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Abstract

The content of the article analyzes the electromechanical process of the Lorentz electromagnetic force when we supply a slotless
self-bearing motor with two types of current: alternating current and direct current. The alternating current generates motor
torque and the direct current generates axial magnetic drive force. The slotless self-bearing motor model designed and fabri-
cated in this study has a concentrated rotor magnetic field and scattered stator windings. This is different from previous research
models where the rotor has a distributed magnetic field and the stator is 12 bars. The new type of motor in the study of this
paper uses the vector control theory of electric machines to build the control model. In this motor, the magnetic drive force will
be maintained continuously by a direct current large enough to hold the rotor against disturbances caused by centrifugal force
when the motor rotates and disturbances due to rotor drag. The control structure for the slotless self-bearing motor is cascaded.
The inner loop is a current loop that is designed in a “bang-bang” control structure. The outer loop circuit has two channels:
the position control channel and the speed control channel. The position control channel uses a PD controller combined with
feedforward noise compensation and the speed channel uses a P1 controller. The simulation results show that the system works
stably and is resistant to noise for the rotor position.

Keywords: Slotless Self-Bearing Motor (SSBM), Magnetic drive force, Magnetic drive, PID controller

stator ¢6 dang 12 thanh dan. Loai dong co méi trong nghién ctiu cia

Symbols bai béo nay st dung ly thuyét diéu kh!én véc to clia méy dién xoay
chieu dé xay dung md hinh dieu khién. O dong co nay, luc nang

. - ngang truc sé dugc duy tri lién tuc nho bd sung dong dién mot chieu

Symbols Units Description du I6n dé gitr cho rotor chéng lai cac nhidu do lyc ly tam gay ra khi
A B,N,S space state m?tnx dong co quay va cac nhidu do hrc can cua rotor. Céu tric diéu khién
G(s) transfer functlor_1 cho dong co tu nang khong dung 15i thép dugc thiét ké theo dang
Lsd, Lsq H d and g stator r inductance mach vong, trong d6 mach vong bén trong 1a vong diéu khién dong

dién duoc thiét ké theo ciu tric Qiéu khién “bang-bang”, con mach
vong ngoai ¢6 hai kénh: kénh dicu khién vi tri ngang truc va kénh
diéu khién toc do. Kénh dieu khién vi tri s dung bo dieu khién PD

Abbreviations

cAu trc song song va kénh téc do sir dung b diéu khién PI. Két qua

SSBM Slotless Self-Bearing Motor . . : ;
g m& phaéng cho thay h¢ thong hoat dong on dinh va ¢d khd nang chong
g nhiéu gay sai I&ch vi tri rotor.
Toém tat

Noi dung cuia bai bao phan tich qua trinh sinh mé men quay va luc
néng ngang truc cua déng co tu nang khong dung 16i thép theo
nguyén ly luc Lorentz khi ta cung cip cho cudn day stator dong co
hai loai dong dién: dong dién xoay chiéu va dong dién mot chiéu.
Dong dién xoay chidu tao ra md men quay va dong dién mot chiéu
tao ra lyc nang ngang truc. Mo hinh déng co tu nang khéng 16i thép
duoc thiét ké va ché tao trong nghién ciru ndy c6 tir trrdng rotor tap
trung va day quan stator phan tan. Dy 14 diém khac biét véi cac mo
hinh nghién ciru trudc day trong d6 rotor c6 tir truong phan bé va

