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Simulation of Feedback Control System
with Controller and Second-Order Plant

Initialization Code

Manipulate

Manipulate[
tick;
1T [needToUpdateSystem,

(
needToUpdateSystem = False;

(* generate the stepResponse once, only when the parameters change =)

planteupdateStepResponse[s, t, 0, simulationTime];
feedBackeupdateStepResponse[s, t, 0, simulationTime];

stepResponsePlot = feedBackegetPlot[s, t, simulationTime, showPlantResponse];
bodePlot = feedBackegetBodePlot[];

lowerGrid = Rasterize[ (xrastersize for faster renderingx)

TexteGrid[{
{
Grid[{{

TexteGrid[{
{Style["plant", 11], Style["closed loop", 11]},
{TraditionalFormeplantegetPolynomial [s], TraditionalFormefeedBackegetPolynomial [S]}

}, Spacings » {0, 0.3}, Frame -» All, FrameStyle -> Directive[Thickness[.001], Gray]

1},
{stepResponsePlot}
}, Spacings » {0, 0}, Alignment -» Center, Frame - None

1,
Grid[{
{bodePlot[[1]1]1},
{bodePlot[[2]]}
}, Spacings -» {0, 0}
1
}
}, Spacings - {0, 0}, Frame - None
1
1;

nyquistPlot =
RasterizeeNyquistPlot[feedBack@getOpenLoopTF[s], ImageSize -» {0.42 «ContentSizeW, 0.3 xContentSizeH},
AspectRatio -» 1, ImagePadding -» O, ImageMargins - 0, PlotLabel -> TexteStyle["open loop Nyquist", 11]];

currentTime =0

)
15

FfinalPlot = Grid[{

{
Grid[{
{Grid[{{TexteStyle["plant™, 11], makeMechanicalSystem[plant@getStepResponse[] /. t » currentTime]},
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(Té)r(rt@StylefCoILJm'n[{"closed"', “loop™}], 111, )
makeMechanicalSystem[feedBackegetStepResponse[] /. t -> currentTime]}}], nyquistPlot

}
}, Frame » All, FrameStyle -> Directive[Thickness[.005], Gray], Spacings - {0.2, 0}]

1,
{lowerGrid, SpanFromLeft}
}, Spacings - {0, 0}, Alignment - Center, Frame - None, FrameStyle -> Directive[Thickness[.005], Gray]

1;

If[doSimulation,
(
If[currentTime < simulationTime,

(
If[currentTime + delta > simulationTime,

(

currentTime = simulationTime;
)
(

currentTime += delta
)
1;
tick += $MachineEpsilon
)
]

)
13

(*FinishDynamic[] ;%)
finalPlot ,
(*—————- start controls --------cc *)
Grid[{
{Button[Text[Style["run*", 1211,
{
currentTime = 0;
doSimulation = True;
tick += $MachineEpsilon
}, ImageSize -> {60, 28}],
Button[Text[Style["stop", 12]],
{
currentTime = 0;
doSimulation = False;
tick += $MachineEpsilon
}, ImageSize -> {50, 28}],
Dynamic[TexteStyle[Grid[{{"time"}, {currentTime}}, Spacings -» {0.1, 0.1}, Alignment -» Center], 11]]

}
}, Spacings » {.2, 0}, Alignment -» Center],

Grid[{

{TexteStyle["time", 11],

Manipulator [Dynamic[simulationTime, {

simulationTime = #; needToUpdateSystem = True; currentTime = 0; tick +=del} &],

{1, 50, 1}, ImageSize -» Tiny, ContinuousAction - False],
TexteStyle[Dynamicepadlt3[simulationTime, {2, 0}], 11]
1,
{TexteStyle["slow", 117,

Manipulator [Dynamic[delta, {delta=#; currentTime = 0; tick +=del} &],

{0.1, 3, 0.1}, ImageSize » Tiny, ContinuousAction - False],
TexteStyle['"fast", 11]

}
}, FrameStyle -> Directive[Thickness[.005], Gray], Frame -» True, Spacings » {0.2, 0}1],

