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Abstract 
The use of experimental tools such as electrodynamic shakers, hammers, accelerometers, and microphones 

are reviewed as part of the educational curriculum for the young mechanical engineer and science degree 

student. A list of unique 10 laboratory experiments are described as part of a good foundation for engineers 

interested in the fields of vibration dynamics, acoustics, and mechanical systems. 

1 Introduction 

Mechanical engineering curriculum includes many facets of dynamics, thermodynamics, fluids, control 

systems, design, manufacturing, and other fields. One important sub-field within mechanical engineering is 

Noise, Vibration, and Harshness (NVH). Mechanical product designers and test engineers need to have an 

introduction to NVH in order to design consumer products that meet customer expectations in terms of 

sound and vibration quality. Excess vibration in mechanical systems can lead to product damage/failure or 

user discomfort. Mechanical engineering curriculum varies worldwide in terms of the content of NVH 

materials taught to undergraduate and graduate students.  

The objective of this paper is to present 10 NVH experiments that we have found useful in teaching 

fundamental NVH concepts to mechanical engineering students. These experiments cover both acoustics 

and vibration and provide a basis for graduates with basic knowledge in NVH principles. These experiments 

may be useful to the new professor developing a program in NVH, the seasoned professor looking to update 

current classes, or the industry professional interested in training new NVH engineers.  

Because of the nature of this paper, the format is developed to present each experiment in a single page 

format as a figure that incorporates text and images to portray the experiment. Figures 1-10 in the 

Experiments section show an overview of the 10 experiments.  

2 Experiments 
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Motivation for the lab:

Many mistakes in collecting data can be 

avoided by some up-front understanding of 

the measurement system. Making a good 

measurement starts early in the process. 

This lab emphasizes performing calibration 

of sound and vibration equipment as an 

entire signal chain, not just a single 

transducer. Understanding the system 

noise floor is also important to interpreting 

the recorded data. The importance of 

background noise testing is demonstrated.

Measurement chain calibration and noise floor

Required equipment:

• Free-field microphone

• Pistonphone and/or speakerphone

• Accelerometer

• Accelerometer calibrator

• Cables and signal conditioners

• Data acquisition system

• 50 Ohm terminator

Process:

1. Calibrate the microphone data chain using the speakerphone or pistonphone. Calibrate at different 

SPL levels (94 dB and 114 dB) and discuss the importance of linearity. Change the gain of the 

signal conditioner to demonstrate sensitivity changes of the system with the same sensor. 

2. Calibrate the accelerometer data chain using the calibrator. Have students calibrate using RMS and 

Peak acceleration. Change the gain of the signal conditioner and repeat. 

3. Measure the background electrical noise floor spectra of the system using the 50 Ohm terminator 

at the data acquisition system and calibrate it using the sensitivity for the sensor.

4. Measure the background noise spectra in the facility (sound pressure and acceleration) using the 

now-calibrated sensors. 

5. Compare the background noise spectra of the data system and the facility. Test at different gain 

settings to understand the importance of gain selection. 

Outcomes and suggestions:

Students should understand that a good NVH test starts and ends with calibration of the entire in-situ 

signal chain and understanding of the ambient noise floor. It is helpful to discuss the 10 dB signal-to-

noise ratio rule-of-thumb with students during this lab and, if possible, demonstrate a low SNR 

measurement compared to a high SNR measurement. Students should understand that analog gain can 

be used to increase the sensor signal above the noise floor of the data acquisition system, but not to 

separate desired signal from extraneous signals in the facility also picked up by the sensor. This lab 

provides a good hands-on introduction to use and handling of NVH instrumentation.

Frequency = 159.2 Hz

( = 1000 rad/s)

Acceleration = 1 g (9.81 m/s²)

Frequency = 1000 Hz

SPL = 94 dB or 114 dB

 

Figure 1. Experiment #1 – calibration and noise floor 
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Motivation for the lab:

This lab will help students understand how 

sound propagates from a source. They will 

observe the difference between a direct 

field and a reverberant field. It serves as a 

good introduction to hand-held sound level 

meters and how to use them correctly. A 

simple demonstration of the source-path-

receiver paradigm, this lab instills the fact 

that as the source is held constant, the 

receiver measurement changes due to a 

changing path. 

