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V̂ MO HINH HOA VA Ofi X U A T C A U TRUC OI^U KHI^N 
DONG c a TUYEN TINH KEP 

SIMULATE AND SUGGEST CONTROL STRUCTURE FOR DOUBLE SIDE 
LINEAR MOTOR 

TS. Kh6ng Cao Phong 

Bg mon Tu dgng hoa Xi nghiep Mo va Diiu khi, Truong Dai hgc Mo - Dia ch4t 

TOM TAT 

Dgng CO tuyin tinh kep duac nghien ciru img dung trong cdc ddy ehuyin van chuyen vd gia 

cdng vat lieu. Di gidm do phirc tgp cda kit cdu ca khi hi thong thuc hien viec dieu khiin ddng thdi 

cd luc tiip tuyin vd luc hiit d cd hai phia cua ddng ca di dieu chinh huong vd vi tri cho phan di 

chuyen. Ngi dung bdi bdo tiin hdnh phdn tich, tinh todn xdy dimg bd diiu chinh tdng hap luc tdc 

dgng vdo phdn di chuyen cua ddng ca vd tiin hdnh md phdng cho khd ndng dieu khien cho he thdng. 

Kit qud mo phong cho thdy khd ndng ung dung cua bg diiu chinh cho he thong. 

Tir khoa: Ddng ca tuyin tinh, cdu trite dieu khien, ddy chuyen gia cdng. 

ABSTRACT 

Double side linear motor has been studied to apply in material process and handling in 

recently. In order to reduce the mechanical complication, the normal forces and lateral forces are 

used to guide the direction and position for the vehicle. The paper analysis total forces effecting to 

the system and suggest a control structure for the double side linear motor The whole system with 

the control structure is simulated by Matlab simulink. The results show the ability of the suggested 

control structure. 

Keywords: Linear motor, control structure, material handling and processing. '̂  
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1. M O DAU 

Dgng CO tuyen tinh, hieu mgt each don 
gian, la mgt dgng co dien co stator va rotor 
duge trai thang (hinh 1). Trai ngugc vai dgng 
ca quay thong thuang, dgng co tuyen tinh tao ra 
luc day dgc theo chieu dai cua dgng co. Dieu do 
c6 nghia la khong c6 mo-men hay chuyen dgng 
quay duge tao ra bai su tuong tac giua tu tnrong 
va dong dien a dgng co tuyen tinh. Vai dac diem 
nhu vay, dgng ca tuyen tinh co mgt so uu diem 
SO voi dgng co quay trong viec tao ra chuyen 
dgng thang. Dgng co tuyen tinh khae phuc duge 
cac nhugc diem ciia he thong truyen dgng thang 
truyen thong (dgng co quay - true vit-me bi) a 
nhiing diem sau [1], [2]: 

Vai nhiing uu dilm d6, dgng co tuyln 
tinh da duge ung dung vao Imh vuc v^n tai 
hanh khach nhu he thong tau cao toe Maglev, 
h? thong tau dien hi Linimo ciia Nhat Ban hay 
he thdng tau cao toe Transrapid cua Diic. Ben 
canh cac ling dung v|in tai cong cpng, dgng co 
tuyln tinh ciing duge ling dung trong nhieu ITnh 
vuc truyen dgng khae nhu: iTng dung de t^o gia 
toe cho xe goong trong cac tro choi mao hiem 
(roller coaster); Thang may ciia cac toa nha choc 
troi, cho cac gieng diing co dp sau Ion trong 
cong nghiep khai thac mo; iTng dung cho cac 
thilt bi khoan bam 16 gi§ng dau; Cac cua trugt 
tu dpng tren tau dien, ciia buong thang may hay 
di chuyen ban may ciia cac may gia cong vat lieu 
CO yeu cau chuyen dgng theo he true X-Y {may 
cat laze, may son, han tu dgng, may C N C . ) [4]. 
Mgt trong nhimg nghien ciiu ling dung cua dpng 
ca tuyen tinh duge phat trien manh trong nhiing 
nam gan day la trong ITnh vuc van tai va gia cong 
vat lieu [ 5 H 7 ] . 

Hinh I. Hinh dnh tudng tuang ciia viec tgo ra ddng 
ca tuyen tinh [3] 

• Dgng CO co ket cau don gian, dl chl tao. 
• Khong can co cau co khi doi tir chuyen dpng 
quay sang chuyen dgng tinh tien. 
• Co do tin cay va chinh xac cao, don gian va an 
toan trong van hanh. 
• Co kha nang chuyen dgng tinh tiln voi t ic do 
cao. 
• Thai gian dap ling nhanh: T6c do dap ling cua 
thiet bi truyen dgng dgng ca tuyln tinh Ion hon 
rat nhieu lan so voi cac bg truyin dgng co khi 

• It gay on khi lam viec, bao duong ciing de dang 
hon, tu6i thg trung binh dai hon. 

