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PIEU KHIEN CUC TIEU HOA PO NHAP NHO MOMEN
CHO PONG CO' TU TRO THAY POI

TORQUE-RIPPLE MINIMIZATION IN SWITCHED RELUCTANCE MOTORS

Lé Quéc Diing

Truwong Dai hoc Dién luc

Tom tat: VGi cac dic tinh v6n ¢ nhu cdu tao don gian, khéng cd gdp, gia thanh
thap, déng cd tir trd thay d6i (Switched Reluctance Motor - SRM) la mét
su’ lua chon kha thi cho céc ('ng dung phé bién cé doi hoi diéu chinh téc
dd. Nhugc diém chinh cla SRM la su' nhdp nhd mémen cao hon khi so
sanh v@i cac dong cd thong thudng, diéu dé da tao ra do 6n va do rung.
Nguon g6c cta sy nhdp nhdé moémen trong SRM la vi né cd dac tinh sinh
momen phi tuyén cao va rdi rac. Bai bao nay s€ dua ra mét phuang phap
diéu khién dién tir d€ cuc tiéu hda dd nhap nhé mdmen cho SRM & ché dd
hoat dong t6c d6 thap. B6 nhdp nhdé mbémen trong sudt qua trinh chuyén
mach sé dudc cuc tiéu hda bang cach cho hai pha dong dan va cung sinh
momen trong vlung dugc xac dinh trudc.

Tu khoa: Pong co tir trd, SRM, cuc tiéu hod mdmen, nhdp nhd mdémen.

Abstract: Switched reluctance motor (SRM) is a new candidate for various general-
purpose adjustable-speed applications thanks to its inherent attributes
such as simplicity, ruggedness, and low cost. The primary disadvantage of
a SRM is its higher torque-ripple, which contributes to acoustic noise and
vibration in comparison with conventional machines. The origin of torque
pulsations in a SRM is due to the highly non-linear and discrete nature of
torque production mechanism. This paper presents an electronic control
method for torque-ripple minimization in low-speed operation mode. The
torque pulsations during commutation are minimized by simultaneous
conduction of two positive torque producing phases over an extended
predefined region.

Keywords: Switched reluctance motors, SRM, torque-ripple minimization, torque-
ripple.

1. DAT VAN PE dong co dién dugc biét dén tir nhing
] ndm 1890. Tuy nhién ngay tor khi mdi

Bong co tir tro' thay doi (SRM) la loai ra doi, SRM khong duogc quan tam phat
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trién do cé nhirng nhuoc diém nhu: do
nhip nhé mé men 1én, giy ra nhiéu
tiéng on, kho thuc hién viéc diéu
khién... Nhitng nim gan day, do cong
nghé ban din va vi diéu khién phat
trién, thu dwoc nhiéu tién bo dang ké
thi ngudi ta méi bat ddu quan tam trd
lai v6i dong co nay. Hién nay, SRM
duoc nhiéu k§ su va nha nghién ctu
trén thé gidi rat quan tam.

2. CAU TAO VA NGUYEN LY
LAM VIEC CUA SRM

2.1. Cau tao

Hinh 1. Cdu tao cdt ngang SRM 6/4

bong co tir trd thay doi c6 mot so dac
diém chinh vé cau tao nhu sau:

e Carotor va stator déu c6 cac cuc 16
ra, do d6 nguoi ta con goi la dong co
161 kép (double salient);

e Stator cta dong co tir tré thay dbi
¢6 cdu tao bdi nhiéu cuc tir chira cac
cudn day tap trung. Rotor dugce ché tao
bang vat lidu st tir c6 xé rang voi tong
s6 riang bao gio ciing it hon tong sb cuc
tlr cua stator;

e Cac cudn day trén cac cuc ddi ximg
xuyén tim cua stator dugc ndi ndi tiép
hodc song song dé tao thanh mot pha
cua dong co;

e Ca stator va rotor déu duge lam tir
cac 1a thép mong ghép cach dién dé han
ché dong Fuco;

e Dong co tir tr¢ thay d6i co mot sb
c4u hinh phd bién nhu sau: 8/6 (tirc 1a
stator co 8 cuc 16i con rotor ¢ 6 ring
(hinh 1), 6/4,10/6,12/6,...

