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VE MO HINH BONG LUC HOC HE MAY MOC
DAT TREN PHUONG TIEN CO GIOI DUONG BO

O LAP GOI GIAM DAO DONG

ABOUT DYNAMIC MODEL FOR MACHINE ON THE ROAD MOTOR VEHICLE

WITH REDUCED VIBRATION - PILLOWS

TOM TAT

Vén d8 nghién ctu nang cao dd tin cay lam viéc clia cac may méc, thiét bi
chuyén dling dat trén phuong tién co gidi dudng b6 chiu tac dong rung dong déd
duoc nhiéu nuoc trén thé gidi quan tam va nghién cu. Mot s6 két qua nghién
clu dugc cong hd gan day da minh chig huéng nghién ctu giam dao dong
bang phuong phép céch ly, diéu khién tich curc dem lai higu qué cao, phi hop dé
dat duwoc cac chi tiéu on dinh cho trang thiét bi trén phuong tién co gidi nay. Bai
béo nay trinh bay két qua xay dung cong cu phéan tich dao dong clia trén phuong
tién co gidi gan gdi céch ly dao ddng, lam co st tinh toan, thiét ké g6i giam chén
dién tlr nham giam dao dong trén phuong tién co gidi nay.

Tr khoa: M6 hinh dong luc hoc, phuong tién co gii dudng bd, goi d& giam
rung.

ABSTRACT

The research to improve the working reliability of specialized machine and
equipment on road motor vehicles affected by vibration have been interested
and studied by many countries in the world. Some recent published research
results prove research directions to reduce vibration by active isolation and
control methods, which bring about high efficiency, suitable to achieve stable
targets for equipment on this motor vehicle. This paper presents the results of
the construction of the oscillating analysis ways on road motor vehicles, which
were mouted the vibration isolation pillows as a basis for calculation and design
of electric damping pillows to reduce vibration in this motor vehicles.

Keyword: Dynamic model, road motor vehicles, reducing vibration - pillows.
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1. DAT VAN DE

Hién nay, mot van dé rat quan trong can duoc giai
guyét la viéc bdo dam do ém, dé on dinh va giam rung
dong cta may mdc, thiét bj chuyén dung dat trén cac
phuong tién giao thdong co gi¢i duong bd. Do do, viéc
nghién clru (’ng dung cac phwong phap tién tién dé giam

bao Duy Trung

dao ddng cho trang thiét bi, may mdéc nay dat trén phuong
tién co gidi rdt cd y nghia khoa hoc va thuc tién.

Trong cac phuvong phép lam gidm dao déng cho hé
théng may, két cau va thiét bi, phuvong phap céach ly dao
dong thu dong dugc sit dung phd bién nhat. Nguyén tac co
ban cla phuong phép la cach ly ngudn gay dao dong va
két cau, tiéu hao mét phan hodc toan bé nang lwgng do
ngudn kich déng sinh ra bang phan tir hodc hé théng phan
tl hap thu va tiéu tan nang lvong [1]. Bai bao nay trinh bay
két qua phan tich dao dong [2, 3] dat trén phuong tién co
gidi ¢ gan gdi cach ly dao dong, lam co sé tinh toan, thiét
k& g6i gidm chdn dién t¥ nhdm gidm dao ddng trén
phuong tién co gidi néi trén.
2.NOIDUNG NGHIEN CUU
2.1. Cac gia thiét xay dwng md hinh [3, 4]

Pé don gian bai toan, nghién ctru c6 cac gia thiét:;

- Khdi luvgng thiét bi may méc chuyén dung trén xe m,
chi dao déng theo phuong thdng ding, khong cé dao
ddng quanh truc nao trong khong gian.

- Dich chuyén ctia mbi cau xe dugc xem nhu 1a dich
chuyén dai déc 1ap clia hai khoi lwvgng treo d6i xing, nén
dat xe duoc coi nhu tuyét déi clirng;

- Hé théng treo va l6p xe chi chiu tac dung dao dong dai
tuyén tinh theo phuong thdng ding. Luc can ctia cac co hé
ti 18 tuyén tinh véi van téc cda chuyén vi; dé ciing theo
phuong dirng cla cap hai I16p trwéc va hai 16p sau tuong
ng bang nhau.

