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Understanding how to construct and interpret Bode plots is fundamental in control system analysis and
design. The transfer function specified, G(s) = 100 (1 + 0.2s) / [s? (1 + 0.1s) (1 + 0.001s)], comprises
multiple elements that influence the system’s frequency response. In this comprehensive guide, we will

explore step-by-step how to develop the Bode plot for this transfer function, covering all necessary

concepts, calculations, and interpretations.

Overview of Bode Plot Construction

A Bode plot is a graphical representation of a system's frequency response, showing the magnitude
and phase of the transfer function as functions of frequency (usually on logarithmic scales). It

comprises two plots:

e Magnitude Plot: Shows the gain (in decibels) versus frequency (logarithmic scale).

e Phase Plot: Shows the phase angle (in degrees) versus frequency (logarithmic scale).

Constructing a Bode plot involves analyzing the transfer function by breaking it into standard



components, plotting their individual responses, and combining these to find the overall response.

Understanding the Transfer Function Components

The transfer function given is:

\[ G(s) = 100 \times \frac{1 + 0.2s}{s"2 \times (1 + 0.1s) \times (1 + 0.001s)} \]
Breaking it down:

- Numerator:

- Constant gain: 100

- Zero at s = -5 (since \(1 + 0.2s=0 \Rightarrow s = -5\))

- Denominator:

- Double integrator: \(s*2\) (two poles at 0)

- Pole at s = -10 (from \(1 + 0.1s=0 \Rightarrow s=-10\))

- Pole at s = -1000 (from \(1 + 0.001s=0 \Rightarrow s=-1000\))

Understanding the location of zeros and poles helps determine the shape of the Bode plot.

Step-by-Step Construction of the Bode Plot

1. Break Down the Transfer Function into Standard Components

To simplify plotting, express G(s) as a product of standard transfer function elements:



\[
G(s) = K \times Z(s) \times P_1(s) \times P_2(s) \times P_3(s)
\]

Where:

- \(K = 100\) (constant gain)

-\(Z(s) = 1 + 0.2s\) (zero at \(s=-5\))

- \(P_1(s) = \frac{1}{s"2}\) (double integrator)
-\(P_2(s) = \frac{1}{1 + 0.1s}\) (pole at \(-10\))
-\(P_3(s) = \frac{1}{1 + 0.001s}\) (pole at \(-1000\))

This modular approach allows us to analyze each component's magnitude and phase contributions

separately.

2. Determine the Break Frequencies

Identify the critical frequencies (corner or break points) for each element:

| Element | Break Frequency (rad/sec) | Frequency (Hz) | Description |

el

| Zero \(Z(s)\) | \(\lomega_z = 5\) | \(f_z \approx 0.8\,Hz\) | Zero at \(-5\) |

| Pole \(P_1\) (double integrator) | \(\omega_{p1} = 0\) | N/A | Poles at origin |

| Pole \(P_2\) | \(\omega_{p2} = 10\) | \(f_{p2} \approx 1.59\,Hz\) | Pole at \(-10\) |

| Pole \(P_3\) | \(\lomega_{p3} = 1000\) | \(f_{p3} \approx 159\,Hz\) | Pole at \(-1000\) |

Note that the integrator poles at zero frequency (s=0) dominate low-frequency behavior.



3. Calculate Magnitude Contributions

The magnitude in decibels (dB) for each component:

- Constant Gain: \(20 \log_{10} 100 = 40\,dB\)

- Zero at \(\omega_z=5\):

\[
20 \log_{10} |1 + j \frac{\omega}{\omega_z}|
\]

- Poles/Zeros at \(\omega\):

\[
\text{Zero: } 20 \log_{10} \sqrt{1 + (\frac{\omega}{\omega_z})"2}
\]

\[
\text{Pole: } 20 \log_{10} \frac{1}{\sqrt{1 + (\frac{\omega}{\omega_p})"2}}
\]

- Integrator \(1/s*2\):

\[

\text{Magnitude} = \frac{1}{\omega”2}

\]

\[

20 \log_{10} \left( \frac{1}{\omega”2} \right) = -40 \log_{10} \omega
\



Expressed in dB, this indicates a slope of -40 dB/decade at high frequencies.