Grid[{

{TexteStyle["g", 11],
Manipulator [Dynamic[zeta, {zeta =#; needToUpdateSystem = True; currentTime = 0; doSimulation = False;
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Vplant@sieitZeta[zieta] ; tick +=del} &], {0;01, 2:0, 0.01}, ImageSize -» Tiny, ContinuousAction - False],
TexteStyle[Dynamicepadlt2[zeta, {3, 2}], 11]
},

{TexteStyle["w,", 117,
Manipulator [Dynamic[wn,
{wn = #; needToUpdateSystem = True; currentTime = 0; doSimulation = False; plantesetwn[wn]; tick +=del} &],
{0.1, 2., 0.1}, ImageSize » Tiny, ContinuousAction - False],
TexteStyle[Dynamicepadlt2[wn, {2, 1}], 11]
}s

{TexteStyle["DC gain", 11],
Manipulator [Dynamic[dcGain, {dcGain =#; needToUpdateSystem = True;
currentTime = 0; doSimulation = False; plantesetGain[dcGain]; tick +=del} &],
{0.01, 1.5, 0.01}, ImageSize -» Tiny, ContinuousAction - False],
TexteStyle[Dynamicepadlt2[dcGain, {3, 2}], 11]
}
}, FrameStyle -> Directive[Thickness[.005], Gray], Frame - True, Spacings - {0.2, 0}1,
Grid[{
{
Row[ {PopupMenu [Dynamic[controllerType, {controllerType = #; needToUpdateSystem = True;
controlleresetType[controllerType]; currentTime = O; doSimulation = False; tick +=del} &],
{
"P" » Style["P", 117,
"PI" » Style["PI", 11],
"PD" -» Style["PD", 11],
"PID" -» Style["PID", 11]
}s
ImageSize -> All
1,
Row[ {Style[" show plant ', 11], Checkbox[
Dynamic[showPlantResponse, {showPlantResponse =#; needToUpdateSystem = True; tick +=del} &]]}]
}1, SpanFromLeft
}s
{TexteStyle["P", 11],
Manipulator [Dynamic[propertional, {propertional = #; needToUpdateSystem = True;
doSimulation = False; controlleresetKp[propertional]; currentTime = 0; tick +=del} &],
{0.001, 10, 0.001}, ImageSize -» Tiny, ContinuousAction - False
1,
TexteStyle[Dynamicepadlt2[propertional, {5, 3}1, 11]
|
{TexteStyle["I1", 11],
Manipulator [Dynamic[integral, {integral =#; needToUpdateSystem = True; doSimulation = False;
controlleresetKi[integral]; currentTime = 0; tick +=del} &], {0.0, 5, 0.001}, ImageSize » Tiny,
ContinuousAction -» False, Enabled - Dynamic[controllerType == "PI" | | controllerType == "PID"]
1,
TexteStyle[Dynamicepadlt2[integral, {4, 3}], 11]
}s
{TexteStyle["D", 11],
Manipulator [Dynamic[derivative, {derivative = #; needToUpdateSystem = True; doSimulation = False;
controlleresetKd[derivative]; currentTime = 0; tick +=del} &], {0.0, 5, 0.001}, ImageSize - Tiny,
ContinuousAction -» False, Enabled - Dynamic[controllerType == ""PD" | | controllerType == "PID"]
1,
TexteStyle[Dynamicepadlt2[derivative, {4, 3}], 11]
}
}, Alignment - Left, FrameStyle -> Directive[Thickness[.005], Gray], Frame -» True, Spacings » {0.3, 0.2}
1,
Grid[{
{TexteStyle["poles locations in s-plane", 111},
{Dynamic[Show[
polesPlot[feedBack@getPoles[], Blue],
I1f[showPlantResponse, polesPlot[plantegetPoles[s], Black], {}]
, ImageMargins -» 0, ImagePadding -» {{20, 5}, {15, 0}}, ImageMargins -» O, AspectRatio- 1
]
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1},
{Dynamic[feedBacke@formatClosedLoopPoles[]]}
}, Alignment -» Center, FrameStyle -> Directive[Thickness[.002], Gray], Frame -» True, Spacings - {0, 0}

