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Abstract 

    

The noise generated by two vacuum pumps in lab B004 in the ME-EM building at 
Michigan Technological University was reduced without causing overheating of the 
units.  Largely due to the exhaust and partially due to the air interaction with the fan 
blades of the blower, 81dB(A) of broadband noise was generated by the pumps.  To 
accommodate this broadband noise, an enclosure was built to decrease noise emanating 
from the fan and a silencer was purchased to decrease the noise from the exhaust. 
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Introduction and Background 
 
Problem Statement and Objectives 
 

In lab B004 of the ME-EM building, the noise emanating from two vacuum blowers 
needs to be reduced to a level suitable for the shared laboratory setting.  Two vacuum 
blowers are used to draw air through two identical shaker systems as a means to cool the 
actuators.  Due to the high air velocity, the noise generated by the vacuums is 
unacceptable for the shared laboratory environment.  Each vacuum blower is also 
equipped with a safety switch should it become too hot.  A typical experiment runs for a 
minimum of two hours, which means overheating is definitely a concern.  A noise 
suppression device or enclosure is needed to decrease the noise level of the vacuums 
without causing them to overheat.  The main objectives of the project were as follows: 
 

1. Decrease the noise level of the vacuum blowers to 60dB. 
2. Provide a solution that would allow the vacuums to stay cool. 
3. Build and validate a prototype of the proposed solution. 

 
It was determined through testing that while the vacuum blowers are running, they create 
approximately 81dB(A) of broadband noise.  This noise is largely due to the exhaust of 
the vacuum and partially due to the air interaction with the fan blades of the blower.  In 
order to accommodate this broadband noise, an enclosure needed to be built for the fan 
noise and a silencer needed to be purchased to decrease the exhaust noise. 
 
Vacuum Pump 
 

The pump that is being studied is manufactured by Ametek.  The 120 VAC, 250 Watt 
brushless drive electronics module is used to power a variety of brushless DC motors and 

blower systems in the Ametek 5.7" (145 mm) Windjammer family.  The 250 Watt 
input power designation refers to a nominal mid-range operating point; actual power 
input will depend upon the application. 
 
This pump has a built-in heat controller that will shut down the pump if it overheats. 
According to the user’s guide1, the protection features include temperature and current 
sensing and shutdown.  The motor and control are cooled by the air flow through the 
blower.  This type of unit is suitable for handling breathing quality air only.  Operating 
temperature of the blower ranges from 0ºC to +50ºC.  A negative temperature coefficient 
resistor is mounted on the power output stage heatsink.  This device will shut down the 
commutation and control logic if the temperature exceeds approximately +85ºC.  Over 
temperature is a latched fault condition; the unit will restart when it has cooled down. If 
the over temperature condition still exists, the unit will not return to normal operation 
until the heatsink temperature is less than +85ºC.  Technical information about this 
vacuum pump can be viewed in Appendix A. 
 
 

                                                 
1 http://www.ametektmd.com/pdf/4930731.pdf 
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Procedure 
 
Sound Power Testing 
 

In order to understand how to reduce the noise emanating from the vacuums, a starting 
point had to be determined.  This was accomplished by bringing one of the vacuum 
blowers into the anechoic and reverberant chambers and measuring the sound power 
(Lw) and the sound pressure level (Lp) according to the ANSI S12.35-1990 standard.  In 
the anechoic room, the vacuum was placed in the middle of the floor and a theoretical 
hemi-spherical surface with a radius of 33” was created.  Ten points were selected on the 
surface and the sound pressure level was recorded at each point using the 01dB 
Symphonie System.  Figure 1 shows a schematic of the surface used, along with locations 
of the points where data was recorded. 
 
 

   
Figure 1: Theoretical  hemi-sphere and data points used for measurements 

 
 
Once the data sets were taken, they were processed and recorded.  Figures 2 and 3 
respectively show the average sound power and sound pressure levels of the vacuum 
blowers.  (See Appendix B for data.)  Each blower produces a sound power level of 87.9 
dB, 86.9 dB(A), and a sound pressure level of 82.4 dB, 81.4 dB(A).  These values are 
very significant because hearing damage can start to occur for prolonged exposure to 
levels of 85 dB(A) and higher and speech intelligibility begins to decrease rapidly as the 
sound pressure level increases above 60-65 dB(A).  The LSIL Rating Chart from ANSI 
S3.14-1977 also shows that one has to start to raise one’s  voice when exposed to levels 
above 80 dB(A) to be heard at any distance.  
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Figure 2:  Average sound power level of the vacuum blowers. 
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Figure 3:  Average sound pressure level of the vacuum blowers. 

 
 
Enclosure Fabrication 
 

Noise Assessment 
In order to verify which components of the system were causing the most noise, simple 
listening tests were conducted.  It was clear that the majority of the noise was stemming 
from the exhaust air generated by the blower.  Attaching a long hose to the exhaust and 
leading the open end of the hose outside of the room significantly reduced the noise as it 
was perceived by the human ear.  With the exhaust noise minimized, it was discovered 
that another significant noise source was the fan rotating in the blower unit.  Packing 
acoustic insulation around the vacuum unit also decreased the noise level as it was 
perceived by the human ear. 
 
