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Tém tat:

Pong co tir trd (SRM) la loai déng co diéu chinh t6c dd dugc phat trién trong nhitng ndm gan day.
NG cd két cdu dan gian, rotor khdng cé day quan hay nam chdm vinh ctru, dé 1dm mét, kha ndng gia
téc 16n, hiéu sudt cao; dudgc ’ng dung nhiéu trong thiét bi do dac, xe dién, thiét bi gia dung... Su
bién thién cla dién cam la nguyén téc chinh sinh ra mémen clia ddng cd SRM. Nghién clru nay tap
trung phan tich, tinh toan dién cdm va phan tich cac bac séng hai dién cam khi géc cuc rotor thay
doi dé tir d6 o thé danh gid so bd cac bac séng hai ciia mémen. Md hinh toan clia SRM dugc xay
dung trén Matlab/Simulink. Viéc tinh toan giai tich, phan tich dién cam, séng hai dién cam thuc trén
Matlab két hgp cung vdi phan tich FEM trén phan mém Motor Cad. K&t qua nghién clu la co sd gitp
ich cho nha thiét ké dién tir SRM c6 nhirng diéu chinh, lua chon gdc cuc rotor phu hgp véi ting két
cdu SRM nham t&i thi€u hda d6 nhap nhé mémen.

T khoa:
Dién cam, dong co tir trd, d6 nhap nhd moémen, goéc cuc rotor, mémen, song hai dién cam, séng hai
momen.

Abstract:

Switched reluctance motor (SRM) is speed regulation motor developed in recent years. It has simple
structure, not windings or permanent magnets in the rotor; easy to cool, large acceleration capacity,
high efficiency; widely applied in instrumentation, electric vehicles, home appliances,.... Variation of
inductance is the main principle of generation torque of SRM. This paper focuses on analyzing,
calculating inductance and harmonic inductance orders of inductance of SRM with changing pole arc
rotor and it is possible to preliminary evaluate the harmonics torque. The developed mathematical
model is implemented in Matlab/Simulink environment. The analytical calculation, inductance
analysis, harmonics inductance by Matlab, then FEM analysis by Motor Cad software. The result is
the basis for the desginer to has some adjustments and reeasonable choices for the pole arc rotor of
SRM structure to minimum the torque ripple.

Keywords:

Inductance, Switched reluctance motor, torque ripple, pole arc rotor, Torque, Harmonics inductance,
Harmonics torque.
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1. GIOI THIEU CHUNG

Cung véi su phét trién manh mé vé dién
tr ¢Ong suat, ngdy nay dong co tir tré
(SRM) la mét trong nhitng dong co dang
duoc tng dung trong nhiéu linh vuc céng
nghiép va sinh hoat boi nhiéu vu diém
nhu 1am viéc & dai tbc d6 cao, hiéu suit
cao, khdng can bao tri, chi phi ché tao
thip. Tuy nhién dong co SRM c6 nhuoc
diém 13 d6 nhap nhé moémen cao, do rung
6n 16n. Do vay khi tinh toan thiét ké dién
tir cho SRM can phai c6 c4c giai phap dé
t6i thiéu hoa d6 nhap nhd mémen va tiéng
on cho dong co. Mdmen cua dong co
SRM dugc sinh ra dua trén su bién thién
cua dién cam theo dong dién va vi tri goc
quay rotor. PO Ion cua dién cam quyét
dinh rat 16n dén mémen cua SRM. Viéc
tinh toan, phan tich dién cam la budc
quan trong trong tinh toan thiét ké téi wu
dé giam do nhap nhd mémen cho SRM
[1], [2]. CO céc nghién cau nghién cuu
dang chu y nhu: Tinh toan dién cam cho
dong co SRM két cau 8/6 [3], SRM 4/2
[4]. Gia tri dién cam tai moi vi tri géc
quay cua rotor cling phu thudc vao d6 lon
cua goc cuc stator, goc cuc rotor [5], [6],
[71, [8], [9], [10]. Trong nghién ctu nay,
tac gia dé xuit phwong phap phan tich,
tinh di¢n cam theo vi tri goc quay cua
rotor; cac song hai dién cam khi goc cuc
rotor thay doi.

