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BUILDING MATHEMATICAL MODELAND SIMULATION OF SWITCHED RELUCTANCE
MOTOR CONCERNING MUTUAL INDUCTANCE EFFECTS
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Truong Dai hoc Bdach khoa Ha Néi; hailinh.vfu@gmail.com, dinh.buiminh@gmail.com

Toém tat - Dong co tir tré 1a loai dong co' c6 dic tinh phi tuyén,
momen phu thuéc vao dd bién thién dién cam. C6 nhiéu nghién ctru
trwéc day, khi xdy dwng md hinh toan cho dong co tir tra SRM thi
thuo’ng bd qua anh hwéng hé cadm gitra cac pha day quan hoac gla
str h6 cam giva cac pha la nhw nhau. Tuy nhién, thic té hd cam
gitra cac pha day quén la khac nhau do méi pha day quan,luon duoc
dong cét 1an lwot. HS cam gitra cac pha c6 anh hwéng nhét dinh dén
chéat lwong momen clia dong co va gay kho khan cho vigc diéu khién
ddéng co. Bai bao tac gla xay dung mb hinh toan ctia déng co SRM
c6 xét dén tac dong ctia hd cadm trén cac pha day quén. Két qua mo
phéng thu dwoc dwa trén phwong phap phan tich FEM va mo phong
trén Matlab simulink. K&t qua sé phan anh chinh xac d&c tinh dong
dién, tir thong va momen ctia dong co SRM.

Tl khéa - Bong co tir tré; hd cdm; md phéng; FEM

1. Pat vin dé

Pong co tur tro 1a loai ddng co cod nhiéu wu diém nhu
két cdu don gian, khong sir dung chdi than hay nam cham
vinh ctru, c6 thé 1am viée & dai toc do cao, hiéu suit cao,
khong can béo tri, rat thich hop dung cho xe dién. Tuy
nhién, dong co SRM c¢6 nhuoc diém 1a momen dap mach
cao, do rung 6n 1on, c6 tinh chit phi tuyén Dé xac dinh
phuong phap diéu khién tbi thleu hoéa sy nhdp nhé momen
va rung on cho dong co thi can xay dung mé hinh dong co
mot cach chinh xac.

Hién nay, dong co tir tro (SRM) 1a loai dong co con mai
mé & Viét Nam, co it cac cong trinh nghién ciru vé loai
dong co nay. Cac nghién ctru chu yéu 1a vé cac phuong
phap diéu khién dong co va xdy dung md hinh dong co dé
didu khién thuong bo qua anh huong hd cam giita cac pha
[1, 2, 3] hodc gia thiét rang hd cam giita cac pha la nhu
nhau [4]. Do vay, can dwa ra mé hinh chinh xac ciia dong
co ¢6 ké dén hd cam gitra cac pha, 1am co s& cho cac nghién
ctru thiét ké, ché tao mach diéu khién dong co mét cach
phu hop nhét.

Trong bai bao, tac gia da xay dung mo hinh tinh toan
cua dong co co xét dén hd cam gitra cac pha vastr dung
Matlab, phin mém ansys Maxwell dé phan tich cac dic tinh
lam viéc cia dong co SRM.

2. Két qua nghién ciru va Khio sat

2.1. Théng sé dpng co va xdy dung mé hinh todn dong co
tir trd SRM

2.1.1. Thong s6 dong co SRM

~ Pong co SRM ba pha 6/4- 2,2kW dugc tinh toén thiét
ké so b theo [1]. Ta dugc cac thong so cua dong co nhu
trong Bang 1.
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Bing 1. Théng sé dong co khdo sdt
Théng sb Gia tri Pon vi
Cong suét 2.2 kW
S6 cuc stato/rotor 6/4
Goc cuc stato/rotor 309/320 -
Khe h¢ khong khi 0,5 mm
Bén kinh ngoai rotor 445 mm
Ban kinh ngoai stator 97 mm
Ban kinh truc 20,5 mm
Chiéu cao cuc stator 28 mm
Chiéu cao cuc rotor 9,3 mm
Bé day gong stator 24 mm
Chiéu dai 15i thép 180 mm
S6 vong day trén mot cuc 80 vong
Téc do 1500 Vong/phit
Vit liéu M600-A50 -
bién ap 220 VvDC