I l l I ^ ^ ^ f c - . ^ ^ _ ^ w h e < 

b 
Hinh 2. Dgng cd tuyen tinh kep 
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De nang cao luc dSy cho phan di chuyen 
trong cac ling dung van tai, cac dgng co tuyen 
tinh kep {c6 hai cap dgng co tuyln tinh hai ben) 
nhu hinh 2. Trong do, 6 hinh 2 a, d l giii p h k di 
chuydn can hkng o vi tri chmh giiia cua duong 
dSn he thong can sii dung he thong gong kep va 
banh xe dan huong. Dilu n^y gSy ra luc ma sat 
Ion lam giam hieu suSt cua dgng co. He thong 
tren hinh 2 b, khae phuc nhugc diem nay bang 
each d£ bp phan di chuyln tir do tren duong din. 
Tuy nhien, he thong nay doi hoi cku tnic dilu 
khien phiic tap hon do phai sii dung ca luc tilp 
tuyen va luc hiit (vuong goc vai mat stator). Ngi 
dung cua bai bao nay se dua ra d l xudt cku tnic 
dieu khien cho dgng ca tuyln tinh kep tren hinh 
2 b. Ket qua mo phong ciia he thong cung vai 
bg dieu khien trSn Matlab simulink cho thdy kha 
nang thuc hien ciia cau tnic dieu khien d l ra. 

2. P H A N TICH M 6 H I N H TOAN HOC CUA 

HE THONG 

De thuc hien phan tich mo hinh toan hgc 
ciia he thong, hinh chieu diing cua mo hinh hinh 
2 b duge the hien tren hinh 3. Trong do, o moi 
canh ciia phan di chuyen (vehicle) se chiu tac 
dgng cua mpt cap luc tiep tuyen F.j.̂  va lire hiit 
Fjj^. Cac luc nay phu thugc vao do lech cua phan 
di chuyln khoi true giiia cua duang dan co chiia 
stator (primary) 5, goc quay Y va vi tri ciia phan 
di chuyen tiieo duang dan. 

Trong [4], cac lire nay duge phan tinh 

toan gan diing bang phuong phap tuyen tinh hoa 

(linearized). Cu the nhu cac cong thiic (1) -̂  (5). 

Luc hiit giua so cap va thii cap ciia dgng 
co: 

(1) 

[{.vo + du) {yo+du) , 

•'^ja*.—-fiit|gj)H— 

{K,+Kiijt+K^i,a. 
(yc+duy (.Vo+rfv)'j 

(2) 

Trong do: diji=yo+d; djx = . ^ b - 5 

la khe ho khong khi a ben trai va phai ciia dpng 

CO xac dinh theo dp dich ciia phan thii cSp. 

^Hcjm la gia tri tuyen tinh hoa ciia luc hap din 

ben trai (L) va phai (R); 

^A • V "• Dong dien tren he quy chieu dq ciia 

cugn day so cap trai va phai; 

iax = ^Jjx + ^ i Dong dien trong cugn day 
so cap trai va phai. 

Luc hdp hiit tong hgp tac dpng len phan 
thii cap cua dgng co la hieu so cua luc hiit dan 
ben trai va ben phai. Luc nay, se gay ra chuyen 
dgng cua phan di chuyen theo phuong ngang (5). 

FNLM ~Fi, 

Trong do: 

[du+yt) (OM+.VO) 

2Ki _ _ 2K2 

Hinh 3. Hinh chieu dung cda md hinh he thdng hinh 2 b {''w+.Vo) (4+.V0) 
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Luc tilp tuyln sau khi duge tinh toan va 
tuyln tinh h6a duge xac dinh nhu tren (4), (5). 
Cac luc tiep tuyen nay se gay ra luc day theo 
phuang chuyen dgng x (tong hgp luc) va mo-men 
quay (ngau luc) cho phan di chuyen ciia d6ng co 
tuyen tinh kep. 

f'n.jm -

t^mjin -

kL+- ^^qL^ (4) 

^ 4 
-i^R 

did-^yo (̂ M + Vo 
fi^^ (5) 

Ki.K2,K3,K4iong cac phuang trinh tren la cac 
hang so cua dgng co. 

TIT cac phuong trinh thu duge, mo hinh 
cau tnic he thong duge mo ta nhu tren hinh 4 b. 
cdu tnic he thong bao gom, cac luc va mo-men 

gay ra gia toe chuyln dgng cho phan di chuyen 
theo phuang ngang 5, gia tic chuyen dgng dai x 
va chuyen dgng quay Y- Cac chuyen dgng cua he 
thong con co su tuong tac cheo giira cac chuyen 
dgng thang v^ chuyen dpng quay. 

