
Model Documentation of the
’B767 aircraft at a flutter
condition’

1 Nomenclature

1.1 Nomenclature for Model Equations

x state vector
u control input vector
w noise vector
z regulated output vector
y measurement vector

2 Model Equations

State Vector and Input Vector:

x ∈ R55u ∈ R2w ∈ R3z ∈ R5y ∈ R2

System Equations:

ẋ(t) = Ax(t) +B1w(t) +Bu(t) (1a)

z(t) = C1x(t) +D11w(t) +D12u(t) (1b)

y(t) = Cx(t) +D21w(t) (1c)

Outputs: z
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2.1 Exemplary parameter values

Symbol Value

A
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0.1015 −19.77 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1970.0 6.796 −0.1334 −1429.0 18.03 −0.1517 0 −3.158 0 0
19.77 0.1015 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −2665.0 7.196 −0.1568 −2222.0 −2.684 −0.050292 0 1.779 0 0
0 0 −0.023202 −0.092543 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 586.9 0.0017334 −4.3119 · 10−5 119.0 0.00048611 −7.4279 · 10−6 0 0.0053132 0 0
0 0 0.092543 −0.023202 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −501.1 0.0041488 −8.0848 · 10−5 −105.9 0.0010274 −1.1816 · 10−5 0 0.0080111 0 0
0 0 0 0 −0.3165 −14.33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 134.5 −0.269 0.0049694 −146.8 −0.7097 0.0012317 0 0.1066 0 0
0 0 0 0 14.33 −0.3165 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −164.5 0.4627 −0.008432 196.0 1.345 −0.0039645 0 −0.4078 0 0
0 0 0 0 0 0 −0.3892 −22.29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 608.5 −1.835 0.036978 175.1 −1.082 0.011391 0 0.1001 0 0
0 0 0 0 0 0 22.29 −0.3892 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −77.54 0.1595 −0.0020525 9.616 0.637 −0.0028823 0 −0.1571 0 0
0 0 0 0 0 0 0 0 −0.9883 −36.16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1117.0 4.615 −0.084286 −34.14 6.425 −0.049071 0 −1.06 0 0
0 0 0 0 0 0 0 0 36.16 −0.9883 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1790.0 −3.752 0.071871 −222.7 1.899 −0.015192 0 0.4854 0 0
0 0 0 0 0 0 0 0 0 0 −1.342 −2.547 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −13858.0 0.555 −0.012727 −2014.0 −0.050439 0.0010263 0 −2.733 0 0
0 0 0 0 0 0 0 0 0 0 2.457 −1.342 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15010.0 −3.138 0.065016 2668.0 −1.06 0.011647 0 2.067 0 0
0 0 0 0 0 0 0 0 0 0 0 0 −2.312 −21.51 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −21697.0 61.46 −1.286 −3652.0 5.074 −0.1277 0 3.001 0 0
0 0 0 0 0 0 0 0 0 0 0 0 21.51 −2.312 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 19966.0 −53.56 1.121 2881.0 −26.77 0.254 0 3.544 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 −2.792 −26.71 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −2861.0 13.14 −0.2426 −1080.0 48.49 −0.3712 0 −7.199 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 26.71 −2.792 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6583.0 −19.32 0.3841 −3883.0 −12.93 0.010825 0 7.207 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −2.796 −63.79 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −2212.0 −12.28 0.1229 −1647.0 −5.13 0.020187 0 0.6186 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 63.79 −2.796 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6321.0 −27.17 0.2049 −1045.0 −15.59 0.064588 0 1.076 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −3.332 −56.37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13964.0 −17.24 0.035851 562.0 −25.48 0.1072 0 2.821 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 56.37 −3.332 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2382.0 −20.08 0.3605 902.6 −1.623 0.077575 0 −0.7866 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −3.418 −88.67 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −303.7 2.624 −0.1208 1129.0 4.399 −0.02724 0 −0.1111 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 88.67 −3.418 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 542.8 0.5789 0.1194 −1258.0 −6.993 0.029297 0 1.509 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −4.441 −69.45 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −527.1 −36.01 0.3072 −1267.0 7.583 −0.0065626 0 −0.3659 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 69.45 −4.441 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2658.0 3.812 −0.037101 −49.11 −4.347 −0.0084969 0 0.8635 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −5.108 −53.39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 25341.0 −36.45 0.4514 4360.0 −131.3 0.8394 0 7.433 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 53.39 −5.108 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6538.0 −28.56 0.3244 3790.0 90.71 −0.3495 0 −15.36 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −5.199 −50.64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 42048.0 −59.43 0.7558 2501.0 −17.39 0.1113 0 4.57 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50.64 −5.199 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 210.6 −39.51 0.5076 −470.4 −18.75 0.1395 0 −0.2771 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −5.301 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1.251 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −5.67 −92.96 0 0 0 0 0 0 0 0 0 0 0 0 0 0 994.2 13.57 −0.021971 828.4 12.9 −0.036967 0 −0.5031 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 92.96 −5.67 0 0 0 0 0 0 0 0 0 0 0 0 0 0 769.2 10.6 −0.092043 810.0 19.07 −0.081012 0 −0.4524 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −6.197 −40.0 0 0 0 0 0 0 0 0 0 0 0 0 42702.0 −120.7 1.94 −3077.0 35.9 −0.2467 0 −1.592 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 40.0 −6.197 0 0 0 0 0 0 0 0 0 0 0 0 −76982.0 140.6 −2.796 −348.3 −38.56 0.1981 0 1.956 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −8.177 −16.61 0 0 0 0 0 0 0 0 0 0 −288.8 −0.9428 0.023831 −1499.0 0.9758 −0.041943 0 −5.981 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16.61 −8.177 0 0 0 0 0 0 0 0 0 0 −2237.0 8.455 −0.1565 −6578.0 49.5 −0.498 0 −10.88 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −8.221 −139.1 0 0 0 0 0 0 0 0 −16942.0 94.43 −1.144 −60.89 0.2221 −0.011955 0 −1.121 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 139.1 −8.221 0 0 0 0 0 0 0 0 −12513.0 68.02 −0.6821 −29.37 0.4639 −0.0099611 0 0.1532 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −10.35 −163.0 0 0 0 0 0 0 5748.0 −35.78 0.2067 −39.31 −0.683 0.0078189 0 −0.4254 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 163.0 −10.35 0 0 0 0 0 0 −14657.0 216.8 −0.6615 123.4 9.043 −0.087434 0 −0.7886 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −11.72 −109.3 0 0 0 0 −4089.0 −258.1 −1.059 33.03 −2.04 0.023536 0 −0.1053 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 109.3 −11.72 0 0 0 0 7940.0 309.0 1.175 61.04 2.311 −0.028729 0 −2.007 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −11.79 −304.6 0 0 9582.0 37.3 −0.031126 140.9 2.627 −0.018542 0 0.1886 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 304.6 −11.79 0 0 9474.0 41.4 −0.050827 156.3 3.098 −0.022171 0 0.0092049 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −33.27 0 0 0 0 0 0 0 0 −17.07 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −221.2 0 0 0 0 0 0 0 −37.83 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −800000.0 −60800.0 −1060.0 0 0 0 0 0 −16000000.0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −800000.0 −60800.0 −1060.0 0 0 0 −16000000.0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −0.2668 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.0 −1.033 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −20.0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −20.0
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C1


