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Dé giam chénh léch tir cam xung quanh goc mép khdi tru,
nhém tic gia da thuc hién mé hinh nghién ciru trudng hop cit
vat goc cac khdi try, mo hinh ddi twgng sau khi cit vat goc
nhu mo ta trén hinh 10. Céc 14 thép tru cling dugc ghép theo
huéng kinh kiéu hinh quat xung quanh truc Z.
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Hinh 10. M6 hinh CKBN mét pha c6 cac khéi tru duge cit vat goc.

Phén bd tir cam trén cac khoi try trong trudng hop cat vat
g6c khoi try so voi truong hop khong cat vat goc thé hién trén
hmh 11.
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-a- khong cat vat -b- cét vat mép khdi tru
Hinh 11. Phan b tir cam trén khoi tru trong trudng hop cét vat mép khéi
tru so vai truong hop khong cat vat.

Phan b6 tir cam trén khdi try hinh 11(b) cho thay tir cam
phan bd dong déu trén toan bo khdi try. Khi ct vat goc canh
mép xung quanh khéi try, chénh 1éch tir cam & viing goc canh
mép so véi cac viing con lai trén khéi tru giam dang ké, khong
con viing bi bdo hoa mach tir & mép khdi tru nhu ¢ truong hop
khong cit vat goc khdi tru hinh 11(a). Gia tri tir cam trung
binh trén mat trén khéi tru giam con 0,8248 (T), giam 5,93%
so voi truong hop khong cat vat goc khdi tru 1a 0,8768 (T),
két qua nay 1a co s¢ dé co thé thay ddi tiét dién mach tir khi
tinh toan hiéu chinh thiét ké CKBN. Phan bd tir cam trén doan
Y1-Y2 giira khéi tru va trén doan Y3-Y4 sat mép vat canh nhu
trén hinh 12.

Phan bo tu cam tren doan Y1-Y2 va doain Y3-Y4
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Hinh 12. Tr cam trén doan Y1-Y2 gitra khéi tru va trén doan Y3-Y4 sat
mép vat canh.

Két qua nghién ctru nay cho ra buic tranh phan bd tir cam
trén cac khoi try tmg voi timg kiéu ghép 14 thép, tir d6 lua
chon dugc kiéu ghép phi hop khi thiét ké ché tao CKBN. Kiéu
ghép la thép tru hudng kinh theo hinh quat xung quanh truc
Z, 1a truc cuia cac khdi try, do tranh duoc thanh phan tir thong
tan hudng vao 14 thép theo phuong LD, 1a phuong c6 dac tinh

tir XAu nhat, nén phan bd tir cam dong déu hon so véi cac
phuong phéap ghép 14 thép con lai, phit hop dé ché tao cac khdi
try CKBN. Kiéu ghép nay sau d6 dugc cat vat goc canh mép
xung quanh khéi try, cho két qua phan b tir cam dong déu
hon so véi truong hgp khong cat vat goc khdi try.

4. Kétluan

Trong bai bao nay, nhom tac gid ap dung thanh cong
phuong phap phan tir hitu han qua cong cu Ansys Maxwell
3D dé tinh todn va mo phong véi cac kiéu ghép 1a thép tru
khac nhau. Trén co s& d6, nghién ctru da xac dinh sy phan bd
tir cam trong cac khoi tru voi timg kiéu ghép 14 thép. M6 hinh
céc khéi try voi timg kiéu ghép 14 thép xac dinh qua hé toa do
la thép véi hudng RD, TD va LD tuong g trong hé toa do
OXYZ khi dyng mé hinh d6i twgng. Két qua phan bd tir cam
trén cac khoi try véi timg kiéu ghép 14 thép cho thdy, mic du
gi4 tri tir théng va tir cam trung binh trén bé mit khdi try tuong
d6i gidng nhau gitra cac kiéu ghép 1a thép, nhung ¢ kiéu ghép
dau tién voi cach ghép xép 16p 1a thép theo cach ghép tru
truyén théng c6 thanh phan tir thong tan hudng vao khdi thép
theo phuong LD gdy chénh 1éch tir cam 1on va bao hoa mach
tir tai khu vuc d6. Do d6 kiéu ghép nay khong phu hop dé
ghép céc khdi thép try cho CKBN diing trén ludi dién cao ap.
Véi kiéu ghép cac 14 thép ghép hudng kinh theo hinh quat
xung quanh truc Z c6 phan bé tir cam déng déu hon so v&i cac
phuong phéap ghép la thép con lai. Kiéu ghép nay sau do duoc
cit vat goc canh mép xung quanh khdi try, cho két qua khong
con bi bdo hoa mach tir & viing mép khdi try, tir cam phan b
ddng déu trén toan bo khdi tru.
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Abstract

Eddy currents are generated in a nonlaminated geometry axial magnetic bearing actuator by a time-varying magnetic field. Therefore, it has
a great influence on the dynamics and control design of nonlaminated electromagnetic suspension systems.