2. MO HINH TOAN CUA PONG CO
SRM TREN MATLAB/SIMULINK

DPong co SRM c6 nhiéu loai ciu tric khac
nhau vé sé cuc stator, sé cuc rotor. SRM
dugc xét dén trong nghién ctu nay la
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SRM 6/4. Bong co tir tr6 SRM ba pha 6/4
dugc tinh toan thiét ké so bo theo [1]. Ta
duoc cac thong s cua dong co nhu trong
Bang 1.

Bang 1. Théng sé dong co SRM

Thong s6 Gia tri Pon vi
S6 cuc stator/rotor 12/8
Géc cuc stator 15°
GOAc cuc rotor 18°
Khe hé khéng khi 0,3 mm
buong kinh ngoai 138 mm
stator
buong kinh trong 90 mm
stator
buong kinh ngoai 89,4 mm
rotor
Puong kinh truc 25 mm
Bé day gong stator 12 mm
Bé day gong rotor 12 mm
Chiéu dai dong co 84 mm
S6 vong day/1 cuc 12 mm
Dién ap nguon 64 VvDC
Budc cuc stator 30°
Budc cuc rotor 45°
Vit lieu M19 24G
Cong suat 1,5 kW
Téc do 1500 | Vong/pht

M® hinh toan hoc cua dong co duoc xay
dung la cic phuong trinh dién ap, tu
thdng va mdmen trén cac pha day quén
cua dong co. Véi két cau 12 cyc stator, 8
cuc rotor nén dugc chia lam ba pha day
quan, mdi pha c6 4 cuc stator.

Phuong trinh can bang dién &p trén mot
pha day quin cua dong co SRM duoc
biéu dién nhu trong biéu thuc (1) [1, 2]:
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1)

Trong do6: v 1a dién ap trén mot pha day
quan; i 1a dong dién trén mot pha day
quan;

Rs dién tro cia mot pha day quéan; A 1a tir
thong trén mot pha day quan; 0 1 vi tri
goc rotor.

Tir thong trén mdi pha day quan l1a [1]:
26,1) = L(8,1)i ()
Phuong trinh dién ap duogc viét lai 1a:

dA0,)) di dA(6,i) do
di dt do  dt (3)

Ri+L(,) I 492 dO.D
dt dt do

v=Rii+

M®& hinh ba pha cua dong co 1a 3 phuong
trinh dién mot pha ghép lai:

v, = Rj, + 3%
dt

v, =Rj, + 3% (4)
dt

v, =Rj, + 3%
dt

Trong d6 tir thdng trén mdi pha day quan
c6 tinh dén hd cam la:

A, =L, (6,i,)i, + M (0,1, )i, + M (6.i,)i,

Mab, Mg 1a hd cam do cudn day pha B,
pha C tac dong Ién cuon day pha A.

Mpa, Mpe 12 hd cam do cudn day pha A,
pha C tac dong 1én cuon day pha B.

Mca, Mgy 12 hd cam do cuon day pha A,
pha B tac dong 1én cuon day pha C.

ia, Ip, ic 12 dong dién chay qua cuon day
pha A, pha B, pha C.

Tu moO hinh todn & trén, ta xdy dung
moé hinh mét pha (Hinh 1) cia SRM
trude sau d6 két hop ba mé hinh mét pha
dé tao thanh mo hinh ba pha cho dong co

(Hinh 2).
Torque A ._. l
Psi_af—sf
Lo —¢eie
Phase A -—' +
Tb
Vol:ag e E
Phase B e
Te
Psi c E
B
Phase C
E -,
B—

