— 70—

Fip¥ i (Resistive) [E A2 #2iR

Analysis of Nonlinear Resistive Networks
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Abstract

Computer is used to analyze nonlinear networks. Integrated circuits and new nonlinear
elements have generated much interest in nonlinear circuit theory.

A key to the understanding and analysis of nonlinear circuits is the study of chara-
cteristics for nonlinear elements and nonlinear resistive networks both in theory and in

computation.

In this paper, an iteration method using cut set analysis for nonlinear dc analysis

based on Branin’s method is described.

Application of this algorithm to solve two nonlinear problems. is presented and a

possible method of improving the basic algorithm by means of a sparse matrix technique

is described.
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Fig. 2. Flow chart for solving nonlinear
resistive network.
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TABLE 1
TREE BRANCH ERROR | ITN
~0.B484F 00 | -0.4263E 00| 0.7059E 00| 1
-0.7713F 00 | -0'4782F 00 | 0.1010E 00| 1
-0.7940F 00 | -0.4772E 00 | 0.2712E-01| 1
~0.7938F 00 | -0.4676E 00 | 0.1389E-01| 1
-0.7900E 00 | -0.3966E 00| 0.1206E-01| 1
~0.7936E 00 | -0.3970F 00 | 0.2136E-02 | 1
~0.7937E 00 | -0.3970F 00 | 0.2161E-03 | 1
-0.7938E 00 | -0.3969E 00 | 0.4373E-04 | 1
~0.7938E 00 -0.3969F 00 | 0.7337E-06{ 1
~0.6666E 00 | -0.3333E 00 | 0.5000E 00| 1
-0.7743E 00 | -0.3871E 00| 0.6955E-01 | 1
-0.7934E 00 | -0.3967E 00 | 0.1043E-01| 1
~0.7938F 00 | -0.3969E 00 | 0.2340E-03 1
~0.6182E 00 | -0.5595F 00 | 0.1284E 01| 1
-0.7756E 00 | -0.6250F 00 | 0.1818E 00 | 1
~0.8083E 00 | -0.6178E 00 | 0.6757E 01| 1
~0.8050E 00 | -0.5964E 00 | 0.4058E-0L | T
~0.7692E 00 | -0.3977E 00 | 0.3633E-01 ‘ 1
~0.7924F 00 | -0.4135E oo' 0.1446E-01 | 1
-0.7918E 00 | -0.4022F 00 0.3207E-02 | 1
~0.7935E 00 | -0.3976 00 | 0.1734E-02 | 1
-0.7938E 00 |*-0.3969% 00 | 0.2574E-03 | T
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TABLE 2

