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Abstract: In the nonautonomous circuit which contains the dissipative element, the existence of self excited oscillation
depends upon whether or not active power can maintain balance. The nonautonomous circuit with excited source has no
dissipative element. It is a lossless system. The forced and self-excited oscillation components can simultaneously co-
exist unconditionally. The excited source export only reactive power. The resonant circuit does not consume any active
power. The energy stored in this resonant circuit varies at all time; but after a cycle, the energy stored maintains original
quantity. The relation between self-oscillation frequency and two voltage amplitude of oscillation can be found from the
condition for reactive power balance. The main harmonic solutions are relative to both excited source and the initial
condition. Taking the resonant circuit which contains the voltage-controlled nonlinear inductor as example, this paper
demonstrates that the chaos can be produced by nonlinear coupling of forced and self-excited oscillation components.
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Table 1. First harmonic solutions of example 1 (ho = Hamiltonian)

=1 Gl LNERE (ho= REWE)

A u(0)=30, #(0)=0 us=30cos[16161] Usn~ 30 ho = 821250000
B u(0)=0, 4(0)=5000 us=7.8sin[640 1] Usw~7.8 ho = 12500000
C u(0)=30, 1(0)=5000 us=30c0s[1624 7]+ 3.1sin[1624 1] Usn~30.2 ho = 833750000
D u(0)=50, (0)=100000 us=50c0s[3092 £] + 32.3sin[3092 1] Usn = 60 ho = 10781250000
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Figure 4. Phase portrait of the Eq.(16) of example 2 horizontal axisisu; vertical axisisu =du/dt : (a) i, = 0.03; ix = 0.05; (b) i = 0.05; iy = 0.03
B 4. 412X (16)801EE, H#EEER u; MEEER u=du/dt : (a)i, = 0.03; ix=0.05; (b) i, = 0.05; i, = 0.03
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Table 3. Main harmonic solutions of example 3

& 3. Bl 3 TSR

i =Ipmr 0= Ipme Umax = W T Upm

N i =0001  i=0.002 I5y=0.00224 1y, =2.56 tpy=48  tiyey =736
= 1.14c0s[589 7] — 1.14cos[1200 1] — 4.66sin[589 7] + 2.29sin[1200 7]
s 0 =0.008  1,=0.006 Iry=001 1p=14.64 14y =13.57 e = 2821
= 11.7c0s[1200 7] — 11.7cos[1539 1] — 8.78sin[1200 7] + 6.85sin[15397]
c =003 ;=006 Iry=0067 upy=246 wp=15.1 it =397
= 11c0s[1200 7] — 11cos[2546. 1] — 22sin[ 1200 £] + 10.4sin[2546 7]
b =006 ;=003 Iry=0067 tp,=20.86 wpn=1925  tiyex=40.11
= 18.7c0s[1200 7] — 18.7c0s[2366 £] — 9.33sin[ 1200 £] + 4.73sin[2366 1]
10 15 10
1
05
0
05
a1
15 '
250 0 50
(@) (b)

Figure5. Phase portrait of the Equation (24) of example 3 horizontal axisisu; vertical axisisu =du/dt : (a) i, = 0.03; ix = 0.06;
(b) i, =0.06; ix =0.03
B 5. il 3K (24)948E, #EFR u; YUEHR U=du/dt : (a)i, = 0.03; iy = 0.06; (b) i, = 0.06; ix = 0.03

Table 4. Main harmonic solution of example 4
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ir=0.3sinwpt + 0.4coswpt  Ipy=0.5  tmax = tpm + Up,

a3=3000 4, =57.6  Upy =377  Umax =953

A u; = 34.6 cos[1400 £] — 34.6 cos[4287 £] — 46.1 sin[1400 £] + 15.05 sin[4287 £]
B az=1000  1,,=83.8  upy =565  Umx=140.3
uy=50.3 cos[1400 7] — 50.3 cos[3631 ] — 67 sin[1400 £] + 25.9 sin[3631 7]
C az=100  1,,=186.9  upy=1375  uma=324.4
uy = 112 cos[1400 £] — 112 cos[2628 #] — 149.5 sin[1400 ] + 79.6 sin[2628 {]
D az=50  upu=239.5  upy=181.8  wum=421.4
uy = 143.7 cos[1400 £] — 143.7 cos[2407 ] — 191.6 sin[1400 ¢] + 111.5 sin[2407 ]
x10° <10
5 15 =10
0 ]
-5 -1.5
-150 150 -500 0 500

(b)

Figure 6. Phase portrait of example 4 horizontal axisisu; vertical axisisu=du/dt : (a) as = 3000; (b) as = 50

6. 54 BEE, HEERR u; YAEEHR u=du/dt : (a) a;=3000; (b) as =50
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6.1. £t B HAREHHEE

ii +uw, =(30cos w,t—40sin w,1)x14x10°  (30a)

@, =500, @, =1400 (30b)
u = (2.46 cos wt —2.46 cos ot
(31a)
—9.16sin @yt +3.27 sin 1) x10"
U;, =(327°+246*)x10° U, =40920
U, = (9.162 +2.46° ) x10® U,, =94846
Upee =U,, +U,,, =135766 (31b)
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Figure 7. Phase portrait of the Equation (30)
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ii + wju =(5.75739 cos w,t — 7.67651sin 1) *10"

w, =19661,

uy = 149.7cos[1400 £] — 149.7cos[19661 7]
~ 199.6sin[1400 7] + 14.2s5in[19661 ] (33)
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ii+u(25x10* +50u* ) = £, /C
i, =0.3sinw,t+0.4cos w,t (34)
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