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1. MODUCHON

A software tool for design optimization was developed in this study for solving

noise control syaems in enclosures with mixed continuous and non-continuous

design variables and appropriate constraints. Either the optinnlm amplitude, phase,

and location of the secondary source for active noise control (ANC) or eLse the

optimal resistance, reactance, and location of acounical material for passive noise

control (PNC) were sinntltaneously determined by minimizing the total acoustic

potential energy of the control volume in the cavity The boundary elemt

method (FEM) was utilized for computing sound fields in the enclosure, An

optimizer based on sequential quadratic programming (SQP) [l] was selected for

its acmecy, efliciency, and reliability. In coping with the non-continuous desin

variables, the optimizer was linked with a modified branch and bound procedure
(BBP) [2] because of practical applications. An irregularly shaped car cabin is

modeled to show the usefiihless of the software for preliminary design of noise

control syaems in enclosures.

2. BOUNDARY ELEMENT ACOUSTICAL ANALYSIS

The indirect boundary element method (IBEM) [3] is applied to formulate the

acoustical field in interior spaces The method is a numerical implementation of

Huygen‘s principle in acoustics. The final matrix form for the syst of equations

is generally written as A0 + N}: +SW. = a, where a, “1,, and \p. are strength

vectors of fictitious, primary, and secondary sources, respectively, Vector a

contains the values of the boundary conditions Matrices A, P, and S are derived

from types of boundary condition applied to nodes. lf 6 is solved, the acoustic

pressure at interior or boundary locations of the enclosure can be calculated

through proper manipulations
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3. DESIGN OPTIMIZATION MODEL

The general mathematical model for the nonlinear single objective constrained
optimization problem can be sated as finding a n-vector x = (XI, x2, ..., x..) of
desigi variables to the objective function fix), subject to the conmaints,
h;(r) = 0, i = l to p and gi(x) S 0, i= 1 to m, and bounds ondesign variables, 11S x

S a...

In this study, the total acoustic potential energy [4,S]of the control volume is
minimized by choosing the optimal secondary sources (ANC) or acoustical
treatments (PNC) for attenuating primary sources within a given set of constraints.
The sole equality constraint implies that the codes‘ sum (234)01‘ candidate regions
(ANC) or acoustical patching (PNC) nnist be equal to the number (n) of secondary
sources or pieces of acoustical materials [4,5]. As a result of practical
considerations, space allowances for sound sources and maintaining the specified
sound pressure level (SPL) at particular locations can be selected as inequality
constraints [4,5]. For the ANC optimization, design variables are the location

(x,y,z) and the strength ((5,6) of the secondary source. However, location (ray,z),
and impedance (R,X) of acoustical materials can be selected as design variables for
the PNC optimization.

4. COMPUTER SIMULATIONS

A car cabin with dimensions as Rel: 6 is used as an illustrative example to verify the
utility of the BEM—based optimization technique for ANC in a practical situation
where an irregularly shaped boundary occurs. A primary source ofvolume velocity
1 m’ls is positioned at P1 of (0.5,0.14',0.34) in correspondence with the angle
transmission path of noise source. A secondary source 81 is then introduced to
attenuate the sound field in the neighborhood (control volume) of the driver‘s and
passengers‘ heads. Three regions (See Fig. l) are reserved for installing the ANC

system The design bounds and constraints are 0.1 S x S 4.4m, 0.14 S y S 2.14m,

0.04 S 1 S 1.64m, 0 S d) S ] m3/s, -180° S 0 S 180°, M+kz+ha = l, and SPL at

positions of the heads height S 80 dB. Optimal results are shown in Table l,
Regardless of whether the exciting frequency of the primary is a near-resonance of
the cabin or not, the optimal placement of the secondary source most frequently
approaches a position in a region close to the primary source (ie. Region 1) as
indicated from sinnrlation results. A reasonable explanation for some of the results
presented in this study is that a comer is more likely to be near (if not at) an anti-
nodal point for most acoustic modes of a rigidly boundary cavity. Hence, it is
expected that optimal secondary source locations would td to approach the
primary source position in situations where these two conditions are satisfied: (1)
the primary source is at one ofthe corners, and (2) the excitation frequency is away
from a resonance. Under these circumstances may acoustic modes are excited and
the best way ofcoupling the secondary source in anti-phase with the primary field is
to come close to the primary source. '
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Fig. 1 Schematic diagram indicating positions of primary sources and feasible

regions of secondary sources for numerical simulations

‘
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Table 1 Optimal results of ANC for the primary source located at P. with a

resonance/oif-resonance of the cabin. The superscript in the location of the

second source indicates that the re'on it helons to.

Location at mInsertion

WmIn,m, In x10" 'oule x10": 'oule dB

(l.000,-180) (0291113900296)l

(0.959.+180) (0.35:4,1.7433138)z
(0,776,480) (0,485.0.435‘0590)‘

(1000.480) (0,619_o.400,o.253)|
0.794 -180 004115.043: 0.590 '

   

  

    

 

           
      

   

  

    
  

    

  

(1.000.480)
(l.000,-180)
(110003180)
(0.761.430)

(o.720,0.423,o.590)'
(0‘316,0.403_0,499)'
(o.zso,o.415,o.272)l
(0.438.03900590)‘

The aforementioned our cabin is also used to investigate the developed BEM-

based optimization technique for designing acoustical treatments. Assuming the

primary field of the cabin is the same as above case. Five candidate regions are

selected for patching acoustical mateiials, 'Le., ceiling, floor, lefi door, right door,

and back panels Design bounds of impedance are 0 S R S 1000 and 100 S X

S 2000 Pa s/m. The constraints are M+K1+M+L+M = n, and SPL at positions of

passenger heads‘ height 5 80 dB. Acoustical treatments in the resonant excitation
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of the car cabin with location and impedance as design variables are illustrated in
Table 2 for n =1 and 2. Some remarks can be drawn from these typical sinmlations:
(1) The optimal location for n=1 case is all of positioning in the floor region. Also,
one of the optimal treatments for all of n=2 case contains the floor panel. These
results can directly correlate with its importance of acoustical influence in the
primary field [4]; (2) As a result of dominance of acoustical treatment in the floor
region, performance of the n=2 case does not have much improvements as
compared with n=l case, except for the first two resonant excitations.

Table 2 Optimal acoustical treatments with n = 1 and 2, where C, F, L and R
rresaitthereons ofc u; floor le

Frequency Locatirm Impedance Objective fitnction Insertion
(R,X) x 10‘3 'oule loss

Pas/m dB
“mu-m..-
“um-muz-
“Imm—
“um-z-
mun-Minn“
“mm-‘1‘“
“mm—I2!
I.“
“Km-Emu“
mm“

5. CONCLUDING REMARKS

      
   

             
    

Combining the BE acoustical analysis with 331’ enhanced SQP optimization solver
could be an effective tool for designing ANC systems or acoustical treatments in
enclosures at low frequency. The car cabin of irregularly shaped boundaries was a
good numerical example for illustrating the utility ofthe developed tool.
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