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Model reduction and stability consistency of
a class of multi-time scale electromechenical coupling system

LIU Yong-qiang, XU Peng
(Electric Power College, South China University of Technology, Guangzhou Guangdong 510640, China)

Abstract: For a class of electromechanical coupling system, this paper discusses the stability consistency between the

nonlinear multi-time scale model and the relevant reduced order model, and gives the conditions of stability consistence.

The continuous dependence of the stability boundary on the perturbation parameter ε for a multi-time scale system is

revealed. The necessary condition for this dependence is given. It is concluded that the negligence of the fast dynamics is

rational in the analysis of equilibrium stability and stability region
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1 (Introduction)

[1,2],

, .

:{
ẋ = f(x, y), x, f ∈ R

n,

εẏ = E(x) + G(x)y, y, E ∈ R
m, G ∈ R

m×m.

(1)

x, y .

, ,

(1) 2 . ,

{
ẋ = f(x, y),

0 = E(x) + G(x)y.
(2)

(2) (1),
:

1) , (1)(2)

( );

2) , (1)

ε, ε → 0
(1) x

(2) .

, ;

ε

.

.

2 (Invariant slow manifold)
[1,2], (1)

A1) ∀x ∈ D, E(x) , D ⊂
R

n ;

A2) G(x) λi = λi(x), i =
1, · · · ,m, (β ):

Re λi � −2β < 0, ∀t ∈ R, ∀x ∈ D ⊂ R
n.
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A3) ∀ t ∈ R, ∀x ∈ D, ‖ y + G−1E ‖�
ρy, f,E, G G−1(x)E(x) (∈
C2). ε0 ρy .

∀ε ∈ [0, ε1), ε1 � ε0, (1)

Mε : y = h(x, ε), h(x, 0) = −G−1E.

(1) Mε

ẋ = f(x, h(x, ε)) = F (x, ε) (3)

. ε = 0, (3) :

ẋ = F (x, 0). (4)

A1)∼A3) , ε, : i) (1)∼(4)

, ; ii)

(1)∼(4)

.

3 ε (Continuous depen-

dence of the solutions on ε)
[3], (3)(4)

B1) (4) x(0) = η(ε),

ε;

B2) D ⊂ R
n , (x, ε) ∈ D× [0, ε0],

F η N + 1 ;

B3) t ∈ [0, t̃], (4) [ 0, t̃ ]
x0(t), x0(t) ∈ D.

, ε∗ > 0,∀ ε < ε∗, (3) [ 0, t̃ ]
x(t, ε)( η(ε)),

x(t, ε) −
N−1∑
k=0

xk(t)εk = O(εN). (5)

(5) [1] , x̂(t, ε)
(1) , T , t > T

x̂(t, ε) − x0(t) � O(ε),

, ε , t > T

.

4 (Stability region

boundary in the slow manifold)
A(xs) Σ : ẋ = f(x)

xs . ϕt(x) Σ . Σ

A ∂A Σ

(critical elements)[4]. σi(i = 1, 2, · · · ) ∂A

, [4] , Σ :

C1) ∂A ;

C2) ∂A

;

C3) t → ∞ , ∂A

.

∂A(xs) =
⋃

σi∈∂A

W s(σi). (6)

, C1) C2) , C3) ,

C3) [13].

1 A1)∼A3) ,

(1) (3), (4) (3)

. xs (3) (4)

, Aε(xs), A0(xs) (3) (4) ,

(1) x

(2) . x̂ (3)(4)

, ϕε
−t(x̂) ∈ ∂Aε(xs), ϕ0

−t(x̂) ∈ ∂A0(xs)
(3) (4) , t ∈ [0,∞).

(3) (4) B1)∼B3), C1)∼C3),

ϕε
−t(x̂) = ϕ0

−t(x̂) +
N−1∑
k=1

ϕ−t,k(x̂)εk + O(εN). (7)

x1 = ϕε
−t1

(x̂) ∈ ∂Aε(xs),

x2 = ϕ0
−t1

(x̂) ∈ ∂Aε(xs),

(3)(4) x1, x2

‖ x1 − x2 ‖= O(ε). (8)

1.

5 (Conclusions)

.

,

ε .

.
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