Overheating Assessment 
Another important issue to assess was to determine if the vacuum blower would overheat 
when enclosed.  Considering that the vacuum will draw hot air into the enclosure while 
generating friction heat with its motor, it needed to be determined if heat created by the 
vacuum would affect surrounding materials before the vacuum shut off.  Initially, the 
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vacuum blower was placed into a 5-gallon bucket with fiberglass insulation lining the 
walls.  The unit was positioned comfortably in the bucket; however, there was little 
empty air space around the vacuum.  The close proximity to the insulation caused the 
blower to overheat within 10 minutes.  Therefore, materials surrounding the vacuum 
cannot be tightly packed around the unit or overheating will occur.  
 
With this understanding, a set of particleboard boxes was constructed to accommodate 
the vacuum blower.  A small box was built with plenty of room so that there was ample 
air space around the blower unit.  A second and larger box was assembled for the small 
box to sit inside and still allow room for an absorption layer or an empty air space 
between the first and second barriers.  Figure 4 shows the vacuum blower in the small 
box, which is in the large box without insulation between the boxes.  A normal 
experiment was conducted with the blower to determine if the unit would overheat under 
normal operating conditions.  The vacuum unit did not overheat in the new enclosure, 
however without a muffler, the overall sound levels only decreased slightly. 
 

 
Figure 4:  Double barrier setup, with no insulation. 

 
 
Muffler Research and Selection 
 

A fan, or in this case a vacuum pump, generates broadband noise with its discharge air. 
As a result, pulsation within the piping system and noise radiation in the vicinity of the 
pump and the piping are generated.  Pulsation and noise radiation will also increase with  
pump size and speed.  Pulsation is pronounced on the discharge side.  Peak pulse pressure 
can be quite severe, resulting in very high discharge sound power levels.  
 
In the selection of a muffler for a pump, it has to be considered whether or not the 
muffler has sufficient capacity for the volume flow and whether or not it is the right type 
for the application. The nominal size need only be based on the air volume flow; 
however, the muffler design must also be selected with consideration of the pump size 
and operating speed. It is also important for the muffler to have minimal backpressure as 
increased backpressure will cause the pump to work harder and significantly reduce the 
lifespan of the unit.  
 
Generally, there are three different designs of mufflers and silencers commonly used to 
reduce pump noise.  The difference between a muffler and a silencer is that the silencer 
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contains absorption material and the muffler does not.  The first option is the reactive 
type muffler, consisting of a series of expansion chambers having interconnecting tubes.  
A more sophisticated silencer design is the combination chamber with foam absorbers 
inside.  This is similar to the reactive type with the exception that it contains an 
acoustically packed sound absorbing section, compressing an extension of the silencer 
connection closest to the pump.  A third basic silencer is the simple straight through 
packed type.  This is usually used on small high-speed machines that produce significant 
high frequency noise and relatively mild pulsations. 
 
The silencer that has been chosen for this application is a chamber-type discharge 
silencer for use on sub-critical pitch line velocity (PLV) applications.  A pump is sub-
critical when its PLV, the speed of the timing gear in feet per minute (FPM), is below 
2700 FPM for discharge.  
 
Many different manufacturers who produce silencers and mufflers feasible for our 

application were investigated.  Examples of these companies are Vaccon, Anver 

Corporation and Universal Silencer.  Selection of the final silencer was determined 
by the outside diameter of the exhaust hose.  Most of the silencers were built for systems 
less than 1” in diameter.  In order to keep backpressure at a minimum, a silencer with an 
inlet of 1.5” NPT was needed.  The silencer that met all of the qualifications for this 
project was from Universal Silencer.  More information and technical data for this 
silencer can be viewed in Appendix C.  
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Proposed Solution and Results 
 
Final Design 
 

With the simple boxes built and the muffler in hand, a number of simple listening tests 
were run to determine which combination of boxes and acoustic foam constituted the best 
solution.  It was discovered that when acoustic foam was placed inside the box, the 
vacuum unit overheated in less than 15 minutes.  It was also discovered that the second 
barrier did not significantly decrease the noise level.  Therefore, in the final design shown 
in Figure 5, the vacuum sits in a small wood box without absorption material.  The 
vacuum draws air from the shaker system through a flexible hose and the air is exhausted 

through the Universal Silencer.  This prototype will cost approximately $20.00 for each 
enclosure, and $95.00 for each muffler, making a total of $230.00 for both vacuums to be 
attenuated. 
 

 
Figure 5:  Final solution.  The vacuum sits in a small 

wood box with intake through the flexible hose and 

exhaust through the muffler. 

