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NGHIEN CUU MO HINH DIEU KHIEN CHO HE THONG
TRUYEN DONG DONG CO TU NANG KHONG LOI THEP
TREN NEN TANG CONG CU MO PHONG TYPHOON HIL

STUDY THE CONTROL MODEL FOR SELF - BEARING SLOTLESS MOTOR SYSTEM ON TYPHOON HIL SOFTWARE

TOM TAT

Nghién ctu vé dong co khong IGi thép la mot van dé dang duroc quan tam &
trong nuéc cling nhu trén thé gioi. A c6 rét nhiéu cac nghién ctu cai thién va
nang cao chét rong diéu khién cho ddng co khdng I6i thép. Tac gia tiép thu theo
mot s6 huéng di, déng gop thém nhitng Iy luan vé dong co khdng I6i thép lam co
s& cho nhitng nghién ctiu tiép theo. Thdng qua viéc md ta md hinh toan hoc cho
ddng co khdng IGi thép, tir d6 nghién ctu xay dung mo hinh diéu khién cho hé
thdng truyén dong trén nén tang cong cu md phdng Typhoon HIL. Véi nhitng
nghién ctiu dd s& gdp phan thic ddy st phat trién clia dong co tw nang khong I6i
thép & trong nuéc. Tién dan téi viéc tng dung ddng co ty nang khong IGi thép
trong céc thiét bi may mdc va trong céc linh vic clia khoa hoc ki thuat.

Tir khéa: Dong co ty nang khong 16 thép, phan mém Typhoon HIL.

ABSTRACT

Study on Self-Bearing Slotless Motor is an issue that is of interest both
domestically and internationally. There have been many studies to improve and
improve the quality of control for Self-Bearing Slotless Motor. The author
acquires a number of directions, contributing more theories about Self-Bearing
Slotless Motor as a basis for further study. Through the description of the
mathematical model for Self-Bearing Slotless Motor, then research to build a
control model for magnetic drive system on Typhoon HIL software. With these
studies, will contribute to promoting the development of Self-Bearing Slotless
Motor in the country. Moving forward to the application of Self-Bearing Slotless
Motor in machinery equipment and in the fields of science and technology
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1.MGO BAU

Boéng co ty nang khéng I6i thép la mot trong nhitng
phat minh rat quan trong véi muc dich giam thiéu toi da
lvc ma sat gilta truc quay trong chi tiét may, gilp cac
chuyén dong dé dang hon, cho hiéu sudt cao hon trong
(rng dung chuyén dong clia cac nganh k§ thuat. Trong lich
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Nguyén Birc Duong

slr phét trién da cd rat nhiéu nghién ctru quan trong vé viéc
cai thién chat lvgng diéu khién, thay thé cac déng co 6 d&
bi bdng dong co tv nang khéng I8i thép. Tai phong thi
nghiém Co dién tl, Truong Pai hoc Kentucky (Hoa Ky), cac
phéan tich va danh gia vé dong co tw nang khong 16i thép
cho thdy: mé men va lyc nang co thé thuc hién duoc véi so
lvgng cwc clia nam cham Ién, dd 16n clia mdé men va lyc
nang co thé duoc gia tang theo chiéu day ctia nam cham,
doéng co c6 thé hoat dong on dinh néu sy sai léch gitra
dong dién va tir trudng nam cham nhé [1]. Nhém tac gia
S. Ueno da ché tao va thir nghiém dong co nay véi thdng
sO: duwong kinh 152mm, chiéu dai 25,4mm, luc dinh 1én t&i
213,6N va md men dinh dat 24Nm [2]. Tai phong thi
nghiém dién t& céng suat cla Vién Cong nghé Lién bang
Thuy s¥, cac nha nghién cru da thuc hién ché tao dong co
loai nay dat duwgc toc d6 500.000 rpm [3] diéu ma cac dong
co thdng thuong chua thuc hién dwoc. Tai trvong Dai hoc
Ritsumeikan (Nhat Ban) mét cau trdc dong co méi da duoc
nghién ctru bang cach thay ddi cach thirc ché tao da don
gian hoa duoc phuong phap diéu khién [4]. Ngoai ra con
mot s6 nghién clru bd sung hoan thién thiét ké da dwoc
cdng bd [5, 6, 7]. Tai Viét Nam loai déng co nay con twong
ddi méi nén cac cong trinh nghién ctu chd yéu thuc hién
trong phong thi nghiém, mac du cac cdng bd cho thdy kha
nang lam viéc ca ching nhung van chua dwoc (ng dung
rong rai.

