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Tom tat:

Bai bao phan tich anh hudng clia gdc cuc stator, goc cuc rotor va vat li€u dén mdé men trung binh cla
dong cd tir trd. M6 hinh dong cd tir trd ba pha 6/4 va 12/8 vdi vat liéu la M270 _35A va M19_24G
dugc lua chon dé€ phén tich. Md hinh 2D clia déng cd tir tré 6/4 va 12/8 dudc xay dung va phan tich
bang Ansys Maxwell. Thay d6i goc cuc stator va géc cuc rotor clia ddng cd tir trd bang céach thay déi
ti sO gdc cuc stator/ budc cuc stator, ti s6 géc cuc rotor/ budc cuc rotor ciia dong co tir trd ba pha
6/4 va 12/8. K&t qua nhan dudc cho thdy su thay ddi vé vat liéu thi chi bién dd cla déc tinh mé men
tinh thay déi, vi tri di€m cuc dai cia mé men trung binh khdng dich chuyén khi thay déi géc cuc staor,
rotor. Goc cuc stator va rotor la yéu to quyét dinh dén mo6 men trung binh va hiéu suat cta dong cg
tUr trd. Gia tri cla mé men trung binh 16n nhat khi co ti s6 gdoc cuc stator/ budc cuc stator la 0.5. Va
khi d6 m6 men trung binh dat gia tri I6n nhat khi ti s6 géc cuc rotor/ budc cuc rotor la 0.3 véi dong
co tUr trd 6/4 va 0.4 vai dong co tur trd 12/8.

T khoéa:
Pong ca tir trd, gdc cuc stator, goc cuc rotor, mé men trung binh, vat li€u
Abstract:

This paper will analyze influence of stator, rotor embrace and on average torque of SRM. The Switched
reluctance motor of three phase 6/4 and 12/8 with magnetic steel material M270_35A and M19_24G
has been selected to build model. The 2D SRM simulation of 6/4 and 12/8 was implement by Anasys
Maxwell.The stator and rotor pole angle of three phase 6/4 and 12/8 can be changed by rotor and
stator embrace. The results were shown that the changes of material are not so move to position of
point maximum of average torque, only changes the amplitude of the torque characteristic. The stator
pole angle and rotor pole angle parameters have significant on average torque and efficiency.
Maximum torque will be achieved at stator embrace ratio of 0.5 and maximum average torque is
maximum at 0.3 with SRM 6/4 and 0.4 with SRM 12/8.

Keywords:
Switched reluctance motor, Pole stator angle, Pole rotor angle, Torque average, Material.
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Dong co tir tro (SRM) 1a mot loai dong co
dién co cAu tao cua rotor va stator déu co
dang cuc 15i, trén stator c¢6 day quan tuong
tu nhu day quan kich tir cia dong co mot
chiéu, rotor khéng c6 day quin hay nam
cham. Vi ciu tao dic biét nay, dong co
SRM rét bén viing vé co khi, cho phép thiét
ké & dai toc do rat cao ; md men khai dong
I6n. SRM ¢ mot sé cau tric phé bién nhu:
6/4 (6 cuc stator, 4 cuc rotor), 8/6, 10/6,
12/8,.... [1]. Véi cAu trdc 6/4 hay 12/8 thi
bo diéu khién chi co ba pha diéu khién, day
1a loai SRM st dung chu yéu trong thuec té.

