54 10 2005 10 Vol.54 No.10 October 2005

1000-3290/2005/54 10 /4543-06 ACTA PHYSICA SINICA (©2005 Chin. Phys. Soc.
*
+
066004
2005 1 27 2005 3 14

PACC 0420] 0340D 0313 0316

1 X sina t — t, _%901 te — @ 1
X [acosa t -ty + %sina t -t ]e‘TC =y
Carmeli ' ? 1985 . .
.1996 +EJI{ T, s —T, s eJ ' sina t —s }ds.
. Birkhoff v 1
B = [ Bods
o Aw =dAg/dt = — e " a ¢ 1, - @, 1
17 18 X acosa t—1t, —sina t—t, 6C/J
- e e gty - @y 1
x cosa t — t, 6aCl]J
—a’sina t —t, - 6ClJa %'
X @ty — @ ty acosa t — 1,
2 +sina t -ty 6C/] + 6/Ja "'
x T, t —T, t sina t' -1t o)
J K c .2
J K
? ¢ -t
10
Pl —pt =gl gyl e

: 7702-13B-02-03-1

TE-mail zhaowu @ 88mail. ysu. edu. cn cc thadzw_ cn @ sina. com



4544 54
2 =9 @ +Agp @ + nAg
(OF Wy w, .
21. T=T o J=const 23.T=Tto o J=J] ¢
¢ P2 W, 10
w3 T, T do/dt = Tt ¢ o - w2 dJjide /1]
J% Tde :J% Tde - J% T.do =ftew
% @ # do/dt = w. 13
=] w; —w; /12 3 13 -
T="T,-T = /2 dj/de + Jdo/dt 4 Wi = W, + ¢ +2¢, +2¢; + ¢, /6 ”
wdw/dp = de/dt do/de = do/dt. 5 P = @it & +28 +28 + 84 /6
3
g1 = ho;
w & = h w + ¢ /2
w g = h w, + ¢,/2
. g = h w + ¢
4 J dJ/dg =0 . o= W e o
4 o= B2 gt A2 w4 o2
T'w =7 do/dt 6 o= bt h2 @+ dyf2 w4 2
T=a+ bw 6
o= & atbey —alb. ; ey = W ti+h @ +ds w + 5 .
h =At L=ty =@y w=w,
w-@ 6
T = Jo dwldg 8 L
o=@y + JIb w-w, - alb
xIn a4+ bw I a+ bw, . 9
22.T=T o 0o J=J o
3.
4 5
T = &2 dJ/dg + Jo dw/de 10
R dofdp = Ty o =T, ¢
do/dep = T ¢ w - /2 dJide [Jo 2
Jew. 0 W dJ ¢ Mg 12 lw] ¢ 15
T, =a + bow. 16
wiy = + ky + 2k, + 2k, + ky Apl6 11
2 2n ¢
kk=Tow - Jo+Ae -] ¢ [ 2 .
=f ¢ o J=Jo+ >, J.e™ + ] e 17
by =f @+ Al2 w, + ki Agl2 "
by = f @ + A2 w; + kyAgl2 T, = Ty + 21 t,e" + T e 18
ky =f ¢ + Ap w; + kA . 12 J, J_, T, T_, J T
w; @ 10
12 k 11 Wi J,=J., T, =T_, 19