1. Giéi thiéu chung

bong co ty ning ndi chung va déng co ty ndng khdng dung
16i thép n6i riéng hién duoc quan tim nghién ctru nhiéu trong
thoi gian gan day [1]-[13]. Pong co nay ¢6 kich thudc nho,
khong str dung 16i thép va cho phép chay ¢ toc do cao. N6
duoc st dung trong thiét bi ngoai vi may tinh, h¢ thong luu
trir dir liéu, thiét bi y té va phong sach,... Trong cac nghién
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cuu [3-10], déng co tuy nang khong 16i thép co stator la thanh
dan va rotor ¢ tir trudng phan bé rai. Do d6, khi mudn ting
cOng suat ta phai tang tiét dién thanh dan, diéu nay lam ting
kich thuéc cua dong co. Khi van hanh dong co & tdc do cao
s& gap kho khan do luc ly tdm s& pha hong cac mach tir dan
trén mat rotor. Trong cdu truc diéu khién, luc 6 tir chi xuat
hién khi rotor c6 sai léch vi tri va rat nhay véi nhiu do rotor
ctia dong co duoc tha long [3-6]. Khi rotor quay s& xuat hién
luc ly tam I6n c6 tan sé ti 18 véi tde do quay va do Ion ti 1§ voi
binh phuong tdc d6 quay. Khi dong co khoi dong vai luc ly
tam khong 16n nhung rotor da bi léch. Khi tbc d6 cang cao lyc
ly tdm cang 16n do vay s& gay dao dong rotor véi bién d6 va
tan sb I6n. Dé triét tiéu dao dong nay bat budc phai thiét ké
mach b nhidu, tuy nhién khi thiét k& ba nhiéu lai van phai
dung sir dung dong dién I6n nén hiéu suit giam di.

Noi dung bai bao nay dé xuat xay dung mé hinh déng co tu
nang khdng I8i thép mai vai stator khong phai 1a 12 thanh dan
nhu trong cac nghién ciu [3-6] ma la cac cap cuon day a-d, b-
e, c-f cudn rai theo chu vi cia stator. Rotor 1a nam cham vinh
ctru ¢6 tir truong phan bé tap trung. V& ciu truc didu khién,
mach vong diéu khién vi tri s& thiét ké c6 thém dong dién gitr
cho roto ludn ¢ trang thai can bang. Khi dong co gia téc, luc
tir s€ gitr cho roto khdng bi dao theo luc ly tam.

2. Mo hinh dong co va dong luc hoc qua trinh

2.1. Dic diém, ciu tao ddng co tw nang khong I5i thép
(SSBM) dwgre dé xuat

Dong co tw nang khong 16i thép dugc dé xuat nhu trén hinh 1.
Trong do, stator ¢6 cau tao dang day cubn, gom 6 bdi day,
cudn dai theo chu vi cua stator r (hinh 1a) véi so d6 trién khai
day quan nhu trén hinh 1b. Stator khong phai 12 thanh dan ma
12 ba cip cuon day a-d, b-e, c-f lech nhau 120° theo chu vi
stator hinh 1c. Rotor 1a mot nam cham vinh ctru phan bé tap
trung.

Hinh 1. Mo hinh dong co (a) So db day din (b), Mb ta cuén day (c)
Do stator cua dong co co ciu tao 1a ddy cudn rai nén khi cip
dong dién vao ba cip cudn day s& xuét hién stc tir dong J. Ta
dat véc to st tir dong J cua cdp cudn day a-d, J cla cép
cudn day b-e va J cuia cap cudn day c-f. Dé tao nén lyc cua 6
tur cling nhu mo6 men quay ta dya trén lyc Lorentz:

F. =B, siny

21)
Trong do:

- Fr(N) 1a lyc tac dung lén day dan thir k tai diém xét
- Bs(T) tir truong ¢ khe hd khong khi
- ka (A vong) 1a cuong do véc to dong dién dang tri chay
qua cac cudn day thu k
-y (rad) la goc 1éch gifra véc to tir trudng va véc to dong
dién dang tri
- £ (m) l1a chiéu cao cua cudn day stator
Dé tao luc day 6 tir ta cdp cho stator dong co dong mét chidu
va dong dién xoay chiéu dé tao mo men. Sau ddy ta lan lugt xét
luc ddy va md men quay.

2.2. Lwe day 6 tir ngang truc

Luc néng cua doéng co tuy nang khong 16i thép duoc tinh theo
luc Lorentz, Ia tich cua véc to tir truong va véc to dong dién
dang tri, co hudng xac dinh theo quy tic ban tay trai. Nhu vay,
lyc nang s& vudng géc véi vée to dong dién dang tri, do I6n
dugc tinh theo nhu biéu thirc 2.2 dudi day:

Fa = BJ&]; sin(B-w)

. 2
F, =B,0J, S|n(ﬂ+?”—z//) (2.2)

Fcf = B5€ch Sin(ﬂ_%_l/l)

