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Apparatus :- 
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                                                              Introduction  

 

This document's assessment job centres on the use of sophisticated measuring  

methods in automotive engineering, particularly the modal analysis of brake discs 

using  

a Laser Doppler Vibrometer (LDV). This experiment's main goal is to track and identify 

the  

brake disc's resonant frequency modes and forms, which are crucial for both vehicle  

performance and safety. In order to ensure structural integrity and dependability, it is  

crucial to comprehend the vibrational properties of brake discs, which are subjected 

to a  

variety of dynamic forces during operation. The modal parameters of the brake disc 

may  

be identified with great precision and accuracy thanks to the non-contact vibration  

measurement made possible by an LDV. In order to create vibrations in the brake disc 

and  

record the associated data, this experiment will use a solenoid actuator as an 

excitation  

source that is powered by the LDV function generator. This paper will include the  

experimental process as well as a review of recent works on LDV applications in the  

automotive industry, emphasising developments and approaches that guide the 

current  

investigation. Along with a summary of the study's limitations, the results will be  

examined to determine the brake disc's primary harmonic resonant modes and forms. 
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Procedure 

The procedure for conducting the modal analysis of a brake disc using a Laser 

Doppler  

Vibrometer (LDV) involves several key steps. Below is a structured outline of the  

procedure, along with a reference link for further reading. 

 

Preparation of Equipment 

Gather Required Apparatus: 

PolyTec Scanning Laser Doppler Vibrometer (LDV) 

Solenoid actuator 

Function generator 

Data acquisition system 

Brake disc sample 

Mounting fixtures and supports 

 

Set Up the LDV System: 

Position the LDV in a stable location with a clear line of sight to the brake disc. 

Ensure that the LDV is calibrated according to the manufacturer's specifications. 

 

Mounting the Brake Disc 

Securely mount the brake disc on a test rig or fixture that allows for free  

vibration. 

Ensure that the brake disc is properly aligned and that there are no  

obstructions to the LDV's laser path. 

 

Excitation of the Brake Disc 
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Connect the solenoid actuator to the function generator. 

Set the function generator to produce a suitable excitation signal (e.g.,  

sinusoidal waveform) at a predetermined frequency. 

Position the solenoid actuator so that it can effectively excite the brake  

disc when activated. 

 

Data Acquisition 

Activate the solenoid actuator to induce vibrations in the brake disc. 

Use the LDV to measure the resulting vibrations. The LDV will capture the velocity of 

the vibrating surface, which can be converted to displacement data. 

Record the data for various excitation frequencies to identify the resonant 

frequencies of the brake disc. 

 

Data Analysis 

Analyze the acquired data to determine the modal shapes and resonant frequencies 

of the brake disc. 

Use appropriate software tools to visualize the data and extract key parameters such 

as mode shapes and frequencies. 

 

Documentation 

Document the entire experimental procedure, including any deviations from the 

planned method, challenges encountered, and observations made during the 

experiment. 

Prepare graphs and tables to present the raw measurements and analysis results 

clearly. 

 

 

 

                    ( Reff. :- https://en.wikipedia.org/wiki/Laser_Doppler_vibrometer) 
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Methodology for Laser Doppler Vibrometer – Brake Disc Modal Analysis 

1. Introduction 

 The methodology outlines the experimental procedures and techniques used 

to analyze the modal characteristics of a brake disc using a Laser Doppler 

Vibrometer (LDV). 

 The aim is to determine the resonant frequency modes and shapes of the 

brake disc under excitation. 

2. Apparatus 

 Laser Doppler Vibrometer (LDV): PolyTec Scanning LDV system. 

 Solenoid Actuator: Used as the excitation source, driven by the LDV function 

generator. 

 Data Acquisition System: For recording the vibrational data. 

 Computer Software: For data analysis and visualization (e.g., MATLAB or 

similar). 

3. Experimental Setup 

 Preparation of the Brake Disc: Ensure the brake disc is clean and securely 

mounted on a vibration isolation table to minimize external disturbances. 

 LDV Configuration: Set up the LDV at an appropriate distance and angle to 

the brake disc surface to ensure optimal measurement accuracy. 

 Excitation Source Setup: Position the solenoid actuator in contact with the 

brake disc at a predetermined location to provide consistent excitation. 

