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B¢ Khoa hoc va Cong nghé

Tém tat - Bong co tw tr& (SRM) la dong co co6 nhleu wu didm
nhwng nh|eu tng dung ctia n6 bj han ché bai tiéng dn. M6t trong
nhirng ngudn géc cla tiéng n 1a do moé-men dap mach. Mé-men
dap mach trong SRM khéng chi do cAu triic ctia dong co sinh ra,
ma con tao ra b&i séng hai dong dién. Dong dién cé thanh phan
song hai bac cao gay anh huéng lon dén md-men va tén hao trong
déng co. Vi vay, bai béo tién hanh phan tich, danh gia nhirng &nh
hwéng cla song hai dong dién trong dong co tir tré. Déng thoi,
nhém tac gia dé xuét gidi phap mai la st dung vét liéu vo dinh hinh
thay thé thép silic ché tao stator nham cai thién mé- men dap mach
va tén hao. Két qua buwéc dau cho thy tdn hao duwoc giam dang
ké va han ché dwoc mé-men dap mach trong dong co.

T khda - dong co twr trd; séng hai dong dién; vat liéu vé dinh hinh;
SRM, mé-men dap mach.

1. Giéi thigu

Pong co tir trg (SRM) ¢6 cau tao don gian, tbe o hoat
dong 16n, do bén cao trong moi trudng lam viéc phic tap
va chi phi ché tao thap. Mac di ¢6 nhiing vu diém dang ké
trén, nhung van con ton tai mot van dé 1am han ché cac ung
dung cua SRM, d6 chinh 1a tiéng dn 16n. C6 nhiéu nguyén
nhan gay ra tiéng on trong dong co tir trd, mot trong nhing
nguyén nhan do6 1a do md-men dap mach (goi la séng hai
mo6-men). Md-men dap mach ton tai trong dong co tir tro
chu yéu do ciu tao cua dong co (ca rotor va stator déu cé
Cau tao cyc 15i). Tuy nhién, dong dién c6 thanh phan séng
hai bac cao (bac 3, 5, 7, ...) cling la nguyén nhéan gay ra
mo6-men dap mach. Mot sé cong trinh nghién ctu da chi ra
anh huong cua séng hai téi ngudn hay trong cac thiét bi
dién néi chung [1], [2]. Cbng trinh [3] dua ra phuong phap
diéu khién phan hoi vong kin song hai mé-men dé giam
rung/on trong dong co. Hon nira, ton hao sit do dong dién
x0ay trong |4 thép I8i sit 1a mot van dé 1on, ngay ca trong
trudng hop 16i c6 ciu tao don gian [4]. Hién tuong nay
tham chi phuc tap hon trong truong hop dong dién co thanh
phan song hai bac cao.

Trong SRM, dong dién va dién ap khi qua bo chuyén
mach 12 mot chiéu, nén dang song dién ap va dong dién co
dang xung chit nhat trong diéu kién 1y tuéng. Tuy nhién,
trong thuc té, dong dién qua bo chuyén mach ludn chira
thanh phan sin va séng hai bac cao. Sy anh huéng nay 13
khong thé bo qua. Vi vay, bai b4o tién hanh phan tich, danh
gid nhitng anh hudng cua soéng hai dong dién trong dong
co tir trd, tén hao do dong dién xody. Tir do, tac gia dé xuat
phuong an nham han ché anh hudng ciia séng hai dong
dién, giam sdng hai mo-men trong dong co tir tro.

2. Anh hwéng cia song hai dong dién trong dong co tir tré
2.1. Dang song dong dién trong dpng co tir tré
Céc phuong phép tinh toan, phan tich trinh bay trudc

Abstract - Switched reluctance motor (SRM) has many
advantages but its applications are limited by the noise. One of the
causes of this noise is the torque ripple which is caused not only
by the structure of the motor but also by the harmonic current. The
current has high harmonic component that greatly affects torque
and loss in the motor. Therefore, in this article the influence of
harmonic current in the switched reluctance motor will be analyzed
and evaluated. At the same time, new solution using amorphous
materials will be discussed to decrease the torque ripple and
reduce the loss. The initial results show that the loss is significantly
reduced and the torque ripple is limited.
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day duoc gigi han véi dang song dong dién hinh sin ly
tuong. Nam 1984, Venkatraman cho thay nhiing ton hao
duoc tinh bang cach st dung phan tich chudi Fourier.
Venkatraman gi¢i han nhitng phén tich ciia minh cho dang
song dong dién hinh chir nhat, nhung tit nhién, phwong
phép phan tich Fourier cd thé dwoc ap dung cho bat ky dang
song dong dién nao. Hinh 1 biéu dién dang song dong dién
khong chira thanh phan séng hai (xung chi nhat) va dang
song dong dién chtra thanh phan séng hai. Theo chudi
Fourier, dong dién i(t) v6i chu ky To va tan s co ban

f, = L dugc bidu didn nhu sau:
0

i(t) =l + Z[Ik cos(kat) + 1, sin(ka)t)} (1)
k=1
Trong do: k la bac cta song hai dong dién.

