7

Tap chi CT HQC, tip X1V, 1992, s8 3 (6 — 12)

VE DAO DONG CUA GIA DO KHOT
'CUA NHIEU CO CAU PHANG SONG SONG

NGUYEN VAN KHANG

1. MG DAU

Céc gid d& cda co ciu ¢é thé phin thanh cic gid d& khoi va cdc gid d& khung. Gii st trén
cung mét gid d& cé J co cin phing lam viée. Cdc co cdu trong cdc may thye thwdmg cdé cde mit
phing chuyén déng song song [xem thf du & hinh 1).

Néu khdi hwong clda co cdu 13 qud nhéd so v&i khéi lwong cla gid d& thl khi thidt lap céc
phwong trinh vi phin dao déng cda gid & ngwdi ta thwdng bd qua cdc khéi lwong cda edc khin
cla co ciu chuyén déng, xem lwc quén tinh cda co ciu 14 cic luc kich ddng. Vé&i cac gid thiét 46,
phwong trinh vi phin dao déng cta gid d& 13 cic phuwong trinh vi phin hé s8 hing 8. Ta 6 cde
dac ddng cudmg birc. N&u khdi lwong clia co cin khdng phii 12 qud bé so véi khéi lwong cla gis
d% thi khi thigt 15p cdc phuong trinh vi phin dao ddng cla gid dF phii xét dén 4nh hudng cia
kh3i liromg ctia co cdu. Khi d6 ching ta s& nhin dwgc céc phwong trinh vi phin hé s8 tuin hoan.
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Trong bai.bio nay sé thidt 1ip cic phrong trinh vi phin dao déng tiyén tinh cda gid d khéi
cha nhitu co ciu phing song song. Céc phwong trink vi phin tuyén tinh hé s tulin hodn cda gid
d& co ciu nhin dwoc d& dang gidi dwoc trén mdy tinh dién t& bing cic hé chwong trinh cda téc
gid [1, 2]. —

2. BIEU THUC DONG NANG VA THE NANG cUA HE GIA DO - CO
CAU - |

D& md ta chuyén déng cila gid d& co cdu ching ta s& s& dyng cdc hé toa d6 sau {xem hinh la
vi 1b}:

- Hé toa d6 khéng gian (z, y, z).

- Hé toa d6 gin li¥n véi gid 45 (7, ¥, ), v&i géc & trong tam gid d&, cdc truc & thi didm dau
song song véi cdc truc cda bé (z,y, 2).

- H3 toa 43 gin lién v&i gid 45 ;j, 3_,», ?_,) v&i gde & khép ndi gitra gid do va co ciu thir j, céc
truc cda n6 chon song song véi cde truc cda hé (Z,7, 7). .
- Hé toa 46 (&/i,m4i,¢4:) gdn Lidn véi khiu thir i cda co ciu thi j, véi gde & khép b chl 8 bé
nhit. ' '

- Hé toa gin lign v&i khiu thir i cha co cdu thir j (=}, ¥}, 2};) véi géc & trong tam khiu thir

1cta co ciu thit j va cdc truc song song véi cic truc £, nj, i

_ Nhw d3 biét vi tri cda mét vat rin bt k¥ trong khéng gian dwoc xic dinh bdi 6 tham s8 doc
lip: 3 thanh phin dich chuyén tinh tién v 3 thinh phin dich chuyén quay [3]. & diy cic gée
Kardan d€ xdc diuh cdc thinh phin dich chuyén quay. Nhuw thé ching ta sé chon cic thinh phin
dich chuyén theo cic truc 7, y, z clla trong tim gid d& Sy 13 zf, yf, 25 vh cdc géc Kardan o, B, 4
(hinh 2) lam cdc toa d8 suy rdng:

§={zs,yp, 25,0, 8,77 (2.1)

Trong 46 cic dich chuyén cia trong tim dwge tinh tir vi tri ¢dn bing tinh Sy cda ué.
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Hinh 1b Hinh 2. Cic gbc Kardan «, 8, 7