Hinh 1. M6 hinh két cAu SRM loai 6/4 va ky
hiéu cac goc cuwec stator Bs, goc cuc rotor fr.
Cong suét co hoc caa dong co SRM dugc
tao ra trén nguyén ly bién d6i mé men tir
trg. Do 16n cua md men phu thudc vao bé
rong cuc stator va rotor. Bong co nay co
nhuoc diém 1a d6 6n 16n, d6 nhap nhd md
men cao. Trong qué trinh tinh toan thiét ké
SRM gdc cuc stator va rotor la théng sé
can tinh chon ky ludng dé c6 tdi da hda mod
men trung binh, giam thiéu nhip nho
momen. GOc cuc stator, rotor ciing 1a yéu
t6 quyét dinh ¢én md men khai dong cua
dong co SRM [2]. Pa cb cac nghién clru
nghién cau giai phap téi da héa mo men
trung binh va giam thiéu nhip nhd méd men
trén co s& tdi wu hoa chiéu cao cuc stator,
bé day géng stator [3]; hinh dang cuc
stator cho m6é hinh dong co SRM 8/6
[4][5] ; t6i uu hoa gbc cuc stator, rotor sir
dung thuat toan téi wu GA [6][7][8]. Tuy
nhién cac nghién ctu chi st dung thuat
toan tdi wu cho ting két ciu cu thé cua
d6ng co SRM ma chwra dua ra duoc dé xuat
lya chon gia tri goc cuc stator/ rotor dé co
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duoc gia tri md men trung binh 16n nhét.
Viéc tinh chon bé rong cuc rotor, stator
chua c6 nghién cau ndo co chi ra sy thay
d6i cia m6 men trung binh khi thay d6i vat
liéu va thay d6i goc cuc stator/ rotor. Trong
bai bao tac gia phan tich tac dong cua goc
cuc stator, rotor va vat lieu ¢én md men
trung binh cua dong co. Két qua phan tich
13 co s& dé lua chon bé rong cuc stator,
rotor va vat liéu phu hop cho ting két cau
cuia dong co tir tré SRM 6/4 hay 12/8 dé c6
md men trung binh I cao nhat.

2. MO MEN CUA PONG CO TU TRO
Pong co hoat dong trén nguyén ly cip
dong dién cho tirng pha day quéan ; dong
dién duoc chuyén mach — dong va cit dién
nho cac khoa ban dan. O ché do dong co
dong dién dugc dong cit theo suon Ién cua
dién cam.

Khi dong dién dugc dua vao trong tung
pha thi 1am cho rotor quay. Su dich chuyén
cua rotor dong co SRM co6 4 vi tri quan
trong 12 vi tri cuc rotor bat dau tring cuc
stator, bat dau tring cuc hoan toan, két
thlc tring cuc hoan toan, két thdc tring
cuc (hinh 2) [1].

Bét dau Bat dau tring Kétthuc tring  Két thuc
trung cwc  cwc hoan toan cuwc hoan toan tring cwc

- U U -
Bién cam L H L“‘ ~ /
M) L] — :
Lmn
0 180 30 0 (9
Vi tri géc Rotor
=0 A ol
Léch cuc Trung cuc Léch cuc
Mémen T
(Nm) ’—|

0
Vi tri géc Rotor

Hinh 2. Dac tinh dién cam tai cac vi tri dac biét.
Khi rotor & vi tri Iéch truc hoan toan so véi
cuc stator thi dién cam c6 gié tri nho nhat
Lpnin (dugc ky hiéu la L, véi y nghia la
dién cam tai vi tri léch truc hoan toan), khi
rotor & vj tri déng truc vai cuc stator thi lic
nay dién cam c6 gia tri 16n nhat L,y
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(duoc ki hi¢u 1a L, v&i y nghia la rotor tai
vi tri dong truc hoan toan) [1].

| [} 8, 8, e, 6; 6

1 Vi tri géic quay rotar
Hinh 3. Dac tinh dién cam theo vi tri goc rotor.
Trong sudt qué trinh rotor quay tir vi
tri 1éch truc hoan toan téi vi tri cuc rotor va
stator bat d¢au dong truc véi nhau thi dién
cam cua dong co hau nhu khong ddi ¢ gia
tri L. Khi cuc rotor va stator bt dau goi
1én nhau, dién cam dong co ting dan theo
mtrc d6 dong truc giira chiing va dat gia tri
I6n nhét L,,,, khi ching dong truc hoan
toan. M& men cua dong co dugc sinh ra
trong qué trinh dién cam bién thién tir vi tri
léch truc hoan toan dén vi tri dong truc
hoan toan [1][2][5]
1 k2 dL (1)
2 " de
Trong d6 Tk la mé men trén mét pha day
quan; 0 1a vi tri goc quay cua rotor.
L 1a dién cam caa SRM. bién cam L cua
SRM luén bién thién theo vi tri goc rotor
c6 dang tuan hoan véi chu ki 1a mét buge
cuc rotor 27t/Nr (Nr 1a sé cuc rotor).