Sound propagation: direct field vs. diffuse field

Required equipment:

• Handheld Sound Level Meter (SLM) or 

free-field microphone and data 

acquisition system 

• Sound source (a band limited white 

noise from a speaker works well)

• Tape measure or ruler

• Tape to mark positions on the floor

Process:

1. Place the source on the edge of a table. Using the tape and tape measure, mark out distances on 

the floor moving away from the source in a straight line. A room where you can get at least 4 m 

away from the speaker works best. Logarithmically spaced locations works best. 

2. Calibrate the SLM and measure background noise in the room.

3. Play band limited white noise through the source so that the Sound Pressure Level (SPL) is about 

90 dB(A) near the source.

4. Do not use tones as they will not produce good results due to destructive interference effects.

5. Have the students measure SPL using the SLM at the same height as the source at each horizontal 

location marked on the floor. Ensure students hold the SLM correctly so their bodies do not 

provide extraneous reflections.

6. Plot the SPL data versus logarithmic distance. The slope should be -6 dB per doubling the 

distance in the direct field and start to flatten out in the reverberant field. 

Outcomes and suggestions:

Intuitively, students know that sources sound quieter as they move farther away from them. However, 

they don’t know about the transition between the direct and reverberant fields in an enclosed space. 

This lab helps to reinforce the concept of the reverberation radius. It also helps the students to think in 

terms of logarithmic distances, common in acoustics, but not intuitive for the beginner. Discuss point 

source and spherical spreading and the inverse square law using these results to provide an Ah-Ha 

moment. Later in the class, these results can be revisited to discuss room absorption coefficients.

Direct Field
Reverb

Field

Near

Field

- 6 dB per octave

Source

Receiver

 

Figure 2. Experiment #2 – direct field vs. diffuse field 
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Motivation for the lab:

Sound from mechanical devices is 

everywhere. The noise control engineer’s 

job is to make these systems pleasant for 

the customer. Different customer segments 

have different expectations for product 

noise. Sound quality testing helps the 

engineer to match objective measurements 

with subjective customer feedback. One 

way this is achieved is through 

comparative measurements, or benchmark 

testing.

Product sound quality

Required equipment:

• Free-field microphone and data 

acquisition system

• Several versions of a consumer product 

(blenders, hair dryers, power tools, etc.)

• A black sheet to conceal the products 

from the students

Process:

1. Develop a survey for the students. Ask questions like “Which product sounds more powerful?”, 

“Which product sounds cheaper?”, or “Which product would you buy based on sound?” Conduct 

a short jury study in class where the students can’t see the products. 

2. Compile the jury data and show the students the products. Have them guess which one had which 

sound based on looks. Reveal the sounds and discuss cost relative to sound.

3. Make operator ear sound pressure level measurements of each of the products. View the data in 

the time domain and as spectra and compute overall levels. 

4. Try to identify what parts of the sound pressure spectra contributed to the results of the jury study 

and how the poorer rated products may be improved.

Outcomes and suggestions:

The students will appreciate the importance of sound quality in product design. It is surprising that 

loud products are usually the least expensive but also have lower power ratings than more expensive 

and quieter products. This is a great time to discuss the economics of NVH design and the different 

demands of different customer segments. Another observation is that more expensive parts with tighter 

tolerances typically produce better sounding products. We have conducted this experiment with 3 

blenders ranging from $20 USD to $150 USD, and students almost always say they prefer to buy the 

loudest (least expensive) blender because it sounds like it is the most powerful, even though it is not. 
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Figure 3. Experiment #3 – product sound quality 
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Motivation for the lab:

Sound power is a source specific quantity 

that is important for the noise control 

engineer to understand. When trying to 

quiet a loud product, the engineer may 

quantify the product sound using sound 

power techniques. This type of 

measurement is independent of the path 

and receiver and is, therefore, a good way 

to characterize sources. This lab helps 

students to see the difference between 

sound pressure and sound power. Noise 

labeling is becoming a practice for some 

consumer products, e.g. dish washers.

Source sound power

Required equipment:

• 2-4 Free-field microphones

• Data acquisition system

• Measuring device

• Small mechanical product to test

• ISO 3744 or ISO 3745

Optional equipment:

• Indexing turntable

• Anechoic chamber

Process:

1. Set up the sound source on a hard surface and select a measurement radius (1-2 meters works well 

for small sources and high frequencies). The source can be put on the turntable for indexing.

2. Locate one microphone in a stationary position directly over the source. Place the other roaming 

microphones at locations from the standards in your measurement hemisphere.

