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Tém tat - Pong co tlr tré c6 nhidu wu diém ndi bat, dan tré thanh
sw lwa chon trong céc hé théng truyén déng téc d6 cao. Trong dong
co tir tré, lwe va mat dd phan bé luc c6 anh hwéng khong nhé dén
d&c tinh 1am viéc cha déng co. Mat dd phan bd lwc tac dong truc
tiép dén qua trinh hinh thanh mé men quay trong déng co, tir d6
quyét dinh dén hiéu suét lam viéc cla dong co. Bai bao trinh bay
mbi quan hé gira Iwc tlr va md men trong déng co tiv tré. Déng
théi, nhém tac gia dé xuat mot giai phap méi - thay ddi cau tric
rotor nham cai thién mat dé phan bé luc trong déng co iy tré. Két
qua bwédc dau cho thdy, mat do phan bé luc trong dong co tir tré
ma&i tdng, gép phan nang cao mdé men quay.

T khoa - Mat do phan bd lwc; mdé men; dong co tir tré; SRM:
dong co tw tré maéi.

1. Giéi thigu

Dong co tir tré (SRM) dugc biét dén véi nhidu vu diém
nhu cau tao don gian, md men khoi dong 16n, rotor khéng
¢6 nam chdm vinh ctru nén cho phép nhiét d@o lam viéc
cao,... Tuy nhién, SRM chua dugc quan tam nhiéu do kho
diéu khién va mé men dap mach Ién. Nhimg nam gan day,
cling vai sy phét trién cua cong nghé ban dan, dién tir cong
Suét, ... dong co tir tré dan dugc wng dung phé bién trong
mot s linh vire cong nghiép va gia dung. Nhing ang dung
trong céng nghiép doi hoi SRM dat dugc nhitng dac tinh
1am viéc khit khe nhu md men quay I6n, hiéu suat cao, ....
Nhiéu cong trinh nghién cau [1], [2] tap trung thay dbi cAu
trac dong co, hay tac dong vao phan diéu khién [3], [4]
nham nang cao md men, hiéu suit trong dong co tir tro. Tuy
nhién, nhitng thay doi d6 lam ting tinh phiic tap trong ché
tao va tang chi phi.

Hon nita, su phan b mat do khéi lugng lyuc trong rotor
va stator quyét dinh dén m6 men quay cua dong co. Lyc tir
trong dong co cang 16n s& sinh ra md men quay cang lon.
Luc tir 12 hop luc cua hai luc tiép tuyén va xuyén tam, phu
thudc Vao cau tao va vat liéu ché tao dong co. Chinh vi vay,
tac gia tién hanh phén tich, danh gia mdi quan hé gitra luc tir
va mb men trong dong co tir tra, dong thoi dé xuét giai phap
thay ddi cau tr(c rotor ciia dong co nhim nang cao mat do
khéi Twong luc, cai thién md men quay trong dong co tir tré.

2. Mb hinh toan ciia dong co tir trér

M6 hinh toan cua dong co tir tré [5] gdm ba phuong
trinh: phuong trinh dién ap, phuong trinh m6é men va
phuong trinh co.
2.1. Phuwong trinh dién ap

Gia thiét rang mdi pha riéng biét ciia dong co gom: dién
tro cudén day R, dién cam L(i, 0), dién &p u cung cap cho
céc pha bang tong d6 sut &p va ti I¢ tir thdng (i, 0), bo qua

Abstract - The switched reluctance motor has many advantages and
gradually become a choice for high speed drive systems. In a switched
reluctance motor, the force and force distribution density have a
significant influence on the characteristics of the motor. The force
distribution density directly impacts the process of torque formation in
the motor, thereby determining the performance of the motor. The
article presents the relationship between the magnetic force and the
torque in the switched reluctance motor. At the same time, to improve
the force distribution density in the switched reluctance motor, the
authors propose a new solution: to change the rotor structure. Initial
results show an increase in the force distribution density in the new
switched reluctance motor, which contributes to torque enhancement.