Tu mo hinh cau tnic he thong, tac gia da 
de xuat cau tnic dieu khien cho he thong nhu 
hinh 4 a. Cdu tnic dieu khien duge de xuat bao 
g6m, ba bg dilu khien cho phdn di chuyln theo 
5, Y va X. M6i b6 dieu khien bao gom ba mach 
vong: Mach vong dong dien; Mach vong van 
toe; Mach vong vi tri. Mach vong dong diSn 
CO chiic nang dilu chinh luc day theo phuong 
ngang, chuyln dgng dpe true va chuyen dgng 
quay quanh tam ciia phan di chuydn. D6 nang 
eao chdt lugng dieu khien, trong cau tnic con 
thuc hien viec khu anh hudng ciia cac tuong tac 
cheo va tinh chat phi tuyen ciia he thong bang 
cac bieu ihiie uoc lugng. Cac gid tri uac lugng 

: CFNI duge xac dinh theo (3). 

a) Cdu true dieu khien b) Mo hinh cdu trite he thdng 
Hinh 4. Md hinh he thong vd cdu true dieu khien 
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3- M 6 HINH HOA VA M O PHONG H $ 
THONG BANG MATLAB SIMULINK 

Tu mo hinh cdu hiic he thing phan tich 
va xay dung a m\ic II, mo hinh mo phong hen 
Matlab simulink duge xay dimg nhu hinh 5. Ket 
hgp voi cdu tnic dilu khiln duge de xuat, mo 
hinh m6 phong toan bp he thing va cdu tnic dieu 
khien duge xay dung tren Matlab simulink nhu 
tren hinh 8. 

Bdng 1 Tham so chinh cda dgng ca tuyen tinh: 

Hinh 5. Mo hinh hda cdu true he thong bang 
Matlab Simulink 

Thuc hien mo phong he thong vdi cac 
tham s6 cu th i nhu tren Bang 1. Ket qua mo 
phong duge thi hien tren hinh 6 va hinh 7. Trong 
do, he thdng duge mo phong khoi dgng tu trang 
thai nang n l khi phdn di chuyen hi hiit sang mdt 
ben stator vdi 5—1,6mm; Y ~ 0 , 4 rad. 

Kit qua md phdng cho thdy, he thdng 
cd kha nang dilu khiln phdn di chuyln v l vi tri 
can bdng 6=0mm, Y^Orad sau khoang thdi gian 
0,05s. Dilu nay cd nghTa la phan di chuyen song 
song vdi dudng din va nam d diing tren true 
giiia cua dudng dan. Vi tri dich chuyen theo true 
X ciing bi anh hudng va trd v l In dinh sau 0,15s. 
Tren hinh 7, bilu dien dap ling ve ddng dien dieu 
khiln cua he thdng thi hien tren he true tga do 
d,q. 

Fkinsffcap 

Kkhftaidc J, x/r^ xw; 

Q i i a i ^ c u c 

Bode nog 

Clii% ipng ranh 

So lanh tiEn mpt stator 

^antfavcap 

Kidi thude /, xA^ xw. 

Kidi fhiiriir nam eham 
h,xw. 

OiieD day nam cbam 

So nam diiim trea mpt m|£ 

Dir Heu chung 

Kbebcrldioiiglduklii 5 = 0 

Doog dien dfnh more 

DoDg dien CDC dad 

L d c ^ y dinh mdc 

Khoi bAAig phin di chuyen 

T 

T, 

b. 

JV. 

d„ 

JV. 

y. 

I. 

i^ 

F, 

m 

50teeSx42 

36 mm 

12 mm 

6mm 

42 

168x6CS12 

30x34 mm 

5mm 

4 

\2mm 

2.9 Anns 

21.3 Anns 

210N 

5.7 Kg 
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Hinh 6. Ddp img dieu khien vi tri vd goc lech (3, y vd x) cua he thong vd cdu true dieu khien duge de xudt 
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Hinh 7. Ddp itng dong dien d-q cda ddng co tuyin tinh kep 

Hinh 8. Md hinh md phdng he thdng vdi cdu tnic dieu khien 
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4. K£T LUAN 

Bang viec phan tich tinh toan ly thuyet, bai bao da xay dung duge cdu tnic ciia he thing 
dgng CO tuyln tinh kep. Tii cdu tnic xay dung duge tac gia ciing da d l xudt duge cdu tnic cho he 
thdng dieu khiln. Dua vao ket qua md phdng he thing vdi cdu tnic dilu khiln tren Matlab sunulink 
cho thay; 

+ Cau tnic cua he thdng la mdt he dieu khien phi tuyen va da biln; 

+ Bang bien phap bii phi tuyln thi bg dilu khiln duge de xudt cho he thdng cd thi dilu khiln 
va dn dinh cho he thing. 

Ket qua md phong va tmh toan cua bai bao cd thi sii dung d l thuc hien tmh toan va triln 
khai tren he thdng thuc.*> 

Ngay nhan bai: 07/02/2016 
Ngay phan bien: 17/3/2016 
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