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Bai bao dwa ra phuong phap xac dinh cac tham sb dién tir ctia ddng co tlr khang (Switched reluctance
motor - SRM) dya trén cac két qua do thwe nghiém. Phwong phap dwa ra xac dinh dwoc sw phu thudc tén
hao nang lwong trong chu ky tir hda ddo chiéu va tir théng AW, (W), nang lwong st dung khi dong W, va
khi cat W_pha. Chi tiéu ndng lvgng & cac ché d6 lam viéc cia may dién ti» khang SRM-1.250 kW va sw

thay d6i cong suat trén tai cling dwoc xac dinh.

T khéa: Dong co tir khéng; tén hao ndng luong; tén hao cong suét; chi tiéu ndng luong; déng-cét pha.
Abstract

The paper presents a method to determine the electromagnetic parameters of the switched reluctance
motor (SRM) based on experimental measurement data. The methods show the dependence of energy
losses in magnetic reversal cycle and magnetic flux AW, (W), as well as the energy used when switching
switch phase. Indicators of energy in the different operating modes of the SRM-1.250 kW resistance and

changes in power on load are also determined.

Keywords: Switched Reluctance Motor; loss energy; loss power; energy indicator; switch phase.

1. DAT VAN PE

May dién tlr khang cé tir thap nién 90 clia thé ky XIX
nhuwng khi d6 né chwa dwoc phat trién. Tuy nhién,
cho t6¢i nay do sw phat trién manh mé cta coéng
nghé ban dan va vi diéu khién, nguoi ta da va dang
quan tam t&i viéc nghién clru va rng dung. May
dién tir khang noi chung, déng co tr khang (SRM)
ndi riéng trong thiét ké vat liéu tiéu tén gidm 1,7 lan
so v&i cac may dién théng thuwong, cho phép tiét
kiém nang lvong khoang 30+40%. May phat dién
tlr khang c6 cac wu diém sau: Chu tao don gian
(trong rotor khéng cé day quén, khéng cé tiép xuc
dién gitra chéi than va cb gép), hiéu suét cao, quan
tinh cda rotor bé nén két cdu bén virng phu hop ca
véi nhitng may cé tbc dd quay cao, moment khéi
dong 1&n va chiu qua tai ngan han tét, 1am viéc tin
cay. Kha nang téi wu ché do lam viéc theo sy thay
ddi tbc d6 va tai, sw thwe hién hé théng diéu khién
twong dbi don gian [1+7].

Ngwoi phan bién: 1. PGS.TS. Tran Hoai Linh
2.TS. D& Van binh

Nhiém vu dat ra la qua thwc nghiém mau md hinh
SRM - 1.250 kW chdng ta xem xét phwong phap
xac dinh chi tiéu nang lwgng trong ché dd lam viéc
cla may dién ti» khang cdng suét I6n, xac dinh gia
tri moment quay trén truc déng co, cong suét dau
vao, dau ra clia may, hé sb cong suat n va hé sbé
bién dbéi nang lwong dién - co. Viéc xac dinh dé
dwoc hinh thanh dwa trén sy gia cdng song dién
ap va dong dién do dwgc clia may dién tr khang.

Két qua nhan dwoc dwa ra danh gia chi tiéu nang
lweng véi phwong phéap tai tac dung twong hé gitra
hai khéi SRM. Nhirng két qua 1a sy do truc tiép gia
tri trung binh va gia tri hiéu dung cda dong dién va
dién ap twong &ng bang dung cu do dién.

2. CAU TAO CUA MAY PHAT T’ KHANG
2.1. Dang két ciu dorn gian ciia may dién tir khang

Khac véi may doéng bo théng thwdng, ca rotor va
stator clla may phat tir khang déu cé cuc 16i nhw
hinh 1. V&i cu tao cwc 16i nhw vay sé cé loi trong
viéc chuyén déi nang lwong dién tr. Trén mdi cuwc
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cla stator d&u c6 mot cudn day, cac cudn day trén
cac cuc dbi nhau dwoc méc ndi tiép véi nhau. Tam
cudn day trong hinh dwgc nhém lai véi nhau thanh
4 géc pha khi c6 mét sy chuyén déi cap dién doc
lap cho 4 pha. Rotor gém nhiéu I&p ép lai véi nhau
ma khéng c6 cudn day hoac nam cham vi vay ma
gia thanh san xuét ré hon. May phat trén hinh 1,
stator co 6 cuwc va rotor 4 cuc.

