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Déng co tir tré chuyén mach (Swiching Reductance Motor, viét tdat la
SRM) la logi ddng co dwoc quan tdm nhiéu trong nhitng ndm gdn ddy béi
nhitng wu diém vwot troi nhw chi phi ché tao thdp, cdu tao don gian, do
bén cao, dong co hoat dong & ving téc do Ion. Tuy nhién, déng co nay van
ton tai mot s6 nhwoc diém trong qud trinh vdn hanh nhw mé men xodn
Ion, rung 6n va kho diéu khién va ddy chinh la déng lwc dé cdc nha khoa
hoc tdp trung nghién ctru vé kiém soat chdt lwong lam viéc ctiia SRM. Chdt
lwong lam viéc ctia déng co tir tré phu thudc vao ddc tinh mé men va ddc
tinh téc dd. D€ cdi thién ddc tinh m6 men, bai bdo nay dé xudt mot phwong
phdp lwa chon thoi gian chuyén mach hop ly cho SRM bdng mé phéng. Do
ddc tinh mé men luén la yéu té quyét dinh dén chdt lwong lam viéc clia
déng co néi chung va déi véi dong co tir tré chuyén mach lai cang quan
trong hon vi qud trinh chuyén mach thwong lam ddc tinh mé men bi dao
dong rdt lén . Ciing chinh vi vdy viéc lwa chon thoi gian chuyén mach hop
ly gitva cdc pha cua dong co tir tré chuyén mach la ddc biét quan trong.
Bai bdo dé xudt mét phwong phdp lwa chon thoi gian chuyén mach hop
ly cho dbng co twr tré chuyén mach dwa trén mé phéng so. Cdc két quad
nghién cttu dworc phdn tich danh gia va la co sé ban ddu dé tong hop hop
mot hé chuyén gia mo tw dong chon thoi gian chuyén mach cho déng co
tir tro.
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1. Gioi thiéu

Pong co tir tré chuyén mach (SRM) la mot
trong nhirng dong co phd bién nhat trong cic linh
vuc cong nghiép. Trong thap ky gan day, gitra sw
canh tranh vé céng nghé dong co, cac nghién ctru
lién quan dén dong co tlr tré chuyén mach (SRM)
da thu hut rat nhiéu sy quan tAm va dau tw ctia cac
nha khoa hoc, cdc nhém nghién ctru trén thé gidi.
SRM c6 tiém nang rng dung 1én trong nhiéu loai
linh virc cdng nghiép nhw trng dung trong xe dién
(EV) (Bilgin va nnk.,, 2020), tng dung trong nang
lwong gi6 hé théng phat dién (dos Santos Barros
va nnk, 2017), linh vwc hang khong vii tru
(Bartolo va nnk., 2016), tng dung Kinh té nong
nghiép (Asok Kumar va nnk., 2020),... so sanh vé&i
déng co dong bé nam cham vinh cttu bén trong
(IPMSM) (Hammoud va nnk., 2022) hodc dong co
cam tng (Zorig va nnk,, 2022), SRM c6 nhiéu wu
diém hon nhuw chi phi san xuit thip, dé bén cao
trong qua trinh van hanh va strc chiu dung véi anh
hwéng 16m clia nhiéu. SRM ciing c6 thé hoat dong
& toc d6 cao. VGi nhiéu loi ich ké trén, nhitng
nghién ctiru nham nang cao hiéu suit cho dong co
tir tré chuyén mach SRM can c6 nhitng nghién ctru
b6 sung. P4 chinh 1a déng lwc 16n nhit dé ching
t6i nghién ctru vé dong co nay.

Viéc cai thién ddc tinh mé men la yéu t6 then
ch6t dé dam bao tinh 6n dinh va hiéu suit toi wu
cda hé théng co dién. Dao dong qua mirc cia mo
men xoan c6 thé dan dén rung déng, nhiéu loan va
sw mit 6n dinh trong qua trinh vin hanh, giy ra
nhitng hdu qua nghiém trong nhw hao mon co khi
tai 0 do, truc va bo truyén dong. Diéu nay dic biét
nghiém trong khi dong co hoat dong tai viing toc
dé6 thap (Feng va nnk., 2023). Trong cac ky thuit
xtr Iy gon séng md men phd bién, cac nha khoa hoc
hwéng dén cac ky thuit x& ly ngay trong so do
diéu khién (Ahmad va nnk, 2023; Li va nnk,
2018; Chithrabhanu va Vasudevan, 2022 ; Sun va
nnk., 2020). Theo Sun va nnk.(2020), cac tac gia da
kéthop ky thuat diéu khién treeot véi ki thudt DTC
(Direct Torque Control) dé khir séng hai tai dau ra
cta dong co SRM dwa trén gia thiét bé qua anh
hwdng clla m6 men can va mé men tai. P6 gon
s6ng mo6 men dau ra cia SRM trong (Sun va nnk,,
2020) phu thudc tuyén tinh vao gia téc quay cua
dong co. Do do6, diéu khién truegt da dugc tich hop
dé cuec ti€u hod gia toc quay. Mot hwdng can thiép
khic nham diéu chinh d6 gon séng clia md men