2.1.2. Xdy dung mo hinh toan cho dong co

a. M6 hinh mgt pha dong co

Phuong trinh can b{?mg dién ap trén mot pha day quén cia
dong co SRM duoc biéu dién nhu trong biéu thue (1) [1; 2]:
v:RSi+d/1(9,i) (1)
dt
Trong d6: v 1a dién 4p trén mot pha day quén;

| 14 dong dién trén mdi pha day quén;
Rsdién tré ciia mot pha ddy quin;

A 14 tir thong lién két trén mot pha day quén;
6 1a vi tri goc rotor.
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Tir thong lién két trén mdi pha day quén [1, 2]:

A0,1) =L(6,1). )
Viét duoc phuong trinh day du dién ap nhu sau:
dA(,i) ﬂ+ di(e,i) do

v=R.i
STTTH a0 do 3)
—Ri+L(O,) D92 dED
a "ot de

Biéu thirc (3) cho thdy, dién ap trén mdi pha cta dong
co gom 3 thanh phan: sut ap trén dién tr¢' Rs, dién trén
thanh phan ty cdm cua cudn day (bién thién theo dong dién
va vi tri rotor), va gia tri sic phan dién dong e cua dong co.

b. M6 hinh ba pha dfng co

Tu phuong trinh dién &p trén mot pha ta xdy dung duoc
phuong trinh dién ap trén 3 pha day nhu biéu thuc (4):

. dA
Ua:Rsla‘l’d—ta
) @)
u, =Ry +——
b s'b dt
. dA,
uC:RSIC+d_tC

Phuong trinh tir thong cac pha day quan:
A, =Ly (6’,ia)ia +My, (G,ib)ib + M, (6’,ic)iC
o =L (8, )iy + Myg (6,1, )i, + My (61 )i ()
Je =L (0.1 )i + Mgy (0,1 )iy +Mea (6,12 )
Sy bién thién tir thong trén cac pha la:
di,  d(L(6i,)i,+ My (6,i,)i, + M, (6,i,)i)

dt dt
L (6,i,)di, M, (6.i,)di, M, (6,i,)di
= + +
dt dt dt (6)
L WL (00) | bdM, (0,) 1AM, (6)i,)
dt dt dt
a4 _ L(00)di, My, (01,)di, My (6.1, )di,
dt dt dt dt
VAL (04) My, (01) 1M, (0.i,)
dt dt dt
dﬂ*c _ Lc (9' Ic)dlb + Mca (a’ia)dia + Mcb (a'lb)dlb
dt dt dt dt
+ichc(€’ic)+ ianda (9' ia)+ ibndb (H’Ib)
dt dt dt

Viét lai phuong trinh (4) dudi dang ma trén va thay
phuong trinh (5), (6) vao ta dugc két qua nhu (7):

_%_
; dt
Uy Rs 0 0 Iy La Mab Mac di
Up |=| 0 Ry O |lip [+ My Ly My d_r
Uc 0 0 Rs ic Mca Mcb Lc dic
o | (@)
i dﬁ dMab dMac_
do do  do |
a
+o dea dﬁ dec ib
de deo de || .
nda ndb d_Lc '
| do0  do  do |

Trong d6:
U,,U,, U, la dién ap dat vao pha A, pha B, pha C.
Aqs Ay A 1a tir thong lién két trén timg pha A, B, C.
Rs 1a dién tr& day quan mot pha cua dong co.
L, L, L, 1a dién cam cua pha A, pha B, pha C.

M, M, : la hd cam do cuon day pha B, pha C tac
dong 1én cudn day pha A.