In this paper, the approximate formula of effective air element reluctance is given close to the original formula, thereby providing a more
accurate mathematical model. In particular, the author has provided a nonlinear dynamical model on the time domain of the nonlaminated

geometry magnetic bearing.
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Ky hi¢u
Symbols  Units  Description
R’, R} A/Wb  Tirtr6 tinh ciia PT st va PTKK
R, R, A/Wb  Tirtré gin ding ciia PT st va PTKK

Cic tir viét tit

PT Phan tir
PTKK Phan tir khong khi
TThongex  Tur thong trong cong thirc chinh xac

TThonggd  Tur thong trong cong gan diing

Tom tit

Dong dién xody dugc tao ra trong co cdu chap hanh 6 d& tir
doc truc cau tao nguyén khdi hoat dong khi cip dong xoay
chiéu vao hai dau cudn day stator. Do d6 .dong dién xody anh
huong 16n dén dong luc hoc va thiét ké diéu khién co cau chap
hanh 6 tir doc truc cau tao nguyén khéi hoat dong khi cép dong
xoay chiéu vao hai dau cudn day stator.

Trong bai bao nay nhom tac gia di dua ra céng thirc gan
dung cuia tir tré hiéu dung phén tir khong khi tién gin véi cong
thirc chinh xac hon so vdi cac cong trinh di cong bd trudc
day, tr d6 dua ra mo hinh toan hoc chinh xac hon so véi cac
trinh da cong bd. Dic biét nhom tac gia da dua ra dugc mo
hinh dong luc hoc tuyén tinh va phi tuyén trén mién thoi gian
clia 6 tir doc truc céu tao nguyén khéi hoat dong khi cip dong
xoay chiéu vao hai ddu cudn day stator. Tir d6 tao tién dé cho

céc nghién ciru thiét ké hé thong didu khién 6 d& tir ciu tao
nguyén khoi.

1. Giéi thi¢u

O d& tir d& dugc nghién ctru cho nhiéu tmg dung coéng
nghiép va khoa hoc, bao gdm may moc ¢é co cau chuyén dong
[1], [2], bang tai kim loai [3], quy trinh phu kim loai [4], quang
khic [5], va hé théng servo cong cu [6].

Mach tir (stator va rotor) cua 6 d tir thuong dugc ghep bing
cac 14 thép k¥ thuat dé giam tong hao dong xody khi co tir
thong bién thién trong trong vat liéu sit tir. Tuy nhién, dbi véi
b tr doc truc trong mot $6 ung dung cac co cAu chép hanh
thuong cau tao nguyén khdi. DPic biét, do yéu cau vé do bén
co hoc nén dia quay cua 6 tur doc truc thuong duogc cAu tao
nguyén khéi. Ngoai ra, do mdi quan tim vé chi phi nén cic co
cau chap hanh cua 6 do tir dugce céu tao nguyén khoi. Trong
cac ung dung cua 6 dd tir cau tao nguyén khoi hoat dong khi
cap dong xoay chiéu vao hai dau cudn day, dong xody s€ anh
huong siu sic dén hoat dong clia co cdu chap hanh va phai
dugc xem xét trong mo hinh hoa hé théng va thiét ké bo diéu
khién.

Cong trinh dau tién v& mo hinh toan hoc 6 d& tir cdu tao
nguyén khéi da dugc thuce hién béi Zmood [7], ngudi da trinh
bay mé hinh toan hoc cho 6 tir hinh C c4u tao nguyén khéi c6
ty 16 chiéu rong rit 16n so véi chidu cao.

Cong trinh thir hai vé dong luc hoc 6 d& cdu tao nguyén
khdi da duge trinh bay boi Feeley va Ahlstrom [15], tic gia
cling da dua ra duoc dong luc hoc trén mién thoi gian.

Mot cong b tiép theo vé mé hinh hoa cia co céu chap hanh
hinh C cdu tao nguyén khdi di duoc trinh bay boi Feeley [9].

