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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. this paper, the approximate for-
mula of effective air element reluctance is given close to the original formula, there by 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’, RZ  A/Wb  Tirtré tinh cia PT sit va PTKK
R,R,  AMb Tirtrdgan dang cia PT st va PTKK

Cic tir viét tit

PT Phan tir

PTKK Phan tir khéng khi

TThongex  Tu thong trong cong thic chinh xac

TThonggd T thdng trong cong gan dung
Tém tit

Dong dién xody duoc tao ra trong co cau chap hanh 6 d& tur
doc truc cu tao nguyén khéi hoat dong khi cip dong xoay
chidu vao hai dau cuon day stator. Do d6 dong dién xody anh
huong l6n dén dong luc hoc va thiét ké didu khién co ciu chap
hanh 6 tir doc truc cau tao nguyén khdi hoat dong khi cép dong
xoay chiéu vao hai dau cudn day stator.

Trong bai béo nay nhém tac gia da dua ra cong thic gan
dung cuia tir tro higu dung phan tir khdng khi tién gan véi cong
thirc chinh xac hon so véi cac cong trinh di cong bé trude day,
tir d6 dua ra mo hinh todn hoc chinh xac hon so véi cac trinh
da cong bd. Dac biét nhom tac gia da dua ra dugc md hinh
dong luc hoc tuyén tinh va phi tuyén trén mién thoi gian cua
b tir doc truc cu tao nguyén khdi hoat dong khi cip dong xoay
chidu vao hai dau cudn day stator. Tir d6 tao tién dé cho céc

nghién ctu thiét ké hé thong diéu khién 6 d& tir cau tao nguyén
khoi.

1. Giéi thi¢u

O 45 tir da duogc nghién ctu cho nhiéu ing dung cong
nghiép va khoa hoc, bao gdm may méc ¢ co ciu chuyén dong
[1], [2], bang tai kim loai [3], quy trinh phu kim loai [4], quang
khéc [5], va hé thong servo cong cu [6].

Mach tir (stator va rotor) cua 6 d6 tir thuong duoc ghep bang
cac 14 thép ky thuat dé giam tong hao dong xody khi co tir
thong bién thién trong trong vat liéu sit tir. Tuy nhién, dbi véi
6 tir doc tryc trong mot sé ing dung cac co cAu chap hanh
thuong ciu tao nguyén khdi. Dic biét, do yéu cau vé do bén
co hoc nén dia quay cua & ttr doc truc thuong dugc céu tao
nguyén khoi. Ngoal ra, do mdi quan tdm v€ chi phi nén cac co
cau chap hanh cua 6 do tir duoc cau tao nguyén khdi. Trong
cac ung dung cia 6 dd tir cau tao nguyén khoi hoat dong khi
cap dong xoay chiéu vao hai dau cudn day, dong xo0dy s€ anh
huong siu sic dén hoat dong clia co cdu chap hanh va phai
duogc xem xét trong mo hinh hoa hé thong va thiét ké bo didu
khién.

Cong trinh dau tién v& mo hinh toan hoc 6 d& tir cdu tao
nguyén khdi da duoc thuc hién bai Zmood [7], ngudi da trinh
bay md hinh toan hoc cho 6 tir hinh C cau tao nguyén khdi co
ty 1é chidu rong rat 16n so véi chiéu cao.

Cong trinh thr hai vé dong luc hoc 6 do cAu tao nguyén
khoi da dugc trinh bay boi Feeley va Ahlstrom [15], tic gia
cling da dua ra dugc dong luc hoc trén mién thoi gian.

Mot cong bd tiép theo vé mo hinh hoa cia co cdu chap hanh
hinh C cau tao nguyén khi da duoc trinh bay bai Feeley [9].

Maic du cac m6 hinh toan hoc duoc dua ra trong [7], [9] va
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[15] kha don gian. Tuy nhién, d6 chinh x4c cia cac cong bd
trén la kha kém. Ly do chinh 1a trong cé ba bai bao, cac tac
gia da gia dinh rang mat d6 tur thong trong mat cit ngang cua
khe ho khong khi gidng nhu mat do tir thong trong tiét dién
phan sit tir. Py 1a mot gia dinh chi dung cho phan tich tinh
nhung khong dung cho trudng hop cdp dong xoay chidu vao
2 dau cudn day vi sinh ra dong dién xody.

