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TOM TAT 

Bdi bdo ndy trinh bdy thiit kd bg diiu khiin thich nghi backstepping cho gSi gidm dao dong 
dien tic tich cue nham ndng cao do em diu vd do on dinh cua thiit bi lap tren phucmg tienca giii. 
Tren ca sa mo hinh dgng luc hgc thiit bi lap tren xe ca gi&i qua goi gidm dao dgng dipt tit vd mo 
hinh dong life hgc goi dien tir, dd di xuat vd xdy dimg ludt dieu khien bdckstepping de dieu Miiin 
dong dien cdp cho gdi dien tit, nham cue tiiu dich chuyin eia khoi lucmg thiit bi lap tren xe. Ket 
qud mo phong da minh chimg hieu qud gidm ddo dgng vd dgon, ndng cag do em diu khi he chiu 
kich dgng ngdu nhien tit mgt duang. 

Tir kh6a: GOE dien tic tich cue: Goi dien tic thu dgng. 

ABSTRACT 

This paper presents design backstepping adaptive controller for an active electrgmagneiin 
vibratign isolator to enhance the stability gfthe equipment mounted on vehicles. Based on dynamics, 
model of the equipment mounted on a vehicle through electromagnetic vibration isolator and 
dynamic models of electromagnetic isolator, proposed and design backstepping controller to control 
the current relays for electromagnetic isolator to minimize the movement of equipment mounted on 
the vehicle. The simulation results have proved effective in reducing oscillation and noise, improve 
the stability under excitation of random road profile. 

Keywords: Electromagnetic: Passive electromagnetic. 

1. D^TVANDE CO tan s6 thip gay nto. Hai la, each Iy dao 
dpng va do on g^y ra boi luc kich dong do su 

Goi do giam dao dong [I] cho may mat can bang cua ngu6n dong Ivrc (dgng co-
moc, thiet bi tren phuong tien co gioi c6 hai hop sa) co tin sts cao. Do vSy, cac gdi giam 
chuc nang chmh. Mot la, diing di do, giii va dao dong phai c6 kha nang each Iy hieu qua 
giam dao dong cho may moc, thifa bi lip tren trong khoang tin s6 rpng. Loai gdi do giam 
phuang tien co gioi do kich dpng mat duong dao dpng bang cao su chi co dp ciing va do 
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can phu hgp vdi tan so nhSt dinh, nen chua 
^ ling dirge yen cSu tren. De dat dirge diSu 
nay, trong cong nghiep 6 to va ca khi chinh xac 
d& phdt trien cac goi do dien tir (EM) loai thu 
dong (pEM) hoac loai tich cgc (aEM) [2-3]. 
Trong do, g6i giam dao dong dien tCr tich circ 
ngay cang dugc ung dung nhi6u trong cac kk 
cau doi hoi dp 6n dinh, chinh xac cao ho^c thai 
gian dap ung nhanh. Van dh ca ban trong thilt 
ke va che tao aEM la xay dung va tfing hgp bg 
dieu khien cho goi. Bai bao n iy trinh bay cac 
tinh toan thiet ke va tdng hgp bo dihu khi§n 
thich nghi tiieo luat backsteping cho g6i dien 
tu tich cue gi^m dao dgng cho may moc, thilt 
bi lip tren phuang tien ca gi6i nhSm giam tac 
dung cua mat duong toi thiSt bj, may moc. 

^ M 6 H I N H TOAN 

Trong nghien ciiu nay, six dung mo hinh 
dong luc hpc mot nua xe de dao dpng cua may 
moc, thiet bi lap tren xe ca gioi qua cum g6i da 
lo xo-giam chan truac va g6i sau la g6i eEM. 
Mo hinh gom sau bac tu do nhu hinh 1. 

Tren mo hinh nay, may moc, thiet bi c6 
khoi lugng m^vi mo men quan tinh / „ Hen 
ket vdi than xe (khoi lugng dugc treo) co khSi 
lugng niy, mo men quan tmh J^ qua g6i tru6c 
b3ng cao su co dp cung, dp can tuong duang la 
^fin' ̂ fin '^^ g^i sau la g6i aEM. 

Th&i xe dugc treo bdi cum treo truac va 
treo sau cd do cting, do can l§n lugt la Cjj, A^ 
va c „ , ^ „ . Cac khoi lugng kh6ng dugc treo 
tru6c my va sau m^ lien ket vdi nen qua lop 
xe CO dp Cling tuang duang l4n lugt la k^ va 
kj.^. Khi di chuy&i, h£ cae chiu kich d6ng tii 
mat duang dat tai diem tiep xuc giira 16p tniac 
yj- va lop sau y^.. H? dirge xac dinh boi sau 
bac tvr do gom: Zp,z^„zy,2^1an lugt la dich 
chuyen thang diing eua thiet bi, than xe, khoi 
lugng khong dugc treo trudfc, sau va dp,dy la 
gdc quay eua thiet bi va than xe quanh khdi 
tam cua chung. 

