hop hai phuong phap trén. Pong thoi phén tich cac dic

diém cua dong co mau, von c¢6 dic tinh khong thuan loi cho
viéc udc lugng theo mét trong hai phuong phap da néu. Cac
dic diém d6 chinh la dién cam truc d va truc g xap xi nhau va
mat d tir thong do nam cham gay ra trén ring stator & xa diém
béo hoa.

Sau d6, mo6 phong phuong phap dua trén mé hinh héa dong
co mau trong MATLAB SIMULINK dugc thuc hién. Cac két
qua md phong cho thay, qué trinh thuc hién SHORT PULSES
INJECTION cho két qua chinh xac dé xac dinh vi tri cua
sector chua truc d nam cham. Tuy nhién, do tir théng do nam
ch&m sinh ra nhé nén hiéu ing bao hoa dién cam trén truc d
xay ra khdng rd rét (dién cam thay ddi trén truc d theo céac
vector dién ap 1a nho khi cac vector nay dbi chiéu). Biéu nay
lam cho cac dong dién phan hdi twong ng véi cac vector dién
ap dua vao khac nhau khong 16n. Do d6 can c6 cam bién dong
dién c6 d6 phan giai cao.
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Hinh 22. Két qua u6c luong vi tri véi géc 0 tir 5° dén 85°

O giai doan thir hai, thuc hién High Frequency Injection,
tuy sai s6 vi tri thuc va ude lugng la nho va thuat toan két thic
sau 0,06s nhung bo diéu khién PI chua dwa duoc sai s6 xac
lap. Piéu ndy xay ra la do vi tri rotor thay ddi trong qua trinh
udce luong khi phai dua vector dién 4p vao stator gay ra su
chénh léch Ly,. Tuy nhién sai sé van duoc cai thién dang ké
S0 véi cac nghién ctru trude. D& xuat st dung bo diéu khién
khéac c6 thé thich nghi tét hon véi sy thay d6i mo hinh nhu b
diéu khién thich nghi (MRAS). Quan trong nhat, bai bao da
giai quyét hai dac diém cua dong co mau gay kho khin cho
Viéc udc lugng.
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