Mac du cac mo hinh toan hoc dugc dua ra trong [7], [9] va
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[15] kha don gian. Tuy nhién, d6 chinh x4c cta cic cong bd
trén la kha kém. Ly do chinh la trong ca ba bai bao, cac tac
gia da gia dinh rang mat do tir thong trong mat cét ngang cua
khe ho khong khi giéng nhu mat do tir thong trong tiét dién
phan sit tir. Py 1a mot gia dinh chi ding cho phan tich tinh
nhung khong ding cho truong hop cip dong xoay chiéu vao
2 du cudn day vi sinh ra dong dién xody.

Kucera and Ahrens [11], cac tac gia da trinh bay cac két
qué phan tich mo ta mdi quan hé dong dién-lyuc twong img dbi
Vv6i stator hinh tru va hinh chir C. Tuy nhién tac gia cho ring
mat do tir thong khe hd khong khi khong phu thude vao tan
s6 cua truong diéu hoa. Hon nita, tham s6 d (d6 day cua cac
phén chia nho trong co ciu chép hanh) trong mé hinh toan hoc
phan tich nay phai dugc xac dinh tir két qua thuc nghiém,
khong tuong tmg voi bat ky hinh dang va vat liéu cia co chu
chép hanh. Do do, két (qua nay khong phu hop véi viée t6i uvu
hoa thiét ké co cAu chap hanh 6 tir doc truc.

Tac gia [14] dwa ra mo hinh toan hoc 6 tir doc truc hinh C
cAu tao nguyén kh01 tuong d6i hoan chinh. Tuy nhién trong
cong thirc tinh gan dung tir tré hiéu dung cua phan tir khong
khi van c¢6 thé dua ra biéu thirc tién sat véi cong thirc chinh
xéc ban dau so v6i cong bd cua [14]. Hon nita mo hinh dong
lyc hoc tuyén tinh va phi tuyén trén mién thoi gian cac tac gia
truée ddy van chua dua ra.

Trong bai bao nay nhoém tac gia da trinh bay mét phuong
phap dé dua ra cong thic gan ding cua tir tré hiéu dung phan
tir khong khi duoc dua ra sat véi cong thire chinh xac ban dau.
Déng thoi nhom tac gia dua ra duge mo hinh dong luc hoc &
dang tuyén tinh va phi tuyén trén mién thoi gian, tao tién dé
dé ap dung cac phwong phéap diéu khién phi tuyén cho 6 d& tir
céu tao nguyén khoi.

2. Tir tré hi¢u dung ciia cic phan tir

Theo [14], [16]-[18] ta ¢6 6 tir doc truc hinh C cau tao nguyén
khdi duoc thé hién nhu hinh 1.

Hinh 1: O tir hinh C c4u tao nguyén khéi

Bang 1: Thong s co' cAu chip hanh & tir doc truc hinh C

STT | Ky hiéu Mo ta thong so Gia tri
1 G D¢ din dién cua sat 2.5x10° S/m
2 a 1/2 Chiéu rong cua cyc tu 7.5 mm
3 b 1/2 Chiéu cao ciia cuc tir 2.5 mm
4 c Chiéu rong co ciu chép hanh 20mm
5 h Chiéu dai co cdu chip hanh 30mm
6 N | S cudn day 1200

Khoang cach khe hd khong khi
7 Z, danh dignh & 0.2mm
8 e Do tir tham twong ddi 5000
9 U, | D6 tir thim chén khéng 41x107 T.m/A
10 1 Dong dién 10A

Theq tac gia [14] tur tr(”; hiéu dung ctia mach tir Siuqc chia thanh

2 phan chinh dugc thé hién trén hinh 2 bao gom: Tur tro hiéu

dung phan tir khong khi va tir trg hi€u dung phan tir sat tur.
R

B ' @

1 AVAVAY o

§ 2.R,

Hinh 2: Mach tir trong duong ciia 6 d& tir ciu tao nguyén khéi

Trong do:

R;: Tir tré hiéu dung phan tir sat tir.

R, : Tir trd hiéu dyung phén tir khong khi.
NI : Stce tir dong.

@ : Tu thong.

