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MOT PHUONG PHAP MOI NANG CAO CHAT PIEU KHIEN CHO HE
TRUYEN PONG KHONG TIEP XUC SU DUNG BQ TREO TU TiNH

TOM TAT

Nguyén Nhu Hién, Tran Thi Thanh Nga”

Truong Pai hoc Ky thudt Cong nghiép - Pai hoc Thdi Nguyén

Céc hé truyén dong khong tiép xuc st dung b treo tir tinh c6 ing dung quan trong va hiéu qua
trong cac thiét bi may quay voi tdc dd cao, doi hoi do chinh xac cao, lam viéc trong cac moi
truong khong ding dugc chat boi tron do khong c6 su tiép xuc truc tiép gitra phan chuyén dong va
phan tinh. Hién nay cac bd diéu khién cho cac hé truyén dong khong tiép xuc sir dung b treo tir
tinh c6 chét luong thap nhu khéng thich nghi, khéng bén viing, tin hiéu didu khién khéng bi chan.
Thuec té nay 1a do dong luc hoc cua cac hé truyén dong khong tiép xuc sir dung b treo tur tinh ¢6
tinh phi tuyén cao, va cac phuong phap thiét ké cac b didu khién cho cac hé phi tuyén -hé truyen
dong khong tiép xuc sir dung b treo tir tinh chiu tac dung cta nhiéu ngoai va chira cac tham so
thay dbi theo thoi gian chua duge nghién clru va phat trién hoan thién. Bai bao nay trinh bay ket
qua nghién ctru thiét ké cac bo diéu khién chit lwong cao cho mét sé hé phi tuyén bao gdom

cac bo treo.
Tur khoa: Bé treo tir tinh, magnetic bearings.
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Hinh 1. céu triic mot bo treo tir tinh

Viéc st dung 6 d& tir trong hé truyén dong
khong tlep xuc nhu mét bo treo tur tinh la
bude tién quan trong cua nganh co khi, cho
phép giam ton hao va ting do chinh xac (nho
loai trir duwgc bao mon do ma sat,...) tding van
tbc quay cua truc chinh. Hinh 1 13 so do
tuong trung ciia mot 6 tir khf)ng tiép xﬁc (bo
treo tir tinh). V& nguyén 1y, 6 do bao gom 2
phan chinh: phan chuyén dong co thé la
chuyén dong quay hodc tinh tién (rotor) va
phén tinh (stator). O trén phan tinh c6 lap dat
mot s& mach tir dé tao ra luc tir tac dung 1én
phan chuyén dong ciia 6. Cac Iyc tir tac dung
1én phan chuyén dong cua 6 tir dugc diéu
khién bai hiéu dién thé hodc cudong do dong
dién dat vao cac cudn day cua mach tir. Dudi
tac dung ctia lyc ngoai sinh 1én phan chuyén
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dong cua hé truyén dong khong tiép xuc su
dung bd treo tir tinh, luc tir dugc tao 1én boi
cac mach tir tic dung 1én phin chuyén dong
nay can phai thay déi mot cach phu hop dé
dam bao khe h& xac dinh giita phin chuyén
dong va phan tinh coa 6 d3. [1]

Thong thuong, trong thuc té viéc xac dinh
trudc ca vé dinh luong va quy luat thay doi
cua cac luc ngoai sinh 1a rat kho, hodc khong
thé dugc. Hon nita, diéu kién 1am viéc cia cc
hé truyén dong khong tiép xuc sir dung bod
treo tir tinh thay d6i dan dén viéc xac dinh
trudc cac thong so cia 6 1a kho khan.

Ngoai ra, dong luc hoc cua hé truyén dong
khong tiép xuc sir dung b treo tir tinh 13 phi
tuyén ca vé co va dién, nghia 1a quan hé dong
gitta hiéu dién thé hoac cuong do dong dién
dat vao cac cudn day tur va lyc tir tic dung 1én
phin chuyén dong, duoc mo ta bang hé
phuong trinh vi phan phi tuyén. Vi véy, thiét
ké cac bo diéu khién dat chat luong cao la
kho khin va can thiét trong cac ing dung thuc
té c6 sir dung cac hé truyén dong khong tiép
xuc su dung bo treo tur tinh.