3. Measure sound pressure on all of your microphones simultaneously. 

4. Move the roaming microphones to all the other locations in the standard and record sound 

pressure level. Repeat as necessary, each time recording the stationary microphone as well

5. Compare all data from the stationary microphone position to ensure no changes over the test

6. Use ISO standards to compute sound power based on averaged mean-square sound pressure

7. Optionally, use other measurements techniques to compare and show the same measured sound 

power levels

Outcomes and suggestions:

Students will learn how to conduct a sound power test. Importantly, they will see the difference 

between sound power and sound pressure. They can also look at the measured SPL data as a function 

of measurement angle to observe product directivity. Using the standards will help students to 

understand how to read and follow a standard, a useful skill in industry. By using fewer than the 

required number of microphones, students will learn the challenges of making measurements with real-

world restrictions. If you don’t have an anechoic chamber, this can be done outside in a paved parking 

lot away from reflecting sources like cars or buildings. 

7 bar compressor

 

Figure 4. Experiment #4 – source sound power 
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Motivation for the lab:

Acoustic resonators are used to silence 

mechanical equipment through exhaust or 

intake pipes and ducts. They are an 

important tool for the noise control 

engineer. The fundamentals of a Helmholtz 

resonator will connect single degree of 

freedom (SDOF) vibratory systems with 

SDOF acoustic systems. Mode splitting of 

a tuned mass damper can also be 

demonstrated with this lab. 

Acoustic resonators

Required equipment:

• Free-field microphone and data 

acquisition system with spectrum 

analyzer

• Beaker and graduated cylinder

• Beverage bottle

Option equipment:

• PVC pipe connected to a speaker and 

open on one end

Process:

1. Explain the fundamentals of Helmholtz resonators

2. Hold microphone near the bottle neck and blow over the bottle (like a flute) to create a Helmholtz 

tone

3. Measure and record the frequency of the tone using the microphone and a spectrum analyzer

4. Add 50 mL of water to the bottle using the graduated cylinder and repeat step 3

5. Continue adding water in 50 mL increments and recording the frequency of the resonator

6. Linearize the natural frequency equation and plot added water volume (Vadded) as a function of the 

variable shown above. The result is a line whose slope is the negative inverse of the effective 

neck length and whose offset is acoustic volume

7. Use this information to predict how much water would need to be added to attenuate a sound of 

known frequency

Outcomes and suggestions:

Students learn about Helmhotz resonators and relate to understood concepts of a SDOF vibratory 

system. Linearizing an equation to use a least-squares fitting approach is good to review in a practical 

situation. It is fun to create a game with step 7 using an driven open ended pipe with a hole in the side 

wall to insert the resonators. The students try to predict the amount of water needed to attenuate a tone 

and must account for the difference between a flanged and unflanged end condition. They compete 

with other groups to get the best attenuation and many groups try many times. When they get an 

increase in SPL at the end of the pipe, it’s a good time to discuss mode splitting of tuned dampers.
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Figure 5. Experiment #5 – acoustic resonators  
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Motivation for the lab:

Machinery vibration can easily be 

transmitted through floors and foundations 

and quickly become the source of 

structure-borne noise problems in 

buildings such as hotels, hospitals or 

schools. Refrigeration machines, chillers, 

air compressors, pumps, fans, boilers, 

rooftop HVAC equipment, can be 

vibration isolated so to limit the overall 

impact of vibration on people, structures, 

and other equipment nearby.

Vibration isolation

Required equipment:

• Two general purpose accelerometers, 

data acquisition system with spectrum 

analyzer software

• Mini air compressor

• Anti-vibration rubber mounts

Optional equipment:

• 1g handheld vibration calibrator

Process:

1. Check the data acquisition and measurement chain using the 1g hand-held shaker (see Lab 1)

2. Place the compressor on the laboratory bench, mount an accelerometer on the compressor (near 

its foot) and one accelerometer on the working bench.

3. Measure the vibration with the compressor turned off to stablish a baseline. Measure the vibration 

again with the compressor turned on and compare the difference

4. Install 4 isolation rubber mounts under the compressor and repeat the measurement with the 

compressor running. How does it look like?