Hinh L. Bong co ty nang khong I6i thép
Poi tugng cu thé clia nghién ciru la dong co tw nang
khong 16i thép si* dung 6 pha dwgc miéu ta cu thé trong
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c&c phan sau. Muc dich ctia tac gia tim hiéu vé dong co tw
nang khong I6i thép, nghién ctu phuong phap diéu khién
on dinh vi tri d6i véi cdu trdc mot ddng co cu thé. M6 hinh
hoa dong co tw nang khong 16i thép va kiém chiing két qua
trén nén tang cong cu md phdéng Typhoon HIL [9] tao tién
dé cho cac nghién clru mé rong sau nay.

Osciloscope

Hinh 2. Thiét bi md phdng Typhoon HIL
2. CAU TAO VA MO HINH TOAN HOC CUA BONG CO TV
NANG KHONG LOI THEP
2.1.Cautao

Cau tao cla dong co tv nang khong 16i thép bao gom
rotor c6 dinh theo phuwong z va stator mang cudn day
khong str dung 16i thép (hinh 3).

Nam cham vinh clru

Rotor

N Moy
1/
¥
|

N | S h Vo

% I~ Cubn day
i Stator

Hinh 3. C4u tao clia dong co

a) Cau tao rotor gom:

- Nam cham hai cuc hinh tru

- V& sat bao quanh

- Truc quay

- D& nhdm két ndi cac thanh phan ctia dong co

Khoang cach clia khe hé khdng khi gitta nam cham va vo
sat khong d6i nhdm dam bao mot tir treong 6n dinh cla
dong co. Cac duong strc tir di ra khdi bé mat nam cham cé xu
huéng quay vong vé phia cuc nam. Vi vy vo sét co vai trd
dinh huwéng khép mach tiv, hay n6i cach khac cac dudng strc
tlr s& di ra vudng goc vdi tiép tuyén tai diém do, tao sy phan
b6 déu cho tir trdng nam gitra rotor va stator (hinh 4).

b) Stator

Stator (hinh 5) bao gom cudn day sau pha dugc dat trén
khung nhua, cudn day dwoc thiét ké dac biét véi day quén
duoc trai theo hinh luc giac sau dé dwoc quan quanh mot
16i nhwa hinh tru.

Truc

Cudn day

Dé nhém

‘ - ] @ o

Hinh 4. C4u tao clia Rotor
2.2. M6 hinh toan hoc ctia dong co ti nang khong 16i thép

Bai bao nay la nghién ctru phat trién dua trén cac két
guéa da cong b6 [1,2,3,4,5,6], do vay, dé tranh su 1ap lai, viéc
xay dwng tirng buwéc md hinh déi tvong sé dwoc lwvoc bo.
Trong bai bao nay tac gia chi dwa ra mé hinh ddi twong, chi
ti€t qua trinh m6 hinh héa thamkhao [1, 2, 3, 4,5, 6].

Ta c6 duwgc phuong trinh dong dién cho 6 pha cla
stator (1) va phuwong trinh téng quéat mo ta dong co tw nang
khdéng 16i thép (2) nhu sau:

Ig =1y COS() +ig sin() A, cos(¢)
Ipe =iy COS(Y—211/3)+i sin(W—2m/ 3+ A, cos(g—4mn/3) (1)
i.s =1y cos(Y—4m/3)+i,sin(p—4n/3)£A, cos(¢—2m/3)

V& nhua
Hinh 5. Cau tao clia Stator

1=k, K. A,Sin(@ -P+06,+1/4)

f, = —Kopk, {iq SIN(28,) i, c0S(28,)} )
f, =KopKp {iq COS(26,) +i, Sin(28,)}

Trong dé:

- iapcder 18 CAC gid tri dOng dién trong cac pha a, b, ¢, d, e, f;
- A, lacwong dd dong dién trong stator;

- ¢ la goc pha tvong tng voi A,

-y la g6c quay cua roto;

-igla dong dién huéng doc truc;

-iq ladong dién hudng vudng goc voi truc;
- A, lacutong dd dong dién trong motor;
-Tlamé men dbng co;

- f, 1a lyc ndng theo phuong x;

-f, 1a luvc néng theo phuong y.

k., =1+2cos| 2 |+2cos 2M) 4 ..o 4 2c0s( (13T
Va 3n 3n 6n

K., =1+2cos 2n +2cos an +---+2c0S (n=dr
3n 3n 3n

Tir cac phurong trinh nay, cac gidi phap diéu khién dong
co sé duwoc dé xuat cho phan tiép theo.
3. CAU TRUC BIEU KHIEN CHO BONG CO TU NANG
KHONG LOI THEP

Theo phan tich md hinh toan hoc ctia déng co ty nang
khong 16i thép (2) ta c6 nhitng danh gia vé phuong phap
diéu khién:

(3
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- Lic nang phu thudc vao hai thanh phan cé thé diéu
khién duwoc la dong dién iy va i N6 hoan toan doc lap vé
mat toan véi m6 men quay cla dong co. Do d6, cac bo diéu
khién vi tri la cac bd diéu khién doc lap.

- Trong tredng hop thiét 1ap dé dwa dong co vé vi tri ly
twdng goc 6 = 0° cac phuong trinh lyc & trén trd thanh:

{Fx = I(nbkbiq

. (4)
Fy =K Kyiq

Dé dang diéu khién vi tri khi déi twong cla bd diéu
khién chi la mot khau tich phan bac 2.

- B6i voi phuong trinh md men c6 thanh phan ¢ la van
géc cla tir thdéng rotor va ¢, la van tdc goc clia dong dién.
D& m6 men sinh ra doc lap khdng phu thudc vao vi tri rotor
thi téng:

(d-wrers ) ®)

phai 1a hang s6 khéc 0. Tuy nhién, géc clia rotor khi quay la
mot ham phu thudc thoi gian véi tham s6 la van téc goc
clia dong co. Do d6, géc pha ¢,,, cung phai l1a ham s6 cta .
Ta c6 biéu thirc sau:

P=wtva ¢ =wt+AB (6)
véi w la van toc goc clia dong co. Hay ta ¢ thé phat biéu:
$=y+A0 (7)

Né&u bd diéu khién thda man biéu thirc trén vai AB20 thi
mo men dong co khéng déi va chi phu thuéc vao bién diéu
khién A,,. Tl day tac gia dé xuat viéc thiét ké bo diéu khién
vong kin cho vi tri va tdc do clia dong co
3.1. Thiét ké bd diéu khién

Nhu d& miéu ta trong cong thirc (7) bd diéu khién vong
kin xac dinh gdc dong dién thdng qua xac dinh gié tri thuc
clia vi tri rotor tlr d6 cé thé xac dinh gia tri dong dién mét
céach chinh xéc. D€ don gian ta gia st géc ban dau 6° =0 va
céc gia tri ¢, thoa man biéu thic:

h=ytV ®)
Thay vao (5) taco:

T T
¢§n+lp+60+z=5 9)

Nhu vay, phuong trinh mo ta dong co lic nay c6 thé
viét lai:

=k k_ A

Fe =KopKplg (10)
F, =KpKpig

Do dé, md men cd thé dugc diéu khién boi A, lic nang
c6 thé duoc diéu khién bang iy va i,. So dd diéu khién duoc
miéu ta nhu trong hinh 6. Trong cédu tric nay cac bd diéu
khién PID cho mach vong vi tri sé tao luat diéu khién dong
dién iy va iy tvong (rng vai vi tri dong co theo phuong x va
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phuong y, cac gia tri dong dién pha abcdef dugc tinh toan
tlr dg thong qua bd 2/3 bang céch st dung cong thic:
i g =1y cos(y) +i,sin(y)
iy, =iq COS(y — 21/ 3)+i,sin(y —27/3) (11)
it =igcos(y —4mn/3)+i sin(y —4n/3)