 
Validation 
 

After the solution was assembled, the 01dB Symphonie System was used to record a 20 
second audio file of the un-attenuated vacuum, the attenuated vacuum, and the 
background noise2.  These recordings were taken in the lab where the vacuums are used 

                                                 
2 Background noise recorded with no machines running in the lab.  Typical background noise will have 1-2 
machines in use. 
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in order to simulate the effect of the noise on lab personnel.  The broadband noise was 
averaged over the 20 seconds for each application to achieve the results shown in Figure 
6.  
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Figure 6:  Sound Pressure Level (dB) vs. Frequency (Hz) averaged over 20 seconds for the un-

attenuated vacuum, the attenuated vacuum, and the background noise. 

 
It can be seen that the spectrum for the background noise is almost identical to the 
spectrum recorded for the attenuated vacuum, while the un-attenuated vacuum is 
significantly higher over the most sensitive range for the human ear.  Noticing this, it can 
be concluded that even while the attenuated vacuum is operating, the most significant 
sources of noise in the laboratory come from the background. 
 
Psychoacoustic analysis was also conducted for each of the audio recordings, which 
allowed for comparison of the loudness of the sources.  The metric used for this analysis 
Sones, a subjective measure of loudness.  For this application, the background level was 
21.51 Sones, the attenuated vacuum was 23.32 Sones, and the un-attenuated vacuum was 
41.94 Sones.  This information proves that the noise from the silenced vacuum is hardly 
louder than that of the background noise; however, the un-silenced vacuum is almost 
twice as loud as the background noise.  Figure 7 shows the overall levels as averaged 
from the 20 second audio recordings.  It is shown that the attenuated vacuum is very 
similar to the background noise and significantly different than the original, un-attenuated 
vacuum. 
 

Linear - dB A-Weighted - dB(A) Loudness - Sones

Un-Attenuated 77.4 76.7 41.94

Attenuated 70.5 68.2 23.32

Background 70.1 67.5 21.51  
Figure 7:  Overall dB, dB(A), and loudness levels for each application. 
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Conclusions 
 
The two largest producers of noise on the vacuum pump were the exhaust and the fan.  
To decrease the noise produced by the exhaust to a comfortable level, the Universal 
Silencer was connected to the exhaust port.  Building an enclosure to house the vacuum 
pump also played a role in noise attenuation.  While multiple options were tested, 
including double barriers and various acoustic foams, it was concluded that a single 
barrier without acoustic foams worked best.  Although a double barrier and acoustic 
foams decreased the overall levels, the levels were not significant enough to account for 
the larger volume and overheating of the unit.  Therefore, the final design allows air flow 
through an inlet to the vacuum in the box and air flow to be exhausted through a silencer. 
 
Although the results in the Validation section show that the overall sound pressure level 
did not decrease to 60 dB as stated in the objectives, the noise suppression device built 
for the vacuum pumps decreased the noise level significantly.  As the device did decrease 
the sound pressure level almost to the base background level of the laboratory, lab 
technicians were pleased with preliminary results.  Therefore, the box and silencer 
combination reduced noise sufficiently to create a comfortable speaking environment in 
the shared laboratory while preventing overheating of the vacuum units when running 
experiments.   
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Appendix A - Technical Data for Ametek Blower 
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Table 1:  Initial Sound Power Level Data

125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz Linear A-Weight

Anech 1 76.18 80.81 79.06 81.63 82.67 80.10 77.65 88.66 87.92

Anech 2 76.54 80.78 79.03 80.90 82.56 80.89 77.59 88.62 87.89

Anech 3 78.61 80.24 79.37 78.88 77.91 76.33 76.56 86.92 84.85

Anech 4 77.98 78.87 80.57 82.89 80.83 80.46 78.05 88.72 87.86

Anech 5 77.22 78.33 79.74 82.72 79.00 78.24 77.86 87.85 86.80

Anech 6 78.69 78.12 79.96 82.93 78.92 78.71 77.65 88.09 86.96

Reverb 1 73.23 80.56 77.91 80.87 81.09 78.85 79.15 87.83 86.97

Avg 76.92 79.67 79.38 81.54 80.43 79.08 77.79 87.94 86.92

Table 2:  Initial Sound Pressure Level Data

125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz Linear A-Weight

Anech 1 69.74 74.37 72.62 75.19 76.23 73.66 71.21 82.22 81.48

Anech 2 70.10 74.34 72.59 74.46 76.12 74.45 71.15 82.18 81.45

Anech 3 72.17 73.80 72.93 72.44 71.47 69.89 70.12 80.48 78.41

Anech 4 71.54 72.43 74.13 76.45 74.39 74.02 71.61 82.28 81.42

Anech 5 70.78 71.89 73.30 76.28 72.56 71.80 71.42 81.41 80.36

Anech 6 72.25 71.68 73.52 76.49 72.48 72.27 71.21 81.65 80.52

Reverb 1 73.23 80.56 77.91 80.87 81.09 78.85 79.15 87.83 86.97

Avg 71.40 74.15 73.86 76.02 74.91 73.56 72.27 82.42 81.40

Appendix B – Data from initial Sound Power and Sound Pressure Measurements 
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Appendix C – Technical Data for Universal Silencer 

 

 
 

 

Figure C1:  Attenuation Curve of Universal Silencer 
 

 

 
 
 

 

Figure C2:  Cross-Sectional view of Universal Silencer 

 


