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For An Open Loop System With Transfer Function Of G(s) = = K S(s+2) If The
Control System Has Unity Feedback, understanding the behavior and stability
of such systems is fundamental in control engineering. When designing and
analyzing control systems, especially those with feedback loops, the transfer
function plays a crucial role in determining system response, stability
margins, and robustness. This article explores the characteristics of an
open-loop transfer function of the form G(s) = K s (s + 2), with a focus on
the implications of implementing a unity feedback configuration. We will
delve into the system's transfer functions, stability analysis using the Root
Locus method, Bode plots, and steady-state error considerations, providing a
comprehensive understanding suitable for students, engineers, and researchers
alike.

Understanding the Transfer Function G(s) = K s
(s + 2)

1. Form and Significance of the Transfer Function
The transfer function G(s) = K s (s + 2) represents a system with a
proportional gain K, a zero at the origin (s = 0), and a pole at s = -2. This
configuration indicates a system with differentiating behavior due to the
zero at the origin and a damping characteristic influenced by the pole at -2.
The gain K adjusts the overall system responsiveness and stability margins.

The general form:
\[
G(s) = K \times s \times (s + 2) = K(s^2 + 2s)
\]
is characteristic of a second-order system with a zero and a pole, which
impacts transient response and stability.

2. Open-Loop System Characteristics
Analyzing the open-loop transfer function provides insights into how the
system behaves before feedback stabilization. Key characteristics include:

- Poles and Zeros: The zero at the origin introduces a phase lead, while the
pole at -2 contributes a phase lag.
- Frequency Response: The magnitude and phase vary with frequency, affecting



stability margins.
- Gain Margin and Phase Margin: These margins depend on the gain K and
influence how much the system can tolerate before becoming unstable.

Unity Feedback Configuration

1. Closed-Loop Transfer Function
In a unity feedback system, the output is fed back directly to the input, and
the overall transfer function becomes:

\[
T(s) = \frac{G(s)}{1 + G(s)}
\]

Substituting G(s):

\[
T(s) = \frac{K s (s + 2)}{1 + K s (s + 2)}
\]

This closed-loop transfer function determines how the system responds to
input signals and is fundamental for stability analysis.

2. Impact of Feedback on Stability and Performance
Feedback generally enhances system stability and reduces sensitivity to
parameter variations. However, if the open-loop transfer function's magnitude
or phase exceeds certain limits, the closed-loop system may become unstable.
The choice of K influences the stability margins, and a systematic approach
like Root Locus analysis is essential for understanding these effects.

Analyzing System Stability Using Root Locus

1. Root Locus Basics
Root Locus plots illustrate how the closed-loop poles move in the s-plane as
the gain K varies from zero to infinity. This graphical method helps
determine the stability for different gain values.

2. Plotting the Root Locus for G(s) = K s (s + 2)
To plot the root locus:



- Identify the open-loop poles and zeros:
- Poles: at s = 0 (due to s) and s = -2
- Zero: at s = 0 (due to s)
- The open-loop transfer function has a pole at s = 0 of multiplicity 2
(considering the zero at s=0 and the factor s), and a pole at s = -2.

- The root locus segments are determined by the locations of poles and zeros:
- Since zeros and poles are at the same point (s=0), the root locus starts or
ends there.
- The branches extend along the real axis portions where the number of poles
and zeros to the right is odd.

- As K increases:
- The poles move along the locus, approaching each other or moving toward
infinity.
- For stability, the poles must remain in the left half-plane (LHP).

3. Critical Gain Values and Stability Margins
Using the root locus, we can find the critical gain K_c at which the system
transitions from stable to unstable. For example, at the point where poles
cross the imaginary axis, the system is marginally stable.

Procedure:
- Set s = jω and substitute into the characteristic equation:

\[
1 + G(s) = 0 \Rightarrow 1 + K s (s + 2) = 0
\]

\[
1 + K (jω) (jω + 2) = 0
\]

- Solve for ω and K to find the stability boundary.

This analysis helps in selecting appropriate gain values that ensure stable
operation with desired transient characteristics.

Frequency Response Analysis: Bode Plots

1. Magnitude and Phase Plots
Bode plots depict how the system responds across a range of frequencies:

- Magnitude Plot: Shows gain variation with frequency, indicating bandwidth
and gain margin.



- Phase Plot: Shows phase shift introduced by the system, critical for phase
margin calculation.

2. Implications for Stability
Bode plots allow engineers to assess stability margins directly:

- Gain Margin (GM): The amount of gain increase the system can tolerate
before becoming unstable.
- Phase Margin (PM): The additional phase lag at the gain crossover frequency
before instability occurs.

For the system G(s) = K s (s + 2), the Bode plots reveal how the zero at the
origin and the pole at -2 influence the phase and magnitude response,
affecting the overall stability margins.