−0.00196156518 −0.00178666089 0.00383083053 0.0041777305 0.00271334337 0.0034309939 −0.000578619068 −0.00074499144 −0.00335052241 0.000254794053 0.00638400656 0.00655735959 −0.000209807584 0.00059645853 −0.00753736655 −0.00707644915 −0.00136471883 0.00216827025 0.00155164537 0.00200693946 −0.0111834035 −0.011347449 −0.00187663383 −0.00340733722 −0.000802000156 −9.55962468 · 10−5 2.96096286 · 10−5 −0.000463632102 −0.0104723458 0.00272730469 −0.00352988656 −0.000818094453 −0.000313547933 0.00815476706 0.0065172208 1.85821264 · 10−5 −0.000102828985 −8.21972597 · 10−5 −1.56037119 · 10−5 0.000112563126 0.000129413661 −3.99254913 · 10−6 5.50696432 · 10−6 −0.00630528024 −0.000260805176 0 0 0 0 0 0 0 0 0 0
−0.0129504191 −0.00659743772 0.000520641604 0.000964484966 0.00603316895 0.00288047491 0.0125202768 0.00414241786 0.00127203849 0.00330629052 0.00138777669 0.00137912336 −0.00121471022 −0.00375806609 −0.00171696352 −0.000372453447 −3.18478344 · 10−7 0.00166540413 0.00124319408 0.000469803331 −0.00587272192 0.000330773274 −0.00235081943 −0.00159365366 0.00503082569 0.00394267032 −0.00467676056 0.000816657364 −0.00241463769 −0.0239635754 0.0215622783 −0.0017122763 −0.00127095682 −0.00221669292 0.00897421712 4.96123856 · 10−5 −0.000575085428 −0.000689381404 −7.3409024 · 10−5 0.000877230625 0.00112997977 −6.15107048 · 10−5 7.29763578 · 10−5 −0.0052348999 −0.000249215704 0 0 0 0 0 0 0 0 0 0
−0.00576793735 0.00212717147 0.00085525128 0.000948383511 0.000112181294 −0.00240891603 0.00399138134 −0.000938835501 0.00322441002 0.00282214139 0.0012315368 0.00142672317 −0.00140825325 −0.000845859795 −0.0022336083 −0.00256700604 −0.0010848731 0.00532966802 0.00306005903 0.000830833418 −0.00193934176 −0.00267813862 −0.00835372636 −0.00927409194 0.0121838872 0.00977027542 −0.013112079 −0.00333397735 −0.00321188804 0.0131856456 −0.0125736338 0.000249813514 −0.0015855958 −0.00684639293 0.0152032498 −6.51769094 · 10−5 −1.22026702 · 10−5 3.14771289 · 10−5 3.93503243 · 10−5 8.89843252 · 10−5 −0.000317588735 2.52474435 · 10−6 2.33691464 · 10−6 −0.0116673555 −0.000737544662 0 0 0 0 0 0 0 0 0 0
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[
4.4247 · 10−5 4.3403 · 10−5 4.9713 · 10−5 4.5556 · 10−5 −4.1311 · 10−6 7.9201 · 10−6 7.2496 · 10−6 −6.7385 · 10−5 −0.00018236 2.0657 · 10−5 0.00013194 −0.00015849 −6.7655 · 10−5 −8.7358 · 10−6 −9.8119 · 10−5 3.1119 · 10−5 −5.7479 · 10−5 0.000316 −0.0005775 0.00071 −9.6843 · 10−5 2.9934 · 10−5 0.00054014 −0.0004762 −4.163 · 10−6 −0.00021609 −0.00010541 −3.1883 · 10−5 −0.00015062 −0.00027714 −0.00024361 2.799 · 10−5 −0.00016592 1.2748 · 10−5 −2.0762 · 10−5 −0.00012546 −4.436 · 10−5 −1.0147 · 10−5 0.00015343 2.1956 · 10−5 −2.9386 · 10−5 6.5513 · 10−5 6.1813 · 10−5 1.9995 · 10−5 8.9674 · 10−6 0 0 0 0 0 0 0 0 0 0

35.92 −12.46 −0.5332 −0.5659 −0.9664 12.75 −21.45 6.822 33.88 17.0 −0.138 −0.8803 5.465 −1.614 55.18 30.1 −4.878 14.36 62.54 55.18 −138.8 −104.4 6.831 −11.78 −55.04 −30.66 1.402 −30.33 4.869 −74.28 74.14 16.3 3.118 8.728 −74.53 1.46 −3.334 −7.367 −1.032 2.867 6.583 −1.361 1.35 10.71 −25.91 48.52 −7.932 0.079915 −25618.0 −167.4 0.2213 0 1.88 0 0

]

D11


0 0 0
0 0 0
0 0 0
0 0 0
0 0 0



D12


0 0
0 0
0 0

0.13503703 0
0 0.02700926


D21

[
0 0 0
0 0 0

]
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3 Derivation and Explanation

This model is part of the ”‘COMPleib”’ - library and wasautomatically imported
into ACKREP.
The original description was:
AC10 B767 aircraft at a flutter condition E. J. Davison, ”Benchmark Problems
for Control System Design”, ”Report of the IFAC Theory Comittee”, 1990

4 Simulation

Figure 1: Simulation of the B767 aircraft at a flutter condition.
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