Véi géc Y duoc lay tir bo phan hoi vi tri. B diéu khién Pl
cho mach vong téc do digu chinh sai léch téc do bang cach
diéu khién bién dé thanh phan dong dién tao md men A,
Két hgp cong thirc (8) ta c6 thanh phan dong dién tao mo
men dugc tinh toan dya nhu cdng thirc sau:

g = A, cOS(P+T1/4)
ipe = A, cos(p—13m/3)
igs =+A, cos(p—51/3)

(12)

Hai thanh phan dong dién nay dwgc cong lai véi nhau
tao thanh dong dién stator:

y ix/
3

X PID £ 29 ;
+':. i Iz’

y *] y
y ) i;’

n/4 =i,

+ ¢,., - l/y

A
® PI n 3¢) L
Sensor

Hinh 6. B3 diéu khién vong kin

Céc tin hiéu do bao gdm céc gia tri vé vi tri ciia dong co
theo truc x vay, van tdc goéc clia rotor w va vi tri géc rotor g
phurong phap nay cé duoc wu diém la dod chinh xac rat cao.

3.2. Tinh toan tham s6 bd diéu khién PI va PID cho mach
vong téc do va vi tri

Da6i tvgng clia hé théng dwgc mo ta trong phwong trinh
(10). Nhan thay véi cdu trac diéu khién da trinh bay, cac bd
diéu khién hoat dong doc lap, bd diéu khién vi tri phu
thudc vao cac gia tri x va y, bo diéu khién téc do phu thudc
vao téc do phan hoi va téc do dat. Goi cac gia tri tham s
trong mo hinh déi tvong 1an luot 1a Ky, Ky, Ky, ta 6 mé hinh
chung cho ca hai bd diéu khién nhv sau:

T1=K;A,,
F =Kgdg (13)
F =Kgig

Trong dé:

- Ky =K.k,

- Ky =KopKy,

- Ky =KooKy
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Nhan thady mé hinh déi twgng llc nay chi bao gém céac
bién doc lap vao ra diéu khién don & tirng dai lvong nén ta
c6 mo hinh ddi tugng dwgc trinh bay nhw trong hinh 7, 8.

F:‘.\‘
1 1 |V 1 x
— > — — >
m RY R)
7,
i F l, v, y
BN K, 1 1 1
- m S S
Hinh 7. M6 hinh d6i tuong bo diéu khién vi tri
T,
a [ 1. L
sl I 1 1@ 1 |v
- J s s

Hinh 8. M hinh ddi twgng cho bd diéu khién mach vong toc do

Trong hai mé hinh nay, gia tri m la khéi lwvgng cla rotor,
J 1a mé men quan tinh cla rotor. D€ cé thé xap xi mé hinh
vé dang ham truyén & trén ta coi chuyén déng xung quanh
g6c toa do O la chuyén dong tinh tién, anh hudng clia khap
noi déng co 1a khong dang ké véi goc dao ddng nho:

Ldc nay ta thu dwgc ham truyén clia dong co nhu sau:

- Ham truyén gilta dong dién iy vGi vi tri x;

x@s) K _K_f
iy(s) ms® s’ (4

ms® s
- Ham truyén gitta dong dién i, vdi vi triy:

fx

G,(s)=

_Y® _ Ky K
G,(8)= i (5) ms? & (15)

- Ham truyén gil*a bién do A, va téc do w:

6,5 =20 _F K

_ _Tw

A(s) I s

(16)

Trong do6, hé s6 K; dwoc ky hiéu chung cho hai truong
hop bd diéu khién vi trf:
I(nbkn
m

Céac doi twgng ham truyén vi tri 1a cac khau tich phan
bac hai can st dung b diéu khién PID nhu da lwa chon &
trén. Bo diéu khién toc do la khau tich phan bac 1 do dé chi
can bo diéu khién PI 1a da.