Key words - Force distribution density; torque; switched
reluctance motor; SRM; new switched reluctance motor.

hd cam gifta cac pha. Phuong trinh dién ap duoc dua ra:
L//(w):—iR+u <—>u:Ri+7dW(i’0) 1)
dt dt

Vi w(i,0) = L(3i,0)i (2)

C6 hai khai niém can dugc phan biét 1a goc co khi 6 va
goc dién (nr.0). Goc co khi bieu thi goc quay cua vi tri
rotor, goc dién hién thi goc tinh toan dong dién va dién ap
cac pha. Phuong trinh dién 4p theo dang goc dién nhu sau:
u=Ri +7dW(nR0’i) (3)

dt
Xét dong co tir tra ba pha 6/4, mdi pha léch nhau mot

goc dién la , _ 27 . H¢ phuong trinh dién &p cho cac pha
> 3,

nhu sau:

u, = Ri, +£(//(nR0,ia)

.od -
u, = Ri, +aW(nR(0_gs)’lb)
U =Ri, Sy (0 (0-26).1)

2.2. Phwong trinh mé men

~ Phuong trinh m6 men dugc xay dung theo nguyén tic
tong nang luong tir truong, cong thuc tinh m6 men dong co
tur tro tai vi tri rotor bat ky cia mot cuon day pha nhu sau:

T(i,e):w ®)

trong do: 0 1a goc rotor;
i la dong dién pha;
W'(6, i) la tong nang lugng tir truong.
Téng tir trudong duge xac dinh 1a ving dién tich phia
duéi duong cong tir hoa nhu Hinh 1:

W (0,i) :jy/(e,i)di (6)
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v

Nang heong tir

tryong
Prwrimg cong tir
héa

'4ugn5ng lrong
h tir tredmg
0 =g

Hinh 1. Biéu d@6 phéc hoa ndng heong tir trieong téng
Trong truong hop, dong co tir tré khéng bi anh hudng
cta sy bdo hoa tir va dién cam khéng phu thudc dong dién,
chi phu thudc vi tri rotor (2), mé men duoc sinh ra:

(6, |)_f—j|_(9 i)di’ (7

Néu L thay doi tuyén tinh theo vi tri rotor thi cong thirc
tinh md men nhu sau:
7-1pd@0) ®)
2 dt
M6 men ciia dong co ba pha bang tong md men cac pha
T =T, +T, +T,

2.3. Phwong trinh co
Theo dinh ly can bang md men trong dong co:
7119 ¢ 9)
dt

trong do: Te 1a md men tong cua dong co;
Ti 1a md men tai;
o la tbe d6 dong co;
J 1a m6é men quén tinh;
Cms |2 hdng s6 ma st.

3. Méi quan hg giira luc tir va mé men trong dong co tir trér
3.1. Luc tir trong dong co tir tré
3.1.1. Vai tro cua cac luyc

Khi cudn day stator cta dong co tir tré duoc Kich thich
tuan ty 1am quay rotor va xuat hién luc tir sinh ra gitra cuc
stator bi kich thich va cuc rotor ddi dién, nhu thé hién & Hinh
2. Trong viing gdi chdng cua cuc stator va rotor, duong tir
thdng vubng gdc véi mat cuc va luc dién tir hoat dong nhu
12 lyc hut theo hudng xuyén tdm. Mat khac, duong tir truong
nghiéng duoc tim thiy gin mép cuc stator va rotor, cd thé
dwoc phan tich thanh cac thanh phan tiép tuyén va xuyén tam
nhu thé hién trong Hinh 2 [6]. C4c luc tir twong tng 13 lec
xuyén tam fr va luc tiép tuyén fr. Hai luc nay hinh thanh nén
mot hop luc fy (theo nguyén tic tong hop luc hinh binh
hanh) hoat dong nhuw m6 men quay, lam quay rotor. Nhu vay,
lyc tiép tuyén c6 vai trd sinh ra mé men 1am quay rotor va
luc xuyén tdm I lyc hit gitra c&c cuc rotor, stator.

Hinh 3 cho thay phén tich phuong phéap phan tir hitu han
(FEM) ctia phan bo lyc tiép tuyén va xuyén tm doc theo khe
ho khong khi dusi suc tir dong (mmf) 600 A, ¢ d6 cuc tinh
cua luc tiép tuyén bi dao ngugc. Luc xuyén tam fr dugc sinh
ra trong toan bo ving gdi chong ciia cuc stator va rotor, va

lyc tiép tuyén fr duoc sinh ra tai mép ciia cyc stator va rotor.