1,

{{tick, 0}, None},

{{del, $MachineEpsilon}, None},
{{doSimulation, False}, None},
{{currentTime, 0}, None},
{{propertional, 10.0}, None},
{{integral, 3.730}, None},
{{derivative, 0.697}, None},
{{FinalPlot, {}}, None},
{{controllerType, "PID"}, None},
{{delta, .2}, None},
{{needToUpdateSystem, True}, None},
{{showPlantResponse, True}, None},
{{simulationTime, 20}, None},
{{zeta, 0.77}, None},

{{wn, 1.0}, None},

{{dcGain, 1.0}, None},
{{lowerGrid, {}}, None},
{{bodePlot, {}}, None},
{{stepResponsePlot, {}}, None},
{{nyquistPlot, {}}, None},
{plant, None},

{controller, None},

{feedBack, None},
TrackedSymbols » {tick},

SynchronousUpdating - False,
ContinuousAction » False,
Synchronouslinitialization - True,
Alignment -> Center,
ImageMargins -» 0,
FrameMargins - 0,
Paneled -» True,
Frame - False,
ControlPlacement - Left,
Initialization :»
{ContentSizeW:=410;

ContentSizeH = 470 ;

padlt2[v_? (NumericQ[#] && Im[#] ==0&) , F_List] :=
AccountingForm[Chop[Nev] , f, NumberSigns -> {*""*, """}, NumberPadding -> {"'0", "0}, SignPadding -> True];

pad1t3[v_? (NumericQ[#] && Im[#] == 0&) , F_List] := AccountingForm[Chop[Nev] , f,
NumberSigns -> {***, """}, NumberPadding -> {"'0", "0}, SignPadding -> True, NumberPoint - ""];

(xPlant classx)
plantClass[$s_, $t_, $from_, $to_, $zeta_, $wn_, $gain_] :=
Module[{zeta:=$zeta, wn = $wn, gain = $gain, stepResponse, self},

self@getStepResponse[s_J t_, from_, to_]:=4
FirsteOutputResponse[selfegetTF[s], UnitStep[t], {t, from, to}]
)

selfesetZeta[v_] := (
zeta =v;
)

selfesetwn|v_] := (
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wn = V;

)

selfesetGain[v_] := (
gain =v;
)

selfegetTF[s_] := (
TransferFunctionModel [ (wn*2xgain) / (S"2 + 2xzetaxwn*S + wn"2), s]
)

selfegetPolynomial [s_] 1= (Wn"2xgain) / (S™"2 + 2xzetaxwn*S + wn2) ;
self@updateStepResponse[s_, t_, from_, to_] := stepResponse = selfegetStepResponse[s, t, from, to];
selfegetStepResponse[] := stepResponse;

self@getPoles[s_] := TransferFunctionPoles[selfegetTF[s]];

stepResponse = selfegetStepResponse[$s, $t, $from, $to];
self

(xcontroller classx)
controllerClass[$type_, $kp_, $ki_, $kd_] := Module[{type = $type, kp = $kp, ki = $ki, kd = $kd, self},

selfesetType[v_] :=type = v;
selfesetKp[v_] :=kp=v;
self@setKi[v_] = ki =v;
selfesetkd [v_] =kd =v;

selfegetPolynomial [s_] := (
Which[type = "PID", kp + ki /s + kdxs,
type == "PD", kp + kdxs,
type = "PI", kp+Kki /s,
type = "P", kp
1

