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ABSTRACT

This paper is a continuation of Part 1, in which the Non-dimensional Dynamic Influence Function
(NDIF) method based on a three-domain decomposition approach was theoretically formulated to enable
accurate eigenvalue extraction over the entire frequency range, from lower-order to higher-order
modes. This study (Part 2) applied the proposed method to concave membranes with complex geometries
to verify its validity and accuracy. Two representative models were considered: an L-shaped concave
membrane and a crown-shaped membrane with two concave regions. Using the method developed in
Part 1, eigenvalues over the entire frequency range were successfully extracted for both models and
verified through comparison with the results obtained using the finite element method (FEM). It was
confirmed that the proposed NDIF method can accurately extract eigenvalues over the entire
frequency range regardless of the number of boundary nodes, and achieve the same high level of

accuracy as FEM, which requires significantly more nodes.

% wpel BAEGFISHNDIFE) S A <

1.4 E o FEs ATH gtk B N)E FAAEIFE

e IAUE DHAS AT, AR LA

Bake e o= wngele] gk nAEE w oMo £ BHRT 1A naAdAe 4e
FA aAde pxoel U ggwe Yolld B 4 Ak BAZ BAG 2enl,

B £ el aTHE Ay AT FAol  olo U ) WA o] =] 1N 3

oA Aol B o= Qde xget 99 Baw /N BALSIFIEN S AEA A

o% Wugole] n4x AUEE 227 4 A4 WAk A P AFIG Jode) Bt EAG

Corresponding Author ; Member, Hansung University, Professor i Recommended by Editor Chan Jung Kim
E-mail : swkang@hansung.ac.kr (© The Korean Society for Noise and Vibration Engineering

—-

Trans. Korean Soc. Noise Vib. Eng., 35(4) : 417~423, 2025 | 417


https://crossmark.crossref.org/dialog/?doi=10.5050/KSNVE.2025.35.4.417&domain=http://journal.ksnve.or.kr/&uri_scheme=http:&cm_version=v1.5

Sang Wook Kang ; Development of Non-dimensional Dynamic Influence Function Method Based on Three-domain ...

A AR 5 27kl hE A%} 163 1EE BA
Bdoz sdeli, AANE T A 73}
fez]
-

of A7) WfA FEol HFeee olgHoR

o EEERMAE AR A o]zl §
49 AEHE B I e wHY o8
Wuee] el £ Mo Ak Y e L
S KRR DR P T e s

A Agkd £ J9 71Nk NDIFHelA = 5
oF A| ¥l Y SM,-O/] A Fal7] sl 2 (1)
S ol &e.

=

det(SMr)Zkl—[Qk(/\) 1)
=1

1A S AL FOF A
2ol djgh Ak A =5

A ()E AFES Aol A 71 718
Tl A A|2~El o] whikete] A A} a1
A A = TAIH] EAS| o5 =
3 2 (2)7F AlQkE oI TP,

R(A)
det(SM,)= [T 2,(n) 2
k=1

71 RIS A& o] dolh A4 () =
A A &E YL AP o]8ste] Fof A|LH
e AAs] wel AR dEo) AFubas Bt
TAE WA 5 glaol H Aol e AT
A o] =e) 1RelAE A (3)o] AQtE A

R(A)
det(TM)= [T 2,(A) 3)
k=

1
o714 TM& o] AFoNA ARo] FEF WFeF A
29 AL S, o ERAAE 4 E)E oA
A7E Fa AFsE Yol Sk

418 | Trans. Korean Soc. Noise Vib. Eng., 35(4) : 417~423, 2025

3. Ofl& AT

3.1 LA &k 2= |
=

Fig. 1(a)¢} Fig. 1(b)$} o] :

7] NDIFgelA ARG 3bEA] A (1)S AHg-3)
o] Fig. 19 7 #E#lel tigh WE2 ds 17
9 Fig. 28} 20V, Fig. 25 AvRd, 38 A
58 ddow A 7} Frkebd, ATt

AzE Bdo] WS AL A 5

N

[ ] Ds

5

S
S

(b) 58 nodes

Fig. 1 L-shaped membranes divided into 3 domains and
discretized with 38 and 58 nodes, respectively
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Fig. 2 Determinant curves of the L-shaped membranes
plotted by Eq. (1) developed in the original
NDIF method

Table 1 Eigenvalues of the L-shaped membranes obtained
by NDIF method (Eq. (1)) and FEM (ANSYS)

NDIF method (Eq. (1)) FEM

38 nodes 58 nodes (1281 nodes)
AY 3.14 None 3.11
AP 3.89 None 3.90
A® 4.44 None 4.45
A 5.43 None 5.44
A® 5.70 None 5.67
A® 6.48 6.46 6.47
A? 6.69 6.70 6.73
A® 7.02 7.02 705
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Fig.3 Rank of the reduced system matrix for the

L-shaped membrane discretized with 58 nodes

as shown in Fig. 1(b)
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Fig.4 Rank of the non-reduced system matrix for

the L-shaped membrane discretized with 58
nodes as shown in Fig. 1(b)

Trans. Korean Soc. Noise Vib. Eng., 35(4) : 417~423, 2025 | 419



Sang Wook Kang ; Development of Non-dimensional Dynamic Influence Function Method Based on Three-domain ...

o] geldry g4 A (3)

A% A% 5 ek
Fi

fe4o wARdn

FZ&H 12 ~83}

A &2 Table 2¢]

~-170
= AD A®
;; A©
<
o
=]
o -210
£
g A®
g &
£ 0
= &
&b -250 s
3 AQ
AU\
A
290 ‘ ! ! :
3 4 5 6 7

Frequency parameter, A
(a) Before removing the discontinuity
-160
200
240 )
-280

-320

-360 A®=3.90

Logarithm value of det(TM)

-400
AD=3.13

-440 f f + +
3 4 5 6 7
Frequency parameter, A

(b) After removing the discontinuity
Fig. 5 Determinant curves of the L-shaped membranes

(58 nodes) plotted by Eq.(3) derived in the
proposed method
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Table 2 Eigenvalues of the L-shaped membrane obtained
by the proposed method (58 nodes) using Eq. (3)
and FEM (1281 nodes)

A | M| A | As | As | Ag | A7 | Ag
Proposed | 5 131390 | 444 | 543 | 5.68 | 6.46 | 6.70 | 7.02
method
FEM
(ANSYs) | 311|390 | 445 | 544 | 5.67| 647 | 673 | 705
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Fig. 6 Crown-shaped membrane divided into 3 domains
and discretized with 52 nodes
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Fig. 7 Determinant curves of the crown-shaped membrane plotted by Eq. (1) developed in the original NDIF method

Table 3 Eigenvalues of the crown-shaped membrane obtained by NDIF method (Eq. (1)), FEM (ANSYS), and
the proposed method (Eq. (3))

NDIF method (Eq. (1)), FEM Proposed method (Eq. (3)),
52 nodes (1198 nodes) 52 nodes
AD None 5.58 5.61
st None - 6.27
A? None 8.29 8.34
A® None 9.25 9.26
8@ None - 9.47
s® None - 10.22
AW None 11.04 11.12
A® 11.88 11.77 11.88
A© 12.71 12.71 12.71
s 12.89 - 12.89
s® 12.91 - 12.91
AD 13.85 13.86 13.85
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Fig. 9 Determinant curves of the crown-shaped mem-
brane (52 nodes) plotted by Eq.(3) derived in
the proposed method
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