2.2. Hé phuong trinh vi phan chuyén déng co hé [4, 5, 6, 8]

M6 hinh nghién cru gidam dao dong cho may maoc dat
trén phuong tién co gi¢i duong béd dugc néu dwéi dang mo
hinh nhu hinh 1.

Trong do: thiét bi c6 khdi lvgng m, Iap trén san xe qua
g6i giam dao dong dién tir c6 do cling k, do can c, va luc
diéu khién tich cuc F,, tai vi tri cach khoi tam clia xe theo
truc 0X va 0Y lan luot la x,, y,. Than xe c6 khéi lvong m, md
men quan tinh quay quanh truc 0X la J, mé men quan tinh
quay quanh truc 0Y 1a J,; Hé théng treo trudc bén tréi, trede
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bén phai, sau bén trai va sau bén phai lan lvgt dugc mo
hinh héa dang b 16 xo gidm chén cé dd clng, dd can
twong &ng ki, ¢, Ky, C3, Ky, €y, Ky, 4 Hai 16p truéc xe c6 do
clring ky; va twong ng hai I6p sau xe ¢6 do cing Ky,.
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Hinh 1. M@ hinh hé trang thiét bi trén phuong tién co gici dwong bo

Trang thai dong luc hoc cla co hé dwgc xac dinh véi 8
bac tw do gom: z, la dich chuyén clia khéi lvong trang thiét
bi theo phuong thang ding; z la dich chuyén cuia khoi
lvong than xe theo phurong thdng ding, ¢ la chuyén dong
quay cua khéi lwvgng than xe quanh truc 0Y, 6 la chuyén
dong quay cua khoi lugng than xe quanh truc 0X va dich
chuyén thang ding ctia bén khéi luong khong treo twong
tngla z,, z,, z5, Z,

Hé phuong trinh vi phan chuyén dong clia co hé gom 8
phuong trinh tvong (ng véi cac bac tv do, gom:

MyZp +Kp (zp —z—xpe—yp(p) +cp(2p —Z—Xpé—yp(p) +F,=0(1)

mZ—kp( —Z-Xp 0- yp(p) ( P -2- Xp 6— yp(p)
-F, +k1(z—ae+B(p—zl)+cl(i—a9+B(b—21)
+ky (z+bO+Bp-12,)+c, (2+b6+B¢)—iZ)
+k3(z—a9—B(p—23)+03 (2—aé—B¢—i3)
+ky (2+bB-B@—-24)+cCy (2+b6—B¢—24) =0
inp+kp(z

+FaYp +kq (2—20+Bp—2)B +cl(2—aé+B(p—21)B

b2 X8 -Yp9)¥p +Cp(2p _Z_Xpé_yp"p)yp
+k2(z+b9+B(p—zz)B+cz(2+b9+B(p—22)B ©)
g (2-a0-Bp—23)Bc5(2-a0-Bp-13)8

Ky (2+bB-BO—24)B—Cy (2+DO-BH—2, )B=0

Jyé+kp(zp —z—xpe—yp(p)xp +cp(2p —Z—xpé—yp(p)xp
+FaXp —kl(z—a6+B(p—zl)a—c1(Z—aG+B(p—21)a

+kp (2+bB+BO—25)b+Cp (2+DO+BY-2, )b 4)
—k3(z—ae—B(p—z3)a—c3(2—aG—B(b—23)a

+kg (2+D0-B@-24 )b+ (2+bB-Bh—24 )b =0
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rThil—kl(Z—a9+B(p—zl)—Ol(i—aé+B¢—21)+k0121 :kth]_(S)
mzzz —k2 (Z+bG+Bq)—22)

o, (6)
—Cy (Z+bG+B(p—22)+k0222 :k02q2

msis _ks (Z—ae—B(p—Z3)—C3 (2_ae_B¢_23)+k0123 :kmqs (7)
M2, —k, (2-+b0-Bp-2,) ¢, (2+8-BY-2, ) +ky2, =k (8)

