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1

=
NN
5 \\g -

A

B(x,0,t)= A(x,0,t)F(0,¢), (1)
Alx, 0,1)
ws(x, 0, t) , F(0,1)

A(x, 0, 1) = My 33+ 23cos2(pb- b- o) -

2
9cosd(ph— - )] x
[1- W+ W= W], (2)
F(0,t)= A1sin[p %+ oy + 2.286i|+ Azsin[p 51'—?— - 1 144i|+
Assin| p 71_?+ o — 2.864i|+ Asin/pO- @]+ A4sin|:p %+ o + %]+

Assin| p %+ oy — 0.91]+ A6sin[p 317—16+ o — O.288]+

Assin p515_16+ oy — T[i|+ Bicos/ pO— & — $]+ Bocos3[pO- w - ]+

Bicos5[p0— - 4] + BucosT[ pb- wx— ¢], (3)

Ar= 0.15451, Ay= 0.12151, As= 0.35251, Ao= 48451,
Ay= 0.078 I, As= 0.0751, A¢= 0.1131, A;= 0.084 I.,
Bi=- L.17F; By= 0.15F;, Bs= 0.11F;, Bs=- 0.17F;

b= G+ C+ & 0. , @ , ¢ , w= 2% , W=
ws/ kuSy, w , ku , & ,p =44 , Mo
,Ao~ A7 B1~ Ba , Fi= 1715 I , s

(D (2) (3, H
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B2

q:(%,0,1) = 20 = Zicos(80+ 2x)+ Zowl+ Zzwi+ Zaicos(80+ 20w, +

To

Zscos(80+ 2 ) wi+ Zecos(80+ 2 Jwl+ ..»

Fi(t) + G0 = d= () + 0 X NNy Tu( 1) +
Breos2ea 2 Dl ( 1) O E )
To(1) + ORTs(1) = € - 2MPa(t) + agZ;FSjij(t) Te(t)+

Bycos2ar 2 DUl s(1) Te(1)] + ©2Fsco2r,  (i= 8),
7k

NZ\RAL LR
L= &, Fg= Mot Mg~ 2&'g, o = M—is . M. ay,
Z5R1L r
= — — = i Ly = ; ;
B Mot Ma @i, Tyu o cosiBcosj Ocoskd cos10d0,

A8
Ly = f) cosifcosj Ocos kOO

Y 1Y)

> »

Wg= W+ G+ O1E 20= W+ 02&

(7)
Ti(tp 8) = TiO(TO, T1)+ ETH(T(), T1)+ .es,
, T e To= t,T1= @°

d &£
= Do+ @i+ ... 7: Do+ 2€DoD1+ ..,

(ﬂ_

o

2
. qz(xa 9: t) ’
P(x,0,t),
s .o )
q:(x%,9,t) = (RVR1)q:(x,0,t) — (RA/R1)P(x,0,¢t),
q:(x,0,t) = (Rv/R2)P(x,0, t),
Ri Ra : [2] (5)
" R
Ti(t)+ 2BT3(t) + (JfTi(t) = m sz?qz(x, 0, t) Widxdo,
Ti(t) ;Mis Mir s Wis
i , M , @ i .
3
(4 ; .
, , Zscos(80 + 24 )ws:
Zicos(80+ 2w) .

(4)

(3a)
(Sb)

(6)

(7a)

(7b)

(8)

(9)

(10)
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D,= /3T, (9) (10) (7). e ,
& DoTio+ W= O, (11a)
DiTso+ lso= 0; (11b)
e D(Z)Ti1+ ‘*szl = — 2DoDiTi0— 2¥DoTi0 + & Z Z ielj0Tko+
B cos2 o Z ZngjijoTko, (12a)
A
DoTsi+ KTsi = — 2DoDiTso— 2BsDoTso+ Qs Z ngjkT]‘()Tk()+
J k
Bycos2 @ Dy D TagiTiolho+ 2F scos2 ore (12b)
Tk
(11)
Tio= Ai(T1)exp(ioTo)+ Ai(T1)exp(- 19Ty), (13)
i= 19 27 °ty 87 "BAi Ai ° (13) (12)

DATi i+ Wi = — 2i@(A:+ BA,)exp(iTo) +
o X 2o Aespl i( g+ )Tl + Aksespl i( 9= ) Tl +

ZZFSJ,A{A Apexpl[i(20+ @+ &) Tof+ AjArexp[i(20+ @ — ) Tof +

AjArexp/ (20— @+ )Tof + AjArexp/ (20— @ — ) TO]}+ cc, (14a)
DATsi+ @BTsi=— 2ix(As+ Hedg) exp( 5T o) +

s X Xyl el i 4+ @) Tol+ Adiexpli( 9= ) Tol)s

BSZZFW AjArexp[i(20+ 9+ & )To]+ AjArexp[i(20+ ©— w)To] +
AAkexp[ (20— Q+ O)Tof + AjArexp/i(20- & - (Ok)To]}

Fsexp/ 12 0] + cc, (14b)
o . P £2 0 #£6 0 #£8  (l4a) ,

Ai+ BA, = O (15)
(15 Az As Ag A, .

