The Open Loop Control Transfer Function Of A
Unity Feedback System Is Given By :G(s)
=K/(s+2)(s+4)(s"2+6s+25)Which

The Open Loop Control Transfer Function Of A Unity Feedback System Is Given By :G(s)
=K/(s+2)(s+4)(s"2+6s5+25)Which provides a foundational basis for analyzing the stability, transient response,
and overall behavior of a control system. In control engineering, understanding the transfer function is
crucial for designing systems that meet specific performance criteria. This article delves into the detailed
analysis of this transfer function, exploring its poles, zeros, stability characteristics, and implications for

system design.

Understanding the Transfer Function G(s)

The given transfer function describes the open-loop behavior of a unity feedback control system:
G(s) =K /[(s + 2)(s + 4)(s"2 + 6s + 25)]

where:
- K is the system gain,
- the denominator represents the poles of the system,

- the numerator contains the gain factor.

This form indicates a third-order system with two real poles at s = -2 and s = -4, and a quadratic factor with

complex conjugate poles.

Decomposition and Poles Analysis

Analyzing the poles and zeros of G(s) provides insight into system stability and response.

Pole Locations

The poles are determined by the roots of the denominator:

1. Real Poles:
-s=-2
-s=-4



2. Complex Poles:
- Roots of s"2 + 6s + 25

Solving the quadratic:

$2+6s+25=0

Using quadratic formula:

s=[-6 £/(36 - 100)] / 2
s=[-6+(-64)]/2
s=[-6%8j]/2

s =-3 14

Thus, the system has:
- Two real polesats = -2 and s = -4

- Two complex conjugate poles at s = -3 * 4j

Implications of Pole Locations

- All poles are in the left-half of the s-plane, indicating the system is stable.
- The proximity of poles influences transient response characteristics such as overshoot, settling time, and

damping.

System Response Characteristics

Understanding the system's response involves examining transient and steady-state behaviors.

Transient Response

The dominant poles, typically those closest to the imaginary axis, dictate the transient response. In this case:
- The complex poles at -3 + 4j suggest oscillatory behavior with damping determined by the real part (-3).
- The real poles at -2 and -4 contribute to system speed and damping.

The damping ratio ({) and natural frequency (w_n) for the complex poles are calculated as:

-w_n =(0"2 + w"2) = V((-3)"2 + 4"2) = /(9 + 16) = /25 = 5 rad/sec
-{=-0/w.n=3/5=0.6

This indicates a moderately damped response.



Steady-State Response

The steady-state gain depends on the system gain K and the input type. For a step input, the Final Value

Theorem helps determine the steady-state output.

Stability Analysis

Stability is essential for control system design. Since all poles are in the left-half plane, the system is BIBO
(Bounded Input, Bounded Output) stable.

Root Locus Analysis

Adjusting K affects the pole locations:
- Increasing K shifts the poles, potentially towards the imaginary axis.

- For certain values of K, the system may become marginally stable or unstable.

Plotting the root locus provides a visual method to analyze how pole positions change with K and to select

appropriate gain values.

Frequency Response and Bode Plot Analysis

Frequency response analysis helps understand how the system reacts to sinusoidal inputs.

Magnitude and Phase Response

- As frequency increases, the magnitude decreases due to the poles.

- The phase shift increases with frequency, especially near the natural frequency of the complex poles.

Plotting Bode diagrams allows engineers to determine bandwidth, gain margin, and phase margin.

Design Considerations and Tuning

Using the transfer function, control engineers can tune the system parameters to achieve desired

performance.

Gain Selection (K)

- Adjusting K affects the overall gain and stability margins.

- Proper tuning ensures a balance between responsiveness and stability.



Compensator Design

- Lead or lag compensators can modify the transfer function to improve transient or steady-state
performance.
- For example, adding zeros can increase phase margin, while adding poles can reduce high-frequency

gain.

Practical Applications and Examples
The transfer function model applies to various real-world systems, such as:
- Robotics: Position control systems requiring precise movement.

- Process Control: Maintaining temperature, pressure, or flow rates.

- Aerospace: Flight control systems stabilizing aircraft.

In each case, analyzing the open-loop transfer function guides the design of controllers that ensure stability

and performance.