Cuwc Stator
Tz

N

T

Cuwc Rotor

Hinh 2. Lyc tir sinh ra gizza cuc stator va rotor

Stator

Lic xuyén tim

Lurc xuyén tdm

goc co khl teta
Hinh 3. Phan bé luc xuyén tam va tiép tuyén [6]

Xét vé vai tro gitra luc tiép tuyén va luc xuyén tam, luc
tiép tuyén 1a lec hitu ich, con luc xuyén tam a luc ¢6 hai.
Trong qué trinh hinh thanh hop luc f, luc tiép tuyén cang
I6n cang tot, c6 tac dung quay rotor, ting mé men. Trong
truong hop 1y tuwong fy = fr. Trai nguoc véi fr, luc xuyén
tam fr s€ hit va gitr cac cap cuc rotor, stator. Trong trudng
hop luc xuyén tdm duoc sinh ra & cac cuc dbi dién khong
bang nhau, luc nay s& lam bién dang stator, 1am léch khe
ho khdng khi, gdy mat can bang, tao ra tiéng 6n. Pay la
diéu khdng mong muén trong hoat dong cua SRM.

3.1.2. Cong theic tinh lyc tur

Viéc tinh toan hye xuyén tim dugc dya trén phuong trinh
Maxwell Stress Tensor [7]. Bo qua su bao hoa tir truong, gia
str cac duong tir thong duge xac dinh va phu hgp cho viéc
ap dung Maxwell Stress Tensor. Cung vaéi su lua chon thich
hop tich phén tirng phan xung quanh cac bé mat cyc riéng
16, Maxwell Stress Tensor cung cip mét tinh toan tryc tiép
cho cac luc xuyén tim. Theo phuong trinh Maxwell Stress
Tensor nhu trong (10) va (11), luc téng hop Fy va lyc tiép
tuyén Fr tai mot cap cuc stator va rotor nhu sau:

1 . 1
=2—%jjs(BN ~B)dA (10)F, =2—%jLBNBTdA (11)

trong do: Bw, Br |2 thanh phan phép tuyén va tiép tuyén cua
mat dg tir thong, twong tmg, o 1a do tur tham khong khi lay
bang d6 tir tham chan khong.

Cuyc Stator \
= P 3 By
B 111
E e IINE
By 40> >
\
\\\ Cuc Rotor

Hinh 4. Ung dung cua Maxwell Stress Tensor trong
tinh toan lyc xuyén tam va luc tiep tuyén
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D& minh hoa, hdy xem xét sy phan b6 cua hai cuc nhu
dugc chi ra trong so do biéu dién don gian cua Hinh 4. Gia
thiét cac duong sirc tir trudng c6 phan bd nhu trén Hinh 4.
Bién dang bao quanh dugc lya chon sao cho cac duong tir
thdng hoac vudng goc hoac song song véi bién dang. Dusi
nhitng diéu kién nay, phuong trinh Maxwell Stress (10)
don gian hoa nhu sau:

Vi cac duong tir thdng vudng goc, thanh phan Bt bang
0, lyc Fy la:

1
F, =—|| B dA 12
N 2:”0 J]s N ( )

Véi cac duong tir thdng song song, By bang 0, luc Fy

trg thanh:
1 2
= _Z—%IIS—BTdA (13)

Ap dung céc phuong trinh ndy cho bién dang duoc xéc
dinh’trong ’Hinh 4. Két qua theo cac luc luwong xuyén tam
va tiép tuyén tiép hoat dong trén mot cuc rotor:

Foi = U B2l +j B2l +i B2dI +i szdIJ
1 2 4 (14)

5

L
= _(B?1I12 + Bf} (s + 1) + B?zlse)
Y
4
Fan ential — 5 m =T r12‘||34
e 0 '!: 244,

(15)

trong d6, Br, Br va B lan luot 12 tir truong bao quanh khe
hd khdng khi 1, 2 va tir truong khe ho chinh, L 1a chiéu dai
dong co.
3.2. Méi quan h¢ gi#za md men va luc tie
Theo cong thic tinh cong suat cho dong co dién:
P=mUIcos¢
trong d6: m 1a s6 pha;
U la dién &p cép cho dong co;
I 1a dong dién;
cos 1a hé s6 cong suat.
Cong suat P 1a cong c6 ich phy thude vao dong dién va
dién ap. Theo [8], cong suét tic thoi mot pha ciia dong co

duoc biéu dién:
LAL(o)
dt

(16)

di

RiZ4i gt
00+ +L( |)|d

P =ui=
(17)
Cong suét P cap tir ngudn sinh ra strc dién dong e, chinh
sirc dién dong e nay la thanh phan co ich trong dong co, tao
md men quay, dong thoi, ton hao cong suét trén dién tro Rs
va trén dién cam s& lam giam hiéu suat dong co. Véan dé dat
ra 1a bién cong suét tir ludi chuyén hoa thanh sirc dién dong
trong dong co dat gié tri I6n nhat, ton hao trén dién tro va

cudn cam cang nho cang tét.
Khi @6, m6 men trén truc dong co tinh bgi cong thic sau:

P

M=—
w

(18)

trong d6: M 1a mo men dién tur,

P 14 cong suit;
o 14 tbe do quay.
Theo (18) khi cong suat P Ién, s& sinh ra md men lon.
Mat khac, phuong trinh chung cia mach tir trong dong cor:
F=0o. Rm . (RmAlr + RmFe) (19)
trong d6: F 1a suc tir dong;
Rmair 12 tir tré khe ha khong khi;
Rinre 18 tir tr 1Gi thép.