MO HINH TOAN HQC CUA BO TREO
TU TINH

Nguyén tic lam viéc cua 6 do tu twong tu nhu
mot nam chdm dién . Nghia la, co thé tao nén
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chuyén dich co hoc theo mét phwong nao ~ do
bang cac luc (hat hodc ddy ) dién tu. Do vdy
c6 thé chon cac bién doc lap trong hé théng )
tr 1a dong dién (i) chay trong ddy quan va
chuyén vi (x) cia vt thé .

Hinh 2 trinh bay vé mét ciu tric co ban cia
mot nam chim dién v6i mot bo diéu khién
phan hdi nguoc cho mét hé thdng treo theo
mot phuong st dung nang lugng tir.

Cudn day duogc cép dién giy ra mdt lyc tr
lam treo vat thé bé“lng sat hinh chit nhat. Vat
thé chi ty do theo phuong ding. Dong dién i
sinh ra mét tir thong .

Mam chim dién

|5 difukhién

Wt idu sat by

Bé tndéng

I.;I kh(%en% garach

Hinh 2. Hé théng tir treo

DPuong strc tir duge biéu dién bing nhiing
dudng nét duat va di qua khe ho khong khi hai
1an theo phuong dung. Luc hut gitta vat thé bi
treo va 181 tir hinh chitr C 12 mot ham cta dong
dién I, lyc nay ti I¢ véi binh phuong ctia dong
dién i néu nhu 15i tur khong bi bao hoa. Dudi
nhiing trang thai on dinh, Iyc hit sinh ra dugc
diéu chinh ding bang tich s6 mga nham thoa
mén diéu kién cin bang luc vai:

+ mla khéi luong vat thé

+ ga 1a gia tdc trong truong

Sensor khodng cach xac dinh vi tri theo
phuong ding cta vat thé bi treo. Dién ap dau
ra cua sensor chinh la dau vao cua bo diéu
khién. Luc tir can thiét duoc tao ra dé treo doi
twong mot cach can bang. Lyuc can thiét bang
tong cua lyc 1o xo va lyc can.

+ Luc can ti 1& v&i van tdc cia vat thé treo.

+ Luc 10 xo ti 1€ v6i d6 dich chuyén cua vat
the treo.

Nhitng dai lugng diéu khién nay co chiéu
nguoc lai so voi chiu ciia van tc va chuyén
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vi cho phan h6i am. Twr d6 bd di€u khién sinh
ra mot dicu khién dong sao cho lyc sinh ra
phu hop véi yéu cau.
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Hinh 3. So d6 mach dién twong dwong

Bo 6n dong s& diéu chinh dong dién bing
cach dat mot dién ap 1én cac dau cuc dién.
Dong dién i kich thich vao mdt cudn day mac
noi tiép.
Theo [4], luc hudng tdm cho 6 d& chiu tai
huéng tdm 1a mot ham cua dong thoi dong
dién ib va chuyén vi huéng truc x cua roto la :

Fx= kiibx + kxx
Trong do :
+ Vi ibx la dong dién diéu khién Iyc theo
phwong x;
+ Fx : Lwc hudng tam cua 6 do chiu tdi
huong tam,
+ ki : Hé 56 luc — dong dién;
+ kx - Hé 6 luc - chuyén VI.
T dinh ludt 2 Niuton co:

F =kii,, +k,x=ma
d’x
dt? ’ (1)
St dung toan tir s thi (1) dugc viét lai la:
Ky, = (ms2 —k,)x
k.
otu (S) = = g—l
i mMs”—Kk, 2)

Luc huong tam duoc chia cho khéi luong m,
boi vay dau ra cta khoi 1a gia toc ax ma gia
tbc nay ciing chinh 1a dau vao ciia mot khoi
tich phan. s la toan tir Laplace, do d6 mét
khoi 1/s chinh 1a tich phan cta dau vao. Tich
phén cta gia toc 1a van toc hudng tdm cua
rotor vx. Tich phan cua van toc 1a chuyén vi
hudng tam x. Khoi lugng m 1a khoi lugng cta
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vit thé dugc treo. Co thé thiy rang kx tao ra
mot chu ky phan h01 duong ciing la nguyén
nhén tao ra ham truyén khéng 6n dinh.

