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Juan Carlos Morales – Plant Manager,  Tetra Pak Ltda in Ponta Grossa contacted this author in December, 2006 to ask if I could come to and evaluate the applicability of Active Noise Control to reduce the exposure to noise for the employees.  The meetings and investigation took place on 9-10 January 2006.  This report describes the results of those meetings and measurements.

All of the information contained in this report should be held as confidential to protect the interests of Tetra Pak Ltda.  

TetraPak:
N0ise and Vibration Supression Discussions
Findings

Primary results were:
1. The roles of passive noise/vibration control and Active noise control in reducing acoustic noise are now better understood at Tetra Pak.
2. The noise on the plant floor, although above the 85 dBa specification, are currently handled via Tetra Pak procedures (employee’s required use of simple, in-the-ear hearing protectors).

3. Most of the present noise is at higher frequencies making the use of Active Noise Control impractical until passive noise/vibration control techniques can be successfully applied.  Two basic approaches to passive noise reduction were emphasized:

a. Use viscous elastic, mass loaded materials to absorb vibrations in panels, beams and pipes these vibrations before they propagate throughout structures and acoustical noise is generated.  This is in lieu of the better approach of originally manufacturing machines using vibration absorbing materials to reduce resonances and limiting the propagation of vibrational energy.
b. Improve sound deadening materials on walls and ceilings in the factory to reduce reflected noise and the increased noise level from having multiple noise sources.  Painting sound absorbent panels reduces their effectiveness as the paint provides an acoustically reflective surface. 

4. Tetra Pak personnel now have the tools and understanding to analyze noise as modifications are done.

5. Several suggestions for passive noise control were identified that should provide some reduction in plant noise. 

6. It was identified that the best way to produce a plant that has acceptable noise levels is to specify the noise limits for each piece of equipment to be installed.  These specifications must leave “headroom” to allow for the fact that noise from multiple sources adds (two equal, uncorrelated noise sources produce 3 dB higher noise levels than either one alone. If the noise sources are correlated, this can result in a 6 dB increase for two sources).  This could provide a long-term solution at all Tetra Pak locations (note that some governments have begun to require noise levels lower that 85 dBa so lower noise specifications may be required in the future).
7. References to noise control resources were identified (and documented here) for further investigations, including:

a. ANC capable organizations and individuals

b. Sources for passive noise control materials

c. Literature on active and passive noise control

d. Example software for ANC to assist technical experiments
Tetra Pak Personnel
The primary people* involved in the discussions were:

· Jeffrey N. Denenberg (author)

· Juliano Almeida – Plant Safety: Tetra Pak, Ltda, Ponta Grossa

· Edson Minawa - Corporate Safety: Tetra Pak, Ltda

· Juan Carlos Morales - Factory Manager: Tetra Pak, Ltda, Ponta Grossa

* Ordered by time spent in these efforts 

Plant Noise Analysis
Noise Recordings

Noise was measured and digitally recorded at seven locations at the Ponta Grossa plant:
1. Extrusor A 

- Queimador - burn the paper's fiber to prepare the surface for plastic




2. Extrusor B 

- Aluminum Unwind - apply the aluminum layer (interior)




3. Extrusor C & D
- heating the polyethylene (PE) and put the plastic on the paper (Exterior)


4. Slitter 52 

- unwind the wide roll, slit the paper and rewind into narrower reels


5. VTV 11

- “Crease” tool (preparation for customer folding) in station 1


6. Gear Box

- drives the rollers in a typical unit


7. Vacuum Pumps
- Power to transport the polyethylene pellets (External to plant building)


The recorded noise files (*.wav) and pictures (*.jpg) are accessible from my web site (http://doctord.webhop.net) by clicking on the blue links and pictures above.
Noise Analysis

A noise meter was used at each location to establish the existing noise level.  Both “C” weighted and “A” weighted measurements were taken:

· “C” weighting measurements first pass the noise through a filter that matches the frequency response of an average, good human ear.  This indicates how an individual will perceive the noise “loudness”.

Performance of an Average Human Ear

[image: image10]
“C” Weighting
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· “A” weighted measurements use a filter that corresponds to the performance of an average, good human ear at the minimum threshold of hearing.  Low frequency noise is discounted in these measurements as a contributor to hearing damage.  Low frequency noise does, however, contribute to discomfort and tends to “mask” intelligibility of conversation.
“A” Weighting


[image: image12]
Comparing these two readings indicates the relative level of low frequency noise energy to high frequency noise energy.  If the two readings are close, there is only a small amount of low frequency noise contributing to the noise reading and ANC will not have a major effect on the dBa measurement.