TO
. =1ji(t)cos(wt)dt
TO 0
2%
== [i(Ocos(kat)dt  k=1,2,...
TO 0

TO
: :Eji(t)sin(kwt)dt k=1, 2,....
TO 0

Tin hiéu dong dién i(t) ciing c6 thé duoc biéu dién duéi
dang cac song hinh sin:

i(®) =l + DI sin(ket + B,) (2)
k=1
A N2 A2 IA
voi I, =\l +1, va g =arctan| -

I k
Theo d6, dong dién dinh muc:
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=1, =J% j (0t )

Két hop (2) va (3), dong dién dugc biéu dién:

0o

I :\/_? H DC+ZI S|n(ka)t+,3k)}

20 +17+12+... 4)

Dang song cé thanh

/ pha.n hai

Dong dién pha (4)

800 B15 630 645 660 675 690
Goc co khi (d§)

Hinh 1. Dang séng dong dién chudn va khi ¢ thanh phan
song hai
2.2. Anh huong Ciia song hai dong dién trong dpng co tir tro
bién ap khdng sin cung cip cho may dién néi chung cé
thé gy ra hién tuong phat néng, md-men dap mach, hoic
tiéng on. Trong diéu kién cac wng dung Ia tuyén tinh, toc
d6 dong co duogc diéu chinh tir bién tan cé thé sinh ra cac
dién ap bi bién dang lén.

Su quéa nhiét trong rotor tré nén nghiém trong hon khi
dién &p bi bién dang I6n. Ton hao 16i va tén hao phu trong
may dién phu thudc vao phd tan sé cua dién ap cung cap.
T6n hao nay tang 1én khi dong co duoc cung cap tir bién tan
c6 tan s6 song hai bac cao. Nhiét do 1am viéc ciia dong co
tang s& lam giam tudi tho dong co. Pong co 1am viéc tirng
pha mét nhu SRM 1 nhitng dong co bi anh husong nhiéu
nhat. Nhiét d6 ting khong dong déu trong dong co, cac diém
phét néng xuét hién gan day dan trong phan 18i sat. Néu séng
hai thay d6i theo thoi gian, dong co c¢6 thé chiu mire d6 bién
dang dinh cao hon ma khong 1am ting nhiét do tai chd. Diéu
nay c6 thé duoc giai thich 1a bai vi nhiét d6 dong co c6 thoi
gian ting cham hon nhiéu so vai chu ky cua sy thay ddi song
hai. Connors [5] nhin manh rang ton that song hai ciing phu
thudc vao dac tinh ctia dong co. Céc tré khang tan cua dong
co s& tang tuyén tinh voi tan s6 song hai.

M&-men dap mach duoc tao ra boi sy tuong tac gita tir
thong khe khi va tir thong sinh ra do song hai dong dién
trong rotor. DBéi véi dong co cé diéu chinh tée do, phan tich
su cong hudng co hoc 1a can thiét dé tranh thiét hai do m6-
men dép mach. Tai ligu tham khao [6-8] két luan rang tiéng
6n 4m thanh dugc tao ra boi su khac biét tan s6 song hai
theo thoi gian. Do do, tan s6 song hai cao khong thé nghe
duoc cling co thé gay ra tiéng dn &m thanh.

3. Ton hao dong dién xoay trong dong co' tir tré:

Hinh 2 minh hoa dong cong suit trong hé thong dong co
tir tré va danh sach cac ngudn tén hao. M6 phong phan ti
hitu han bao gdom ca ton hao cuia b bién ddi Pycond Va ton
hao ddng cua cudn day Pycuac. Trong do, Py 13 cong suat
dAu va0; Peony 1a cONG suat qua bd bién ddi; Prmeen 12 cOng suét
co dAu ra; Pshate 12 cONG SUA ra trén truc. Pyswitch 12 ton hao bo
chuyén mach; Pucond 1 tn hao dan; Pycyac 1a ton hao dong
trén day quan; Pyre 12 ton hao sit; Pyric 12 ton hao phu.

