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Toém tat - Hién nay, nghién ctru déc tinh khéi dong dang dwoc quan
tam va mang tinh thoi sw bdi né quyét dinh dén sw phd bién cla
LSPMSM. M6 hinh toan clia LSPMSM viét theo hé toa do d, q
thwong duoc str dung d& mé phdng cac dac tinh clia dong co, tuy
nhién, trong qua trinh kh&i dong xuét hién hién twong bao hoa mach
tr va hiéu (rng mat ngoai nhung cac yéu td nay lai chua dwoc xét
t6ng hgp hodc chi dwgc xét mét cach riéng ré trong mo hinh khi
nghién ciru LSPMSM. Vi vay, bai bao dé xuét nghién cru mé hinh
LSPMSM c6 xét anh hwédng clia bao hoa mach tir va hiéu trng mat
ngoai, trong dd, cac théng sb clia dong co dwoc hiéu chinh 1a cac
dai lwong phi tuyén. D& danh gia sw chinh xac ctia mé hinh dé xuét,
bén canh so sanh két qua v&i phdn mém (ng dung phwong phap
phan tt hibu han (PTHH), bai bao cling tién hanh thuc nghiém mot
LSPMSM 3 pha, 2,2 kW thuc té, cac két qua kiém nghiém déu khéng
dinh sy chinh xac ctia mé hinh dwa ra.

Twr khéa - dong co; dong co ddng bd nam cham vinh ctru khdi dong
triee tiép; nam cham vinh ctru; bao hda mach tir; hiéu (rng mat ngoai.

1. Pit van dé

Honsinger [1] nghién ctru md hinh toédn dong co dién
dong bd nam cham vinh ctu khoi dong tryc tlep
(LSPMSM) dugc viét theo hé toa do d, q véi cac tham sb
dau vao 1a dién 4 ap, dién cam, dién trd stato va roto, tir thong
do nam cham vinh ctru (NCVC) sinh ra, ... Do cong nghé
tinh toan thoi diém nay chua phat trién nén Honsinger
khong tryc tiép mé phong dac tinh LSPMSM ma théng qua
mé hinh todn, Honsinger xay dung cic phuong trinh mé-
men khong ddng bo (moé-men 16ng séc) va mé-men can
dudi dang giai tich.

Hién nay, mo6 hinh toan LSPMSM duogc viét theo hé toa
d6 d, q do Honsinger dé xuét van dugc tng dung phd bién
dé mo phong cac ddc tinh cua dong co [2], [3], [4]... Trong
do, cac thong s6 dong co thudng duge xét & dang hang sO.
Trong qua trinh khoi dong, dong khoi dong 1on dan dén
hién twong bdo hoa trong mach tir [5], bén canh d6 con xuét
hién hién twong hiéu tmg mit ngoai [6] dbi voi cac dong
co €6 roto 16ng soc (LSPMSM c¢6 ciu tric ndy), nhung cac
yéu t6 trén lai chua duoc xét tong hop hodc chi duoc xét
mot cach riéng r€ khi nghién ctru LSPMSM [6].

Dbi v6i anh hudng cia bdo hoa mach tir: Trong qua
trinh khoi dong, do bao hoa mach tir, cac thong s6 Limd, Lmg
phai dugc xét 1a cac dai lwong phi tuyén [5]. Do anh hudng
cua bao hoa mach tir trong qué trinh khoi dong, tuong tu
SCIM, thong sb dién khang tan stato, roto xi, x> cling bi
tac dong va ciing phai dugc xét 1a dai lugng phi tuyén [7].
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D6i v6i anh hudng cia hién tugng hidu (g mit ngoai:
LSPMSM két ciu roto 1dng soc, trong qua trinh khoi dong
phai xét dén anh hudng cua hi€u ing mat ngoai, vi vay
cac thong sb dién tré va dién khang tan roto phai dugc xét
1a c4c dai lwong phi tuyén va 12 ham cua hé s trugt s [6].