Luec tir F ti 1€ thuan vai tir thong 18i thép va tir tré. Trong
SRM, néu lyc tir F sinh ra 1a khéng doi, tir tré nho dan dén
tur thong chinh 16i thép tang.

Mt khac, tir thong ® va stre dién dong e co mbi lién hé:

e=C.®n (20)
trong d6: e la strc dién dong; Ce 1a hé s6 phu thy(f)c vao két
cau ctia may va day quan; @ 1a tir thong; o 1a téc d6 quay;

_ Nhu vay, theo (18) va (20), tir thong @ (®=B.A) ting
dan dén moé men M trong déng co tang. Tu (18) va (19),
luc tir va md men ti 1€ thuan véi nhau.

4. Mat @6 phan bé lyc trong dong co tir tré' méi

Mat do phan bd lee trong dong co 1a két qua so bo danh
gi4 do 16n cua luc tir va md men. Tir d6 quyét dinh hiéu
sudt 1am viéc cua dong co. Qua nghién ciru cho thiy mdi
guan hé rang budc gitra do tir cam B va luc dién tur. Do tir
cam cang lén dan ti luc tir 16n. Hon nira, do ty cam B do
chinh cau trdc va vat liéu ché tao dong co quyét dinh. Vi
vay, tac gia dé xuat thay di cau trac dong co nham nang
cao gia tri @6 tw cam lam viéc.
4.1. Cdu triic dpng co tiv tré' mdi

DPong co tir tré méi duoc d& xuét ¢ cau triic nhu Hinh
5a. Stator cta dong co ¢ cdu tao nhu SRM truyén théng.
Céu truc rotor dugc thay ddi: vat liéu ché tao rotor van Ia
thép Silic thong thuong nhung si dung thanh nhém nguyén
khéi phan chia rotor thanh hai phan. Vi cau tric nay, mach
vong tir thong trong dong co duoc thay ddi. Puong di cia
tir truong thay doi, tap trung ¢ vlng cuc stator va rotor
nhiéu hon, dugc thé hién day da nhu Hinh 5b.

Thong s6 cau trac dong co tir tré duoc cho trong Bang 1.

Bdng 1. Thong sé kich thudce dong co tir tré

Ns/N /
A oia | PP 20124 do
(So cuc stator/rotor) (GAc cuc stator/rotor)
Do D
(Puong kinh ngoai | 190 mm | (Buong kinh trong | 89,7 mm
stator) Stator)
Dsh YS, yr
28 5 day go 12,5
(Busng kinh truc) mm | (b6 day gbng stator, 0 MM
rotor)
hs hr
3 77,2 mm . 59,5 mm
(Chiéu cao cuc stator) (Chiéu cao cuc rotor)
g |
s 10,3 S 114
(Chidu dai khe khi) | > ™" | (Chiéu dai dong co)| —— T
Dr
(Puong kinh ngoai | 100 mm Vit liéu Silic
rotor)
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SRM truyén théng cho trong Bang 2.

Hinh 5. Cdu triic déng co tir tré méi
4.2. Két qud va thdo lugn
Dong co tir trés duge m6 phong dé dénh gia mét do khoi
lwgng lyc phéan bo trong déng co 1a }oai 6/4 cuc 3 pha. Ket
qua dugc m6 phong mat do phan bo luc gitta SRM truyen
thong véi SRM méi - cau triic rotor thay doi, thé hién trong
Hinh 6, 7 va Hinh 8.
_Truong hqpﬂ SRM c6 cuc stator va rotor ¢ vi tri goi
chong, vi tri thang hang hoan toan va vi tri khong thang
hang, mat do phan bb khoi lugng lyc cia SRM mai va