Hinh 1. M6 hinh ba pha ctia SRM

j"u :Lb(aiib)ib+Mba(9'ia)ia+Mbc (elic)ic (5) Tor::.l E -__ .,
j’c :Lc (e’ ic)ic+Mcb (9’ ib)ib+Mca(91 ia)ia " ' thlr_)qe * Torque
Phase A -—’ +
T do: "
rong do \M:“ e st
Va, Vb, V¢ la dién ap dat vao pha A, pha B, Phese B E—o
pha C. ™ B
Ae, M, Ae I3 tir thong lién két trén cac pha NS
A, B, C. - = -
La, Lp, Lc 1a dién cam cua pha A, pha B,
pha C. Hinh 2. Md hinh ba pha cia SRM
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3. PHAN TiCH BPIEN CAM KHI GOC
CUC ROTOR THAY PO

MoOmen cia dong co SRM dugc tao ra
trén nguyén tac tir tro tdi thiéu. Su bién
thién cua dién cam theo vi tri gbc quay
rotor s¢€ sinh ra mémen [1]:

lad

2 dé
Khi dién cam L bién thién theo chiéu
duong (dL/d6 > 0) thi phat sinh mdmen
duong (ché do dong co). Khi dién cam
bién thién theo chiéu am (dL/d0 < 0) thi
phat sinh mdmen am (ché do may phét)
nhu Hinh 3.

T (6)

II Stator

Béng co

0 & & &
May phit

Hinh 3. Biéu dién dién cam theo vi tri géc rotor
va nguyén ly phéat sinh mémen [1]

Xét su tuyén tinh cua dién cam thi dic
tinh caa dién cam L theo sy thay d6i vi tri
goc quay rotor 0 nhu Hinh 3. Bién cam
dugc chia thanh 4 vang: vung 1 1a tir vi tri
goc 01 dén 0,, ving 2 1a 0,403, ving 3:
03+04, vung 4: 04+0s5; va sau do dién cam
L I3p lai chu ky véi chu ky IZV—" [1, 2, 5].
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L

1 Vi tri géc quay rotor
Hinh 3. Bac tinh dién cam theo vi tri goc rotor
bién cam cuc dai Lnax la gia tri dién cam
tai vi tri ddng truc hoan toan va dién cam
cuc tiéu Lmin 12 gid tri dién cam tai vi tri

léch truc hoan toan.
Céc vi tri goc quay 6 cua rotor dugc tinh
nhu sau [1]:

T P+ P
N, 2
B =B
0,=0+f, =~
N, 2 (7)
ﬂr_ﬂs

T
0,=0,+(B —B)=—+ 0 L5
3 2 (ﬁr ﬁs) N 2

7[ |'+ S .
04:93+ﬂ5:N_+%'

2
0.=0,+6 =
5 4 1 N

r

Trong do6: N, la s6 cyc rotor; B, 1a goc cuc
rotor; s la goc cuc stator.

T déc tinh dién cam co thé viét biéu thirc
tinh dién cam L(0) nhu biéu thirc 8:

L 0<0<6,
Ly — Lo T B+B
Zmax ~ “min | g L s |y 6,<6<6,
- [ {N, u D L <0<,
L(0) =1 Lyue 0r<0<6,
b mbwin (o | 7 BB +L, 6,<6<9,
ﬁs N' 2
2
! 6,<0<—
Loin 4 N,
(8)

Cac gia tri Lmax; Lmin dugc tinh toan tir mo
hinh toan trén Matlab. Cac gia tri Lmax,
Lmin duoc tinh (tng véi cac goc cuc rotor
tir 16° dén 21° nhur trong Bang 2.
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Bang 2. Két qua tinh toan Lmax Lmin
khi géc cwe rotor thay déi

Br 16° 17° 18° 19° 20° 21°

Lmax

(el | 1434

1,480 | 1,504 | 1,545 1,570 | 1,584

Lmin

(mH) 0,215

0,218 | 0,229 | 0,238 | 0,246 | 0,254

Khi xét sy phi tuyén cua dién cam la xét
dén cac song hai dién cam. Sy hinh thanh
cac song dién cam nay 1a yéu t6 tao nén
cac song hai mémen.