Sau day s gih thi€t cic toa d6 suy réng ¢;{s = 1,...,6) 12 nhd. Do 46 giéi han xét dao dong
tayén tinh cida gid 46 co ciu: ' '



B:eu thite ddng ni¥ng ctia hé gdm ddng nﬁng cda gid d& Ty vi cée dong ning eida céc khin
ctia co clu Ty . o

I 7 , - '
T=T;+Y % Ty (2:2)
i=1j5=1

Gl& thlet gid dcr clla co ciu cing nhw che khiu cda co ciu déu 1a cic vit rin tuyét dcn Kln
aé bifu thitc d8ng ning cda ching ¢é dang nhu sau [3, 4, 5{:

i . . . 1 . 1 _ 1 _
Tf ZEmI(:L'?- -+ y? +z§) + E_J_“wﬁ + EJfgwg -+ 5Jf3w§+ . ;

+ Jr2@y @2 + Jy 15 @3 + Jpaalon W (2.3)
1 . ] . 1 =4 1 = 1 =n

Ty =g M (%5 + 935 + 2850) + ‘Z‘Jinwm + 5%‘1‘?‘*’?*‘2 + 5-’;‘-'3“’;"-3-?
+ Jju:.’;ju C':inz + inw;ji_l 5;‘1‘3 + JJ’E23$J'i2 ;jis o {2.4)

Trong d6 my Ia khéi lugng gid 45, mj; 13 khdi lrong cda khiu thé i cda co cfu thir j, Zs;1, ys51,
2g 4 1A cdc thanh phin cda vin t8c tuyét d&i cia trong tAm céc khau, Jy1, Jya, Jrs 13 cdc md men
quin tinh cla gié do d6i v6i céc truc T, Y, Z; Sy, Jiie, i 13 cdc m6 men qudn tinh cda khia
thi i cla co cAu thi j d8i véi cac truc Tiis yﬁ, z};. Céac dai lwgmg Jyia, Jris, Jr2s va Jyire, Jjis,
Jiiza 13 cde mB men tich quan tinh. ' '

Tir hinh 2 d& dang suy ra {2):

gl

1 :dcos_ﬁc’os'y+ﬁsin'7
wy = ﬁcos'y - dcbéﬁsinfj . (25)
Wy =7+asinf

va
wji1 = acos Beos{y + wy;) + Asin(y + o)
wyia = Bcos(y + pji) — dcos Bsin{y + pji) . (2.8)
Wiz =4 + @y + asin f *
Theo [2] cdng thirc xdc dinh toa dd trong tAm cic khiu cla co cin ¢ dang
Ts i Ty 811 @12 ars| | Fes
Ysp | = |y | + 021 @az gaa| [ e : (2.7)
zg5i z5 @31 a3z Gaa Zgji
Trong 44
" cos fAcosy —cos fAsiny sin £
{a;i} = | cosasiny +sinasinfcosy cosacosy—sinasinfsiny —sinacosf {2.8)

sinasin-y —cosasin fcosy sinacosy +sinasinfsiny  cosacosf

Pao ham cic biéu thie (2.5), {2.6), (2.7) rdi thay vio cc bidu thire (2.3) vA (2.4) ta nhin
duge bifu théc dong ning cda hé.

Thé ning cia hé bao gdm th& ning din hdi cda cic 16 xo va thé ning trong lrc cic khiu. Do
ta xét dao déng cita gid & quanh vi tri cin bing tinh cla né vi ta quan tAdm t&i cac triromg hop
vin t3c khiu din 16m, nén trong mdt 53 truwdmg hop cé thé bd qua dnh-hwdng cda trong lwc. Tuy
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nhién néu dé cd cdc trong-lyc thi biéu thicc tinh ciing khéng phirc tap 1én bao nhidu. N&u xem 1>
xo 13 tuy@n tinh, thi bidu thic thé ning cda gid dEr c6 dang [4, 6):

Z Z Cf::‘i’: 9; | (2.9)

i=1g=1
Ngoii ra him hao tdn cé dang:

~

1o g _
®= o> brijgas _ (2.10)

i=1lg5=1

3. PHUONG TRINH VI PHAN DAO DPONG CUA GIA BG CO CAU

Thé cc biéu thirc ddng ning (2.2), thé ning (2.9) vd him hao t4n (2.10) vio cic phwong
trich Lagrange loai hai {3] va khi bién déi bd qua cdc s8 hang phi tuyén ta nhin dwoc phwong
trinh vi phin dao d6ng tuyén tinh cida gid & nhigu co ciu song sorig:

(Mo+Mum(®)F+ (Bo+Bar(t))d+(Co+Cuml))7=kh(y) (3.1)

Céc ma trdn Mo, Bo, Co 1i cic ma trin hing vi khdng chi¥a cic tham s8 cda cic co ciu.
Dang cu thé cda cic ma trin niy di dwoc thi€t 13p khé chi tigt trong [5, 7, 8}. Cac ma tran M s,

B, C ar va vecto k c6 dang nhw san [2, 8l

MAf11 0 o 0 Mmpf1s liG‘
Mpran 0 Mafa4 0 mafag
Mauly =] ' mMar3s  Maia4 mayss 0 (3.2)
o {81 xbimg) Mr44 MA45  Mhige
MM5E5  MA56
L MALGG

Trong dé

Mar1l = Mpara2 = MAf33 = ZZ ""'ji

ZZ MyiZoj, M6 = "ZZ myi y@g + y.‘:ﬂjl)

IAfey _ZZ mJaZOJ, mpfo6 = ZZ m,, Zoy + i )

Mprsy = Z Z m_-}'i(y(nj’ + iji): Mp35 = — ZZ my; 9:0_1 i )
i q

AL 44 = Z Z{m,-.-[(‘goj + —__!;3_-,';) + 20,-] + Jiin cos® ‘P_f€+
i

- i

maf1s

+ _-fjiz sin® gy — 2J5i12 810 @y cos ‘Pji}
matas = — D _ ) [milFos + T5:) (Fo; + vsii) +
;o
+ (Jﬁg - Jju) sin g cos pj; — _1':'12( cos? Pii — sin? Pﬁ)]

]
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Mara6 = = Z Z [mji(Zoy + Zsj1)Fos + Jjizasinpgi — Jyi1a cos gi]

2 t

mMAGSs = Z Z { [myi (Foy + 2s 1) +?o§']+

7t
+ Jji1 sin® g + Jyia cos® @i + 25610 8in @yi cos <p,~‘-}

Mafs6 = — E E [m_-.‘i (yt)j -+ ys;‘-‘)foj - Jji13 sin@ji - Jjizs cos 99;‘;']

3 t
Marag :ZZ {m,-,-[(fgj + isﬁ)z + (370}- + ?s_ﬁ)z -+ J,‘is}
B B ‘ ‘
_ o 0 buis]
0. 0 base
b barss O :
B lt) = M3s  Upf3s {3'3)

bazds baas barse
bamss bumss  barse
0 0 basee]

o o o0 o o

o o o o o o
o o o o .o o

Trong 46

barig = — 2 ZE mji;r;j;, barzs = 2'2 Z ™My TS5y
. j i . N
barar =2 Z Z MyiYsi, bamas=-29 ) miTsp
7 i 7 i :
bafaa :2.2 Z [ms (foj + ys5i) ?s_.,-; + (Jyiz — Jj1) @y sin gy cos g+
Jd )