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

M.,, M, 1ahd cam do cudn diy pha A, pha B tac dong
1én cuon day pha C.

iy, 1,1, 1a dong dién chay qua cu¢n day pha A, pha B,
pha C.
2.2.Md hinh héa va md phéng déng co si dung
Matlab/simulink

Tt phuong trinh (7), ta xay dung dugc moé hinh dong
co SRM trén Matlab/Simulink.

MO hinh dong co gdm 5 dau vao bao gom: Vi tri‘ rotor,
toc do quay rotor, dién ap pha A, B, C; va 4 thanh phan dau
ra la: Khoi dich vi tri cac goc pha va 3 khoi mo hinh dong
tung pha dong co.

. Dé xét anh huong Cfla~h6 cam giita cac pha day quan ta
can xay dung mé hinh ho cam trén tirng pha cta dong co
(Hinh 1).

D

o]

0 i0
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Hinh 1. M6 hinh déng co c6 xét dén hé cam trén
mot pha cia dong co
MO hinh tinh toan dién cam va momen trén mot pha cua
dong co duge xay dung nhu Hinh 2.
Téng hop mo hinh ciia ba pha ta duge mo hinh 3 pha
day du cua dong co nhu Hinh 3.
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Hinh 2. M6 hinh tinh todn dién cam va momen mgt pha ciia
dong co SRM
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Hinh 3. M6 hinh 3 pha déng co SRM

2.3. Két qud phan tich mé phéng trén Matlab/ simulink

Sau khi xay dung mo hinh (;I(f)ng co trén Simulink, ta thuc
hién lap triqh grén rn:ﬁle fié thiet lap, tinh toan nham khai tao
cac thong so can thiét. Két qua tinh toan thu dugc nhu sau:

- D6 thi quan hé tir théng — dong dién — vi tri goc quay.
Céc vi tri géc quay cua rotor tir 0°, 59, 109, 20°, 30°, 45°

cling tring véi cac goc 90°, 85°, 80°, 70°, 60°, 45°.

Tu thong lien ket¥ [Vs]
(=]
-]
T

1 i i i i i i i i | S Iy I B | i
0246 8101214161820222426283032343638404244464850
Dong dien pha I, [A]

Hinh 4. Ddc tinh tir théng theo dong dién va
Vi tri goc quay cua rotor

- Biac tinh d6 ty cam theo vi tri goc quay rotor va dong
dién, ung voi cac gia tri dong dién tir 5A dén 30A (theo
chiéu miii tén tir dui 1én), Hinh 5.

Két qua Hinh 5 cho thdy, gi4 tri cua dién cam ting khi
vi tri cia rotor nam trong ving tir 0° dén 45°. Trong viing
nay momen cua dong co dwong. Tir 45° dén 90° thi gia tri
dién cam giam, trong ving nay mémen dong co sinh ra am.
Do vay, dong co ¢6 bon viing lam viée tuong tmg vdi timg
ché do hoat dong cua dong co, goc ph?m tu thir 1,3 1a ché
d6 dong co va goc phan tu thir 2,4 1a ché d6 may phat.

Chay md hinh dong co trén similink, dé thiy rd su
twong tac hd cam giita cac pha cua dong co & nhidu gia tri
dong dién khac nhau, tac gia dat cac gia tri dong dién lén
dén 60A, 16n gap hai lan so v6i dong dién tinh toan 1a 30A.

60 T A
i —1,=10a
- _r ar
sol. _l—\,_”m_lﬂ‘:lSA b o
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Vi tri goc rotor v [7]
Hinh 5. Ddc tinh dé tw cam theo vi tri géc quay rotor va
dong dién
- Hb cam cua pha C tac dong I1én pha A (Hinh 6).
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Hinh 6. H6 cam pha C tdc dgng lén pha A
- Hb cam cuia pha B tac dong 1én pha A
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Hinh 7. H6 cam pha B tac dong lén pha A
Két qua biéu dién trén Hinh 6, 7 cho thy, hd cam giita
cac pha cua dong co la quan hé phi tuyén theo vi tri cua
rotor va dong dién. Gia tri ho cam nay kha nhoé nhung van
c6 tac dong dang ké tdi tir thong sinh ra ¢ céc pha.
- Dong dién trén cac pha cua dong co