2.2. Nguyén ly hoat dong

Truéc khi di vao tim hiéu nguyén ly
hoat dong ctia dong co tur trd ta xem xét
2 khai ni€ém quan trong, do la:

e Vi tri dong truc (Aligned position);

e Vi tri léch

position).

Nhu da thé hién trén hinh 1, ta thay khi
hai cuc 10i cua stator va rotor nam & vi
tri ma truc cta ching trung nhau thi
ngudi ta goi d6 1 “vi tri dong truc” (vi
tri ma do tur cam sinh ra gitra cyuc tir cua
stator va rang cua rotor 1a 16n nhat),
con khi hai cuc cua stator va rotor nam
1éch nhau hoan toan va khéng c6 phan
thiét dién nao chong 1én nhau thi goi d6
1a “vi tri 1€ch truc” (vi tri ma do tur cam
gitta cuc tir cua stator va rotor la bé
nhat).

truc  (Unaligned

(a) (b

Hinh 2. Nguyén Ii hoat déng

Lay vi du 1a dong co tir tro thay doi 6/4
(nhu hinh 2) ta tim hiéu cach hoat dong
cua dong co nay. Giad su cac cuc r; va
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r;’ cua rotor va cuc ¢, ¢’ cua stator dang
& vi tri dong truc (hinh 2a). Trudc tién
ta dua dong dién kich thich vao cudn
day pha A, dong dién nay s& sinh ra
mot tr thong moc vong qua cac cuc a
vaa’ vacac cucr, var,’ cua rotor mot
cach tuong ng.

Do rotor ludén c¢6 xu huéng quay vé
phia ma d6 ty cam 16n nhit hay tir tro
nho nhat nén rotor luc nay s& quay
huéng dén vi tri dong truc cla a, a’ va
12, 12’. Khi chiing da ¢ vi tri nay thi
dong dién kich thich pha A bi ngit va
vi tri cac cuc nhu thiy & hinh 2b. Bay
gi0o ta dua dong dién kich thich vao
cudn day cua pha B, dong nay lai sinh
ra mot tu th6ng moc vong qua cac cuc
b, b’ va r;, r;” mo6t cach tuong ung,
rotor lai dugc kéo quay theo chleu kim
dong hd dua r;, r;° hudng vé vi tri
thang hang v6i b va b’. Khi dén vi tri
nay ta lai ngat dong cap cho pha B.
Tiép tuc chuyén sang cap dong cho pha
C thi 1, r,’ lai quay theo chiéu kim
dong hd huong vé ¢, ¢’. Clr nhu vay
bang viéc cip dong dién 1an lugt cho
tung pha theo tht ty A B C ta sé lam
dong co quay theo chiéu kim dong ho.
Mudn déo chidu quay cua dong co
ta chi can dao tht tu cip dong thanh
A CB.

3. UU PIEM CUA SRM

e Rotor khong c6 cudn day, chodi than
hay vanh gop nén dong co hoat dong
rat bén viing, tudi tho cao;

e Momen khai dong 16n hon nhiéu so
véi cac loai dong co khong dong bo;
e DJ tin cay cao, vung tbe do rong
voi cong suat 1a hang so, gid thanh san
xuat thap, dap img dong hoc nhanh;

* Khong c6 hién tuong qua dong lam
hong cac van cong suit do toc do ting
dong cao;

e Do khong c¢6 nam chdm vinh ctru
nén nhiét do cho phép cua rotor cao
hon dong co dong bd.

