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ABSTRACT

The magnetic force distribution significantly affects electric devices'
working characteristics, especially in switched reluctance motors. This
distributed magnetic force determines the torque and efficiency of the
motor. The examination of the magnetic distribution as well as the
magnetic force is a necessary scientific matter. Therefore, two magnetic
models, including the Ampere model and the virtual work principle are
used to analyze and calculate the distributed magnetic force in the
switched reluctance motor presented in this paper. Furthermore, switched
reluctance motor which has new structure is also proposed to evaluate
and compare the magnetic force distribution with the prototype switching
reluctance motor structure. The survey results show that the magnetic
force distributed in the two models is equivalent. The magnetic force
distribution on the new switched reluctance motor structure is improved
compared to the prototype motor structure.

TOM TAT

Sw phdn bé lyec tir anh huwong khong nho toi ddc tinh lam viéc cua cac thiét
bi dién tir, nhdt la trong dong co tir tré chuyén mach. Liee tir phdn bo nay
quyét dinh dén mé men va hiéu sudt cia dong co. Viéc kiém tra sy phan
bo tir cting nhu lyc tir la véan dé khoa hoc can thiét. Do dé, hai mé hinh tir
g6m mé hinh Ampere va mé hinh dwa trén nguyén Iy cong do dwoe ding
dé phan tich, tinh todn lic tir phin bé trong dong co tir tré chuyén mach
duge trinh bay trong bai bdo nay. Hon nita, déng co tir tré: chuyén mach
€6 cdu triic méi ciing dwoc dwa ra dé danh gid, so sanh sw phdn bé lyc tir
Véi cdu triic dong co tir tré chuyén mach nguyén mau. Két qua khdo sat
cho thdy lyc tir dwoc phan bé theo hai mé hinh la twong duwong nhau va
liee tir phdn bo trén cau tric dong co tir iro chuyen mach moi dwoc cadi
thién hon so véi cdu triic dong co nguyén mau.

1. GIOI THIEU

Thong thuong, s phan bd lyc tir trong cac thiét
bi dién tir 1a dong déu va ddi xtng, hinh thanh cac
ngau luc can bang va ty triét tiéu 1an nhau (Garrigan
et al., 1999; Anwar et al., 2000). Tuy nhién, do tinh

thiéu dong nhat trong vat liéu, sy phan bé lyc tir tré
nén mét can bang. Chinh sy mat c4n bang nay gy
nén rung doéng va tiéng 6n, tham chi lam bién dang
thiét bi. Vi vy, danh gi4 va phan tich sy phan bé luc
tir trong céc thiét bi dién tir 1a vén dé can thiét. Hign
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nay, c6 nhiéu mé hinh tir khac nhau dugc céng bd
(Se et al., 2004; Thomas & Wolfgang, 2010;
Hongbiao et al., 2015; Elmar et al., 2015; Tetbirt et
al., 2016; Sasaki et al., 2022; Yuning et al., 2022)
ding dé khao sat qua trinh hinh thanh va phan bo
luc tir trong cac thiét bi dién.

Bén canh d6, dong co tir trd chuyén mach
(Switched reluctance motor-SRM) véi nhiéu uu
diém nai troi dwoc ting dung nhiéu trong cac phuong
tién giao thong, nhat 1a xe dién. Pay 1a dong co co
tir rat 1au, nhung méi dugc quan tim nghién ctiu tro
lai trong cac nam gan diy (Ahn & Lukman, 2018;
Lietal., 2019; Lin, 2019; Sun et al., 2019; Bilgin et
al., 2020; Chithrabhanu & Vasudevan, 2021;
Valencia et al., 2021; Sasaki et al., 2022). Trong bai
bao nay, mot vai phuong phap tinh toan lyuc tir dya
trén cac mo hinh tir dd cong bd dwoc sir dung dé
khao sat sy phan bd luc tir trén dong co tir trg chuyén
mach. Boi SRM thudc thiét bi may dién quay, 1a ddi
tugng chiu anh huong rd rét bai sy phan bo luc tir
treong. Su rung dn do mé men dap mach trong SRM
két hop véi rung on do sy phan bd lyc tir mit can
bang tr& thanh van d& khong nho ddi vai loai dong
co nay (Chai et al., 2010; Jian & Tunhyun, 2010;
Wang & Park, 2011; Van et al., 2012).

Dong thoi, trong nghién ctru Nhi et al. (2018),
mot cau tric SRM méi dé xuét, dugc st dung nham
déanh gi4 su thay doi cua lyc tir phan bd trong dong
co. Sy phan bé luc tir ding cac mé hinh tir khac nhau
cho hai cau trac dong co tir tré chuyén mach dugc
mo phong va danh gia véi nhiéu truong hop khac
nhau.

