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""' "' ' , '- "" VE DAO DQNG CUA GIA DO KHOI 
' -... X >) 

CUA NHIEU CO CAU PRANG SONG SONG 

NGUYEN VAN KHANG 

' " 1. MO DAU 

Cic gii d& cda ca cS:U c6 th~ phin thinh cic gii d& kh5i va cic gii d& khung. Gill sli- tren 
cling mi?t gi3. d& c6 J cct dlu phltng lam vi~c. Cic ca cilu trong cic miy thv-c thrrCtng c6 cic m~t 
phing chuy<1n d(ing song song (xem thi d11 & hlnh 1). 

Ne'u kh6i hrqng cUa ca c5:u 13· qui nhO so v&i kh5i hrgn.g cUa gii d& thl khi thie't l~p cclc 
phrrang trinh vi phin dao d9ng ella gii d& ngu·Cri ta thll'CYng bd qua cic khOi hrq'ng cUa d.c khiu 
ella ca di:u chuy~n dQng, xem ll!c quin tinh ella ca dlu 13 cic l~c k:kh d9ng. V&i cic gitt thie't d6, 
phtrang trinh vi ph in dao d9ng c-.la gii d& li cic. phtrang trinh vi ph in h~ s5 h~ng s5. Ta c6 cic 
dao d<}ng ctr&ng bU:c. Ne'u khOi hrqng clia CO' cau khOng ph<ii li qui be so v&i kh5i ll.rl!llg ella gii 
dCr thi khi thig't l~p eae phrrO'Ilg tr'\nh vi phin dao dQng ella gii d& phll.i xet Qg'n inh hubng ella 
khOi lm;mg cda ca cJ:u. Khi d6 chUn g ta se nh~n d1.rqc cac phrrang trlnh vi ph an h~ s5. tu'an hoan. 

Hinh 1a 
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Trong b3.i .bao n-ay se 't-hie't l~p die phuang trlnh vi phfm dao d(>ng ttiy~u tinh cda gi:i d& khOi 
c-da nhieu ccr diu phing song song. Cic phucrng trlnh vi ph5n tuye'n t.inh h~ sO tu'an holn c-da gi<i 
d& ccr c3u nh~n drrqc de d3.ng gi3.i drrf!C tren ril<iy tinh di~n ttl- b~ng cole h~ chuang trlnh cUa Lie 

gil. [1, 2]. 

,.J i"' v_, -""v '" ,-
2. BIEU THUG DQNG NANG VA THE NANG CUA HJ? GIA DO"- CO" 

~ 

CAU 

D~ mO ti chuyfn d9ng ella gi<f d& ca c5u chUng ta se stl- d~ng cic h~ t9a d9 sau {xem hlnh la 
va 1b): 

- H~ t<;>a d(; khilng gian ( x, y, z). 
- H~ tqa d9 g£lllien vOO gii d& (X, y,Z), v&i. gOC Cr tn;mg tam ghi d&, di.c tl'¥c b thOi. difm d'au 

song song v&i. cic tn;tC ella h~ (x, y, z). 

- H~ tqa d9 g~n lien v&:i gi<i d& Xi, Yi, ~i) v&:i gOc <r kh&p nOi gifra gi<i ·d& va ca cllu thfr j, c<ic 
tn;tc efta n6 ch9n song song v&i c<l.c trgc cda h~ (X, Y, Z). 

-- H~ tqa d<} (Eii,fJji,~ii) g£ulien v&i khfiu thfr i cda ca cau thfr j, v&:i gOc b kh6p c6 chis& be 
nhilt. I 

- H~ tqa g~n lien v&i khiu th-ll- i c-da ca diu th-6- j (x;-1 , yj1, zjJ v6i g0c Ct tn~mg tam khiu th-.1-
i cda CO' cau thli- j v;\ Ctic ti1}.C song song v&i. ctic tn;tc ~ji 1 7JJi 1 ~ji· 

Nhtr dii bie't v! trl c-da m9t v~t rln hilt k)r trong khOng gian drrqc xic d!nh bd-i 6 tham sO dl}<:; 
l~p: 3 thimh phlin djch chuy~n tjnh ti€n va 3 thanh phlin djch chuygn quay [3]. 6 day d.c gO<: 
Kardan d~ x<ic ~h cilc th~mh p_h"an d!ch chuy~n quay. Nhu the chU.ng ta se ch9n- c<ic th3.nh ph'an 
d!ch chuy~n theo die tr~c x, y, z cda tn?ng tim gi.i d& s, 13. Xfl Y!l ZJ va cac g6c Kardan a, {3, "t 