^\\=h[^f~yf\ Pll^^A^r-yr) (1) 

Lue tac dung cua treo truac, treo sau len 
than xe, eae khoi lugng khong d\tac treo va luc 
tac dimg ciia goi Iruac 16n thilt bi va than xe: 

Fi2=kfi(zy-ae^-Zfycf,(zy-a%-Zf], 

F21=krs{z^^b9^-z,)+c,,{z^^b9^-z,), ( 2 ) 

Tu md hinh dpng luc trSn hinh 1 va cac 
phuong trinh tii (l)-(2), xay dung dugc h% 
phuang trinh vi phan chuyen dpng ciia co he 

nfZf - ^ 7 - ^ 1 

»ir^r=F22--F2\ 

-bF.o-hF^-LF, 22-il^a~i4^\3 
(3) 

Hinh 1. Mo hinh dao ddng thiet bi lap tren 
phuang tien cagidi qua aEM. 

'pSp=hFn-hF, 

Mpt each t6ng quat, he phuong trinh vi 
phan chuySn ddng (3) cua h | dpng luc hpe 
tong quat ciia he thiit bi l ip tr to phuang tien 
CO gioi qua g8i thu dpng va g6i do dien tir. 

De xac djnh luc tae dung cua aEM len"^ 
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thiet bi va th&i xe, xet mo hinh goi diSn tiir [3], 
nhu hinh 2. Tii mo hinh nay, x6t dong dien di 
trong cu6n dky dupe bieu dito theo phuong 
trinh: 

Ri+L— = -Qx+u 
dt ' (4) 

Trong do: R- Dien tro cupn dSy; L-
Dien cam cu6n day; -CjX - Thanh phin phan 
siic dien d^ng chong lai su dich chuyto ciia vat 
theo phuong x; u- dien ap dua v^o cu6n day. 

dang; 

Hinh 2. Mo hinh goi da dien tic (aEM) 

Phuong trinh chuyto dong cila va.t co 

m^x + c^x+k.x = F„+F, (5) 

Trong do, »ij - Phin khdi luong ciia thi6t 
bi dat Ito g6i do; F^- Luc kich dpng ngoM; 
F„ - Luc diSn tit ty IS voi dong dito di trong 
cupn day co dang: 

4 [.x + S (6) 

Trong do: N- S6 vong dSy ciia 
cupn day; j ( - Dien tich tiSt diSu cue tir-
H,>=^rc.lO-'(Hlm^)\k dp t i thim ciia khe 
ho khdng khi; S la khoang each khe ho tai 
thiSu de thanh phin (x + S)^Q. 

Khi do, tir (5)-(6), ta co: 

m„x-\-cJ: + k^ = 
MoN^A( i ^^ 

x + S (7) 

KSt hpp phuong trinh (4) va (7), viSt lai 
duoi d^g phuong trinh trang thai, thu dupe: 

x,=x^ 

m, 4m, {x,+Sj (8) 

. ^,_R_ _C, u 

Trong do, Xj - Khe ho khong khi dpc theo 
phuang thing dung; ^2 - T6C dp bien thien khe 
ho; X3 - Dong diSn dua vao cupn day. 

Nhu vSy, ta co thS lua chpn dien ap dua 
vap cupn day dl smh ra luc dito tu sao cho dao 
dpng cua he 14 nh6 nhit. Khi bigt cac tham s3 
ket cau cua xe, cum thiSt bi, 16p xe, he thtog 
treo va gdi do aEM vi kich ddng tii mat ducmg, 
giai he phuong trinh nay c6 thS xac dinh dugc 
cac dap ling ciia co hS. 

3. TONG Hgp BO D i t u KHIEN 
BACKSTEPPING CHO GOI DIEN TlT 

Bd dito khito thich nghi cho gdi dien tir 
tich cue dupe thiSt kS nham tinh toan vkdiha 
khien dien ap tac dpng vao cudn day smh ra 
luc diSn tir giiip can bang nang lupng dich 
chuyen cho khdi luong thiSt bj, may moc. Muc 
tiSu dito khito la: 

1=^1-*l„y. ->0; xi->0 (9) 

Trong dd,ij gia tei tham chito vi tri 
cua khdi lupng thift bi. 
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Tii phuang trinh dpng hoc cua goi di$n 
tii (8), vdi m\ic tieu dieu khien (9) vk mo hinh 
ddng luc hpc he thong (3), bai bao thiet ke bp 
dilu khien thich nghi dira tren lu^t dieu Idiien 
backsetpping [4-5], ket hgp vcri bg quan sat 
trang thai de thiet ke he thong dieu khife cho 
gdi difn tu. 