RN | ERROR | ITN
~0.7260E 00 | -0.3950E 00 | 0.3085E 00 1.
~0.7864E 00 | -0.4139F 00 | 0.4060E-00 | 1
-0.7931E 00 | -0.4101E 00 | 0.6376E-02 | 1
-0.7938E 00 | -0.4058E 00 | 0.2345E-02 | 1
-0.7938E 00 | -0.4028E 00 | 0.1405E-02 | 1
-0.7938E 00 | -0.4008E 00 | 0.9127E-03 1
-0.7938E 00 | -0.3994E 00 | 0.5998E-03 | 1
~0.6885E 00 | -0.3770E 00 | 0.4520E 00 | 1
~0.7819E 00 | -0.4120E 00 | 0.6186E-01 | 1
-0.7926E 00 | -C.4101E 00 | 0.8676E-02 ' 1
-0.7937E 00 | ~0.4059E 00 | 0.2554E-02 | 1
-0.7938F 00 | -0.4029E 00 | 0.1443E-02 | 1
-0.7938E 00 | -0.4008E 00 | 0.9300E-03 ’ 1
-0.7938E 00 | -0.3995E 00 | 0.6104E-03 | 1
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TABLE 3
TREE BRANCH VOLTAGE ERROR ITN
0.2350E 00 | -0.2350E 00 -0.2350E 00 0.2599E 00 2
0.1732E 00 ' ~0.1732E 00 ~0.1732E 00 0. 2469E 00 2
0.1145E 00 K -0.1145E 00 -0.1145E 00 0.2346E 00 2
0.5885E 01 | -0.5885E 01 -0.5884F 01 0.2229E 00 2
0.5914E 02 -0.5913E 02 -0.5913E 02 0.2117E 00 2
-0.4438E 01 0.4438E o1 0.4438E 01 0.2011E 00 2
-0.9215E 01 0.9215E 01 0.9215E 01 0.1911E 00 2
-0.1375E 00 0.1375E 00 ‘ 0. 1375E 00 0.1815E 00 2
N -0. 1806E 00 0. 1805E 00 0. 1805E 00 ‘ 0.1724E 00 2
~0.2214E 00 0.2211E 00 0.2212E 00 0.1638E 00 2
-0.2600LX 00 0.2592E 00 0. 2595E 00 0.1556E 00 2
-0.2962E 00 0.2942E 00 0.2949E 00 0.1478E 00 2
-0.3297E 00 0. 3254E 00 0.3268E 00 0. 1404E 00 2
-0. 3602E 00 0.3516E 00 0.3544E 00 0.1334E 00 2
-0.3874E 00 0.3721E 00 0.3772E 00 0.1267E 00 | 2
-0.4115E 00 0.3874E 00 0.3951E 00 0.1204E 00 ‘ 2
-0.4329E 00 0.3987E 00 0.4094E 00 0.1144E 00 | 2
-0.4523E 00 ° 0.4071E 00 0.4210E 00 0.1087E 00 2
-0.4700E 00 0.4137E 00 0.4305E 00 0.1032E 00 2
-0.4862E 00 0.4190E 00 0.4386E 00 0.9812E-01 2
-0.5013E 00 0.4234E 00 0.4454E 00 0.9322E-01 2
~0.7822E 00 0.4956E 00 0.5645E 00 0. 8856E-01 1
-0.6974E 00 0.3346E 00 0.3948E 00 0.7857E-01 1
-0.7287E 00 0.4061E 00 0.4575E 00 0. 4703E-01 1
-0.7323E 00 0.4133E 00 0. 4646 00 0. 3363E-01 2
-0.7343E 00 0.4172E 00 0.4687E 00 0. 3105E-01 2
-0.7361E 00 0.4206E 00 0.4723E 00 - | 0. 2935E-01 2
-0.7682E 00 0.4804E 00 0.5364E 00 0.2779E-01 1
-0.7532E 00 0.4485E 00 0.5064E 00 0.2511E-01 1
-0.7562E 00 ‘ 0.4570E 00 0.5125E 00 0.6917E-02 1
-0.7575E 00 0. 4580E 00 | 0.5150E 00 0. 1986E-02 1
-0.7572E 00 0.4588E 00 0.5144E 00 " 0.6767E-03 1




4

#

1. Broyden ol 3 24 f2i kst =29
e AFelm, TEALYN mrogge AT
c}.

2. AAMH] SEAe] Jonz BAMN ) B
SO O MR E ST 4 v

3. FBETY BHERS zEadye g

Foz ¥ QTE IUME 2ol dFzgne =
OB o] E5hy o4 walth

2 £ X M

1) Kuo & Magnuson, Computer Oriented Circuit
Design, Prentjce-Hall, Inc. 1969.

2) F.H. Branin, Jr, and H.H Wang, A Fast
Reliable Iteration Method for dc Analysis of
Nonlinear Networks, Proc. of the IEEE. Vol.
55, No. 11, pp. 1819~1826, Nov. 1967.

3) F.H Branin, Jr, Computer Methods of Ne-
twork Analysis, Proc, of the IEEE. Vol 55,
No. 11, p.1787. Nov. 1967.

4) W.J McCalla, and D.O. Pederson, Elements
of Computer-Aided Circuit Analysis, IEEE

BREG H238 M3 19747 5 (222

Trans. on Circuit Theory, Vol. CT—18, No..
1, pp.14~26, Jan. 1971.

5) Stephen, W. Director, Survey of Circuit-
Oriented Optimization Techniques, IEEE.
Trans. on Circuit Theory Vol. CT-18, No. 1,
pp.3~11, Jan. 1971.

6) Hityg, SparsevlER 2% o]83F IPLEEEY
i EET 2o, BTLBRE %,

7) N. Sato and W.F. Tinney, Techniques for
Exploiting the Sparsity of the Network Ad- :
mittance Matrix, IEEE, Power Apparatus.
and Systems, Vol. 82, pp.944~950, Dec. 1963. -

8) W.F. Tinney and J.W. Walker, Direct
Solutions of Sparse Network Equations by
Optimally Ordered Triangular Factorization,
Proc. of the IEEE, Vol. 55, No. 11, pp.1801~
1809, Nov. 1957.

9) F.B. Hildebrand, Intreduction to Numerical
Analysis, McGraw-Hill. 1956.

10) P. Henricci, Elements of Numerical Analysis,
John Wiley & Sons, Inc. 1964.

12) D.J Wilde, Optimum Secking Methods, Pre- -

ntice-Hall, Inc. 1964.

13) C. A Descer and E.S. Kuh, Basic Circuit
Theory, McGraw-11ill, 1969.