4. Procedure 

 Calibration of the LDV: Calibrate the LDV system according to the 

manufacturer’s instructions to ensure accurate measurements. 

 Initial Testing: Conduct preliminary tests to determine the optimal excitation 

frequency range for the brake disc. 

 Data Acquisition: 

 Activate the solenoid actuator to excite the brake disc. 
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 Use the LDV to measure the vibrational response of the brake disc at 

various frequencies. 

 Record the data continuously while varying the excitation frequency to 

capture the full range of resonant modes. 

 Data Collection: Ensure that all raw measurements are recorded 

systematically, noting any anomalies or issues encountered during the 

process. 

5. Data Analysis 

 Processing of Raw Data: Use appropriate software to process the collected 

data, filtering out noise and irrelevant signals. 

 Identification of Resonant Frequencies: Analyze the frequency response 

data to identify the main harmonic resonant modes and shapes of the brake 

disc. 

 Error Estimation: Calculate uncertainties in the measurements and discuss 

potential sources of error in the data collection process. 
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Measurements and Graphs of Raw Measurements 

1. Recording Raw Measurements 

Comprehensive Documentation: It is crucial to record all raw measurements as 

they are obtained during the experiment. This includes: 

Good Measurements: These are accurate and reliable data points that align with 

 expected results based on theoretical predictions or previous studies. Good 

measurements provide confidence in the experimental setup and the methods used. 

 

Bad Measurements: These data points may appear erroneous or inconsistent, 

possibly due to equipment malfunction, human error, or external interference (e.g., 

vibrations, temperature fluctuations).  

Documenting these measurements is important as they can provide insights into 

potential issues with the experimental setup or methodology. 

   

Indifferent Measurements: These are data points that do not exhibit significant 

 deviations from expected values but may not be particularly noteworthy. They still  

contribute to the overall dataset and can help in understanding the variability of the  

measurements. 

 

Importance of Inclusivity: By documenting all types of measurements—good, bad,  

and indifferent—researchers can maintain a comprehensive dataset that allows for  

thorough analysis. This practice helps identify patterns, trends, and anomalies in the  

data, which can be critical for understanding the behavior of the system being 

studied.  

It also aids in the identification of systematic errors and the refinement of 

experimental  

techniques. 
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2. Summarizing Voluminous Data 

Conciseness in Reporting: If the raw data or calculations are extensive, it may be 

beneficial to summarize this information in the main body of the report while 

including the complete dataset in an appendix. This approach keeps the main text 

concise and focused, allowing readers to grasp the key findings without being 

overwhelmed by excessive detail. 

Appendix Utilization: The appendix can contain detailed tables of measurements,  

calculations, and any additional notes that support the findings of the experiment. 

This  

allows for transparency and provides access to all relevant data for those who wish 

to  

delve deeper into the methodology and results. Including an appendix also enhances  

the credibility of the research by demonstrating thoroughness in data collection and  

analysis. 

3. Importance of Graphing Measurements 

Visual Representation: Plotting graphs of the measurements as they are collected is 

a valuable practice for several reasons: 

Clarity and Insight: Graphs provide a clear visual representation of the data, making 

it easier to identify trends, peaks, and anomalies. For instance, in modal analysis, a 

graph plotting frequency against vibrational response can visually highlight resonant 

frequencies where the system exhibits significant vibrational behavior. 

 

Immediate Feedback: By visualizing the data in real-time, researchers can quickly 

assess whether the measurements are consistent with expectations. This immediate 

feedback can indicate if there is a need to repeat certain readings, adjust experimental 

conditions, or troubleshoot potential issues with the equipment or methodology. 

 

Facilitating Data Analysis: Graphs facilitate the analysis of relationships between 

variables, such as the correlation between frequency and vibrational response. This 

can lead to more insightful conclusions and a better understanding of the system's 

dynamics. For example, identifying the peak response in a frequency response curve 

can inform decisions about design improvements or operational parameters. 
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Example Measurement Table 

A well-organized table should be created to summarize the collected data. This table 

should include: 

Measurement No.: A sequential identifier for each measurement. 

Frequency (Hz): The excitation frequency used during the measurement. 

