Crash Simulation of Large-Number-of-Elements Car Model by
LS-DYNA on Highly Parallel Computers
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Abstract

The analysis of car crashes by computer simulation has become an indispensible tool for
shortening automobile development time and lowering costs. To shorten development time even
further, researchers have endeavored to shorten the time needed for creating analysis models,
and it is now becoming possible to create analysis models in a short time without manual work.
However, to obtain a practical level of accuracy in analysis when creating an analysis model
automatically, one needs a level of detail more than ten times that of analysis models currently
being used by automobile companies, but the time taken to perform such an analysis is
impractical. To resolve this problem, we investigated the possibility of performing practical
analysis by highly parallel computing on a parallel computer.

This paper explains the need for large-number-of-elements crash analysis at automobile
companies and describes the highly parallel execution with up to 512 processors of a 10-million-
element analysis model using the nonlinear dynamic structured analysis program LS-DYNA.
The technical information obtained from these simulations, measures for improving processing
speed, and future research issues are presented.
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Fig.1-Parallel-processing efficiency for a 10-million-
element model (before performance
improvements).

FUJITSU. 59, 5, (09,2008)

WA CHAM32fE T L9.2fE LR\ EhR L 72 o T
Wb, ZDOXHIZ6NFEBZ D L D emilidT
%, BEfEEOEEENEE CTH D Z ENDhoTn,

KEEBITETILOLI 2 L—Y 3 UEEE

AKETIE, KEBETET LD I a2l — g
B LI OW TR D, WHIFHR ORI R E S
BAHZHEKELTE, K1 TR HE
0— RRZ R LWBEA— "~y KD D, LIF,
TS OMERESERICOWCIAT 5,
® [HREER
(1) HEflER T IEO R

- 1127 Lz & 5 (B a2 35\ Tl F1IL
DM E & HICEMAEOENMET T 50T, 1
EHK 2 A L2, LS-DYNAIZ|ZSOFT=1¢&
SOFT=2 & MEEN 5 H7p B — S OHfLELEN &
%, SOFT=1i%, —OOEWMmMNEmERC, %z
M, MG AT & R LEMEIE 21T 5, HEfilep e 4
TR &2 Kin S, FEEMEELIEZ1T D,
SOFT=2I%, o0& axmEmCThsd & LTH
fill EALFE A 1T 5, SOFT=1& SOFT=2MD 41 4L
PR OB Z R-212R 9, Bl A1, i
1605 #1L Lz & EDWHLERTH D, 128
WHIETIE, WEICRETRL LRV, 2561
Fl, 512WHITIE, #hFEENKEL 2D, SOFT=1
X, SRS OEEMEIE E 2EITV, WHIENREEZ D
IZHEVY, [FIRFIZ /NS A v — U % 2 EITHRE LT
WTC, ZNMEREFEFEERIC /2> T\ 5D, EiEsiL
HECIX, SOFT=20RNTHDZ LB nhoiz,

—_
(o]

—_ -
L= =]

I 51 AL BB S F(£5)
o~

O N A~ OO ©

0 100 200 300 400 500 600
At 5%k
-2 #EfEFROEVIC X D ISIMRER) R
Fig.2-Parallel-processing efficiency for two types of
contact definitions.

573



(2) B— A Z o 2OHE

KCPUTERT 2 A &L HFEICTHZ & T,
% CPUM O WMHEFL OFM A2 L7 TE 5,
LS-DYNADOFEIE - EIE, & CPU CMLELT 5 25
EYELRD X HICHEILTERY, B EE
EBLTWARY, Z0kw), &5CPUICHG R
NEFTE L, ZOCPUDAMMHEML m— KA

TUANEL e D, I T, HEMEROAREY—

2T 570X, FIHEICL2BRENLE LD,
T 7 4V Ny EI & EOMELT I AN EIER S E L 7

REB-3ITRT, Rx REEOEICL DT A M &2 L
ToRER, 32U HIFRE £ TORIHITIL, HOLEST
FHINZ IR EIT 2 H0ERTh D 2 L3 3no
Too RERBIE, IEEEROLEITIE, BHERE
DI DT — LANOEfGHE OB —I125
B2 Thsb, £ T, ZITEEITFFHED
e, HOETHRICHEESEIT A L L L,

(3) EIGALERMERE D
B RIE, BRY G o 7B o fElEk & o

WO, /— RETT —XEENRLE LD,

Z 2T, EAIREOBE LI ORHEZ TR D 7201,
Bl & E e MER L 72l E oY — v T
WIERMEZ O LTz, TOfEE, LS-DYNADI#EE

WIXLL T ORER B D Z &Ry io Tz,

- H£ 5 HE BEMPL all_to_all() & B H -9~ [E1 5 s
%\, MPI_all_to_all()iZ, 1[EIDA4 T NepuX
Nery DBIEEIT O T OBELE I A PRI,

« MPI_Send()/MPI_Recv()72 & D 1% 13815 0 B4
T, 1MAAS FEB2LIRERIEELH -T2,
MPI_all_to_all()ix1 K 31 kR O#EE, 1F
1F100% % 5TV 5,

(b) AT J5 1) O fEIE S 5

B4-3 821051 F ORIy IO g2
Fig.3-Comparison of methods of domain
decomposition on 32 processors.