Hinh 1. C4u tao ctia méy phét dién ttr khang

Trén hinh 1.a 1 vi tri réng cua stator va rotor ddng
truc (aligned position), hinh 1.b vj tri rang cla stato
va rotor l&ch truc (unaligned position). Day la ciu
tao dwoc st dung rong rai. Tuy nhién, van cé may
c6 cAu tao v&i sb cuc stator va rotor khac va co thé
la boi sb néi trén [1].

2.2. Cac thong sé co ban va hinh dang cua
SRM - 1250 kW

Céc thong sb co ban cia SRM - 1.250 kW duwoc
dwa ra trong bang 1 [3].

Bang 1. Cac théng sé co ban ctia SRM - 1.250 kW

Céc théng s6 Gia tri
Céng suat dinh mirc (kW) 1.250
S6 vong quay dinh mdc (vong/pht) 190
Dién ap dinh mdc (V) 900
Hiéu suat (%) 96
Puong kinh ngoai stator (mm) 2.200
Buong kinh rotor (mm) 1.685
Chiéu dai ctia 1 khéi (mm) 285
Khe ha khéng khi (mm) 3
S6 pha 3
S6 rang stator/rotor 24/16
S6 mach nhanh song song 2
S6 cudn day trong 1 pha 23

Trén hinh 2 1a hinh dang két cAu bén ngoai cua
SRM - 1.250 kW [3].

]
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Hinh 2. Hinh dang céu triic bén ngoai ctia may
SRM - 1.250 kW

Trong do:

1 - méat bich truc dau ra ctia may; 2 - truc dau ra
ctia may; 3, 9 - 6 bi, gbi d&; 4 - vo stator clia may
dang dng; 5, 7 - hop dung dé cho dau vao cap cap
ngudn dién cho may; 6 - ndp day cam bién nhiét
do; 8 - cdm bién vi tri cda rotor; 10 - khép ndi cong
nghé; 11, 14 - mat twa gia d& cho 6 bi th(r nhat va
thtr hai; 12, 16 - méat twa th(r nhat va the hai cho vé
may stator; 13 - cac 16 gia cdng vé may stator; 15
- bang diéu khién trén vé may, phia duéi may voi
nhiéu |16 dé thong gié lam mat; 17 - tru cot day dé di
chuyén may; 18 - cac 16 dé ghép ndi v&i gia d& [3].

3. XAC PINH PUONG CONG PAO CHIEU TU
HOA VA CAC CHi TIEU NANG LUQONG TRONG
CAC CHE PO LAM VIEC CUA SRM-1250 kW

3.1. Xac dinh dwong cong dao chiéu tir héa

DPé xac dinh dwdng cong dao chiéu tir héa nira
pha ciia may SRM - 1250 kW & vj tri déng truc,
khi d6 2 cwc 16i ctia stator va rotor ndm & vj tri ma
truc cta chung trung nhau nhw trén hinh 1a. Dang
séng dong dién va dién ap nra pha khi bt dau
doéng va cat nira pha, gia tri dong dién | .= 100 A,
=800 A, trén hinh 3 dwa ra biéu d6 dong dién
va dién ap khi dong ntra pha, hinh 4 |a biéu d6 dong
dién va dién ap khi cat ntra pha voi l...= 100 Ava
l .= 800 A. Diém d&c biét ctia dao dong luc déng

lakhil =800A¢ ché gidi han dong dién sau hai
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xung ngan cla dién ap dwong thi dong dién vuwot
cao hon gia tri thiét 1ap trén ctia né dan dén khi ngét
d[")ng thoi 2 khdéa & mach lwe thi dong dién chay qua
cac diod nguoc (trong so dd hinh cau cta bd bién
ddi) va do dé qua trinh nay tiép dén nlra pha cla
dién ap am [4,5]. Thoi gian cla trang thai nay duwoc
xac dinh b&i cach cai dat trong hé théng diéu khién
qua trinh dong lap lai cua khoa IGBT (khoang thoi
gian 1 ms). Két qua 1a dong dién glam xubng gan
300 A va sau dé lai tang vé gia tri thiét lap cta dong
dién gidi han. Day la sy xac dinh chu ky lap lai hai
xung ngan cla dién ap.
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Hinh 3. Biéu dé dao déng khi dong nira pha véi
dong dién la 100 A va 800 A
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Hinh 4. Biéu dé dao déng khi cét nira pha véi
dong dién la 100 A va 800 A