(xclosed loop feedback classx)
feedBackClass[$s_, $t_, $from_, $to_] i= Module[{getOpenLoopPolynomial, stepResponse, self},

getOpenLoopPolynomial [s_] := controlleregetPolynomial [s] » plantegetPolynomial [s] ;
selfegetStepResponse[s_, t_, from_, to_] :=
FirsteOutputResponse[ selfegetTF[s], UnitStep[t], {t, from, to}];

self@getOpenLoopTF[s_] := TransferFunctionModel [getOpenLoopPolynomial [S], S];
seIf@getOpenLoopPhaseMargins[s_] := PhaseMargins[selfegetOpenLoopTF[s]];
self@getOpenLoopGainMargins[s_] 1= GainMargins[selfegetOpenLoopTF([s]];

selfegetPolynomial [s_] := Module[{p = getOpenLoopPolynomial [S]},
NeSimplify[p/ (1+p)]
1;

self@getTF[s_] := TransferFunctionModel [selfegetPolynomial [S], S];

self@updateStepResponse[s_, t_, from_, to_] : = stepResponse = selfegetStepResponse[s, t, from, to];
selfegetStepResponse[] := stepResponse;

selfegetPoles[] := Module[{s},
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Trar;SferFunéfionPoles [éelf@getTF[s] ]
1;
selfeisStable[] := Module[{poles =selfegetPoles[]},
poles = Flatten[Re[poles]];
If[Length[Cases[poles, n_/;n>0, {}]] >0, False, True]

self@getPlot[s_, t_, simulationTime_, shovaIantResponse_] o= Module[{plotOptions, line, plantPlot,
closedLoopPlot, plantPlotStyle = {Black, Thin}, closedLoopPlotStyle = {Blue, Thin}},

plotOptions = {AxesOrigin - {0, 0}, PlotRange -» {{0, simulationTime}, All},
ImagePadding -» {{30, 15}, {40, 20}}, Frame -» True, ImageSize -»
{0.65xContentSizeW, 0.6 xContentSizeH}, AspectRatio- 1.1, ImageMargins - 0, GridLines - Automatic,
GridLinesStyle -> Directive[Thickness[.001], Gray, Dashed], Axes - False, Exclusions - None};

line = ListPlot[{{0, 1}, {simulationTime, 1}}, PlotStyle - Red, Joined » True] ;

plantPlot = Plot[plantegetStepResponse[],
{t, 0, simulationTime}, EvaluateeplotOptions, PlotStyle -» plantPlotStyle];

closedLoopPlot = Plot[selfegetStepResponse[], {t, 0, simulationTime},
EvaluateeplotOptions, PlotStyle -» closedLoopPlotStyle,
FrameLabel -» {{None, None},
{TexteStyle[Row[{Style["t", Italic], " sec"}], 11], TexteStyle['step response", 11]1}},

Epilog - {

If[selfeisStable[],

Text[Framed[Style["stable", Black, 12], FrameMargins -» .1], Scaled[{.06, .05}]1, {-1, 0}1,
Text[Framed[Style["unstable", Red, 12], FrameMargins » .1], Scaled[{.06, .05}], {-1, 0}]
1,

makePlotLegend[{"'closed loop", If[showPlantResponse, "plant™, "1},
(Graphics[{Directive[#], Line[{{-4, 0}, {4, 0}}1}]) &/e
{closedLoopPlotStyle, If[showPlantResponse, plantPlotStyle, White]},
{0.56, 0.2}, 14, 12, "Arial™]

}
1;

Show[closedLoopPlot, If[showPlantResponse, plantPlot, {}], line, ImageMargins - 0]

selfegetBodePlot[] := Module[{bodePlotTitle, phasePlotTitle, pm, gm, s},

pm = LasteSorteselfegetOpenLoopPhaseMargins[s];
gm = LasteSorteselfegetOpenLoopGainMargins[s];

bodePlotTitle = TexteStyle[
Grid[{
{""open loop magnitude plot", SpanFromLeft},
{""crossover (rad/sec)', "margin (db)"},
{gm[[1]], 20%Log[10, gm[[2]11]}
}, Frame -» All, FrameStyle -> Directive[Thickness[.001], Gray],
Spacings » {0.2, 0.15}, Alignment » Center], 11];

phasePlotTitle = TexteStyle[
Grid[{
{""open loop phase plot", SpanFromLeft},
{""crossover (rad/sec)', "margin (deg)"},
{pm[[1]], 180/Pipm[[2]]}
}, Frame -» All, FrameStyle -> Directive[Thickness[.001], Gray],
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Spacings-» {0.2, 0.15} ,7 Alignment » Cenfer] , 117; )

