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Card4 1 2 3 4 3 6 7 8

Variabe NBC RESTRT IEDGE NOEL NFRUP
Type 1 1 1 1 1
Default i 0 0 0 0
Card 5 is defined NBC times.
Card5 1 2 3 4 5 6 7 8
Variabe SSID SSTYPE NORM BEMTYP LC1 LC2
Type 1 1 1 1 1 1
Default 0 0 0 0

B 1 %50 BEM JE kT R A ER

RR P REAAEE (Variable) HJEARS REUEIESE /T 225 3R 5 AR P 0. DU G BGH7)> B
PR R A A AR ) AR B AT U
@ cardl Hff) PREF: FTRfFE dB JE 30 FRgh SR FH B B A IR (B =20pPa=2x10°Pa), #fith7E
Press_dB . I PREF=0, NI Press_dB SCAFR A E . 449 Press_Pa (45 R0, AT
05 Yyt s ) S R A
@ Card2 H[1J FFTWIN: FFT(Fast Fourier Transform )R {# BLIH- 540 5 11287 (ERA=0).
=0: rectangular & ;
=1: Hanning % ;
=2: Hamming %

=3
’

=3: Blackman

=3
o

=4: raised consine &

288



E)LsTC.. 79 R
B A s o 9019 445 U Ji 1.S-DYNA th [ELFi] /1 2 B "4l LS-DYNA China
® Card3 F /) METHOD: 2250 M 7 idki % .
=0: Rayleigh method (izBH R,
=1: Kirchhoff method coupled to FEM for acoustics (*MAT_ACOUSTIC);
=2: variational Indirect BEM;

y

=3: collocation BEM;
=4 : collocation BEM with Burton-Miller formulation for exterior problems (no irregular frequency
phenomenon).
@ Card3 W1 NDD: KA HE, T8N W T REALE H 0 R, 2 5 ks 2445 73 % NDD
AN, DR BRI A AE AL . 138550 X AE METHOD =2 HiF &
® Card4 H[f] RESTRT: ZIEIIH T4 0 LS-DYNA &Ml #ria s, 7 it Xk (BEM=filename)
g5 RS RIRAZERER T (BRik=0).
=0:  LS-DYNA # Ml Mric BAEFHAT, FFA Bl i) — il % H S0+ (BEM=filename)
=1: LS-DYNA # M Hris BASAT, 1 O 1 k% o fF (BEM=filename) BEIT 22047 o
N T REATIL T Tk (BEM) Zp T B AR i E L, — ML 4 F b Akt i, Il 7R 5T
B AT RN “BEM=XXX" #4528, XXX & 3 S0 (Binary File) M4, JBILMLTrE, Bk
J SO [T N s A R A R AP AE 2 S el
FE LS-DYNA BRAFHEAT 75 2200 A B 2B FA 0y IRB) 45 K60 1Y Wi 182 388 3k AP o ) R el B D RE 5 B, 7
SR AE SIS A HEAT ;IR 3D 45 K A gme) S 25 SR Al AE b SO b, SRS I i B AR e (FFT)
e g R CFH P AT DAL — S8 %0 L pR b # 5 i), DA Rt il @D, PR i 5 e A i 5t
A AT ik oy b TARERAE [F)— A b BEAT 1, AT LS Bk 4 5] R 22 i i I 00 A B T 3
FR R B R 72
b, EHEE/ BRI, &M RGEIT Green LSRR, X TEMIR, KRG
TR, BT IR, LS-DYNA 3R HIEACTHE I T, XA ik b RT3 A e

3 R

PUR I BEACHY “HMI A A b )\ 5 5245 BROC RS R S A DYNA B rp S it S0 A 55 45 2R Jm AL 2
(I ZEBXT DYNA BRI e (BEMD HEAT /R B H -

J\EEE R TR IR 2D A4 B AR UG B, EREZE M RSB T K AR it o B 10 B2 t R s ARHH
JEY D ECS i 0 i1 b 9 v ) T DA B 0 P 52 = 7 = I i M D AT = NS0
%, PE AR A i B E K AR S RSN IF X NR S o F LRSS AN, RS A R
AR TR SRR ETIMIG, B U EEAE 2B 25 i PRl (10— i [l A A B0 LR & (%,
RZEEB/NT 5% WK 1 P B0 & AR AF 5 50 N — B 25 i [ A IR ¢ R o R