T_

I‘min 0<6£01
Lmax me lo- R _M + Ly 6<6<0,
ﬂs N r 2
LO) ={ Ly, Geo<6, @)
27
Lo, 04<495N—r

Trong d6 : Nr 1 s cuc rotor; Bs 1a goc cuc
stator; Br la goc cuc rotor; Lmin la gia tri
dién cam tai vi tri 1éch truc hoan toan; Lmax
1a gia tri dién cam tai vi tri ddng truc hoan
toan

Gia tri mémen trung binh ciia SRM dugc
tinh nhu sau [7]:

:—jo (6,) dt ©)

Ty 0 k=1

Trong d6: Tavg goi 12 mdmen trung binh

Tk 1a mémen trén pha day quan thir k

tk la chu ky cua dong dién pha

m la s6 pha cua dong co SRM.
3. LWA CHON GOC CUC STATOR VA
GOC CUC ROTOR
G6c cyc stator va goc cuc rotor 1a thong s6
quan trong khi tinh toan thiét ké dong co
tir tro SRM. GOc cuc rotor lon lam tang
trong luwong rotor, ting ton hao sat tir trén
rotor, néu goc cuc rotor quéa nho thi dong
co khé khéi dong. Do vy bé rong cuc
stator Bs va bé rong cuc rotor Pr thoa man
cac diéu kién bién [1].

. 27
mm(ﬂs’ﬂr) 2 W
B2 B, (4)
2w
ﬁs +ﬂr < N_

r

Vé6i dong co SRM 6/4 ta co cac diéu kién

bién cua goc cuc rotor, stator la :

Min (Bs, Br) > 360%m.Nr = 360%3.4 = 30°

Va (Bs + Br) < 360%Nr = 360%4 = 90°

Véi dong co SRM 12/8 ta c6 cac diéu kién

bién cua gdc cuc rotor, stator la:

Min (Bs, Br) > 360%m.Ng = 360%/3.8 = 15°
(Bs + Br) < 360%Nr = 360%8= 45°

4. KET QUA MO PHONG

4.1. Xét vé&i dong co SRM 6/4

Mo hinh 2D dong co tir trg (hinh 4) su

dung phan mém ansys maxwell d¢ phéan

tich va mé phong.

74

S6 29



TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUONG DAI HOC DIEN LUC
(ISSN: 1859 - 4557)

Théng s6 Giatri

@ % Khe ho khong khi 0.4 mm
il Puong kinh ngoai stator 160 mm

™ Q Chiéu cao cyc stator 24.6 mm
Q Puong kinh ngoai rotor 80 mm

Puong kinh truc 30 mm
Bé day gdng rotor 15 mm
Bé day gong tir stator 15 mm
Chiéu dai dong co 80 mm
. = . S8 vong day/1 cuc 11 vong
Hinh 4. M hinh 2D ddng co' SRM 6/4 Cong suat __ ‘ 30 KW
Bang 1. Théng s6 kich thwéc co ban cua dong Dbién &p nguon 1 chiéu 250V

co SRM 6/4

Pit bién as = goc cuc stator/ budc cyc  Vat liéu dung cho dong co 1a thép M19-
stator ; ar = gOc cuc rotor/ budc cuc rotor.  24G va M270-35A. bac tinh B-H cua vat

Bs. Br li¢u nhu trong hinh 5.
as =_—, Gy = — ®)
Ts Tr
M270 35A M19_24G ANSY
_—— 4.00
3.00
250 -
T a2
ﬁ 4 2.00
m - m :
1.25 — ]
- 1.00 —
000 T T T T T T T [ T T T T T T T T T e
0.00E+00 2.50E+05 5.00E+05 7.50E+05 1.00E+06 0.00E+00 5.00E+05 1.00E+06 1.50E+06
H (A_per_meter) H {A_per_meter)
a) b)

Hinh 5. Bic tinh B-H cua vat liéu M270 35A (a) va M19-24G (b)

Mé phong dong co tur tré SRM 6/4 voi _hai Dbic tinh md men tinh va tir thong cua dong
bien la as va ar va véi tung vat lieu g SRM.