BodePlot[
selfegetOpenLoopTF[s],
StabilityMargins » {True, True},
StabilityMarginsStyle » {Red, Red},
GridLines -» Automatic,
ImagePadding -» {{{30, 5}, {30, 5}}, {{30, 5}, {30, 5}}},
ImageMargins -» {0, 0.1},
PlotLabel -» {bodePlotTitle, phasePlotTitle},
PlotLayout -» "List"

selfeformatClosedLoopPoles[] := Module[{tbl = Table["", {4}], poles = FlatteneselfegetPoles[]},
tbl[[1 ;; Length[poles]]] = poles;
TexteStyle[Grid[{
{TexteStyle["closed loop poles™, 111},
{Column[tbl]}}, Frame - None, Spacings - {0, 0.2}, Alignment - Center], 11]
1;

stepResponse = selfegetStepResponse [$s, $t, $from, $to];
self

polesPIot[poles_, plotSter_] := Module[{polesPoints, plotOptions},

plotOptions = {AxesOrigin - {0, 0}, ImagePadding -» {{0, 0}, {0, 5}}, Frame » True, ImageMargins -0,
AspectRatio -» 1, GridLines -» Automatic, GridLinesStyle -> Directive[Thickness[.001], Gray, Dashed]};
polesPoints = makePolesAndZerosCoordinates[poles];

Show[ListPlot[polesPoints,
AxesOrigin - {0, 0},
PlotMarkers -» Style["®", plotStyle, 12],
EvaluateeplotOptions
1,
PlotRange - {
{Min[-1.2, 1.2«Min[polesPoints[[All, 11111, Max[1.2, 1.2xMax[polesPoints[[All, 11111},

{Min[-1.2, 1.2«Min[polesPoints[[All, 21111, Max[1.2, 1.2xMax[polesPoints[[All, 2]]] 1}
}s
ImageSize -» {-35%ContentSizeW, .3xContentSizeH},
ImageMargins -» 0,
ImagePadding -» O

makePolesAndZerosCoordinates [points_] := Module[{xy},

Xy = Flatten[Replace[points, {Complex[x_, y_] = {X, Y}, X_?NumericQ: {X, 0}}, {3}] , 1];
Cases[xy, {_?NumericQ, _?NumericQ}, {2}]

makePIotLegend[nameS_, markers_, origin_, markerSize_, fontSize_, font_] i= Module[{i, 1dx},
idx = Flatten[Position[names, _? (Not[#=""]&)]]:

Joinee Table[
{
Text[
Style[names[[idx[[i]]]], FontSize -» fontSize, font],

Offset[{1.5%x1.5+markerSize, - (i - 0.5) *Max[markerSize, fontSize] «1.25}, Scaled[origin]],
{-1, 0}

1,
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Inset[
Show [
markers[[idx[[i]]]1],
ImageSize » 3xmarkerSize
1,
Offset|[
{markerSize/2, - (i - 0.5) xMax[markerSize, fontSize] x1.25},
Scaled[origin]
1,
{0, 03,
Background - Directive[Opacity[0], White]
1
}

{i, 1, Length[idx]}

(*xThanks to Arpad Késa for this
function below which draws the spring. From a demo found at WRI sitex)

rugo[xkezd_, ykezd_, xveg_, yveg_] I= Module[{step =12, szel =0.25
(*spring widthx), hx, hy, veghossz = 0.3, hossz, dh, i},

{

hx = xveg - xkezd;
hy = yveg - ykezd;

hossz = \/ hx? + hy? ;

dh = (hossz - 2 xveghossz) /step;
{xkezd, ykezd)} ~Join~ {{xkezd + hx* (dh + veghossz) /hossz, ykezd + hy * (dh + veghossz) /hossz}} ~