So dd cdu tric cia mot hé thong tir treo su
dung nang luong tr theo mdt phuong duoc
xay dung:

Hinh 4. So d cu trac 6 tir
Biéu dien mot so d6 cau truc ham s6 tru  yén
rat gon cua 6 do tu.

Ipy k X
—_—
ms* —k,

Hinh 5. So d6 ciu truc rut gon ciia bo treo tir tinh
Phuong trinh dic tinh: ms2 —kx =0
Nghiém cua phuong trinh déc tinh la :

Vm

C6 thé thiy rang ham truyén c6 ban chét la
mot ham khong 6n dinh vi c6 mot nghiém ¢
nura phai ciia mat phang phue, boi vay thiét ké
bo dicu khién la mot van d€ quan trong

Dé 6 tu lam viéc 6n dinh thi phal su dung cac
bién phap 6n dinh hoa bang cac khiau phan
héi 4m hodc cac khau hjéu chinh .

THIET KE BO DIEU KHIEN PID

Gain2

<&

Gain Integrator  Integrator

Constant Bo dieu khienpguon chinh juy  Gain'

Hinh 6. Hé théng treo tu tinh theo phuwong x

ksn: la D6 KP cuia senso dich chuyén,'

m : la khoi lwong vt thé; PID: B¢ diéu khién, kx: hé
$6 lyc - chuyén vi, ki la hé 56 lyc — dong dién.

Ky hiéu Tén tham 0 Gia tri tham so

m Khoi lrong vat thé 3. 14kg
Fesn Do khuyech dai ctia senso dich chuyen 1000077 m;

ki Heé 6 lire — dong dién IN/A

Jex He 50 luc - chuyen vi 15800N/m

K, Hé so khuyech dai ty 1€ 51020

Ky He so tich phan 0-100: 1000: 16000
Ty He s0 khuyech dar dao ham 025 05:1
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Tinh toan va khao sat hé théng bang phan
mém Matlab- Simulink dé Iya chon cac hé sé
ctia bd PID mo phong hé thong,

Céc hé s ty 1& (Kp) va vi phan (Kd) c6 the
duoc biéu thi nhu sau:

2mao, _ ma? +k,
kK, P kK,

Nhdn xét: Dé dugc mot dap ung nhanh, tan sO
goc riéng wn phal cao. Dé ting wn, hé sb ty 1e
phai ting ti Jé voi binh phuong cua wn. H¢ 5O
vi phén phai t?g ty 16 bac nhit véi wn va hé
sO giam chan

Ky =

e

Hinh 7. Céc dic tinh tin s6 ciia mot bd didu khién PID
Ttr tinh toan thiét ké bo diéu khién PID theo
tiéu chuin modul t6i wu, dbi chibu voi cac
tiéu chudn chat luong ta chon dugc cac thong
s6 cua bo diéu khién PID nhu sau: Kp = 10,

= 100,Kd = 0,5. V&i bo théng sb nay ta
thiy hé thong c6 dap ung kha nhanh, thoi
gian xac lap ngan va khong c6 sai 1éch tinh.
So @6 md phong:

157
In1 Ot » L]
000175+

PID Controllet ansfer Fons Gain Seopel
Subsystem

Constant

Gaint

Hinh 8. So dd cau truc (trong Sybsystem 14 hinh 4)
Str dung bd ngudn chinh hwu hinh ciu 3 pha
c6 TCL =0.0017, kCL=1.57
Két qua md phong nhu trén hinh 9, d6 qua
diéu chinh con cao (gan 30%) va thoi gian
qua do con 16n. Pé c6 thé ning cao chat
luong dong cho hé théng diéu khién bo
treo tir tinh nay c6 thé st dung cac phuong
phap diéu khién hién dai ap dung cho bo
diéu khién.
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x 10’

12t H
Chuyen vithes phuse x cua o1 3u dung bo PID kinh die
s
S

Hinh 9. Kétvqué mo phong chuyén vi theo phuong
X cua 0 tir ¢6 su dung bd PID kinh dién