Dé tong hop cac yéu té chinh anh hudong dén qua trinh
khoi dong, bai bao dé xuét nghién cru LSPMSM véi md
hinh todn dugc hiéu chinh. Trong dé, cac thong sé trong
mo hinh duoc xét 1a cac dai lugng phi tuyén va 1a ham cua
c4c bién phu thudc trang thai bdo hoa mach tir, hiéu ng
mit ngoai, nham dam bao chinh xéac két qua mé phong.

Trong nghién ctru, bai bao thur nghi¢m vaoi LSPMSM 3
pha, 2,2 kW, toc d6 1.500 vong/phut, duoc cai tao tir SCIM
(SCIM chung loai 3K112-S4 cua Cong ty C6 phan Ché tao
Dién co Ha Noi) vdi cdu trac stato giit nguyén, roto duge
hiéu chinh bang cach gin cac khdi NCVC NdFeB-N35
trong 16i thép. Két qua mo phong dic tinh khéi dong ciia
LSPMSM tir mo6 hinh toan hi€u chinh sé dugc so sanh véi
két qua mo phong tir phan mém Ansys/Maxwell 2D tmg
dung phuong phap PTHH va véi két qua do luong thuc té
LSPMSM mau thir dé kiém nghiém mo hinh dé xuét.

2. Két qua nghién ctru va khao sat
2.1. M6 hinh todn ciia LSPMSM do Honsinger dé xuit

M6 hinh LSPMSM do Honsinger d& xuét viét theo hé
toa dd d, q nhu sau [1]:

Phuong trinh dién tur:
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Ugg =0l + Pl Lol ) =0 (Lyg g+ L iy
P + Ly, i)+ 0 (L e Ly g+ )

Ug =rdr|dr+p(Ldr|dr+L )=0

f qr q|'+p Lqr Iqr+Lmq qs 0

Phuong trinh dién co:

= g g':( Lmd 'i;jr'iqs - L|'nq'i;|r'ids )+ ‘le'iqs + (Lmd - Lmq )'ids'iqs j| (2)

Upg =i

@)

P
® =—(M,-M_-o,.F
p.o, 2.J(e 0. F)

So @6 mach dién thay thé doc truc va ngang truc cua
LSPMSM thdéa man cac phuong trinh dién ap va tir thong
trong md hinh toan (1)+(2) duogc thé hién & Hinh 1va Hinh
2, trong d6, @& moé hinh hoa, thay thé ¥m = Lrc.i’m, Lrc 12
dién khang gia tuong NCVC [9], i'm 1a dong tir hoa twong
duong quy ddi sang stato cia NCVC:

r ©r. \Pds Lis L|,- gr

Hinh 2. So'd6 mach dién thay thé truc q (nguén [9])

2.2. Anh hwéng ciia biao hoa mach tiv dén dién cim tir
hoa dong b¢ doc truc, ngang truc Lmd, Lmg
2.2.1. Anh hwéng cia bao hoa mach tir dén dién cam tir
hoa dong bo ngang truc Lmg

Trong qué trinh khoi dong, dong khai dong 16n din dén
bdo hoa mach tr trong 16i thép cia LSPMSM. Do anh
huong cuia bdo hoa mach tir, dién khang dong bg ngang truc
phai duoc xét 1a dai lugng phi tuyén phu thudc vao trang
thai bdo hoa ctia dong co va la ham cia dong ngang truc
igs, Lmg=T(iqs) []-

Hinh 3. Cdu tao LSPMSM 3 pha, 2,2 kW
Dbi voi LSPMSM 3 pha, 2,2 kW thu r}ghiém :[ai Hi‘nh
3, ddc tinh Lmg=f(igs) dugc xac dinh bang phan mém
Ansys/Maxwell 2D ung dung phuong phap PTHH nhu
Hinh 4 [5]:

T T T T T T T T T

Lmq (H)
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Dong dién igs (A)

Hinh 4. Bdc tinh Lmq=f(iqs) tinh todn véi phwong phdp PTHH
Bang 1. Két qua tinh todn dic tinh Lng=F(igs) voi

phuong phap PTHH
DoNg igs (A) Lmg (H)
1 0,2414
3 0,2167
7 0,1264
15 0,0723
30 0,0416
40 0,0328
50 0,0272