+ Jii1295i sin® pji — cos® )]

barag = — Z Z [2my; (?o'j + ;Sji)gsji + (Jjiz — Jyi1) @5i ( cos® pji — sin® pji) +
7o o .
+ 4JJ','12 ({:73'; sin ©4i COS P4 — J_.,'{gif?j,‘]
barag = —2 Z Z (mjﬁ_oj;sji + inm‘ﬁ"ﬁ sin pj; + Jjiasi cos ‘Pﬁ)
Jj ‘
barss = — Z Z [Zmﬁ (503' + isﬁ) ;Sﬁ + (Jﬁz - inl)ﬁf’ji(mgz i — sin” ®yi)+
7 t .
-+ 4.]1;,'12 (bj','. Shl Pyi CoOs 90_7'1' -+ Jj{a@j,‘]
bass =2 Z Z tmy; (Zo; + Ts5i) Tayi + (J551 — Jyiz)@4s 8in gi5 cos i+
J o ‘ : - .
=+ le‘fl?qu‘f( cos” Pri — Sin2 ‘P;‘i)]
barss = — 2 Z Z (mj'ﬁo,-,; syi + T2 sin iy — Ji1a@ji cos o)
i : _ .
bares =2y 9 myil(Foj + Fs50) Zsg + (Yos + ¥ssi) Vs

F ]
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0 0 0 a 0 C'Mle 1
0 0 0 0 0  Cuae
0 0 0 c C 0
QM(t) _ ¥34 M35 (3,4)
0 0 0 0 Cumas Cags
0 0 0 0 0 Cmse
i 0 0 0 0 0 0 4
Trong dé
Crri6 =~ Z Z mfi?s;‘;:
P
Crros = Z Z Mz s,
e
Carsa = Z Z mJ'l';S:."i’
i
Cunss == DD, mjiZss,
it
Crras =) Y {mg'i[(foﬂf + Z55) ¥y — (Yos + ¥si) Tos] + JJ"'”B"‘}
FR
Cres == D Y [myiZo;7s5 + @yi(Jjirs sin ji + Jyizs cos )+
. 7 i 7
+ 6%(Jrias cos ipgi — Jjins sin i) |
Crss = — E Z [mg'iioﬂjsii + séfi(-fﬁzalsin wii — Jiins cospji)+
FIN .
4 @?i (Jﬁ2'3 €O8 ;4 + Jjirz sin 5"3‘1‘)]

R={h1 hs hs hi hg he)T (3.5)

'
Vol

h1=—E 5 My Tsgi,
;

7 :
b= 5 midssn
oA
ha :OJ
he = Z Z [mjiZo;¥ sy + G5 (Jjinssinpji — Jjnacospye)+
=4 : . .

+ 96?,- (JJ-,'23 €08 ;i + Jyi13sin qp_,,-;)]
he ==Y [myiZo;Tssi + E5i(Jjine sin i + Jyizs cos o) +
E
+ 6% (T1s cos oy — Jjina sin i) ],

hg = - Z Z {mji[("foj + Tesi)¥sji — (Yoj + ¥s5) Tsii] + ina‘;z’ji}
A '
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Chd ¥ ring cic md mentich quin tinh S, Jy1a, Jygs trong cic bai todn thwe t€ thuimg
triét tiéu do chon cie hi toa d§ mot cdch thich hop:

V. KET LUAN

Khi quan t3m 61 khii leong cla céc oo cin B3m vide & trén gid do, ching ta nhin dwec cic
phirong ¢rinh vi phin dao déng nhd cda gid 4o co cfu i cic phewong trinh vi phin tuyén winh
hé 23 tudn hodn, Céc phweng trink ndy cé thé gidi dwgc mot céch dé dang trén mdy tinh disn
g, Cde hidu dng tham 88 ¢6 the s8 gidp ching ta gidi thich mét s0 hién twong ma trong pham
vi 1y thuyft dao ddng cwimg birc tuyén tinh khéng the gidi thich dwee. Vige chuyén bai todn trén
thanh bli todn phi tuyén v8 nguyén tdc khing cé gl khé khin.
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SUMMARY

OF THE VIBRATION OF THE BLOCK
BASE-UNDER MANY PARALLEL PLANE MECHANISMS .
In this paper the vibration eguations'of the block base under many parallel plane mechanisms
were established. Using the Tayvlor’s formnla and negleciing the nonlinear terms we obiain the
iinear vibration eguations having periodic coefficients. There equations can be solved by numerical
method using digital computer.



