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NGHIEN CU'U ANH HUGNG CUA VAT LIEU VO DINH HINH
PEN MAT DO TU CAM TRONG DONG CG TU TRG CHUYEN MACH

RESEARCH THE EFFECT OF AMORPHOUS MATERIAL ON MAGNETIC DENSITY

IN SWITCHED RELUCTANCE MOTOR
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TOM TAT

Dong cotirtrg chuyén mach 6 nhiéu uu diém, dan dugc ting dung phé bién
trong cac thiét bi cong nghiép va gia dung. Gidng nhu cac loai dong co khac, vat
liéu chti yéu ché tao ddng co la thép Silic ky thudt dién. Hién nay, ¢6 nhiéu loai
vat liéu mdi dugc ap dung trong ché tao dong co va cac thiét bi dién ndi chung
nhdm néng cao hiéu sudt, trong d6 ¢ vat liéu vo dinh hinh. Bai bdo nay dé xuat
sir dung vat liéu vo dinh hinh trong ché tao dong co tir trd chuyén mach, cu thé
la st dung trong ché tao riéng rotor, riéng stator, ca rotor va stator; dong thi
nghién ctu, phan tich anh hudng ctia loai vat liéu nay dén mat d6 tir cdm trong
ddng co. Két qua mé phong dugc thuc hién trén phan mém FEMM dé kiém chiing
gid tri mét d6 tlr cdm nham chi ra trutng hop toi vu nhat.

Tir khéa: Ding co tir tré chuyén mach; SRM; mdt do tir cam; vat liéu;
v dinh hinh.

ABSTRACT

Switched reluctance motor have many advantages and are gradually
being used in industrial and household appliances. Like other types of motors,
the main material for making motors is electrical engineering silicon steel.
Currently, there are many new materials applied in the manufacture of motors
and electrical equipment in general to improve performance, including
amorphous material. This paper proposes the use of amorphous material in
the manufacture of switched reluctance motor, specifically for the
manufacture of rotor, stator, rotor and stator; and at the same time study and
analyze the influence of this material on the magnetic density in the motor.
Simulation results are performed on FEMM software to verify the value of
magnetic density to indicate the best case.

Keywords: Switched reluctance motor; SRM; magnetic density; material;
amorphous.
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1. GIGI THIEU

Dong co tur trd chuyén mach (SRM) la déng co c6 tur
kha lau, tuy nhién, dén nhiing nam gan day, loai déng co
nay mdi dugc ung dung rong rdi. Mot trong nhiing ly do
la SRM can c6 hé théng diéu khién phtic tap, du dé dap
(rng qua trinh chuyén pha. Hién nay, SRM dugc ting dung
nhiéu trong cac loai xe dién va tra thanh déng co nhiéu
trién vong khi s& hiru nhiing uu diém ndi bat nhu mé men
khai dong I6n, d6 tin cay cao, gia thanh ché tao thap.

Trudc nhiing uu diém cda SRM, cac nghién cdu gan
day tap trung nang cao hiéu suat cho loai doéng co nay.
M6t trong cac gidi phap dugc dua ra, doé la sir dung vat
liéu mai - vat liéu vo dinh hinh dé ché tao dong co. Vat
liéu vo dinh hinh (VDH) la vat liéu mdi c6 ba dac trung co
ban la dién tra suat I6n, luc khang tir nho, dudng cong tur
héa hep; diéu nay sé mang lai cho thiét bi dién nhirng dac
tinh lam viéc tot. Cac nghién ctiu [1-8] da ing dung VPH
trong ché tao dong co. Nghién ctru [9-12] st dung vat liéu
VDH trong ché tao SRM, tuy nhién chi dung lai & viéc
chimg minh gia tri tén hao thap trong loai déng ca nay.

Tu nhiing van dé han ché trén, bai bao nay trinh bay
su anh hudng cda vat liéu VDH dén mat dé tir cam trong
SRM & cac truong hgp khac nhau, bao gom: SRM c6 rotor
lam bang VDH, stator lam bang thép Silic; SRM ¢6 rotor
lam bang thép Silic, stator lam bang VDH; SRM c¢6 ca rotor
va stator lam bang VDH. Két qua kiém chiing mat do tu
cam dugc thuc hién trén phan mém FEMM nham chira su
anh hudng cuda loai vat liéu nay va dua ra trudng hgp téi
uu nhat khi s&r dung VDH trong ché tao dong ca tu tré
chuyén mach.