2.2.2. Anh hwong cua bdo hoa mach tuw dén dién cam tir
hoa d‘&ng bé doc truc Limg

Tuong tu dién cam dong bd ngang truc, trong qua trinh
khoi dong, dién cam d@)ng bd doc truc cling phai xét 1a dai
lugng phi tuyén va 1a ham ctia dong idgs, Lms=Ff(ias). Sir dung
Ansys/Maxwell 2D, xac dinh dac tinh Lmg=f(iss) cua
LSPMSM 3 pha, 2,2 kW thir nghiém nhu Hinh 5.
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01| i
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Dong dién ids (A)

Hinh 5. Bdc tinh Lma=f(ias) tinh toan voi phwong phap PTHH
Bing 2. Két qua tinh todn dic tinh Lma=f(ias) voi

phuong phap PTHH
Dong igs (A) Lmd (H)
1 0,10493
3 0,07534
7 0,06344
15 0,05266
30 0,03851
40 0,03136
50 0,02646

2.3. Anh hwéng ciia hig¢u itng mdt ngoai dén dién tré va
di¢n khang tdn réto, r’2, x2

LSPMSM la dong co c6 roto 1dng soc, vi thé, qua trinh
khoi dong phai xét dén dnh huong ctia hién tuong hig¢u tng
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mat ngoai. Khi d6 dién cam va dién tr¢ réto duoc xac dinh
la ham cua d¢ truot s [6].

bién khang tan réto dwoc xac dinh theo ham:

X2 = X'ro + X'r2.k a(s) 3)
bién tro roto duoc xac dinh theo ham:
I, =y + 1 K (9) 4)

Trong d6, k a(s), k &(s) 1an luot 1 h¢ s6 hiéu ing mit
ngoai dién khang tan va hé so hi¢u tng mat ngoai dién trd
phu thudc 36 truot s.

2.4. Anh hwéng bio hoa mach tiv va hiéu tng mdt ngodi
dén di¢n khang tdn stato, réto X1, X2

Trong qua trinh khoi dong, twong ty SCIM gia thiét:
Théng s6 dién khang tan stato va roto xi, x > do bdo hoa mach
tir gy ra giam ty 1€ bac nhat vai dong dién khéi dong [7].

Nhu vay, xét anh hudng cia bao hoa mach tur, dién cam
tan stato dugc xac dinh nhu sau:

- Isdm )'kbhxl (5)

Trong d6, X1o 1a thanh phan dién khang tan hing s6
khong phu thudc vao trang thai bao hoa mach twr; Is, lsam
tuong Ung 1a thanh phan dong stato tic thoi va dinh mirc
stato; Konx 1a hé s6 bio hoa dic tinh dién khang tan stato.

X =2x, (]

Dbi voi dién cam tan roto, trong qua trinh khoi dong,
ngoai anh hudng cta hi€u rng mat ngoai (3) con chiu anh
huéng ctiia bdo hoa mach tir [7]. Nhu vy, dién khang tan
roto duoc xac dinh:

X'y =x ot x, ky ()= — 1)k,

hx2 +x '201711 (6)

Trong do, xro la thanh phin dién khang hing s roto
quy doi khong chiu anh hudng cua hiéu mg mat ngoai,
xrz 1a thanh phan dién khang tan ranh roto quy doi, Ko 12
hé s0 bao hoa dac tinh (jién khang tan réto, x oon 12 dai
lugng dién khang hang so.

2.5. M0 hinh toan ciia LSPMSM khi xét bdo hoa mach
tir va hi¢u irng mdt ngoai

Khi xét anh huong cia bao hoa mach tir va hiéu ung
mat ngoai, cac thong so cia LSPMSM trong qua trinh khéi
dong duoc xac dinh:

- Pién cam tir hoa doc truc, ngang truc Lmd, Lmg: Nhu
Bang 1, 2.

- Dién tré roto:

I =Ty + g Keg (5)

- Dién khang tan roto:

x'z = x'r0+x'r2 'kaL (s) _(]s _Isdm)‘kbh.\z +xv20hh

- bién khang tan stato:

- Isdm )'kbhxl

Ap dung két qua tinh toan cho LSPMSM thir nghiém 3

pha, 2,2 kW, céc thong so dugc xac dinh cu thé ¢ Bang 3.

