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PROGRAM FOR ABSORPTION AND TRANSMISSION LOSS

CALCULATION FOR MULTI-LAYER SYSTEMS

Instruction for Users

This program is developed by NCE and Licensed to ADE Development Corp. in accordance with algorithm, described in R.W.Guy’s paper “A Preliminary Study Model for Absorption or Transmission of Sound in Multi-Layer Systems” published in the “Noise Control Engineering Journal”, Volume 33, Number 3, 1989.

The program computes the composite TL and normally incident absorption coefficient. This program can be used to determine the relative performance of various layer thicknesses and materials.

The program is interactive and asks entering data for every layer in succession. Usually the first layer is panel, the last layer is absorbent (or perforated panel) if one is interested in absorption coefficient if the layered system.

To run this program file “Bill2po.EXE” should be in any directory. The program begins to work after clicking on this file. The metric system is used for data entry from the keyboard:

· Thickness is in meters. For example, 2” is 0.0508 m, 1/8” is 0.0032 m.

· Resistivity to airflow is in N*s/m4 (Rayls/m).

· Limp is in mass in kg/m2 
The program creates the file “Absorb.DAT”. This file contains input data and results of calculations vs. frequency. The file should be renamed if one intends to use file “Bill2po.EXE” in the same directory more than once.

The layer can consist of a limp material such as a sheet lead or lead loaded vinyl. This material has a very low stiffness. The parameter of interest is the surface density of the limp material.

The layer can be a perforated panel. In this case the hole diameter, panel thickness and percent of open area are the controlling parameters.

All values are to be entered with a decimal point; integer values are not allowed and the result will not be correct.

The program creates the file “absorb.dat”. This file contains input data and results of calculations vs. frequency. The frequency list is in octave bands from 63 Hz to 8000 Hz. These frequencies cover the audible frequency range. This file should be renamed if one intends to use file “abs_tl.exe” in the same directory more than once. The relative performance of various layers and material properties can be evaluated by comparing the various output data files to determine the change in the transmission loss and/or absorption coefficient.

Examples of output file are attached for a various layer cases. These examples illustrate how the program can be best utilized – to get relative performance of various combinations of layers and/or to optimize the treatment for a particular frequency range.

The dongle provided with this program needs to be attached to the printer port in order for the program to operate. The printer cable can be re-attached to the dongle.

Example 1: One layer – ¼” (0.0064m) thick steel plate

Layer No. 1 is steel panel, thickness = 0.0064m

	Frequency, Hz
	Alpha
	TL, dB

	63
	.00
	27.5

	125
	.00
	33.5

	250
	.00
	39.5

	500
	.00
	45.5

	1000
	.00
	51.5

	2000
	.00
	57.6

	4000
	.00
	63.6

	8000
	.00
	69.6


Note: Absorption is not calculated for a ‘panel’. Absorption is computed for absorption covering on a panel (see next example).

Example 2: 2 Layers – ¼” (0.00.64m) thick steel plate covered by 1” fiberglass, 3000 rayls.m

Multi-layer system absorption coefficient and transmission loss


Layer No 1 is steel panel, thickness = .0064m


Layer No 2 is fibrous absorbent, thickness = .025m, resistivity = 3000.00 N*s/m**4

	Frequency, Hz
	Alpha
	TL, dB

	63
	.01
	27.6

	125
	.02
	33.5

	250
	.05
	39.6

	500
	.11
	45.8

	1000
	.23
	52.0

	2000
	.47
	58.7

	4000
	.74
	66.0

	8000
	.74
	72.6


Notice increased TL over Example 1, i.e. at 4,000 Hz, TL increased by 2.4 dB.

Example 3: 2 Layers – ¼” (0.00.64m) think steel plate covered by 3” fiberglass, 3000 rayls.m

Layer No 1 is steel panel, thickness = .0064m

Layer No 2 is fibrous absorbent, thickness = .076 m, resistivity = 3000.00 N*s/m**4

	Frequency, Hz
	Alpha
	TL, dB

	63
	.02
	27.6

	125
	.09
	33.7

	250
	.26
	40.1

	500
	.58
	47.2

	1000
	.91
	55.2

	2000
	.90
	63.1

	4000
	.97
	71.0

	8000
	.99
	79.3


Notice increase in absorption starting at 250 Hz. The noise reduction due to increase absorption at 500 Hz is approximately 7 dB, or 10 log(0.58/0.11). The increase TL at 500 Hz is 1.7 dB. The improvement in TL is higher for higher frequencies.

Example 4: 3 Layers – ¼” (0.00.64m) think steel plate; 2” 90.051m) air gap & 1” fiberglass, 3000 rayls.m

Layer No 1 is steel panel, thickness = .0064m

Layer No 2 is air gap, thickness = .051m

Layer No 3 is low resistivity foam, thickness = .025 m, resistivity = 3000.00 N*s/m**4

	Frequency, Hz
	Alpha
	TL, dB

	63
	.01
	27.6

	125
	.07
	33.7

	250
	.19
	40.0

	500
	.48
	46.6

	1000
	.65
	53.8

	2000
	.34
	58.1

	4000
	.58
	64.8

	8000
	.61
	72.1


This example should be compared with Example 2. Notice increase in absorption starting at 250 Hz. The noise reduction due to increased adsorption at 250 Hz is approximately 6 dB, or 10 log(0.19/0.05). This is accomplished by a small air gap. There is a slight decrease in absorption above 2000 Hz; however, the lower frequencies are usually of primary concern. There is a slight increase in TL in the mid frequency range.

Example 5: 4 Layers – ¼” (0.00.64m) think steel plate; 2” (0.051m) fiberglass, 3000 rayls.m, 1 lb/ft2 limp mass layer, 1” (0.051m) fiberglass, 3000 rayls.m

Layer No 1 is steel panel, thickness = .0064m

Layer No 2 is fibrous absorbent, thickness = .051 m, resistivity = 3000.00 N*s/m**4

Layer No 3 is limp, mass per area =  4.880kg/m**2

Layer No 4 is fibrous absorbent, thickness = .025 m, resistivity = 3000.00 N*s/m**4

	Frequency, Hz
	Alpha
	TL, dB

	63
	.05
	23.4

	125
	.08
	33.6

	250
	.05
	56.4

	500
	.11
	74.8

	1000
	.23
	91.8

	2000
	.47
	****

	4000
	.74
	****

	8000
	.74
	****


Over a bare plate, this High Transmission Loss treatment increases the TL by 17 dB at 250 Hz. Note that the TL values greater than 99.9 are not printed. This information is best used for relative performance or to tune the performance for to a particular frequency range. TL values above 60 dB are rarely achieved in practice due to flanking paths of one type or another.

Structureborne transmitted noise or openings in the wall are examples of flanking paths. The absorption is similar to that achieved by a 1” fiberglass, Example 2.
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