Tham s6 lwa chon cho bd diéu khién vi tri PID:

K, = (17)

. _3s
KKk,T, =3s, K
Kk, =32 e iT=2 (18)
S
Kiks =5 (;_
T, Th=—
SO

Tham s6 lwa chon cho bd diéu khién téc do PI:

2
Ks, Kew =25, Ke, = Kj
m =g < gm (19)
0 T —
T| loy
S

4. MO PHONG BANG CONG CU TYPHOON HIL

DPé thuc hién cac nghién ctru vé mat ly thuyét ta st
dung céng cu md phéng méi trén nén tang Typhoon HIL.
Véi cac phan tich da néu & trén cé thé miéu ta hé thdng
bang so dd khdi nhu hinh 9.

e

y—Controller y| x

abe v

Dong
Driver

«

co

FFEIEE

@ —Controller

Hinh 9. Cau trlic digu khién dong co tw nang khong 16i thép

Gia tri dat cho bo diéu khién vi tri x, y 1a 0 vi muc tiéu
cho b0 digu khién la gilr truc dong co tai vi tri can bang.
Thanh phan dong dién tao lvc nang can bang vé pha va do
I&n c6 nghia l&:

ia:ib:ic:id:ie:if (20)

Thanh phan dong dién tao mé men quay can bang vé
dd 16n nhwng ngugc pha c6 nghia la:

ia = ib = ic =—ly e =7k (21)

Do d6 cac dong dién pha abc bang téng hai thanh phan
tao lvc nang va md men, con cac dong dién def bang hiéu
hai thanh phan dé. B driver cé nhiém vu diéu chinh dong
dién mot cach chinh xac, & trong mod hinh nay st dung bd
khuéch dai nguén dong. Do dac tinh dong hoc clia khau
driver tdc dong nhanh nén c6 thé bé qua trong qué trinh
x&y dyng mé hinh.

4.1. Xay dung mé hinh trén Typhoon HIL

.

A‘ = - = —

" B

|

O— B

o—= 1 1o -

. 8- -
t] 0

o

oo g =

Hinh 10. M& hinh dong co trén Typhoon HIL
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M6 hinh dong co dugc xay dwng trén biéu thic (2) st
dung céng cu Typhoon HIL ta xay dwng dwgc cdu tric dong

co nhw hinh 10.

Tham s6 dong co dugc dadt nhe bang 1.

Bang 1. Tham s6 dong co

STT Tham s6 Ky hiéu Giatri
1 | Khdi lrgng dong co m 0,5[kg]
2 | Béankinh rotor r 0,019[m]
3 | Gocphahandau 6, 0’
4 | T trudng cuc dai rotor B, 0,59[T]
5 | Chiéudaidoanl, l, 0,008[m]
6 | Chiéudaidoanl, I, 0,006[m]

Tham s6 mé phong dwoc tinh toan bang cac cong thirc
(3) céc thong s6 bo diéu khién vi tri va tdc d6 vong kin duoc
tinh theo cong thirc (18) va (19) nhw bang 2.
Bang 2. Tham s6 m6 phéng

STT Tham s6 Giatri
1 | Héso khuéch dai bo digu khién toc do Ky 0,1713
2 | Hésd tich phan bo diéu khién téc do K, 0,04
3 | Héso khuéch dai b diéu khién vi tri Ky 2,546
4 | Hés0 tich phan b0 diéu khiénvi tri Ky 0,0052
5 | Hés0 vi phan b diéu khién vi tri Kyt 0,0174
6 | Vitri bandau clia rotor theo phuong x Xo 5e-4
7 | Vitri bandau clia rotor theo phuong y Yo -5e-4
8 | Hésb mdmendong co k, | -5,7x10"
9 | Hés6mdmendong co Ko 924
10 | Hés0 lyc nang dong co k, -0,0277
11 | Hésb lyc nang dong co Ko 45979

Trong hinh 11 dbong co dugc déng goi trong mot
Subsystem ky hiéu “Mo hinh dong co” cac bé diéu khién PI,
PID twong (ng v&i mach vong vi tri va mach vong téc do bo
tri & bén ngoai.

