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Abstract : A parameter identification method of nonlinear dynamic systems is proposed. The error function of the finite
element model is defined by the given input/output data and is minimized through structural optimization. In general,
nonlinear dynamic response optimization is costly. This study uses the equivalent static load method to perform nonlinear
dynamic response optimization for the identification. After identification is completed, the error function is reduced since the
simulation value is close to the experimental value. Eventually, the finite element model becomes more accurate. The
proposed method is applied to three numerical examples. The results indicate that the proposed method can minimize the

model error through parameter identification.

Key words :

: Parameter identification(Z}-2} 1] €] 2]8), Structural 0ptimization(?i

2”4 A]), Nonlinear dynamic response

optimization(H] X138 5% &l|4]), Equivalent static loads method('s7}* 5}5-), Finite element model(-3+ 2 A~ @)

1. M 2

52 A4 So] A ek cheke A E ) A7) vl
] -8k Q 4~ (Finite element method) o] Mz} wol &g
=] a1 Aok ool whebA] o] ¢ frate s
(Finite element mode) 52 &4 o0& 7<ﬂ Zst= 7| HE
o] & F# ) T334 3}(Structural optimization) o=
Ax5) o) 2 FR LN S| A AFeol
A B Ad 0.z o] 5& FA S A5 A A
Aol = Aekg BH B Aol sha A 2 apah, A
webA] ek selH o) 4 S

o 24 $}(Linear static response optimization) °F7} 2
MEASIITES el A B AR} e A4 TRE- v

‘Oﬂ %@' %%l% 2= 7:1 [e) 7]_ u}q_ U]71—1:.EL xlx% 74])\].
B1A] ¥ A 2 A s Approximate optimization) 7] %
o] o}, AAMTFTE BSE AR D B H]%
o] F7}gtet?”

5714 85 W (ESLM, Equivalent static loads method)<
HIA 52 8 32 3k(Nonlinear dynamic response

optimization) 7] .= o} 7] = o] £tk Frg 5t
Z(ESLs, Equivalent static loads)=> H] X8 52 g4l o] 4

HFog gojd 5 v HA3 HAGAA = = H2ZEE Foj3 9 (Displacement field) ) 5 g+ ¥
(Sensitivity)2He € %52] 7187] €471 d a5} 917t AL o] 85l FEH o7 AArATE? HE AA &
o) Alatel = R A sl do] Washy] Wiel, vl ok sjdel N SAAEES SlH o ALEIS ), 1]
= = o = 3 = [ = - =

AFEA NS m G A A Bl T olels] M3 A o9 2L sl Aok S EEY
A5 ud aenE TRAAE T2 G 4 S o ols Destel 48 4 Suk sl A v 4 B
“Corresponding author, E-mail: gjpark@hanyang.ac.kr

I'his is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http:/creativecommons.org/licenses/by-nc/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium provided the original work is properly cited.

975


https://crossmark.crossref.org/dialog/?doi=10.7467/KSAE.2022.30.12.975&domain=http://journal.ksae.org/&uri_scheme=http:&cm_version=v1.5

FUS - Yeojo| - Y - wF

o]
A

FH, frekeasA]e Folxl ey 91e o)y
(Input data)=5-E] =2 ©]©]E](Output data)E A+ 773
ojtt. o] e} Wi & e %l ubrt Q1= A o] Al 2=HlS &
Q&) 98] A ¥ O]Ur 43 ol o8l Foixl /=
oHE &&ol= A #AE Utk Al=E A
(System 1dent1ﬁcat10n)-: T3 A ¥ Gh(Experimental value)
£ o] &3t A 2RE ZAF 8 RdlR sk Y
o|t}1¢1® melo] A gk(Simulation value)o] A3 gk}
2 ol x5 A Ho| = Z=a)w Aot} A]|~Elo] el A]
35, Ak e gke] exkE HAslelr] 95l
=T A3} 7IHe A8e7] e v Al 2=F19] et
HE A3t olegh A2 sheprly A (Parameter
identification)©] 2} 3L %= $hc},
2 AFA = TS &8st
]/\Eﬂ o] J],a_u]ﬁ /\ltHE
71E AFeM = A FE
T A st st g E ARl o,
A o] A 2=®'l-& H % A5k 2 9(Lumped mass model) = 7+
FAY Al 2=El o] - AeF 9 4" W0
ARFgE WP M= 7] ke A o] o] ol
gt oz 2 Ay o|Ze AR §3IeAE
WHASEAY destebA] eFal L= ARS-ghrh A]2H]
2 o] ojn] A 43] o] Fo Ao & Fghrk vl
& T4 A Ayt Folxl AP aE WSSt E S 3