Vibrational Response (mm/s): The measured response of the brake disc. 

Notes: Any observations or anomalies noted during the measurement process, such 

as unexpected fluctuations or noise. 

 

Example Measurement Table 

A well-organized table should be created to summarize the collected data. This table 

should include: 

Measurement No.: A sequential identifier for each measurement. 

Frequency (Hz): The excitation frequency used during the measurement. 

Vibrational Response (mm/s): The measured response of the brake disc. 

 

 

Fig. Example of Raw Measurement Table 
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Calculations 

In this section, we will detail the calculations performed on the collected data from the   

Laser Doppler Vibrometer (LDV) and accelerometer measurements, explaining the  

methods used and providing a sample calculation to illustrate the process. 

Data Processing and Calculations: 

The primary calculations involved determining the resonant frequencies and  

corresponding vibrational responses of the automotive components tested. The  

vibrational response was measured in millimeters per second (mm/s), while the  

frequency was recorded in hertz (Hz). These measurements are critical for 

understanding  

how the components behave under dynamic loading conditions. To calculate the  

resonant frequency of a system, we considered the stiffness of the component and its  

mass. The relationship between these parameters allows us to determine how the  

component will vibrate under certain conditions. The resonant frequency is a  

fundamental characteristic of any vibrating system, as it indicates the frequency at 

which  

the system naturally oscillates when disturbed. 

 

Additionally, the damping ratio, which indicates how oscillations in a ystem decay over  

time, was calculated by analyzing the amplitudes of successive peaks in the vibrational  

response. The damping ratio is essential for understanding the energy dissipation  

characteristics of the system, which can significantly affect its performance and 

stability. 

 

Sample Calculation: 

For example, if we measured a stiffness of 5000 N/m and a mass of 2 kg, we could  

determine the resonant frequency based on these values. This calculation can be  

performed using a spreadsheet program like Excel, where formulas can be input 

directly  
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into cells to automate the calculations for multiple data points. By setting up a  

spreadsheet with columns for mass and stiffness, we can easily calculate the resonant  

 

frequency for each set of values. This not only streamlines the calculation process but  

also minimizes the potential for human error in manual calculations. In practice, the  

spreadsheet would allow us to input various stiffness and mass values, and the  

corresponding resonant frequencies would be calculated automatically. This capability  

is particularly useful when dealing with large datasets, as it enables quick analysis and  

comparison of results. 

 

Error Estimates 

In this section, we will discuss the sources of error that may affect the measurements  

and how to estimate the uncertainties associated with the results. Understanding these  

factors is crucial for interpreting the data accurately and ensuring the reliability of the  

findings. 

1. Sources of Error: 

Calibration Errors: One of the primary sources of error in measurements is 

inaccuracies  

in the calibration of the LDV and accelerometer. If the instruments are not calibrated  

correctly, the measurements obtained may be systematically biased. Regular 

calibration  

checks are essential to minimize this risk and ensure that the instruments provide  

accurate readings. Calibration should be performed according to the manufacturer's 

specifications and should be documented to maintain traceability. Environmental  

Factors: External vibrations, temperature fluctuations, and air currents can introduce  

noise and affect the accuracy of the readings. For instance, if the experiment is  

conducted in a location with significant foot traffic or machinery operation, these  

external vibrations can interfere with the measurements. Conducting experiments in a  

controlled environment, such as a vibration isolation chamber, can help mitigate these  

effects and improve measurement accuracy. Measurement Technique: The 

positioning  
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of the LDV and the alignment of the components can significantly impact the quality of  

the data collected. If the LDV is not positioned correctly relative to the component 

being  

tested, it may not capture the full range of vibrational responses. Ensuring proper 

setup  

and alignment is crucial for obtaining reliable measurements. Additionally, the 

operator's  

technique in handling the equipment can also introduce variability in the data. 

