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Development of the NDIF Method based on the Sub-domain Method
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for Concave Membranes: Part 1(Theoretical Formulation and Verification)
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ABSTRACT

The NDIF method, developed by the author, exhibits a significant limitation in that low-order
eigenvalues cannot be accurately obtained as the number of nodes increases. Recent studies on
membranes, acoustic cavities, and plates have introduced an ‘improved NDIF method’ that addresses
this issue; however, further research is required to determine whether this method is applicable to
concavely shaped membranes, which necessitate the use of the sub-domain method to divide the concave
domain into several convex domains. In this paper, it is demonstrated that the aforementioned
‘improved NDIF method’ is not valid for concave membranes. A new NDIF method, specifically
designed to be effective for concave membranes, is proposed. This new method was developed by
first identifying the reasons for the invalidity of the improved NDIF method and then reconstructing
the system matrix without reduction. To verify the accuracy and validity of the proposed method,
example studies were conducted on a rectangular membrane with exact solutions and an arbitrarily

shaped membrane featuring a deep groove.

o] AFAN 25 JAE o] o] BF JHow

1.4 B s 99 & H(sub-domain method) 71HF -
AL S AR

AR Qe WA 2% Ande] DAUE nf  PANEGFIFUL FERAUFEMPON 7

A FEo] Thed FAL T T H(non-dimen- A LAWBEM)el| H]F|D 22 AlRlgro] W3] 2 o]

sional dynamic influence function method)S A& A IAUE 4 AIE AFse= S 7Y

Mo, dvrq oz FALTIFTTHES B FALEITFITHS s sy AEHoR 5

= @] HegRlely e AR 7hssi, 471 A didEe] BATE HX(node)o® olikstabH,

T Corresponding Author ; Member, Hansung University, Professor

E-mail : swkang@hansung.ac.kr Recommended by Editor Chan Jung Kim

i
(© The Korean Society for Noise and Vibration Engineering

Trans. Korean Soc. Noise Vib. Eng., 34(6) : 709~716, 2024 | 709


https://crossmark.crossref.org/dialog/?doi=10.5050/KSNVE.2024.34.6.709&domain=http://journal.ksnve.or.kr/&uri_scheme=http:&cm_version=v1.5

N9

2 olitatHEr. BE oY
P

L

N 7hel A3
C\__

o AYAZY

[e)

T

Part 1

(€)

e el 718

49 Do) Wi W9 wy(r)e AA @, B

P
NN Ax pil, pin .

PR e1AsE L, A T

p
f

4 (1)3} o] A4 e

AA T,

0 pi .

1

oke] 74 .= =eaed vk Al T,
24 P B,

[©)

Wug o

Folx FEwolgn,
g o} 2%

\11-1;],'

w

I

=R
O

—

Sang Wook Kang ; Development of the NDIF Method based on the Sub-domain Method ...
K] 91(4,5)

]

7}

A Aok, g 22 78X o
A

N

= NS T T M ook o
Ne® pfage BT gppW
TLRnT Vg FTTw
ST pereRTL g8
- = 2 =W O 4 QX =
oS X S N F — AR z
) ,Qrmﬂﬂdﬁldlﬂu B oz M
~ = TN Hpas =2 Bo O
-~ 3 %ﬂiﬂmu =N = =
— — —_ —_ o I].\r
T nElATEcg= ¥TE
| 5 g Y S o] %o W
, = [ BN SR N -
— — = o= M T O
- = Bl 2 — oy B S 4k O 2y o
S 2 Tog il m®amre TR
N = i —_
= o rrofEe Fo o xha
(lm@L < A_lﬂm&.m,._ﬂau)wweﬂuﬂl.Wleﬁ
=LY ] S P T S E oy KA T
AL o~ ﬁ%@%aLMA , U E
T _t%wf%ﬂ%_ﬁwﬂwﬂﬂ.%&o
TR ! ]
c  iTppTEIRTUSLE.
]].] - o
N HWH%WM@@%%QW; B
T TRBR OB TP R
TR o TR = W RO U oF WO~
S B N B i %owzﬁﬁwﬁ%ﬂ
J —_ N T1o© = o = W
Y ORISR ZExsn T SeTrTEY Y
N =n ﬂﬂmlﬂﬂio I I N S hﬂﬁﬂudﬂi‘_ O#M
o o U 0 =y oF o] SEHEES e~ T
o TR o o L 11@.&%?@ = _ % @ B
B o o % X N X R0 g 2 —_— ) N B° D R ¢ g
FEXAERT L mx T For® LMW o borm oy g o
R ol I Ko W E oy I Tl © S o oy o T Ay B
] N T 3 9 o F T o
ﬂﬁ@rsmanwm,lﬂ el EoTe Ng mE.ﬂr%meDWm
T I A %.%ﬂmmﬂ? M Tty oI
o) z.t]a‘.__Al oﬂ@l i.._Otﬂo&dﬂx_Ll & ) OJ.o‘.JHﬂJI,m_V.onﬂ.ﬂ
T . X mv o e EESR foll ol s N E X LS
= X NXE 93 © oy = £ 3w IR 0 [ NETgE g
TrETgrXn EREEEY 5B HIasDPPRLE
O‘muuamL‘anMﬂlLvAHT .,u‘%._\l,ll_ﬁDHT_O 3 ._._._._._o awEMﬂE,oﬂ_olzqﬂE
S T THET Vm T oo o P g
PE D e P o & o s o O e
ﬂﬂﬂr:‘_mu Niim]%wv]ou]_&,_ oK 3 &= B O = B g
-~ . S} o= o BT T g = ol = ® B0
Woor X BN H L T oAy X EX T o 0 do]iﬂldo
STt P - Wx Solad
JIJ.QHT_ JWtQﬂLtﬁuutﬂmLtﬂeoEM :TﬁoMﬂ7@ﬂ =
YR E R Feoe A oEl o o g Z0OROBO Hr B g
= 0 X ~ =h . — xc
W T xmme Pa e P o a o T e T
Mo TIEIRWTAE BT R B E T om B Ao