Join~Table[IFf[0ddQ[1], {xkezd + hx* (i xdh + veghossz) /hossz + hy *szel / hossz,
ykezd + hy * (i xdh + veghossz) / hossz - hx+szel / hossz},
{xkezd + hx* (i *dh + veghossz) / hossz - hy xszel / hossz,
ykezd + hy % (1 »dh + veghossz) /hossz + hxxszel /hossz}], (i, 2, (step-2)}]~Join~
{{xkezd + hx« ((step - 1) »dh + veghossz) /hossz, ykezd + hy  ((step - 1) »dh + veghossz) / hossz}} ~
Join~ {{xveg, yveg}}

makeMechanicalSystem[y$_] = Module[{al=1, a2, a3= .7, a4, a6= .3, annot, a0= .7, y = y$},
a2 =_.15xa0;
ad = .3xal;
(*add virtual stop guards for unstable systemsx)
If[y>1.5, y=1.5];
If[y<-0.2, y=-0.2];

annot =
Row[ {PaddedForm[ (Chop[Ney, 10~-5]), {6, 6}, NumberSigns - {***, """}, NumberPadding - {"'0*", "0"}1}1;

Graphics[{
{EdgeForm[Directive[Thick, Black]], GrayLevel [0.9], Rectangle[{0O, 0}, {1.5+ a0, al}]},
{GrayLevel [0.5], Opacity[.5], Rectangle[{y + a0, 0}, {y+a0+0.05, al}]},
{Black, Line[{{a4, a3}, {y +a0, a3}}] }, (xdamper to mass linex)
{Black, Line[{{O, a3}, {a2, a3}}] }, (xbottom of damper to left wallx)
{Black, Line[{{a2, -9a3}, {a2, 1.1a3}}] }, (xbottom of damperx)
{Black, Line[{{a2, -9a3}, {a4, -9a3}}] }, (» bottom edge of damper dashx)
{Black, Line[{{a2, 1.1a3}, {a4, 1.1a3}}] }, (*» top edge of damper dashx)
{Black, Line[{{0, a6}, {a2, a6}}] }, (xline from left wall to start of spring partsx)
{Blue, Thin, Dotted, Line[{ {a0 +1, 0}, {a0+1, al}}] }, (*xstep response referencex)
{Blue, Thin, Dotted, Line[{{a0, 0}, {a0, al}}]}, (*O initial position linex)
{Text[Style[annot, 11], {y +a0, 1.1%al}, {0, 0}] 1},
{Text[Row[ {Style["x", Italic], Style[" = 0", 11]}], {a0, -0.1}, {0, 0}1 },
{Text[Row[{Style["x", Italic], Style[" = 1", 11]}], {a0O+1, -0.1}, {0, O}] 1},
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{Red, 7Lin(—::[7rug7;o[07, a6, y + aO,i ab] ]7}

}, PlotRange » {{-0.01, 2.3}, {-.21, 1.2al}}, Axes -» False, AxesOrigin- {0, 0}, ImageMargins - O,

ImagePadding » 0, ImageSize -» {0.58 x ContentSizeW, 0.15*ContentSizeH}, AspectRatio - .3]

1;

(*make plant, controller and feedback objectsx)

plant = plantClass|[s, t, 0, 20, .77, 1, 1];
controller = controllerClass["PID", 10.0, 3.730, 0.697];
feedBack = feedBackClass[s, t, 0, 20];