Kucera and Ahrens [11], cic tac gia da trinh bay cac két
qué phan tich mo ta mbi quan hé dong dién-lyc twong tmg déi
v6i stator hinh tru va hinh chit C. Tuy nhién tac gia cho rang
mat do tu thong khe h¢ khong khi khong phu thude VA0 tan so
ctia truong diéu hoa. Hon nita, tham sé d (d¢ day ciia cac phan
chia nho trong co cau chap hanh) trong mé hinh toan hoc phan
tich nay phai duoc xac dinh tir két qua thuc nghiém, khong
tuong Ung va&i bat ky hinh dang va vat liéu cia co cau chap
hanh. Do d6, két qua nay khong phu hop véi viée t6i wu hoa
thiét ké co céu chap hanh 6 tir doc truc.

Tac gia [14] dua ra md 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 hiu dung cua phan tir khong
khi van c¢6 thé dua ra biéu thirc tién sat véi cong thire chinh
X&c ban dau so v6i cong bd ctia [14]. Hon nita mo hinh dong
lyc hoc tuyén tinh va phi tuyén trén mién thoi gian cac tac gia
truée day van chua dua ra.

Trong bai bdo nay nhém tac gia da trinh bay mot phuong
phap dé dua ra cong thirc gan dung ciia tir tré hidu dung phan
tir khong khi duoc dua ra sat véi cong thie chinh xac ban dau.
Ddng thoi nhém tac gia dua ra dwoc md hinh dong luc hoc &
dang tuyén tinh va phi tuyén trén mién thoi gian, tao tién dé
dé 4p dung cac phuong phép diéu khién phi tuyén cho 6 d& tir
c4u tao nguyén khoi.

2. Tir tré hiéu dung ciia cac phan tir

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

Hinh 1: O tir hinh C c4u tao nguyén khdi

Bang 1: Thong sb co cAu chip hanh § tir doc truc hinh C

sTT | Ky hiéu M ta théng s6 Gia tri
1 o Do din dién cua sit 2.5x10° S/m
2 1/2 Chiéu rong cua cuc tir 7.5 mm
3 b 1/2 Chiéu cao cua cuc tir 2.5 mm
4 c Chiéu réng co cu chap hanh 20mm
5 h Chiéu dai co cdu chip hanh 30mm
6 N Sb cuon day 1200

Khoang céch khe ho khéng khi

/ Z | danh dinh 0.2mm
8 U | Do tir thdm twong ddi 5000
9 U, | D tirthim chan khéng 41x107 T.m/A
10 | Dong dién 10A

Theq tac gia [14] tu tro hiéu dung cua mach tir dugc chia thanh
2 phén chinh duoc the hi¢n trén hinh 2 bao gom: Tur tr¢ higu
dung phan tir khéng khi va tir tré hiéu dung phan tir sat tur.

NI R,
1 AN =
1 I o

§ 3R

Hinh 2: Mach tir twong dwong cuia b d& tir ciu tao nguyén khi

Trong do6:

Ri: Tir tré hiéu dung phan tur sat t.

Rg : Tir tré hiéu dung phan tir khéng khi.
NI : Suc tir dong.

@ : T thong.

Dbi vai tong tro hiéu dung chinh xéac cua phan tir khong khi
theo [14] x&c dinh nhu sau:

_9 1

1)
2
IL[O 1/2
4atanh(a,b) Z 42a,b * ] tann(s, a)
o 1\ (2n=D7B;,
Theo [14] x4p xi cua (1) ta dwoc tir tré hiéu dung gan dung:
R, =R +ks )
Trong do:
2
k=| 232 tanh(”—aj g )
6a rz’a 2b Ly

s=jw la toan tir laplace

2
Trong khi [14] cho ring viéc tinh dao ham 29 trong
al o =0
o 1 d R 2
cong thirc mé rong Taylor va Pade R =R;+ A
2 de |

oy =

1a rat kho khan khi s6 phan tir m trong tng

(4200
Z{(Zn 1) ﬂB/Z

2
j tanh(3,a) & mau cua (1) ting nén [14]
n=1
chi ldy m=1. Trong bai bao nay nhom tac gia da sir dung
2
9
2
1