2. PHAN BO LUC DUA TREN MO HiINH

AMPERE

Biéu dién mat do luc tir va ngau luc tir duoc dya
trén co so cua luc va ngau luc tac ddong 1én ngau cuc
nguyén to trong vung khéng c6 vt liéu tir tinh va
dong dién (véc to md men tir ban dau M =0, véc
to mat do dong dién J =0).

Hinh 1. M6 hinh Ampere
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Trong m6é hinh Ampere (Vandevelde &
Melkebeek, 2001), mot ludng cuc tir duoc biéu dién
bing mot mach dong dién véi dong dién i va dién
tich véc to s, nhu Hinh 1, & d6 véc to md men tir m
duoc biéu dién:

m= ,Uois 1)

D6 tir héa vi mo oM (véi g, 1a do tir hoa
khong khi) duoc dai dién boi mat do dong tir hoa
tuong duong J, :

J,=VM (2)
trong do V : gradient

Trong mo6 hinh Ampere, cam ung tu B la truong
co ban, dugc tao ra bai dong dién J va dong tir hoa

tuong duong I theo:
Ho t ©)

Va anh huong dén luc (trén mdi don vi d6 dai)
trén mdi dong dién i :
F=iB 4)
Theo lyc tac dung 1én dong dién (4), luc va ngiu
lyc hoat dong dua trén ngau cuc nguyén t6 m (hinh
1) trong khong khi, dugc tim thay:

F =—=(VB,)m 5)
Hy

C.-L1mB, (6)
Hy

Trong d6 cam ung ngoai B, dugc dinh nghia
tuong tu véc to cuong do tir trudng ngoai H, . Chi
don gian thay thé m va B, bing #4,M va B tuong
ung va cong thém mat do luc vao mat do dong dién
J , theo d6 mat do luc va ngau lyc thu dugc:

T,=1B+(VB)M=VT, ()

S

c,=MB ®)

S
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o do:
T.=BH-22(H?-M?)1
2
Tuong tu v&i mat d6 luc va ngau luc dya trén mo
hinh Chu (Vandevelde & Melkebeek, 2001),
phuong trinh (7) va (8) cac biéu thic chi c6 the duoc
xem nhu mét d§ lue va ngau luc do, c6 thé dugc sur
dung cho tinh toAn m6é men va lyc tong.

3. PHAN BO LUC DUA TREN NGUYEN
LY CONG AO

©)

Nguyén ly lam viéc cong do thuong duoc su
dung dé tinh toan mat do lyc tir, dwoc chi dinh thém
bai chi s6 “a0”. Mat do luc tir thu dugc bang cach
xem xét su dich chuyén 4o cia mot phan vé tan caa
vat tir hoa va cong viéc twong ung dugc thuc hién
boi nguon dién ngoai va su bién d6i cua ning lugng
tur tinh (Vandevelde & Melkebeek, 2001; Robert et
al., 2007; Xu & Ou, 2015).

Trong vat lidu tuyén tinh dang huong, ung dung
cuc bg cua nguyén ly lam viéc a0 dan dén mat 4o
lyc, néu tir tham dwoc gia dinh 1a doc 1ap véi bién
dang (Hirsinger & Billardon, 1995):

f :3.@-% H2Vu=VT, (10)

G do:
(11)
Vai:

213 46 tir hoa vat liu; 1 13 véc to dong dién

Trong truong hop vat liéu tuyén tinh, ding
hudng, dong nhét va dong tw do, mat do luc tir bién
mét bén trong vat liéu va dan dén mat do luc bé mat
binh thuong tai cac ranh gidi gitta cdc phuong tién
khac nhau, noi Vu hién thi mot s6 it (Reyne et al.,
1987; Ren, 1994). Ban chét caa sy phan bd luc tir
thu dwoc bang cach sir dung nguyén 1y lam viéc ao,
tire 1a mot hue kéo bé mat binh thuong cé thé d& dang
duoc giai thich. Néu tir thim duoc gia dinh 1a khong
bi anh huéng boi bién dang, hé thong tir truong va
do d6 nang luong tir hoa khong bi thay d6i boi su
dich chuyén ao caa mét thé tich bén trong vat liéu.
Do d6, mat do luc tir bén trong vat lidu bién mat.
Mt khéc, boi sy dich chuyén ao cua bé mit ranh
gigi trong hudng binh thwong, vat liéu nhu dugc
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thay thé bang vat liéu tir tham khac, dan dén sur bién
do6i cua nang lugng tir va do d6 kéo theo bé mat tur.