D6i v6i tong tro hidu dung chinh xac ciia phan tir khong khi
theo [14] xac dinh nhu sau:

_8 1
4, 4atanh(ab W2ap” Y W
Aatnh(@d)  § W2 tanh(g,a)
o wm\ 2n—=Dzp;,
Theo [14] xép xi cua (1) ta duoc tir trd hiéu dung gan dung:
R+ ks @)
Trong do:
2
k=| 232 tanh[ﬂ) o 3)
6a 7wa 2b M1,

s=jo la toan tur laplace

2
Trong khi [14] cho ring viéc tinh dao ham 4 trong
al =0
o 1 d2 2
cong thirc mod rong Taylor va Pade R =R, +E 7 f a,
al o, =0

1a rat kho khan khi sb phan tir m trong tong

2 42a,b"
;((2 DB}

chi lay m=1. Trong bai bio nay nhom tac gia da sir dung

2
J tanh(3, a) & mau ctia (1) ting nén [14]

2

phan mém Maple dé tinh dao ham khi s6 phan tir

g
2

1 =0

lam=2,3.4 ...
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Xét truong hop m=2 thi tdng & mau caa (1) 1a: R,=R"+ks (5)
2
n (420" Trong d6:
Z(—(Zn—l)lﬂ 7 | enh(A,a) 3
n=1 in L4
“) 15616¢ * ﬂ 15616
2 2 _ _ b b 2
4ﬁalb”2 4\/50-’117‘1/2 31 384e? +384e b + 31 b
~ 3/2 tanh(ﬂlna) + 32 tanh(ﬂna) _ b o
11 ”ﬂlz k2 - 3ra + 6_ (6)
6[31’ +l]7z’5a2 a |\ K-ty

Xét trwong hop khi m=3 thi tong & miu cia (1) la:
m 1/2 2 1/2 2 1/2 2 1/2 2
> ﬂ'bm tanh(f3,,a) ~ izo?f— tanh(f3,,a) + 4*/5# tanh(3,a) + 4*‘6# tanh(3,,a) (7)
(2n-Dnf, 7B B, 7By
Két qua cong thirc gan dung cia tir tré hidu dung phan tir khong khi:

n=1

243215552 ezbﬂ 243215552 e% 146015552 e‘% , 48815552 e7bﬂ .
253125 253125 253125 253125
93440 ™ 93440 ™ 146015552 ** 48815552
R —R° el - e’ + el — O Js=p°
Ra=R 751 81 253125 253125 \/WO\S—RN]%‘E (®)
b’ b
T b Sm dm @ ' en
6r°a’(—e? +e? —e? —e? +et —1)
243215552 2 243215552 ¢ 146015552 ¢ 48815552
- e’ + e’ — e’ + e’ +
253125 253125 253125 253125
) 93440 eS% 93440 e% N 146015552 e% _ 48815552 .
Trong d6: &, =| | 7 81 253125 253125 o ©)
ri0
b’ N b
Tma  6ma  Sma  2ma  ma 6
6r’°a’(-e? +e? —eb? —e? +eb —1) “
Sai s gira tir tr& phan tr khong khi trong cong thirc chinh 0.6
xac (1) so véi cac gia tri gan dung dugc xac dinh nhu sau:
e=R,-R,,e,=R,-R,, e,=R,—R,, (10) 05|
Tir 6 tac gia tién hanh chay mé phong ta dwoc dd thi tir
tr¢ hi¢u dung cua phan tur khong khi ban dau va 3 gia tri tir 5047 Ry
tr hiéu dyng gan dung tuong ung voi m=1, 2,3 duoc thé g = tz?::—;;
hién trén hinh 3-4 va céc sai s0 giira tir trd phan tir hi¢u dung Sos}l | LT | | | =l Rgz(ng,) -
khong khi trong cong thire chinh xac so vo1 3 gia tri tr tré a
hiéu dung gan diing tuong ung véi m=1, 2, 3 ta dugc két qua a o2k

nhu hinh 5-6.

<108

2142 01}
214} /
2138 0
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2136
Frequency (rad/s)
% 213ar S5 _E;(m:” 1 Hinh 4: Pha cua tir tr¢ hiéu dung PTKK trong cong thirc chinh xac va cong
5212 m= T P S X
2 s s thirc gan dtng khi m=1, 2,3
-~ PR I " SR I N I Rg,(m=3)

2128

2126

2.124

2122
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Frequency (rad/s)
Hinh 3: Bién d¢ cua tir trd hiéu dung PTKK trong cong thirc chinh xac,
cong thirc gén dung khi m=1, 2, 3
cong thirc gan ding ctia tir tré hidu dung phan tir khong khi:
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/ o
O preserrE T ———— R(s)=R"+—" /—\XE (15)
4a+b)\ w1,
S %
Nl L] - o 1) R (s)=R+ks (16)
ey e=ass e,(m=2)
0 . B e,(m=3) " l " g
8 R=—"—, R=-5_ [=2+2h (17)
£ s M, 1o A #,4
g ..'~-.._."
=T 3. M0o hinh dong luc hoc
251 i Svned L,
3.1. Mo hinh tuyén tinh

-30
0 100 200 300 400 500 600 700 800 900 1000

Frequency (rad/s)
Hinh 5: Bién d¢ cua sai so tur tré hi¢éu dung PTKK trong cong thitc chinh

xéc so Vi cong thirc gin dung khi m=1, 2, 3.