Fig.1 Concave membrane divided into two domains
7 Dy D, and Dy,

o5 A

Trans. Korean Soc. Noise Vib. Eng., 34(6) : 709~716, 2024

710



Sang Wook Kang ; Development of the NDIF Method based on the Sub-domain Method ...

Part 1

N,
W) = 3B Al
=y ©)
+3 B (A[r—r])
k=1
o171 r& 49 Dol %‘1?‘& g ol gk 1A 9

g oulan. 1en 12E 27 rel 949
A AA B SAMEE ehin, e, B
BYE A LA 948 jaA Al 4ol WA
4 4ol 7lelEsh 97 T, A% £ A
Aol A g5 40 JelEE 247 ouigi,

L

2.3 22Y A2
OHM q]/\l— u—ﬂ]ﬂgﬂL ] Cq)
dary)Z 7HAB2, 9% 37 T,

LERN

JLA

T4d
7 A(fixed boun-
1,04 ®MA7E 0

ol AA & sk A (3), @ £ =24
Alzgl gEAs 47 A g
SM, A, +SM,A, =0 3)
SM,,B,+SM, B, =0 )
o}7]4 Al=8l ¥ SM,,, SM,,, SM,,, SM,, ¢}

WE A, A, By, B w2 o] =welM? &
A 7Fssb7lel AW dAY de AT

to® A7 rolre] welek 7] o
sk A (5)9F 4 (6)F & =4 Al=F 44

KeN
Ng 47 9% F e,
SMClAl+SMC€AL‘:SMC2BZ+SMC‘CBC (5)

SMY”A,+SM"A, =SM"B,+SM"' B

A7IM Al =E FHE S
7P,

7)) 27 A2E P A (3)~ 2 (6) o2 T E
we] 22 AAE PHAS FE8] A, A
AT A @E A7) R A @) ol 77 M.

Qe oldl oA Sl

A,y :_SMilSMchc 7

A, :_SM;21SMZCKC (3

AMF A ®E A% A ©d e

2 (99 2L sl SR AxE gy Aol
T3z
SM(A)C=0 )

o:w i sfefele) 0] el 2R A A

M(4) s} 7]efte W8 C= 21 (10) 2 A (1) 2ok
sM— |SMe —SM_SM;'SM, SML,SM,fSMZ( SM,.
SM” SMY'SM,'SM,, SMY%SM,,'SM, —SM"

(10)

c={A, B}' (11)

A (9)Z5-E WByele] i SR A|AE gy
o] E2lo] o] He 4 2 (12)ZHE g &+ 3l

det(SM(A4)) =0 (12)

3. MADRA 0l 25 2 Y wet

3.1 Mt DR o £& 24 Fy

o)d AT TAATIFGFHE AHlo] F7H
She AR ATl B FEE Aol FAHY
G, el el AIAY A PAUEGY

el e v
3 st HHoF !
A2 0.9m)S Fig 29 o] F 79
2 Bl Fig 2(a)= 5 A A0 247 233}
A7el 370 Ao & 27l Ao oagdt A
F-olth. Fig. 2(b)i= <5 A7l 3671 242} 47
S/ AR F 417) APz o]ibglet A 9ot

