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1 Background 

 

Sound reduction of power equipment without the sacrifice of cost or other 

performance parameters is a constant goal in a competitive marketplace. Sound from 

power equipment is an annoyance at best and possibly even a health hazard. Briggs and 

Stratton as a company prides itself in being a worldwide competitive manufacture of 

small engines, requiring constant testing and improvement of its product line. Therefore 

our independent testing in conjunction with on site Briggs and Stratton testing ensures 

accurate data on which to base quality decisions.  

  

Testing was performed on a Troy-Bilt 5550 Watt generator powered by a Briggs 

and Stratton M20H Gen Power 10Hp OHV four stroke single cylinder air cooled motor. 

 

2 Objectives 

 

The objective of this test is to verify data from Briggs and Stratton. This is done 

by measuring sound power level insertion loss of various production mufflers at various 

load levels. Sound power level data is used to compare performance, to identify the most 

effective muffler, and to suggest possible areas of improvement.  

 

3.1 Testing Standard 

 

In order to obtain accurate and reproducible test data, the group chose to use the 

ANSI S12.34-1988 (See Figures 3.1 & 3.2) testing standard for Sound Power Level 

measurement. The ANSI S12.34-1988 standard utilizes a ten point measurement setup. 

The Points are position hemi-spherically around the Sound Source (generator) at a fixed 

constant radius. For this particular measurement a radius of 3 feet was used to set up our 

measurement hemisphere. The value of 3 feet was chosen because it suited the size of the 

generator and was still in the direct sound field of the sound source. The measurement 

was done on a concrete surface to accurately represent the hemi-spherical measurement 

area with a reflective floor. See Figure 3.5. 

 

          
                  Figure 3.1: ANSI S12.34-1988              Figure 3.2: ANSI S12.34-1988 

 

 



3.2 Testing Equipment 

 

All data from the testing of the generator was collected with the 01 dB data 

acquisition system.  Two 01dB microphones were used with the two channel acquisition 

system.  The serial numbers of the microphones were MCE210991121 and 

MCE210990994.  These were connected to the 01 dB Symphonie 2 channel acquisition 

box.  The serial number of the acquisition box was #00923.  This acquisition was then 

connected to the 01 dB PCMCIA card in the laptop.  The serial number for the PCMCIA 

card was #00923.  The 01dBFA32 software was used to run the test.  This software 

recorded the real time time traces of the sound pressure received at the microphones.  The 

data acquisition system setup is pictured in Figure 3.3.  During the testing, the generator 

had to be loaded to different power amounts.  To load the generator, eight 500 Watt 

Cooper Lighting Halogen Worklights were used along with a resistor bank, which could 

be adjusted to consume a power from 0 to 3000 Watts.  The loading for the generator is 

pictured in Figure 3.4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3:  Data Acquisition System Setup 

 



Figure 3.4:  Worklight and Resistor Bank Loadings for Generator 

 

3.3 Testing Procedure 

 

During the measurement procedure the group located the microphone at the 

specific point called out in the testing standard. While the microphone was located at the 

desired point, the group cycled the generator through its loading cycles of No Load, ½ 

Load, ¾ Load, and Full Load and recorded data, as seen in Figure 3.6.  This was done to 

record more accurate and reproducible test data by reducing the variation in microphone 

placement during the testing procedure. This process was then repeated for each of the 

ten measurement points. The Sound Pressure Levels for each of the ten measurement 

points was then averaged to determine an overall sound pressure level for each of the 

muffler and loading combinations.  

 
 Figure 3.5: Test Set up                                        Figure 3.6: Loading Configuration 

LOADING WATTS 

1/2 Load 2775 

3/4 Load 4162.5 

Full Load 5550 



 

During the testing procedure the group was made aware of some possible sources for 

error in the measurements. The testing was performed outside, which resulted in varying 

background noise, reflected sound, and weather conditions which could affect the testing 

results. 
 

4.1 Sound Power Calculations 

 

The sound power for each of the mufflers and the no muffler configuration of the 

generator were calculated using the sound pressure data collected using the test set up.  

