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Introduction to feedback system

English Chinese
feedback control system RIFEHI RS
block diagram FIHEE]
open loop control FraRszs
closed loop control ZifZN 2]
feedback R
feedforward ElfE
accuracy IR
oscillation =%
instability TESE
sensitivity Bt
nonlinear effects JEB MR
external disturbance HNERFHR
schematic diagram JREE
cause and effect relationship ESES S
summing point SRR
takeoff point R
destination Bt
plant or process Tr=%IF
error signal HIRMES
reference input SERA
manipulated variable BI\EE
Difference equation and Laplace transform
English Chinese
Differential Equation (Zoapat =
Newton’s Second Law of Motion | 4 ZiEaER
Ohm’s Law BRBERR
Time-Invariant Equation BRI AR /5 T2
Differential Operator ENITHEM
Characteristic Equation KRR
Laplace Transform RIS RIETAR
Frequency Domain ST,




Time Domain

Algebraic Technique
Logarithm

Inverse Laplace Transform
Unit Step Function
Linearity

Poles and Zeros

Partial Fraction

Linear Transformation
Derivative and Integral
Initial Value Theorem

Final Value Theorem

Time and Frequency Scaling
Convolution Integral
Complex Convolution Integral

Atk
REEA
PE
SRR F VAR
B
it
MmFER
DD
Lt
SEFRD
HEERE
REEEE

R TEJACSRERGERL
BIRRD

SEHRD

Transfer function and system block diagram

English Chinese
Transfer Function EIBRE
System Block Diagram RITEE
Linear System HMRE
Non-Linear System MRS
Block Diagram FIHEE]

Block Diagram Reduction EEE
Mathematical Model 5 il
Single Input Single Output LN ST
Linear Time Invariant System B ARRS
Law of Superposition BINER
Saturation and Dead Zone IANEANZEX
Impulse Response Function INE IRV
System Identification RE0R%)
Moment of Inertia HARE
Direct Transfer Function ERZEEIRE
Feedback Transfer Function RIFAEIRERES
Open Loop and Closed Loop FRERFOMAER
Disturbance HNERFHR
Transformation agis




System flow graph

English Chinese
signal flow graph SSRE

nodes and branches RO

algebraic function RELEREL

source and sink AN EEIRS

forward path iz 23

loop gain INERIGES

Mason's Gain Formula iEREEAY

General Gain Formula — RGN

two non-touching loops P EE A AEIR
System modeling

English Chinese
modeling =

electrical system SRS

mechanical system RS
electromechanical system HEBERG

Newton's Second Law IR R

Free Body Diagram BHE

Kirchhoff’s Voltage Law H/REXSBEER
operational amplifier EEARE

analogous System KRS

armature and field current XN
servomotor ARk

viscous friction AEMEEER

Routh Hurwitz and stability

English Chinese

Routh Stability Criterion
Hurwitz Stability Criterion
Poles and Zeros
denominator and numerator
s plane

Matrix Determinant

Routh FEME/EN
Hurwitz FREMEAER
WRFIE R
DBEMDF

S YE

RERFETHIC




Root locus analysis

English Chinese
root locus RALR
numerator and denominator D E

open loop transfer function FIMEBRE
characteristic equation FHEF2
polynomial ZI

loci HE

real and imaginary axis SEHFNRES
asymptote AIZ

break away point e

poles and zeros REFIER

gain margin RIS
damping ratio BEfEEL
Bode plots

English Chinese
Bode Plot RSE

high pass filter S hrstisaa

low pass filter (RIEEiReS

band pass filter IR AR
magnitude and phase response R R AR (R L
decibel sl

break point B7AR
approximation i V=]
asymptote il
frequency IS
PID control and tuning

