Tap chi CO HOC, tap XIII, 1991, s§ 27 (15 — 22)

TINH TOAN BANG SO DAO DONG UON TUAN HOAN
CUA THANH TRUYEN TRONG CO CAU BON KHAU

NGUYEN VAN KHANG, VU VAN KHIEM

1. MO DAU

Vide ting t3c dd lam vidc v gidm khéi lwrong clda cdc mady doi héi phidi quan tdm t&i tinh
chit dan hdi cidc khdu cla co ciu trong mdy.

Viéc nghién ciu dao dong udn cla khiu néi trong co ciu bdn khiu di dwoc 48 cip dén trong
mdt s8 cong trinh nghién céu, ching han trong (1, 2, 3, 4]. Trong 46, khi thiét 1p phwong trinh
dao déng thuimg dwa ra mdt s3 gid thiét dom giln hon. Khi gidi, ngudi ta holic chl tim dwege
nghidm bing phwong phip s8 treng giai doan méd may, hofc tim nghiém tulin hodn mdt cich khi
thé bling chubi lwomg gide. )

Trong cong trinh ndy, 4p dung k¥ thuit tich ciu tric, dira ra mét phwong phidp téng quit
d2 thidt 1ip phwong trinh dao déng uln clia mdt co ciu bit ky trong cor cfu nhitu khiu, Sao d4
trinh biy viéc tinh todn bing 8 xdc dinh dao ddng uén tuin hoin cla thanh truyén trong co c¢iu

bén khiu.

2. CAC MOI QUAN HE DONG HOC

Xét co ciu bén khiu ban I8 & trong mit phing thing ding (hinh 1), trong 46 OA, CB 14 vit
rin con AB 13 thanh thing dan hoi.

Goi khai tim cda khiu OA 14 S;, cdn khdu CB 14 Sy, cac kich thwée cho trén hinh ve.

Lap hé truc toa 48 ¢& dinh O&n vd hé truc toa 46 déng Azy véi true Az di qua AB nhw
hinh 2. '

Xét mdt difm K trén thanh AB, c6 toa d6 twong d8i ban d3u (z,0), tai thoi didm khio sit
né chuydn déng dén K' véi dich chuyén doc u, dich chuyén ngang w, khi dé:

Fri = [Eg cos{pg — @3) + 2 + u]’?—}- [Eg sin{ipz — @) + 'wl; (2.1)
Do - -
Eii e Clj'. . .7
dt = 231, de = 12

Nén tir (2.1) suy ra:
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vz = —fapzsin(pz — 3) +i4— P3w,
vy = by cosipn — p3) + Pau + W + Paz
va, .
as = —EaPosin(ips — pa) — L2 cos(pz — ps) + & — Pou — 2Path — Paw — GiT, -

j o . L (2.3)
ay = —£2$7 cos{ipz ~ pa) — Lo s sin(pg — ps) + 23t + B — Giw.

Trong @6 vz, vy, Gz, 3y 13 cic thinh phin hinh chifu trén cdc truc Az, Ay cla vin t8c va gia
tdc diém K.

Hinh 1 : S Hinh 2
Né&u bd qua dao déng doc cia thanh truyen thi cdc bidu thive (2.2), (2.3) ¢6 dang:
v, = —fa¢py sin{pz — 03) — $aw, '

, dw (2.4}
vy = Ly COS(‘Pz - p3) + s + 3%

] ' . L dw .
az = —E@; sinfpy — p3) — Lyh cos(pz — wa) — _Z‘PSE‘ - @w — pir,
’ ‘ 3%y . (25)
ay = —Eaz cos(pg — pa) — Laps sinfpz — ) + 32 -Pav

Ngodira, ta cdn ¢6 cic phwong trinh rang bujc:

£o cos o + [£3 + uff, t)} cosy — £ycospy — £ycosf =0,

. . . . 2.6
£y singy + [Es + u(E,t)] sins — £y sinpg — €1 s8ind = Q. (2.6)
Néu bd qua dao ddng doc cida thanh truy®n thi (2.6) c6 dang:

£5 cos o + €3 cos py — £y cospy — €1 cosf = 0, : (2.7)

€2 8in o + €3sin s — £y 8inpy — £y 8inf = 0.

Tir (2.7) khi bigt quy ludt o2 = pa(t) ta s& tim dwoe pa{t), walt).