Trong d6:

- Fk(N) 1a lyc tac dung cua tir truong Rotor 1én cudn day
k

- Bs(T) tir truong & khe hé khong khi

- ka (A vong) 1a cudng do véc to dong dién déang tri chay
qua céc cudn day. Cudn day thu k ta co:

2

T

- if, la dong dién mot chiéu chay trong cudn a-d dé sinh

3 =Xow ki

luc day )
- Kaq la hé s6 quan day
U .
- p=6 +E (rad) 1a goc léch gitra véc to luc Fad va truc

X
- w(rad)la goc quay cia véc to tur truong Rotor

Hinh 2. B4 thi véc to dong ding tri va véc to luc
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Néu chon truc X tring véi +a ta c6 goc Go=m/4 va goc
37[ r \ LN M . A g A

L =6 +E = Véc to dong dién dang tri, tao hyc 6 tir, léch

pha nhau 120° va khong thay ddi vi tri mac du rotor quay

Tf 7f 7f
NN P &

Ifad ,Ifbe ) lfcf tac dong cua rotor 1én ba cdp cudn day duoc

Theo (2.2) ta c6 ba véc to luc tu

trinh bay trén hinh 2:
Do céc cudn day cb dinh nén ba lyc lfad Fbe,lfcf s€ tao phan

luc tac dong Ién rotor ky hiéu la |fard ,lfbre ,|fc¥ . Ba lyc ddy nay
tac dong Ién rotor giir cho rotor can bé‘gng tao chirc nang tuong
tu nhu 6 tir gitr cho rotor dong tAm. D6 thi véc to phan luc tac
déng vao rotor duoc trinh bay trén hinh 3:

Hinh 3. Véc to phan luc tac dong 1én rotor

Chiéu ba luc 1&n truc X-Y va téng hop luc trén truc X va Y ta
duoc:
F, =] Fo COS( f+0 )+ Fy, C08( B+ A+ )+ g COS( -+ )|

xad

F, =[ o sin(+at)+ Fy sin B+ A+ at)+F sin(f-A+at)]

yad

(2.3)

V6i A=2n/3 va quy wée nhu sau: F;f ¢ chiéu theo (+) truc X,
va F, co chiéu theo (-) truc X. Tuong tu véi luc truc Y: F;

¢6 chiéu theo (+) truc Y, tuc 1a day Rotor theo +Y va Fy_ co

chiéu theo (-) truc Y.
Xét ché do tinh, tir trang thai ban dau nhu trén hinh 4, ot=0
va roto dong tdm cac lyc thanh phan biéu dien nhu trén hinh

avéi I3 =3L =34 =1 taco

- Luc 6 tir theo truc X
F =F +F
FS =Fhg + Fihe (2.4)
Fo= xrcf

- Luc b tr theo truc Y
F = F+ +Fy
F+ be (2.5)

- _ r
I:y - yad + chf

3
Thay (2.4) va (2.5) vao (2.3) véi B = 7” va at = 0Ota co:

- Déi véi truc X:

Fob = Foad + Frobe = kf|0|:00534 +cos(—1—)}
= 0,5k 1,[0,707 - 0,258] = 0,5k 1,,[0,965] 2.6)
Fro = Froct = K¢ [cos%}=—0,5kflo[0,96s]

- DBéivéitruc Y:
Fyo = Fyoad + Fyoor = K¢ Io[sm?’4 +5|nﬁ}
=—k;1,[0,707 +0,258] = -k 1,[-0,965] (2.7)
F = —F e = K¢ O[sm Z”} Ky 15[0,965]

Véi k; =Bgr Valy, =JJ . Tl 2.6 va 2.7 ta thay, khi rotor
ddng tam (sai Iéch vi tri bang 0), ta co:

F

X0

(2.8)

Diéu nay cho thay, d(_)ng co dé sinh ra lyc 6 tir dé giir khe ho
khong khi dong déu. Tir biéu thirc 2.8, md hinh luc 6 tir cua
dong co ty nang khong 18i thép, biéu dién trén tryc X, Y nhu
trén hinh 4a

Hinh 4. D thi véc to luc & tir trén truc X-Y
a. Khi ddng tam b. Khi léch tim

Khi rotor léch tam (Hinh 4b), hé diéu khién s tao ra AF; va

AF; dé khir sai léch theo truc X (AX=0). Lyc AR, va ARy
dé khir sai léch theo truc y (Ay = 0). Tir biéu thic (2.8) ta
thay lyc 6 tir khi Rotor can bang duoc gitr 6n dinh bai hai cip
luc d6i ngau bang nhau (Fx+ va Fx-), (Fy+ va Fy-) tuong tu
nhu 6 tir chu d6ng dung 18i thép.