Xuat phat tii muc tieu di6u khiin (9), 
biSn thien Iheo thdi gian cua sai lech Y\ tri 
Ididi lugng thiSt bi dat tren cum gdi da dien 
tii: ei - xi -xi , thanh phhi xi == 0, do do: 
q = xj = ̂ 2. "nieo phuang phap oackstepping, 
chpn X2 = kiCi, khi d6: «[ = -ftjei + 62. 
Trong dd, ̂ 2 ~ -̂ 2 ~ ̂ 2 '^^ ^2 ^̂  ̂ i ^ dugc 
chon ciia X2. De thda man muc tieu dilu khiSn 

= ̂ 2 -X2 ->• 0. Khi do, vi phan theo 
f gian sai lech 62 la 62 = ̂ 2 ~hh • 

Thay cac dai lugng tuong iing vao 
phuong trinh (8), nh§n dugc: 

ej=i,(ej-i,e,) x, x^^ (10) 

Dati' = 
d F, 

—XjH , khi do: 

^ f - ^ 1 =-i'-iA + ̂  (12) 
4m, yx,+SJ 

Trong do: k^ la hang sd duong; e, 14 sai 
khac giira gia tri thuc va gia tri lua chpn cua x^. 

Thay phuong trinh (12) vao phuang 
trinh (II), nhan dupe: 

e,=k,{e,-k,e,)+P-P-ltA+e,=-i^e,-{k,-k,)e,+e,(_13) 

Tit phuong trinh (13), ta c6: 

_M,ff'4 ^ 
:,+S 

(14) 

DS ^ —> 0, xet vi phan theo Ihdi gian 
cua phuang trinh (14): 

srAU]^{'i^^)-',M_i ± (15) 

Lua chpn dieu khito cd d^g: 

x^ + S 
fi,N'A\ X, \ - ^ r ._ 

2m, \xi+S){x^+sf 
•k^sign(e^) (16) 

, = , ( , - , , ) . P . i ^ [ - ^ ) (U) 

Trong phuang trinh (II), chpn bien dieu 
khito ^3 sap cho Cj^Q trong khoang thai 
gian huu han. Khi do: 

Cac phuong trinh, (9)-(I6), tao thanh 
luat diSu khito backstepping cho gdi dien tir. 
Ong dung mo hmh va phuong phap tinh toan 
tdi uu cac tham sd cua aEM trinh bay d tren 
cho xe, khdi lupng thiSt bi va gdi truac co cac 
thdng sd nhu sau: 

m, = 1410kg; m̂  = 50 kg; ffi] = »>2 =74kg;/v=1620kgm;y^ =27 kgm;a = 1,25 m; 

6 = l,2m;/i =0,3Im;/2=0,833m;/3 =0,187m;Ci, = C2i =250000 N/m;C,2 =57300 N/m; 

C22 = 63600N/m;A'i2 = X22 =4350Ns/m;C|3 =650000 N/m;^23 =4340Ns/m. 

i 
1%, 
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DapltwntntoHtKptgM 

Hinh 3. Dich chuyin tuong doi giira ETUvd thdn xe khi di chuyen tren duang nhua 
(a) vd tren du&ng cdt soi (b) 

Md hinh mo phdng ddng luc hpc mpt 
nira ciia xe lip thiet b | qua gdi cao su truac 
va gdi aEM sau xay dung bang ph§n mem 
Matlab-Simulink. Ki t qua md phdng voi cac 
tiiam sd tren day dupe dap ung dich chuyen 
tirong ddi giua khdi lugng thidt bi v^ khung xe 
khi di chuySn trSn dudfng nhua va dudng cat 
sdi Of van tdc khdng ddi v=50km/h, tren hinh 3. 

KSt qua md phong vdi kich ddng mat 
dudng dang ngan nhidn eho Ihdy khi cd gdi 
giam dao ddng diSn tii dugc diiu khidn bang 
bd dieu khi6n backstepping thieh nghi dao 
ddng cua thiit bi giam ted tren 300% bidn dp 
Idfn nhit va khdng cd vung bi kich ddng cue 
bp, nhdf dd nang cao duge dp em diu cua thidt 
hi. 

4. KET LUAN 

Trong bai bao da trinh bay phuang phap 
nghien ctiu dao ddng cua may mdc, thiit bi lap 
tren san xe qua cac gdi cao su phia truac co 
dac tinh tuyin tinh va gdi da giam dao dpng 
diSn tii phia sau. Dua vao cac quan he dpng luc 
hpc trong md hinh mdt nua xe va ddng luc hpc 
goi dien tu, da d i xuit va tdng hpp dugc luat 
dieu khiin thich nghi backstepping cho gdi da 
dien ttr nham nang eao dp em diu va dn dinh 

cho thiit hi khi xe di chuySn tren dudfng mip 
md. Ki t qua mo phong da minh chiing hi$u 
qua giam dao ddng va nang cao dp em diu cho 
thiet bi khi cd gdi dien tii tieh cuc.<* 
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