Using the general equation relating sound power to sound pressure and assuming a Free 

Field situation yields: 
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Where Lw is sound power, Lp is the average sound pressure, A is the area and Q is the 

directivity index.  The average sound pressure was obtained by taking a logarithmic 

average of the 10 points of the hemispherical microphone array (Q = 2).  Then using the 

averaged sound pressure data with an area A = 4πR
2
 where R = 0.9144m (3ft) the sound 

power produced by the generator can be determined.  In equation form: 

 

205.7)
2

)9144.0(4
(log10

2

10 +=+= ppw LLL
π

 

 

The resulting data was compiled and found in the Appendix in Table A1, and in Figures 

A1, A3, A5, A7, A9, A11, A13, and A15. 

  

4.2 Insertion Loss Calculations 

 

 Insertion loss for each of the mufflers was the difference between the sound 

pressure level of no muffler versus a certain muffler at a given octave band.  To put it in 

terms of an equation: 
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The resulting data was compiled and found in the Appendix in Table A2, and in Figures 

A2, A4, A6, A8, A10, A12, A14, and A16. 

 

4.3 Muffler Comparisons 

 

 Using an overall sound power and insertion loss comparison (Appendix Table A1 

and Table A2, respectively) it can be seen that all of the mufflers definitely attenuate the 

noise of the engine versus no muffler at all.  From these overall levels in Tables A1 and 

A2 it appears that the Nelson muffler does the best job of decreasing the sound power.  

However, if the data is analyzed looking at sound power at each frequency, it is clear that 



the 189008 model out-performs the Nelson in the higher frequency range.  The range 

between about 200 Hz and 12500 Hz are the frequencies most sensitive to human 

hearing.  It is in this range that the 189008 model consistently out-performs the Nelson 

model muffler (See Figures A1-A8 in the Appendix). 

 

 On a frequency by frequency level, the 189008 model (the muffler supplied with 

the generator) performed the most effectively while the Perf. Quiet model was the least 

effective, particularly in the higher frequencies of hearing that are found to be most 

annoying (See Figures A9-A16 in the Appendix).   

 

It was noticed that the amount of insertion loss was very small at lower 

frequencies and that it appeared to follow a pattern consistent to a resonance.  This 

phenomenon was investigated and reported on in section 4.4. 

 

4.4 Narrow Band Analysis For Sound Pressure Level 

 

For all mufflers tested, the insertion loss at lower frequencies was well below the 

overall level of insertion loss for the particular muffler.  Because of the small volume of 

the mufflers tested, these low frequencies cannot be effectively treated and canceled out 

by the muffler.  The volume of the muffler must be large enough at low frequencies allow 

enough space for the sound waves to reflect off of the walls of the muffler and cause 

destructive interference between the incoming sound waves and the outgoing sound 

waves, decreasing the sound power level emitted by the muffler.  This is illustrated in 

Figure 4.1.   

 
Figure 4.1:  Destructive Interference Inside of a Simple Muffler 

(http://auto.howstuffworks.com/muffler4.htm) 

 

In some cases the insertion loss was actually negative, meaning that the sound 

power of the generator was higher with the muffler installed than without it.  This 

increase of sound power at these low frequencies is due to resonance of the muffler.  At 

these low frequencies the muffler itself is excited by the sound waves and actually 

amplifies the sound waves slightly by vibrating.  To determine what particular 

frequencies were causing the noise at the lower frequencies, a narrow band spectrum 

analysis was performed on the no muffler data at all loadings and on the stock muffler 



(189008) data at all loadings.  The narrow band spectrum analysis examined all 

frequencies from 0 Hz to 1000 Hz.  Figures 4.2 and 4.3 show the graphs produced by the 

narrow band analysis for both the no muffler test and the stock muffler test at full load.  

Narrow band spectrum analyses from all loadings with no muffler and stock muffler can 

be found in the Figures A17-A24 in the Appendix. 

 

Figure 4.2:  Narrow Band Spectrum Analysis with No Muffler at Full Load 

 

 

 

 

 

 

Figure 4.3: Narrow Band Spectrum Analysis with Stock Muffler at Full Load 



The narrow band spectrum for both the no muffler and stock muffler data showed 

a peak in the sound pressure level at the frequency of 30 Hz.  There are more peaks in the 

sound pressure level besides the 30 Hz peak which are harmonics of the 30 Hz peak.  It 

was determined that the source of this 30 Hz peak in sound pressure level (and thus sound 

power level) came from running speed of the generator’s engine.  The 4-stroke engine of 

the generator being tested runs at 3600 rpm.  Since a 4-stroke engine fires only every 

other revolution, the firing rpm of the engine is 1800 rpm.  Converting this rpm to Hertz 

by dividing by 60 seconds/minutes shows that the engine fires at a frequency of 30 Hz.  