Khi rotor bi léch tdm nhu trén Hinh 4b xuét hién ‘Sai léch la
Ax>0 va Ay<0. bé khur Iéch tam rotor dua rotor ve vi trj can
bang ta ding giai phap dicu khién dong dién tao ra lyc d¢ kéo
sai [éch Ax=0 va Ay=0. Trén Hinh 4b mo ta diéu khién luc dé
khtr Iéch tdm Rotor. Lic do:

Fx+ = Fy —AF, 2.9)
Fo =Fy +AF, '
Fy =F, +AF, 210)
F, =F,—AF, '

M@ ta luc theo dong dién trén truc X-Y ta co:
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{Fx =kg (1o £AI) 2.11)

Fy =g, (1,0 £ A1, )

2.3. Mb men quay

De tao lyc nang ta sir dung dong dién mot chiéu cap cho cudn
day, nhung d€ tao m6 men quay cho dong co, ta sir dung dong
dién xoay chieu. Xét doi voi ba cap cuon day a-d, b-e va c-f
ta cap cho dong dién xoay chiéu nhu trén phuong trinh 2.12
dudi day:

i, =1, cosy

ig, = 1, cos(y + 27z 1 3)

g =1, cos(y —2x13)

Khi cap dong xoay chiéu vao ba cudn day ta ¢6 ba véc to
dong dién dang tri tao m6 men duoc biéu dién trén hinh 5a:

(2.12)

b)
Hinh 5. B4 thi véc to dong tao md men
Véc to tir thong dong co ¥, trung véi véc to tir truong (truc

1
d)cogiatri¥, = EﬂréB(Wb) .

Ba véc to dong dién r;d ,rJe,r; quay Véi toc do t, ap dung
phép bién doi véc to ta duoc véc to dong dién tong:

I, = 2(1% +ali, +a?1]
- (2.13)

i
a=e 3

Chon vi tri véc to tong trang véi truc q, md men dong co
dugc tinh:

M=k ¥ I, (2.14)
3
Véi Ky ==
i Ky 5

Nhu vay, vé mat vat ly hai thanh phan dong dién tao luc 6 tir
va tao mo men hoan toan doc lap va thoa man tinh xép chong
vi cung dai lugng thur nguyén. Do do, ta c6 dong dién stator
la tong cua hai thanh phan dong dién tao ra luc 6 tir va mo
men quay va dugc biéu dién thanh:

=(IO +Ai, 4 )+i;d
=(I0 +Aib’Ye)+i;e
g = (1o +AI ) +il,

Phuong trinh dong luc hoc vi tri cua hé ddi vai truc X va truc
Y:

(2.15)

F-F, = m%
4 (2.16)

F-F,=m%Y
dt i

Phuong trinh dong luc hoc cua truyén dong dién:
d
M-M, =J-2 2.17)

dt

Trong do:

- x (m) va y(m) la khe ho khong khi ctia dong co tai truc X
vayY

- m(kg) la khéi lugng Rotor

- F,(N),F,(N)Ialyc can chuyén dong truc X va truc Y

- M(Nm) la md men can

- J(kgm?) la m6é men quan tinh Rotor dong co

3. Thiét ké diéu khién cho dong co SSBM
3.1. CAu tric diéu khién

So @6 ciu truc diéu khién cho dong tu nang khong I8i thép

dugc trinh bay trén hinh 6.

- Hg théng diéu khién nay gom c6 hai dai luong can diéu
khién 1a vi tri rotor (x va Y) va toc do dong co (w), tuong
ing v6i hai kénh diéu khién: Biéu vi tri rotor va diéu khién
tde do dong co.