- 102
e,
oo,
Yy e,
[N Yoy T
05 e, ’~.,.. ..... e, (m=1)
e,
weesal o | eeeem e,(m=2)
- 2
-1 e | | | |emes= e,(m=3)
e, 3
S >,
— *us,
o 15 -, .'00..
5 Vo, ",
2 o
S e, o,
= 2 oy,
e,
@ 2.,
7] . o0,
© -, "
& 25} Sy ens
- o, g *0a,,
Yoy, e,
v, "2,
3} -,
o,
o,
35 N

0 100 200 300 400 500 600 700 800 900 1000
Frequency (rad/s)

Hinh 6: Pha ctia sai s tir tr& hi¢u dung PTKK trong biéu thirc chinh xac so
v6i cong thire gin dung khi m=1, 2, 3.

Tir (1) va theo phuong phap xap xi ta nhan thiy gia tri gan
dung ludn 16n hon gia tri chinh xac nén két qua sai sé luén
mang gia tri 4m diéu do dugc kiém chimg két qua mo phong
trén hinh 5-6. Do khi s6 phan tir m cing 16n thi tong & mau
cua (1) cang 16n khi d6 tir tr¢ hi€u dung cang nho, dan dén sal
s6 cang nho va sal 50 cang tién dan vé 0. Vi vay gi tri gan
dung cang tién dan vé gia tri chinh xac trong (1). Tir d6 ta
duoc dugc mo hinh toan hoc chinh xac hon mo hinh toan hoc
ma cac ta gia trudc day da dua ra.

Tir d6 tong tir tré hidu dung ciia mach tir 1a:

R(s)=R(s)+2R,(s) =(L+-2—g]+kd§
H.Hy

(11)
HoA

Trong do6:

- Pi v6i truong hop sb phan tir & mau cia (1) m=1:

e = 2k, +— - (12)
4a+b)\ p 1y

- i véi truong hop sb phan tir & mau cia (1) m=2:

k=2k,+— | o (13)
4(a+b)\ 1.1,

- Bbi v6i truong hop sb phan tir & miu cua (1) m=3:

=2k +—t | C (14)
4a+b)\ up,

ki, k2 va ks : duge xéc dinh 1an luot theo (3), (6) va (9)

a. M6 hinh toan hoc mét cuec tir.

Theo [14], [16]-[18] lyc dién tir trén mién tan s6 cua 1 cyc tir
céu tao nguyén khdi khi cap dong dién xoay chiéu vao 2 dau
cuon day stator la:

R’ R’
F(s)=K.———=I(s)+K..———=.Z(s 18
Bién d6i tuong duong (18) trg thanh (19):

’”F (19)
Bién d6i laplace ngugc (19) ta dugc (20):

k d"F(t .
FG)+FTZ()=K1"Z+KZ'Z (20)

Theo dinh ludt Newton II ta c6 phuong trinh dong luyc mo ta

1 cuc tu:
2

dz—F(t) mg+ f. 21
Tir (21) thé F(t) vao (20) ta dugc:

2 52 1/2
md—zz+@0d Slzz—iod E/J;) =K,i+K z—mg+f.

dr® R dt R dt ) N Y))
Bién d6i trong duong (22) ta dugc:
d’z K . K k d*z k d”(f) f
_=_l+_:. —_ — — Z +—: 23
a’ m m =8 R dr’*  mR’ dt'* m @)
Trong do:

£.1a nhiéu bén ngoai.

m 12 khéi luong c1‘"1a dia quay (rotor). )

[, =2h+2c la chiéu dai duong tir trudng cua sat tir.
k dugc xac dinh nhur (14) 14 hé s6 dong xody.