K1 MO EHERTSHEPRLRE)

faigic 4 B (Hz) fajigic 4 I (Hz) fEikic4 AR (Hz)
1 130.81 1 261.63 1 523.25
2 146.83 2 293.66 2 587.33
3 164.81 3 329.63 3 659.26
4 174.61 4 349.23 4 698.46
5 196.00 5 391.99 3 783.99
6 220.00 6 440.00 6 880.00
7 246.96 7 493.88 7 987.77

A 2 s sE MU T B )\ S IR e Y, SR T R SR e S, e R AN
PR ER 50 3 AR BERS A AR B 45 (5 . i 5 SRS Bm A R Al P, 53— I AMBUE T L3R,
] EHBZE) . ARIER RS A RENS A X RS AT AR &, T SRR e S R T R T

289



LSTC 7o mmRe

7 = 2019 445 U i LS-DYNA = [ 2 K4 & " LS"DYNA Chino

\ Y

~

et

¥

B2 \EFHURE
i A Y AL U (0 SRS A4 1B S TSR SRR RIS U A R SR 2 P, @R T e
RIVE KRR TH R 5 PRI 2 (MR 22 A RE CRIEAE 5% AN, W AR H R ZE KR, ATRL T2
IrhT AR
R 2 B EAPRERSIR G

T HABE  UTRBE . BEE BEBE THBE
%, (Hz) ) FE g (Hz) (o) =
1 261.63 261.60 -0.1%o 5 391.99 39155 -1.1%
2 293.66 293.32 -1.2%s 6 440.00 440.08  0.2%
3 329.63 329.69 0.2%o 7 493.88 493.62  -0.5%
4 349.23 349.44 0.6%0 1 523.25 523.48 0.4%o

BLSERSAEI R “HRAIA” SRR AT, BB “HRIAT IR AR, XA R I B
JAr BIATS s ARG B SRS TE — 58 I (R AT S5 I B@ k) 23, 7R TR TR0 R 19 5 b, ANl 3 BoRi)
73 /05[] T 27 ] 2 A2 Hpon 5 4 1 A Y | el AT IR, BT N d B e i AR B AT 1A T 25
PRENA PR TTI M fc i 3 ek 0 AR v 19 Jip 5% 4 5 *FREQUENCY_DOMAIN_ACOUSTIC_BEM FH T8 il 7 ot id:

(BEM) AT 2253 HT o
1.2

000 041 082 106 116 127 147
i} 7] /ms
B 3 hngH 73/t Ta) h 22
7E DYNA A e bl “HAAR” )\ & SR R A IRT M S s 5250 i e, Wil 4. 5 Fos
FT A E Bl A R AU P 1 S R 2 S B I R 7 R SR 2 o e i 2R 43 B AT DRI AR ZR AR RS 1 A
M R .
TSR e B BE R A1 AR A TR i 28 )5, 38 AT LLEEL LS-PrePost BifJ& ACHE B {4-K 75 1 i 2R 5 sl WAV
e 7 B S, SR B P R AR TSk A B T AT B LA AR

290



@l_sng 7o mmRe
mmmmm & "4 LS-DYNA China

2019 4F 55U @ LS-DYNA s 51/ ko
70 ~
60
50
%40
1&30
20
10
0 1 1 1 1 1 I
20 182 345 507 670 832 994
PR /Hz
B4 7552 dB iz
6.0
4.0
& 20
&
0.0 — YT 3
LETTET THTETEY TETTrT H, [
2.0
40 B 1Al /s
B 5 7kt

