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Fig.1 Mechanical model of mine hoist

1 — pulley, 2 —— cage,3 — mine hoist reel
1 Kuzmak-Luke 8% R %
BRI SR BE R PR R
SarnPiehn=0 @

* BR BAREES (10272117) Frrh H i HFRHE 648 (2004036517) BB A



F4H

RV .7 HRAREHRIER MRS 31

Her = o RIGERE. RIEHEQ) WEEGH
Tﬁf)&}%ﬁiﬁ

y(t,6) = yo(z*,2) + ey (¢¥,6) +

€2y (t*,2) + - (3)

HA BRI ¢ B Kuzmak”) s SO 9E
= (D) o (D) HAERH, TR
WIHETRBR S BB 1, H WAL i
£

w(z) =

exo(- [ (500 (@)
. N fs,
Hof y, RARETA 12 30 = flp,D) REBHER
#.,1 @ = 1+ o, B c Mgy HRBERIMIIARIE
B, BN B LA 05—
(D% g(y,2) =a()y+b(2)y it
HITFALS) fOATRC) (51376

Z+a(z)y0+b(t)yo~-0 (5)

ﬁﬁﬁﬁiﬂﬁﬁﬂ
w¥(1),d .
e 4 V(y,a,6) = Eb)  (6)
o
Vi(yg,a,b) = ia(z)y3+ib(2)y3

HRGEHEE, T Eo(2) WRGHBTRER. K alr)
>0H 6(r) < OBFARBIPL v, = 0) X4 (6)
BRSO yo 2 ¢ FIFEE E X R %L

yo = AO(Z)sn[K(U)SO,'U(;)] ‘ (7)
Hero =1+ o, B @ HFMEIE , K (v) &K
FHH v AL E MBS, T

Ao = 7722 (8)
B v R

](12(+v311))3 - 42 5 exp(— 2[ £(0,7)dz) - (9)

WE. HPEH c BPMERSE, T
L(v) = J:cnz(u,v)dnz(u,v)du =

3%[(1 + 9)E(v) - (1 - v)K(2)]

Hp E(v) REAFEEV v WE_LTLME
By,
(ID Y g(y,2) = alt)y + b(2)y* Bt
HIRIFR(3) (ANRQ) BERHIR

w(t ) +2 +a(t)yg+b(t)y3 =0 (10)
ﬁﬁéﬁﬁ%ﬁ
M(%)Z’r V(yg,a,b)

> = Eo(1) (11)

K

V(s,a,6) = Ja(isd+ 6(Dy  (12)

HRLLEE, T Eo(2) NRKMIGEHR. % a(7)
> 08, HRB(12) BRSO —IKELUEE v 2 ¢

R [ A% 5% PR
yo = Ag(t)en®(K(v)@,v(2)) + By(t)
(13)
H
Ag

_ 3av
ab V v? —v+l,

By =- 4 (—2v-1 2v -1 1
’ 2b«/v~v+1

B o R
3] (v)

(’112 - o+ 1)5/4

= 5‘ ssexp( - Jk(O t)dr)

(14)
He

J(v) = J:snz(u,’u)cnz(u,v)dnz(u,v)du =

Isl—vz[(l —o)(v—-2)K(v) +
2(0v? - v+ 1)E(v)]
FERARIES KB o (1) T b(2) ARG EM
B RE10] 8 12].
Hom(D) = my + S B g(y,0) =
a(t)y + b6(e)y it , FRR() A
LT, + TILOTL +alidy +
b(1)y’ = (15)
4om(7) = my+ 3 VL) B g(y,0) = a(Dy +
b(2)y* B, HRE(1) K
;%%[m;, + %)’L(E)] %y +alt)y+
b(t)y* =0 (16)
EAERES#(2) MR RGN, K Bk il o

e (7) F(13) SRR . A SCH B B i 8 X R B
FEMELCAWRE, BRI R#EL®T2HE09].



k73 B h % 5 # #

¥ 2005 458 3 %

2 =
B 1 ZERT HIEAVAEA SR, LIELHE

BT Ay (v — 50) ok ALE S5
AR MLAL H T 4590 ke, —K
R 4000 ke, BAMLMK BT R 6.63 ke/m,
WL B BT 119000 ke, RFEHE 1 m/s, %
R SRR 320 m. 2RI 3(0)
=1,y(0) = 0 Bf, A Kuzmak-Luke 8% R E K
15 B A A A9 EL DL 2.

| } i

o
o

displacement y
S
(3 o
[ == o |
P

[ 50 100 150 200 250 300
time t

B2 FROS) MHEHLRMK AR LS.

Fig.2 Comparison of asymptotic solution with numerical one of Eq. (15):

---- numerical solution,...... asymptotic solution
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STRONGLY NONLINEAR OSCILLATIONS IN MINE HOIST SYSTEMS*

Cai Jianping'® Chen Shuhui' Li Yiping?
(1. Department of Applied Mechanics and Engineering, Zhongshan University, Guangzhou 510275, China)
(2. Department of Mathematics , Zhongshan University, Guangzhou 510275, China)
(3. Department of Mathematics, Zhangzhou Teachers College, Zhangzhou 363000, China )

Abstract When a mine hoist is lifting a heavy weight, the natural frequency of the system varies slowly with
the changes of mass and stiffness. So the mine hoist system is an oscillatory system with slowly varying pa-
rameters if the mass of steel rope is taken into account. The multiple scales method of Kuzmak-Luke was firstly
applied to obtain the periodicity condition of solutions of strongly nonlinear oscillators with generally nonlinear
spring, and then Jacobian elliptic functions were used to express the leading order approximate solutions of
quadratic and cubic nonlinear oscillators. Secondly, the obtained results were applied respectively to mine hoist
systems with slowly varying mass and with quadratic or cubic nonlinear spring. Finally, the theoretical results
were used to deal with certain mine hoist systems, and comparisons of asymptotic solutions with numerical so-

lutions of two examples showed the efficiency of the proposed method.
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