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Table 1 The Width of Instability Region Table 2 The Width of Instability Region

( Combination Resonance ) ( simple Parametric Excitation )

m | The Width of Instability Region m || The width of Instability Region
6 2.591 « < 3.389 6 1.836 < < 2.006
10 2.579 < < 3.400 10 1.825 < < 2.006
14 2.575 < < 3.403 14 1.822 < < 2.006
18 2.574 < <3.404 i8 1.821 < < 2.006
22 2.573 < < 3.405 22 1.820 < < 2.006
42 2.572 < < 3.406 42 1.820 < < 2.006
102 2.572 < < 3.406 102 1.819 < < 2.006
202 2.572 < < 3,406 202 1.819 < < 2.006
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Fig.l Instability Regions without Damping




d) 3R aF o

AV~ Q) TR BB, () afFRIARY ¢ L2 )N EERCK, 22 2VF. kea THEE
Bz IR B R o ABRIE TR T3. S 227 (3)latt i, (DA Ao (e a5
B kDot 139,

(2200 . A 30 F @R K ET LB, (T LA 0 B LT C § 32T (24) o hic BN,
8 2@ Cw Do r AT BRI i3, o7 (DR RY QDN RER By a Ve F ThER
AR NN TERTNI, N HE R TR Vet BT« (kB a 6 TUA 0 @6~ Pk
i Sobnde A1 odde 2B R TR, meard 0 65 v 0 BB [ cUE T3 227 w0
o thh 3@l adh i35 RGm. (o0, BRAMIFR (LBh o s aidlreEs
s T\’o\‘,

£3a m=22atBEE 3 ¢ (1@)5{2‘?%34«% 171\} =7)

Table 3 Coefficients Comparison

m %sin%— cosxln
A B TU3 Vo 0.990h f§ 23 T o3, Tl1c, (el 6 | 0.9549 0.8660
S E . ~ - 10 0.9836 0.9511
CRRTAAEIUAR 2 wezz e KRETER 4 pane | oo
FR2 iR A 8RN T oMb F i RT3, (EfR 22 | 0.9966 0.9398
Bocmur GiRarE it 8k oodcantas. |30 | 0300 019995

W Viwwe=l0o cdvz,. m=22 ¢ L2 QA (13)
A LR A B TR T (ERA BB 2 T A 6% (o—oqTbb)/0.04 ) BT Tr 1.

3, {2y il 2" E‘f}:‘ 3 Vl Ew=22 « 2R Kb~ TRER T R 2 ~RiEEEa BB) £ 0.7878
B leReE 2 e 43,
84 f

I%Wﬂﬁ?%l 23"?1"71—5\77\11: -’//ﬁ‘l’Z’%\—"f*}?ﬁ' méﬁzm%g‘f/‘i & F‘roegu.eTm Eii k3 @%Pﬂ L2 —ﬂ"i“ﬂﬁ?@%’#ﬁ
2 e FEEFIRE T, T, Flzr (VL 2 E 0T R3S 2o TN EITEAEY i (13)5 & & TF K87
B e - A AR 1L BR R BRI S BT e BE (BHTRE ke 2 (314 20
BYeeMeTd3 T e L k.

HERREL ¢ (DA TR T B w2 2702 ()] 2 B 3102 I TR E+ URE L2 13 2
CETRLCZ 03,

W 2 CRYE eRET T3 B o KBS 55 2 A 38R N 7> 2 2R TS |, F TR B4R
BT L ¢ TR G ¢ K 3 8 REEE R BT L e IT L 2 LIITRL
kTG (WX aFH o8 0 KT T~ EVEETER 530 FFNETRS ((310) £33 25 B < BAE
TR RS « 53, (o b, 2o BVEERRE BT dwE (1) | o 7 7 RAB0Y & 28306 < s
TR 2BERTI Ly 23,

T BN 7 LR A R BR T3 e (TABR AT BV eET T 3058, BrC oy x kYo 7 1< F3 FRR
RREY € Combination Resonance < §3F R @%ﬁ‘ﬁ&iﬁ&—bzm\'?ﬁ% TVFARORE T, ka T L,
L TRk FAFEA o FTRARE & 40— L 2 A% 73,

# O
FERR e &Edy £ BT adt, 2ok RRLE EBHE ander% « KTV L3,
36—



1 4 p(FTAY) aRH

(4),08), O i oz, ap(HTAY) (LAY BEADD) e @@L, 2aF3  exP(TTAY) AR
£ - 214)
REHLD,

D FHICAT e 2RI RE A €T

AT B TRAN G TN 2791 Gn3,

FoY = dadr [ A=-AT] (A1)
AT ATR & Ax, 2T A3EMBEAIIL E Uk (k=21 © &3 65,

Lep (TTA) = [VILDEHITY T (A.2)

oM e
2z Lvi=loie-onl, DT = oA er-atactll
M

Fwt, L&?mwr aZﬁ‘l”ﬂ’&{Y PreEaz,

M‘?(T[A‘D =P (LAU)QWL ?zum)e’\‘t < Pt AY) Q)\“T (A.3)
Tzic. TA-ATI-- LA ALTIA- A T] - TA-AWT ]

