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“VE MOT MO HINH DAO DONG XOAN PHI TUYEN
| cO CAC KHOI LUONG THU GON BIEN DOT

NGUYEN VAN KHANG, TRAN DINH SON

1. M& DAU

M5 hinh dao ddng xoin cda cdc hé truyén ddng 1 mdt trong nhirng md hinh dao d8ng gip
phé bifn trong k¥ thuit co khi. Trong nhidu tii lidu v& déng luc hoc mdy [1, 2, 3], ngudi ta méi
chi quan tim té&i tinh toin dao déng xoin tuyén tinh cda cic hé mé td bdi cic phwong trinh vi
phin tuyén tinh hd s3 hing 8. Bii todn dao déng xoin tuyén tinh cla hé ¢6 khéi lvgng thu gon

bién déi cing da dwgc d& cip dén trong [4, 5, 8]. -

Céic md hinh dao d6ng xoin phi tuyén cén it dwee nghidn cidu. Trohg cong trinh niy, xét bai
todn thi€t lip cac phuong trinh vi phin dao déng tham s cda cdc mé hinh dao déng xodn phi
tuyén cla cac hé cé nhidu khéi lwgng thu gon bién ddi. Viéc gidi hé phwong trinh niy sé dwoe dé

cip dé€n trong nhirng bii bio tiép theo.

2. PHUONG TRINH VI PHAN PHI TUYEN cUA HE DAO DONG XOAN

6 cAC KHOI LUONG THU GON BIEN DOI

Mb hinh dac déng xodn cida hé c6 nhifu khdi hrong thu gon bién déi dwoc bifu didn trén

inh 1.
SN (e =
7, 7 C ay A
Hinh 1

Trong d6 cic mdmen quén tinh thu gon ¢é dang:
J,':Ji('l,[?i} (iil,Q,...,n]

Biéu thic déng ning cda hé ¢6 dang:

1« .
T=; ; Jf(rx)f}qzi
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Chii ¥ dén tinh chit phi tuyén cda cdc phin t din hdi v phin ti ¢dn, ta ¢é c4c bidu thire cda
ham thé€ vi him hao tin nhu sau:

1 n—1 . 1 n—1 : -
I=3 > e (g — i)+ 1 3P = ir)? (2.3)
1 :;—_“t ( ) 1 n-.——ll (3)
1 . . . 3 H M
R= 5; b (s — ":bi-’rl]z + 4 ; b (W - ¢f+1)4 (24)

Thé céce bigu thite (2.2), (2.3), (2.4) vho phwong trinh Lagrange II

d (BT) 8T _ 30 IR
dt \ 9y

ta nhin dwoc pHuong trinh vi phin dao ddng xodn phi tuyén cla hé cé nhifu khdi lweng thu gon
bién déi:

Jrr + ‘Z‘Jhbf + O (g — ) + O (1 — 62)° + 51V (1 — o) + 67 (b1 — 4)° = M,y
Jahe + '2*-151#‘% - 5(11)(¢1 — ) + Cél)(ﬁ’z — 3} — C'{_S) (1 — ¥2)* + Césl(iﬁz 2]
- b(ll}(',bi - E[’z] + 5(21)(’j’2 - ¢a) - 6(13}(’:51 - 1}32)3 +'b£3)(¢z —-1.2’3)3 = M (2.6)
J 7 ,]L_]" '2_0(1] - _0(3)' _ 3_7
n.’ﬁn. + 2 nd)n. n—l("lbn—l \[)n) n_1(§bn-1 'ﬂ/)n)
- bsll—)l("/;n_l - 'ﬁbn) - bfﬂ1(‘j’n~l - ";'n)e' = Mp
Dudi diy, x4t bii todn hay gdp trong k¥ thuit. D4 13 trudng hop mémen thu gon cla déng
cor J; = const, md to quay d8u (¥; = (), cic géc quay clda khiu thu gon theri(i = 2,3,...,n)
khic géc quay cda déng co mdt dai hegng nhéd, cdc mé men M; 13 him tuin hodn cia ¢, chu k¥
T = 27/ Nhu viy ta cé:
P =t
¢i=¢1+ﬂ9-‘=ﬂt‘|‘ﬁoi (1.=2:3:'--1n‘) (27)
Mi(nt’ y')l':u 'j’t) = Mt' (ﬂt -+ 2“) ¢7i) J’l) -
Do ¢gid thidt i nhd, ta cd t;illér khai trién Taylor cdc ham J; (), J!(:), M; (0, yb;,xl;,-) thanh

r X
cdc chudi nhu sau:

i) = Ji(08) + ji.itnt)Wi + %ji,ii(ﬂt}ﬁa? + éj.',ﬁi(“t)so? +...
JH () = Jei(Qt) + Jiic (0f) o + %I,m(m)w? + %ji.iﬁe(m)sﬁ;? + ..
M; (D, 4, 4:) = M () + Xf;,i(ﬂt)@; + M; ;(Ot)i+
+ %F‘-,a.ﬁ(ﬂt}w? + 5 Mi s (Q8)9] + %Hi,iﬁ(ﬂt)@? + %Hﬂ.m (Qe)e5 + ...
" Trong d6 ta k¢ hidu:
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T slan = d*Ji{y)