—int Ot [—
4 (1] SOz
M I e —
Step! St 2 A o
s iq T
_* F=i2 02 Treta0
xref i) to—
3 PID(x) i
E} * Hmos —0{/_\\ =
1 N [iE]
yref

Hinh 11. Md hinh mé phéng mach vong kin trén Typhoon HIL
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Mo hinh deng co

4.2. KEtqua mo6 phéng

Ta mo phong kiém chitng véi 4 kich ban dé kiém tra dap

(rng clia bd diéu khién vi tri va téc do:

- Kich ban 1: khi vi tri ban dau cla rotor tai diém

Xo =-0,5mm y, = 0,5mm.

- Kich ban 2: khi cé luc tac dong vao rotor tai thoi diém

t=0,2s, tdc dung luc c6 d6 I16n 1N.
- Kich ban 3: khi md men can bang ONm.
- Kich ban 4: khi mé men can bang 1Nm tai thoi diém

t=0,2s.

* Kich ban 1: M6 phéng véi vi tri ban dau x = -0,5mm,
y =0,5mm so v&i truc toa do Oxy duoc két qua nhu hinh 12

00004
00002
00000
~0.0002

00004

[__B%
 y

20

Jﬁ p— 3 6 phals]
""( ><

[ 6 pha[0]
‘/\ B 6 phall]
\ @ 6 pha[2]

3 6 phal3)
8 6 phal4]

000

005 010 015 020 025 030 035 040 045 050

Hinh 12. Két qua md phdng trrong hop vi trf ban dau x = 0,5mm, y =-0,5mm

* Kich ban 2: M6 phéng véi vi tri ban dau x = -0,5mm,
y = 0,5mm so véi truc toa dd Oxy. Tai thoi diém t = 0,2s, tac
dung luc theo phurong x va phuong y 6 do 16n 1N dwoc két
gud nhu hinh 13.

00004

00002 |

[

00
0.00¢ A
I

_0.0002 |
{

~0.0004 }

-y
- x
10 - Fx
=
5 \
0 —
-5
10
ze‘» (\ . 6 phal0]
P W 6 phall]
10§ B E— O S— B 6 phal2]
. —————— |3 6phal3]
P! L, - W 6 phal4]
—— [ 6 phals]
10
[
|
EN

000

005 010 015 020 025 030 035 040 045 050

Hinh 13. Két qua md phdng truong hop vi tri ban dau x = -0,5mm,
y=0,5mmva tac dung luc IN tait =0,2s
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*Kich ban 3: Md phdng véi mé men can bang 0 duoc két
qud nhu hinh 14.

- - - : - - : - :
o\ =
08

06

04

02
008 ! ! ! ! ! ! ‘ ‘

006
004

002

000 L

| | L . | I I L L
000 005 010 015 020 0% 030 03 040 0 050

Hinh 14. Két qua md phong voi momen cén bang 0

* Kich ban 4: M6 phéng voi van téc ban dau bang 0 tai
thoi diém t = 0,2s tac dung mot mé men can c6 do I6n INm
duwoc két qua nhu hinh 15.
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Hinh 15. K&t qua md phong voi md men can bang INm tai thoi diémt = 0,25

Két qua md phdng cho thay, kha nang diéu khién cla
b6 PID va PI Ia hoan toan thuc hién dwgc dong thoi kiém
nghiém phuong phap digu khién bang viéc tach mé hinh
thanh hai thanh phan la kha thi. Cac dac tinh dong hoc clia
hé thong cho phép viéc ché tao thir nghiém.

5.KET LUAN

Trong bai bao nay, tac gid nghién ciru thanh céng vé
cdu tao, dac diém cla dong co tw nang khong 1Gi thép.
Bang viéc xay dung mo hinh toan hoc, cdu trac diéu khién,
mo hinh diéu khién vi tri, mé men, téc d6 cho ddng co. Tac
gia dd mo hinh hda va md phéng kiém chitng trén nén
tang Typhoon HIL, két qua cho théy rang bang cac phuong
phép da thuc hién va mé phdng kiém chirng cho két qua
hoan toan kha thi dé ché tao va diéu khién mo hinh thuc.
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