4. NGUYEN TAC DPIEU KHIEN

Do chiéu quay cua dong co phu thudc
vao thu ty phat xung, do do ché d6 lam
viéc cua dong co s& dugc quyét dinh
boi dau cua momen. Gia sir dong co 1a
tuyén tinh lac d6 ta c6 phuong trinh
cua momen:

1 ,dL

_l —_—

2 db
Tu phuong trinh trén ta dé dang nhéan
thady rang dau ctia mdémen phu thudc

vao dai lugng % bdi véi dong co tu

tréd loai 8/6 c6 dac tinh dién cam nhu
hinh 3. Dya vao hinh 3 ta thay déc tinh
dién cam tang trong vung [—30",0"],
nhu vay khi phat xung dong dién trong
khoang nay thi mémen sinh ra s& mang
dau duong. Gid tri trung binh cua
momen co the thay doi bang cach thay
doi do 16n dong dién chay qua cudn
day I, hoac la thay do1 goc dan ctia mot
pha 6,. Bé don gian trong viéc dicu
khién ciing nhu ning cao chat luong
diéu khién ta nén giit goc din 6,1a
hing s6 va thay dbi do6 1on dong cua
pha. Diéu nay dan dén yéu cau bd dicu
khién dong dién can bam theo tin hi¢u
dat mot cach nhanh chéng, tranh roi
vao vung sinh mémen am.




TAP CHi KHOA HOC VA CONG NGHE NANG LUONG (ISSN: 1859 — 4557)

al,
Ta 0 2
0 >
e Momen
d
quay
I tl”
0
0 >
R dL 1,
Ta Mémen 202
ham

Hinh 3. So’ dé nguyén ly diéu khién co’ ban
cho déng co’ tir tré&

V6i nhuge diém 1a d6 nhap nhé momen
kha 16n da ngan can vi¢c ting dung cua
SRM vao thuc té. Dé giam do nhip nho
momen, trong khoang thoi gian chuyén
mach, thay vi chi kich thich mot pha ta
s& kich thich trén hai pha dé tranh viéc

tang va giam dong mdt cach dot ngot.
Néu goi pha chuin bj ngimg dan 12 x,
pha chuan bi dan 1a y thi momen dién
tr ma dong co sinh ra la:

T, =T +T,
trong do:
I, =T f.(0)T; =T, 1,(0)

voi f.(0), f,(0) la cac ham phan phbi
momen cua pha x va pha y. D6 chinh la
cac ham cua vi tri rotor. Tur lugng dat
momen cho cac pha x va pha y, ta tim
duoc lugng dat dong dién cho cac pha
twong Ung.

Luong dat dong di¢n tinh theo cong
thire:

vOi

ﬂy@=i%%iﬁp—gpw{ﬂ{@<r®§§ﬁ

+(L . (G))~ L, 2L _(i,)sin [ZN, (9 -(J- 1)]\2[—;]}}

bé xac dinh moémen can thiét sinh ra &
moi pha ta dua vao cong thuc:

N N
T=Y1,=3 /O,
J=1 j=1
Trong d6 f,(6) 1a cdc ham phan phdi
momen cho pha j tai vi tri rotor 6 va

Tref la mémen dau ra mong muon. Cac

ham phan phdi mémen tim ra phai thoa

man cac diéu kién sau trong giai doan
chuyén mach:

* Zf,(e)zl
* fj(6’)=fj[6’+§)

*fﬂﬁkéﬁ(e—u—kﬁ%J

Co6 rat nhiéu ham théa man yéu cau
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trén, tadc gid xin trinh bay mdt phuong
phap chon ham nhu sau: Dbi véi dong
co tu tré 8/6 khoang dac tinh dién cam
ting va giam ctia modi pha trong khoang
7/6. Do d6 ta chon goc dan ctia mot
pha 1a 7/8. Didu d6 c6 nghia la:
0,0, =n/8,trong do 6, va 0,, lan

0.5-0.5¢c0824(6-6,, )
1

1O)= 0.5+05c0s 2400, , —/24)
0
Goc 6,,,0,, cho pha A ¢ cac goc phan

tu dugc cho boi bang 1.