Trong vat liéu déng huéng phi tuyén, mat do luc
thu dwoc theo (Hirsinger & Billardon, 1995):

"
f, =JB-[HVudH =V,
0

[E.ﬁ - T BdH Tj (12)

H
0 do, j BdH duoc goi la mat do ning luong tir
0

ddng nhat. Ngay ca trong moi truong dong nhat, mot
vai luc thé tich c6 thé xuat hién trong truong hop
nay, nhu mét sy dich chuyén 4o ciia mot thé tich 1a
mot S trao déi ctia vat liéu 16 rang cua cac diéu kién
bio hoa c6 thé khac nhau.

R& rang 1a khi ap dung nguyén ly lam viéc 4o, sy
phu thudc cua tir tham u vao bién dang phai duoc
tinh toan. Bang cach xem xét sy phu thudc cua p vao
méat do khdi luong, mat do lyc thu dugc nhu sau, bao
gom mat do tir hoa (Reyne et al., 1987; Ren, 1994):

T = TB-IHVu+v|IH2 %y
2 2 g
(13)
v/ BH-1BAI+ 12 g
2 2 q

g la mat d6 dién tich va:
— _(—_— H ou =
fo =V BH-[| u=Zq HdH1 | (14)
0 aq

Cho vat li¢u tuyén tinh va phi tuyén twong @ng.

4. PONG CO TU TRO CHUYEN MACH
CAU TRUC MOI

Dong co tir tré chuyén mach truyén théng c6 cau
tao gom stator va rotor, nhu Hinh (2a) 14 loai SRM
6 cuec stator va 4 cyc rotor. Tuy theo sb cuc cua rotor
va stator ma nguoi ta co cac loai dong co tur tro
Chuyén mach 6/4, 8/6, 10/8,... ca stator va rotor ciia
dong co tir tré chuyén mach déu 1a loai cuc I0i.
Stator ciia dong co duoc gan cd dinh véi vo, trén cac
cuc ddi dién ciia né dugc quan cac cudn day giong
nhu stator cia dong co mot chiéu hay dong co xoay
chiéu ba pha. Rotor ctia dong co 1a phan di dong, co
thé quay quanh truc stator. Tuy nhién, trén rotor
khéng co cudn diy nao. CAu tao cua rotor don gian
chi 1a 161 thép dugce ghép boi cac 1a thép mong va
chia lam céc cuc d6i dién nhau.
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Hinh 2. Céu triic cia SRM nguyén miu (a) va
SRM cau tric moi (b)

Mot su thay ddi trong ciu trac dong co tir tré
chuyén mach dugc dé xuat (Nhi va ctv., 2018). Céu
trac SRM méi c6 stator khong ddi gdbm 6 cyc, chi
céu tric rotor dugc cai tién, nhu Hinh (2b). Hai
miéng nhém nguyén khdi duoc ghép vao vi tri gong
rotor, thay thé vat liéu sat tir tai vi tri d6. Hinh (2b)
cho thay nguyén Iy hoat dong cua dong co. Khi pha
Al va A2 cta cudn day duogce kich thich, ca hai cuc
stator cta cudn day pha Al va A2 duoc tir hoa va
rotor quay nguoc chiéu kim dong hd 30 do. Sau do,
rotor quay lién tuc vai viéc chuyén kich thich thanh
pha B1 va B2, sau d6 1a C1 va C2. Thong s6 dong
co duoc thé hién trong Bang 1.

Céu tric SRM md¢i nay lam thay d6i huéng di
cua tir thong so véi SRM truyén théng va lam thay
ddi sy phan bd luc trong dong co (Nhd va ctv.,
2018). N6 dugc ky vong s& 1am giam ton hao dong
dién xody trong khdi rotor, tiéu giam lyc xuyén tam,
tir 46 giam duoc rung on va nang cao dic tinh mé
men.

Bing 1. Thong s6 dong co SRM

SO cuc stator,

Goc cuc stator, rotor

cuc rotor 6/4 (d9) 20/24
?gu;c;r]lg(rﬁlgl)l 190 ?nl]l';l;g kinh trong 897

Dung b g Do e 1z

32;3;1 (drﬁ;n C)I_IC 772 E:n}:;re];l dai cuc rotor 595

Khe ho khong Puong kinh rotor

khi (mm) 03 (mm) 100

5. KET QUA VA THAO LUAN

Dé minh hoa sy phan bd lyc tir trong dong co tir
tro chuyén mach, phuong phép tinh toan Iyc dugc
thuc hién bang cach sir dung phuong phéap phan tu
hitu han 2D va 3D 4p dung cho SRM truyén thong
va SRM méi théng qua cong cu md phong 1a phan
mém FEMM va Ansys Maxwell. Hinh 3 hién thi mat
do tur thong trong rotor va stator cua dong co trong
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ba truong hop: cuc stato va rotor thang hang (Hinh
3a); khong thang hang (Hinh 3b); chong chéo (Hinh
3c). Su phan b dudng sic tir trong dong co s& quyét
dinh dén sy phan b ciing nhur gia tri lyc tir sinh ra.
Véi cu trac SRM méi, sy phan bd cua duong sic
tir khac véi SRM truyén thong, tap trung & ving sinh
luc tir, chir khong phan déu nhu trong cau traic SRM