4, Calculate Phase Contributions

- Zero at \(\omega_2z\):

\[
\phi_Z(\omega) = + \arctan \left( \frac{\omega}{\omega_z} \right)
\]

- Pole at \(\omega_p\):

\[

\phi_P(\omega) = - \arctan \left( \frac{\omega}{\omega_p} \right)

\

- Integrator \(1/s"2\):

\[
\phi_{int}(\omega) = -180"\circ \text{ (double pole at origin)}
\]

Total phase:
\[
\phi_{total} = \phi_Z + \phi_{P_1} + \phi_{P_2} + \phi_{P_3}

\

At low frequencies, phase approaches \(-180"\circ\) due to the double integrator; at high frequencies,

phase approaches 0°.



Constructing the Magnitude Plot

1. Start with the Low-Frequency Asymptote

At frequencies much less than all break points:

\[
\omega \ll 0.1\;rad/sec

\]
The magnitude:

\[
20 \log_{10} 100 = 40\,dB
\]

and phase:
\[

-180Mcirc
\]

2. Plotting the Asymptotes

- Integrator \(s*2\): Each pole at the origin introduces a slope of -20 dB/decade per pole. For two
poles, total slope is -40 dB/decade starting from \(\omega=0\). The asymptote drops from 40 dB at low

frequency, decreasing by 40 dB/decade.



- Zero at \(\omega=5\): Adds +20 dB/decade starting at \(\omega=5\).

- Pole at \(\omega=10\): Adds -20 dB/decade starting at \(\omega=10\).

- Pole at \(\omega=1000\): Adds -20 dB/decade starting at \(\omega=1000\).

Plot these asymptotes by adding the slopes accordingly.

3. Actual Magnitude Plot

- For \(\omega < 5\,rad/sec\), magnitude is approximately 40 dB.

- Between 5 and 10 rad/sec, the zero causes the slope to increase from -40 to -20 dB/decade.

- From 10 to 1000 rad/sec, the poles at 10 and 1000 cause the slope to decrease further, reaching -60

dB/decade after 1000 rad/sec.

- The zero at 5 rad/sec causes a +20 dB/decade increase, while the poles at 10 and 1000 cause

decreases, resulting in the overall slope behavior.

Summary of magnitude asymptote:

| Frequency Range | Slope (dB/decade) | Approximate magnitude (dB) |
-t

| \(\omega < 5\,rad/sec\) | 0 | 40 dB |

| \(5 < \omega < 10\,rad/sec\) | +20 | Slight upward bend |

| \(10 < \omega < 1000\,rad/sec\) | -20 | Decreasing trend |

| \(lomega > 1000\,rad/sec\) | -60 | Steep decrease |



Constructing the Phase Plot

Frequently Asked Questions

What is the transfer function G(s) provided in the problem?

The transfer function is G(s) = 100 (1 + 0.2s) / [s"2 (1 + 0.1s)(1 + 0.001s)].

What are the key components to consider when constructing the Bode

plot for G(s)?
Key components include identifying poles and zeros, their locations, and their effect on magnitude and

phase, especially at different frequency ranges.

How do you determine the corner frequencies for the Bode plot of
G(s)?
Corner frequencies are determined by the poles and zeros: zeros at s = -5 (from 0.2s), poles at s = 0

(double pole), s = -10 (from 0.1s), and s = -1 (from 0.001s).

What is the significance of the zero at s = -5 in the transfer function?

The zero at s = -5 causes a +20 dB/decade slope increase in the magnitude plot starting at 5 rad/sec.

How do the poles at the origin affect the Bode plot?

Poles at the origin (s=0) introduce a slope of -40 dB/decade in magnitude and a phase lag of -90° per

pole at high frequencies.



What is the initial magnitude of G(s) at low frequencies (s approaching
0)?

At very low frequencies, the magnitude is approximately 100 (from the constant term), since the zeros

and poles contribute negligibly at zero frequency.