Fig. 3¢ A4 277 AA o= olikstet WH gl
(Fig. 2(a))°l tigk #82 4S5 2 (13)S o83t
T Avelri?,

‘%

det(SM (A ﬁ (13)
o714 s AzE B SM(4)e Aol 17
44 g F H°1 S=60]1], 7,(A) = Al2E 3
g sM(A)el t@ tid 24 FAcA £
A% ouFTO, o T Fagtel T
s sfetle] el el s, o
2|52 Table 19 A=A

Sl (exact solution)2} H|ul] K H,

=

:[o —lN :{o

o] AfAES
AZH 12}~ 52F) L

m” Ror K

:l:‘:

Trans. Korean Soc. Noise Vib. Eng., 34(6) : 709~716, 2024 | 711



Sang Wook Kang ; Development of the NDIF Method based on the Sub-domain Method ...

Part 1

rlo

4gs] dAsh a6k, 7Ab) LA Eo]
At o] Helth 124 Fig. 2(b)e} 2]
£ 277091 M 4172 ST F 4
rE2 S a3l o 1 Ads= Fig 3¢9 A

st ofuf A2l gHe] F7]= A
AR e F el s=100]th HA PEA FAS
A BW, AT ool xE A28l Yo
ato] AxH1AF~32h 9] AfrA7F FEHA AL
42k~ 77h) AfARe] FEHASS L 5 3
A A Mo RFE 25 A Table 1
of gokelqleh. AH 7t F7H7] whitel k63,
72h) AfRE] Aol 428 A2 Table |
ol A &l 7t et AxKIAF~32h) 3Lf-A
Eo] FEHA ¥ FAHC] wH,

1o

Y

2] (13)& ©]

o (v

J‘-f'w

M oo gl 12 Jo

dH
2
é

h=ye]
=1

3.2 Mx} ufx| of F& 2H ofZ et
Fig. 39 4 W84 THANA A% LHA7L 5%
94 i ol W7 AW 57 Skl AFa
Jelo) A A28 gdo] WA AFLT} A7 =
754]0];(] %—7] Iq]?‘j:oﬂ %}‘\_)3]— ] 1—?_]_ ;4\9_4; %Xéﬂ
- ﬁ RI IT(}”) =[l)(zll) ®
® ’ °
(4] %(C)
® °
® P(l) D[ ) P(c) D” P7(II)“
® S
() pl(c)
® e
Pz(l) P(I P(”) P(”)
o R 1 A5 =
(a) 27 nodes
*—o—o =])= ° =H)= *—e
[} }1(9 0135(“) ff(g .
[} !
) 4 !
¢ p) D, ) D, [1(1”)"
? 0 plo ®
) 2 °
¢ plo
[} 5 N
o é[)- 132(1) [:zun- Q(”)- A

(b) 41 nodes

Fig.2 Rectangular membranes divided into two do-
mains and discretized with 27 and 41 nodes,
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Table 1 Eigenvalues of the rectangular membrane
obtained by the previous NDIF method using
Eq. (13) or Eq.(14), the exact solution and

FEM(ANSYS)

Previous NDIF method Exact FEM

27 nodes 41 nodes solution [(1089 nodes)
AW 4363 None 4363 4.365
A@ 6.293 None 6.293 6.301
A% 7.456 None 7.456 7.467
A® 8.595 8.595 8.595 8.621
A® 8.727 8.727 8.727 8.741
A© 10.514 10.508 10.508 10.537
A0 10.787 10.794 10.794 10.831
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Table 2 Eigenvalues of the rectangular membrane for
41 nodes plotted by the proposed method
using Eq. (18) and the exact solution
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Table 3 Eigenvalues of the highly concave membrane
obtained by the previous NDIF method using
Eq. (13) or Eq.(14), FEM(ANSYS) and the
proposed method

Previous NDIF method FEM Proposed
A0 madey || o
30 nodes 49 nodes (49 nodes)
AW 5.79 None 5.71 5.75
A® 6.42 None 6.42 6.42
A® 8.15 None 8.17 8.17
AW 8.88 None 8.89 8.88
A® 9.92 None 9.87 9.91
A© 11.25 11.26 1131 11.26
A0 11.55 11.52 11.46 11.52
A® 11.81 11.81 11.84 11.81
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Fig.9 Determinant curve of the highly concave
membrane for 49 nodes plotted by the pro-
posed method using Eq. (18)
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