1 L .
R’ = —A[2g + —'j 1a tong tir trd tinh.
Ho

£,
2N%,
K, = 7l2 1a hé s6 ti 18 v&i dong dién.
#,A(R")
1 (2N Y
K =— ( lo) 1a hé sb ti 1¢ véi d6 dich chuyén.
(R°) \ A

Xét trwong hop 1: Khong c6 nhidu bén ngoai khi d6 (23) tre
thanh:
d’z K, k d’z
Dt Rt S e
a’ m m - R drT )
Xét truwong hop 2: Neéu nhicu la hang so khi do (23) tré thanh:
d’z K, . K. k d’z 1
S (25)

—=—lit—Er-g————+—
ar m m R dr? m”°

24)
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Tir (23) ta bién doi twong duong thanh: e ok iiok o e Ck d*z kmdz
d22=£i+£z_g_£d5/22+ k dl/Z(f) f mz = i'l+ A Z—FW—FW—H’[ (31)
dtZ m - . RO dt5/2 ﬁ)O dtl/Z m z k dl/z(f)
= f(2)+g(2)i+d(z) 26) tp g L
Trong dé' Bién d6i tuong duong (31) ta dugc:
=2 g(5)=" s 2K, 2K C, Ckd"z kdz_
m - 0 3/2 0 5/2
)k a7 m m m  mR" dt R’ dt (32)
d(z) =—f_ T—= 20 9 + k dl/z(f) f
mR” dt R dt mR’  di"” m

Viay (26) la dong luc hoc tuyén tinh téng quat trén mlen thoi
gian ctia 1 cyc tir cau tao nguyén khdi hoat dong khi cip dong
xoay chiéu vao 2 dau cudn day stator. Trong do, k dugc xac
dinh nhu (14) 1a hé sb biéu thi sy anh hudng ciia dong xody.
Khi k=0 thi md hinh toan hoc tr¢ thanh truong hop co chu
chép hanh ciia 6 tir duge ciu tao xép 1p. Ciing trong phuong
trinh (26) ta thdy day la dong lyc hoc c6 chira dao ham cap
phan s6 5/2 ctia dbi twong bén trong va dao ham cap phan s6
1/2 ctia nhidu bén ngoai, day la dang mo hinh toan hoc twong
dbi méi.

b. M6 hinh toan hoc mot cap cuec tir.

Xét truong hgp mot cip cuc tir ¢6 cau triic nhu hinh 7.

H¢ thong diéu B0 khuéch dai O do tir
khién -
ﬂhﬂ J’4 Cam bién
. (_q
| B |
- & = J L .
3 L]
zg* Bo diéu '-‘ 77y | %
N o | S0 ] 4 2 |, I A
= z 0 Ul e | % 3
20tz3 §
|
B¢ khuéch dai B
' 4"—71*]* Nam cham dién

Hinh 7: Cu triic hé théng 6 tir doc truc cAu tao nguyén khéi

Theo (20) ta c6 phuong trinh lyc tir trén mién thoi gian dbi
v6i cuc tir phia trén:

dl/ZF t )
F(t)+R0 d”z() K.i+K .z (27)
Déi voi cuc tir phia dudi ta co luc dién tir trén mién tan sb:
RO Rl)
FE()=—K.——=.I(s)-K..———=.Z(s 28
2(5) ’R°+k\/§() ‘R°+k\/§() (28)

Tuong tu nhu trén ta c6 phuong trinh luc tir trén mién thoi
gian doi voi cuc tir phia dudi:
i dl/Zsz(t)
RO dzl/Z
Theo dinh ludt Newton II ta c6 phuong trinh dong lyc mo ta
cuc tur:

2

dz .
myz—Cz+F,(t)—Fz(t)—mg+f:

E()+ =—K.i-K. .z (29)

(30)
Tu (27), (29) va (30) ta suy ra phuong trinh:

Xét truong hop 1: Khong cé nhiéu bén ngoai khi d6 (32) tré
thanh:
2K, 2K C, CkdVz kdVz_
m m  m  mRdr® R dr”
Xét trweomg hop 2: Néu nhiéu 1a hang s6 khi d6 (32) trg thanh:

(33)

5 2K +£ _QZ._ Ck d”z_id”z_ +£(34)
m — m_ m  mR dar’* R dr”? & m
Tur (32) ta bién doi twong duong thanh:
s 2K 2K C. Ckd’z kd’z_
m m m  mR" d’* R° dr”? (35)
k d1/2 )
+mR0 th{Z) +% =f(2)+g(2)i+d(z)
Trong d6: )
C: Hé s0 giam chan cua dia quay
2K. 2K
fe)==2z-g, gm)==t
m m
d(Z)z_gz_ Ck d3/22_id5/22 k dl/Z(j;)+£
m  mR*d* R d* mR° di'"* m

Vay (35) 1a dong luc hoc tuyén tinh téng quat trén mién thoi
gian ctia 6 tir doc truc (1 cdp cyc tir) cdu tao nguyén khdi hoat
dong khi cip dong dién xoay chiéu vao hai dau cudn day sta-
tor.