Tw hinh 3, khil__ =100 A tan sé déng cét cao hon,
do s thiét lap thO’I g|an tang 1én cung v&i sy tang
clia dong dién | , d& nhan duwoc biéu d6 cla tw
théng tong W(l) tren doan dong dién tang ta thuwe
hién tich phan tin hiéu dién ap, khi diéu kién ban
dau W, = 0, voi t, la thoi gian dong:
t
Yit)= ¥, + fodt
ta
Déi v6i doan dong dién giam tich phan twong ty
ta tinh toan v&i gia tri ban dau W .. tich phan dau

tién tai thoi diém dong dién dat to’| g|a tri gi¢i han
t

Y(t) = Yoo fo dt

ta

(1)

)

-DIEN TU - TU DPONG HOA

Xuét phat tir dang séng ban dau ctia dong dién i(t)
va biéu dd tlr thong W(t) ta xay dwng dd thi ¥(),
ho dwéong cong W(l) khi dong dién thay dbi tir
100+800 A duwa ra tren hinh 5. Sy thay déi gia tri
ban dau ¥, cho méi chu ky cua tir trwong, chung
c6 thé du’o’c Idng vao nhau, diéu nay duoc hién thi
rd hon trong hinh 6, & d6 ty & tdng dwoc thay ré
hon & doan diu dwdng cong dao chiéu tir trwdng
cua hinh 5.

Ho dwdng cong tr héa nhan dwgc mang dén mot
trwdng hop dac biét la tir hoa bédi cac dong dién
trng phan. D& c6 dwoc mot chu ky dao chidu tir
hoa toan phan can thiét mot ngudn dién cap voi sw
thay déi dién ap ctia dong dién, vi du, cé thé st dung
mot may bién ap mét pha. Khi str dung ngudn cla
dong dién moét chiéu, cé thé st dung chuyén mach
dau ra cac pha bang cach thi nghiém “bat/tat” cac
pha lién tiép.
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Hinh 5. Ho duong cong dao chiéu tir héa nira pha
khi dong dién gidi han xac lap khac nhau
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Hinh 6. Boan dau ho duong cong ddo chiéu tir
hoéa nira pha khi cac dong dién gidi han xac lap

khac nhau

Dé danh gia tdn that ctia thép trong qua trinh tir hoa
ctia mdt chu ky, ching ta cling c6 thé str dung cong
thire tinh tdn that tir hoa trong cac chu ky toan phan
va mot phén nhan dwoc trwdc do trong cac nghién
cu cac mau SRM khac [4+6]. Nhung can lwu y
réng, viéc danh gia tén that trwéc day dwa ra nhan
duwoc tlr viéc xr ly cac di liéu clia ho dwdng cong
tir héa thue nghiém khong thé st dung truc tiép dé
danh gia tén that trong thép khi qua trinh déng - cét
pha clia SRM, vi & cac phan khac nhau trong mach
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tl sy tiv hoa dién ra & cac chu ky va tan s6 khac
nljau sé khac nhau. Nhwng d:lémh gia gan dung thi
két qua nhan dwoc la twong déi don gian [4+6].

Trén hinh 7 dwa ra sw phu thudc tén hao néng luvong
trong chu ky dao chiéu tir héa va tir théng cuc dai
AW, (¥ __), ching nhan dwoc khi sy chénh Iéch
glua nang lwong tiéu thu dong ntra pha W, va nang
Iuo’ng cat nua pha W_. Buwong nét dit cung cho
thay gia tri gan dung cua s chénh léch nay. Sy phu
thuéc AW, (¥ ) qui dinh bdi ham chirc nang cua
gia tri cyc dal ttr thong trong chu trinh dao chiéu tiy
hoa. Cac tinh toan nang lwvong W, W_duwoc thyc
hién theo cong thirc (3) va (4), VO’I'[ Ia tho gian cét.
Trong truo’ng hop dau tién (cong thuc 3) tich phan
thwe hién dén thoi diém W(t) = , trong truong
hop th&r hai (céng thirc 4) thuc hlen den thoi diém
U,=0khi I.=0

W, (t) = j(Uf 1, /2)e 3)

() = j(Uf T, 120 (4)

DPé xac dinh chinh xac hon cac tén hao trong
thép theo cong thire (3) va (4) thay vao do U, la