S dung vécto bién trang thai tvong (’ng nhu sau:

X{x&&&&&&&&xﬂ&&&&&&]

2219900242 521%212721%]

©

Hé phuwong trinh vi phan chuyén déng gbm cac phwong

trinh (1)-(8) c6 thé dwoc viét dwdi dang phwong trinh trang
thai ma tran:

X =AX+BQ+GF (10)

trong do:
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2.
+KoYp

— (K4 k2+k3+k)
=—(cy+cy+Cg3+cy)B? +cpyp;
= (aky —bky —aks +bky )B+kpypXp |
= (acy —bc, —acg +bcg )B+CpypXp
=—(ky +ky —k3 —k4 )BZ +Kpyp:

=—(cp+¢y —c3—c4)82 +CpYp i

Ag Ap As A As As i —cakb ch - cakb cb X, 55|

R A A A A A AR AR AR A

=Ax3; A=Ay,

Agg = (o + b7k, +a%ks +bPky B +kpx;
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2 2 2 2 2 2.
Ay =—(a ¢y +bcy +a‘c3 +b 04)8 +CpXp s

A45 = (akl —bk2 +ak3 —bk4)+kpxp ,

Age =(ac;—bcy +acz —bcy )+ CpXy;

p~p
M{%%%%%%M%%MM
m m m m m MmMmmmmmmmmmm

Ae1 == (ki +ka —kg —Kq )B+kpy,

Ag2 =—(cr+Cp—C3 —c4)B+cpyp,
Ags = (akq —bkj +akg —bky ) —KpXp;
Agy =(ac; —bc, +acg —bey ) —kpXp;
Ags =—(ky+kp +K3 +Kq +kp );

A66 :—(C1+C2 +C3 +C4 +Cp);

A=Im[kB B KB B k G {k+k,) 00000000
A =Im[kB cB kB ¢h k ¢, 0 0 {k+g) < 000000
A =Im[ B B ka ca k ¢ 0000 k) < 0000
A=Im[kB B kb cb k, ¢, 0000 0 0 k+g) <, 0 0]
As=Im[ky, 6% KX, 6% K G 00000000 %
B=[B; B, B3 By,

Blz[o000000k01/m100000000]T
BZ:[000000000k02/m2000000]T
53:[00000000000k01/m30000]T
B,=[0 0000

F=[FJ:

o
G=[0 /% 0 %/3 0 Um0 00000000 Un|

0000000 0 Kp/m 00

Khi phrong tién di chuyén trén dwdng, cac kich dong
tir madt duvong la nguyén nhan chinh lam cho hé bi dao
dong. Cac dao dong duoc do bang cam bién, tin hiéu nay
truyén t6i bo diéu khién, tai day bd diéu khién x Iy tin
hiéu va 1ap Iénh diéu khién truyén téi goi giam dao dong
dién tr. BO diéu khién c6 thé sir dung mot s6 luat diéu
khién khac nhau nhv PID (Programmable Integrated
Diagram), LQR (Linear Quadratic Regulator) hodc céc luat
diéu khién thong minh [7]. D€ thiét ké dwgc cac bd diéu
khién nay v&i muc tiéu gidam dao dong cho trang thiét bi,
trwdc hét can phai thiét ké va diéu khién géi giam dao
déng dién tlr sinh ra lyc diéu khién tich cuc F, théa man
cac chi tiéu giam dao dong.

2.3. Md hinh tinh toan, thiét ké g6i giam dao dong dién
twr [8]

Mo hinh tinh toan, thiét ké g6i giam dao dong dién tu

duwgec trinh bay trén hinh 2.