Bdng 2. Gia trj lic thé tich lon nhdt trong dong co tir tré tai cac

Vi tri cuc tir

Cucﬂroto, stato Cuc roto, stato Cuc stato, roto gbi
thang hang khong thang hang chong
SR'\AA SRM SRM SRM SR'YI SRM
truyen méi truyen méi truyen M6
thong thong thong
1,9x10 | 3,2x10 | 4,55x10 | 5,5x10 | 7,28x10 | 7,49x10
IN/mM3 | °N/m3 | °N/m® | °N/m® | °N/md | °N/m?d

7. 4a43e+D09
3.@551e+009
1. Z454E+A09
5. 0771e+005
2. AB97e+A0E
8. 45375e+E07
3. 4395e+pB7
1. 4AZZe+AA7

9, 4391e+005
3, 87 24e+005

6. 4353+0AY4
2, B234he+DEY
1. A69%e+AAY
4, 3597e+DB3

Yolume-Force[N/

Yolume-Force[N/

7. 2830e+0B9
3. 8024e+0B9
1. 2377 e+0A9
5. 1823e+005

2. 1A3Y4E+AAE
8. 6710&+087
3. 5746&+0AT

1. 4736&+0A7
£ 8747e+00E
2. 5A43&+AA6
1. 8324%e+00E
4. 2558e+0B5
1. 7544e+0B5
7. 2325e+b@Y
2. 9815&+0AY
1, 2291e+0@Y4
5. 86696 +053

5. 7T16@e+006 | k=
2. 3302e+00E | -0

1.5786e+005 | [

Hinh 6. Luc thé tich ciia SRM khi cuc stator va

rotor géi chong nhau

w

. ZA18e+AR9
L 1574e+EB9
L1847 e+BB8
. 5138e+a835
 4TAGE+RAT
. 97ERe+EB7
L1517 e+BBE
. 5858e+006
. 3493e+885
. 38@4e+EBS
|\ 2222e+BB5
 4191ie+@84
. G97Ge+A0Y
L TP7le+BB3
. B388e+883
. G5Z4e+@B2
. 73BT e+AE2

R I I R T N

Yolume-Force[N/

Yolume-Force[H/
1.8995e+0@9
8. 1487:+008
3. 4957e+083
1.4996:+085
6. 433264087
2, 75985+087
1.1839:+087
5.0759e+006
2.1788:+006
9, 3469e+0E5
4.B897+085
1. 72@1e+BE5

3. 1656&+80%
1. 3558e+@84
5.8257e+8@3
2. 4992e+883

7.3792e+00Y | &

Hinh 7. Luc thé tich ciia SRM khi cyc stator va rotor thang hang

5. 4989e+889
2.8245e+809
7. 4533e+005
2, T440e+005

1.8182e+805
3. 7192e+8@7
1. 3693e+887

5. 8418 +EEE
. B559e+886
. B326e+885
. 5155e+8@5
ZE@9e+BAY

[

255Ze+BaY
B21Z2e+8@3
7813e+883
. 2636e+BE2

MR E R wo M

Yolume-Forcel[N/

4. 5497 e+809
1,7303e+889
6. 9666e+808
2, 7Z61e+885
1.0667e+808
4. 174Ze+E67
1. 633%e+887
6.3917e+866
2,5811e+886
9. 7371e+@B5
3. 8298e+885
1. 4986 +AB5
5. 864Ze+BEY
2. 2947e+B0Y
8. 979%e+8683
3.5137e+803
1.3749e+8683

Yolume-Force[H/

=

4B95e+00Y | g

Hinh 8. Luc thé tich ciia SRM khi cuc stator va

rotor khdng thing hang

Két qua m6 phong cho thiy, SRM cau tr(ic méi cho gia

tri mat do khéi luong luc cao hon hon so véi SRM truyén
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thong. Vi mat d6 phan bd khéi lwong luc I6n, SRM moi
duoc du béo s& dat hiéu suit cao hon. Két qua cia nhém
tac gia cong bd 1a két qua phan tich, danh gia budc dau, dé
c6 két qua danh gia day dua vé luc tir va md men trong SRM
méi can xay dung dugc mo hinh toan méi cho dong co va
s& duoc cong bd trong nhitng nghién ctu tiép theo.

5. Két luan

Bai béo trinh bay nhiing phan tich, danh gia vé méi
quan hé gitra mé men va luc tir. Luc tir va mé men ti Ié
thuan véi nhau, qua d6 quyét dinh dén hiéu suat ctia dong
co tir tré. Lyc tir phan bé trong SRM cau triic méi dugc so
séanh véi SRM cau trdc truyén théng. Két qua budce dau
khang dinh wu diém vuot troi cia SRM mai trong nang cao
mat do luc tir so voi SRM cil.
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