574

- PEREFF T, MPI_all_to_all() O ALH TFF H A3

EZR"

B LEMPIZ 1 77 U ®MPI all to_all)Z B
LT, WET—42FLOTHRETINNy 77U v
TwEATol, 2Oy 77 )7k, iR
DOHIEE1 KA, MROT — X2 F LHOTEDLZ
LT RV BEA— Ny REHIER LBE RO
T o7,
® HHEHEROBER

B-41%, 10007 %5 OfFHTE T /L O B LB
OU T 7T, BB, fHhiT1elrs a1 L
L7556 OWFAEGh S 2 3, Bebdt AT Mgk
EEl (X-1) T25651Thf%, 5121751 T2.5M%5F
EThHoTehy, MREdE#IL, TALH10MEHRIC
KEEN TS, B-51%, MREtkER O YRR

35 BEE
30
W5 ERHH
B0l
§ Total
§w -
= )=
10 HEAEH

0 100 200 300 400 500 600
it 511 %%

-4 10005 EHEET /L OWFERSh= (HEREd#ER)
Fig.4-Parallel-processing efficiency for a 10-million-
element model (after performance
improvements).

200
180
160
140 r
120
100 r
80
60 -
40
20
0 Il Il Il Il Il

0 100 200 300 400 500 600

it 51 %

B-5 10005 E#FET /L (120 ms) FRBIFRH T HIfE
Fig.5-Estimation of elapsed time for a 10-million-
element model (120 ms) before and after
making performance improvements.

BRI (h)

FUJITSU. 59, 5, (09,2008)



%110 ms D FHAFE R 2 b & IS HR A% 120 ms
DOFHZ LIAERTH D, 5125 DIGE, Rk
FIO1RE M 23 A3 IE R A MG S AL, FEFIN 70 R Cff
MINERTEDH LI T/ Te,

SHOBRARE

EAEFIREDE 72 B A —F VT 4 [[] EDT=®,
B ITEOLSTCH: L LA F OB AZHED TE Y, &
HIN—Ta VPR CER ST,

(1) 7x—RAFT AT 22—V

FEHOHTET LV TIE, ZEROBMEREY LT
H72lza— RRT U AREL 20T, Tk
BET D Te O EFRe & D70 < LT B etz ) &
AT 2 HERE,

(2) HEMEIREOBE R MEBE L& isln T

TEI 7 H
B) FT—HEFLOTRXETDIZLEITED

InfiniBand DA EMEREZ B NIC TE D L 95 Ik

Wb,

¥ U

ARl TIE KRBT &7 L & @t ST+ 5 72
DA A KB LTz, 1003075128 2 5 @il 5]
TlE, SOFT=1, 20EMMELEDENSCMPLEE
VERPEREDSEN S 0D K OIS, HEMEHR OB
LBRDOMEREN I b EETH Y, 1000 EE O T
%, & UTBEOMRRUGEZIT > 2 & TEMAMREE
M CTHAT CTX D ERDOnTe,

AWFFETHE BV EBE O F R 2 Rl — R
TxT, R=V IV T =T ORBICLT 4 —
Ry 7 U, PERORBUIEGHRIC T 2 mdifh a5
BLTWEREW,

FPN Y725 TiE, A HBRAEREE G
2 —FRIZIE, ZRETHKEE NN BicxL
T, RS LES,

FUJITSU. 59, 5, (09,2008)

& E xX ™

(1) FERPEIROR ISR 7 ¥ = TLS-DYNA.
http://www.LSTC.com

(2) NEINBORREE : RBLeEnE.
http://www8.cao.go.jp/koutu/taisaku/h16kou_haku/
genkyou/01010101.html

(3) P. A. Du Bois :

M

Crashworthiness Engineering
Course Notes. Livermore Technology Corporation,
1.5, January 2004.

(4)  Altairtt.
http://www.altair.com/Default.aspx

(5) etath.
http://www.eta.com/

(6) Dr. J. Seybold et al. : Batchmeshing and CAE
Data Management as Key Technologies for Siz
Sigma Compliant CAE Processes for LS-DYNA
Simulations. LS-DYNA Anwenderforum, Ulm2006.
http://www.dynamore.de/download/af06/papers/
L-I-3.pdf

(7)  P. A. Du Bois et al. : A Study of Mesh Sensivity
for Crash Simulations and Batchmeshed Models.
4th DYNAmore LS-DYNA conference Bamberg
20051-1-30, October 2005.

8 7—F &t
http://www.dynamore.de/download/lstc/nov_2001.pdf

(9) CARAVANABHT—4#.
http://www.topcrunch.org

(10) National Crash Analysis Center.
http!//www.ncac.gwu.edu/

(11) M. Makino : The Performance of Large Car
Model by MPP Version of LS-DYNA on Fuyjitsu
PRIMEPOWER. 9th International LS-DYNA Users
Conference 200616-4, June 2006.

(12) National Crash Analysis Center :
Models.

Benchmark

http://www.ncac.gwu.edu/vml/models.html

575


http://www.LSTC.com
http://www8.cao.go.jp/koutu/taisaku/h16kou_haku/genkyou/01010101.html
http://www.altair.com/Default.aspx
http://www.eta.com/
http://www.dynamore.de/download/af06/papers/L-I-3.pdf
http://www.dynamore.de/download/lstc/nov_2001.pdf
http://www.topcrunch.org
http://www.ncac.gwu.edu/
http://www.ncac.gwu.edu/vml/models.html