THIET KE BO PIEU KHIEN MO LAI F-PID
Puodng cong tir hoa phu thudc nhiéu vao khe
ho khong khi gitra stator va rotor ctia 6 d& tir
(thotng chi do bing mm hay pm). Do vay,
duong cong dac tinh tr hod dugc xac dinh
chii yéu boi nhitng dic tinh phi tuyén cia 15i
thép. Ngoai ra, trong hé théng ciing co thé
xuat hién nhiéu nguyén nhan c6 thé gay léch
tam 6 tir nhu: c6 ton that sét trong 151 sit chap
hanh, bio hoa dién 4p trong bd diéu khién
dong dién, dap tng tn sd senso bi gidi han,
hoidc do dong dién Phuco giy ra mot do tré
dan dén sai léch huéng d6i v6i luc hudng tim
dugc sinh ra ... Khi d6, phuong cua luc
hudng tdm sinh ra c6 mét sai 1€ch vi tri géc
dan dén giao thoa lyc hudng tam theo phuong
x va y. Giao thoa gitra c4c lyc hudng tam theo
phuong x va y ¢ thé gay anh huong dén chat
luong ctia hé thong.

R sl T
. ~ =¥ 45]—&* s
THso— b e [ -

Hinh 10. So d6 mé phong hé co sir dung b PID
kinh dién va hé diéu khién mo lai F-PID
Vi vay, dé ning cao chit luong dong cua didu
khién chuyén dich theo phuong x ciia bo treo
tur tinh, tiép theo day s€ trinh bay mot bo diéu
khién mo lai, duoc tinh toan toan voi ) liéu
nhu d6i véi PID. So d6 mo phong nhu hinh
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10. Pap Gng dau ra 1a chuyén dich theo
phuong x cua hai bo diéu khién PID va F-PID
duogc thé hién trén hinh 11 (dudng nét lién la
PID va duong nét dut 1a F-PID).
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Hinh 11. Két qua mo phong c}}uyén vi theo
phuong x ¢6 st dung bo di€u khién PID kinh dién
va hé diéu khién mo lai F-PID

KET LUAN

Qua két qua mo phong & trén, ta thiy hé diéu
khién chuyén dich theo phuong x cia b treo
tir tinh c6 két qua tot, chit lwong hé thdng
thoa man yéu cau dit ra. Hé thong trén co tinh
kha thi.

Két qua nay co6 thé ap dung cho khao sat
chuyén dich theo phuong y cua bo treo tir
tinh. Van dé con tiép tuc nghién ctru 1a: Khao
sat hé v6i chuyén dich dong thoi va day du
theo cé hai phuong x va y, sy 4nh hudng cia
nhidu phu tai va tic dong xuyén chéo hai
phuong 1dn nhau.

I I i i
02 04 [ [ [ 2 14

V&i mot ddi twong phi tuyén manh nhu bo
treo tir tinh ndy thi viéc str dung cac bo didu
khién theo phuong phap phi tuyén 1a diéu
khong tranh khoi.
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SUMMARY

THE NEW METHOL TO ADVANCE QUALITY CONTROL FOR CONTACTLESS
TRANSMISSION SYSTEM USING THE MAGNETIC SUSPENSIONS

Nguyen Nhu Hien®, Tran Thi Thanh Nga
University of Technology — Thai Nguyen University

Contactless transmission systems using the magnetic suspension has important applications and
efficiency in devices with high-speed rotary machine which requires high precision, working in
environmental quality are not applied slippery due to no direct contact between the moving and
static parts. Current controllers for contactless transmission using the magnetic suspension has the
low quality as not appropriate, no sustainable, control signal is not blocked. This fact is due to the
dynamics of the contactless transmission using the magnetic suspension is high nonlinear, and the
method of designing controllers for nonlinear systems, contactless transmission using the magnetic
suspension subject to the effects of interference of outer and contains the parameters change with
time has been studied and developed complete. This article presented the result of research design
controllers for a high quality system including the nonlinear magnetic suspension.
Keywords: magnetic suspension, magnetic bearings.
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