How does the pole at s = -10 influence the Bode plot?

The pole at s = -10 causes a -20 dB/decade slope change starting at 10 rad/sec, with a phase lag of
-90°.

What is the overall phase shift of G(s) at high frequencies?

At high frequencies, the phase approaches approximately -270°, due to the combined phase lag from

the two poles at the origin, and the additional poles at -10 and -1, minus the zero at -5.

How can you sketch the Bode magnitude plot for G(s)?

Start with the low-frequency magnitude at 100 (40 dB), then add slope changes at each corner
frequency: +20 dB/decade at zero, +20 dB/decade at zero due to zero at -5, then -20 dB/decade at 10

rad/sec, and -20 dB/decade at 1 rad/sec, adjusting the plot accordingly.

Why is it important to verify the phase plot after sketching the
magnitude plot?

The phase plot confirms the cumulative phase shifts from zeros and poles, ensuring an accurate

representation of the system's frequency response for stability and control analysis.

Additional Resources

Constructing the Bode Plot for the Transfer Function G(s) = 100 (1 + 0.2s) / s? (1 + 0.1s)(1 + 0.001s)



The process of creating a Bode plot for a given transfer function is fundamental in control systems
engineering, allowing engineers and researchers to analyze system stability, frequency response, and
robustness. In this comprehensive review, we delve into the step-by-step methodology for constructing
the Bode plot for the specific transfer function:

\[ G(s) = \frac{100 (1 + 0.2s)}{s"2 (1 + 0.1s)(1 + 0.001s)} \]

This function encapsulates a combination of poles and zeros, each contributing uniquely to the
magnitude and phase characteristics across a spectrum of frequencies. Understanding how these

elements influence the overall behavior is essential for designing and tuning control systems,

especially those requiring precise stability margins and response times.

Understanding the Transfer Function G(s)

Breaking Down the Components

At the core of Bode plot analysis is a clear comprehension of the transfer function's structure. The

given function comprises:

- Numerator: \( 100 (1 + 0.2s) )

- Denominator: \( s*2 (1 + 0.1s)(1 + 0.001s) \)
Let's analyze each component separately:

1. Gain Factor: The constant 100 provides an initial magnitude scaling, influencing the low-frequency

(DC) gain.



2. Zero at \( s = -\frac{1}0.2} = -5 \): This zero introduces a phase lead and increases the magnitude

at frequencies above its break point.

3. Poles at:

- Origin (s = 0): A double pole, which imparts a magnitude slope of -40 dB/decade at high frequencies.
- At \( s = -\frac{1}{0.1} = -10 \): A single pole contributing a -20 dB/decade slope.

- At \( s = -\frac{1}{0.001} = -1000 \): A single pole further influencing high-frequency behavior.

Note: The positions of zeros and poles are critical in shaping the Bode plot, especially around their

respective break frequencies.

Step-by-Step Construction of the Bode Plot

1. Expressing the Transfer Function in Standard Form

For Bode plot analysis, it’'s customary to express the transfer function as a product of factors:
\[

G(s) = K \times \frac{(1 + sNomega_z){\prod_{i}(1 + sNomega_{p_i})}

\]

where:

- \(K\) = DC gain,

- \(\omega_2z\) = zero frequency,



- \( \omega_{p_i} \) = pole frequencies.

Rearranged form:

\[

G(s) = 100 \times \frac{(1 + 0.2s){s"2 (1 + 0.1s)(1 + 0.001s)}
\]

Expressed in terms of angular frequencies:

- Zero at \( \omega_z = \frac{1}{0.2} = 5\, \text{rad/sec} \)

- Poles at:

- \(\omega_{p1} = 0\) (double pole at origin)

- \(\omega_{p2} = \frac{1}{0.1} = 10\, \text{rad/sec} \)
-\(\omega_{p3} = \frac{1}{0.001} = 1000\, \text{rad/sec} \)

2. Calculating the Magnitude and Phase at Key Frequencies

The Bode plot comprises two parts:

- Magnitude plot: Shows gain (in dB) vs. frequency (log scale).