Conclusion

The transfer function G(s) = K / [(s + 2)(s + 4)(s"2 + 6s + 25)] provides a comprehensive framework for
analyzing the dynamics of a unity feedback control system. Its poles determine stability, transient response,
and frequency characteristics. By understanding how the gain K influences the pole locations, engineers
can design controllers that optimize system performance. Whether through Bode plots, root locus, or time-
domain analysis, this transfer function serves as a fundamental tool in control system engineering, enabling

precise and reliable system design across various industrial applications.

Frequently Asked Questions

What is the significance of the open loop transfer function in a unity
feedback system?

The open loop transfer function determines the system's stability, transient response, and steady-state error

characteristics, serving as a basis for analyzing the overall system performance.

How do you derive the closed-loop transfer function from the given open

loop transfer function?

The closed-loop transfer function T(s) is obtained using T(s) = G(s) / [1 + G(s)], where G(s) is the open loop



transfer function.

What is the role of the gain constant K in the transfer function G(s) = K /
[(s+2)(s+4)(s"2+65+25)]?

K adjusts the system's overall gain, affecting stability margins and response amplitude, and is critical in

tuning the system for desired performance.

How can the stability of the system be analyzed from the given transfer

function?

Stability can be assessed by examining the characteristic equation's roots (denominator), applying Routh-

Hurwitz criterion, or plotting the system's poles to ensure they lie in the left half-plane.

What is the significance of the quadratic term (s*2 + 6s + 25) in the

transfer function?

It represents a second-order dynamics component, contributing to oscillatory behavior and affecting the

system's transient response characteristics.

How does the placement of poles at s = -2, -4, and the roots of s"2 + 6s + 25

influence system behavior?

Poles at -2 and -4 are stable and contribute to system damping, while the quadratic's roots determine

oscillation frequency and damping ratio, affecting transient response.

‘What methods can be used to analyze the frequency response of this
system?

Bode plots, Nyquist plots, and gain-margin and phase-margin analysis can be used to assess stability and

response across frequencies.

How does increasing the gain K affect system stability and response?

Increasing K can enhance response amplitude but may reduce stability margins, potentially leading to

oscillations or instability if the gain becomes too high.

What are the steps to design a controller to improve the system's



transient response based on this transfer function?

Identify desired specifications, analyze current system response, select appropriate controller type (e.g.,

PID), and tune parameters to achieve target stability and transient performance.

Additional Resources

The Open Loop Control Transfer Function Of A Unity Feedback System Is Given By: G(s) = K /
(s+2)(s+4)(s"2 + 6s + 25)

Introduction

Control systems are fundamental in modern engineering, underpinning the operation of devices ranging
from simple household appliances to complex aerospace navigation systems. A critical aspect of control
system analysis involves understanding the transfer functions that describe system behavior, particularly in
the context of feedback configurations. Among these, the unity feedback control system holds a prominent

place due to its simplicity and widespread application.

In this article, we delve deep into a specific transfer function: G(s) = K / (s+2)(s+4)(s"2 + 6s + 25). This
transfer function encapsulates a third-order system with multiple poles and a gain parameter, K, which
influences system dynamics. Our focus will be on comprehensively analyzing the open-loop transfer
function within the unity feedback configuration, examining stability, transient response, frequency

response, and the implications of varying K.

Understanding the System: Transfer Function Breakdown

The Transfer Function Structure

The given open-loop transfer function is:

\[ G(s) = \frac{K}{(s+2)(s+4)(s"2 + 6s + 25)} \]

Breaking it down:

- Numerator: K, a proportional gain parameter that amplifies the system output.
- Denominator: The product of three factors:

- Two first-order terms: (s+2) and (s+4), indicating poles at s = -2 and s = -4.

- A quadratic term: (s"2 + 6s + 25), representing complex conjugate poles.



Significance of Each Pole

- Polesats=-2 and s = -4:
- These are real, stable poles that influence the system's transient response.

- Closer poles to the origin tend to slow the response.

- Complex conjugate poles at:

\
s =-3\pm j4
\

derived from solving \( "2 + 6s + 25 =0 \):

\
s = \frac{-6 \pm \sqrt{36 - 100}}{2} = -3 \pm j4
\

- These poles contribute oscillatory behavior with damping determined by their real parts.

Stability Analysis
Root Locus Method

Analyzing the stability of the closed-loop system involves examining how system poles move as K varies.