Trong cac loai ton hao trén, dong dién hai bac cao déu
c6 anh hudng gian tiép. Song hai dong dién trong céc bo
chuyén mach gay ra cac sai léch dién ap, lam méo dién 4p.
Sy anh huong ndy gay ra ton hao trong cac bo chuyén
mach, Puswitcn. TUy nhién, ton hao do dong dién hai gay ra,
mac dd 1am anh huong dén chat lugng cia bo chuyén doi,
nhung kha nho so Vi tong hao trong dong co tir tro.
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Hinh 2. Gidn dé nang lirong Va tén hao trong déng co

Tdn hao ddng Pycyac bao gom tén hao Pycupc va tén hao

do dong dién x0dy Pycyeddy. Loai thir hai bao gom tat ca ton

hao do dong dién xody trong cudn day. Gia tri trung binh

ctia tong ton hao ddng Pycuac chuyén dbi trong mot chu ky

dién 1a sy chénh léch cua cong sudt dau ra Peon Va cOng
suat co Pmech, FEM2d-

Pvcuac = Pconv — Pmech, FEM2d (5)

Tong tén hao mét chiéu duogc tinh bang cach nhan binh

phuong gia tri dong dién hiéu dung vaéi dién tré cua pha Rpn:

Ny,
P\/Cch = Z[I 5hj 'Rph (6)
i1

Mat khac,
Rph = Rremad + Reoitend + Rwiring = Rremzd + Rena (7)

"Ton hao mot chiéu duoc chia thanh céc ton hao trong
mién md phoéng 2d:

Nph
P\/CuDC,FEM 2d = Z[I ﬁhj Reem 2a ] (8)
-1
Va tén hao mot chiéu trong vong day cubi:
Npn
R/CUDC,END = Z[I shj 'REND (9)
=

T6n hao dong dién xody ¢ thé duoc tach ra bang céch
trir cac ton hao mét chiéu tir tong ton hao:
(10)

Pvcueddy = Pvcuac — Pvcupc
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Ton hao ddng do dong dién xody tro nén phuc tap khi
dong dién chay trong day quan ton tai thanh phan séng hai
bac cao. Su gia nhiét trong day quan ¢ c4c cuc ting 1én, ton
hao do dong dién xoay khi do6 ciing tang lén.

Dong dién xody va song hai dong dién thé hién su anh
huéng rd rét nhat trong tén hao 16i sit. C6 thé thay rang, day
la van d& ton tai cua méy dién néi chung, khong chi trong dong
co tir tro. Viée tinh toan ton hao sat trong céc 1a thép cua dong
co tir tr dya trén cong thic thuc nghiém co ngudn gbc trong
cac phuong trinh dugc Steinmetz dé xuat vao nam 1890. Sau
do, mot s6 phuong trinh mé rong cda Steinmetz dugc dé xuét.
Phuong trinh chinh dugc tém tat ngin gon nhur sau:

Pre =k.f*.B (1)

Phuong trinh (11) thuong duoc trich d‘aﬁn nhu phuong trinh
cua Steinmetz. N6 duge dinh nghia khi tan so fla hinhsin ly
tugng va tinh toan ton that dién ndng trung binh theo thoi gian.
B ba tharp so k, a, B dugc goi la cac tham so S:[einmetz vaco
thé tim thay trong bang dix liéu cua nha san xuat vat liéu.

Nhu vay, tén hao sit trong dong co tur tro phu thqéc Ion
vé}o vat liéu che tao va cé}c théng s6 dugc nha san xuat céng
bo. Hon nira, ton hao sat vat lieu no6i chung c6 mot phan
nguon goc khong nhé do dong dién xody (dong Foucault)
chay trong cac 1a thép tao ra. Loi thép trong truong xoay
chiéu sé sinh ra cac dong dién xody gay ton that nang luong
va toa nhiét.

Trong dong co tr tro, néu dong dién va di¢n ap co6 dang
hinh sin chuan thi khi qua b chuyén doi, trong SRM khong
co sy ton tai cua tir truong xoay chicu. Khi d6 ton hao dong
Foucault bang 0. Tuy nhién, dong di¢n ludn ton tai thanh
phan song hai (chira thanh phan xoay chicu hinh sin) nhu
phuong trinh (1), nén trong 18i thép sinh ra ton hao dong
di’én )goéy. Mac WdL‘J sy anh hudéng nay chua 16n, nhung la
van dé khéng thé bo qua [9].