phin mém Maple dé tinh dao ham khi s6 phan tir

o=

lAm=2,3.4...
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Xét truong hop m=2 thi tdng & miu cia (1) 1a:

i[ 4\/§a1bl/2

= @2n-1)7p5°

- (4\/§alb1/2

J tanh(4,,a)
4)
4 \/E albuz

3/2
12

3/2
11

] tanh(ﬂlna)J{ J tanh(4,,a)

Xét truong hgp khi m=3 thi téng ¢ miu ciia (1) la:

i[ 4\/§a1b1/2 4\/§a1b1/2
@n-175

n=1

J tanh(4,,a) z( ] tanh(,Blna)Jr[

11

4\/§a1b1/2

12

Ry2 =Rl +k, s (5)
Trong do:

3z

_ 15616e "

a 27a

—384eb +384e ® +

2= 3
G[e b +l]7r5a2

15616

b2

(6)

=~
|

+
63. ﬂr/‘o

4\/§a1b1/2

3/2
13

()

3/2

j tanh(5,,a) +[ J tanh(g,,a)

Két qua cong thirc gan dung ctia tir tro hidu dung phan tir khong khi:

253125 253125 253125 253125

93440 ** 93440 ‘™ 146015552 T 48815552
eb - + eb -

| 243215552 % 243215552 e%ﬁ 146015552 e%ﬁ , 48815552 e%ﬂ .

©)

81 81 253125
b2

5ra -

6a

Tra 67a 27a 7a

6r°a’(-e b +eb —eb —eb 4eb —1)

_ 243215552 % 243215552 e%a

253125

146015552

X
f 9 Js= Ry +k3\/§
:ur:uO

bra 48815552 @

b e b

253125 253125
03440 ** 93440 *** 146015552 ™
—e’ - e’ + e

253125

253125

48815552
©

Trong d6: k, =| | g1 81 253125

bZ

5rza

Tra 67a 2ra za

67°a’(—e > +eP® —eb —eb yeb —1)

Sai s6 giita tir trg phan tir khéng khi trong cong thic chinh
xéc (1) so véi cAc gia tri gan ding dwoc x4c dinh nhu sau:
=R, —-Ryu, & =R, —Ry,, &,=R, —R, (10)

Tir d6 tac gia tién hanh chay moé phong ta dugc db thi tir
tro hiéu dung cia phan tir khong khi ban dau va 3 gia tri tir
tré hiéu dung gan ding twong tng véi m=1, 2, 3 duoc thé
hién trén hinh 3-4 va céc sai s6 gitra tir tré phan tar hiéu dung
khong khi trong cong thirc chinh xac so vé6i 3 gia tri tir tro
hiéu dung gan dung tuong tng véi m=1, 2, 3 ta duoc két qua
nhu hinh 5-6.

«10%

2142 /
214 g
2.138 [
2136 [
© 2134 —Rg
E — =Rg,(m=1}
% 2132 / ~ =Rg,(m=2}
= g A L Ll ke Rg,(m=3)
2128 | /
2126
2124
2122
0 100 200 300 400 500 600 70O 8OO 900 1000

Frequency (rad/s)
Hinh 3: Bién d6 cua tur trg hiéu dung PTKK trong cong thac chinh xac,
cong thirc gan dung khi m=1, 2, 3
cong thuc gan dung cua tir tré hidu dung phan tir khdng khi:

253125
b

6a

/ur /uO

0.6

Phase (Degree)

0

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

Hinh 4: Pha cua tir trg hiéu dung PTKK trong cong thuc chinh xé&c va cong
thirc gan dung khi m=1, 2, 3
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o o
s R(s)=R®+—— (15)
4(a+b) He Ho
S %
| | | | | ™= aii R, (s)= Rg + k\/g (16)
101 . e | | | | e e:<m:3) 0 | 0 g
3 e RP=——, R=—_, | =2+2h 17
£ s M Ho A Ho A
R 3. Mo hinh ddng luc hoc
25 .. . N 7 L,
3.1. Mb hinh tuyén tinh

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

Frequency (rad/s)
Hinh 5: Bién d6 cua sai s6 tir tré hiéu dung PTKK trong cong thic chinh

X&c $0 vai cong thirc gan dung khi m=1, 2, 3.