i=2i=6  (l4) ,

- 2i®2(A/2+ BrAs) + 202864 8A 6exp/ i01T 1] = O, (16a)

- ZiQG(AI6+ BeAs) + 2061 6sAsArexp/— 10T1] = O (16b)

i= 8 / (14b) )

- 2i(08(A8+ FlgAg) + Ggrgz(y‘le6eXp[— i01T1]+

%BnggAgA 8exp[i02T1] + Fgexp[ 10,T1] = 0, (160)
Bgs = 2Tggss

1 1 1 1 T 1 1
Ax(T) = Eaz(Tl)e"’z“) Ao(T1) = Ea6(T1)e¢°(1) Ag(Ty) = ag(T1)e¢”)‘

(17)
(16a) (16b) (16¢)
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— ar - Hhoyas+ %Ctzrzésawgsinh: 0, (18a)
a2 b+ %Gz Ixsacagcos Yi= 0, (18b)
~ a6 9s— Bgsac+ %Gerezsazagsinh: 0, (18c)
as G by + %%Fazsazascosh: 0, (18d)
- a/g wg— Hggag— %Clg Ugparaesin¥y+ %ﬁgﬁggagsin\(z+ FgsinYy = 0, (18e)
ag Oy By + ias sz aeos V) + %ﬁsﬁgga%cos Yo+ Fgcos¥a= 0, (18f)

Yi= O 11— &— b+ &, o= 0T - g
(a2= 0,a6= 0,a3= 0, Y1 = 0, Yo = O)

Xi1= Mar- MasagsinY = 0, (19a)
X2= Hgasg— Agazagsin ¥ = 0, ( 19b)
X3= Bgag+ Agasagsin¥i— AggadsinYo— Dgsin Ys = 0, (19¢)
X4= Oas+ AsazaccosVi+ AssascosVa+ DscosYz = 0, (19d)

2 2 2 2 2.2
X5= Orarasag+ [A2a2a8+ Asazag— Asazaﬁ]COSY1—

Aggaragagcos Yo— Dgcos Yo = 0, (19e)

M= (0 @) Txe/2, Ag= (¢ &) Das/2, Ag= (0/ @) Dias/4,
Agg: (Bg/ (*)8)[388/8, DS = FS/ wge

(19) . (19)
(1)
ar= 0, (20a)
ag= 0, (20b)
ASsa3+ (2 AssDs— Bi— 03)as+ Di= 0, (20c)
(1)
1 3]
a3 = T J;Z[Tli [F?- 13, (2la)
Ba A
at= pEAja%, (21b)

* B, B 01+ 0, 2
as= ag = IA2A6[1+ [—p2+ pjz] , (21c)

F = (Agai+ Dg) [AsAs,
[1312116

Ty = W+

[ 0201+ Op)— Hg(B+ 1)/,

Pyt
T, = a;%[oz(p2+ Be) + ¥g( 0+ O)]°
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(21a) : F ., Fi=1Tal Fp=
[17+ 73

, I Fi, a3 T

; T1> 0 Fi< F< Fy

, T < O, F>F,

>

; F> F, ;. F< Fy
3 4 P . F Fy Fo,
P Py Py
3 Ti< 0, as, a2 as , (1)
: P Py, (1) > a8
s s %) ae, a ae °

/m

e

g
a;/m

0,00 —/ /... T s _0.000
335 1335 2335 3335 335 1335 2335 3335
IFI,-/A IrA
5 I (T1< 0) 6 I; (Ti> 0)
4 Ti> 0, as, a as , (1)
P P2 (1) , as
, @2 a6 B By, P B1Ci  Ba2C» ;
4 c Ci C2 , ag CBA , a2 a CiBi1A1  C2B2A2

’

P P1 , a2 de , as A A (I) (210) °
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dzt/H!

0> 0
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56 I; 0.007
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7 0 = 0
. £ o
M s , 0.001
’ -0.001 £
¢ 8 9 01 < 0 (O] -15
> 0 . 0, Z0,
-0.001
-15 -1 -05 0 05 1 1.5 =15 -1
oe/Hz
8 0 < 0 9
5
(1 )
(2) ,
(3)
0. 03 mm) ,
(4) 241 MW , W W
(8) . (8)
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The Double Resonances of Magnetism and Solid Coupling
of Hydroelectric_Generator Stator System

LI Wen lan', QU Jiajun', YANG Zhi an’
(1. School of Mechanics Engineering, Tianjin University, Tianjin 300072, P R China;
2 Department of Scientific Research and Production , Tangshan University,

Tan gshan 063000, P R China)

Abstract: A double shell model of hydroelectric generator stator system was established. Applying

the theory of mechano_electric analytical dynamics theory, the nonlinear vibration equation of mag-

netism and solid coupling of hydroelectric generator stator system, under steadily balanced three-

phases operating condition, was obtained. According to the method of multiple scales for nonlinear

oscillations, the double resonances of magnetism and solid coupling of hydroelectric generator stator

system were investigated. It is pointed out tha the system has abundant dynamics phenomenon in-

cluding the attendant jumps and coexistence of multiple stable motions.

Key words: hydroelectric generator; stator system; method of the nultiple scales; magnetism and

solid coupling; double resonances