Trong cong trinh nghién cau méi [10], Vasyl Tkachuk
va cong su da chi ra ton that trong theép la ton that tr tre va
ton hao dong dién xody. Trong SRM, tur thong rotor co ban
c6 bién do xung trong cac mach tur riéng biét, thay doi tur
gi& tri cuc dai t6i cuc tiéu ma khéng cé su thay doi cuc
tinh. Boi vi tinh don cuc nay lam vong tu tré rat hep va ton
hao tré thuc te dugc bo qua. Diu d6 ¢ nghia la ton that
ndi chung trong 16i thep la ket qua cua dong dign xoay. Su
thay doi cua tur thong tao ra stre dién dong la nguyén nhan
xuat hién dong dién xody va ton hao. Sy giao cat cua tu
truong phan g dugc xét bao gom vong lap co ban. Ching
duoc xuyén qua bai tir thong thay doi va tao thanh dieu
kién ngan mach cho dong dién xoay.

Cong suét ton hao dong dién xody (Foucault) duoc biéu dién:
4B2d?k? f?

3o
Trong do: Bs 1a cam (ng tir bdo hoa cua 16i thép;
d 1a do day cua I8i thép;
ke 1a hé s6 dic trung;
v 1a khéi lugng riéng cua vat liéu;
f 14 tan s tir trudng xoay chiéu;
p la dién tro suét cua vat liéu.

(12)

Foucault —

4. Thao luan

Song hai dong dién trong dong co tir tré 1am tang t6n hao
ddng trong day quén, ton hao sit trong 18i thép va gay ra mo-
men song hai 1a khéng thé phu nhan. Cac nghién cuu gan
day tap trung phan 16n vao chit lugng dong dién dau vao va
dién &p dau ra cia bo chuyén mach bang céc bo loc séng hai
hay cac bo chinh Ivu méi [11]. Mic di dat duoc mot s6 két
qua c6 loi, nhung cac bo bién dbi va chuyén mach tré nén
phuc tap, dong thoi loai bo dwoc hoan toan séng hai dong
dién la khong thé. Vi vay, nhom tac gia tién hanh phan tich,
danh gia va thdy rang giam anh huong cua séng hai dong
dién trong ddng co la giai phap kha quan hon. Do 1a giam
t6n hao trong dong co tir tré va giam séng hai mé-men.

Theo cdng thic (12), dé giam ton hao dong dién xody
can ché tao 15i thép c6 dic tinh giam cam ing bao hoa, giam
do day va khoi lugng 16i. Bong thoi I6i thép silic chi co thé
sir dung cho tan sb thap, vi ¢ tan s6 cao ton hao s& I6n do
dién tro suat cua thép silic thap. Trong nhitng nghién ctu
gan day da chi ra nhimg uu diém cia mot loai vat liéu méi -
hop kim v6 dinh hinh, c6 thé cai thién dwoc céc dac tinh trén.
Sét vo dinh hinh 12 loai vat liéu tir mém, con duoc goi la thay
tinh kim loai. Nguyén liéu chinh bao gom: niken, coban,
silic,.... O trang thai vo dinh hinh, n6 c6 dién tré suat cao
hon nhiéu so véi cac hop kim tinh thé. Bdng thoi, vat lidu
nay c6 kha ning chéng an mon, do bén co hoc cao, c6 thé sir
dung & tan sé lam viéc cao hon vai cac vat liéu tinh thé nén
kim loai. Vat liéu v6 dinh hinh khdng c6 ciu tric tinh thé
nén triét tiéu di hudng tir tinh thé, vi thé no c6 tinh tir mém
rat tét. Vat liéu vo dinh hinh nén Co con c6 tir giao bang 0
nén c6 luc khang tir rat nho. Buong cong tir tré caa vat liu
rat hep, hep hon so véi thép silic - vat liu tir mém. Do day
tu nhién cua 14 thép vo dinh hinh rat nho, dién tro suat lon
va mat do khéi lugng vat liéu I6n. Mot s6 tinh chat 1y hoa co
ban cua vat liéu vo dinh hinh (Metglas 2605SA1) duoc cho
trong Bang 1, so sanh vai vat liéu silic (M600 — 50A).