Bing 3. Théng s6 LSPMSM 3 pha, 2,2 kW
xét hiéu trng mdt ngoai va bdo hoa mach tir

X, =X, — (]

Pién tré 1dng soc

rbto quy dbi n=r'y=r'y =072+139K,() Q

Dién cam tan stato L, =13,25-0,0426.1, mH

Pién cam tan 1dng

A 2. L', =6,604+511k, (s)-0,1121 mH
soc roto quy doi " & s

Pién cam tir hoda

ddng bo doc truc Tra bang 1Lmd = f(ias) mH
Pién cam tr hoda , — £

ddng b ngang truc Tra bang 2Lmg = f(igs) mH
Strc dién dong cam E,=118 v

ung NCVC

Théng sé Gi4 tri Don vi

bién tro stato ri=3,6 Q

Vay, md hinh toan LSPSM khi xét anh hudng cua bio
hoa mach tir va hi€u (rng mat ngoai dugc hi¢u chinh:
Phuong trinh dién tur:
Ugs = G+ PI(Lg (1) + L (i) i + Lo (i) e + ¥, ]
=00, (L (1) + Ly Cigs )i + L ()1, ]
Uy = rl.iqs + P-([Ls (1) + Ly (1)1 + Loy (iqs)'i;r)
+ 0 L(L (1) + L (g6 )) e + Lig (ige) iy + 251 ()
Lo (i) (igs + i;r)
+L, (1,8) 0y, + ‘PJ

udr = rzl (s)ldr + p{ = O

U =1 (8)dgy + P L (1) + Ly (i) +i,) [ =0

Phuong trinh dién co:

M _§ E (Lmd (ids)'itlir'iqs_Lmq(iqs)'i;‘r'ids)
T2 2+ (L (i)~ L (D | ()
P
=—(M,-M_-o,.F
po. =2~ M. -M; ~o.F)

So db mach dién thay thé doc truc, ngang truc khi xét
anh hudng bao hoa mach tir va hi¢u ing mat ngoai:

ry

(Dr-‘{lqs L|5 I-Ir !

Hinh 6. So'do mach dién thay thé truc d hiéu chinh

ry . g5 Lis Ly lar

Hinh 7. So @6 mach dién thay thé truc q hiéu chinh

2.6. Két qua mé phong LSPMSM khi xét dén dnh hwéng
hiéu irng mdt ngoai

Str dung MATLAB/Simulink m6 phong mé hinh toan
hiéu chinh (7), (8) cua LSPMSM, trong d6 cé xét dén bao
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hoa mach tir va hiéu ing mit ngoai. Két quia mo phong s&
duoc so sanh voi:

- Két qua md phong tir phan mém Ansys/Maxwell 2D
ung dung phuong phap PTHH.

- Két qua do ludng tir LSPMSM thir nghiém.

Trong d6, LSPMSM thi nghi¢m 3 pha, 2,2 kW ¢6 cdu
tao nhu Hinh 3, cac thong so dugc xac dinh tai Bang 3.
2.6.1. Két qua mé phong tiv mé hinh va véi phan mém
Ansys/Maxwell 2D

Mb phong LSPMSM 6 cac diéu kién, J=Jr, m0-men tai
dé,t vao truc dong co bang mo-men dinh mic, Mc=14 N.m.
Két qua mo6 phong nhu sau:

——Matan | ]
—— Maxwel

T6c do (Vong/phiit)

P . . c c . c c .
) 0.1 02 03 0.4 06 07 0.8 0.9 1

This gian (5
Hinh 8. Bdc tinh téc do khdi dong tir mé phong mé hinh véi
Matlab va Maxwell 2D

60 [ —— Matlab -
———  Maxwell

Mémen (N.m)

T
o 005 01 015 02 025 03 035 04 04s 05

Thoi gian (s)
Hinh 9. Ddc tinh mé-men khoi dong tir mo phdéng mo hinh véi
Matlab va Maxwell 2D