25

Dong pha A
Dong pha B
Dong pha C

A

B

5 1 I 1 1 1
0.05 01 0.15 02 0.25

Dang dien

Hinh 8. Dong dién ba pha dong co
Két qua Hinh 8 cho théy, dong dién khi dong co dat toc
d6 6n dinh 1a khoang 12A. Va moi pha c6 dong dién dinh
khong 16n, khoang 20A nén luén dam bao dugc sy lam viéce
cua cac van ban dan.
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- bac tinh momen theo thoi gian trén tung pha cta
dong co.
45
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Hinh 9. Ddc tinh momen cac pha theo thoi gian
Két qua Hinh 9 cho thiy, md men mot pha trung binh
cua dong co dat khoang 14Nm va dang song md men c6 do

nhap nhé mé men 16n. Do vay, b dicu khién dong co can
¢6 phuong phap diéu chinh d¢ giam sy nhap nhé mé men.

2.4. Phan tich va mé phong djng co si dung phwong
phap phan tir hitu han FEM
M6 Hinh 2D cuta déng co duge xay dung nhu Hinh 10.

Hinh 10. M6 hinh 2D ciia déng co SRM
Két qua phan tich mé Hinh 2D sir dung FEM nhu sau:
- Pudng di cua tir thong lién két mot pha & vi tri 1éch
truc hoan toan
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Hinh 11. Puong di ciia tir thong ¢ vi tri [éch truc hoan toan
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- Puong di cua tir thong lién két mot pha & vi tri dong
truc hoan toan, Hinh 12.
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Hinh 12. Puong di ciia tir théng & vi tri dong truc hoan toan

- Tir thong lién két theo vi tri goc rotor va dong dién

Rotor position
Hinh 13. Ddc tinh tir théng lién két theo vi tri géc rotor
va dong dién

Két qua Hinh 13 cho thay, tai vi tri 0° so v&i vi tri léch
truc hoan toan thi tir théng 1a nho nhét. Tir thong ting dan
khi vi trf rotor cang gan vi tri ddng truc. Dong dién tang thi
tir thong tang tai bat ki vi tri ndo cua rotor. Tai vi tri ddng
truc, khoang céch tir thdng thu hep khi dong dién tang do
hién tugng phi tuyén caa duong cong B-H. Khi tir théng
dat dén trang thdi bdo hoa thi dong dién ting nhung tir
thong thi khong doi.

Két qua Hinh 14 thé hién, momen cta dong co SRM
phu thudc vao vi tri rotor va dong dién. Momen dwong sinh
ra khi rotor ndm trong goc tir 0° dén 45° so véi vi tri 1éch
truc hoan toan. Momen am sinh ra khi rotor nam trong goc
tir 45° dén 90° so v&i vi tri 1éch truc hoan toan.

, Torgue (Nm)

rotor position
Hinh 14. Bdc tinh momen theo vi tri géc quay cia
rotor va dong dién



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE DAl HOC DA NANG, VOL. 17, NO. 7, 2019 49

3. Két luén

M5 hinh toan day du ¢ xét dén hd cam trén ting pha
cua dong co tir trd SRM da dugc xdy dung va md phong.
Két qua phan tich thé hién, anh huang hd cam gitra cac pha
ctia dong co 1a phi tuyén theo vi tri cia rotor va dong dién.
Mac du so véi dién cam cac pha ctua déng co SRM thi gia
tri hd cam nay 1a nho nhung thanh phan hd cam nay van cé
tac dong dang ké t6i tir théng sinh ra & cac pha, qua d6 tac
dong dén dong dién va gay khé khin trong viéc diéu khién
dong. Két qua md hinh toan va md phong tir bai bao, gidp
ich cho cac nha thiét ké danh gia duoc dac tinh 1am viéc
cia SRM va dua ra cac phuong phap diéu khién phu hop
dé dat dugc dic tinh tét nhét.
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