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Identification of Fractional-order DC Motor Model by Bat Algorithm
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Abstract

This paper, identification of fractional-order DC motor model by
bat algorithm (BA) proposes one of the most efficient meta-heuristic
optimization techniques in searching value of the parameters. The BA is
based on the echolocation behaviour of micro bats in varying pulse
emission and loudness. The DC motor was tested in the laboratory to
collect important data such as the step input signal and output signal of
the DC motor. As the results, it was found that the BA can provide the
optimal parameters of the DC motor in both integer-order and
fractional-order models appropriately. However, the fractional-order

model is more accurate than the integer-order model.
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MINN 1 AWTINADIVDIUVINADINBIADIAYDUAVNIUIUAY (I0)

Speed Model Parameters

(rpm) J B R, L, K, K, K, T, c,
500 0.0015 0.0170 3.0231 0.0994 0.0502 0.0471 14.7453 0.9094 14.9467
750 0.0008 0.0299 5.0205 0.6285 0.2168 0.2881 82.0859 6.4887 83.5445
1000 0.0010 0.0178 5.6148 0.3532 0.1001 0.0101 87.6321 2.9064 84.7985
1250 0.0003 0.0251 5.3603 0.5996 0.2366 0.2172 47.3627 6.1591 47.7135
1500 0.0005 0.0128 5.1471 0.9632 0.1001 0.3001 49.3177 6.5766 51.2700
1750 0.0009 0.0295 2.2943 0.1756 0.0732 0.0259 28.3786 6.3705 29.4182
2000 0.0002 0.0274 3.2071 0.4653 0.1195 0.2463 29.3739 5.4213 30.0958
2250 0.0010 0.0288 1.8306 0.2219 0.0918 0.3023 47.9953 6.4033 47.1780
2500 0.0011 0.0293 2.5753 0.1670 0.1134 0.1247 32.7890 6.1676 32.8210

IS v w0

a da 1 o = 3
15197 2 Wentuo1o TouvowUTIa0INoIABS AT OUAUTIUIUAN (10)

Speed (rpm) Transfer Functions of DC Motor
500 G5, - 0.740
P10 0.000135s° +0.00788s% +0.141s5+0.803
750 G,()., = - 17'802
P50 0.003263s° +0.19000s2 +3.285s +17.76
1000 G,s), . = 8.772
P> hooo — 0.0010275s° +0.06454s* +1.303s5 +8.561
11.21
1250 G (s) =
) )‘1250 0.001108s> +0.11120s> +1.940s +8.872
1500 G,(9),,, = 4937
P hs00.003167s° +0.12270s% +1.3955 +4.918
2.077
1750 G =
’ (S)‘”SO 0.001007s> +0.05080s° +0.6565s +2.047
2000 G,(s), = 3510
P 000 0.000504s> +0.07540s> +1.039s +3.530
4.406
2250 G, (S)\ = 3 2
250 (0.001421s” +0.06311s* +0.903s +3.797
2500 G,s), = AL L
P hs0 00011335 +0.05368s> +0.806s +2.941
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Speed Model Parameters

(rpm) J B R L K K, K, T, C, q, q, q;

500 0.0015 0.0170 3.0231 0.0994 | 0.0502 | 0.0471 | 18.2221 | 1.4369 17.7533 1.0177 | 2.0245 | 2.9553

750 0.0008 0.0299 5.0205 | 0.6285 | 0.2168 | 0.2881 | 54.1420 | 5.7626 55.3599 1.0015 | 2.0743 | 3.0888

1000 0.0010 0.0178 5.6148 | 0.3532 | 0.1001 0.0101 | 35.0782 | 1.7019 33.2231 0.9842 | 1.9774 | 2.9499

1250 0.0003 0.0251 5.3603 | 0.5996 | 0.2366 | 0.2172 | 38.4492 | 6.9809 38.6023 0.9763 | 1.9309 | 3.0241

1500 0.0005 0.0128 5.1471 | 09632 | 0.1001 | 0.3001 | 49.9215 | 4.3852 53.5808 0.9986 | 1.9127 | 3.0462

1750 0.0009 0.0295 2.2943 | 0.1756 | 0.0732 | 0.0259 | 33.7270 | 7.0729 35.0298 1.0556 | 1.9049 | 3.0932

2000 0.0002 0.0274 3.2071 | 0.4653 | 0.1195 | 0.2463 | 15.3129 | 1.6562 15.7251 1.0341 | 1.9306 | 3.0137

2250 0.0010 0.0288 1.8306 | 0.2219 | 0.0918 | 0.3023 | 13.0881 | 2.5976 12.8548 1.0249 | 2.0432 | 3.0004

2500 0.0011 0.0293 2.5753 | 0.1670 | 0.1134 | 0.1247 | 47.9953 | 6.4033 47.1750 0.9818 | 1.9353 | 2.9110
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Speed (rpm) Transfer Functions of DC Motor
0.914
200 S, (S)‘Soo ~0.0002142457" +0.0115915>2% +0.18775"" +0.954
750 GI’ (S)‘ = 3.0888 ] ] .732§743 1.0015
750 (0.002897505° %% +0.1592705*" +2.48775"" +11.768
1000 G (s)‘ = 3511
P  hoo 0.0006011 15> +0.03199s +0.56725"%%' +3.354
1250 G (s)‘ = 9.097
P leso 1 0.001255705* % +0.123230s"%” +1.94105"%7 +7.177
1500 G, = 4.997
P ls0 00021119052 +0.0911555™'7 +1.2191s°%° +5.139
1750 G (s)‘ = 2.468
P hrso 0 0.001117805>%% +0.056780s" 7 +0.7459s" % +2.437
1.829
2000 % (s)‘zooo 0.000154125>°Y7 +0.0236415" "% +0.4048s" "' +1.844
2250 G,(),. = 1.201
P50 0.0005764257 ™ +0.0242095*°2 +0.31475 7 +1.034
2500 G (s)‘ = 5442
P s 0.001176305*"1 +0.0581385"7% +0.93825"% + 4227




