2010 International Symposium on Nonlinear Theory and its Applications
NOLTA2010, Krakow, Poland, September 5-8, 2010 NOLTA

2010

SPICE-Oriented Algorithm for Assessment of Stability for Periodic Solutions

Hiroshige Kataoka, Yoshihiro Yamagami, Yoshifumi Nishio and Akio Ushida

Dept. Electrical and Electronic Eng, Tokushima University
Tokushima 770-8506, JAPAN
Email: hiroshige@ee.tokushima-u.ac.jp, yamagami@ee.tokushima-u.ac.jp, nishio@ee.tokushima-u.ac.jp

Abstract—The assessment of the stability for periodiche currenic is given by

solutions is very important for designing the circuit. There
il . ch .

are many method for the assessment of the stability. In  j. = C—= = —wCVc¢sinwt + wCVescoswt.  (2)
this article, we propose a SPICE-oriented method for the dt
assessment of the stability, that is based on the Floquet thgnus, the cofficients of sinut and cosut are described by
ory. By using our method, we can assess the stability of the
circuit easily. First, we obtain the periodic solutions of the lcs = —wCVee, lcc = wCVcs. )

circuit by using the SPICE. Next, we calculate the eigen- o
values of a Jacobian matrix by solving variational circuitdV@mely, the capacitor is replaced by coupled voltage-

based on the Floguet theory. As an example, we assess gqgltrolled current sources in the sine-cosine transformation
stability of the periodic solutions for one order resonanc@' the HB method. In the same way, let the current through

circuit including nonlinear capacitors. an inductorl. be

iL =l s Sinwt + I ¢ coswt. (4)

1. Introduction o
Then, the voltage, is given by

When we simulate the circuit, we often refer to the as- di
sessment of the stability. In this paper, we propose a v, = L=t = —wlLl ¢ sinwt + wLl g coswt. (5)
SPICE-oriented algorithm to the assessment of the stability
for periodic solutions which is based on the Floquet thethus, the cofficients of sinut, coswt are described by
ory [1]. In the conventional method, we have to calculate
the Jacobian matrix for the periodic solutions by solving Vis = —wllic, Vic=wlls. (6)
the variational equations. In this study, we obtain the Ja-

cobian matrix by the transient analysis of SPICE for variNamely' the inductor is replaced by coupled current-

ational circuits which is easily derived from the originalf_gztm"ed voltage sources in the sine-cosine transforma-
. ion.

circuit. . .

Section 2.1 shows how to use the sine-cosine circuits [2 .Aszanhexarr:rﬁ)le, Fig. 1 shgws an RLC !addgr C|.rtcun and
which is based on the HB (harmonic balance) method. g'd- < Shows the correésponding SIN€-Cosine CIrcutts.
use the sine-cosine circuit to obtain the value of the volt-
ages which are required in order to solve variational cir- o~ - — s
cuits. Section 2.2 shows the solution curve-tracing circuit. s, c l c l c l
It is based on the arc-length method [3][4]. Section 2.3 1[ ZT T
shows the Floquet theory. Section 3 shows an illustrative I

Figure 1:RLC ladder circuit

Cy

example and how to solve the variational circuits by using
SPICE. Section 4 shows the results and confirms fieee
tiveness of the proposed method. Section 5 concludes this
article.

2.2. Solution curve-tracing circuit

2. Frequency analysis and assessment of stability Even we use our sine-cosine circuits, we can not obtain

unstable periodic solutions, because we set the frequency

as time in SPICE. In this section, we explain the STC (so-
We introduce the sine-cosine circuit corresponding to thigition trace circuit) realizing the arc-length method.

determining equation of the HB method. If we set the volt- First, we can express the ark lengthiir-() dimensional

age through a capacit@ euclidean space as Eq. (7)

2.1. Sine-cosine circuit

Ve = Vs sinwt + Ve coswt, 1) ds= V(dx)? + (d%)2 + (%) + ... + [@X%1)2  (7)
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oL T R wl,lg, R oLl

s g “hds and substitute Eq. (10) to Eq. (9). We obtain the equation

P P T

circuit e % % % : as
E L .
I oC\V oC,V,, 0CVy oC Vs,
f(R % ¥, wt)+ 8fafaf| ii 0. (11)
= s, XY, W Ac Al o =Xy=VY = U
R ~OLla g —oLlde, o oLl o -oll, y X X ay X=Xy=y A
Sine: X X X X y
circuit
oy, Veocy., V-wcy., Y-ocy., N Ed. (11), the first term is regular period solution and
] second term is variational equation. We change the second
T term as
Figure 2:Sine-cosine circuit for Fig.1 AX = A()AX. (12)

In Eq. (12),A(t) is the periodic function. We apply the

In order to trace the solutions curve by SPICE, we replacléloquet theory for this periodic function. We write the Ja-

the diferentiation with respect to the arc-lengitby the cobian matrix of the periodic solution d@xt). From this,

time t. We assume, as voltages in SPICE. From this, Wethe solution afte-r one period from initial value ak(0) is
) given as follows;
can obtain Eg. (8).