dwoc nghién ctru béi Ahmad va nnk. (2024) dé la
tao ra quy dao dit cho dong dién tai mdi pha, sau
d6 diéu khién dé dong dién pha bAm theo cic quy
dao nay. Phwong phap nay mang lai dac tinh giam
gon s6ng moé men tot nhwng chit lwong lai phu
thudc rat nhiéu vao cach thiét ké quy dao dit cho
dong dién pha. Piéu nay vé tinh da lam giam tinh
linh hoat khi rng dung va gay ra hién twong phat
nhiét cuc bo do su thay déi lién tuc ciia dong dién
gdy ra. Nhin chung, cac phwong phap gidam gon
song moé men dwa trén phan mém twong déi phirc
tap va phu thudc rat nhiéu vao dic tinh ctia b6 diéu
khién dé ra.

Vé khia canh phin clng, viéc can thiép vao
thoi gian chuyén mach dong nghia véi diéu chinh
viéc phatxung dé dong mé& cac van ban dan. Do do,
theo quan diém ctia nhém tac gia, phwong phap
don gian nhit dé cai thién dic tinh mé men & dau
ra 1a diéu chinh thoi gian chuyén mach gitra cac
pha. Trong nhitng nghién ctru bwérc dau, viéc xac
dinh thoi gian chuyén mach phu hop cho mét dai
toc do hodc mot gia tri md men xodn dau ra cho
trwdc dwgce tién hanh thong qua phwong phap
thong ké. Bén canh muc dich lam cho mé men
x0an dau ra dugc 6n dinh, day con 1a co s& quan
trong dé xay dwng hé chuyén gia m¢ diéu chinh tw
déng trong nghién ctru twong lai. Viéc diéu chinh
quéa trinh déng mé cac van ban dan sé& ludén dé
dang hon so véi cong doan thiét ké cac bo diéu
khién nham dam bo nhu cu dé ra. Véi y nghia
thuc tién nhw vay, viéc kiém soat va phang hdamo
men xoan trong SRM bang phwong phap lwa chon
thoi gian chuyén mach thich hop 1a mét buéec dot
pha quan trong, giip kéo dai tudi tho cla cac
thanh phan co dién va nang cao hiéu suit tong thé
cta hé thong. Nhirng ci tién nay, bén canh nhiém
vu dam bdao hiéu suat hoat dong t6i wu, con mang
lai loi ich vé kinh té va méi trueong, tir d6 gbp phan
vao birc tranh sw phat trién chung ctia cong nghé
co dién.

Bai bao dwogc ciu tric nhw sau: phan 2 trinh
bay ciu tric va md ta toan hoc ctia SRM. Phan 3
trinh bay phwong phap lya chon thoi gian chuyén
mach dé ning cao chatlwong déc tinh mé men cho
SMR. Danh gia két qua dat dwoc nho chon thoi
gian chuyén mach phu hop dwoc thé hién trong
phan 4. Két luin va sach lwgc diéu khién trong
twong lai dwgc trinh bay trinh bay & phan cu6i
cung.
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2.Pac tinh co ban cuia dong co tir troér