Cac dac tinh khoi dong thu dugc tir phuong phap mo
phong mé hinh toan hiéu chinh v4i Matlab va phuong phap
PTHH v6i Ansys/Maxwell 2D 1a twong dong nhau, ca 2
phuong phap c6 cho duong dic tinh téc do s& mat 0,5s dé
di vao dong bo, dé dat dén téc do dong bod
(1.500 vong/phut) 1an dau LSPMSM trai qua 5 1an giam toc.
2.6.2. Két qua mé phong tir mé hinh véi Matlab va thuce nghiém

Bai bao tién hanh do luong kiém nghiém trén md hinh
LSPMSM thi nghiém 2,2 kW thuc té. LSPMSM dugc khao
sat & ché d¢ khong tai. Két qua mo phong nhu Hinh 10-13.

Két qua dic tinh toc do, dong khai dong cia LSPMSM
2,2 kW thu dugc tir mé phong mé hinh va do luong thuc té
tai ché do khong tai ciia dong co 1a twong ddng nhau, su sai
khac & ddy c6 thé do mot s6 nguyén nhan nhu phuong phap
do, thiét bi do, cong nghé ché tao, nap tir nam cham vinh
clru, qua trinh can chinh trong 1ap dat, tuy nhién, cac sai sb
nay 1a trong gi6i han cho phép va chip nhan duoc. Vi két
qué thuc nghiém trén, khing dinh mé hinh toan LSPMSM

hiéu chinh 1a phu hop véi thuc té van hanh cua dong co.

Hinh 11. Po lwong LSPSM 2,2 KW thi nghiém

T T T T T T T
ol ——Mo phong | |
— Po luong

Dong dién (A)

L L L L L L L
0 0.05 0.1 0.15 0.2 0.25 03 0.35 0.4

Thoi gian (s)

Hinh 12. Bdc tinh dong dién khéi dong mo phéng mo hinh véi
Matlab va do luong

1 T T T T T T T T
—— Mo phong
1600}~ — ooweng |

1400 N

1200 B

1000~ ki

800 B

Téc do (vong/phit)

600 B

4001~ ki

200 b

L L r L L r L L L
o 0.1 0.2 0.3 0.4 0.6 0.7 0.8 0.9 1

Thbiogisan(si
Hinh 13. Pdc tinh m0-men khdi dong mé phong mé hinh véi
Matlab va do luong

3. Két luan
Qua trinh khoi dong cia LPSMSM chiu anh hudng 16n
nhat 1a bdo hoa mach tir va hiéu trng mat ngoai. Cac nghién
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ctru trude day thuong xét cac anh hudng trén mot cach doc
1ap, nhu nghién ctru anh hudng ctia hiéu tng mét ngoai [6].
Két qua thu dwoc tir cac nghién ciru da timg budce 1am cho
két qua dic tinh khoi dong thu dugc tir mé phong mé hinh
toan LSPMSM chinh xé4c véi thuc t& hon, phan nao gitp
nguoi thiét ké diéu chinh dé cai thién dic tinh khoi dong.
Tuy nhién, dé c6 dic tinh LSPMSM chinh xac nhat, phan
4nh dng qué trinh khoi dong doi hoi phai xét tong hop ctia
cac anh huong béo hoa mach tir va hiéu trng mat ngoai. Bai
bao di dé& xuat md hinh toan LSPMSM hiéu chinh c6 xét
dén dén bdo hoa mach tir va hiéu ung mat ngoai, trong do,
chc thong sb 1a cac dai lwong phi tuyén va 13 ham cua cac
bién trang thai van hanh cta dong co.

Két qua md phong tir mé hinh toén hiéu chinh dugc so
sanh véi két qua thu duoc tir phan mém Ansys/Maxwell 2D
va do luong thyc té & ché do day tai va khong tai tuong
tng. Sy tuong ddng trong cac dic tinh khéi dong thu dwoc
khéng dinh sy chinh x4c ctia md hinh hiéu chinh dé xuit.

Két qua mo hinh toan va md phong tir bai bao s& gitp
ich rat nhidu cho cic nha thiét ké trong danh gia dic tinh
khoi dong cia LSPMSM, dong thoi c6 thé dua ra cac quyét
dinh diéu chinh phu hop truée khi ché tao.
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