3. THIET LAP PHUONG TRINH DAO DONG UON CUA THANH TRUYEN

Ap dung phwong phap téch ciu tréc, ta tich co ciu thinh 3 hé con: OA, CB va AB (hinh 3,
4, 5).
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Trwée hét, 4p dung nguyén 1§ d’Alambert ta tinh todn céc bifu thirec x4c dinh phén lyc & cdc
khép néi. , ;
Véi tay quay OA (hinh 3), ta cé:

X = -fXA + Pzsinps — ?232 [903 cos{ipa — @a + az) + G sinfpz — s + az)],

(1)
- Py L2 . . :
Yo=—-Ys+ Prcosps — -*;82[902 sin(z — p3 + az) — G2 cos{pz — s + ag)], (3.2)
. V . . 8
My = Jo¢g + £ [Xasin(pz — 3} — Yacos(pa — ) + Eﬁpz cos{p2 + az)]. {3.3)
2
Trong d6 Jo - mé men quén tinh cda OA ldy d8i véi O.
Véi can 1 CB (hinh 4), ta d& dang tim duge:
' . Py . ..
X.,=Xp + Pysines — ?34 [rp4 cos{ipg — o3 + a) + Gy sinf{ps — 3 + cx4)], (3.4)
Y.=Yg+ Pycospy — f%[ﬁ% sinfps ~ s + as) — Bacos(ipy — 3 + aa)}, (3.5)
X5 = By + cotg{py — 3) Y. (3.8)
t dé .
rong dé B, = Pysg cos(pg + oy} + Jepa
£y sin(ps — w3)
vi J, - mS men quén tinh ¢ia OB 18y d8i véi C.
Véi thanh truyen AB (hinh 5} ta dwgc:
£
Xa=Xp -~ [ [;L{g st + az) + C’mv,,]d:c, (3.7)
o
&3
Yi=Ys —-/ [u(g cos o3 + ay) + Cyuyldz, (3.8)
0
1 .53 3 £a
- Jgvw
Yy = a{ /pJ(c,og + W)dz—i— [ [p.(gcgs w3 + ay) -+ Cyuy|zdz—
0 0
£y
_ f {,u(g Sint (3 + aI) + C,_Uz]wd:c}. (3.9
0

O day v, Uy, Gz, ay dwoc tinh theo {2.4), (2.5). C;, C, 14 hé s8 cdn ngoal.
g - khoi lwgng phan bd trén dom vi dai,
p - mat d6 khédi, g - gia t8c trong trwdng,
J - m6 men quan tinh mit 1dy d8i v&i truc vudng goc véi mit phing chira co cdu

mit = pJ(§53 + A7) = pJ(tﬁs + _rgiw_)
‘ / Jzat?
.- . Sw
vdi«y - gbc cla thaph, v .
z
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P& thidt lap phwong trink dao d6ng udn cda thanh AB ta xét mét phin ti cé chidu dai dz
(hinh 6).

Hinh 8 Hinh 5

Hinh 4§ Hinh 6

Ap dung nguyén 1y d’Alembert vi st dung hé thite lién hé giita bién dang v tmg sudt

o= FE(e+ ac—£) [8], & 43y e, - h& F cdn trong, sau vii phép bifn déi ta cb&

29 (5 sz = 35 07 (s o))

£ L7}

. _ _ R Y: 2
_ {XB—fp(E)_[gsmgcg +am(f)]dz—fcz(z)vm(z)dr}gg_
x 0
. Sw
- [,u(gsm 3 + az) + Czuz] o + ;u(gcos 3 + a,y) + Cyvy, =0 {3.10)

Duwéi diy, xét mdt trudng hop hay gip trong thuc t€ k¥ thuit: chnyén ddng cda khiu din
dwge cho trwde p; = @2(t). Khi db ta dwge hé khép kin dd giki.
Khit Xp tir (3.6) va (3.9) rdi thay vao (3.10} ta dwoc;
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wa e (G e - gl (e 5]

£
1 3w
- {B4 + E;C'th(ﬁ% - 503)[ / pJ(Hs + 32 Btzd T+
0
€3 [£3
+ f (1(gcos @3 +ay) + Cyvy ) ds - / (u(gsinps + az) + szz)wdz] _
o ' 0 : '
t . ¢ ‘ 52
_ S IR - T
- [y('f){gsmgpg+a$($]]da:ﬁfo(z}vx(x)dw}EJ:—z_
T T )
. : dw
— [p(g_sm ws +az)+ szxla + plgcos es + ay) + Cyuy = 0. (3.11)