(hlnh 2) lam de t<;>a d(; suy r(;ug: 

(2.1) 

Thong dO c<lc dich chuy~n ella trqng tfim dtrgc tfnh tir vi tri c5.:h b~ng tinh S10 cda nO. 

y 

z 

Hinh 1b Hinh 2. C:ic g6c Kardan o., {3, '"1 

Sau day se gil. thi€t cac t<;>a d(; suy r(;ng q;(i = 1, ... , 6) Ia nh<:l. Do do gi&i h~n xet dao d(;ng 
tuyen tfnh cUa gici d& ca c5u. 
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Bi~u tldrc d9ng nang ella M g~m d9ng nang cda ghl do r, va cac d{mg nang cda cac khilu 
clia CO' cau Tji 

I J 

T = r1 + I: I: r,, (2.2) 
i=l j=l 

Gii thie't ghi d& ella cct c5u cling nhu cfLc khfiu crl.a cct diu d'eu lil. _c<ic v~t rltn tuye't dOi. Khi 
d6 bifu tlui'c df?ng n.5.ng cda chii.ng c6 d~ng nhu sau [3, 4, 5J: 

1 ( . 2 . 2 . ?) 1 J -2 1 J -2 1 -2 
T 1 = 2m1 x1 +y1 +zj +7. flw 1 +7. 12w2 +?.J13w 3+ 

+ J1 12W1 W2 + J1 13W 1 W3 + JJ23~2 w3 

1 (·2 ·2 ·2 ) 1 J =z 1 J =z 1 J =2 
TJi =---zmii xs1i + Ysii + zs1i + 2 :iilwfil + 2 1~i2wii'J. + 2 Ji3wJi3+ 

+ Jjil'J.~jil ;;;ji2 + Jji13~jil ~ji3 + Jji23;;;Ji'2 wji3 

(2.3) 

(2.4) 

Trong dO mf Ia khOi hrqng gi.i d&, mji 13 khOihrqng cda khiu thtl- i crla C(J cau thtl- j, Xs;i, YSiiJ 
isji 13. cic thlnh ph'an cUa v~n t& tuy~t dOi c-fia. tn;mg t·am cic khiu, Jfl, Jf2, J1a 13 cic mO men 
qu<in tinh cda gi<l d& dOi .v&i cac tn;tc X, fj, Z; Jiill J112 , Ji13 Ia ccic mO men qu<ln tfnh cUa kh5.u 
thlr i cda CO' Cau thtl- j dOi v6i cic tn_Ic x; ... , Yj-i, zji- Cic d{li hr<;mg J/12, Jf 13, J/23 va Jji12, Jii13, 

Jii23 Ia d.c n1& men tfch quin tinh. 

va 

Tlr h\nh 2 d~ dimg suy ra [2]: 

wl = Q cos f3cos 1 + Psin J 

iJh = PcosJ- 6::cosf3sin1 

w3 = '1 + 6:: sin /3 

;;;,.il =a cos ,8 cos(l +'Pi;)+ P sin(l +'Pi;) 

;::,.,2 = P cosh+ 'Pi;) - a cos ,8 sinh+ 'Pi;) 

wii3 = '1 + <Pii + 6:sinf3 

Theo [2] c6ng th-frc x<ic d!nh t9a d9 tn;mg tam d.c khiu cUa cct diu c6 do~mg 

Trong do 

[ 

cos {3 cos 1 
{aii} = cos a: sin J +sin a sin f3cos 1 

sin a: sin 1 - cos a sin f3 cos 1 

-cos f:J sin1 
c9s a cos 1 - sin a sin f3 sin1 
sin a cos 1 + sin a sin f3 sin 1 

sin {3 ] 
-sin a cos f3 
cos a cos f3 

(2.5) 

(2.6) 

{2.7) 

{2.8) 

D~o ham d.c bigu thU:c (2.5), (2.6), {2.7) roi thay vao d.c bi~u thU:c (2.3) va (2.4) ta nh~n 
drrqc bi~u thll-c d{;ng ning cda h~. 