L@CAN=

(AsxAv ¢ )
TN R VIR T VS VI D G W AR

72) G AT " TE T HE & 8Ty
(A DT R S r BEANRE TS

FU\): le[A-)\I—] = ()\"‘/\l)m‘( )\—)\zv;‘z (,)\'—/\P)MF (VV\\'\'VV\2+"‘*VV\P=’Y\-) (A4~)
VRN BB 2o B 1< AR T3
l 4N fol)
T T DoA™ ™ T Thoager (defamme et (A.5)
N m\lli.tr_ R
exp(FlAd)= L@ M L@ e L Qe oMt (A6
Rt + Tvv\“—l Wi}
[QeI=1T "'T/—(A—‘/\KI)"' ey ¢ A-ATY  JLRA
‘EA] F(LAl)
\—.P\«]: '5.( ) o
LA=ALT]™
References

1)V.V.Bolotin"The Dynamic Stability of Elastic Systems" Holden-Day,Inc.1964
2)Hayashi"Nonlinear Oscillations in Physical Systems" McGraw-Hill 1964

3)R.A.Frazer,W.J.Duncan and A.R.Collar"Elementary Matrices and Some Applications to Dynamics
and Differential Equations"Cambridge Press 1950

4)C.S.Hsu"On the Parametric Excitation of a Dynamic System Having Multiple Degrees of
Freedom" Applied Mech.p.367 1963

5)T.Yamamoto and A.Saito"On the Vibrations of "Summed and Differntial Types'under Parametric
Excitation"Memoirs of the Faculty of Eng.,Nagoya Univ. vol.22 1970

6)Y.Minakawa"On a New Procedure to Analyse the Dynamic Buckling of Shallow Structure under
Step Load" Trans.of A.I.J. No.268 June 1978

7 WREIGR CEARAAARE " BARTE 0 BRE

8) B s & “Frarariea s aﬂ&gﬂ‘% i :

2) Wilda-b VUM TR ~ERBRr e TR

10) Bl — * Combindlion Besonance 1z § 3BHETFREEGARGAT" BERENA WL 1976

YR 0 EUERE 2 T AR BUR MR R TRt R RT3 BT 3R T
rEER s meswa 19438

12)Y.Minakawa"The Periodic Solution Problems of Nonlinear Equations of Motion under
Periodic Force" Proc.of 27th Japan National Congress for Applied Mechanics 1977



New Procedure to Examine the Stability of the Linear Homogeneous
Differential Equation with Periodic Coefficients

Youichi Minakawa*

For the linear homogeneous differential equation with periodic coefficients,
there exists the Froquet theorem. When we apply the theorem to the system,we may
make clear whether the solutions of the system are stable or not. In other words,
if the fundamental matrix of the linear homogeneous equation is obtained,we can
construct the characteristic equation of the system. Solving the equation,we have
the characteristic roots f or the characteristic exponents [M? . Then we examine
the stability of the solutions of the system. But generally it is impossible to
get the fundamental matrix because we cannot solve the system theoretically. So
the stability of the system is not able to be concluded by applying the Froquet
theorem,directly.

In order to examine the stability with the theorem,it is required to solve the
system at least in a time interval (i, ,to+T) (T:periode of coefficients). Frazer,
Duncan and Collar presented a procedure to analyse linear differential equation
with time depending coefficients. In this procedure the time interval (to,t) is
divided into m steps as t,,ty ,---,tm.Supposing the time depending coefficients were
constant in a small interval (t,ty) ({=1,---,m),they continuously analysed the
system and obtained the solutions at t=t.

Here,we apply the procedure to the linear homogeneous differential equation
with periodic coefficients and derive the characteristic equation of the system to
analyse the characteristic roots. Then,we can conclude whether the solutions of
the system are stable or not. This is a new procedure to examine the stability of
the system.

The linear homogeneous differential equation with periodic coefficients is
given by Eq.(l). When we express the fundamental matrix [@ (t)],there exists a
nonsingular matrix with constant coefficients [C] in Eq.(3). The solution of Eq.
(1) is given by Eq.(15). From Eq.(5) we have the matrix with constant coefficients
[R]. The matrix [R] is connected to matrix [C] with the similarity transformation
in Eq. (7).

In order to construct the matrix [R],the solutions of Eq.(l) is required over
the interval at least in one period (to,te+T).However,Eq.(l) is not generally
solved in the interval. Then,we suppose that the interval(t,,t,+T) is divided into
m steps and the matrix [A(t)] with periodic coefficients,which is continuous in an
interval (qH,tt) ({=1,2,:-,m),is considered as the matrix with constant coefficients
[Kl]. There are many ways to define the matrix[K}] as given by Eq.(9), (10),(11),(12)
,Or etc,

Applying the approximate procedure to Egq.(1l),we have Eq.(13) which is able to
be solved,analyticaly. we can consider that for a sufficiently large integer m Eq.
(13) converges to Eq.(1) and the matrix [Rw[ given by Eq.(16) converges to the
matrix [R],uniformly. Then,setting such a large integer m in Eq.(13),we examine
the stability of the solutions of Eq,(1).

Solving the eigenvalue problem of the matrix [Rwl,we obtain characteristic
roots. If all the roots have absolute values smaller than unity,the system will
be stable. But if there appears even one root that has absolute value greater than
unity,the system will be unstable.

We apply the procedure to a model given by Eq.(22). Setting m=6,10,14,18,42,
102 and 202,we analyse the width of typical instability regions of Eq.(22) where
ofi=1 and Wi=4. The results are depicted in Table 1. Adopting m=22 for the model,
we define the instability regions existing in w 20.5 and represent them in Fig.l.
Then,we examine the effect of damping on the instability regions. Setting m=22,we
analyse three models ¢, =¢;=0; ¢,=0.01, €,=0.02;and §=0,001, £,=0.2. The instability
regions of them are depicted in Fig.2.

* Free Student Dr.Eng.