Phuong trinh (3.11) & phwong trinh dac him rigng phi tuyén . Ta ¢6 diu kién bién:

w(o,t) = w(fz,t] =0 (3.12)
Sau khi tim dwgc w{z,t) thay vio 9 phrong trinh {3.1} dén (3.9) ta s& d& dang tim dwoc 8

thanh phin phin hwe X4, Y4, Xg, Y5, Xo, ¥o, X., ¥, vi m5 men phdt ddng My. VI viy nhidm

vy co bdn vi khé khin nhit 13 tim dwoc ham dich chuyén ngang w(z,t).

4. DAO DONG UON NHO CUA THANH TRUYEN KHIKHAU DAN QUAY
DEU '

& day gidi han xét dao déng udn nhé cda thanh truyin thing ddng chit, ¢6 thidt dién khéng

. d8i va hé =8 cdn 12 hing. Gid st tay quay QA quay d8u vé&i vin t8c géc khéng 481 1a 2

= {(4.1)
Dt ¥ = 2~ o3 =t — s
Thay (2.4), (2.5) vao (3.11), chi § dén {4.1) vi bd qua cdc thanh phin phi tuyén, sau vi
phép bién d&i ta dwoc:

a* a° g x?, 8%w ]
5os T amis " FaasE ~ O+ Bz ROF5 5 - (B0 - 05
3 (O '
+Eﬁjag+ﬁ'£“ﬁ(ﬂ'w=ﬁfo(t)_fl(t)'x (4.2)
Trong d4:
folt) = 4 (ge0s 5 ~ 0% sing) + - tyf1cos v,
Cy . .
Hlt) = E’%ﬁs + E‘I“’Ps; f2(t) = E"{f@-““
C,
fa(t) = E-F(QSIHps — EQQ cos 1,[)) - Ejﬂgﬂsmip,

2 2
falt) = By + cotglpg — 903) ‘Pa + folt) - %‘ + filt) - %3} = fa{t) - £a + faft) - !7,2 .

19



Chii ¥ ring do (4.1) nén cde ham £;(2), (£ =0,...,4) d%u 14 c4c ham tulin hodn cia t véi chu

ky 2 /02
Do digu kién (3.12) nén ta tim nghlem w(z,t) cda phwong trinh (4. 3) dwéi dang

gi(t} - sm%-—m (4.3)

n'MH

w(z,t)
Thay (4.3) vio (4.2}, sau d6 I3in luot ahan hai vE véi sinj—z (f = 1,...,7) rdi ly tich phan
3

theo z tir 0 dén £3. Ta dwoc:
.
p 2™ LAY
(5 52 N EJ)q’ + (e gt )it
- 2 P
+ [J £—4+J £—2f4(t)+3 Efs(t) ( +7 —)fz ]
2 .
- 2. aa‘:‘[;fex(t)*b(f)]qi'” D aiifalt) - g = sl (4.4)
['-+J)1é ° V (i+;?:gh3n
7=1,...,1
Trong d§ { L2, (1  Khi 7 chin
' i ey 2t T
4 :
”[(z—:)z i+ 77
H¢ phwong trinh (4.4) c6 thé vift dwoc dwéi dang ma trin
(4.5)

Mg+ Bq+Cq=hit)

trong d6
= (Qi:~"’qI)T

q
Fb‘x (hl,'... ,hf}?’

C 13 cdc ma tyin vudng ¢dp I ¢6 cdc hé s6 nhw sau:

M, B C
2 4 .
N P : : ( 3 C)
i = (5 &l >+ 47)% bis = (o 7" "B b
vel 5 _{0 “néu i #jg ’
Y néu L=y )

5+ P fa) + P Sl — (B4 PR falt) Khid= g
Ciy=1{ —ay[Zf:(t) - f2(t)]  khi (i+7) 13
—ay; f2(t) khii# 5 va (i + j) chin

Viéc tim nghidm tufn hoin cda hé phll:ong trinh (4.5) bing phuong phép s6 d3 dugc xét k¥
rong [5, 6, 7]. Trén co s& thuidt todn & trén, mdt hé phwong trinh tinh toin cic didu kién 8n dinh
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déng lwc va dao déng udn tuin holdn cla thanh truyin trong co ciu bdn khiu di dwoc thiét lp.