Cudn cam x

T~ Nam cham

Hinh 2. M6 hinh g6i d6 dién tl

Trong md hinh nay: luc F, la luc tac dung clia g6i cach ly
dao déng dién tir, m, 1a khéi lwvgng phan di chuyén cutia géi,
U, la dién ap dat, k, la dd ctng clia gbi, c, la tham s6 tvong
(rng voi do can cha gobi. Khéi lwgng phan cdm (rng duoc nbi
véi cudn day di chuyén trong tlr trung nam cham nho
nam cham vinh cru. Khéi lvgng di chuyén dugc ndi véi san
théng qua dd cing k, va do can c, Cuwong do dong dién
trong cudn day dugc xac dinh béi phwong trinh;

di

R|+Ld— —U, —Cx (11)

trong doé: R Ia tré khang; L 1a cdm khang; -Cix la dién ap
déng sinh ra do s di chuyén.

Phuong trinh chuyén dong ctia phan khéi lvgng dich
chuyén la:

MyX +C X +K X =F (12)
trong do, F la lyc dién tir. Lwc nay ti 1é voi cwong dd dong
dién trong cudn day theo quan hé:

F=Cyi (13)

Bién d6i Laplace cac phwong trinh tir (11) t¢i (13), ta co:

m,s? +| ¢, + 1 |5k |x=—C2 U,
R+sL R+sL

Mat khac, do dinh ludt quan tinh nén F; =-m4X hoac

viét dudi dang Laplace F, =-m,s?x. K&t hop véi phuong

trinh (4), xac dinh dwgc ham truyén luc tac dung cla goi
cach ly dao ddng dién tr F va dién 4p déat vao:

(14)

2
Fa_ ~MaCos (15)
Ua  myLs® +(mR+c,L)s? +(cR+k,L+CiCp)s+k,R

Nhu vay, luc tich cuc cla g6i gidam dao dong dién tu
hoan toan duoc xac dinh theo dién ap dat khi biét cac tham
sO két cAu cla goi.

B6i voi md hinh gbi cach ly dao déng cho may mac,
trang thiét bi dat trén phwong tién co gi¢i nhuv hinh 1, dich
chuyén ctia phan di déng la:

X=2p-2-Xs0-Yyp0

Hodc dang Laplace

(16)
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X=Zp-Z-Xp0-y,® (17)

Muc tiéu diéu khién g6i cach ly dao déng cho trang thiét
bi, may mdc dat trén phuong tién co gi¢i dan dén diéu chinh
dién ap dat U, dé dich chuyén ctia né 1a nhé nhat.
3.KET LUAN

Céch ly dao dbng la m6t trong hai phuvong phap dugc
slr dung réng rai dé giam dao dong, nang cao do on dinh
clia may mac, thiét bi, cdng trinh, cling nhu trang thiét bi.
DaGi voi nhitng trang thiét bi trén phwong tién co gidi chiu
kich dong tr mat duong va hé théng truyén lyc thi viéc
gidm dao dong dic biét c6 y nghia nham nang cao do 6n
dinh, nang cao hé s6 an toan va mé ra kha nang (rng dung
cach ly dao ddng tich cwc, mot trong nhitng phuvong phap
tién tién nhat hién nay trong viéc gidm dao déng, dong
thoi gilp nang cao chat lvong lam viéc cho cac may moc
thiét bi chuyén dung (vi du cAc may mdc, thiét bi y t€,
truyén thanh, truyén hinh, khi tai cdng an, quan sv,....). Vé
mat co hoc, hé thdng treo clia phwong tién co gidi cling la
mot bd cach ly dao ddng. Tuy nhién, do cac hé thdng nay
duoc thiét ké vai muc dich chid yéu la bdo dam d6 én dinh
dao dbng cho nguti va hang hoa dudi sy tac ddong mat
duwong (kich déong nén) trong mot ving tan sé nhét dinh,
nén hau hét cac hé thdng treo khong cé dac tinh pha hop
thiét bi chuyén diuing. Do vay can thiét phai b6 sung nghién
clru nay vao van dé dé cap o trén.
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