M d"bf . =0
— d* M;
M ;. Q)= ToE
Ry #)I. B, =0
& Wy =1
— M-
M, ;. (0= —F
S’ du{,x =
3 @y=n

Thé (2.7), {2.8) vio (2.6) va bé qua cic vd cimg bé & bac Z 4, ta thu dwoc cic phrong trinh
sau: : o :
_ b“]@ - Cfllpz M, +C:{3] 3 +bl3)
Tigi ~ b i + [~ Mo + b}i’l TIPS A% PR P

- - 1 (2.9)
- Ci—l‘pf—l =+ [— M"_{ -+ Cji)l -+ C:ll -} 'z—ng.fi'{{] i — C-:.ll](p{+1 =
= Ri() + Bi (O, 02, Bny B2ae s 0n) (1=2,3,.00,7)

trong 46, phwong trinh d3u tién cho phép xidc dinh md men M; cin thidt d€ ddm bio cho khiu
thir nhat quay d8u, v ta qui wéc dwa vio cic tham &8 hinh thée GV = b = ¥ = B = 0,
p; = 0. Con h; va B; dugce xdc dinh nhy saun: :

hi =H’- - %nzji,i

1 1o | S W
®; =3 g.ﬁ@_? -}—.EM;,H;@? + EML,MP;?‘ + gMi,.{{iﬁD?“

= . 1. - i ,. 1 i ' .
— Tiifoidi + 59912] - Ji,ﬁ['z‘so?';?i + 5901'90,2' + Qi — (2.10}

- 74,;;;[%9@?@ + 392 p?] - }“921‘ i 9} + o (i1 — 04)°—
— Cja)(%‘ —99;'+1)3 b{ ! ooy~ & )? —bm](cp, i)’

Trong hé phwong trinh (2.9), k€ tir phuong trinh thir hai tr& di, ta c6 thé_’ viét dudéi dang ma
trin nhw sau:

M(Qt)F+ BOH7 + C(at)7 = h(at) + 8(Qt, G, 7, ) (2.11)
trong dé '
ﬁo2l ) 72 _(_) 0
© ‘ 0
=" Man= ¥ :
On 0o 0o .. T,
B(ar) = |
(51113'*'5;1}"'93-2.2** Mo2) Bm - . 0
— 4" M b‘1’+nJ33— Msa) ... 0
0 0 (bil’1+b'1)+nJ!|::_Mr\ n)
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c() =

(O O3+ LT3 20— M ) ~C3” 0
—ciy (M- 9T, 5 — M 3) 0
0 0 L (e, roly %Fn,nn_ﬂn,,,)

3. CAC TRUONG HOP RIENG

1. Hé phi tuyén cé hai khéi lwong tip trung
Trong (2.9}, ta cho n = 2, thi sé thu dwoc phwong trinh dao ddng dang nhir sau:

. S L
Joge + [b[ll} + QT2 — My 2|¢2 + [C{l) + 592-];,22 ~Msplpg =

S L T (U
=M -~ 592-]2,2 -+ EMz,Qng + gMz,zzz‘Pg + EMZ.,BZ‘P§+
1 ,.. 1 ;
?P%‘Pz + ?Pz‘sog + Qo] -
¥l — 5P (3.1)

1— . - - 1. -
+ gMz,,zzszg —Jonlp2@z + Eso«_?] — Ja,22{

— 1 1 . 1 =
- Jz,zzz[zﬂzlpg + 595039021 - ﬁmh.zzzz‘pz
2. Hé phi tuyén c6 ba khéi lwgng tip trung
},.(2.10), (2.11) ta thdy, véi n = 3, phwong trinh dac déng <6 dang:

Tw (2.9),
M(Q8)§+ BIQOG+ C(Qt)§ = k() + B(t, §, 5, 7) (3.2)
trong d6:
P2 J, 0
= H MOty = i
7= [@s] M [0 Js]
B(0) = [(bim 05+ Qa5 - My, 2) :bél) - }
Fsl _bfl) ( (21] -+ ﬂjglg — MS,,:}) (3 3)
c{at) = (C“JFC“*' 302 T3 92 — M2 ) —cfM -
- —Om (it + 30273335 — M3 3)
Con h, ® dwoc xdc dinh nhy sau:
My~ -l-ﬂz.fg 2
R{{1) =
( ] [M . “02‘]3 3 .
o (3.4)
z _ | ®2
d(0t) = [%]

trong dé: -
20



- 1— 1 — . 1— i — . 1.
Ma 2208 + gMz,zzzsog + Y M2 2263 + gMz‘gzﬁéﬂg wJa2z[papa + -2"303}—

'6‘
l\-’![l—*

— | R 1 . - 1 ; 1
- 12.22[5@3@2 + 5@2@3 + ﬂ@zwz] - Jz,zz‘z[gﬂsogtpz + ) ﬂchi]“
o 3 7 3 . . .
- ﬁﬂ Ja222205 + O( )(—902)3 - Cé ](‘02 ~ ) + 5{13]("902)3 - btga)(fpz - pa)?

- 1 1 1 (3-5)
&5 :-Z;Mz‘sssoi + gMa.saasOg + EMa.,ssﬁi’g + EMS.,ssssbg* '
- . 1. - 1 . 1 . .
= Ts3[papa + 59’—'%] -—'Ja,aa[ipgws + Eﬁﬁsfpg + Q5P| -
— 1 ; 1 1 . .
- Ja.ass[g“‘ﬁgﬂoa + Zﬂng] - ﬁﬂst,ssssﬂog + Cgla)(ﬁf’z - ‘Ps)s + b‘gal(m - 503)3

4. V“E MOT KHA NANG TINH TOAN DAO DONG X0AN PHI TUYEN

Dwéi day xét trwdng hcrp cde ma tran M (1), B((U) vi C{f%) cla phuong trinh (2.11) ¢é
dang nhw sau:

M(Qt) =M, +eM* ()
B(Qt) = <B"(0t)
C(0t) = C g +C" (1)

véi MD, Cy 1a cic ma trén hing s§ thu'c ddi xtrng, £ 1a tham s8 bé. Khi d4 phuong trinh (2.11)
dwgce vidt lai dwédi dang: '

Mo+ Cod = h{Qt) + 87 (02,4, ¢,7) (4.1) ;
Goi ¥ 12 ma trin dang riéng, ta thwc hién phép bign ddi:

=V (¢.2)
Khi 46 phirong trinh (4.1}. cé thé duge dwa v¥ dang sau:

VIMVi+VTCV §=VTh+evTé (4.3)
Do 2] | -
Ha O R | I v~ 0 ... 0
vimy=|" " Y vrew=|0
0 0 ... 0 0 ... 7

nén phuong trinh (43] ¢é thd viét dwec dwéi dang vE trai tach roi nhau.
Thuwe hién phép 48 bién:

0t
T = ;'n"“ (4‘4} 1

trong d6 m 13 8 tw nhidn nio d6. Ky hiéu dao ham cda y theo 7 1a d&u phiy. Ta cé:
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. i ] » Q2 "
yi";yc ). yi=‘r£§l{i-

Tir cic két qud trén, phwong trinh (4.3) ¢6 thé dwoc dwa v dang sauw:

4 N = 1)+ B, 5.7, 77) )
trong dé: |
9 i m2w? V m2 {) I i YT, m_.2 - 1)
of= o0 N=—m, f (r) = REM > v hile), Fi(n g9 = 02 2 %

i=2 _ b i=2

Viéc gidi hé phwong trinh {4.5) d3 dwge ban dén trong [6].

5. KET LUAN

Trong bai bio ndy di xét viée thiét lip phwong trinh vi phin cla mét hé dao déng xodin phi
tuy&n c¢é cac khéi lvong bién d8i. Day 1 bl todn hay gip trong nghianh co khi.

Vigc gisi hé phwong trinh vi phin dao d6ng niy twomg d&i phitc tap, dwge trinh bay trong
[7] vA cdc cong trinh ti€p theo.

Pia chi: , Nhin ngdy 14/2/1992
Truwdng der hoc Bdch khoa Ha Nod
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SUMMARY - : i

ON A MODEL OF THE NONLINEAR TORSIONAL VIBRATION
WITH VARIABLE GENERALIZED MASSES

In this paper the establishment of the parametric vibration differential equations for a model
of the nonlinear torsional vibration with variable generalized masses considered.
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