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Model, Block and Simulation
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model = 'gain_example';
build tf model(model,3,1,2);
out = sim(model);

y = out.y;
disp(y.Data(end));
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Continuous Electrical and Mechanical Systems

SAME DYNAMICS, DIFFERENT PHYSICAL DOMAINS
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R = 1000; C = 100e-6; tau = R*C;
model = 'rc_example';

build tf model(model,1,[tau 1],0.5);
out = sim(model); y = out.y;
reference = 1-exp(-0.5/tau);
disp([y.Data(end) reference]);
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m=1; c = 2; k = 4;

model = 'spring example';

build tf model(model,1,[m c k],8);

out = sim(model); y = out.y;
staticDisplacement = 1/k;
disp([y.Data(end) staticDisplacement]);
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L =0.01; C = 100e-6; R = 10;

model = 'rlc_example’;

build tf model(model,1,[L*C R*C 1],0.03);
out = sim(model);

wn = 1/sqrt(L*C);

zeta = R/2*sqrt(C/L);

disp([wn zeta]);
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tau = 10;

model = 'thermal_example’;

build tf model(model,1,[tau 1],50);
out = sim(model);

reference = 1-exp(-5);
disp([out.y.Data(end) reference]);
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L=1; R=1; J =1; b = 1;

Kt = 90.1; Ke = 0.1;

A = [-R/L -Ke/L;Kt/3 -b/3];

B = [1/L;0]; C = [0 1]; D = ©;
poles = eig(A);

steady = -A\B;

disp(poles); disp(C*steady+D);
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t = (0:0.1:1)";

u = 2*t;

inputSignal = timeseries(u,t);
disp([inputSignal.Time(end) inputSignal.Data(end)]);
% Set From Workspace Data to inputSignal.
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model = 'solver_ example';

build tf model(model,1,[0.1 1],0.5);

set_param(model, 'Solver', 'ode45"',
'RelTol','le-7"', 'AbsTol"', '1le-9");

out = sim(model);

errorFinal = abs(out.y.Data(end)-(1-exp(-5)));

disp(errorFinal);
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Discrete-Time Control of a DC Motor SAMPLE - MEASURE - COMPUTE - ACTUATE

Feedback keeps the output close to the desired value

Actuator

Setpoint Controller Saturation Motor (Plant) vk
I C(z) G(z) (e.g., speed)
rlk]

. Controller : DC Motor (Plant) \ Position / Speed Sensor
iscrete-time; i

o First-Order Discrete Model e Proportional Control and Steady-State Error e Actuator Saturation

y[k] = 0.8y[k — 1] + 0.2u[k] yik) Plant G(s)=1/(s+1) ) Saturate the commands Sat(u)
VEAT=0, a=1 1 | Proportional gain K, = 4 1 [-3,0.5,4] totherange [-1,1]. ;
Unity negative feedback
0.5 Unit step reference 05 0
First five samples: Result:
0.2, 0.36, 0438, 0.5904, 0.67232] 0 e Steady-state output: 0.8 0 [i=il, &, 1] —1;

Steady-state error: 0.2
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u = ones(1,5); y = zeros(1,5); previous = 0;
for k = 1:5
y(k) = 0.8*previous+0.2*u(k);
previous = y(k);
end
disp(y);
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Kp = 4;

model = 'feedback example';

build tf model(model,Kp,[1 1+Kp],5);
out = sim(model);

yss = Kp/(1+Kp); ess = 1l-yss;
disp([yss ess]);
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command = [-3 0.5 4];

lower = -1; upper = 1;
limited = min(max(command, lower),upper);
disp(limited);

% Saturation: LowerLimit=-1, UpperLimit=1
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Step Response (RC Circui
5 RenzsBEeiict Parameter Comparisonatt=1s

Time constant 7 (s) Output y(1)
0.1 0.999955
0.2 0.993262
0.5 0.864665

Spring

y(t)=1-e "

0.4 0.6 0:8
Time (s)

mdl = ‘rcModel’; Regression Test (RC at 57)
in = Simulink.SimulationInput(ndl;

in = in.setModelParameter('StopTime', '1');
out = sim(in);

t = out.tout;

y = out.yout;

tFinal = S*tau;
err = abs(y(end) - (1 - exp(- 5))); -
assert(err < 1e-3); f g
disp('Test passed.'); 4

ProjectiE = Key Questions

CSEE;@ . Change parameter

. Compare response & T
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taus = [0.1 0.2 0.5];
results = zeros(size(taus));
for k = 1:numel(taus)
model = sprintf('sweep %d',k);
build tf model(model,1,[taus(k) 1],1);
out = sim(model);
results(k) = out.y.Data(end);
end
disp(results);
disp(1l-exp(-1./taus));
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model = 'siminput_example';

build tf model(model,1,[0.1 1],0.5);

simIn = Simulink.SimulationInput(model);

simIn = simIn.setModelParameter('StopTime','1");
out = sim(simIn);

disp(out.y.Time(end));
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model = 'regression_example';

build tf model(model,1,[0.1 1],0.5);
out = sim(model);

expected = 1-exp(-5);

observed = out.y.Data(end);
assert(abs(observed-expected) < 1le-3);
disp('RC regression test passed');
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function build_tf model(model,num,den,stopTime)

if bdIsLoaded(model) || isfile([model '.slx'])
error('Choose a new model name in a fresh work folder');

end

new_system(model);

add_block('simulink/Sources/Step',[model '/Input'],
'Time','0', 'Before','0’', 'After','1");

add_block('simulink/Continuous/Transfer Fcn',
[model '/Plant’'], "Numerator',mat2str(num),
'‘Denominator',mat2str(den));

add_block('simulink/Sinks/To Workspace',
[model '/Output'], 'VariableName','y"’,
'SaveFormat', 'Timeseries');

add_line(model, 'Input/1', 'Plant/1");
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do 0305w S aS
J jlw Jo

add_line(model, 'Plant/1', 'Output/1"');
set param(model, 'StopTime',num2str(stopTime),
'Solver', 'ode45', 'ReturnWorkspaceOutputs', 'on');
Simulink.BlockDiagram.arrangeSystem(model);
save_system(model,[model '.slx']);
end
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mathworks

.com/help/matlab/ref/assert.html

mathworks.

com/help/simulink/slref/discretetransferfcn.html

mathworks.

com/help/simulink/slref/fromworkspace.html

mathworks.

com/help/simulink/slref/saturation.html

mathworks.

com/help/simulink/slref/sim.html

mathworks.

com/help/simulink/slref/simulink.simulationinput.html

mathworks.

com/help/simulink/slref/statespace.html
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mathworks.com/help/simulink/slref/sum.html

mathworks.com/help/simulink/slref/transferfcn.html

mathworks.com/help/simulink/ug/approach-modeling-programmatically.html

mathworks.com/help/simulink/ug/choose-a-solver.html
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