time 0.000000
open loogp
run || stop | o | — .
plant #
time —{——— = 20 ‘W— ;.
o
gO\N CD faﬂ x=0 x=1 {-\"MS
0.000000 =
¢ — 0.77 —1. g5
oy —F——m 10 lc'm = | %
oop W .
DC gain (J— = 1.00 ; .
x=0 x=1 "
PID show plant [+/] plant clossd loop cpen loop |
— A CIOEESOVEL (fad
1 0687 55 +10. 5+3.73
P ——(} &= 10000 4134541 [ £2237 411 54373 - i
| :D: 3.730 step responss 60 :”= -
. _ 4p, LI |
ot nom T s
- o Vo ' __ 1 I _: . 1 |
poles|ocationsin s-plane 12 H : g ] "-2- I 1111
i . T T 1 1 1 1 T 1 i
3@ A ! ] _40. ”II I
| | | | ] 1 |
O \ : ] 0.001 001 0.1
N RS
O Q) f f : : 4 o 1.{H}'
b ® I I 1 crossover (fad)sec
| | | | TmoT T Tt [ 3. 1320276260522
_27777777777777—\77 : : B
| | | | C
Bl 5 1 1 1 —B0. B
v e TTmm o oo T -00. I
~10 -05 00 05 10 | | ] ~100. :
1
closedlooppoles || DIffo---1----- rm——— .;]'r.;sgﬁwp-_ —l}l-:l. :
| 0.937821890539222 — 3.07290002389456 i L ] - I
; tant 1 - s
- 0.937821890539222 + 3.07290002389456 i . . 1 T [
—0.361356218921556 10 15 20 - -
0001 001 0.1
I saC
Caption

This Demonstration simulates a second-order linear system represented as a mass-spring-damper and analyzes the effect of adding a
controller on the step response of the overall system in a closed loop. You can select one of four types of controller: P, PI, PD, or PID.
You can simulate the plant with and without the controller to see the effect on the step response. Bode and Nyquist plots of the open-
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loop transfer functions are plotted and the gain and phase margins are shown, as well as the locations of the closed-loop poles. You can
change the simulation time and speed as well as the controller parameters using sliders.

Thumbnail

time
run stop 0

time —[}——— 1 20
Sow {J——— = fast
Jgm— 0.77
wg, —}—— = 10
DC gain ——)—— = 1.00

PID ! show plant M

p ————(} 1 10.000
| ——{}— 13730
D —}———— = 0697

000

0.00
_:—‘
plant

poleslocationsin s—plane

- Y R
b
| | | |
e
0 ® —
A ®
Afp-=1==4-=7--1
BE®-T--1--1--1
L L L L

closed loop poles
—0.937821890539222 — 3.07290002389456 &

—0.937821890539222 + 3.07290002389456 i
—0.361356218921556

x=0 x=1 Ke'l‘i
0.000000
1. g5 |
closed H_————— &
loop W h‘\
' bl
x=0 x=1 "
plant closed loop open loop 1
1 0.697 2410, 5+3.73 croasoves {rad
113451 [P a3237 411 54373 -
step responss -
T ] i
1 1 -
o L] -

open loo

Crossover (fad
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time ‘ 0.000000
‘ loop
wn_ | , e
un stop 0 | — | ;
plant : ’
time —{(}—— = 20 ‘W; | K
0 -
0.000000 -
{ —(}——mo7 | ; —1. —gFs
wn i 10 closed F1——— | "i
. loop ; N
DC gain ——— }— = 1.00 : .
x=0 x=1 "
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Details (optional)

A feedback control system is simulated using a controller and a second-order plant. The controller operation can be proportional,
proportional-integral, proportional-derivative, or proportional-integral-derivative. Mathematica 8 control system functions are used in
all the computation.
To determine relative stability of the closed loop, the gain margin in db and phase margin in degrees of the open loop are shown above
the Bode plots. For the case of multiple crossover frequencies, the highest frequency is used. The plant and closed-loop transfer
functions are shown above the step response plot. For analysis of the absolute stability, the closed-loop poles' locations on the s-plane
as well as their coordinates are displayed below the plot in the left side. The closed loop is unstable when the real part of any pole is
positive. Sl units are used throughout.
The plant transfer function is given by G(s) = Yo _ %, where dc is the DC gain, { is the damping ratio, wy is the natural
316 P+2{ wn S+ wh

frequency, Y(9) is the Laplace transform of the output of the plant, and U(9) is the Laplace transform of the input to the plant. The
controller used in the parallel form is given by C(s) = k, + Ky s+ ki /s, where kp, Kq, and k; are the proportional, derivative, and integral

L(s)
1+L(s)

parameters, respectively. The open-loop transfer function is L(s) = C(s) G(S) and the closed-loop transfer function is
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