2.1. Cdu triic hé théng SRM

So d6 cua hé thong SRM dwgc thé hién trén
Hinh 1 va 2. Hé thdng SRM nghién ctru trong bai
bao nay cé 8 cuc trong stato va 6 cuc cua roto. Vi
vay, cac SRM dworc nghién ctru & day con dwoc goi
1a hé thong SRM 8/6. Ngoai ra, hé thong SRM c6
bén pha doc lap trong d6 cac dién ap cung cp cho
tirng pha dwoc ky hiéu la uq, u,, u; va u,. Pién ap
cung cap cho mdi pha thong qua qua trinh chuyén
mach. Qua trinh chuyén mach dé dwoc tao ra boi
hoat dong cta Pi6t va IGBT dwogc diéu khién boi
cac xung gilt dworc tao ra. Gia tri dong dién trong
mdi pha dwoc ky hiéu 1a iy, i5, i3 va i, twong (ing.
Vi tri cia roto SRM dwoc ky hiéu la 6(t). Pao ham
bac nhat cua 6(t) la w(t) la toc dd quay cua hé
théng SRM. Mic du c6 bon pha trong hé théng
SRM nhwng chi c6 mét pha dwoc cap dién ap tai
mot thoi diém nhat dinh. Hon nita, do ciu hinh
cuc 16i trong ca roto va stato cia SRM 8/6, vi tri
cda roto 0(t) c6 d6 phi tuyén manh. Véiu;,i=1, 2,
3,4 1a cac tin hiéu dau vao ctia hé thong SRM dwoc
thiét ké dé 1am cho t6c d6 quay w(t) 6n dinh & gia
tri mong mudn.

93

i3

Hinh 1. So d6 chuyén mach ctia SRM.

2.2. M6 hinh todn ciia SRM

Phin nay trinh bay ngin gon qua trinh xay
dung mo hinh toan hoc ciia SRM dworc nghién ctru
béi Cam va nnk. (2023) tir ba phwong trinh chinh:
phwong trinh dién ap phan Gng, phwong trinh
dién tir va phwong trinh co hoc:
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Hinh 2. So db cdu triic SRM.
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. dy;

uj = le + W
, oY
T;(6,5) = 30
d%0
]dtz

Trong dé:j=1, 2, .., m.Cacky hiéu u;, R, i,
- 1an lwot 1a dién ap, dién trd, dong dién va tir
thong clia pha thit j. T, - m6 men xo&n dau ra, T; -
mo men tai, 7; - m6 men pha j, ] - m6 men quan
tinh cta roto véi truc quay quan tinh qua tam.
Ning lwong dién tir tinh bang:

€Y)
=T.—-T;

ow;' (6,4) = LI‘/’J' (6,5)di; ()

Téng mod men xoan dau ra dong co T, dwoc
xac dinh bang cach 14y tdng mdmen trong moi
pha:

m
T.(0,i1,ip...,0n) = Z T;(6,i;) 3)
=1

J

Ham ctia dic tinh tir thong c6 thé dwoc x4p xi
bang (Cam va nnk,, 2023):

¥;(6,4;) = (1 —e™419) )

Trong do6 v la tir thong bdo hoa va f;(0)
dworc tinh bang chudi Fourier véi Nrla sé cuc roto:

£,(6) = a + bsin [Nre — (- 1)%” )

Mémen ctia pha j dugc biéu dién nhw sau:

T;(6, ;)
Y dfj(6)
_ [ 726) do (6)

{1-[1+if;(8)]e 4/}

Trong bai bao nay, SRM v&i 4 pha sé dugce xét
sao cho m = 4 va vecto trang thai dwoc xac dinh
nhusau:x = [x; X, x3 Xa Xs X6]T trong
do x; =0, xp = W, X3 =iy, X4 =iy, X5 = i3 Va
X = i4. Cac phwong trinh khéng gian trang thai
ctia dong co 6 thé dwoc viét lai thanh:

(X1 = X3
. B mgl
X, = F(x) — 7952 + Tsm(x1)
1 %3 = Pa (%) + qq (X, 7

X4 = Pp (%) + qp (X,

X5 = pe(x) + qc(X)us

g = pa(x) + qa(X)us

Trong  d6:  F(x) = Xizapcafi(x) +
9i(X)xis2va fi(x), g:(x), pi (¥) va q;(x) dwoctinh
toan trong (Rigatos va nnk, 2019) véi i =
a,b,c,d.

3. Sach lwoc Iwa chon thoi gian chuyén mach
phut hop cho SRM

Muc tiéu chinh ctia phén nay la xac dinh thoi
gian lwu gitr thich hop t cho SRM dé giam do6 gon
clia md-men xoin diu ra. Tir phwong trinh
(1) véi sw xuit hién cida gid tri chuyén mach
ki(t — ( — 1)1). Do c6 x; = x;(t, ) két hop voi
phwong trinh (7) ta dworc:

4
T=) 1(6.5)
j=1

Lo ®)
) Z a0y
dn; )
fi(@ = %mm )

m;(t) = 1—[1+x(t, D)n;leEPm (10)

R6 rang c6 thé thiy trong phwong trinh
(8), viéc diéu chinh thoi gian chuyén mach thoan
toan c6 thé tic dong téi md men dau ra. Bang cach
diéu chinh thoi gian chuyén mach thd cong, nhiém
vu bai todn la xac dinh thoi gian chuyén mach t
sao cho gia tri ki vong ctia m6 men d4u ra la hing
s0. Gia tri ki vong ctia m6 men dwogc tinh béi:

1 (Ta
E(T,t) = —f T(t,t)dt (1)
TaJi-1,

Viéc nay rat c6 y nghia trong viéc ddm bao
dong co hoat dong dwoc 6n dinh va mwot ma,
khong gay x6c tai. Ngoai ra, 6 thé ton tai nhiéu gia
tri clia T thod man cong thirc (11). Do d6 trong bai
bao nay, ching t6i dé xudt ham hiéu suat thoi gian:
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H%

T
(1 ——) x100%, T <Ty
T
00 T=>T,

(12)

Trong do: T,, - khoang thoi gian ma mo men
tai chwa thay déi gia tri, T — khoang thoi gian mo
men xoan dau ra tién t&i xac 1ap. Ham hiéu suit
thoi gian ndy c6 y nghia rang néu H% cang cao thi
thoi gian m6 men dau ra 6n dinh cang nhanh. Khi
H% = 0 diéu nay c6 nghia rang gia tri thoi gian
chuyén mach d6 khong lam cho ky vong cia mé
men dau ra on dinh. Nhw vy gia tri thoi gian
chuyén mach téi wu 7* can ddm bao:

tlLrZzOE(T,T ,t) = const (13)

*

T
H*% = (1 — T_) X 100% — max (14)

m

4. M6 phong Kiém chirng

Hiéu qua ctia phwong phap dé xuit trong viéc
cai thién dac tinh mo6 men dau ra dwockiém chirng
trong phan nay v&i cac gia tri khic nhau cda thoi
gian chuyén mach. Gia tri thoi gian chuyén mach

dwoc thr voi gidi gia tri tir 1 dén 10 ms véi mot
loai m6 men tai nhit dinh. M6 men tai trong bai
b4o nay dwoc gia thiét bang 50 Nm trong vong tir
0 dén 200 s, bang 110 Nm trong vong tir 200 s dén
400 s va trong vong 400s dén 600s, gia tri cia mo
men tai bang 80 Nm. Cac md phong dwoc thuc
hién bang phan mém Matlab va Simulink. Tham s&
mo phong d6i véi dong cor tir trér dworc liét ké trong
Bang 1 (Nhi, 2022).

Nhw quan sat thdy trong Bang 2, chat lvgng
dau ra cia mo6 men dong co tir tré SRM du tot tai
cac gia tri 2 ms, 5 ms, 9 ms va 10 ms cta thoi gian
chuyén mach. “bu tot” & diay dwoc hiéu la véi
nhing gia tri thoi gian chuyén mach nhw vy, hiéu
suit thoi gian 16n hon 50% va dd 1ap bap ctia md
men dau ra twong d6i nhé. P 1ap bap cia mé men
dau ra dwoc lwong hod bang tham s 7, véi T cang
nhd, mdé men dau ra sé cang phang. Diéu nay c6
nghia rang nhitng gia tri ctia T thod man (13) va
(14) sé cho mdé men diu ra phang trong khoang
thoi gian twong ddi ngan. Hinh 3 thé hién do thi
cia m6 men dau ra véi nhitng gia tri thoi gian
chuyén mach 2 ms, 5 ms, 9 ms va 10 ms dé tir dé
c6 co s& lwa chon gia tri ndo 1a t6t nhat trong
nhirng gia tri “chip nhin dwoc” cda T véi mot loai
mo men tai nhat dinh.

Bdng 1. Tham s6 ctia dong co tir tré chuyén mach.

] =9,68.103[kg/m?] m = 150[kg]
a = 1,5.103[H] N, = 6
b = 1,364.103[H] ¥, = 0.2886[Wb]
[ =2[m] g = 9.81[m/s?]

Cong suit: 1.2 kW

S6 pha: 4

M6 men trung binh: 4.5 Nm

Toc do: 3000 rpm

Bdng 2. Théng ké thoi gian chuyén mach va ddp teng ctia mé men ddu ra ctia SRM.