Steady-State Error Analysis

1. Types of Inputs and Error Constants
The steady-state error depends on the input type:

- Step Input: Error constant \(K_p\)
- Ramp Input: Error constant \(K_v\)
- Parabolic Input: Error constant \(K_a\)

Given the system, the error constants are derived as:

\[
K_p = \lim_{s \to 0} G_{ol}(s) = \lim_{s \to 0} K s (s + 2) = 0
\]

indicating zero steady-state error for step inputs due to the zero at the
origin.

2. Implications for System Design
The presence of a zero at the origin typically results in zero steady-state
error for step inputs but may lead to finite errors for ramp or parabolic
inputs. Adjusting gain K or adding integral action can improve steady-state
accuracy for different input types.



Conclusion

Understanding the dynamics of an open-loop transfer function G(s) = K s (s +
2) within a unity feedback system provides vital insights into system
stability, transient response, and steady-state accuracy. Through root locus
analysis, Bode plots, and steady-state error calculations, engineers can
optimize the gain K and other system parameters to meet desired performance
criteria. Proper analysis ensures the system remains stable under varying
conditions while achieving robustness and efficiency. Mastery of these
concepts is essential for designing reliable control systems in industrial,
automotive, aerospace, and robotics applications.

---

Key Takeaways:

- The transfer function G(s) = K s (s + 2) characterizes a second-order
system with zeros and poles influencing response.
- Unity feedback modifies the open-loop transfer function into a closed-loop
system, affecting stability and performance.
- Root locus analysis helps visualize how system poles move with changing
gain K, guiding stability considerations.
- Bode plots provide frequency domain insights into gain and phase margins.
- Steady-state error analysis informs about the accuracy of the system for
different input signals.

By comprehensively analyzing these aspects, control system designers can
ensure their systems operate reliably and meet specified performance
standards.

Frequently Asked Questions

What is the transfer function of the open loop
system in this problem?
The transfer function of the open loop system is G(s) = K s (s + 2).

How is the overall closed-loop transfer function
derived for a unity feedback system?
The closed-loop transfer function T(s) = G(s) / (1 + G(s) H(s)), and with
unity feedback (H(s) = 1), it simplifies to T(s) = G(s) / (1 + G(s)).

What is the expression for the closed-loop transfer



function in this case?
T(s) = [K s (s + 2)] / [1 + K s (s + 2)].

How can we analyze the stability of this control
system?
By examining the characteristic equation 1 + G(s) = 0, or equivalently, 1 + K
s (s + 2) = 0, and applying methods like Routh-Hurwitz criterion.

What effect does increasing the gain K have on the
system's stability?
Increasing K can lead to reduced stability margins, potentially causing the
system to become unstable if K exceeds a certain critical value.

How do the poles of the closed-loop system change
with varying K?
Poles are solutions to 1 + K s (s + 2) = 0. As K varies, the poles shift in
the complex plane, affecting system stability and response characteristics.

What is the steady-state error for a step input in
this system?
For a unity feedback system with a type 1 system (due to a single integrator
in G(s)), the steady-state error for a step input is zero, assuming the
system is stable.

How can this transfer function be used to design
appropriate controllers?
By analyzing the system's response and stability margins, controllers like PD
or PID can be designed to modify G(s) to achieve desired transient and
steady-state performance.

Additional Resources
Open loop system with transfer function G(s) = K S(s+2) and unity feedback
systems are fundamental concepts in control engineering, serving as
foundational elements for understanding more complex control strategies.
These systems are characterized by their open loop transfer function, which
dictates how the input signal is processed before any feedback is applied.
Analyzing such systems provides insights into their stability, transient
response, steady-state accuracy, and overall performance. This review aims to
explore the dynamics of an open loop system with the specified transfer



function, especially when integrated into a unity feedback configuration,
highlighting key features, benefits, limitations, and practical
considerations.

---

Understanding the Transfer Function G(s) = K
S(s+2)

Formulation and Interpretation
The given transfer function is:

\[ G(s) = K \cdot s \cdot (s + 2) \]

This transfer function is a second-order polynomial with a gain factor \(K\),
a zero at the origin (due to the \(s\) term), and a pole at \(s = -2\). It
can be expanded as:

\[ G(s) = K (s^2 + 2s) \]

which indicates that the system's open loop behavior is primarily governed by
these polynomial terms.

Features and implications:
- Zero at the origin: The \(s\) term introduces a zero at \(s=0\), often
associated with systems that have integrative behavior or phase lead
characteristics.
- Pole at -2: The system has a single pole located in the left-half plane,
indicating stability for the open loop transfer function.
- Gain \(K\): Acts as a scaling factor, affecting the system's responsiveness
and stability margins.

---

Analyzing the Open Loop System with Unity
Feedback

System Configuration
In a unity feedback configuration, the system's output \(Y(s)\) is fed back
directly to the input, forming a closed-loop system with the following
structure:



- Input: \( R(s) \)
- Open loop transfer function: \( G(s) \)
- Feedback: Unity (i.e., \( H(s) = 1 \))
- Closed-loop transfer function:

\[ T(s) = \frac{Y(s)}{R(s)} = \frac{G(s)}{1 + G(s)} \]

The stability, transient response, and steady-state error of the system are
analyzed based on this closed-loop transfer function.