Sau phan gidi thiéu chung, bai bao trinh bay khai quat
vé dong cotirtrd chuyén mach; dac tinh vat ly ctia vo dinh
hinh cing nhu anh hudng cla vat liéu dén mat dé tur cam;
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anh huéng cda vat liéu vé dinh hinh trong SRM & ba
truong hop va cuéi cung la két luan cha bai béo.
2.DONG CO TU TRG CHUYEN MACH
2.1. Cau tao va nguyén ly lam viéc

Pong co tu trd chuyén mach thuéc nhanh déng co
dién xoay chiéu (hinh 1). Ddng co hoat dong dua trén sy
chuyén mach giiia cac pha va su thay déi tur tré trong
mach tir nén dugc goi la déng co tir trd chuyén mach. Bén
canh d6, mét loai déng co cling c6 su bién thién tu tré
trong mach tirla déng co ti trd déng bo. Chinh vi vay, dé
phan biét cu thé gilta hai loai ddng co nay, déng co tur trd
chuyén mach can dugc goi day du.

Péng co xoay chidn

| ]

Pong co tir
tré chuyén
mach

Dong co kich
tie doc lap
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Hinh 1. Phan loai ddng co dién

Dong co tur trd chuyén mach dugc phan lam hai loai
chinh: déng co quay va déng co tuyén tinh. Déng co quay
dung dé truyén déng quay, déng co tuyén tinh dung dé
truyén dong tinh tién.

C4u tao cla dong ca tu tré chuyén mach dang quay
cling gibng nhu cac loai ddng co quay khac, gobm rotor va
stator. Tuy theo s6 cuc clia roto va stato ma ngudi ta ¢ cac
loai ddng co tur trg chuyén mach 6/4, 8/6, 10/8,... Ca stator
va rotor clia dong ca tir tré chuyén mach déu la loai cuc 16i.
Stator clla ddng ca dugc gan c6 dinh véi vo, trén cac cuc
déi dién ctia né dugc quan cac cudn day giéng nhu stato
clia dong ca 1 chiéu hay dong co xoay chiéu 3 pha. Rotor
clia dong co la phan di déng, co thé quay quanh truc
stator. Tuy nhién, trén rotor khéng c6 cudén day nao. Cau
tao clia rotor don gian chi la 16i thép dugc ghép bdi cac Ia
thép mong va chia lam cac cuc d6i dién nhau.

Nguyén ly lam viéc cia SRM kha don gian, khi c6 dong
dién kich thich vao cuén day trén cuc stato thi rotor sé
chuyén dong dich chuyén sao cho cuc rotor tuong Uing
gan nhat vai cuc stato bi kich thich sé dich chuyén dé tr&
thanh thdng hang véi cuc stato d6, dé tu tré gitia hai cuc
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cUa rotor va stato c6 gia tri nho nhat. Khi hai cuc clia stato
dugc kich thich thang hang véi hai cuc clia rotor thi nhg
cau tao khac nhau vé s6 cuc giira rotor va stator, cho nén
cuc khéc cta rotor lai nam léch so véi cac cuc stator. Ta lai
cho dong dién kich thich vao cuc stato ké tiép sé kéo cuc
rotor nay thang hang. Bang viéc cap dong dién kich thich
lan lugt trén cac cudn day trén cuc stator, rotor sé quay.
Chuyén déng cua rotor vi thé tao ra mdé men va nang
lugng. Cu thé, ta xét moét déng co tu tré chuyén mach
dang 6/4 don gidn nhu hinh 2.

(@) (b)

Hinh 2. Nguyén Iy hoat ddng cia dong co tir trd chuyén mach dang 6/4
a) Pha c thang hang; b) Pha a thang hang [13]

Gia s ban dau cac cuc ry, r'; clia rotor va cac cuc ¢, ¢’
clia stator ndm thang hang. Dua mot dong dién kich thich
vao pha a. Khi d6 théng lugng tao ra gilta cuc a, a’ cla
stator va r,, r'; clia rotor sé tao ra luc day lam cho cucr, 1’
huéng dén cuc a va a’. Khi ching da thang hang, dong
dién & pha a sé bi ngat, khi d6 rotor sé c6 vi tri méi nhu
hinh 2b. Bay gid ta lai kich thich thich vao cuén day & pha
b, kéo ry, r'y huéng dén b va b’ theo chiéu kim déng hé.
Tiép dén, ta lai cho dong dién kich thich vao pha c sé lam
chor,, r'; thang hang véi c va c’. Do d6, nhd viéc cung cap
dién vao cac cudn day & 3 pha cta stator, ta da lam dich
chuyén rotor di géc 90°.