English Chinese
PID controller PID $2ihilE8

tuning =

algorithm =173

Ziegler Nichols Method FFIEED RRVRERTSIE
feedback control iR

open loop system FRES:

closed loop system TR RS
proportional control EE

integral control AvaE
derivative control Szt

= HABRI= =S




the three-term controller BRSIBRL TS %

transient response method TSEMERBRIE

stability limit method
Root locus design

English Chinese
root locus design TRALRRIRT

gain factor 1B

open loop gain FFERtEEs

phase lead 18515

phase lag =R =

undamped natural frequency P IS ES

damped natural frequency PEREEHTE

damping ratio BEfEEL

second order system “MERF

unit step response ERTTRN BRI

overshoot U

phase compensation rafAME

lag lead compensation ST TN
Bode design and compensation

English Chinese

Bode Plot Design Philosophy

BRI RS

steady state performance TasiEeg

transient response BN L

relative stability EREREE

gain margin RIS

phase margin HEsE

gain cross over frequency IR I

gain factor compensation SEESPRIEAME

phase lead compensation GEVE]ES 7N

phase lag compensation TARLsEAME
State space control

English Chinese

state space control RESZS AN

flow diagram TAEE]

transfer function EIBEREL

observable canonical form AT RERAIHLER

controllable canonical form

e




diagonal canonical form SHFRER
Jordan canonical form Jordan BB
general state space equation —RRE TR
state variable KELE
state space &=
scalar and vector A=l |1
integrator noes
Advanced control methods
English Chinese
robust control e
feedforward compensation RiEAME
controllability and observability REEZ P S
state feedback control RS RIS
state observer ExRWER
state estimator KSMIHES
adaptive control EIERE
self tuning regulator BEEiERS
friction model EEpRIETY
optimal control BRI
performance index MERETEIR
real time simulation SCATHERL
model reference adaptive control BESSE BB

) EEARERSEIIR

Laplace transform and inverse transform (for control purpose)

F(s) = f (e dr

Use the following equation for inverse transform
]_ cFroo
H=—— F(s)d
F@® 277 (s)e ~ds

false
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Laplace transform for some common signals

Table 4.1 Laplace transforms

Laplace transform

Time function

Description of time function
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with € = cos¢

A unit impulse

A unit step function
A delayed unit step function
A rectangular pulse of duration T

A unit slope ramp function

Exponential decay

Exponential growth

Sine wave
Cosine wave
Damped sine wave

Damped cosine wave




Block diagram reduction

Transformation

Equation

Block Diagram

Equivalent Block
Diagram

Combining Blocks
in Cascade

Y = (PyP)X

Py

P\P,

Combining Blocks
in Parallel; or
Eliminating a
Forward Loop

Removing a Block
from a Forward
Path

= P,X = P,X

Py

lN

21

Eliminating a
Feedback Loop

Py(X = P,Y)

Removing a Block
from a Feedback
Loop

= P,(X % P,Y)

+

P,

Rearranging
Summing Points

6b

Rearranging
Summing Points

Moving a Summing
Point Ahead of a
Block

N
Il

PXxY

ol
~

Moving a Summing
Point Beyond a
Block

Z

= PX % Y]
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Mason’s gain formula (general gain formula) for signal flow graph

A structured method to obtain the gain formula for a given SFG.

M = & — - M kAk
Yin o A
Vin input node variable
Yout output node variable
M gain between yi, and you
N total number of forward paths between yi» and you

M gain of the kK forward path between yi» and you
A =1 — (sum of gains of all individual loops) + (sum of products-of-gains of all possible

combinations of two non-touching loops) — (sum of products-of-gains of all
possible combinations of three non-touching loops) + .....

Ax = the A of the part of signal flow graph that is non-touching with the forward path.

The Routh Criterion Table

The Routh criterion is a method for determining continuous system stability, for systems with an
nth-order characteristic equation of the form:

as"+a, ;s" '+ +as+a,=0

The criterion is applied using a Routh table defined as follows:

n

s n a, > d,_y4
n—1
5 a,1 Gy_3 4,5
b, b, b,
€ c, 3
where a,,a, ..., a, are the coeflicients of the characteristic equation and
a,_14,_2—4a,d, 3 a, 1d,-4—4,4d, s
b, = b, = etc.
a,-1 dy
b, y—a, b o= hya, s—a, by ete
= , = .
b, by

The table is continued horizontally and vertically until only zeros are obtained. Any row can be
multiplied by a positive constant before the next row is computed without disturbing the properties of
the table.