5.2 1072
s,
o,
L oy Ve,
05 N | | [ lesses e, (m=1)
e, v,
W el | | hees e, (m=2)
*uy, '.,. 2
1 % » .'c.'. ...... ez(m:S)
’*-. '."
o e,
T 15} oy,
g-15 2 00,
> ", 22,
8 "va, '0,"
= 27 ., "0,.
2 v, 200,
© e e,
e o
o 25 e e,
o, "0y,
v, "2,
ey, "0ay,
3 o,
..,
o,
35} e
-4

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

Hinh 6: Pha cua sai s6 tir tro hisu dung PTKK trong biéu thire chinh xac so
vé6i cong thire gin ding khi m=1, 2, 3.

Tir (1) va theo phuong phap x4p xi ta nhan thay gié tri gan
dung ludn 16n hon gia tri chinh xé&c nén két qua sai s6 ludn
mang gi4 tri am diéu d6 duoc kiém chiing két qua md phong
trén hinh 5-6. Do khi 6 phan ta m cang Ién thi tong ¢ mau
cua (1) cang 1én khi do tur tro hidu dung cang nho, dan dén sai
s6 cang nho va sai s6 cang tién dan vé 0. Vi vay gié tri gan
dung cang tién dan vé gia tri chinh xéc trong (1). Tir do ta
duoc duogc md hinh toan hoc chinh xac hon mo hinh toan hoc
ma cac ta gia trudc day da dua ra.

Tir d6 tong tir tré hiéu dung cia mach tir 1a:

l 2
R(s)=R,(s)+ 2R, (s) = [— ¥ —gj N
He oA A

Trong do:

- Pbi véi truong hop sb phan tr & mau caa (1) m=1:

k=2k +— z (12)
d(a+b) \ w1y

- D6i v6i truong hop s6 phan tir & mau cia (1) m=2:

k =2k, + L (13)
4@+b)\ p 1,

- Pbi véi truong hop sé phan tr & mau caa (1) m=3:

K=okt | @ (14)
4(a+b)\ w1y

ki, k2 va ks : dwoc x4c dinh 1an luot theo (3), (6) va (9)

a. M6 hinh toan hec mot cuc tir.

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

R® R°
F(8)=K.————=.1(8)+K,,———=.Z(s 18
Bién ddi twong dwong (18) tré thanh (19):

F(s)+ |(\/—F(s) K..1(s)+K,.Z(s) (19)
Bién doi 1aplace nguoc (19) ta dugc (20):

k d”zF(t)
Ft)+— T =K,i+K,.z (20)

Theo dinh luat Newton II ta c6 phuong trinh ¢ong luc mo ta
1 cyc tu:

d z

d2_F(t) mg + f, (21)
Tir (21) thé F(t) vao (20) ta dugc:

2 5/2 2

d_22+k_n01d5/22_k0d SI) K.i+K,z-mg+f,

dt® R" dt R® dt (22)
Bién ddi twong dwong (22) ta duoc:
d’z K, . K k d*z  k d¥*(f, )
- =—l 4=, - 23
@ m T TR W TR e @)
Trong do:

f,1a nhiéu bén ngoai.

m 1a khéi lugng cua dia quay (rotor). ’

I, =2h+2c la chiéu dai duong tir truong cua sat tir.
k dwoc xac dinh nhu (14) 1a hé s6 dong xody.