---

Characteristic Equation and Stability Analysis
The characteristic equation, which determines system stability, is derived
from the denominator of \(T(s)\):

\[ 1 + G(s) = 0 \]

Substituting \( G(s) \):

\[ 1 + K s (s + 2) = 0 \]
\[ 1 + K (s^2 + 2s) = 0 \]
\[ K s^2 + 2K s + 1 = 0 \]

This quadratic equation's roots determine the system's stability.

Roots (Poles):

\[ s = \frac{-2K \pm \sqrt{(2K)^2 - 4 K \times 1}}{2K} \]
\[ s = \frac{-2K \pm \sqrt{4K^2 - 4K}}{2K} \]
\[ s = \frac{-2K \pm 2 \sqrt{K^2 - K}}{2K} \]
\[ s = -1 \pm \frac{\sqrt{K^2 - K}}{K} \]
\[ s = -1 \pm \sqrt{1 - \frac{1}{K}} \]

Stability Conditions:
- For the roots to be in the left-half plane, the real parts must be
negative.
- The discriminant \(\sqrt{K^2 - K}\) must be real, so:

\[ K^2 - K \geq 0 \]
\[ K(K - 1) \geq 0 \]

which implies:
- \(K \geq 1\), or
- \(K \leq 0\). Since negative gain often leads to instability or non-
physical systems, the focus is on \(K \geq 1\).

Summary:
- For \(K < 1\), the roots are complex conjugates with real part \(-1\),



indicating an underdamped response.
- For \(K = 1\), roots are real and equal at \(-1\).
- For \(K > 1\), roots are real and less than \(-1\), indicating overdamped
behavior but still stable.

---

Transient Response and System Behavior

Effect of Gain \(K\) on Response
The proportional gain \(K\) significantly influences the transient response:

- Low \(K\) (near 1): The system exhibits a sluggish response with possible
overshoot depending on the pole-zero configuration.
- High \(K\): The response becomes faster but may introduce overshoot or
oscillations if poles become complex conjugates.
- Critical \(K\): At \(K=1\), the system transitions from oscillatory to
overdamped behavior.

Transient response features:
- Rise time and settling time decrease with increasing \(K\) up to a point.
- Overshoot may increase as roots become complex for certain \(K\) values.
- Damping ratio and natural frequency can be derived from the roots to
predict precise transient characteristics.

---

Steady-State Performance
In unity feedback systems, steady-state error depends on input type and
system type:

- For step input: The system's type (number of integrators) affects the
steady-state error. Since \(G(s)\) contains an \(s\) term, the open loop
system has a zero at the origin, implying at least a type 1 system with a
pole at zero, which can eliminate steady-state error for step inputs.
- Effect of \(K\): Increasing \(K\) generally reduces steady-state error for
step inputs but may impact stability margins.

---

Frequency Response and Bode Plot Analysis



Magnitude and Phase Characteristics
Analyzing the frequency response provides insights into stability margins,
bandwidth, and resonance:

- The magnitude plot shows how the gain varies with frequency.
- The phase plot indicates the phase shift introduced by the system at
different frequencies.

Features:
- The zero at the origin introduces phase lead at low frequencies.
- The pole at \(-2\) introduces phase lag, affecting stability margins.
- Gain margin and phase margin can be calculated from Bode plots for various
\(K\) values.

---

Design Considerations and Practical Aspects

Pros of the System
- Simple structure: The transfer function is straightforward, making analysis
and design more manageable.
- Predictable stability behavior: Clear conditions for stability based on
gain \(K\).
- Good for integrative control: The zero at the origin allows for zero
steady-state error in step inputs.

Cons and Limitations
- Potential for overshoot: High \(K\) values can lead to undesirable
oscillations.
- Limited bandwidth: The system's response is constrained by the pole at
\(-2\).
- Sensitivity to parameter variations: Changes in \(K\) or system parameters
may significantly affect stability and performance.

Design Tips:
- Fine-tune \(K\) to balance speed and stability.
- Use root locus or Bode plot techniques to select
optimal gain.
- Incorporate additional compensators if phase



margin or transient response needs improvement.

---

Conclusion

The open loop system characterized by \( G(s) = K s
(s + 2) \) with unity feedback presents a rich
platform for understanding fundamental control
principles. Its stability hinges on the gain \(K\),
with the system remaining stable for \(K \geq 1\).
The presence of a zero at the origin introduces
integrative behavior, making it suitable for
applications requiring zero steady-state error in
step inputs. However, the system's transient
response and stability margins are sensitive to the
gain, necessitating careful tuning. Overall, this
system exemplifies the delicate interplay between
system parameters and performance, serving as an
excellent case study for control system design and
analysis.

Key features include:
- Stability conditions dependent on gain \(K\).
- Trade-offs between response speed and overshoot.
- Steady-state and frequency response
characteristics that guide practical design choices.

In practical control engineering, understanding such
systems aids in designing controllers that optimize
performance while maintaining stability, ensuring
reliable and efficient operation across diverse



applications.
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