Thoi gian chuyén 0+200s 200+400 s 400+600 s

mach [ms] H% T[N /m] H% T[N /m] H% T[N /m]
T=1 49.63 0.012 65.47 0.0197 33.95 0.0934
T=2 61.51 0.0146 78.88 0.0932 65.76 0.04
T=23 35.12 0.0215 0 0.121 51.43 0.0506
T=4 34.87 0.0079 24.86 0.0941 46.29 0.0396
T=5 66.43 0.0011 60.12 0.0912 62.67 0.0505
T=6 36.76 0.0142 75.03 0.0966 50.45 0.0965
T=7 22.97 0.0482 63.42 0.0863 32.38 0.0448
T=28 50.12 0.0453 0 0.1277 48.11 0.0424
T=9 62.77 0.0075 63.26 0.0915 68.51 0.0416
7=10 70.34 0.0063 73.44 0.0941 59.53 0.0393
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C6 thé thay trong Hinh 3 va 4, mé men dau ra
déu 6n dinh trong vong 200 s dau tién, trong do6
giatri t=9ms va t=10ms c6 dd qua diéu
chinh nhé hon han 2 gia tri con lai. Tuy nhién, tir
200 s dén 400 s, dap rng ctia mdé men dau ra c6 sw
khac nhau ro rét khi mé men tai thay déi. Theo dé,
mo men ddurangvéiT = 5msvat =9 ms cd
nhitng thoi diém nho hon moé men téi. Diéu nay vo
hinh chung s& c6 hai cho dong co va dan dén phat
noéong cuc bo. Vivay, gidtrit=5msvat =9ms
chwa phai la gia tri t6i wu nhit d6i véi mo men tai
dang xét trong bai. Ngwoc lai, t=2msva 7 =
10 ms cho dap rng m6é men khéng nho hon mo
men tai, vi vy day la 2 gia tri kha di nhat. Mic du
vdy, d0 qua diéu chinh cia m6 men ng véi 7 =
10 ms la twong déi 16m.

Do d6 gia tri T = 2 ms dwoc chon la gia tri
phtu hop nhat déi véi trweong hop nay. Cling cin

150 H

|

.
T !
Z
o 100+
g_ ——Load Torque
S ===7=10ms
o
t T=9ms
E_ 50 —=2ms
8 [ |= =7=5ms

|

0 100 200 300 400 500 600
time (secs)

Hinh 3. Ddp ttng ddu ra ctia M6 men véi cdc gid tri

2ms,5ms, 9msva 10 ms.

T :‘ 1
150 | My
~ N\

£ -
Z
© 100 ~
é‘ —Loag Torque
o = =7=3ms
; T=1ms
= 50 i
@]

0 1 1 1 J

0 100 200 300 400 500 600
time (secs)

Hinh 4. Bdp itng ddu ra ctia M6 men véi cdc gid tri
2ms, 1 ms,3msva8ms.

noi thém ring, gia tri T = 2 ms cling dong thoi la
gia tri hop 1y nhit doi véi phan 16m céc loai tai c6
mo men nho hon gia tri mé men tai dwgc xét trong
bai bdo nay. Piéu nay giip cho ky sw khéng phai
xac dinh thoi gian chuyén mach khi lam viéc véi
déng co SRM co6 tai thay d6i nho. D6 chinh 1a y
nghia thuc tién cta bai bao nay.

5.Kétluin

Két qua nghién ctru vé cai thién dic tinh mé
men SRM loai 8/6 dwoc xem xét cin than va duoc
phén tich toan hoc ca vé mat dinh ly va mé phong.
Vé phwong phap nay ching tbéi da khao sat va
thong ké hon 10 trieong hop véi nhiéu gia tri thoi
gian Iwu gitr khac nhau dé tim ra gia tri téi wu véi
mot momen tai nhat dinh. Thoi gian gitr t6i wu la
2 (ms) va n6 giup dac tinh mé men dwgrc cai thién
v&i hiéu suit thoi gian cao. Bang phuong phép
diéu chinh thoi gian chuyén mach, nghién ciu da
chirng minh dwoc kha nang giam thiéu dao déng
cta m6 men dau ra gitp gidm hao mon va tang
tudi tho Cac két qua tir nghién cru nay cung cip
mot co sé ly thuyét gitp cho cac nha khoa hoc, cac
ky sw m& ra thém nhirng hwéng nghién ciru mébi
vé phuong phap diéu khién SRM va cac irng dung
trong thuc té. Ngoai ra, trong twong lai, phwong
phap lwa chon thoi gian chuyén mach thich hop
cho SMR sé duworc tw dong hoa thong qua mot hé
chuyén gia m¢ dwa trén nhirng két qua dat duoc
tlr bai bao nay.

Loicam on

Cong trinh nghién ctru nay dwgrc tai tro bdi
Trwong Pai hoc Cong nghiép Ha Noi, theo hop
d6ng nghién ctiru khoa hoc va phat trién cong nghé
s6 08-2024-RD/HD-DHCN.
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