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A.1 Integrator Element

Element Acronym:

Transfer Function: ~ X(s)

Poles/Zeros: w1 =

Internal Description:

Nyquist Diagram
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analog_input(e_k);

uk=uk 1+T_s/(2*T)*(e_k+ek_1);
analog_output(uk);

uk_l=uk;

ek_l=ek;




A.2 Differentiator Element

Element Acronym:

Transfer Function:

A .2 Differentiator Element

Poles/Zeros: m =00, (1 =0
Internal Description: — y(t) =T - Su(t)
Nyquist Diagram Impulse/Step Response
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analog_input(ek);
uk=2%¥T*(e_k-e_k_1)/T_s - u_k_1;
analog_output(u_k);

uk_1=u_k;

ek 1=e_k;
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A.3 First-Order Element

A Library of Standard Elements

Element Acronym: LP-1
Transfer Function:  X(s) = 5
Poles/Zeros: w1 = —%, (1 =00
Internal Description: ~ Sa(t) = —2 - x(t) + L - u(t)
y(t) =k - x(t)

Nyquist Diagram

Impulse/Step Response
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analog_input(ek);

uk=uk_1*(2*tau-T.s)/(2*tau+Ts)+...
(e_k_14e_k)*(k*T_s)/(2*tau+Ts);

analog_output(u-k);

uk_l=u_k;

ek_1=e.k;




A .4 Realizable Derivative Element

A.4 Realizable Derivative Element

Element Acronym: HP-1
Transfer Function:  X(s) =k - 55 =k ( - 7__51“)
Poles/Zeros:  m = —=,( =
Internal Description: — $a(t) = =1 - z(t) + L - u(t)
yt) = —k-xz(t) + k- u(t)

Nyquist Diagram

Impulse/Step Response
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deg L,O(w) | uk=1/(Ts+2%tau)*(u_k_1*(2*tau-T_s)+...
00 [~ | (ek-e_k_1)*2*k*tau);
| analog_output(u-k);
,,,,,,, uk_l=u_k;
45 e_k_1=e_k;
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A Library of Standard Elements

A.5 Second-Order Element

Element Acronym:
Transfer Function:

Poles/Zeros:

Internal Description:

LP-2

2

w
E(S) =k s2+2-5-£0-s+wg

1,2 = —Wo -6:l:w0\/62 — 1, <1,2 =

Nyquist Diagram

Impulse/Step Response
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analog_output(u_k);
uk_2=u_k_1;

ek 2=e_k_1;
uk_1=u_k;
ek_1=e_k;




A.6 Lag Element 269

A.6 Lag Element

Element Acronym: LG-1

1-1/«

Transfer Function: X(s) =k - aTTS;il =E4k. aTaT 1<«
Poles/Zeros:  m = —ﬁ, (1= —%
Internal Description:  La(t) = — L= - 2(t) + == - u(t)

y(t) = B () + £t

Phase minimum: ¢ = arctan(1/y/a) —arctan(y/a) at @ = (T-y/a) ™!

Nyquist Diagram Impulse/Step Response
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analog_input(ek);
uk=u_k_1*(2*T*T_s*alpha)/ ...

(Ts+2*T*alpha)+...
e k*k(T_s+2*T*alpha)+...

w
0— ek 1*k(T_s-2%T)/(T_s+2*T*alpha);
w analog_output(uk);
uk_1=uk;
i ek_1=ek;
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270 A Library of Standard Elements

A.7 Lead Element

Element Acronym: LD-1

Transfer Function:  X(s) =k - aTTS;Zil = § + k- al;ls/fl 0<ax<l
Poles/Zeros: w1 = —ﬁ, (1= —%
Internal Description:  La(t) = — L= - 2(t) + 2= - u(t)

Phase maximum: ¢ = arctan(1/y/a) — arctan(y/a) at @ = (T-/a)™?

Nyquist Diagram Impulse/Step Response
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analog_input(e_k);

deg | p(w) uk=u_k_1*(2*T*T_s*alpha)/ ...

O (T_s+2*T*alpha)+...
e_k*k(T-s+2*T)/(T_s+2*T*alpha)+...
e_k_1*k*(T_s-2*T) / (T_s+2*T*alpha);

analog_output(u_k);

uk_l=uk;

ek l=e.k;
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A.8 PID Element

Element Acronym: PID
Transfer Function: ~ X(s) =k, w =kp-(1+ 75 +Tu-
Poles/Zeros: m =0, mg = 00, (1,2 = _ﬁ + ﬁ — T;-le

Internal Description: Sy (t) = -

y(t) :kp'(

A.8 PID Element

- u(t)
u(t) +a1(t) + Ty - Su(t))
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Nyquist Diagram Impulse/Step Response
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deg LP(W) analog_input(e_k);
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+90 F——————— 2 e_k_1¥kp*(Tos/T_i-4*T_d/T-s)+...
e_k_2*kp*(-14+T_s/(2*T4)+2*T-d/Ts)+...
uk_2;
0 analog_output(u-k);
w uk_l1=uk;
—90 | — ek_1=ek;
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A.9 First-Order All-Pass Element

Element Acronym: AP-1

Transfer Function: — X(s) = 7TT;_+11 1+ %—H
Poles/Zeros:  m =—%, (1= =

Internal Description: ~ $a(t) = — 4 x(t) + & - u(t)

Nyquist Diagram Impulse/Step Response
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deg analog_input(e_k);
u_k=(e_k-u_k_1)*(T_s-2*¥T)/(T_s+2*T)+e_k_1;
analog_output(u-k);

u-k_-1=u_k;

e_k_1=ek;
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A.10 Delay Element

A.10 Delay Element

Element Acronym:
Transfer Function:
Poles/Zeros:

Internal Description:

Y(s)=esT
not a real-rational element

y(t) = ult - T)
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Nyquist Diagram Impulse/Step Response
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0
w KTZ=integer(T/T-s);
analog_input(eXk);
d uk=e_alt(KTZ);
€g analog_output(u-k);
for i=1:KTZ-1
e_alt(i+1)=e_alt(i);
w end;
_57.3 ealt(l)=ek;
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