The Routh Criterion: A/l the roots of the characteristic equation have negative real parts if and only if
the elements of the first column of the Routh table have the same sign. Otherwise, the number of roots with
positive real parts is equal to the number of changes of sign.



Root Locus Asymptotes

For large distances from the origin in the complex plane, the branches of a reot-locus approach a
set of straight-line asymptotes. These asymptotes emanate from a point in the complex plane on the real
axis called the center of asymptotes o, given by

n

n
Z P X
=1 i=1
g, = ————1=1 13.6
H—m ( )
where —p, are the poles, —z, are the zeros, n is the number of poles, and m the number of zeros of
GH.

The angles between the asymptotes and the real axis are given by

(24413180
P degrees for K>0
_ —m
B4 s (13.7)
— degrees for K<0
R —m
for f=0.1,2,.... n —m — 1. This results in a number of asymptotes equal to n — m.

Root Locus breakaway points

The location of the breakaway point can be determined by solving the following equation for o:
" 1 1

> -y (13.8)

i=1 (Oh_i_pr)‘ i=1 {Gh—l—‘:"l]

Root Locus departure angle

The departure angle of the root-locus from a complex pole 1s given by
f;, = 180° + arg GH’ (73.9)
where arg GH’ is the phase angle of GH computed at the complex pole. but ignoring the contribution of
that particular pole.

PID (or three term controller)

G(s) =K, + K + Kgs
s

Since-the integral time constant T, is K,/K; and the derivative
time constant T, is Ky/K,, equation [15] can be written as

_ﬁ_;@)

G.(s) = Kp(l + K5

p

Gu(s) = Kp(1 + -Tl—s + 'cds) [17]

I



Bode Plots

Constant Gain A Pole at Origin A Zero at Origin
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Ziegler Nichols tables

Table 5.2 Ziegler-Nichols tuning
parameters using transient response.

K D | TI TD
P  1/RL
PI 0.9/RL 3L

PID 12/RL 2L  05L

Table 5.3 Ziegler-Nichols tuning
parameters using stability limit.

Kp TI TD
P 0.5K,,
PI 045K,  P,/1.2
PID 06K, P,/2 P,/8




Lead/Lag compensation

The transfer function for a continuous system lead network, presented in Equation (6.2}, is

where g < b.

The transfer function for a continuous system lag network, presented in Equation (6.7}, 1s

where a < b.

Gain and phase margin
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+ \ gain margin
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Stahle system

Controllable canonical form

w1 o 1
A 0 0
%1 0 0
in —da, Tly—-1

5+ a

P

fead Y""b

p als+b
S a
i Megafive
; \( gain margin
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Megativie
phase margin
Unstable system
o 1[x] [o]
0 X2 0
+ U
1 Xn—1 0
—a Xp 1
-xl-
X2
b1 - a1b0] . + bou




Observable canonical form

-).61_ I—O 0 v 0 —ay ] -xl- [ bn - anb(] ]
% 1 0 e 0 —ap-1 X2 bu-1— @y-1by
= . + Q U
i‘n 0 0 o 1 —a Xy bl - (llbg
- - -
X2
y=[0 0 - 0 1| - |+bou
Xn—1
Xn

Diagonal canonical form

Y(s) _bos"+bys" '+ -+ +b, 45+ b,
Us)  G+p)s+p) - (5+py)

¢ Ca Cn

'=b0+S+P1+S+p2+---+S+pn (11-7)
X —P1 o |[=] [1]
X —P2 | X2 1
= . _ | + | u (11-8)
Xn 0 —Pn Xn 1
-xl-
X2
y=[ct ¢ -+ ¢ + bou (11-9)
Xn

—End