M270_35A va M19_24G thu duoc két qua

nhu hinh 6+10.

.
-

a) b)
Hinh 6. BPac tinh mé men tinh déng co' SRM 6/4 v&i vat liéu M270 35A (a) va M19-24G (b)

S6 29 75



I TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUONG DAI HOC DIEN LUC

(ISSN: 1859 - 4557)

Két qua hinh 6 cho thiy khi st dung vat
lieu M270_35A va M 19 _24G thi hinh
dang dac tinh m6 men tinh cua dong co
SRM khong thay dbi, chi khac nhau vé
bién do. Vi vat lieu M270 35A thi dac
tinh mo6 men tinh ¢6 bién do 29.5Nm va véi

vat liéu M19_24G thi m6 men tinh c6 bién
do 1a 26.5 Nm.

Tu thong va duong di cua tir thong tai vi tri
dong truc hoan toan va léch truc hoan toan
(hinh 7,8);

-1

THITTH

S K
[ER R ERE R

I

HTHHITHITES

Hinh 7. Tlr théng ctia dong co SRM 6/4 tai vi tri ddng truc hoan toan véi vat liéu M270 35A (a) va
M19-24G (b)

BEEifgsfERiREgs”

Hinh 8. T théng ctia dong co SRM 6/4 tai vi tri Iéch truc hoan toan
véi vat liéu M270 35A (a) va M19-24G (b)

Do vat liéu M270-35A ¢6 mat do tr cam B
cao hon vat licu M19 24G nén tur thong
trong vat ligu M270-35A cao hon. Tai vi
tri déng truc, véi vat lieu M270-35A tir
thong trén cuc stator 1a 2.1T con véi vat
lieu M19_24G thi cé B =1.9T.

- Mé men trung binh theo goc cuc
stator va rotor.
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M6 men trung binh

0 01

b o v

Ti 1 gbc cure rotor/ buéc cuc rotor

Hinh 9. M6 men trung binh theo suw thay
déi gdc cuc rotor va stator SRM6/4_M270
35A

Mé men trung binh (Nm)

(ISSN: 1859 - 4557)

cuc stator/ budc cuc stator as =0.5 thi gié

— tri cuc dai cuia mé men trung binh la cao

0.8 09 -

03 04 05 06

Ti I¢ goc cuc rotor/ budc cuc rotor ar

Hinh 10. D6 thi mé men trung binh theo
sw thay déi géc cuc rotor va stator
SRM6/4_M19 24G
Két qua hinh 9, 10 cho thay khi thay doi
vat liéu M27_35A vavit liéu M19_24G thi
dd thi md men trung binh theo ti I& goc cuc
rotor/ budc cuc rotor ng Vi cac truong
hop cuc stator khac nhau thi dang do thi
khong thay d6i, chi thay doi vé bién do. Vi
tri cac diém cuc tri ciing khong thay doi.
Trong céac truong hop goc cuc cua stator
khac nhau thi chi c6 truong hop ti 1€ goc

0.7

nhét : 22.90Nm véi vat liéu M270_35A va
21.15Nm véi vat lisu M19_24G. Véi bat
ky gia tri ndo cua goc cuc stator thi céc
diém cuc dai caa md men trung binh nim
trong khoang ar =0.28+ 0.36. Truong hop
as =0.5 thi m6 men trung binh dat gia tri
cuc dai tai ar = 0.30.

4.2. Xét v&i moé hinh dong coo SRM 12/8

Chon dong co SRM 12/8 c0 kich thudc co
ban nhu trong bang 3. Két qua phan tich
duoc thé hién trén hinh 10,11,12.
Bang 3. Thdng s6 kich thwé'c co ban cha
ddng co SRM 12/8

Thoéng s6 Gia tri
Khe hg khong khi 0.3mm
buong kinh ngoai stator 138mm
Buong kinh ngoai rotor 89.4mm
Duong kinh truc 30mm
Bé day gong rotor 11mm
Bé day gong tur stator 11mm
Chiéu dai dong co 84mm
S6 vong day/ cuc 11 vong
Dién 4p nguon 250VDC
Cong suit 1500W

Tir thong va duong di cua tir thong tai
vi tri dong truc hoan toan va léch truc hoan
toan.