Chwong trinh dwee viét bing ngdn nglt FORTRAN 77,

5. THI DU

D¢ tinh todn bing 88, ta 14y cédc 5 lidu

. = 10°% €, = Cy, =0,8=0 3 = 21/2; £, = 1000mm; € = 50mm; £5 = 800mmy;
£, = 800mm. Kh&i lwong cda thanh truysn 1a 3,744kg, cda cin lic 13 15kg. Thanh truy$n cé mé
dun din hBi E = 21 107kgmm ™ 's72, ¢é thit dién hinh ch® nhitvéi cae canh 20 mm vi 30 mm.

Mot phin cdc k&t qui tink todn cho trén cic hinh 7a dén 74 .
LG2668 rmm)

J2658 cmm)
- 0270, 0000 L2150 i"fﬂﬁ'?“"b’/i’}’”ff‘;ﬂg ~.027%3, .og07  T=2.37 ivapquig phif=600
Hinh 7o : : Hinh 7H
276 i) JZBE (mt)

!
R U
/
- ﬁ-ﬂ‘é‘é”, . ﬂ‘?ﬂ# I: 25{%@@’5?//0‘7&’;:24J

- 0566, 2899 I=1.J ving quag/phut= 250
Hink 7d

Hink 7c
Tir céc hinh 7a, b, ¢, d va céc k&t qua twong Wrng véi cdc s vong quay khic, ching ta thiy

ring véi I = 2 thi ¢2(¢) rdt nhé so v6i ¢,(t) va gid tri cda ¢y {t) & [ = 1 v& T = 2 hiu nhu khéng
thay d&i. Di%u niay minh hoa cho Iy do trong phin 1&n céc cong trinh nghién ciu trude ddy, ngwir

ta thirong gidi han tim nghiém dwéi dang

w(z, t) = sin Tz q(t) .
Eg )

’ Lar . -
6. KET LUAN
Tinh todr das déng wén cda cidc khiu ndi irong co cdu nhign khiu 13 bai todn dao déng udn
twong d8i cda mbt he hba hep vit rin vi vat din hBi. D6 1 mét trong cic bai todn phire tap clda
d6ng lwe hoo cor cia. ‘
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Trong céng trinh ndy, 4p dung phuwong phip tach cfu tric di thift Iip phwong trinh dao
déng ubn twong d8i cda thanh truyén trong co ciu bdn khiu ban I8, Phwong phip néu ra ¢é uwy
viét hon cdc phwong phdp khéc {l 2, 3, 4] & chd téng quat hon va khéng dwa ra chc gis thidt djc
bigt.

Trdng trudmg hop khiu din quay d%u da bién d8i phwong trinh dao ham ridéng mb t4 dao
déng uén cﬁa thanh truyen vé hé phwong trinh vi phén tuyén tinh hé s8 tuin hoan. Sau d6 tim
disu kién 8n dinh ddng lrc vi nghiém binh 8n tulin hoan bing phwong phap s8. Bii todn niy chua
dwge céc téc gid khic gidi quyét.

Céc két qud thu dwge d& ding mé& rong nghién ctu dao déng wdn trong cdc co ciu nhiky
khiu. Vin 48 nay dang dwoc nghidn ciru tiép.

Pia chi: ‘ Nhin ngdy 17/12/1990
Trudng Pat hoc Bach khoa Hg Ngi )
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PE3IOME

YU CAEHHBIA PACYET IMEPUOJUYECKOT0 U3TUEHOTO KOJIEBAHUSA
IIMATYHA B YETBIPEX3BEHHOM MEXAHW3ME

B pannoit paboTe, METOAOM NIOACHCTEMBI OLINIO CoCTanneHo YpaBherarne Harubuoro xoneba-
HHA YeTHIPEX3BEHBOr0 MEXAHKIMA B YACTHEIX IIPOMIBONHLIX.

B peayarrave Grinm mepefpaszoBaHtl 3THX ypaBHeHHH cHCTeMOM OBLIKHOBEHHEIX YpaBHe-
HUM ¢ nepuopuyeckuMm Kosbdunmuenramu. Brna cocTarizena nporpaMsl Ka dBM mis comcka-
HHUS YyCAOBMY KHHEMAaTHUECKOH YCTONUHBOCTH M peltieHuit 5>Tux ypabuenuii. [lpusenen npumep.
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