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1 ON OFF control
Classifications of controllers

1. ON-OFF control
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2 Proportional Control
Classifications of controllers

2. Proportional Control

ekU p pk : The proportional Gain
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2 Proportional Control
Classifications of controllers

2. Proportional Control

ekU p pk : The proportional Gain= 
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2 Proportional Control
Classifications of controllers

2. Proportional Control

= 
• Step input response
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2 Proportional Control
Classifications of controllers

2. Proportional Control

= • Response to torque disturbance
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3 Proportional Integral Control (PI control)
Classifications of controllers

3. Proportional-Integral Control (PI control)
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• Response to torque disturbance
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3 Proportional Integral Control (PI control)
Classifications of controllers

3. Proportional-Integral Control (PI control)
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4 Proportional Derivative Control (PD control)
Classifications of controllers

4. Proportional-Derivative Control (PD control)
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5 Proportional Integral Derivative Control (PID control)
Classifications of controllers

5. Proportional-Integral-Derivative Control (PID control)
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Ziegler-Nicholas Tuning Rules for PID controllers
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Method 1) Transient response method R(max slope)Method 1) Transient response method
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• This method works good if the unit step response is (sigmod) shaped
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• This method works good if the unit step response is    (sigmod) shaped  



Ziegler-Nicholas Tuning Rules for PID controllers
Method 2) Ultimate sensitivity method

= 

Method 2) Ultimate sensitivity method
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Higher Order Systems
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Effect of sensors on system performance

= 

• Fast sensor dynamics ; H(s)=constant

Fi t d- First order sensor

- Overdamped second order - underdamped second order
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Stability of Feedback Systems
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Routh’s Stability Criterion
h

= 

Characteristic equation
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• Rooth’s Criterion
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=Number of sign changes of the first column have the same sign



Routh’s Stability Criterion
l )

= 

Example 1)
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 unstable unstable
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Routh’s Stability Criterion
l )

= 

Example 2)
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Routh’s Stability Criterion

= 

Example 3)
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Analog/Digital Controller
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Pneumatic vs Hydraulic

= 

①Air and gases are compressible, whereas oil is incompressible.
②Air lacks lubricating property, 

Oil functions as a hydraulic fluid as well as a lubricator.
③Operating pressure③Operating pressure

- Pneumatic ; low
- Hydraulic ; high

④ Output power
- Pneumatic ; low
- Hydraulic ; high

⑤Accuracy
- Pneumatic ; poor at low velocity- Pneumatic ; poor at low velocity
- Hydraulic ; satisfactory at all velocities

⑥Pneumatic 
- External leakage : permissible
- Internal leakage ; make be avoid
Hydraulic
- External leakage ; make be avoid
- Internal leakage ; permissibleInternal leakage ; permissible

⑦ Pneumatic ; no return pipe
Hydraulic ; always needed

⑧Pneumatic ; 5。∼ 60。C  (0。∼ 200。C)  insensitive
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Hydraulic ; Hydraulic : 20。∼70。C  sensitive (viscosity)
⑨Pneumatic ; fire-and explosion-proof

Hydraulic ; not



Hydraulic Control Systems
h

= 

① high horsepower-to-weight
② accurate
③ fast response

• Characteristics

p
④ machine tool, aircraft, industrial

• Advantagesg
①hydraulic fluid ; lubricant, heat exchanger
②small size – large force actuators
③higher speed of response,

fast starts stops and speed reversalsfast starts, stops and speed reversals.
④hydraulic actuators can be operated under continuous, intermittent, reversing and stalled conditions without damage
⑤linear and rotary actuators ; flexibility in design
⑥low leakage in actuators

⇒ speed drop when loads are applied is small⇒ speed drop when loads are applied is small
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Hydraulic Control Systems
d

= 

• Disadvantages
① hydraulic power is not readily available compared to electric power

PumpPump
Control volume

Tank
ActuatorActuator

② cost ; higher than a comparable electric system performing a similar function
③ ford and explosion hazards exist unless fire-resistant fluids are used
④ system tends to be messy (leakage)
⑤ t i t d il ⇒ f il⑤ contaminated oil ⇒ failure
⑥ highly nonlinear – sophisticated design
⑦hydraulic systems – poor damping characteristics

if properly design ⇒ some unstable phenomena may occur or disappear depending on operating condition.
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Hydraulic Control Systems
d l l ll

= 

• Hydraulic Integral Controller
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Hydraulic Control Systems
d l l ll

= 

• Hydraulic Proportional Controller
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Hydraulic Control Systems

= 
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Hydraulic Control Systems
d l ll

= 

• Hydraulic PI Controller
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Hydraulic Control Systems
d l ll

= 

• Hydraulic PD Controller

)()( 12 zykPPA 

R
PPq 12 

dzq A
dt



( ) 1
( ) 1

Z s
y s Ts




2RAT
k


( )y s s k

b ax e zx e z
a b a b

 
 

( ) (1 )1( ) 1
p

b k
Y s a b s k Tsa kE s

  
2

,p
b RAk T
a k

 
  

 

29
29

1( ) 1
1

a kE s
a b s Ts


 

a k 



Electronic Controllers

= 

e

• Operation Amplifiers
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Electronic Controllers

= 

• Operation Amplifiers
• Inverting Amplifiers
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• Non-inverting Amplifiers
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Electronic Controllers

= 

• Operation Amplifiers
Example)
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Electronic Controllers

= 

• Impedance approach for obtaining transfer functions
• Impedance
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Electronic Controllers

= 

• Impedance approach for obtaining transfer functions
Example 1)
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Electronic Controllers

= 

• Impedance approach for obtaining transfer functions
Example 2)
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Electronic Controllers

= 

• Impedance approach for obtaining transfer functions
Example 3)
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Electronic Controllers

= 

• OP-amp 로 PID 만들기
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Phase Lead and Phase Lag in Sinusoidal Response
emLinearsyst
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Phase Lead and Phase Lag in Sinusoidal Response
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Steady state Error in Unity Feedback control systems
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Steady state Error in Unity Feedback control systems
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Open/Closed loop control systems
controller
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Open/Closed loop control systems

= 

예외의경우에대한예>

1,10  kk 인 model error 가있을경우

Open loop Transfer function 에서
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