R U . R f
- Hai dai luong diéu khién gdm: Dong dién tao luc nang I,

. . N T 2.
la dong mot chiéu va dong dién tao mé men Ik dé diéeu
khién tég do la dong xoay (;hiéu. Hai dong di¢n nay dugc
dicu khién riéng ré sau do tong hop dua vao by khuech dai
nguon dong cap cho cac thanh dan cua dong co.

- Dai lugng tac dong caa dieu khién toc d6 dong co 1a dong
sinh m6é men I, , tir dong Iy, quy doi ra 17,17 1% qua
khau bién doi toa do. 7 ‘

- Dai luong di€u khién vi tri: Luc 0 tir ludn ton tai ba dong
dién 11,11 .17, tao baluc day Foad, Fove Va Foct tac dong

oad * " obe ?
lién tyc 1én rotor dé can bang rotor trong ca luc rotor dimg
im va ca trong khi dong co chay. Xét trén truc X-Y khi
trang thai rotor can bang ta ludn duy tri luc tir Fyo va Fyo
tdc dong do dong dién lox va loy tao nén. Khi c6 sai léch
Ax#0 va Ay#0, bd dicu khién tao nén dong (1, +Ai, ) va
(1, +Ai,) dé sinh ra luc:
F = Fo +AFGF, = Fyo +AF,
Céc luc Fy va Fy dé khir d6 1éch tim rotor. Dong dién lox
va loy trén truc X va Y duogce sinh ra tir dong cua ba cudn
dé'y Iafdo = Ibfeo = Icio = I0f '
Dong dién cap cho dong co bao gdm dong mét chiéu tao luc
nang va dong xoay chiéu sinh mé men dugc thé hién nhu trén
phuong trinh 3.1.

o f : : 3.1

lad :(Io +A|ad )+I;lrd (3.1)
f - -

be :( Io +Alyg )'H;-d

ok f - .

Iee :(Io +A|ad )'H;\rd

Phén cimg cua hé didu khién gém: Ba bo khuéch dai nguép
dong, ba thict bi do dong, hai thi€t bi do vi tri (khe hd) va thict
bi do gdc quay, toc do dong co.
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Céu tric djéu khién dong co tu nang khong 16i thép dugc thiét
ke theo kiéu noi tang (Hinh 6):

|
Al ° RIad
Y Algg + I;d +
- a-d,b-e,c-f » |J .
> —> > >
|
o] 0
.;z RIbe
& i + o
= S e il
& > - > -
1, 1-| EF
=3 Iy
Rlcl
Al Ay + le + '
XY A, -|-|J
Reslover
lag
cosy
Y . T
2 4 Bodidu | 'sm ) lbe
2 . 7 |
khién » cos(y +—)
_ tée do 3 T
o Icf
@ cos(y ——),
3
A
v
drdt [

Hinh 6. Céu truc diéu khién dong co tw nang khong 16i thép

- Mach vong trong diéu khién dong dién cép cho ba cap
cudn day. Do hai dong nay doc lap véi nhau nhung lai
cling cung cép cho ba cap cudn day stator, vi vy ta thiét
ké mot mach vong trong chung cho ca hai dong dién. Mat
khac, dong dién tao luc nang la dong mét chiéu va dong
sinh md men la dong xoay chiéu nén dé diéu khién hai
dong nay ta thiét 1ap mach vong dong dién chung thiét ké
theo kiéu “bang-bang”. Luong dat dong dién gdm hai
thanh phan 1a dong dién tao luc va dong dién tao md men
quay.

- Mach vong ngoai gdm hai kénh: Kénh diéu khién vi tri
Rotor v6i bd didu khién vi tri c6 diu ra la dong dién, qua
bién dbi toa do (2.6) ta duoc dong du ra. Kénh didu khién
téc d6 Ro v6i dau ra bo diéu khién tdc do 1a bién do dong
dién cua dong dién tao mo men, qua bd bién ddi toa do ta
¢6 duoc tinh toan thong qua (2.8). Tong hop hai tin hiéu
dong dién ta c6 dong dién dat cho mach vong dong dién
(2.9).