- Phase plot: Shows phase shift (degrees) vs. frequency.

To construct these plots, evaluate the transfer function at frequencies relative to the break points:

- Below all break frequencies (low frequencies, \( \omega \ll 1 \) rad/sec)



- At each break frequency (\( \omega = \omega_z, \omega_{p_i} \))

- Well above the highest break frequency (\( \omega \gg 1000 \) rad/sec)

3. Magnitude Plot Construction

Step 1: Determine the low-frequency magnitude

At very low frequencies (\( \omega \to 0 \)), the magnitude is approximately:

\[

|G(jO)| = \frac{100 \times 1}{0”2 \times 1 \times 1} \rightarrow \text{undefined} \quad (\text{due to } s*2)
\]

However, in practical terms, the magnitude tends to infinity at DC for the ideal transfer function
involving \( 1/s*2\). But for analyzing the Bode plot, focus on the slope changes rather than the
absolute value.

Step 2: Break points and slopes

- At frequencies below \( \omega_z = 5\) rad/sec:

- Zero at 5 rad/sec, so zero's effect is negligible.

- Poles at 0 and 10 rad/sec dominate.

- At \( \omega = 5\, \text{rad/sec} \) (zero):



- The zero introduces a +20 dB/decade slope starting at this frequency.

- At \( \omega = 10\, \text{rad/sec} \) (pole):

- The pole at 10 rad/sec causes a -20 dB/decade slope.

- At \( \omega = 1000\, \text{rad/sec} \) (pole):

- Further slope change of -20 dB/decade.

- At high frequencies:

- The cumulative slope becomes:

\[

-40\, \text{dB/decade} \text{ (from } s*2) + 20\, \text{(from zero)} - 20\, \text{(from } 10\, \text{rad/sec}) -

20\, \text{(from } 1000\, \text{rad/sec}) = -40\, \text{dB/decade}
\]

4. Phase Plot Construction

Phase contributions are:

- Zero at 5 rad/sec: +90° phase shift, approaching +90° after the break point.

- Poles:

- At 0 rad/sec (double pole): -180°, but since it's at the origin, it affects phase continuously from 0°,



decreasing toward -180° as frequency increases.

- At 10 rad/sec: -90° phase shift, approaching -90° after the break point.

- At 1000 rad/sec: -90°, adding to total phase lag.

Approximate phase at key points:

| Frequency (rad/sec) | Zero's effect | Poles' effect | Total phase (degrees) |

I | | | I
[ \(\Il 5\) | ~0° | 0°, double pole at origin (phase approaching -180°) | Near -180° |

| \( \approx 5\) | ~45° | 0° | ~ -135° |
| \( \approx 10 \) | ~90° | -45° (from pole at 10) | ~ -135° |
| \( \approx 1000 \) | ~90° | -90°, from pole at 1000 | ~ -180° |

Constructing the Bode Plot: Practical Methodology

Step 1: Logarithmic Frequency Range

Choose a logarithmic frequency range, for example:

\[

\omega = 0.01\, \text{rad/sec} \quad \text{to} \quad 1074\, \text{rad/sec}
\]

Covering several decades ensures all break points are well represented.

Step 2: Plotting the Magnitude



- Start at the lowest frequency:

\[

20 \log_{10}(K) = 20 \times \log_{10}(100) = 20 \times 2 = 40\, \text{dB}

\

- Adjust for the slopes:

- Below 5 rad/sec: Flat or initial slope; since the denominator involves \( s*2 \), the magnitude declines

at -40 dB/decade after the break points.

- At each break frequency:

- Increase or decrease the slope accordingly.

- Generate a smooth curve by adding the contributions of each pole and zero.

Step 3: Plotting the Phase

- Starting from 0°, the phase decreases as frequency increases.

- Apply the phase contribution of each zero and pole at different frequencies, often using typical phase

asymptotes:

- Zero: from 0° to +90°, centered at \( \omega_z \).

- Poles: from 0° to -90° per pole, centered at their respective \( \omega_p \).

- Sum all phase contributions
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