Trong d6, k dugc xac dinh nhu (14) 1a hé s6 biéu thi sy anh
hudng ctia dong xoay. Khi k=0 thi mé hinh toan hoc tré thanh
truong hop co cdu chap hanh cua 6 tir dugc cau tao xép 16p.
Ciing trong phuong trinh (35) ta thiy day la dong luc hoc co
chira dao ham cap phén s6 3/2, 5/2 ciia d6i twong bén trong va
dao ham cip phan s6 1/2 ciia nhidu bén ngoai, ddy 1a dang
dong luc hoc tuong ddi moi.

3.2. M5 hinh phi tuyén

Nhu ta da biét [14], [16]-[18] chi dwa ra m6 hinh toan hoc
dang tuyén tinh trén mién tin s, md hinh toan hoc dang phi
tuyén tac gia chwa dua ra. Trong bai bao nay tac gia trinh bay
phuong phap xac dinh mé hinh toan hoc cia 6 tir cdu tao
nguyén khdi hinh C & dang phi tuyén trén mién tin sd ciing
nhur trén mién thoi gian.

Xét trwong hop mét cue tur:

Ta c6 tir thong dugce xac dinh theo cong thirc sau:

D(0) = N.I

2R, (s)+R,(s)
Két qua md phong matlab (36) dbi véi cong thirc chinh xac

khi tur tro hi¢u dung Ri(s) va Rg(s) dugc xac dinh theo cong

thirc chinh x4c nhu [14] va cong thirc gan ding khi tir tr6 hiéu

dung Ri(s) va Ry(s) dugc xdc dinh theo cong thirc gan ding

nhu [14] dugc thé hién trén hinh 8-11. Két qua mé phong cho

(36)
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thdy duong tir thong trong cong thire gan dung tién sat véi
duong tur thong trong cong thirc chinh xac.

102

TThonggd
———TThongex |

Magnitude

§

o 100 200 300 400 500 600 700 800 900 1000
Frequency (rad/s)

Hinh 8: Bién d ciia tir thong trong cong thirc chinh xac va cong thirc gin
dung.

= TThonggd
TThongex

Phase (Degree)

[} 100 200 300 400 500 600 700 800 900 1000

Frequency (rad/s)

Hinh 9: Pha ctia tir thong trong biéu thirc chinh xac va biéu thirc

gén dung.
Ta c6 cong thirc tinh sai s gitra tir thong chinh xé4c va tir thong
gén dang duoc tinh nhu sau:

e=0, (0)-D (o) (37)

Trong do:
®_(w): Tu thong duoc tinh theo cong thirc chinh xac
@, (w) : Tir thong duoc tinh theo cong thirc gan dung.

Tir d6 ta tién hanh mé phong sai s6 ta dugc két qua nhur hinh
10-11.

10

T T
Iy,

"~
~a,

Magnitude
o

o 100 200 300 400 500 600 700 800 900 1000
Frequency (rad/s)

Hinh 10: Bién d¢ sai s giita tir thong trong biéu thirc chinh x4c va biéu

thirc gin dung.
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k!
S o2f § 1
2 ]
@ t
£L£
o
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i
|
3
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of——— 4
................. 4
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Hinh 11: Pha sai s6 giita tir thong trong biéu thirc chinh xac va
biéu thirc gin dung.
Tir hinh 10-11 chung t6i nhan thiy sai sb giita tir thong dwoc
tinh theo cong thire chinh xac va tir thong dugc tinh theo cong
thirc gan dung 1a kha nho va gia tri sai s6 luén mang gia tri
duong tirc 1a gia tri tir théng trong cong thirc gan dung bao gid
cing nho hon gia tri tr thong trong cong thire chinh xac. Gia
tri sai s6 cuc dai emam=9. 5x10° - Wb, gia tri nho nhét emi=6x10"
3 Whb. Diéu d6 néi 1én rang cong thirc gan dung cua tir thong
da tién sat vdi cong thire chinh xac cta tir thong.
Luec tr dugc tinh theo cong thirc:
B @’ NI Lot ANT
HoA /loA(R(S)) ((ll +2,urg)+y0,u,/1.k\/;)

Nhan thdy trong phuong trinh (38), k 12 hé s6 biéu thi anh
huong ciia dong xody. Khi k=0 thi m6 hinh toan hoc tro thanh
truong hop co cau chap hanh cia 6 tir dugc cau tao xép 16p.