The characteristic equation for the closed-loop system with unity feedback is:

\[
1 + G(s) = 0 \quad \Rightarrow \quad 1 + \frac{K}{(s+2)(s+4)(s"2 + 6s + 25)} = 0

\]

Multiplying through:

\[
(st2)(s+4)(s"2 + 6s + 25) + K =0

\

This polynomial's roots depend on K. As K increases from zero to infinity, the root locus traces the

movement of poles, revealing stability margins.

Critical Points and Stability Margins



- Breakaway points:
Determine where multiple roots coalesce, indicating potential stability boundary points.
- Asymptotes:

‘When poles go to infinity, the system's stability hinges on the pole locations relative to the imaginary axis.

Key observations:
- For small K, the system remains stable as all poles are in the left-half plane.

- Beyond a certain gain value, poles may cross into the right-half plane, causing instability.

Calculating the exact gain K for stability limits involves Routh-Hurwitz criteria or root locus plots.

Transient Response Characteristics
Impact of Gain K

- Low K:
- System exhibits sluggish response with large rise times and settling times.

- Oscillations are minimal due to damping from complex poles.

- Moderate K:
- Improved response speed.

- Damped oscillations with decreased settling time.
- High K:

- Risk of oscillations increasing, potential instability.
- Overshoot and undershoot become significant.
Step Response Analysis

Analyzing the step response involves:

- Computing poles for specific K values.

- Evaluating damping ratio (\(\zeta\)) and natural frequency (\(\omega_n\)).

For the quadratic component:

\[
s"2 + 6s + 25

\

- Damping ratio:



\[
\zeta = \frac{6}{2 \times 5} = 0.6
\]

- Natural frequency:

\
\omega n =5

\

This indicates a moderately damped oscillatory component influencing the transient behavior.

Frequency Response and Bode Plot Analysis

Bode Plot Characteristics

The frequency response provides insight into how the system amplifies or attenuates signals at different

frequencies, and how phase shifts occur.

- Magnitude plot:

- Shows gain reduction at high frequencies.

- Notable dips near the natural frequencies of the poles.
- Phase plot:

- Phase lag increases with frequency.

- Critical for assessing phase margin and stability.

Gain Margin and Phase Margin

- These are stability margins derived from Bode plots.

- Increasing K tends to decrease phase margin, risking oscillations.

- Proper tuning of K ensures the system remains within stable margins.

Effect of Varying the Gain K

Stability Boundaries

- Using the Routh-Hurwitz criterion or root locus, the maximum K for stability can be identified.

- For the given transfer function, the critical K value (say \(K_{cr}\)) marks the onset of instability.



Practical Implications
- In real-world applications, K is tuned to balance responsiveness and stability.

- Excessive gain can cause oscillations or system divergence.

- Insufficient gain results in slow response and poor tracking.

Controller Design Considerations

Approaches to Improve System Performance

- Proportional control (P):

- Adjusts gain K for desired transient response.

- Proportional-Derivative (PD) or Proportional-Integral-Derivative (PID):
- Enhance stability margins.

- Reduce overshoot and settling time.

Compensation Strategies

- Lead or lag compensation to modify phase and gain margins.

- Pole-zero placement to tailor transient and steady-state responses.

Practical Applications and Case Studies

Industrial Automation

- The transfer function could represent a motor control system with multiple dynamics.

- Tuning K ensures accurate position or speed control without oscillations.

Aerospace Systems

- Stability margins are critical for flight control surfaces.

- Proper analysis of the open-loop transfer function informs controller design to maintain stability in
varying conditions.

Robotics

- Precise control of robotic arms depends on understanding system dynamics akin to the transfer function

analyzed.



Conclusion

The open-loop transfer function \( G(s) = \frac{K}{(s+2)(s+4)(s"2 + 6s + 25)} \) provides a rich platform for
exploring control system stability and transient behavior. Its poles indicate a mix of real and complex
conjugate dynamics, influencing the system's response characteristics profoundly. By adjusting the gain K,

engineers can tailor the system's behavior, balancing responsiveness against stability margins.

Through detailed root locus analysis, Bode plot interpretation, and transient response evaluation, it becomes
evident that understanding such transfer functions is vital for designing robust control systems. As systems
grow more complex, the principles outlined here serve as foundational tools for control engineers striving

to achieve optimal performance and stability.

Future research and practical implementation continue to refine these analyses, incorporating modern
computational tools to predict and improve system behavior, ensuring safety, efficiency, and reliability

across diverse engineering fields.
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