Theo Bang 1, dién tro suat cua vat liéu vo dinh hinh 16n
hon 3 1an so véi dién tré suat cua thép silic. Khi do, theo
(12) cong suét ton hao do dong Foucault ciing dugc giam
di khoang 3 lan. Hon nita, t6n hao 16i sit cua vat liéu vo
dinh hinh (0,22 W/kg) Ia thap hon nhiéu lan so véi vat ligu
theép silic thong thuong (2,8 W/kg). Khi do, t6n hao I6i sit
duogc giam, tong toén hao trong dong co tir tro su dung vat
liéu v6 dinh hinh giam dang ké so vai dong co ché tao bing
thép silic thong thuong.

Bdng 1. Bac tinh cia sz vé dinh hinh va thép silic

Vit lieu S4t vo dinh hinh | Thép silic
Mat do tir thong (T) 1,56 1,8-2
bién tro sut (£€cm) 130- 170 50 - 60
Do day l& thép (mm) 0,03 0,3-05
Stc cang (kg/mm?) 150 50
Do cing Vickers 900 200 - 300
Mat d6 khéi luong (g/cm?) 7,18 7,65
Do tir thim vat liéu (H/m) |10.000 - 1.500.000| 3.000 - 8,000
Tén hao 16i sat tai 1,45T
va 50Hz (W/kg) 0,22 2.8

M®-men dap mach trong dong co tur tré sinh ra do
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ciu tao cuc I0i cua rotor va stator. Chinh cu tao nay
1am cho tir trg dong co bién thién theo géc rotor 6. Cong
thiee thuc nghiém cho mé-men dap mach duoc biéu dién
nhu sau:

dR,
Tripple = E (13)
Mat khac, phuong trinh chung cua mach tir trong dong co:
F = ®.Rmn = O.(Rmair + Rure) (14)
Trong do:  F la strc tir dong;
Rmair 12 tir tré khe ha khong khi;
Rimre 12 tir tréy 161 thép.
Véi tur tro
R ——! (15)
ﬂOlurS

Néu ty s6 1 va S la hing sé thi d6 tir tham i, ti 16 nghich
Vé’l th tl’é’ RmFe.

(16)

Hy R
Tr cong thac tinh md-men dap mach (13), vai goc quay
cua rotor 0 1a khong thay doi (6 phu thudc vao sé cap cuc
rotor/stator), tur tré ctia dong co cang nho thi mé-men dap
mach tao ra do su thay déi lién tuc ciia Rm theo 6 cang nho.
Tir tré Rm (14) phu thude vao do tir tham cua vat liéu, ty 16
nghich theo cdng thic (15). Theo Bang 1, so sanh d6 tur
tham gitra hai loai vat liéu vo dinh hinh va thép silic, dé tir
tham cua st vo dinh hinh 16n hon khoang tir 3 — 180 lan so
véi silic. Pay 1a thong sb hitu ich trong giai quyét van dé
moé-men dap mach cua dong co tir tro.
70
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Hinh 4. Pgc tinh téh hao sdt ciia déng co véi hai logi vat lidu

Két qua cho thiy, dong co tir tro sir dung vat liéu vo
dinh hinh ¢c6 m6-men dap mach giam (mac du md-men
X0dn ciing giam) so véi dong co ché tao bang thép silic,
Hinh 3. Chénh léch giira dinh thdp nhét va cao nhat cua
moé-men trong SRM lam bang v6 dinh hinh 1a 24 Nm, véi
dong co sir dung vat liéu silic truyén thong thi I1én t6i 34
Nm. Bong thoi, tén hao 16i sit trong SRM dung vat liéu
méi giam manh, duogc thé hién trén Hinh 4. Két qua caa
nhom tac gia cong bé 1a két qua phan tich, danh gia budc
dau, dé co két qua danh gia chuan myc théng qua viéc mo
phong qué trinh chuyén hoa vat ly cua céc théng sé dong
co s& dugc cong b trong thai gian thich hop.

5. Két luan

Bai béo nay trinh bay nhing phan tich, danh gi4 vé anh
hudng cua song hai dong dién trong ddng co tir tré. S6ng hai
dong dién & mot trong nhitng nguyén nhan khach quan gay
ra mo-men dap Mach va ting ton hao trong dong co. Giai
phép str dung vat lidéu vo dinh hinh ché tao dong co mang lai
hiéu qua khi giam moé men dap mach va han ché tén hao. C6
thé két luan rang, anh huong ciia song hai dong dién trong
SRM tuy khdng 16n, nhung 1a van dé khong thé bo qua.
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