Dong dién dugc chuyén mach déng dién va cét dién
nho cac khéa ban dan. Muén lam cho rotor quay theo
vong thi ta chi viéc thay déi thi tu cap dién sao cho thu
tu dugc lién tuc va hop ly. Trong trudng hop trén ta cap
dién cho céac pha theo thi tu abc thi rotor quay theo chiéu
kim déng ho. Néu nhu ta cdp dién theo thu tu acb thi
rotor sé quay theo chiéu nguagc lai.

2.2, Phuong trinh co ban cia déng co

Mé hinh toan cla déng co ti trd chuyén mach dugc
sir dung dé thiét 1ap boé diéu khién tir phuong trinh vi
phan thu dugc tu cac phuong trinh may dién co ban.
DPong luc hoc clia dong co tir tré chuyén mach bao gém
cac phuong trinh vé dién ap, phuong trinh mé men va
phuang trinh co, dugc biéu dién:
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Phuong trinh vi phan mo6 ta SRM véi m pha [13] ¢6
dang sau:

dy,
uJ.=R.iJ.+i
dt
oW,
Tj(e’lj)zg J = 11 21 ;M (1)
2

trong do: u; la dién ap clia pha j; Rla dién tré pha j; ijla
dong dién phaj.
Y; tU théng pha j, dugc xac dinh:

T

¥, = [(v;—Ri)dt )

0
W, la d6i nang lugng tir trudng, dugc xac dinh:

OW,(8,i)) = [w,(8,i))di 3)
0
trong do: Te [a m6 men mot pha; Ty la mdé men tai; J la
mo men quan tinh.
M6 men trong SRM la ham phi tuyén theo dong dién
néu mach tu 1a tuyén tinh. Khi d6, mé men téng sinh ra
chinh bang téng mé men & céac pha:

T,(6,i1; i) = D T,(6,1)) 4)

j=1
3. VAT LIEU VO DINH HINH
3.1.Khai niém

Vat liéu v6 dinh hinh la chat ran khong c6 trat tu xa
(hay cdu truc tuan hoan) vé vi tri cau tric nguyén tir. Hau
hét cac nhém vat liéu c6 thé thdy hodc cé cau tric tirdang
vo dinh hinh nhuthdy tinh, polymer (polystyrene),....Kim
loai v6 dinh hinh cling la mét loai vat liéu vo dinh hinh.
Théng thudng, cau trdc tinh thé 1a ciu tric c6 tinh trat tu
xa, c6 nghia la tinh chat sap xép tuan hoan cé mat & trong
dé dai rat 16n so vai hang s6 mang tinh thé. Cau tric vé
dinh hinh c6 nghia la bat trat tu, nhung vé mat thuc chat,
né van mang tinh trat tu xét trong pham vi rat hep, goi la
trat tu gan (short-range order).

Trang thai vo dinh hinh la trang thai ctia vat liéu gém
nhling nguyén tr dugc sap xép mdt cach bat trat tu sao
cho mot nguyén ti cd cac nguyén ti bao boc moét cach
ngau nhién nhung xép chat xung quanh né. Khi xét mot
nguyén ti lam g6c thi bén canh né véi khoang cach d doc
theo mét phuang bat ky (d 1a ban kinh nguyén t) ¢ thé
tén tai mot nguyén tir khac ndm sat véi nd, nhung &
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khoang cach 2d, 3d, 4d... thi kha nang ton tai ctia nguyén
tlr loai dé giam dan. Cach sép xép nhu vay tao ra trat tu
gan. Vat ran vo dinh hinh dugc mo6 ta giéng nhu nhiing
qua cau cing xép chat trong tui cao su b chat mot cach
ngau nhién tao nén trat ty gan (theo mé hinh qua cau ran
x€p chat ctia Bernal va Scot).

