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Comparison of the iterative method with various second-order

reduced models of a fourth-order system

Table 1

$34+752+24s5+24
s* +10s% +35s2 +50s +24

Unit-step response: y, =l—e™' — e 42073 it

Original system: H,(s)=

Unit-step reponse

Reduced model Transfer function fo cM(Ste[’ response)zdt

error
r=>5step 1—1.2277¢~ 1039 0.239s% +0.6939s +2.7703 .
OP5 +0.2516¢~ 26655 5% +3.7048s +2.7703 0.00006502
r=4step 1—1.2239~10393 0.02023s2 +0.6963s +2.7703
.0
OP4 +0.2442¢-2655% 5 +3.70485 +2.7703 000006676
r=3 step 1~1.2239¢7 10334 0.0203s% +0.7117s + 2.6497
OP3 +0.2442¢ 725641t s% +3.5975s+2.6497 0.00007157
Second Cauer { 1--1,2309¢1:0435 0.7305s +2.5038
cond -auerform e o0 0.00012404
(Shieh & Wei) +0.2309¢~ % s% +3.4429s +2.5037
. 1-1.2202¢™ 10492 0.7311s +2.5063
Ny(Hsia) +0.2202¢ 24032 5% +3.4461s +2.5063 000012495
r=2step 1—1.2g710334 0.7273s +2.6497
OP2 +0.2¢7 256418 §2+3.5975s +2.6497 .0.00014024
r=1step 1-1.2¢™ _(l.ﬁs+2
OP1 +0.2e7% 32 4+3s+2 0.00023915
N, (Hsia) 7 1 0.83335+2
1]——eg t 4— -2t it .
Mixed method 6° 6 € st +3s+2 0.00033127
(Shieh & Wei)
. 1-1.0972¢™ —0.06945% +0.8333s+2
Nl(Hsna) 4002782 13549 0.00113126
th imati 1— 08279 0.7947(s+1
Rou approximation e - {(s+1) 0.00114932
(Hutton & Friedland) x{0.5041 5% +1.65575+0.7947
c0s{0.3307¢) —0.1
sin(0.3307¢)}
. no1 L, 1.0833s +2
~et—— - 0.0
D, (Davison) 12° 12¢ 1342 0792561
5 1 0.4833s+2
hidambar 1= 2t ——e S 01144288
C,(Chidambara) 6 ¢ 213512 0.0114428
Third Cauer form 1~0.8843¢~0-428% s+2.3014
. 0.15485
(Shieh & Wei) —~0.1157¢75:9557 5% +5.7946s +2.3014 5485461
r=0step QPO —s2+2
1~¢ t=c® e 0.22024248
C,(Chidambara) ¢ st+3s+2

D, (Davison)
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§
] ——-—C, (Chidamhara)
AP A B/ D. {Davison)

-------- Second Caver Form

--------- or3

Exact
Table 2 Numerical representation of unit-
. R .

0 v * w0 oo step responses according to

Time (seconds} various second-order models

. f a fourth-ord tem (N=10).
Figure 1 Comparison of unit-step of a fourth-order system (N=10)

responses according to various Retenlion
_ _ Time - of (2,:4;)
methods of second-order reduc s) Exact rem0(mDavison) rw §51Step rm2ndStep rm Ird Sicr
tion of a fourth-order system.
00 00 00 0.0 0.0 00
10— 1.0 0.5780436 14967840 0.5£39530 0.5839530 0.57B2840G
20 0.£505071 18463480 CE416346 08507439  0.£5081E7
{4 N \ 30 05479745 19477330 05422306 09456122 09274320
| | 40 09513607 19813470 09800228  CSIESTBY  0.98)5155
E N 50 09932168 19932150 09540320 09909080 09935025
\ ‘o 6.0 09975147 . 1.9975130 0.9992000 0.9948309 0.9977145
h = 7.0 0.9990868 19990840 1.0011020 0.9962801 0.9991952
. \ § 8.0 0.9996639 19996610 1.0018020 0.9967895 0.9997156
7 " \ E 9.0 0.9998760 1.9987300 1.0020600 0.9969686 0.9998985
. : \ g 10.0 0.999540 1.9999500 1.0021540 0.9970315 0.9999627
] : e
. 5 . Retention
7 \ 5 Time Davison- of (2,,2,) Relention Retention
. ot (s} r = 10th Step Marshall  lwai and Kubo of (4,24 of (23.4,)
0.0 0.0 00 0.0 0.0 00
T 10 0.5780420 0.6708750 0.5514420 0.5806480 0.565520¢
E 20 0.£510578 0.8841644 0.8445174 0.8457142 09141432
] 3 . 30 0.9476602 0.8580938 0.9437456 0.94416E9 0.974753%
o AR T : 4.0 09815558 05846771 0.9803715 05836752 0.9£35752
=1 s XS —""""8 IE 5.0 0.9534456 09943735 0.9938514 0.9937366 0.9549107
A ;  Time, sec -5~ E 6.0 0.9976162 05979293 0.99E£107 0.9986408 0.9850795
H \ . E 70 0.9992790 0.9952359 1.0006340 1.0004440 09851024
5 e pA] 0.9995922 0.9997163 1.0013050 1.0211070 0.985105%
,: ~ 9.0 09997721 09998930 1.0015510 1.0013501 0.9£51059
§ T r=tist step b sesor Dovison— Morshall 300 09995353 0.9999580 1.0016410 1.0014410 0.9851059
vess r=second step === retentionof (A0
—r=thiidstep [ S -t retention of (3,2 Time  Relention Retention Shich and Mixed
\ l;’ ------ retention of {1, A} & —— retention of (4, )) (s) of {(4;,4,) of(2,,4.) Wu B method
5 \’f —tetentionot (A, —:= Shieh ond Wu 00 00 00 00 00
- -0 1.0 0.5666237 0.5718908 0.5652160 0.9774¢E18
20 09219€9¢0 0.9524025 0.6126858 0.8335717
igure 2 The magnitude of the error in 30 DSISIEN  097TIN6  0SIEI06]  0.7124BE2
. 4.0 0.9524500 05791769 0.9633157 0.6587221
the step responses versus time SO O9E346E7 09792478 09613023 0.6376946
ari - 6.0 0.0836025 0.9792513 0.9£79216 0.6297901
for various second-order models 7.0 0.9836206 09792514 0.989£243 0.626£594
of a fourth-order system (N=10). 80  OSEX230 09792514  O9BYETEY  0.625775)

9.0 0.9£36230 09792514 0.9E92986 0.6253799
10.0 0.9E36233 0.9792514 0.98£5777 0.6252333
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