10 4545
“ » “ I‘” . » ®
“ ” Dm :1[ 2 m — l lem—[ + Z m + l -]—lwm+l]
S 1=0 =1
. . l#m
-]m = -]mr + ljms Tm - Tmr + les 20 D_m — Dm . 30
= -iJ,. T, =T, —iT 21
-]—m -]mr ljma -m mr L 25 27 29 24
¢ Dy = Ey+b— Fy2
27 D, =E, - F,I2 . 31
= w + >, 0, +w_ e 22 26 28 30 w, J; T
m=1
20 21 w.; J.i T, 21 23 31
Wy = Wy + iwms W_p = Whyy — ia)ms' 23 31
16 17 22 15 Wiy
W, e e @ =Ty lwy + b+ ) dyay, + ) dyoay, = 0
m=012 n 2n + 1 =t =1
32
Wy Wy Wiy Wy Wy -
m-1
3'1. -]mswo + Zl wjr m +.] ']m—js/2+ m _J ']m+j :/2
j=
15 + Tm,_,-r+Tm+jr/a)(2) tw, m+jJ, ;. /2
Jdoldp = a-T lo+b- w2 dfidg . == g 24 Ty =Ty g +
24 X m+j]m—jr/2_ m_j]m+jr/2
24 + Tm+js_ Tm—js /C()g + Wy T2mr_a+ TO /Cl)g
@ T Wy -]0 + Tst/w(z) + 2 W oy 2m + l -]15/2
a-T /o =E, + 2 E,e" + E_, e =
m=1 - lJ2m+ls/2+ T‘lr+ T2m+lr /Cl)g
25 T W o -]lr 2m + l /2 + l-] 2m+1 r/2
+ Tls + T2m+l s /(Ué = Tmr/wo 33
EO = a- T() /(U() + 2 Tmr Wy + Tms Wns /w(z] m-1
E, =- a-w, w,/wy+ T,lw, = Jwwo + Z w, = m+jJ,;./2
j=
% o . 5
+ Zlem_l/w(z) + 2 T_lcu,,Hl/cug 26 - m=j S,y 2+ T, 0+ T, lo
11;11n = +w]i m+.] Jm—]i/z_ m_] Jm+]s/2
24 + T m-jr Tm+jr /w(z) + Wy — JO + T2ms/wg
wd _ 1 S , ¥ -
3o = 5| Fo+ F.e™ + F_,e™
2 dg@ 2 [ ’ mzzl ¢ ¢ ] = Wi T2mr +a - TO /Cl)g + 2 [
=1
27

o

Fm :1[ Z: m -1 w,]m_1 + Z m+ [ wl-]m+l]
1=0

=0
F—m = Fm 28
24
]j—; =D, + Z D,e"™ + D_, e 29
m=1

DO :sz CUmr-]ms - wms-]mr

m=1

X _]lr 2m+l /2+l]2m+lr/2+ T2m+ls_ T’ls /(,Ug
+ 2(1} m+ls T 2m + l ]ls/2+ l]2m+l ﬁ/2
l=

1

+ Tlr - T 2m+l v /w(z) = T’ms/wO . 34
3.2.
32 - 34 Wy Wy Wiy Wy Wy
32 — 34
@ wo=- a-T, /b



4546 54
3
- 2 T2ms Wy + TZmr Wi /(1)0
’ ’
@ W'y = wy + Aw w’y 32 o
34 + 22 Tls - T2m+ls W oyl s
J— =1
EY 3
1 - T,-T W .. o
deCU + Zl d()jrwj,- + dojS W, Ir 2m+l v m+l s 0
- ’ . .
i=1 dy=- m+jJ,. ;. + m—jJ,;. 12
=— a-T, lwy + b 35 2
0 0 + Tm_js + Tm+js /Cl)()
A = 1—m -1
dplw + > dyw, + d0 J
j=1 2
! d/mmr == JO + Tst/wO
= T,/ wy — wyt,. 36 . .
" " d/m'r = J—m J mejr = M+ ] J j—m v /2
- Y J J
Al 2
d/moA(U + Zl d/mjrwjr + d/mjssz - T j-ms = r m+j s /(‘UO
j=1 .
j=m+1 m+2
= Tms/w() + Wy -]mr 37 ’ . .
dmjs = m +j ]m—js - m- -]m+js /2
®© + Tm—jr+ Tm+jr /w(z)
2 3
dy == a-Ty lwg —42 Tywy + Tiw, lawg Jj=1—m-1
i=1
. dme = Do —a+ T /cu2
dojr - _ ].]]b + 277]r/w(2) :nms 2mr 0 0
A= j=m Jopim mj S 2
. 2 mjs m+j s j-m s
dOjs :]er + 2Tjs/w0 X
m-1 ) + Tj—mr - Tm+j . Ty
2 Al
dmO = Tmr/w() + Jms + ; - T m-j r ] = m + 1 m + 2 . 38
=1 Wo
n 35 — 37
+ T mejr Wje + T m-js = r m+j s Wjs
A o = T 39
3 3
+ 2(1),,” a — TO - T2mr /wO - zwms TZmS/wO
©
3 T
+ 2 - 2/(1)0 T/r + T2m,+l v Womslx w = Wy Wi Wy Wy Wy Whpg Aw
=1
’ / ’ ’ ’ ’
Da 1 @ 115 @ o @ gy A gy A IOD
+ Tls + T2m+l s @ oyl I:I , D
. . Ay Qs Gy Appr Aips @ g0
dmjr: m+] ']m—js+ m_.] Jm+js/2 D/ , , , , , D
5 Ua"y, @'y @', a'y, a5, a’ynU
+ Tm—jr+Tm+jr/w0 A =D D D
. O U
j=1—m-1 0 0
2 |:| Apiy Qs Apyy Appy Apps Apo D
dmmr = T2mr - a+ T() /CU() D D
. . Qoir QAois Aoor Qonr Qops Ao
dmjr = - m+] ] j-ms = J—m ] m+j s 2 T T T
Ir Ir 2s
+ Tj*m  t T m+j r /w(z) ro= C()_O + wO-]lr w, wO]ls (1)_0
j=m+1 m+2 T a-T, T
nr
. . + woldy Cwg), - L0y
dmjs = m + ] ] m-jr + m - J ] m+j r /2 ' Wy " Wy
2
- Tm—js_ Tm+js /(1)0 @ 39 [Oh)
. ’
J = l—m -1 Wi, Wi Wy W dmO d m0 d()()
2
dmms = JO + Tst/wO @, [OF N 39
dny's = m + .] Jj—m ¢t .] - m J m+j 2 A
2 ’ /
+ T j-ms + T m+j s /wO d 11r dlls d 22r drms
j=m+1 m+2 Jo A
m—1
2 1 Julio T J
d/m() = Zns/wo - ]mr - LZ T m-j s fr s " 0
i=1 39 Ty —a /b
Toiiewp— Toiv =T i w. lwg
+ m+j s Jr m—jr m+j r Js 0 wOO 38 d/llr dlls d/ZZr drms .