Thus, the peak in the sound power level at 30 Hz is due to the engine firing.   

 

Table 4.1 shows the insertion loss of the stock muffler at 30 Hz frequency peak in 

sound pressure level.  The insertion loss of the stock muffler at 30 Hz ranges from 2.3 to 

2.9 dB.  This is well below the overall insertion loss for the stock muffler, ranges from 

7.7 to 12.8 dB.  This shows that at the 30 Hz frequency, the stock muffler is not able to 

decrease the sound power of the engine very well.   

 

Load Amount Insertion Loss at 30 Hz 

No Load 2.9 

1/2 Load 2.5 

3/4 Load 2.3 

Full Load 2.9 

Table 4.1:  Insertion Loss of the Stock Muffler at the 30 Hz Peak in Sound Power Level 

 

The 30 Hz engine firing noise and its harmonics are the dominate noises of the 

generator at the lower frequencies as shown in Figure 4.1.  As the frequency increases the 

peaks in sound pressure level caused by harmonics of the engine firing decrease in 

magnitude, and the other noises (i.e. the lower part of the narrow band analysis graph) 

increasingly dominate. 

 

5.1 Preferred Muffler for Briggs and Stratton Generator 

 

 Based on all of the available data that was collected, it was found that the 189008 

model muffler was the preferred muffler of the six mufflers tested.  While the overall 

insertion loss (Appendix Table A1) shows Nelson to be the best choice.  However, 

looking at data on frequency to frequency basis, stock muffler (model 189008) is the 

better choice.  The stock muffler has lower sound power in the frequency range that is 

most susceptible to human hearing (roughly 200 Hz to 12500 Hz) than any of the other 

mufflers. 

 

5.2 Design Improvements to Preferred Muffler 

The narrow band analysis of the generator noise discussed in section 4.4 shows 

that the main problem with the preferred muffler (the stock muffler) was that it was not 

tuned to decrease the sound of the engine firing at 30 Hz and the harmonics of this noise.  

Because of the relatively small size of the muffler as compared to the wavelength of the 

30 Hz engine noise, it would be impossible to eliminate the peaks in sound power by 

redesigning the muffler in any way.  Instead, the reduction of the harmonics of the 30 Hz 



engine noise should be the focus of a redesign of the muffler.  The muffler should be 

redesigned to reduce the sound power of the lowest possible harmonic of the engine 

firing noise.  To reduce the noise caused by the engine firing frequency, however, the 

volume of the muffler must be increase since the firing frequency is so low.  By reducing 

the sound power of just one harmonic, the sound power of all the following harmonics 

would likewise be reduced. 

 

6. Conclusion 

 

Six mufflers were tested on the 5550 Watt Briggs and Stratton generator.  The test 

conducted was a standard direct field sound power level test.  The following conclusions 

can be found from the results of the test. 

 

• Each of the mufflers had a positive overall insertion loss proving that each was at 

least somewhat effective at decreasing the sound power of the generator. 

• Each muffler had a higher insertion loss at the higher frequencies. 

• Some of the mufflers had a negative insertion loss at lower frequencies (i.e. 

<100Hz) 

• The low insertion loss at low frequencies was due to the noise of the generator’s 

engine firing.  None of the mufflers were tuned to reduce the noise of the engine 

firing at 1800 rpm (30 Hz). 

• The best muffler of the six tested on the generator was the stock muffler 

(189008).  This muffler did not have the highest overall insertion loss, but at the 

frequencies that human hearing is most sensitive to (~200-2000Hz), the stock 

muffler had the best insertion loss. 

• The Nelson muffler did have the best overall insertion loss at all loading levels. 

• The focus of a redesign of the stock muffler should be on reducing the sound 

power at the frequencies that are harmonics of the engine firing rpm (30 Hz). 

 

 

 