I .
ro-_t (29 +—'] la tong tur tro tinh.
HoA He
2N?i
K = —IZ la hé sé ti 1¢ voi dong dién.
1,A(R°)

N2
K, :L{ZN'OJ la he 6 ti 1 véi o dich chuyén.
(RO)'\ oA

Xét trwong hop 1: Khong c6 nhiéu bén ngoai khi d6 (23) tré
thanh:

d’z _Kii K Z_g_Lds’Zz
@ m om ~ R%dt*
Xét trwong hep 2: Néu nhiéu 1a hang s6 khi do (23) tré thanh:

2 5/2
dz_K;. K k dz 1 (25)

& m TR

(24)
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T (23) ta bién ddi tuong duong thanh: . ] . Ckd¥z kmd¥?z
d_zz_ﬁi+ﬁz_g_Ld5IZZ k d:lJZ(f) f mZ:2Ki.|+2KZ.Z—CZ—?W—EW—mg 31
dt? m" m’ R® dt¥? mR® dt¥? d”z(f ) (31)

=f(2)+9(2)i+d(2) (26) RO dt? 2
Trong dé Bién d6i twong dwong (31) ta duoc:
f(2)= zz 0, 9g@)=" , 2K 2K, C. Ckd%z kd%z
m L= i+—*tz-—1- 0 4332 DO 352
" oo m m m mR" dt R” dt (32)
d@) =+ -GG K8 () |
m mR® dt"? m

Vay (26) la dong Iuc hoc tuyén tinh téng quét trén mlen thoi
gian cua 1 cyc tir ciu tao nguyén khdi hoat dong khi cap dong
xoay chiéu vao 2 dau cudn day stator. Trong d6, k duoc xac
dinh nhu (14) 12 hé s biéu thi sy anh huong cia dong xoay
Khi k=0 thi m6 hinh toan hoc tro thanh truong hop co cau
chap hanh ciia 6 tir dwoc cau tao xép 16p. Ciing trong phuong
trinh (26) ta thay day l1a dong luc hoc c6 chaa dao ham cap
phan s6 5/2 caa dbi twong bén trong va dao ham cap phan sb
1/2 cia nhiéu bén ngoai, day 1a dang md hinh toan hoc tuong
d6i méi.

b. M6 hinh todn hgc mdt cap cuc tir.

Xét trudng hop mot cap cuc tir ¢d cau trdc nhu hinh 7.

O do tir

' 3 Cam bién
+4z i
: L p
T

A
Bo diéu| | | 2-7g ISE
khién . 1 -
N e T 2
i
! 7z 5

,,,,,,,,,,,,,,,

i ._J: 201z3 y
B6 khuéeh dail |
’ i Nam cham dién

Hinh 7: Céu trac hé thdng 6 tir doc truc ciu tao nguyén khéi

B khuéch dai |

1 He thong diéu
khién

Theo (20) ta c6 phwong trinh lyc tir trén mién thoi gian dbi
Vi cuc tr phia trén:

k d2F(t
F )+ R° o M() K.i+K,.z (27)
Dbi véi cyc tir phia dudi ta co lec dién tir trén mién tan sb:
R R°
Fy(s) = —K,.———1(s) - K, —~Z(s 28
5(8) R°+kJ§() RO+ kds (s) (28)

Tuong ty nhu trén ta ¢ phuong trinh luc tir trén mién thoi
gian doi véi cuc tir phia dudi:

k d"F,(t)
R® dt??
Theo dinh luat Newton II ta c6 phuong trinh dong luc md ta
cuc tur:

d 2
d 2
T (27), (29) va (30) ta suy ra phuong trinh:

F,(t)+ =-K,i-K,.z (29)

—Cz+F(@{)-F,(t)—-mg+f, (30)

Xét truong hop 1: Khong c6 nhiéu bén ngoai khi d6 (32) tré
thanh:

J 2K 2K, C, Chd¥a KT o
m m m  mR°dt® R°dt™ g
Xét trwong hep 2: Néu nhidu 1a hang sé khi d6 (32) tro thanh:
2K, 2K, C, Ck d*?z  k d*’z
I=—Li+—271-—1- -— —-g+—=(34
m ’m om mR° dt*? R0 TEC m( )
T (32) ta bién do6i twong duong thanh:
;2K 2K, C, Ckd”z kd®z_
T m m  m  mR®dt* R dt> (35)
k d”z(f)
o, m =f(2)+9(2).i+d(z)
Trong do: )
C: Hé¢ so giam chan cua dia quay
2K 2K
f()=—z-9, 9(@)=—"
m m
d()-_C, Ok d¥z Kk d¥z  k dv(f)
mR° dt** R® dt¥? mR® dt”? m

Vay (35) la dong lrc hoc tuyén tinh téng quét trén mién thoi
gian cua 6 tir doc truc (1 cap cuc tir) ciu tao nguyén khéi hoat
dong khi cip dong dién xoay chiéu vao hai dau cuon day stator.