Cau trac v6 dinh hinh dugc hinh thanh ti nam loai
mang chinh (nhu biéu dién trong hinh 3), ti 1& nguyén t&
chiém 65% thé tich, con lai 35% la 16 tréng, va s6 lan can
gan nhat la 5.

Hinh 3. Nam loai mang co bén trong cdu triic trat tu gan theo mé hinh
Berna [14]
3.2.Tinh chatly héa

Su d6ng nhat vé tinh chat héa hoc clia vat liéu vo dinh
hinh sinh ra cac tinh chat co hoc. Su thi€u hut vé ranh giéi
va hudng gilra cac hat tao ra mé dun dan hoi rat cao trong
vat liéu nay. Hang s6 ca hoc, théng sé vat ly clia vé dinh
hinh va hgp kim Silic théng thudng dugc so sanh va trinh
bay trong bang 1.

Béng 1. Dac tinh clia sat vo dinh hinh va thép Silic [15]

Vatliéu Sat vo dinh hinh Thép Silic
Mat do tir thong (T) 1,56 18-2
Dién trG suat (pQem) 130-170 50 - 60
D4 day Id thép (mm) 0,03 03-05
Stic céng (kg/mm?) 150 50
Do cling Vickers 900 200- 300
Mat do khi lugng (g/cm?) 7,18 7,65
D tir tham vat liéu (H/m) 10-15.10° 3000 - 8000
I\zlr}lt\;)o 6i st tai 1,45T va 50Hz 022 28

Dién trd suat cta vo dinh hinh (130puQcm) rat I6n, it
nhat la gap 2 hoac 3 lan so véi thép Silic (48uQcm) hién
dang dugc sir dung trong may bién ap va dong co. St tu
dugc phan loai (hinh 4) gém t& mém néu ti hda ctia nod
c6 thé dé dang thay déi béi kich thich, nam cham ciing
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(hodc nam cham vinh ctru) néu su tir hda cta né la hang
s6 dudi bat cu su kich thich nao (trong mot sé gidi han).
Trong d6 thi dudng B/H & hinh 4, thép VDH cd tir tré rat
nho, gan nhu bang 0 so véi vat liéu th mém.

B

T

— vt liéu tir cing

vt liéu tir mém

H
wvat lidéu mdéi

Hinh 4. Dung cong tir tré clia céc loai vat liéu
3.3. Su anh huéng cta vat liéu dén mat do tir cam
trong dong co

M6i quan hé gilia vat liéu ché tao dong co va mat do
tur cdm sinh ra la m6i quan hé rang budc. Theo [16], cudng
do tu truong H mo ta tu trudng dugc sinh ra béi suc tu
dong va don vi cda né la Ampe.vong/m.

H=w.l/I (5)

Clng nhu thé, cudng do tir trudng H sinh ra mat dé tu
trudng B, tai noi ma né sinh ton tai. Chung cé quan hé vai
nhau:

B=pH (6)

Gia tri ctia B khéng chi phu thudc vao H (tuc phu thudc
cudng d6é dong dién) ma con phu thudc vao méi trudng
noi ma H dugc dat vao. Bon vi B trong hé Sl la Wb/m? hodc
Tesla (T). Anh hudng clia méi trudng dugc biéu thi béng
do tir thdm u cé don vi la henry/m, (H/m). G day, do ti
tham cda chan khéng goi la po, nd ¢o gia tri la:

Mo, =4.m.107(H/m) 7)

Do ti thdm ctia khong khi o gia tri xap xi dé tir tham
cla chan khéng. Ty s6 giia do tir tham cla cac chat véi
dé tirtham clia chan khéng dugc goi la dé tir tham tuang
doi .

u, =+ (8)

Ho

Do ti thdm tuong déi la dai luong khéng don vi va

bang 1 d6i véi chan khéng. Do tir thdm cutia cac chat co
thé miéu ta:

B
M= M == ©)
H
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VGi cac vat liéu str dung trong ché tao may dién, gia tri
W c6 thé [én dén hang nghin. Néu gia tri . 16, thi chi can
dong dién nhé da da dé sinh ra mét mat do tur thong B
can thiét cho trudc trong mdy. Bang viéc thé phuong
trinh (5) vao phuong trinh (6) thi mat dé tu thong duagc
tinh bang cong thic:
pwl

|

Nhu vay, khi xét riéng vat liéu don 1, tur (10) thay rang
thong s6 do6 tirtham cla vat liéu c6 anh hudng truc ti€p
dén mat do ti cdm sinh ra, ty 1é thuan. Néu xét téng thé
trong déng cc, méi quan hé nay con cé thé phai chiu
thém nhiéu sy chi phéi anh hudng khac, nhat la trang
thai bao hoa cua vat liéu. Do d6, phan tiép theo cla bai
bao sé trinh bay cac két qua mé phéng dé lam ré méi
guan hé nay.

4. ANH HUGNG CUA VAT LIEU VO DINH HINH TRONG
SRM

B=pH= (10)

Hinh 5. M6 hinh SRM chia ludi cac phan t trong FEMM

Vat liéu mdi - vat liéu vé dinh hinh da cho thay dugc
uu diém trong van dé giam tén hao & déng ca dién noi
riéng va may dién néi chung. Tuy nhién, trong déng cc
con nhiéu van dé can xem xét ky ludng, trong d6 phai ké
dén mat dé tur cdm. Gia tri mat dé tur cdm sé giap danh
gia, du bdo dugc hiéu suat ctia dong co. Tu phuong trinh
(10), néu hé s6 d6 tir tham p 16n sé dan dén gia tri do tu
cadm B tang lén. G vat liéu vo dinh hinh, d6 tirtham p = 10
- 15.10° (H/m) 16n hon nhiéu so vai do ti tham cha thép
Silic (n = 3000 - 8000 (H/m)). Do &6, nhém tac gid ky vong
vGi d6 tu cdm B tang Ién khi dong co st dung vat liéu vo
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dinh hinh thay thé thép Silic truyén théng lam luc ti, mo —
men va hiéu suat cla déng co tang. Cac két qua mé

phdng dugc thuc hién trén phan mém FEMM nhdm kiém |
chiing, lam r6 luan ci nay. Phuong phap phan ti hiru han N

dugc st dung, ludi chia cac phan t& dugc tinh toan tu
déng trong phan mém, mo hinh chia lugi trong déng co |
nhu hinh 5.

Trong phan nay, bai bdo trinh bay mé phéng, danh gia 0 ‘ - x -
anh hudng cua vat liéu VDH dén dé tir cdm trong SRM, véi renigihmen
ba kich ban khac nhau, bao gém: truéng hop 1: SRM ¢o (@)
stator lam bdng thép ky thuat dién, rotor lam bang vat :
liéu VDH; trudng hgp 2: SRM c6 rotor lam bang thép ky
thuat dién, stator lam bang vat liéu VDH; trudng hgp 3:
SRM ¢6 ca stator va rotor lam bang vat liéu VDH. Bang 2
la théng s6 kich thudc clia dong co SRM dung dé mé
phong.

Bang 2. Thong s kich thudc dong co tir trg
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Hinh 6. Su phan bo mét do tir cdm trong SRM va do thi do tir cdm trén rotor ) ]

khi cuc rotor va stator thang hang
a) Truong hgp 1; b) Trudng hop 2; ¢) Trudng hgp 3
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1.668e+000 : >1.756e+000
1.581e+000 : 1.668+000
1.493e+000 : 1.581+000
1.405e+000 : 1,493e+000
1.317e+000 : 1,405¢+000
1.229e+000 : 1.317e+000
1.142e+000 : 1.229e+000
1.054e+000 : 1.142e+000
9.660e-001 : 1.054e+000
8.782e-001 : 9.660e-001
7.905e-001 : §.782e-001

1.055e+000 : >2.058e+000
1.852e+000 : 1.955+000
1.749e+000 : 1.852e+000
1.646e+000 : 1.749+000
1.543e+000 : 1.646e+000
1.441e+000 : 1.543e+000
1.338e+000 : 1.441e+000
1.235e+000 : 1.338e+000
1.132e+000 : 1.235e+000
1.029e+000 : 1.132e+000
9.264e-001 : 1.029e+000

7.027e-001 : 7.905e-001
6.149e-001 : 7.027e-001
5.271e-001 : 6.149e-001
4.393e-001 : 5.271e-001
3.515e-001 : 4.393e-001
2.637e-001 : 3.515e-001
1.759-001 : 2.637e-001
8.809e-002 : 1.759e-001
<2.935e-004 : 8.80%e-002