Zp: ( dv )2 ( dv, )z . . AX(T) = O(T)AX(0). (13)
<\ dt dt )

In this paper, wherg; (i = 1,2,..., p) are the cofficient
of voltages in Egs. (1) and (4) ang corresponds ta.
They are realized by usingftiérentiators (simply realized
by capacitors with ) in SPICE). The circuit in Fig. 3 3. lllustrative example
realizes to satisfy the arc-length method Eq. (8). In this

Hence, when the eigenvalueg (1,, ..., 1,) of ®(T) sat-
isfy |4l <1 (k=12,...,n), the regular periodic solution
X is stable.

v, R L
; R 2% 7000
n @ 2 : — v=aq+ By’
I =Z"&2> L=V, l v, CDEM Sin @t i a+ A
< 1A | R H:
VCCS  MVCCS 1

Figure 4:Example model
Figure 3:STC (Solution curve-tracing circuit)

Figure 4 shows a circuit for an illustrative example. The
circuit, the voltages corresponding to the fimgents are Nonlinear characteristics can be solved by using the SPICE
inputted after dferentiated and squared via the voltagemodelin Fig. 5.
controlled current source (VCCS). If we set the voltage of We can express the circuit equations as follows;
nodea asv,, |, = \'/f) can be obtained by multiplier and di
voltage-controlled current source VCCS (MVCCS). Then, et) = Ri+ Ld_t +aq+ B¢
the node voltage,, is integrated to obtaim,,. Note thatR d
in Fig. 3 is a very large resistance used only to avoid the a9 _ i
L — J cut-set. dt

(14)

If we write the variables as periodic solutions with small

variations: o _
We suppose that there is a circuit equation as { I =1ip+ Al (15)

. = + A 9
f(% % ¥, ot) = 0, ©) 4= G+ ad
o ) _ we obtain the following variational equations.
and make the variational equation for the regular period

solution ofX. First, we assume the small change quantity
as (A\x, Ay) as

2.3. Stability of periodic solutions

et) = RAI + L% + (o + 83007 Aq

X = X+ AX dAq
- 10 s S
{y=y+Ay (10) dat —

(16)
Ai
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Figure 6:Variational circuit for Fig. 5 Figure 8:Frequency response qf

where we neglect higher-order small terms.

From these equations, we can make the variational ¢
cuit for Fig. 5. In Fig. 6,q¢ is the steady solutions given
as

Ig;\_nalyze the case = 4.78[rad/s], w = 4.51]rad/s] and
w = 4.26[rad/q].

For the validation, we simulate the original circuit. The
17) simulation results of transient analysis (Fig. 9, Fig. 10 and
o Fig. 11), indicate thatv = 4.78[rad/d] is stable, and that
We analyze this circuit and calculate the values of twg, _ 451[rad/g andw = 4.26[rad/ g are unstable.

(o = Q¢ coswt + Qs Sinwt.

variables after one period from twofféirent initial condi- Next, we show the results which obtained by our
tions; (Aio, Adp) = (1,0) or (Aip, Aqo) = (0,1). We obtain  method. First, we show the solutions for the case of
4 variational values fo®(T). w = 4.78[rad/9).
® = A?(Aio,Aqo)z(l,o) AQ(Aip Ago)=(1.0) © = 0599 Q012
Alaip.aa0)=0.1)  Ad(aio.Ad0)=(0.1) ~| -13897 0593

We calculate the eigenvalues ®{T) by using MATLAB

and assess the stability of the periodic solutions. Second, we show the solutions for the caseof =

4.51[rad/q].

4. Simulation results D= 0.0447 0149
| -2.831 1707

Figures 7 and 8 show the simulation results of the fre- .
guency response dfand g, respectively, which are ob- Lastly, we show the solutions for the case of =
tained by the sine-cosine circuits and the STC with SPICE:26[rad/s].

We set the parameters as follows;, = 0.35[V], @ =
10,8 = 08, R = 005[Q], L = 0.1[H]. In this sec-
tion, we compare and check the our results with the re- Table 1 shows the calculated eigenvaluesbofor the
sults which obtained by transient analysis of Fig. 4. Wéwo w.

D= 0.4001 01209
~ | 07348 1412
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Figure 9:Transient analysis af = 4.78[rad/s]
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Figure 10:Transient analysis ab = 4.51[rad/ ]

We can see thab = 4.78[rad/ g is stable, because all of
eigenvalues satisfyl| < 1. However, for the other patterns,
the solutions are unstable, because one of the two eigenval-

ues does not satisfy| < 1.
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Figure 11:Transient analysis ab = 4.26[rad/s]

pacitors for three dierent conditions o which gives both
stable and unstable solutions. Our results agree well with
the previously obtained results. We would like to improve
the proposed method mordéfectively for the analysis of
larger scale circuit.
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Table 1: Eigenvalues ab

w [rad/s] |4 12|

w =478 | 0.5963-0.4093i| 0.5963-0.4093i
w =451 0.358 1.3936

w =426 0.319 1.4928
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