The' nang .cda h~ bao gOm the' nang d;'m hOi cda cac 10 xo va the nang tn~mg ll!c cac k·hau. Do 
ta xet dao dc?ng cUa gia Ci:Ct quanh vi tri cin blng tinh cda n6 va. ta quan tim t6i. cic tnrCrng hqp 
V~l tOe khfiu d~n 16-n, nen troug nl9t sO tnrCrug hw c6 th~ bd qua auk hm!rng ella trc;mg hjc. Tuy 
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nhit~n n~~ d~ ca cic tr(mg"'lgc thl bi~u thti-c tfnh ciing khOng phtrc t~p len bao n~~u. Neu xem 10 
xo Ia tpyi!n tinh, thl bi~u thth: the' nilng ella gi<i dCr c6 d<p~g [4, 6}: 

Ngo.li ra h3m hao t3n cO-dc.mg: 

(2.10) 

' ,.. ,.. , , - ~ 

3. PHUCJNG TRINH VI PHAN DAO DQNG CUA GIA DCJ CCJ CAU 

The cac bi~u thrrc il\)ng nang (2.2), thg nang (2.9) va ham hao tan (2.10) vao cac phrrcrng 
trinh Lagrange lo~ hai [3J va khi bign i!5i bd qua cac so h'}ng phi tuygn ta nh~n drrqc phrrcrng 
trlnh vi phln dao d{mg t.uye'n tfnh cd.a gii d& nhi~u ca c~u song sorig: 

(M o + M M(t})f + (Bo + B M(t})i+ (Co+ QM(t})q= h(t) (3.1) 

C<l.c ma tr~n M o, B o, Co la· c<l.c ma tr~ hAng va khOng chll-a cic tham sO: ella cic ca c5u. 
Dc;mg C¥ th~ cUa cac rna tr~n nay da dm!C thie't l~p khi chi tigt trong [5, 7, 8]. Cic rna tr~n M Ml 

B _u, c M va vecta h c6 d~g nhrr sau [2, 6J: 

Trong il6 

ffl}..[ll 0 0 

fflM22 0 

M M(t) = 
m_A/33 

( iloi xrrng) 

mM11 = mM22 = mMss = 2:: L mfi 

i 

0 mM1s IDM1G 

mM24 0 mM2G 

mM34· mM35 0 

mM44 m_M-45 fflM4G 

fflM55 mMs6 

fflMGG 

mM15 =I": L ffljtZoj, m.M16 =- L L mii{Yoi + Ysjt) 
j i 

mM24 =- _LL mi~·Zoj, mM26 = LL mit(Xoj+ ~Sii) 
j j 

mMs<=l:L m,.;(l/0;-+Ysi;), mMss=-I:;I:; m,.,(xo,.+xs,.,) 
j i j i \ 

mM 44 = 2:.: L { mi; [ (llof + Y Sfi) 
2 

+ :Zo~·] + Jiil cos
2 'Pii~ 

3 

+ Jii2 sin
2 

pj·,i - 2Jii,12 sin Pii cos Pii} 

mM<5 =-L L [mi;(xof + xs,.;) (Yoi + Ysj;)+ 
i 

+ ( Jji'J. - Jjil) sin Pii cos Pii - Jiii2( cos
2

-rt'ji -sin~. rt'ii)] 
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Trong d6 

mu 46 = - '2: I,: [ m:ii (Xo:f + ~Sii)ZoJ + Jii23 sin IPii - Jiil3 cos IPi~]
i 

mMss = L L { [m,.,(:ro,. + ~Sii) 2 + z0}]+ 
' 

+ .Jjil sin
2 Pii + lji2 cos2 lr'ii + 2Jji12 sin Pii. cos Pii} 

mM56 =- LL [mfi(Yo~· + YsJi)Zoj- Jii13sinpii- Jii23cospii] 
j 

bM2o = z:Z::::Z::: 
j 

ffljiXSji 

bM34=zLL m,./Ysji, 
j 

ffijiXSji. 

bM44 =2 L 2:: [ mji (Yoj + Y Sit) Y Sji + ( Jii2 - Jfil )<Pii sin 'Pii. cos Pii+ 
j 

+ Jii12tPii ( sin
2 

Pii- cos
2 

'Pii) J 

j 

+ 4Jjil2tPii sin Pii cos <pii- lji3<Pfi] 

b M4G = - 2 L I: ( m:iizo/~sji + Jii13Pji sin lpji + Jji23P:ii cos Pii) 
j i. 

b M54 = - L L [2m,., (xoi + ~Sfi) ~ Sfi + (Jii2 - Jiil) ,p,., ( c<;s 2 'Pii - sin2 'Pii) + 
j 