Fsh, WAk (BEM) FEVRAAT L, JUHAERE 8 22 A OGS v T A R v i) S 2R g 435 s
B AT WA S R R R A S A SE . W 6 Pron s B AR A JE HE s Al U S L BSOS S
B o et AT SR BRI, X S AR T B AT SR SRR s & 7 B SRR RS peR
110 1 A 0 e A e S N B 07 0 AT R o P i 2 s Bmilid LS-DYNA BRAFEEAT S5 K 4IR B
FREEIPHTORAR, PR (15 2036 WO S i 07 SCah MR b B i, Il B (T s E, AT LUS BLES
e R IRENE R, BBURERTEERTE N ASWTIBE SN, AN o i TUR B8, T R T AN W i oo e, DT 7 A e 7
RGBSR BNV EREA AL, W & B P BB s i 5, SRR 14, M e Bk
e RSB K ENWIFETERE, IFAI T LS-DYNA BRAFREAT U5 SRR IGUE T, AT DNy 22 G A WG S i [ e
RIZBEHIR AT

[ 7

PR ST s
B 6 U I H e A A B R

291



GED\sTC.. 79 iRt
AR recrrciosy Core. 9019 425 P LS-DYNA = [ /7 ke B "4l LS-DYNA China

0.03 pres field pt

B 7 2k

4 Rgh

S B A T BTG Rayleigh A4 50l 6 = RS0 FLHRL OB R A SUHEAT /T 22
PG % ER SRR, T DI TTHE (BEM) H A BN [F) 4307 425 1 A J5 55 1 B 385 2 [ 2 P L300 4 4
R T R, RPESZRRINE TR AR R R T MO PR (2% LA DYNA b B AT 22 4 M
FICH (BEM) 755 P B ) Yot o S SR AR B AT AR S5 AE (0 76 55\ 3 SE MU 5 1 S LA R
AT S PS4 WT 45 LR AL, RHE DYNA BRPE T4 R T HORE F AT R IR, 50 T DYNA B AEA
PR TG KRN 5 75 S A 4 W7 T ) B A5

B

FEIZ L s BEM JT A A il R vk, 53] 1 _BHg Autoliv 23 7] FO 5K — 5K 1 £ & LSTC A H] 1)
WA AR P2 Be . T T TTiE AR L L LA o S5 T AR S, AR s AR T !

B3 3R

[1] Herrin D W, Martinus F, Wu T W, et al. A New Look at the High Frequency Boundary Element and Rayleigh Integral
Approximations. Society of Automotive Engineers. 2003, NVC-114.

[2] FkifsR e LA ICEMN TRENH M. Bert: BeriBl ok Hhitt, 1985: 1-3.

[B1EW, PLH, X3, £ FEM/BEM [IRIK S5 M HRS) o o Ha i e ok [ A BIE FE 273k ). MEAE 0 %%, 2014(11):
1397-1414

(4] 2/NE). A RIT/ A e K SRR FERRS B FT[D). K KEER T R4, 2011: 2-49.

[5] LS-DYNA Keyword User’s Manual Version R11, Livermore Software Technology Corporation, Livermore, 2018.

[6] Yun Huang. Simulation of Acoustic and Vibro-Acoustic Problems in LS-DYNA using Boundary Element Method.
10th International LS-DYNA User Conference, 2007, 8: 37-44

(7] R, AEE. SR CESWE k). Rsh 5 b, 1998, 17(2): 10

(8] HEFr, Atk J\E LM A P[], AR, 1995(3): 37-39

(9] Mtk =z, FERH. ARESARII PRSI FL/E )\ &S R A )], HULIGEEREE, 2002, 24(4): 628-631

Application of Boundary Element Method (BEM) Based on DYNA

Software

YUE Guohui, YANG Lingjun, DONG Ling, CHEN Xianling

(Technology Center, Great Wall Motor Co. Ltd, Hebei Automobile Technology Research Center, Baoding 071000,
292



DLSTC . 7o' bRk

B oot o 2019 4F 45 U it LS-DYNA H[H I ke & 4l LS-DYNA China
China)

~

¥

Abstract: firstly, the theoretical integral formulas of direct boundary element, indirect boundary element and
Rayleigh integral boundary element are briefly introduced and compared with their advantages and disadvantages.
Then the key words and typical variables needed by boundary element method for frequency domain acoustic analysis
in DYNA software are explained and extended. Finally, the application of boundary element method in DYNA
software is illustrated by the construction of a simple eight-tone piano model and the post-processing of structural
vibration analysis and acoustic analysis results.

Keywords: direct boundary element; indirect boundary element; Rayleigh integral; acoustic analysis
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