1. Extrusor A - Queimador - burn the paper's fiber to prepare the surface for plastic
Noise Measurements: 94 dB(a), 95 dB(c)
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The line plot of noise energy versus frequency (using Spectrogram, an effective freeware analysis tool) indicates that:

· The noise energy at this site is fairly uniformly distributed so ANC would not be effective.

· Most of this noise is random, as opposed to periodic.  Periodic or tonal noise would show up as a series of harmonically related narrow peaks.
· The spectrogram “voiceprint” plot below shows the minor tonal noise components more clearly as the faint horizontal lines.
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2. Extrusor B - Aluminum Unwind - apply the aluminum layer (interior)
Noise Measurements: 94 dB(a), 95 dB(c)
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The plot of noise energy versus frequency indicates that the noise at the second location is similar to that at the first location and has only a small amount of tonal noise mixed in with the random noise (again the horizontal lines in the spectrogram plot below.
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3. Extrusor B&C - - heating the polyethylene (PE) and put the plastic on the paper (Exterior)
Noise Measurements: 93 dB(a), 94 dB(c)
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The plot of noise energy versus frequency indicates that the noise at the third location is again similar to that at the first location, but here there appears to be a little more tonal noise content at this location as can be seen in the following spectrogram plot as horizontal lines.
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4. Slitter 52 

- unwind the wide roll, slit the paper and rewind into narrower reels
Noise Measurements: 91 dB(a), 93 dB(c)
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The plot of noise energy versus frequency indicates that the noise at the fourth location has a strong tonal noise at just under 250 Hz as can be seen in the following spectrogram plot as the red horizontal line. 
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5. VTV 11

- “Crease” tool (preparation for customer folding) in station 1
Noise Measurements: 97 dB(a), 99 dB(c)
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The plot of noise energy versus frequency indicates that the noise at the fourth location has several strong tonal noise as can be seen in the following spectrogram plot as the red horizontal lines and a significant number of weaker ones.  This was the noisiest location inside the plant in spite of an effort to enclose the main noise source with sound deadening panels.  The noise escaped mostly through required openings in the enclosure.  It may be possible to custom develop a multi-channel ANC system with speakers inside the enclosure and microphones outside to reduce some of the lower frequency tonal components of this noise (those below 400 Hz).  This would only result in a small decrease in the dBa readings.
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6. Gear Box

- drives the rollers in a typical unit
Noise Measurements: 95 dB(a), 97 dB(c)

[image: image23.jpg]-30

-60

-90

1.0

16 25

4.0

6.3

25

40

63

100

Hz/100




The plot of noise energy versus frequency indicates that the noise at the sixth location (gearbox) also has a strong tonal noise as can be seen in the following spectrogram plot as the red horizontal line and a number of weaker tonal noises.  
[image: image24.jpg]I0UnH Vr :
ol = : == +
O = J . + =
20k - = ,‘ - +
a0t & 5 ; : * -+
| - E 4 = -+

i T





7. Vacuum Pumps
- Power to transport the polyethylene pellets (External to plant building)
Noise Measurements: 95 dB(a), 97 dB(c)
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The plot of noise energy versus frequency indicates that the noise at the seventh location (vacuum pumps) is mostly tonal noise as can be seen in the following spectrogram plot as the red horizontal line (fundamental at just under 500 Hz and a weaker harmonic at just under 1 kHz. Active noise control is feasible for the fundamental component, but the present pump configuration (pumping water and air) makes this difficult. 
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Applicable ANC Technologies

The two identified possible ANC applications are acoustical quieting inside the existing enclosure of the “Crease” tool and the exhaust noise from the vacuum pumps.  Both applications require “multi-variate” (multiple interacting channels) cancellation systems as is used by UltraQuiet (see references below) in their production aircraft cabin quieting systems.  
The new vacuum pump system in use in Ponta Grossa uses wet air pumps to solve a wear problem that was noticed in the earlier system due to dust from the polyethylene in the air stream.  The earlier pumps coul have used passive silencers to control the higher frequency noise and an ANC system for the remaining harmonic noise as was done for the CSX MasterVac by NCT (reference below), but here multiple pumps require a multi-variate control.  The MasterVac used a “Roots” – type, positive displacement blower (http://www.rootsblower.com) which seemed to have no problem with wear due to the plastic dust (the passive silencer does require periodic maintenance due to this dust collecting in the fiber chamber).  The CSX MasterVac did not have dust filters after their centrifugal separator. TetraPak engineers could look into using this class of blower and then an ANC system like the one developed for the CSX MasterVac would be feasible (but a multi-channel version due to multiple pumps).
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