
ChE436 - Process Control
Final Exam Review Sheet

 
Vocabulary

● Process Variable (PV)
● Set Point (SP)
● Controller Output (OP)
● Manipulated Variable (MV)
● Disturbances (D)
● Tests to obtain empirical models

○ Step test
○ Impulse test
○ Doublet test
○ Pseudo-random binary sequence (PRBS)
○ etc...

● Valves
○ Linear
○ Equal Percentage
○ Quick Opening

● Architectures for improved disturbance rejection
○ Feed Forward
○ Cascade

 
Concepts

● Linear vs. Nonlinear Systems
● For First Order Systems

○ Gain
○ Time Constant
○ Dead-Time

● For Second Order Systems



○ Rise Time
○ Settling Time
○ Damping Ratio
○ Peak Time

● To obtain good data for tuning, the controller output must force the process variable to 
move at least 10 times the noise band  (signal to noise ratio >= 10)

● PID Controller Options
○ P-only

■ Accelerates the response of controlled process
■ Produces offset except for integrating (1/s) processes

○ PI
■ Most commonly used in industrial practice
■ Eliminates offset
■ Usually higher maximum deviations than P-only
■ Poor tuning leads to sluggish, long oscillating responses
■ Increased gain may lead to larger oscillations and instability

○ PID
■ Introduces stabilizing effect on closed-loop response
■ Exacerbates noise
■ May cause additional wear on valves, etc.

● Partial Fractions
Definitions
1. Process Gain

2. Degrees of Freedom (DOF)

3. Laplace Transform

a. Laplace Transform of a constant

b. Laplace Transform of a derivative

c. Note: Complete Laplace Transform Table will be Attached
d. Note: Laplace Transform Table also available on pg. 42-43 of SEMD

 
7. Characteristic Equation

● 1+G_OL = 0
● One positive root (real part) indicates an unstable system
● Imaginary roots indicates oscillations in response

●
Quadratic formula to determine roots



● Example:

8. Dead-time Approximations
a) Taylor Series Approximation

b) Pade Approximation

c) Skogestad’s method for approximating higher order systems with FOPDT
i) Largest time constant becomes tau_p
ii) Second largest time constant is split between theta_p and tau_p
iii) Other time constants lumped into theta_p

 
Transient balance equations

Overall Mass Balance

Species Balance for Each Component

Energy Balance

 
Forms of basic transfer functions



Transfer functions in parallel

Transfer functions in series

 
First Order Systems

● t = 1 tau = 0.63
● t = 2 tau = 0.86
● t = 3 tau = 0.95
● t = 4 tau = 0.98
● t = 5 tau = 0.9933

 
Graphical method for obtaining FOPDT model



Can also obtain FOPDT from:
● Least squares estimation of Kp, tau_p, theta_p
● Linearization of first principles model

 
Second Order Systems



Second order plus dead-time (overdamped system)

 
Proportional Integral Derivative (PID) Controllers
Controller in Time Domain (Derivative on Measurement)

Controller in Laplace Domain (Derivative on Error)

 
PID Controller Tuning
 



 
 
Linearization and deviation variables
Procedure for obtaining transfer function from first principles (material and energy balances)

Linearization



Deviation Variables

 
Block diagram algebra

 
● Inner Loop First with Shortcut Method (Y1/E = Direct / (1+Loop))

● Overall Transfer Function with G_IL transfer function and Shortcut Method

 
Transfer functions
 

 
Initial and final values from transfer functions
 

● Final Value Theorem



● Initial Value Theorem

● Controller Offset

● Gain

Write input function in Laplace coordinates from graph in time coordinates
● Common Functions

● Time Delay (function becomes non-zero after theta time)

 
Stability analysis (Routh, Direct Substitution, Root Locus, Bode Plot)

● Routh Array



● Direct Substitution
○ Substitute s=jw
○ Find wc and Kcu that make real and imaginary parts equal to zero
○ May need Euler’s Identity for Time Delays

● Root Locus - Closed Looop Stable for Poles in Left-Hand Plane

● Bode Plot Analysis



 
Get transfer function for each piece of equipment
 

 
Standard Block Diagram Form

Cascade Control



Feedforward Control

 
Course Overview



 


