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ABSTRACT
An improved NDIF method is introduced to efficiently extract eigenvalues of two-dimensional, arbitrarily shaped acoustic 

cavities. The NDIF method, which was developed by the authors for the eigen-mode analysis of arbitrarily shaped acoustic cavities, 
membranes, and plates, has the feature that it yields highly accurate eigenvalues compared with other analytical methods or 
numerical methods (FEM and BEM). However, the NDIF method has the weak point that the system matrix of the NDIF method 
depends on the frequency parameter and, as a result, a final system equation doesn’t take the form of an algebra eigenvalue problem.
The system matrix of the improved NDIF method developed in the paper is independent of the frequency parameter and eigenvalues 
can be efficiently obtained by solving a typical algebraic eigenvalue problem. Finally, the validity and accuracy of the proposed
method is verified in two case studies, which indicate that eigenvalues and mode shapes obtained by the proposed method are very
accurate compared to the exact method, the NDIF method or FEM(ANSYS). 
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discretized with boundary nodes 

NP,,P,P 21 .

한국소음진동공학회 2011년 추계학술대회논문집, pp.124~129

124 ●



0
)(

n

p r

r
n

2.2  NDIF (5)

r P

)(rp

N

s
ss kJAp

1
0 )()( rrr

0J

sA sr

sP

0
)(

i

i

n

p r
Ni ,,2,1

ir iP

in iP

0)(
1

0

N

s
si

i
s kJ

n
A rr

Ni ,,2,1

0
1

1

N

s
si

i
sis n

kJkA rrrr

Ni ,,2,1

0ASM )(k

)(kSM i s

si
i

sisi n
kJkSM rrrr1

)(kSM

0)(det kSM

)(kSM k

)(det kSM

2.3  NDIF

sikJ rr1

,)(

)2()1(

)2/()1(
)(

0

21

0

21

1

M

j
isj

j

M

j

j
is

j

si

Rk

jj

R
kJ rr

isR )( isj R

siisR rr

)2()1(

)2/()1(
)(

21

jj

R
R

j
is

j

isj

N

s i

is
M

j
isj

j
s n

R
RkkA

1 0

21 0)(

Ni ,,2,1

N

s i

is
isjs

M

j

j

n

R
RAk

10

)1(2 0)(

Ni ,,2,1

N

s
isjs

M

j

j RA
10

)1( 0)(

Ni ,,2,1

2k
i

is
isjisj n

R
RR )()(

● 125



.0)(

)()(

1

1

1
1

2

1
0

N

s
isMs

M

N

s
iss

N

s
iss

RA

RARA

,0])(

)()([

1

1
1

1

1
0

N

s
isMs

M

N

s
iss

N

s
iss

RA

RARA

0

.0)(

)()(

1

1
1

1

1
0

N

s
isMs

M

N

s
iss

N

s
iss

RA

RARA

0AAA M
M

10

j i s

)(),( isjj Rsi

BSMBSM RL

LSM RSM B

1210 M

L

I

0I00
00I0

SM

M

R

000
0I

00
00I0
000I

SM

TMTTT AAAAB 12

1
RSM

BBSMSM LR
1

BBSM

LR SMSMSM 1

SM

3.

3.1

3P 3n

1P

2P

16P

15P

5P

9P

3P

1n

3n

Fig. 2 Rectangular, 2-D acoustic cavity discretized 
with 16 nodes. 
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3.2

Table 1 Eigenvalues of the rectangular acoustic 
cavity (parenthesized values denote 
errors (%) with respect to the values by 
the exact method)

i

Proposed 
method 

( 20M )

NDIF 
method Exact

method(20)

16 nodes 

1 2.618 (0.00) 2.618 (0.00) 2.618 

2 3.491 (0.00)  3.491 (0.00) 3.491 

3 4.362 (0.02) 4.363 (0.00) 4.363 

4 5.236 (0.00) 5.236 (0.00) 5.236 

5 6.293 (0.00) 6.293 (0.00) 6.293 

6 6.983 (0.03) 6.982 (0.01) 6.981 
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Fig. 4 Arbitrarily shaped, 2-D acoustic cavity 
discretized with 16 nodes. 

Fig. 3 5th mode shape of the rectangular cavity 
when 16 nodes are used. 

Table 2 Eigenvalues of the arbitrarily shaped 
acoustic cavity (parenthesized values 
denote errors (%) with respect to the 
values by NDIF method)

i

Proposed 
method 

( 24M )

NDIF 
method 

FEM(ANSYS)

16 nodes 441 nodes 

1 1.958 (0.00) 1.958 1.968 (0.51) 

2 2.026 (0.05) 2.025 2.032 (0.35) 

3 3.082 (0.00) 3.082 3.106 (0.78) 

4 3.633 (0.00) 3.633 3.670 (1.02) 

5 3.996 (0.00) 3.996 4.036 (1.00) 

6 4.578 (0.00) 4.578 4.657 (1.73) 
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