A
Giai doan chuyé&n mach

o, o, 0

Hinh 4. Phwong phdp giagm nhép nhé
mémen st dung hai pha ciing ddn

Bdng 1. G6c déng mé cho pha A

I II III v
-30° 5° 7.5° -27.5°
0 75° | 27.5° | 30° | -5°
off ,A

Goc dong mé cho céc pha ké tiép nhén
dugc bang cach dich pha di mot goc
/12,

luot 14 cac goc mé va goc dan dbi véi
mot pha. Khoang hai pha cung dan
dong 1a z/24. Trong sudt khoang hai
pha cing din, momen téng duoc phan
phéi dén hai pha theo ham cos caa vi tri
rotor. Cu thé dbi voi pha j nhu sau:

0,,50<0, +r/24

on,j

gzm,j +7Z./24S9<0{,”,j _71'/24
Oy, —7/24<0<86,, .
other

Phuong phap dan dong trén hai pha dé
sinh ra mOmen trén ca hai pha 1a mot
phuong phap rit quan trong giam do
nhap nhd moémen. O ddy, ham phan
phdi mémen trong mdi pha dya theo vi
tri rotor va goc dong/mo dat trude. Do
do tr gia tri mémen dat, ham s& phan
phéi thanh cac momen cho timg pha tai
timg thoi diém thich hop. Tu gia tri
mdémen cho tung pha do, dua vao dic
tinh dién cam cua dong co ma ta tinh ra
gia tri dong dién thich hop dé dua vao
bd bién ddi dé tao tin hiéu phat xung
nham duy tri dong dién theo gia tri
mong mudn.

12

1

0.8

0.6

0.4

0.2

Hinh 5. Phén phéi mémen
cho ché dé déng co’ quay thuén
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5. KET QUA KIEM CHUNG BANG PHAN MEM MATLAB - SIMULINK
TRUGC VA SAU KHI AP DUNG PHUONG PHAP GIAM NHAP NHO
MOMEN

5.1. MOmen cac pha

Da thi momen cac pha

6 T

smmﬁﬁrnﬂhu—hmp—p—hqmrrm

Marnen (Nm)
w
T
I

| | I | |
0
0.18 0.2 0.22 0.24 0.26 0.28
Thoi gian (s}

Hinh 6. Mémen cdc pha khi chwa dp dung phwong phdp giaGm nhép nhé mémen

Do thi momen cac pha
T

fMomen (Nm)

| | | | |
0.13 0135 014 0.145 015 0.155 016
Thai gian (s)

Hinh 7. Mémen cdc pha khi dp dung phwong phdp giGm nhdp nhé mémen
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5.2. Mémen téng cac pha

Do thi momen tong cac pha

i T

46—

Moamen (Nm)

| | |
0.18 0.2 0.22 0.24 0.26 0.28
Thoi gian (s}

Hinh 8. Mémen téng cdc pha khi chwa dp dung phwong phdp giam nhdp nhé mémen

Momen Tong
& T T T T T T T

Mormen (Nm)
w
T
1

0 | 1 1 1 1 1 1
0 0.05 01 0.15 0.z 025 03 0.35 04
Thoi gian (s)

Hinh 9. Mémen téng cdc pha khi dp dung phwong phdp giagm nhép nhé mémen

Két qua mod phong da kiém ching lai e Téc do dat: 100 rad/s;
mot 1an nira cac thuat toan dat ra & trén
1a hoan toan chinh x4c. Mdomen tong
cac pha khi ap dung phuong phap giam
nhép nhd momen da dat téi do béng e Dong di¢n gidi han: 22 A;
phang nhit dinh. Vi dap ing nhu trén,
dong co tir trd hoan toan thich hop dé
c6 thé sir dung trong cac tmg dung e Thoigian dap ung: 0.5 s;
cong nghiép hodc dan dung.

e Mobmen giéi han cua dong co:
10 Nm;

e Dién 4p mot chicu: 400 V;

’ e Momen tai: 5 Nm.
Thong s6 dong co khi mo6 phong nhu
sau:
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