Hinh 3. Phan bd tir thong trong SRM nguyén
miu va SRM ciu triic méi

Ghi chii: (a) cyc stator, rotor thing hang, (b) cuc stator,
rotor khong thang hang, (c) cuc stator, rotor chong chéo

Hinh 4 biéu dién su phéan bd lyc tir theo mé hinh
Ampere Vi cac trudng hop nhu Hinh 3. Két qua cho
thay mat do luc tir dwoc phan bé twong dbi dong déu,
cac ngau lyc sinh ra c6 tinh d6i xang. O ciu trac
SRM méi, su phan bd lyc tir tap trung & hai cuc stato
canh nhau, phat huy téi da gi4 tri hyc tiép tuyén, gop
phan nang cao md men quay so vdi sy phan bd lyc
tir trén SRM truyén thong. Gia tri luc tir toi da duoc
cho trong Bang 1. O d6, vi tri cuc rotor va stator
thang hang, gi4 tri lyc tir tdi da cia SRM méi nho



Tap chi Khoa hoc Trirong Pai hoc Can Tho Tap 59, So 3A (2023): 8-14

hon khong dang ké so v6i SRM truyén théng. Diéu Hinh 5 biéu dién su phan bd luc tir theo mé hinh
nay khong anh huéng nhiéu dén mé men sinh ra, boi nguyén 1y cong 40. Lyc tir I6n nhat duoc biéu dién
tai vi tri cuc nay, luc xuyén tam la dang ké. Hai vi theo phuong va chiéu & cuc stato, noi sinh ra lyc va
tri khi cyc stator va rotor khong thang hang hay mo men quay. Ca hai mo hinh biéu dién su phan b
chdng chéo, day 1a vi tri ma lyc sinh ra quyét dinh luc tir co ban 1a twong dwong khi lya chon B hay H
dén mé men quay cua dong co. Két qua cho thiy lam tr truong kich thich.

SRM méi c6 gia tri luc tdi da vuot troi so voi SRM e —

cil.

Hinh 4. Sy phén bé lyc f; (7) trong SRM nguyén Hinh 5. Sy phan b luc fa (10) trong SRM
Mau va SRM ciu tric moi nguyén miu va SRM ciu tric méi
Ghi chii: (a) cyc stator, rotor thang hang, (b) cuc stator,

; B ! : ) Ghi chii: (a) cuec stator, rotor thdng hdng, (b) cuc stator,
rotor khong thang hang, (c) cuc stator, rotor chong chéo

rotor khéng thing hdng, (c) cuc stator, rotor chéng chéo

Béng 2. Gia tri luc tir I6n nhit trong ddng co tir tré chuyén mach & cuc stator

Luc tir |6n nhét Luc tir trung binh
Cuc rotor, stator thang SRM truyén théng 7.8745x10° Nm? 9.1362x10* Nm2
hang SRM céu tric méi 6.2606x10° Nm? 8.7591x10* Nm?
Cuec rotor, stator khong SRM truyén thong 11.984x105 Nm? 6.371x10* Nm?
thing hang SRM cAu triic méi 13.677x10° Nm? 9.588x10* Nm?
Cuc stator, rotor chong SRM truyén thong 7.4039x10° Nm? 9.413x10* Nm?
chéo SRM céu tric méi 11.523x10° Nm? 12.339x10* Nm?
Dua trén m6 hinh biéu dién phan b lyc tir, dong tich, danh gia budc dau, nhiing phan tich vé cac gia
co tir tré chuyén mach véi Cau triic rotor méi budc tri nang cao higu suat cua dong co tir tré chuyén
dau thé hién dugc tinh kha thi trong viéc cai thién mach kiéu méi sé dugc cong bd trong nhiing nghién
luc tir va md men. Két qua cong bd 1a két qua phéan ctu tiép theo.
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7. KET LUAN

Bai bao trinh bay phuong phap tinh toan lyc tu
phan bd theo hai mé hinh khac nhau. Mét céu trac
dong co tir tré chuyén mach mai dugce dé xuat va
déanh gia sy phan bd luc tir theo hai mé hinh nay. Két
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