Dé co thé xem xét dugc bién do cac séng
hai dién cam can phan tich biéu thuc dién
cam L dudi dang chudi Fourier nhu biéu
thuc 8:

L(0) :%+ZN_:[Ln.cos(nN,9+%)] ©

Trong dé: Lo 1a dién cam bac nhat, la
thanh phan co ban tao nén gia tri dién cam
sinh ra mémen cho dong co; L, la cac
thanh phan dién cam bac cao, 1a thanh
phan tao nén céc soéng hai cua cua
momen. Cac gia tri Lo va L, duogc tinh
nhu sau:
L, =M”jN' L(6)d6

z 0
o, o 2z/N,

L(e)d9+0fL(9)de+j L(©)do+[L@O)do+ [ L©O)do
o

0, A 0,

_Ne

T

cr—=

— Lmax'Nr‘ﬂr + Lmin (2”_ Nrﬂr)
N VA /4

(10)
27IN,

N, j L(e)cos(n.Nrm%)de (11)
0

L =—t
T
o
N j L(a)cos(n.Nr.e+ﬁ)d9+
Ty 3

N % N2z
+r j L(#)cos(n.N,.0+—=2)d6
Ty 3

N % n.2z
= j L(&)cos(n.N,.0+—==)d6
T, 3

N n.2z
+—r j L(#)cos(n.N,.0 +—==)d@
T, 3

27N,

N
)
n.2z

_(_ n4(Lmax_Lmin) ; l ad
=(-1 —nz-ﬂ'Nr-ﬂs 5|n(2nN,ﬁ,+ 3 )

.1 n.2z
xsin(=nN +—
(2 B 3 )

L(&)cos(n.N,.0 + %)de

4(Lmax — I‘min)

= nZzN g,

{cos(nNr #—cos(nNr %)}

Tir su phan tich dién cam & trén cho thay
thong sé goc cuc stator Bs va rotor B, 1a
nhiing thdng s6 quyét dinh chinh dén bién
d6 céac song hai cua dién cam. Mat khac
mémen sinh ra trén co s& bién thién cua
dién cam theo vi tri gbc quay cua rotor.
Do vay c6 thé danh gia su thay doi cua
momen khi thay d6i goc cyc stator, rotor
trén co sé sy thay doi cua dién cam theo
goc cuc stator, rotor. Vi dong co SRM
12/8, dong dién | = 20 A ta tinh toan dugc
gia tri cac thanh phan song hai dién cam
nhu Hinh 6.

Két qua Hinh 6 cho thdy dién cam bac
mét 16n nhat, 1a thanh phan chinh tao nén
momen chinh cho dong co. Céac thanh
phan bac hai (L), bac ba (Ls), bac 4
(L4)... 1a thanh phan cac song hai bac cao
gay nén soéng hai bac cao cho mémen.
Trong c4c thanh phan song hai dién cam

16
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thi ta thay song hai bac 3 va bac 6 1a cac

thong tai khe ho khdng khi 16n nhat 1a

song hai c¢o bién do 16n hon ca. Do vay
can tinh toan lya chon goc cuc rotor dé
triét tiéu duoc cac séng hai bac 3, bac 6
nay l1a chi yéu. Theo két qua phén tich
Fourier, théng s6 goc cuc stator va rotor
anh huong 16n téi song hai dién cam cua
SRM. Do vay c6 thé dua ra dinh huéng
lya chon gdc cuc stator va rotor dé han
ché séng hai bac cao ctia mémen.
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Hinh 6. Két qua tinh toan cac gia tri Ln

4. KET QUA MO PHONG

M® hinh 2D cia SRM duoc xay dung trén
Motor Cad nhu Hinh 7. Va két qua phan
tich FEM c0 tur thong nhu Hinh 8.

e 5 AN

[ |
e 99
*s®

Hinh 7. M6 hinh 2D SRM 12/8

Mat do tir thong tai khe ho khdng khi 16n
nhat khi cuc rotor hoan toan trung khép
vGi cuc stator. Trén Hinh 8, mat do tu

1,94T.

1.941
1.747
1,553

1.359

0.194

0.000

Hinh 8. Mat d tir thong SRM 12/8 v&i Bs=15°,
Br=18°

Khi mat do tir théng tai khe hé khéng khi
Ién nhat thi dién cam s& dat cuc dai Limay.
Mat do tur théng tai khe ho khéng khi nho
nhat khi cuc rotor va cuc stator Iéch truc
hoan toan, khi d6 dién cam s€ cd gia tri
nho nhat L.