Er = Uy
tinh toan so bd cho thay réng sai sb trong viéc xac
dinh W, va W_bé qua dién ap roi trén dién trd tac
dung nlra pha (R ) trong trwéng hop nay khéng

_ rRnf (trong d6 E, 1a stre dién dong pha),
2

qua 1%.
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Hinh 7. Sw phu thuéc tén hao nang lvong trong chu
ky dao chieu ter hda AW, (W), nang luong tiéu thu

khi dong W, va nang lwong khi cét nira pha

3.2. Xac dinh cac chi tiéu nang lwong trong
cac ché do lam viéc va do céng suét tai caa
SRM - 1.250 kW

a. ),(éc dinh cac chi tiéu nang lwong trong cac
chée doé lam viéc

Kh&o sat tin hiéu cia chu ky déng cét ntra pha &
tbc d6 n = 190 vong/phut, dang séng ban dau cla
dién ap U (t) va dong dién ntra phai (t) dwoc bieu
thi trén hinh 8.
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N E— e -——=.1000
Hinh 8. Dang séng dién ap va dong dién trong chu
ky lam viéc dong cat nira pha khi n = 190 vong/phut

Twong tw nhw cac thi nghiém dong va cét nira pha
khi rotor ding yén, xac dinh biéu d& W(t) dwoc tinh
theo cong thire (1), nhan dwoc biéu dé W(t) dwa ra
trén hinh 9.

Y(Wh) ——— Y

v W,
l=2%]
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Hinh 9. Chu ky lam viéc déng - cét nira pha khi
n = 190 vong/phut

700 T¢2(A)

Trén hinh 9 ngoéi du()’ng cong d&o chiéu tr héa
nhan dwoc clia ntra pha & dé vij tri rang cla stator
va rotor dong truc ‘Pdt (i), trén do ciing dua ra
dudng cong dao chiéu tiv héa vi tri rang cla stator
va rotord léch truc W (i ) Do thi W, 4 khong trang
v&i phan ban dau LIJ(t) cua chu ky dong cat pha va
do thi W, khong trang voi ‘Pnd va nam gan duo’ng
cong dao chleu tlr hoa cla vi tri déng truc. Diéu nay
cling dwgc chirng minh béng cac quan sat thuc té
véi sb vong quay cua rotor sau khi déng niva pha
ctia khéi déong co dong dién cling xuét hién trong
nlra pha ctia khéi may phat [2+5].

Trong d6 cac dwong:

Y, - tir thong tai vi tri dong truc;

Y -t thOng tai vi tri 1&ch truc khi dong;

Itrd

Y, .- tir thong tai vi tri 1éch truc khi cét.

D6i voi do thi thwe W, (i), ta lay phan ban dau cia
sy tang dong dién khi déng pha trong chu ky lam
viéc dong - cat pha, khi d6 dwoc tinh toan kha chinh
xac bdi cac duong thang Wy, = L. inf

1Wb
200 A
pha & vij tri Iéch truc.

O day Lny = =5mH ygiL_ -dién cam nia
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Dé xac dinh cong suat dau vao, dau ra ntra pha cho
ché do lam viéc ctia déng co. Do thi cong suét dién
ttre thoi (hinh 10) dworc tiéu thu trén niva pha duoc
tinh toan theo cong thurc:

Pau (O = () 1,5 (1) (5)
Nang lwgng dién nlira pha tinh theo cong thirc
twong ty cong thire (3), nhwng tich phan trong toan
bd chu ky dong - cat.

Wy (t) = I (i, Jae = Ipd.nf (¢)de ©®)

Tinh toan gia tri trung bmh Py f( ) trong chu ky dong
cét T,. = 19,599 ms, duwa ra cong suat dién trong
chu ky dong-cat la Py = 97,3 KW, con nhan no voi
toan bd thdi gian chu ky dong céat T,. dua ra duoc
nang lwong co hoc (W) (trong trwong hop khéng
tinh tn hao dién trong cuén day va tén hao trong
16i thép).

ty+Ty

J.pd nf( )dt = Fyo

D& tinh hao tén dién, chang ta tinh toan theo dd thi
dwong cong i (t) trong khoang thoi gian T, , dwoc
gia tri hiéu dung ctia dong dién nlra phal = 307 A
vaveiR =0,02Q, tbn that cong suét dlen clia nlra
pha du’c_yc xac dinh.