8.235e-001 : 9.2642-001
7.207e-001 : 8.2352-001
6.178e-001 : 7.207e-001
5.150e-001 : 6.178e-001
4.121e-001 : 5.150e-001
3.003e-001 : 4.121e-001
2.064e-001 : 3.093e-001
1.036e-001 : 2.064e-001
<7.149e-004 : 1.036e-001
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(@) khi cuic rotor va stator khdng théng hang
: T SE1er000 -1 S900r000. a) Trudng hgp 1; b) Trudng hgp 2; ¢) Trudng hgp 3

1.493e+000 : 1.581e+000
1.406e+000 : 1.493e+000 , a N . N a 2
131601900 : 14051000 Xét & truong hgp khi cuc rotor va stator khong thang
LI5ter0 1142100 hang (hinh 7), day 1a vi tri c6 gia tri mat do tif cdm nho

nhat & dong co ti tré chuyén mach.

7.028e-001 : 7.907e-001
6.150e-001 : 7.028e-001

S oo Ké&t qua mo phong & cac hinh 6 va 7 cho thay, truong
Lrreon 2ne hop 1 c6 gia tri mat do tir cdm I6n nhat. Biéu nay gan nhu
trai ngugc vadi (10), bdi méi quan hé gila B va p la ty &
' thuan vdi nhau, trong dé p ctia VPH I6n gap nhiéu lan so
véi thép ky thuat dién. Tuy nhién, gia tri clia B trong dong
co turtrd chuyén mach khéng phai ty 1é thuan theo huéng
don thuan khi p 16n bao nhiéu thi B 16n bay nhiéu, ma con

phu thuéc vao d6 bédo hoa clia vat liéu (nhu dudng cong
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B/H & hinh 4). Nhu vay, vé6i thép VDH, chi can H nho thi B
sé nhanh dat gi4 tri bao hoa do d6 tir thdm vat liéu I6n,
khi d6 dudng cong B/H hep. Bang 3 trinh bay gia tri mat
d6 tir cdm cuc dai trong SRM.

Bang 3. Gid tri mat do tlr cdm cuc dai & stator trong cdc truding hgp

Vi tri stator, rotor Cactruong hop Brmax
Trudng hgp 1 2,104T

Cuc stator va rotor thdng hang Trudng hgp 2 1,85T
Trudng hop 3 1,847
. i . Truong hgp 1 1,955T
E:; gstator va rotor khong thang Traong hop 2 16697
Truong hgp 3 1,668T

Trudng hogp 2 va 3 cho thay, gia tri mat dé tur cdm gan
bang nhau, cu thé trudng hgp 2 cé mat doé tir cdm 16n hon
trudng hop 3 khéng dang ké, 1an luct 14 1,85T va 1,84T &
trudng hgp cuc stator va rotor thang hang va 1,669T va
1,668T & trudng hop cuc stator va rotor khéng thang
hang. Su khac biét ¢ trudng hgp 2 va 3 nam & vat liéu ché
tao rotor, khi ma trudng hop 2 sirdung thép ky thuat dién
ché tao rotor, con trudng hgp 3 st dung thép VDH trong
ché tao ca stator va rotor.

Nhu vay, vat liéu vo dinh hinh dugc st dung trong ché
tao SRM chi gitip gidm dugc tén hao trong déng cc ma
khong giup nang cao gia tri mat do tir cdm B. Diéu nay
déng nghia véi m6 men dién tir khéng dugc cai thién so
vGi thép ky thuat dién truyén théng.
5.KET LUAN

Bai bao da lam r6 maéi quan hé gitia vat liéu vo dinh
hinh va mat d6 tU cdm trong dong co tu trd, xét & cac
trudng hgp thay déi vat liéu trong cau tric stator, rotor va
ca hai. K&t qua mé phong cho thdy mé men dién tirkhong
dugc caéi thién néu st dung loai vat liéu mdi nay. Mac du
VDH vai uu diém giam tén hao, nhung trong tuang lai, dé
thép VDH trg thanh vat liéu phé bién ché tao déng co thi
mat do ti cdm can dugc cai thién.
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