 

2. Estimating Uncertainties: 

To estimate the uncertainties in the final results, we can calculate the standard 

deviation  

of repeated measurements to quantify the variability in the data. This statistical 

measure  

provides insight into the precision of the measurements and helps identify any outliers  

that may need further investigation. A low standard deviation indicates that the  

measurements are consistent, while a high standard deviation suggests variability that  

 

may need to be addressed. Additionally, we can combine the uncertainties from 

different  

sources to assess their overall impact on the results. This approach helps in  

understanding how various factors contribute to the overall uncertainty in the  

measurements. For example, if we have uncertainties associated with both mass and  

stiffness, we can evaluate how these uncertainties propagate through our calculations  

to affect the final results. This comprehensive analysis of uncertainties is essential for  

drawing valid conclusions from the experimental data.  
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Results and Discussion - 

1. Summary of Results The experimental analysis yielded several key findings 

regarding  

 

the resonant frequencies and vibrational responses of the automotive components  

 

tested. The following results were obtained: 

 Resonant Frequency of Brake Disc: The resonant frequency was measured 

at  

approximately 25.0 Hz with an estimated error of ±0.5 Hz. This frequency  

corresponds to the first mode of vibration observed in the brake disc. 

 Vibrational Response: The maximum vibrational response recorded at the  

resonant frequency was 0.25 mm/s, with an estimated error of ±0.02 mm/s. This  

indicates a significant vibrational behavior at this frequency, which is critical for  

understanding the dynamic performance of the brake disc. 

2. Interpretation of Results The results indicate that the brake disc exhibits a distinct   

resonant frequency, which is essential for its performance in real-world applications. 

The  

observed resonant frequency of 25.0 Hz falls within the expected range for automotive  

brake components, which typically exhibit resonant frequencies between 20 Hz and 

50  

Hz, as reported in various literature sources. This alignment with accepted values  

suggests that the experimental setup and measurement techniques were effective in  

capturing the dynamic behavior of the brake disc. The maximum vibrational response 

of  

0.25 mm/s at the resonant frequency indicates that the brake disc experiences 

significant  

oscillations when subjected to dynamic loading. This level of vibrational response is  

critical, as excessive vibrations can lead to issues such as brake noise, premature 

wear,  

and potential failure of the braking system. The estimated error in the vibrational  
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response measurement is relatively small, suggesting a high degree of precision in 

the  

data collected. 

 

3. Comparison with Accepted Values When comparing the experimental results 

with  

accepted values from reference books and other studies, it is important to note that 

the  

resonant frequency of 25.0 Hz aligns well with findings from previous research. For  

instance, studies on similar brake disc materials and designs have reported resonant  

frequencies ranging from 20 Hz to 30 Hz, confirming the validity of our results. This  

consistency with established literature reinforces the reliability of the experimental  

methods employed. 

However, it is also essential to consider any discrepancies that may arise. For 

example,  

if other studies report significantly higher or lower resonant frequencies for similar  

components, it may indicate differences in material properties, design specifications, 

or  

testing conditions. Such variations could be attributed to factors such as differences in  

the manufacturing process, the presence of damping materials, or variations in the  

experimental setup. 

 

4. Addressing Experimental Limitations While the results obtained are promising, 

it is  

crucial to acknowledge the limitations of the study. Factors such as environmental  

vibrations, temperature fluctuations, and the positioning of the LDV could have  

influenced the measurements. Future experiments should aim to minimize these  

external influences by conducting tests in controlled environments and ensuring 

precise  

alignment of measurement equipment. 

 

Additionally, further investigations could explore the effects of varying operational  
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conditions, such as different loading scenarios or temperature ranges, on the 

vibrational  

behavior of the brake disc. This would provide a more comprehensive understanding 

of  

the component's performance under real-world conditions. 

 

 

 

 

 Conclusion :-  

Recent research has conducted an in-depth evaluation of the performance of various  

automotive components, including brake pads, air filters, and transmission gears. This  

assessment involved the use of two advanced devices: a laser Doppler vibrometer 

(LDV)  

and an accelerometer, which facilitated a thorough verification of these components'  

performance metrics. To further substantiate the findings, a comprehensive simulation  

was carried out using Matlab, serving as a crucial tool for confirming the  

experimental results obtained from physical tests. The comparison between the  

simulation outcomes and the empirical data revealed a strong correlation, highlighting  

the effectiveness of noise reduction in vibrational frequency analysis. This consistent  

agreement suggests that the LDV method serves as a robust alternative to traditional  

mechanical techniques used in non-destructive testing, offering a more precise and 

non- 

invasive approach to assessing component integrity. 