5. Look at the vibration spectrum and its frequency content. Zoom in the lower frequencies and 

identify its fundamental frequency and its harmonics

Outcomes and suggestions:

1. Discuss the basic principles of vibration isolation and the equations of motion of a single degree of 

freedom spring-mass-damper system

2. Analyze the different regions of the transmissibility curve for an isolated system, discuss how the 

isolation system must be designed with a natural frequency much lower than any major frequency 

present in the compressor (vibration source)

3. Discuss how the principles of vibration isolation apply not only for isolating unwanted machinery 

vibration to be transmitted to its surroundings, but also to prevent environmental excitation (e.g. 

aerodynamic turbulences, highway and railroads, earthquakes) to impact critical equipment such as 

microscopes, telescopes, MRI (Magnetic resonance imaging) machines, etc.

attenuation

compressor

bench

 

Figure 6. Experiment #6 – vibration isolation 
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Motivation for the lab:
In physics, the observer effect is the theory 

that simply observing a situation 

or phenomenon necessarily changes that 

phenomenon. Instrumentation is generally 

perceived as non-intrusive, but, in reality, it is. 

The accelerometer used to measure vibration 

will affect the vibration itself. As we know, the 

natural frequency of a structure is related to the 

square root of the ratio of stiffness to mass. 

This lab analyses the mass loading effect of an 

accelerometer while measuring the natural 

frequency of a structure.

Using accelerometers and mass loading

Required equipment:

1. Impact hammer with force sensor

2. Accelerometers with same sensitivity: 

lightweight teardrop style, general 

purpose accelerometer

3. Lightweight disk drive bracket

4. Bungee cords to suspend the bracket in 

a free-free boundary condition

5. Data acquisition system

Process:

1. Hang the bracket using the bungee cords and glue the small accelerometers under one of the 

edges of the bracket.

2. Tap the plate with the impact hammer on top, directly above the accelerometers and measure the 

Frequency Response Function between the force and acceleration (drive point measurement).

3. Repeat the experiment using the heavier accelerometer.

4. Compare the measurements and watch for natural frequency peaks (resonances) and any 

frequency shifts of these peaks.

Outcomes and suggestions:

1. Discuss in general how the test set up can have an effect over measurement data especially on 

lightweight structures.

2. Review the frequency response function again and note how the higher frequencies experience a 

larger frequency shift while the two lower frequency peaks don’t appear to be significantly 

affected by the mass of the accelerometers. Discuss how the mass loading effect won’t be 

perceived if the accelerometer is mounted on a node of a mode.

3. Discuss different accelerometer design and its impact on accelerometer sensitivity and frequency 

range 

1.2 gram vs. 27 gram 

ceramic vs. quartz 

100 mV/g 

piezoelectric 

accelerometers
Disk drive bracket

 

Figure 7. Experiment #7 – accelerometers and mass loading 
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Motivation for the lab:

Mechanical resonances occur when 

dynamic forces excite the natural 

frequencies of a structure. Resonance 

measurements can be used to understand 

the vibration behavior of structures, from 

musical instruments to machines, vehicles 

and buildings. An impact hammer or an 

electrodynamic shaker are ideal tools to 

excite a structure at all frequencies while a 

dynamic transducer such as an 

accelerometer or microphone can be used 

to capture the structure’s resultant motion 

and acoustic response signature.

Fundamentals of mechanical resonance

Required Equipment:

• Impulse hammer with force sensor

• Microphone (or accelerometer)

• 2 channel data acquisition system

• A sample structure. A metal part 

(vehicle component) works great

• Some rubber bands (or a piece of foam 

or exercise bands) to support the 

structure (free-free boundary condition)

Process:

1. Use a rubber band and a pencil to hang the sample metal part with one hand

2. Use the other hand to hit the metal part with the impact hammer

3. Measure the response using an accelerometer and using a microphone and compare the results

4. Repeat the impact measurement 5 times averaging out the measurements in the frequency domain

5. Repeat the measurements with the other sample and compare the results

6. Imagine how this measurement can be implemented to perform 100% inspection on hundreds of 

parts on the plant floor, as part of a an end-of-line quality check system. What type of information 

can be obtained from the test?

Outcomes and suggestions:

Students will learn how to perform impact testing to measure the natural frequencies of a structure. 

Explain the relationship between natural frequency, mass and stiffness, and how to use this relationship 

to tune a particular structure. Discuss how damping affec the width of the resonant peak. Introduce the 

concepts of Frequency Response Function (FRF) and Coherence Function measurements used in 

experimental modal analysis. 

Statistical distribution a 

natural frequency of 

several metal parts with 

the same exact geometry, 

but made with two 

different types of steel.

Two parts, 

same 

geometry, 

different 

materials.