Trong d6, k dugc xac dinh nhur (14) 1 hé s6 biéu thi sy anh
huong cua dong xoay. Khi k=0 thi mé hinh toan hoc tré thanh
truong hop co cau chap hanh caa 6 tir dwoc cu tao xép 19p.
Ciing trong phuong trinh (35) ta thdy day la dong luc hoc c6
chtra dao ham cép phan s6 3/2, 5/2 cua ddi twong bén trong va
dao ham cip phan sé 1/2 cua nhidu bén ngoai, day 1a dang
d6ng luc hoc twong d6i mai.

3.2. M6 hinh phi tuyén

Nhu ta da biét [14], [16]-[18] chi dwa ra mé hinh toan hoc
dang tuyén tinh trén mién tan s6, md hinh toén hoc dang phi
tuyén tac gia chwa dua ra. Trong bai bao nay tac gia trinh bay
phuong phép xac dinh mé hinh toan hoc cua 6 tir ciu tao
nguyén khéi hinh C & dang phi tuyén trén mién tan sé ciing
nhu trén mién thoi gian.

Xét trwong hop mét cuc tur:

Ta c6 tir théng duge xac dinh theo cng thuc sau:

D(0) = N.1

2R, (s)+R(s)
Két qua md phong matlab (36) ddi véi cong thie chinh xéac

khi tir tré hiéu dung Ri(s) va Ry(s) duge xac dinh theo cong

thirc chinh xac nhu [14] va cong thic gan ding khi tir trg higu

dung Ri(s) va Ry(s) dugc xac 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 thirc gan dung tién sat véi
duong tir thdng trong cong thire chinh xac.

<10"2
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Hinh 8: Bién d6 cua tir théng trong cong thire chinh x4c va cdng thirc gin

dung.
o
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2
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sl
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12
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Frequency (rad/s)
Hinh 9: Pha ciia tir thong trong bidu thic chinh xéc va biéu thirc

gén dung.
Ta c6 cong thirc tinh sai s6 gitra tir thdng chinh xac va tir thong
gan dang duoc tinh nhu sau:

e=0,(0) -y () @37)

Trong do:
®_ (@) : T thong dugc tinh theo cong thuc chinh xac
@, (@) : Tir thong duoc tinh theo cong thirc gan ding.

Tur d6 ta tién hanh md phong sai s6 ta dwoc két qua nhu hinh
10-11.
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Hinh 10: Bién d¢ sai sb gitra tir théng trong biéu thirc chinh xac va biéu

thirc gn dung.
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Hinh 11: Pha sai s giita tir thdng trong biéu thuc chinh xac va
biéu thirc gan dung.
Tir hinh 10-11 chlng tdi nhan thiy sai sb giita tir thong duoc
tinh theo cong thire chinh xac va tir thong dugc tinh theo cong
thirc gan dung 1a khd nho va gia tri sai so ludn mang gia tri
duong tic la gia tri tu théng trong cdng thac gan dung bao gio
cling nho hon gid tri tu thong trong cong thuc chinh xac. Gia
tri sai sO Cuc dai emax:9.5x10'5 Wb, gia tri nhoé nhat emin=6x10"
® Wb. Diéu d6 noi 1én rang cong thuc gan ding cua tir thong
da tién sat véi cong thuc chinh xac caa tir thong.
Luc tir duoc tinh theo cng thuc:
2 2p2 2 212
[0) :g: N I 2 = 'uolur AN I 2 (38)
HA  1,A(R(S)) ((Ii +2,urg)+,u0,urA.k\/§)

Nhan thay trong phwong trinh (38), k la hé sé biéu thi anh
huong cua dong xoay. Khi k=0 thi m6 hinh toan hoc tro thanh
truong hop co cau chap hanh caa 6 tir duoc cau tao xép 1op.