Phuong phap thiét ké diéu khién: Ta thiét ké mach vong trong
sau d6 thuc hién vong ngoai. Thiét ké riéng r& timg kénh c6
mb phong kiém chimg, sau d6 tong hop thanh hé dé mé phong
danh gia.

3.2. Tong hep hé diéu khién cho dong co SSBM

a. Tong hop mach vong dong dién

Viba dong di¢n iad ’ibe ,icf la dong xoay chiéu nén ta s& chon

bo diéu khién dugc chon 1a bd diéu khién kiéu “bang-bang”
v6i ba kénh cho ba dong dién va chon A =+5%l,,. Mach
vong dong dién s& dap ung véi hai dai lwong: Tan sb va bién
d6. Khi khoi dong dong co hai dai luong nay déu bién dong.
Tuy nhién dé don gian ta s& md phong doc lap dai luong bién
d6 dé danh gia dap ung cua mach vong. Do dién cam cua mach
phan g dong co rat nho (do khong c6 13i thép) nén dap ung
hé rat nhanh.

Do ba bg diéu khién c6 tinh chat giéng nhau nén trong ngi
dung bai bao nay chi trinh bay b diéu khién dong cap cho cip
cudn day a-d nhu trén hinh 7:

Ead

\i
=

I, —AA+A -
‘ AL Uad 1 Iad‘
+ 9 ¥ R(1+s7) o

Hinh 7. Cu trac bo diéu khién dong cho cudn a-d




54

Measurement, Control and Automation

Bap tring dong dién b Bang-Bang

fs I
I -
Dong thue
08 1 — — -Déng dit
< I
G508
©
204l
=]
o
0.2
0
I I I I | I | I |
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

Hinh 8. Pap ting bién d6 dong dién ¢ tan sb cb dinh

Trong d6:
- Ua (V) la dién ap
- Ea(V) 12 stic dién dong
- R(Q) dién tro cudn day
- L ladién cam cuon day
- la (A) 12 dong dién tong dang tri
Dap tng bién do dong dién ¢ tan s6 ¢6 dinh nhu trén hinh 8:
Nhan xét: Didu khién bién d6 dong dién theo kiéu“bang-bang”
¢6 tac @ong nhanh, thoi gian dap ang la 5ms.

b. Tong hop mach vong diéu khién v; tri
Mach vong diéu khién vi tri Rotor gdbm c6 cac dai luong sau:
Vi tri (xy), toc do chuyén dichv, = y;v, = x; hang so thoi

gian mach vong kin dong dién T, hé sb ty 18 luc va dong dién
kfx 1kfy. Phan dbi twong co dong dién lo dé tao luc gitr rotor
laFo

B6 diéu khién
Vit M F.

Ham truyén ddi twong mach vong diéu khién téc do quay cua
dong co ty nang khong 18i thép:

_ o 1

(M-M,) Js

M knj‘lfr (3.4)
I7:l+sTi

sm

Trong d6: J (kgm?) md men quan tinh dong co

*

@ Ul 4 k 1
a . 1T Mmook J—
— [dN/dt— _ R, > ST W, - Is

<
1
S

Hinh 10. C4u trac didu khién mo men
Vi gia thiét trén mach vong diéu khién toc d6 dong co SSBM
la tuyén tinh théng s6 khong ddi, twong tu nhu cac dong co
xoay chiéu diéu khién véc to théng dung. Ta c6 thé ap dung
tiéu chuan md dun ti wu dé tong hop bo didu khién téc do.

Ta dugc ham truyén bo didu khién téc do 1a Pl cy thé:

1+ sz,

Fro(8) =kg (3.5)

TR

Vi k=i =4,

m it

4. Mo phéng
4.1. M6 hinh m6 phéng

Céc thong sé sir dung dé mé phong hoat dong cua dong co
dugc dua ra nhu trén bang 1 nhu sau:

Bang 1: Thong s6 dong co SSBM

hig Gid tri Y nghia
iéu
Bs 049T Mat d6 tr truong cu dai
m 0.04 kg Khoi lugng rotor dong co
w 55 vong S6 vong day quan stator r
Hinh 9. C4u tric diéu khién vi tri PD c6 hai mach vong ndi song song r 0.011m Ban kinh rotor
8 0.005m Khe hé khong khi
Mach vong diéu khién vi tri rotor duogc thiét ké c6 ciu tric 4 0.02m Chiéu dai cugn day
dang PD hai mach vong ndi song song (Vi tri va téc do chuyén R 32Q. Dién tré cudn day
L 0.061mH Dién cdm cudn day

dich). Tong hop ta ¢6 tham s6 hai bo diéu khien:
- Diéu khién toc do chuyeén dich vi tri Rv(x,y):

m
Koo =
R 2k T,
3.2
 _.m (3.2)
RY 72k T,
- Diéu khién vi tri R(x,y):

kRX:i;TVXZZTi

T,

1“ (3.3)
kRy =—;Tvy :2Ti

2,

c. Tong hop mach vong diéu khién téc dg cho dong co
SSBM

4.2. Kich ban va két qua md phéng

Dé kiém chung vé thiét ké mach vong diéu khién vi tri ta mé
phong danh gia, kiém tra vé tic dong cua luc dé dua rotor vé
vi tri can bang. Sau d6, kiém tra dap tmg vé dong dién sinh ra
mé men quay cua dong co va dap tng tée do cua dong co.

a. M6 phéng mach vong diéu khién vi tri

Pé kiém chiing vé thiét ké mach vong vi tri ta di mo phong
kiém tra danh gi4 trong cac trudng hop sau:

- Xét mach vong dieu khién vi tri khi dong co dung im, sai
léch ban dau theo hai truc x, y dwoc dat lan luot 1a x=
+0.3mm, y= -0.3mm va chua c6 dong dién tao lyc gir
lx=0 V& lo,=0 (Hinh 11).
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Hinh 11. Bap mg vi tri khi x=+0.3 mm va y= -0.5mm, va dong tao
lyc gitt Rotor lox=0 va loy=0
- Khi c6 dong dién tao lyc git 10x=0.8A va l,=0.8 (Hinh
12):

Dap teng vitri truc x, y

T
= Delta X
0.3 T
E Delta Y
s 02 |
©
= 0.1 7
a
- 0
=
S04 s
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Hinh 12. Bap g vi tri khi x=+0.3 mm va y= -0.5mm, va dong tao
luc gitr Rotor 1ox=0.8A va loy=0.8A
Nhan xét: Khi khdng c6 dong tao luc giir lo, vi tri 6n dinh sau
khoang 0.08s va co sai léch tinh Ax=1.8mm va Ay=1.8mm.
Khi ¢6 dong tao lec giit lo, vi tri 6n dinh sau khoang 0.08s
nhung khong c¢6 sai 1&ch tinh.

b. Pdp iing toc do cia dong co khi khéi dong, lam viéc on
dinh va dao chiéu
Speed response
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Hinh 13. Béap ung téc d6 quay ciia dong co SSBM

C. Pdp ttng dong dién sinh moé men quay dong co
Current characteristics
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_Hinh 14. Pép tmg dong dién cia dong co SSBM
bap ung toc do va dong dién sinh mé men quay la tot phu hop
v6i dong hoc ciia mach vong diéu khién téc do.

=)

5. Kétluan

Noi dung bai bao di phan tich qua trinh dong hec hoc cac qua
trinh sinh mé men va lyc ndng caa md hinh mai cho dong co
tu ndng khdng 16i thép, véi rotor co tir truong tap trung va
stator c6 day cuon rai. Bai bao cling da gisi thiéu mot cach
tiép xay dung md hinh todn hoc méi dé tir do dé xuat cau tric
diéu khién méi véi dong duy tri tao luc 6 tir lién tuc. Viéc thiet
ké hé diéu khién véi cau tric mach vong trong diéu khién
dong dién kiéu “bang - bang”, mach vong ngoai hai kénh:
Kénh diéu khién toc do véi bo diéu khién P, kénh diéu khién
vi tri vai bo diéu khién PD cau tric song song da dwoc kiém
chirng qua mé phong. Két qua mé phong cho thay: Biéu khién
toc do khi khoi dong va dao chicéu c6 dap tng tot; Diéu khién
vi tri cho két qua dap tng yéu cau hoat dong cia dong co.
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