Sound Reducing Material Testing

Introduction

The noise vibration and harshness group on the 2003 Arctic Cat snowmobile determined three main areas of sounds reduction the engine bay, the clutch, and the track. A wide variety of materials were selected and tested to see which would reduce the noise emission at frequencies over the audible range. The materials selected varied in thickness and material properties. Some of the samples being tested were composed of a variety of materials conjoined together. A rig was assembled that tested every material equally over a range of frequencies. After each material was tested for noise propagation the best material was be selected for each application.

Equipment

	Equipment
	Manufacturer
	S/N
	Figure 1

	Sound Level Meter
	Quest
	2400
	A

	Function Generator
	HP
	33120A
	B

	6” Speaker
	812 driver
	55-1860
	C

	6” dia PVC pipe
	
	1 meter long
	D


 Table 1: Equipment 

A six-inch diameter PVC pipe is used to get a large enough sample of material in the test rig. The PVC pipe is one meter long, allows one full cycle of the frequency that the function generator generates to the speaker at on end of the pipe. The other end of the pipe holds a 6-inch diameter material sample, inside the pipe. The speaker is zipped tied to the end of the PVC pipe in order to get a strong seal. The sound level meter is placed an inch away from the end of the material sample outside the pipe, centered on the material. The sound lever meter reads in the decibels. A sinusoidal wave is used on the function generator with varying the wavelength in order to see the materials reaction to the differing wavelength. 

Initially the PVC pipe was setup to use a microphone held centered on the material by zip ties in an asterisk pattern. The microphone was placed in a removable piece of PVC pipe that slid on rails away from the 1-meter long main PVC pipe. This movement would allow for the placement of the material in the pipe without disturbing the microphone. Since the microphone was damaged the microphone holder was not used and a handheld decibel meter was used instead. A test stand was built in order to hold the PVC pipe and the sliding end for the microphone. The finished setup is shown in figure 1. 
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Figure 1: sound equipment setup

Procedure

1. Take an ambient reading with the sound level meter.

2. Place the material to be tested in the pipe.

3. Center the sound level meter an inch away from the material.

4. Turn on the function generator and set it to a sinusoidal waveform. 

5. Record the decibels from each run for each of the following frequencies. (Table 2)   

	Frequency

	Hz

	100

	200

	500

	750

	1000

	2000

	2500

	3000

	3500

	4000

	4500

	5000

	7500

	10000

	12500

	15000

	17500

	20000


Table 2: frequencies for each material

6. Graph results along with the ambient for each test, if the ambient changes.

7. Perform octave band analysis on the best materials. (Table 3)

8. Graph results along with the ambient for each test, if the ambient changes.

	Frequency

	Hz

	31.5

	63

	125

	250

	500

	1000

	2000

	4000

	8000

	16000


Table 3: octave band

9. Perform 1/3 octave band analysis on each of the best materials. (Table 4)

	Frequency

	Hz

	25

	31.5

	40

	50

	63

	80

	100

	125

	160

	200

	250

	315

	400

	500

	630

	800

	1000

	1250

	1600

	2000

	2500

	3150

	4000

	5000

	6300

	8000

	10000

	12500

	16000

	20000


Table 4: 1/3 octave band

10. Graph results along with the ambient for each test, if the ambient changes.

Results

The mass loaded vinyl and the Cotton Echo Eliminator with high-density layer performed the best over all the tests. The mass loaded vinyl was used in the engine bay and clutch area due to thickness restrictions. The cotton echo eliminator was used on the cowl panel since it performed the best and the cowl has more space for it to be applied. Attached are the results in tables and graphs for all three of the sound level tests. 