Hinh 11. Tir théng cta ddng co' SRM 12/8 tai vi tri déng truc hoan toan
v&i vat liéu M270 35A (a) va M19-24G (b)
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Hinh 12. Ttr thong ctiia dong co SRM 6/4 tai vi tri Iéch truc hoan toan
véi vat liéu M270 35A (a) va M19-24G (b)

6

5

Mé men trung binh (Nm)
w
\

U] 0.2 04 0.6 0.8

Ti l¢ goc cwc rotor/ bude cuc rotor dr

a)

—as=0.2
——as=0.3
as=0.4
as=0.5

-

~

Mé men trung binh (Nm)

N\

S
01 0.2 0.3 0.4 0.5 0.6 07 08

- o
o

Ti I¢ goc cuee rotor/ biede cuc rotor ar

b)

Hinh 13. D6 thi mé men trung binh theo s thay déi géc cwc rotor va stator SRM 12/8_M270
35A (a) va M19_24G (b)

Tir hinh 13 ta thdy: m6é men trung binh
dong co SRM 12/8 thay d6i mot cach phu
tuyén theo goc cuc stator as va goc cuc
rotor ar; m6é men trung binh dat gia tri cuc
dai ung voi gia tri as = 0.5 va ar = 0.4. Vi
vat liéu M27_35A vavat licu M19_24G thi
hinh déng d6 thi md men trung chi thay doi
vé bién do, sy ting giam md men trung
binh theo gbc cyc stator, rotor thay doi
khong dang ké. Vi tri cac diém cuc tri ciing
khong thay ddi. Trong céac trudng hop goc
cuc cua stator khac nhau thi chi c6 truong
hop ti 1€ géc cuc stator/ budc cuc stator as
=0.5 thi gia tri cuc dai caa mé men trung
binh 1a cao nhat : 5.0 Nm &ng vaéi vat liéu
M270_35A va bang 4.9 Nm Gng véi vat
liu M19 24G. Vai vat liéu M270 35A va
M19 24G thi mé men trung binh cé gia tri

cuc dai khi géc cuc rotor nam trong
khoang ar = 0.4 + 0.5.

5. KET LUAN

Bai bdo da phan tich anh hudéng cua vat
liéu va goc cuc stator/ rotor dén mod men
trung binh cua dong co tur tré SRM 6/4 va
12/8. Voi vat licu M270 35A hay
M19_24G thi dong co tir tr6 SRM 6/4 va
12/8 déu c6 hinh dang dic tinh md men
tinh, m6 men trung binh khong thay dbi.
Su thay ddi vat liéu chi 1am thay doi bién
do dac tinh m6 men tinh va gia tri cuc dai
cua moO men trung binh. V&1 dong co SRM
6/4, thay ddi goc cyc stator thi trong trudng
hop ti 1€ gbc cuc stator/ budc cuc stator as
=0.5 thi ¢6 gia tri mé men trung binh cao
nhat. Ung voi trudong hop as =0.5, thay d6i
goc cuc rotor thi mé men trung binh dat

w
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cuc dai tai diém ar=0.3. Vi dong co SRM  rotor thi m6 men trung binh dat cyc dai tai
12/8 thi ciing gibng v6i SRM 6/4, duong ~ diém a;=0.4.

mo men trung binh khi thay ddi goc cuc

stator dat gia trj cao nhat khi as=0.5 va ng

voi truong hop as =0.5, thay dbi goc cuc
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ky su dién — Thiét bi dién, dién tir tai TruGng Dai hoc Bach khoa Ha
NGi ndm 2007, bdo vé luadn an Thac si nam 2010 tai tai Trudng Dai
hoc Bach khoa Ha NOi. Tac gia hién la giang vién Khoa Ky thuat dién-
Trudng Dai hoc Dién Iuc.

Linh vuc nghién clru: ('ng dung cac giai phap diéu khién hién dai trong
hé thong dién.
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