(38)

bat:  B=p L AN’I’, E=l+2ug (39)
D:kuo/’lr 4 g :Zo Tz (40)
Khi d6 (38) tro thanh:
B B
F(s)= - (41
i (E+D\/;)2 E?+2ED\[s +D’s )
& E’F(s)+2ED<\s F(s)+ D’sF(s)=B (42)

Bién d6i laplace ngugc 2 vé cia phuong trinh (42) ta dugc
(coi B, D, E la hang s0):

d"F( dF (t
040 _ gy

& E’F(t)+2ED (43)

Nhan thdy phuong trinh (43) la phuorng trinh c6 chura dao
ham cép phén s6 cia lyc theo thoi gian. Pay 1a dang mé hinh
toan hoc méi ma chua c6 cong trinh nao da cong bd vé 6 d&
tir. Trong d6 hé s B ti 1¢ thuan v6i binh phwong ciia dong
dién, E phu thudc vao khoang cach dich chuyén S0 V01 i tri
can bang, D 1 hing sd.

Xét trwong hop mét cip cue tir thé hién nhw hinh 7:

Tr m6 hinh dong luc hoc ciia mot cuc tir nhu (43) ta suy ra
mo hinh dong lyc ciia mot cdp cuc tir duge viét nhu sau:
di, 2z, Z)Rl v 2z, -2,

= +—2 (44)
dt N*u, A zo -z N-uA
di, __ 2(z, + z)Rz2 v, 2(zaz+ Zu, (45)
dt N’u,A z +z N uA
dz (46)

v=—
dt
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d’z
— = F-Bomg+f) @7
1/2
d 1/12:1 =—£ﬁ—£ﬁ+“‘l (48)
dt 2Bl dr 2D
d"’F, D dF, B,
d"F, __ D dF, B, ., 49
e 2B, dt 2D 2+ @)
Trong d6:
2 2
A] N 5 D) Bl = (11 + 2Aur (ZO _Z))
2k(1, +2/1,(z 2)
272
A= HNLO g aouez)(50)

2k(l+2u.(z, +2))
Nhu vay nhom tac gia da dua ra dugc phuong trinh tir (44)-
(49) 1a cac phuong trinh & dang mién thoi gian. Pay chinh 1a
dong lyc hoc ctia 1 cdp cyc tir hinh C cau tao nguyén khdi trén
mién thoi gian. Tir d6 tao tién dé cho cac phwong phap diéu
khién phi tuyén s& duoc trién khai twong lai, tir 46 hoan thién
hon vé phuong phép diéu khién 6 tir cAu tao nguyén khoi.

4. Kétluan

Bai bao nay nhom tac gia di dua ra dugc cong thirc gan
dung tir tro hiéu dung cua phan tir khéng khi sat gia tri trong
cong thirc ban dau hon so véi cac cong trinh da cong bd. Ngoai
ra tac gia cung dua ra mo hinh dong luc hoc tuyen tinh va ph1
tuyen trén mién tan sd cung nhu trén mlen thm glan cung voi
mo hinh toan hoc tuyén tinh hoa trén mién tan sé di cong bd
trude d6 va mién thoi gian duge cong bd trong bai béo nay,
tao thanh co s& thuan tién dé phan tich va thiét ké hé théng
diéu khién 6 tir doc truc ciu tao nguyén khi. Tir d6 tao tién
dé cho cac nghién ciru thiét ké hé thdng diéu khién 6 d& tir cau
tao nguyén khdi. Céc thiét ké hé thong didu khién dang va s&
duogc nghién ciru da trén cac cach tiép can sau: a) phuong
phéap diéu khién trén mién tan sb va trén mién thoi gian (mo
hinh tuyén tinh), b) phuong phap diéu khién phi tuyén nhu:
Bachstepping, diéu khién truot..., didu khién hién dai nhu
Mang No Ron, diéu khién thlch nghl ... Két qua cua cac
phuong phép diéu khién nay s& dugc cong bd trong cac bai
bao trong tuong lai.
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