10 4547
0
A wy T 2n
2n . 4.
wl? = woo Ji + Tls/wOO 1d
0 0 0 /
Wy = Wy ]ns + wns/wO /d nns *
(.()00 38 . doo
’ 7 7
d()jr d()js dmjr d m0 d mjr d mjs 39
wlrl wnls Awoo
wy' = wy + Awy .
38 dy  d,,
39 w w Aw
2 i+1 i
[N [0 - Wy /
i
Wo
Wy Wy Wiy Wy Wy
A .
w = wy + L 2w,,,cosmp — 2w, sinmgp . 40
m=1
1 Carmeli M 1985 Foundations of Physics 15 175 I TwoSK GuoY X Chen X W and Fu J L 2001 Acta Phys. Sin.

2 Carmeli M 1986 International Journal of Theoretical Physics 25 89
3 Luo S K 1996 Journal of Beijing Institute of Technology 16 S1 154

in Chinese 1996 16 S1 154 12
4 Luo S K 1998 Applied Mathematics and Mechanics 19 45
5 Luo S K 1996 Applied Mathematics and Mechanics 17 683 13
6 Luo S K 2002 Acta Phys. Sin. 51 712 in Chinese 2002
51712 14
7 Luo S K 2002 Acta Phys. Sin. 51 1416 in Chinese 2002 15
51 1416 16
8 Tuo SK Guo Y X and Chen X W 2001 Acta Phys. Sin. 50 2053 17
in Chinese 2001 50 2053
9 TLuo SK FuJ L and Chen X W 2001 Acta Phys. Sin. 50 383 in 18
Chinese 2001 50 383

10 LuoSK Chen X W and Fu J L2001 Chin. Phys. 10 271

50 2049 in Chinese 2001
50 2049
Fang ] H 2000 Acta Phys. Sin. 49 1028 in Chinese
2000 49 1028
Fang J H and Zhao S Q 2001 Acta Phys. Sin. 50 390 in Chinese
2001 50 390

Luo S K 2002 Chin. Phys. Leit. 99 449

Tuo S K Chen X W and Guo Y X 2002 Chin. Phys. 11 429
Tuo S K Chen X W and Guo Y X 2002 Chin. Phys. 11 523
Dong Q L. and Liu B 2002 Acta Phys. Sin. 51 2191 in Chinese

2002 51 2191
Dong Q L and Liu B 2004 Acta Phys. Sin. 53 337 in Chinese
2004 53337



4548 54

X

Series solution for relative-rotation motion equation

Zhao Wu'  Liu Bin
Yanshan University ~ Qinhuangdao 066004  China
Received 27 January 2005  revised manuscript received 14 March 2005

Abstract
For solving the difficult calculation problem of nonlinear differential equation of motion of complex revolving shaft in relative
rotation  a new decoupled equation was proposed by using series method ~ which expands the nonlinear differential equation into
a series of algebraic equations and the series solution is obtained. Based on the result of the research  the veracious speed
fluctuation of revolving shaft in relative rotation in practice can be calculated for the steady state. The method also provides a
technology for error detachment of measuring apparatus calibration and a highly effective algorithm for torsional vibration real-time

on-line monitor of heavy-duty and complex revolving shaft .
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