W.(1) = T, = 191K (7

Céc tén that dién nang trong thép dwoc danh gjé
theo biéu dd AW, (W ) (hinh 7). Va tt hinh 9 thay
dwoc voi chu ky doéng - cat, W .. = 6,58 Wb, cho

W,, = 37,492 J. Diéu nay tu’o’ng &ng Vi tdn thét

dién nang trong thép AP, = =19 kW.
d-c
P aa1(KW) W gt (KJ)
[ | 1
GO0 Pea® Psa=973kW -+ 35
- ] et | .

Pl = T g

200 =
/ Al TS »
0 a2
0,005 / 0,01 0,015 0,02 1(s)

200 W 4uell) N/ e
400 W oo r1
- // wir
500 0

Hinh 10. Biéu d6 cong suét dién tirc thoi p,, (t)
va nang lugng dién tire thoi W, (1) voi chu ky lam
viéc déng - cat nira pha khi n = 190 vong/phut

Két qqa la cong suét co nira pha (khong tinh toan
tén that co).

P =P,, —AP,— AP, =935 kBr ®)

Vi diéu kién phan phdi tai gitra cac niva pha la
ddng nhéat va sy lam viéc cla ca ba pha la nhw
nhau trong moi khoi (may SRM - 1.250 kW c6 céu
tao gom hai khdi hoan toan glong nhau) chung ta
tinh tdng cong suét dién, cong suat co clia may.

-PIEN TU - TU DPONG HOA

Py =12 P4 o =12.97,3 =1167,5 kW
P.=12P. ,r =12.935 = 1122 kW
i P
Va hiéu suét: n = P—“- 100% = 96%
T db thi W, (t) trén hlnh 10 chung ta xac dinh hé
s6 bién dbi dlen co K,
74 1,9

Wy 2,685
V&i W, -cdng suét dién khi déng.

Ky = =071

Vi s6 rang cla rotor 1a Z, =16, goc quay cla rotor w
duwoc xac dinh theo tai liéu [4].

21
w = 16—Td_c =19,6 rad/s
Phu hop véi tbe dd quay cda rotor:
30w

n= T = 190 vong/phut

Gia tri moment quay trén truc dwoc xac dinh theo
cbng thire:
P, 1122

M=?— 196 =57,25kN.m

b. Do céng suét tai

Céc dao dong ban dau dwoc xem xét trong sw phan
chia phwong phap dé xac dinh cac chi sé néng
lwong cta ché d6 van hanh SRM-1.250 kW nhan
duwoc véi sy giup d& ctia may tinh, module tdng hop
nhiéu kénh bén ngoai twong tu/sé L-CardE14-440.
Chic nang cla td6 hop nay cho phép ta nhanh
chéng nhan théng tin vé cong suét tai trong ché do
tai twong hé 1an nhau cla cac khéi SRM (mét khi
lam viéc & ché dod dong co va khdi con lai lam viéc
& ché do may phat).

Hinh 11 dwa ra cac biéu d4 vé dién ap va dong
dién cla nlra pha & n = 190 vong/phut, mét doan
trong do dwoc gia cong, x ly trén Microsoft Excel
thanh so do da dua ra (hinh 6). Chung dworc ghi lai
trong khoang thoi gian 2,83 giay véi do phan giai
0,015 ms (tan sb 66,66 kHz). Gia tri nhan dwoc cla
P. ., =9717 KW gén vOi gia tri thu dwoc tredce do

d ck

1a 97,3 kW.

= I |
e AT AT AT AT A
- Fideii e e |
&= A0/

S e e e e
e )

Hinh 11. Dang séng ban déu dién &p,
dong dién va cong suét tirc thoi nika pha clia méy
SRM - 1.250 kW khi téc dé quay 190 vong/phut
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4. KET LUAN

Thwe nghiém chirng minh rang cé thé xac dinh cac
tham s co ban ctia may dién ti» khang SRM théng
qua cac dac tinh cla biéu d6 thuc nghiém két hop
cac cong thire toan hoc.

Két qua thwc nghiém danh gia chinh xac cac
tham sé co ban cho may dién tlr khang cong suat
1.250 kW nhw dong dién, dién ap, tr thdng, cong
suét dién, cdng suat co tlr dé tim dwoc hiéu suét
cta may SRM - 1.250 kW. Thyc nghiém con xac
dinh sy phu thudc ctia tdn thét nang lwong trong
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