Két qua phan tich cac séng hai cua
moémen khi thay dbi goc cuc rotor nhu
Hinh 9, 10, 11.

Két qua Hinh 9, 10, 11 cho thay cac song
hai caa SRM 12/8 chu yéu la cac séng hai
bac 3, 6, 9. Két qua nay tuong dong véi
két qua phan tich dién cam & trén. Va bién
d6 cac song hai nay ciing c6 sy bién doi
I6n khi thay d6i goc cuc rotor. Khi goc
cyc rotor ting dan dén khi 16n hon goc
cuc stator thi bién d6 cac song hai giam
mot cach phi tuyén. Két qua ang véi goc
cuc stator Bs=15° va goc cuc rotor fr=18°
thi bién do séng hai bac 3, 6 1a nho nhét.
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Hinh 9. Bién dé va goc pha cac séng hai mémen véi Bs=15°, Br=16°
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Hinh 10. Bién dé va goc pha cac séng hai mémen véi Bs = 15°, Br= 18°

L |

Hinh 11

-

Mémen trung binh (Nup
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r 5
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Tomring.
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. Bién dé va géc pha cac séng hai mémen v&i Bs = 15°, Br= 20°

A VAL

—a— Phan tich FEM

—a— Gidi tich

[u] 30 =) a0 120 130 180 210 240 270 300 330 240

Vi tvi goc rotor (° )

Hinh 12. M6men theo vi tri géc cwc rotor véi Bs=1 5°, BR=18°
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Két qua dic tinh caa mémen trung binh
theo vi tri géc cuc rotor nhu Hinh 12.

Nhu vay dac tinh mémen trung binh theo
vi tri gdc rotor khi tinh toan giai tich ddng
dang vai dac tinh mémen trung binh khi
phan tich FEM.

5. KET LUAN

Tinh toan phan tich dién cam, cac song
hai dién cam theo su thay ddi goc cuc
rotor da dugc tinh todn va phan tich
moémen trén co s& tinh todn cac gia tri
dién cam khi thay d6i goc cuc rotor. Goc
cuc rotor 1a théng sb chinh quyét dinh sé

(ISSN: 1859 - 4557)

bac s6ng hai cta dién cam va momen.
Thay dbi d6 16n g6c cuc cua rotor thi dién
cam thay ddi va bién do cac bac séng hai
dién cam ciing thay di theo dan dén hinh
thanh cac bac song hai cia mémen va
thay d6i bién do caa séng hai mémen theo
géc cuc rotor. Cc bac song hai cha yéu la
boi cua 3: bac 3, 6, 9. Vai goc cuc rotor
thay doi tir 15° dén 21° thi chi c6 trudng
hop gdc cuc rotor 18° thi c6 bién do séng
hai bac 3, 6 cia mdmen Ia nho nhat. Do
vay viéc phan tich di¢én cam trong qua
trinh tinh toan thiét ké SRM la yéu té
chinh d c6 duoc céc thdng sé thiét ké
tbi uu.
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tac tai BO mon Dién ky thuat, Trudng Pai hoc Xay dung Ha Noi.

Hudng nghién clu chinh: thiét ké t6i uu thiét bi dién, thuat toan t6i uu, nghién clu
xe dién, nang lugng tai tao, ti€t kiém nang lugng.

Téc gid Nguyén Thi Linh tot nghiép dai hoc nganh thiét bi dién va dién tir ndm
2007, bao vé luan an Thac si nam 2010 tai Dai hoc Bach khoa Ha NGi. Hién nay tac
gia la giang vién Khoa Ky thuat dién - Trudng Pai hoc Dién Iuc.

Hudng nghién clfu chinh: thiét k€ may dién, cac loai dong cc dién mdi, dong co
hiéu suét cao; ('ng dung cac giai phap diéu khién hién dai trong hé théng dién.
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