bat:  B=puu’AN?I?,  E=Il+2u9 (39)
D = k;uo:ur A’ g = Zo tz (40)
Khi d6 (38) trg thanh:
B B
F(s)= = 41
) (E+D\/;)2 E’+2ED+/s + D% (4
& E?F(s)+2EDWs F(s)+ D*F(s)=B (42)

Bién dbi laplace ngugc 2 vé cua phuong trinh (42) ta dugc
(coi B, D, E Ia hang s6):
d¥?F(t)

dt]JZ

(43)

&  E2F(t)+2ED +D? d';t(t) —BS(t)

Nhan thiy phuong trinh (43) 1a phuong trinh c6 chtra dao
ham cip phan sé cua luc theo thoi gian. Day 1a dang md hinh
toan hoc méi ma chwa c6 cong trinh nao da cong bo vé 6 d&
tir. Trong d6 hé s6 B ti I¢ thuan vai binh phuong ciia dong
dién, E phu thugc vao khoang céach dich chuyén so véi vi tri
can bang, D 1 hang so.

Xét trudng hop mét cip cuc tir thé hién nhw hinh 7:

Tur m6 hinh dong luc hoc ctia mot cuc tir nhu (43) ta suy ra

mo hinh dong lec ciia mét cap cuc tir duoc viét nhu sau:

dip _ 2(z, - Z)Ri; LA 2(202— Z)u, (44)
dt N A z,-z N°pA
di,  2(z, j Z)Ri, LV 2(202+ Z)u, (45)
dt N A Z,+12 Nz, A

_dz (46)

V=—
dt
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dz 1
F:M(Fl—Fz—mg +1,) (47)
d"?F, D df, B,
=———1_1F 4 48
dt'? 2B, dt 2D * A (48)
d'?F, D dF, B,
—_— =K, + 49
dt*? 2B, dt 2D ° & (49)
Trong do:
uN?I2S
= r y = |+2 r ZO_Z
A 2K, + 2 (2,2) B, =(+2x( )
212
A= HNLO g _i2u42)  (50)

2k(l| + 2:ur (Zo + Z)) ,

Nhu vay nhdm téc gia da dua ra duge phuong trinh tir (44)-
(49) 14 cac phuong trinh & dang mién thoi gian. Day chinh l1a
dong luc hoc cua 1 cap cyc tir hinh C cAu tao nguyén khéi trén
mién thoi gian. Tir d6 tao tién dé cho cac phuong phap diéu
khién phi tuyén s& duoc trién khai tuong lai, tir d6 hoan thién
hon vé phuong phap diéu khién 4 tir cdu tao nguyén khdi.

4. Kétluan

Bai b4o ndy nhom tac gia da dua ra dwgc cong thuc gan
dung tir tror hiéu dung cua phan tir khdng khi sét gié tri trong
cong thirc ban dau hon so véi cac cong trinh di cong bd. Ngoai
ra tac gia ciing dwa ra mé hinh dong luc hoc tuyén tinh va phi
tuyén trén mién tan sb ciing nhu trén mién thoi gian, cling véi
m6 hinh toan hoc tuyén tinh hda trén mién tan sé da cong bd
trude d6 va mién thoi gian dugc cong b trong bai bao nay,
tao thanh co s& thuan tién dé phan tich va thiét ké hé thong
diéu khién 6 tir doc truc ciu tao nguyén khéi. Tur do tao tién
dé cho cac nghién ctu thiét ké hé thong diéu khién 6 d tir ciu
tao nguyén khdi. Céc thiét ké hé thong diéu khién dang va s&
dugc nghién cau duya trén céc cach tiép can sau: a) phuong
phap diéu khién trén mién tan s va trén mién thoi gian (mo
hinh tuyén tinh), b) phuong phéap diéu khién phi tuyén nhu:
Bachstepping, diéu khién truot..., didu khién hién dai nhu
Mang No Ron, diéu khién thich nghi ... K& qua cua cac
phuong phap diéu khién nay s& duoc cong b trong cac bai
bao trong tuong lai.
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