 

Figure 8. Experiment #8 – mechanical resonance  
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Motivation for the lab:

Damping is an important concept for the 

NVH engineer. When mechanical 

structures are vibrating near resonance, 

large displacement, velocity, acceleration 

can occur. This can have adverse effects 

on the structure (such as fatigue and 

failure) or on people (such as high noise 

and vibration exposure levels). Damping is 

one way to limit high vibration levels. This 

lab will explore free-layer and constrained-

layer damping treatments and ways to 

measure damping. 

Principles of mechanical damping

Required equipment:

• Instrumented impact hammer

• Lightweight accelerometer

• Thin plates (3), fiberglass or metal

1. Bare plate

2. Plate with free-layer damping

3. Plate with constrained-layer damping

• Bungee cords to suspend the plate in a 

free-free boundary condition

• Data acquisition system

Process:

1. Hang the bare plate using the bungee cords or strings and glue accelerometers at the center and 

corner, under the plate

2. Tap the plate with the impact hammer on top, directly above the accelerometers and measure the 

Frequency Response Function between the force and acceleration (drive point measurement), and 

the time domain decay of the accelerometer

3. Evaluate damping as a function of frequency using several techniques (-3 dB bandwidth, slope of 

the phase at resonance, log decrement, reverberation time)

4. Repeat the experiment for the free-layer and constrained-layer damped plates

5. Discuss the importance of shear in damping treatments and discover why constrained-layer 

damping may perform better than free-layer damping

Outcomes and suggestions:

Students will learn the challenges in making a good damping measurement. Several techniques can be 

tested and compared. Pros and cons of each method can be evaluated. For example, if there are closely 

spaced modes at higher frequencies, the -3 dB bandwidth method may not produce accurate results due 

to high modal overlap. Using different methods also provides an opportunity to discuss data quality 

and selecting the right method based on the quality of results. Students should learn the differences 

between free-layer and constrained-layer damping, and that adding damping is an effective NVH 

mitigation technique when a system vibrates at a mechanical resonance. 
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Figure 9. Experiment #9 – mechanical damping 
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Motivation for the lab:

Vibration is a great indication of machine-

health. It reflects the behavior of a 

machine’s mechanical components as they 

react to internal and external forces. 

Vibration measuring and trending provides 

a picture of component wear, helping with 

maintenance planning, saving time and 

money by preventing unexpected 

machinery failure. Through vibration 

monitoring, and analysis, it is possible to 

detect common faults such as unbalance, 

mechanical looseness, misalignment, and 

local bearing or gear faults.

Machine-Health monitoring

Required equipment:

1. Accelerometer

2. Data acquisition system

3. Running motor or other rotating 

machine

4. Laser tachometer

Process:

1. Mount the accelerometer to the machine using a mounting base or a magnet base

2. Mount the laser tachometer to measure the shaft speed of the device under test

3. While the machine is running, record averaged vibration data simultaneously with motor RPM 

Block sizes of 1-2 seconds work well with 20-50 averages. Synchronous averaging is also good to 

demonstrate here

4. Look at the overall RMS vibration levels in acceleration and velocity units

5. Look for peaks, shapes, and patterns present in the vibration signature spectrum

6. Try to identify and correlate those peaks with potential machine issues, e.g. high 1x RPM is an 

indication of out of balance, gear mesh frequencies, 2x RPM as indication of misalignment

Outcomes and suggestions:

Vibration is a big part of a condition based maintenance program. Instead of a “running to failure” 

approach, companies can take advantage of vibration measurements and analysis to perform machine-

health monitoring and decide the right time for maintenance, not too early, not too late. The benefits of 

vibration monitoring include improved predictability, reliability, safety (e.g. avoid catastrophic 

failures),  increased maintenance intervals, time and money savings, and peace of mind.

Ref.: SKF Vibration Diagnostic Guide (CM5003)

 

Figure 10. Experiment #10 – machine-health monitoring 
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3 Conclusion 

We have described ten laboratory experiments that can provide engineering and science students with good 

hands on experience and exposure to practical aspects of sound and vibration measurements, equipment, 

and real world problems. The labs can be used in support or in addition to existing sound and vibration 

undergraduate classroom curriculum.  

As it is not possible to cover all the details of every experiment in a short paper, the authors efforts are to 

provide a concise teaching laboratory framework covering most of the import concepts that will be valuable 

for the future sound and vibration practitioner. The authors would encourage the teaching community to use 

and modify these labs as needed, provide feedback, create and add labs that can be shared with universities 

and with the sound and vibration community around the world.  
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