+ 4Jji12tP:ii sin Pii cos Pii + lji3PJi] 

bM&5 =2 'L: L [m~·i (Xoj + ~Sii.) ~Sji + (JiH- Jfi2)P:ii sin <f'ij cos Pji+ 
j 

+ Jb.12Pii( cos2 
<f'fi- sin

2 
Pii)] 

bMsG =- 2 2: L:: (miizo/Y Sii + jfil2Pii sin Pii- Jfi13<i:>:ii cos IPii) 
j 

. . 
bMss =2 L L m,.,[(xoi + ~s,.,)~sii + (Yoj + YSii)Ys,.;] 

j 1. 
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v&i 

0 

0 

0 
QM(t) = 

0 

0 

0 

Trong d6 

CMt6=---LL mitYsii' 
j 

CM26 = L L M;i~Sji, 
j 

CM34=LL 
j 

CMss =- LL m;i~SJi, 
j 

0 

0 

0 

0 

0 

0 

0 0 0 CM16 

0 0 0 CM26 

0 CM34 CM35 0 

0 0 CM45 CM46 

0 0 0 OM 56 

0 0 0 0 

Cu4s = LL { m,;[(xoi + ~Sii)~sii- (YoJ + YSii)'~sJ;] + JMrpi'} 
j i 

CM46 =·- LL [m:itZO/~~Sii + 'Pii(Jiilssincp;i + Jiizscospii)+ 
j 

+ PJi ( Jii13 cos .lf~ji - Jii23 sin 'Pii)] 

CMs6 = - E L [ m;iZoj~ Sji + 'i>/i ( Jii2s.sin 'Pii - Jfil3 cos Pit)+ 
j 

+ <P]t ( Jii23 cos IPii + Jiii3 sin 'Pii)] 

h, =- 2:::2::: 
i 

ha =0, 

h4 = L L [mjiZo/Y Sii + <Pii{Jii23 sin Pii- Jji13 cos P;t)+ 
i 

+ PJt ( Jii23 cos 'Pii + Jiiq sin 'Pii)] 

hs = - L L [ m;tZo;Xs;t + <P.ii ( Jfi13 sin 'Pii + Jfi23 cos IPii) + 
j 

+ r.p;i(Jfil3 coscpii- ~ji2ssin<pit}], 

hs =- LL {mi;[(xoJ+ ~Sfi)~Sii- (Yoi+ YSJi)~si;J +Jfi3rpii} 
j i 

11 

(3.4) 

(3.5) 



Chli y ding cac mO rnen•tich quin tlnh JJd2, JJll3, Jii2 3 trong cic bii to<ln thJ.!c tC thrrCrng 
tri~t tifu do ch9n die h~ t9a d9 m9t cich thkh hqp. 

~ . 
IV. KET LU~N 

Khi quan ti1n t&i khDi hrqng n\a cS.c cct dlu linl vi~c & trfn gi<i d&, chU.ng ta nh%n dlXc;tc cic 
plnrang trlnh vi ghan dao dQng nhd cda ~ia d& cv c3u 13 d.C phu-cmg trlnh vi ph<in tuyen tinh 
h~ sO tu3n ho~m. cac phtrcrng tr1nh :nay c6 th~ gi<ll d1rqc rnQt each de dang tren may tlnh di%n 
t.U:. Cic hifu li'ng tham sO c6 th~ se giU.p chUng ta gi<h thlch m<';lt sO bi~n hrqng rna trong pham 
vi l:Y thuye't dao d{mg crr&ng blrc t-uyan t-1nh khOng th~ giii thich Chrqc. Vi~c chuyen bai t-oin t;en 
thinh bai todn phi tuytn v€ nguy€n t~c khOng· c6 gi kh6 khan. 

D~·a ch{: Nhqn ngily 1</2/199!! 
Truirng J0i hqc B,f.ch khoa }1'0,. 1Vf}i 
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SUMMARY 

ON THE VIBRATION OF THE BLOCK 
BASE·UNDER MANY PARALLEL PLANE MECHANISMS 

In this _pap-er the vibration· eqr:.at-ions ·of the block base under many parallel plane mechanisms 
w~re established. Using the T'aylor's formula and negled}ng the nonlinear terms we obtain the 
linear vibration eq11atimu having periodic coefficients. There equations can be solved by numerical 
method using digital comp·uter. 
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