=
2] AeilEl U8 AR, N0Y 5
gs

fr

BN x2
PN

= z)1=
Eé?z

19 l‘

o2

2
nﬁ
:i
il
iN
a2
)
-y
X
]_.
g
ol
ol
N
LO
o
o]r{
N
N
5

A ) A0 ol ol e m. Al
PO Ay B A2we setule go] 7bs
& Akl & sl A A Ay 7
! F 1A Y $RE Aok
A4S ARl 2 QS QS A ashieh
AR AA] Fetasmdol Fold QX W iy
2jo] 4 offoluk. el Ale] b A28l el 9]
A Feieke AQHe el stetule 49e ) v
o 9 AE A2 5 9SS BeIFT,

2. HiE o|=2
21 AAY AlY 9 TiRtoje] Al

A AANA ] AeS T o & RHEA &

= e 64“* o] Wk fret a2 TRk okl
A &g glon), FRasRUE FApRdo|ng

976 EUIAEAZHY =27 A30H A128, 2022

AR F2E) AT sk Lkl S glek 19
U frghadk ol fo] AA| paRe] AFL S fAs
A BARSHE ol 2ot on 2 AYH NS 2
ool febasmalel 4457 dizelc)?

Al 228l 21 8- 1] 2] 2] (Unknown) A Z2~81-S AF =8}
wRlE st s, Alsut EA et 4
o Yol B Axge T Fow ¥
A5 5 Qo A2wle] 14 Asksl ol HlojEle]
S AL A e5m A zwlo] & A Aol 8 Y
oA Sk et Tt o] EHHTH
B(b, t) = gneu(t) mar.h(b t) (1)

= S JERN Suven®} St 217 0120 ]
olEjs} 48} melo] 34 A3 A,

ol AlzElo] 48t welo] ohje} frgtasm
FHo] ssaithy, A ()S theut o] BhA] EHE
5 Qe

B(b, t) = Sexp (t) - Ssim(b' t) (@)

Stz AT 24 58 e Do Aoj7] T2
o] gHo2 A Zk(Experimental value) 2 = 71’—2[4:411}
Ssim = Al 9] F)|4] Ax}o]r, &4 gh(Simulation value)©]
U, Z}2h] SHA} QALE Fig, 19141 A1 5 Qe

A 2uElof] thall BAlS ZH= AZ ol o<t < TR
Folithy, A ge] ©Aw HY AR Fol A ¥
s1efE|ofof BTk, QAR AL g} o] Hejw 4
AT}

T

£b) = [Jle(b. )] dt G)

> —— Experimental value

g - - -- Simulation value

[=W

3

r

A4

t; tp o ts v £ Time

Fig. 1 Experimental and simulation data



S7IYSHEYE OB HIHY 54 ALY matnje AW 3 3™ 7k45;

A Fi NG A7 oI F ST F)
ol WA e,

A2Ee] EE e smae) 44 HPos of
e, 2ol el 71 AR Jf e

1E (@ olo

4 &)
2 AL vlejuE AHo| s
o} 4 Adte] eakE HAsigho 2 et E A

Y 524 S 1dshs HA4st o w 57t
A &}5 A (ESLM, Equivalent static loads method)S 7+F
SHA Aolskaral ke 'Y 7 A e S AA] s g
(Analysis domain)¥} A 7] < (Design domain) 2. = ©]F
ozt sfA G Aol A= v 2 S s o] WA
TR s A ERE HGE AESH, ol & &
|3M ST e ALt AAIg oM = ALt
T7H8ste = &8otd Y AA SH AXstE 79
gt sjA g ) DAY FE WSl @
7](Design cycle)et gt

788k v 2ol JojETh

£ = K (b)z(t), s=1.2,,1 @)

s AR S e, 12 Folt. S71e
F A9 AT 1, oA A2k W91 2(6) & ALghed A
AR K2 W18 A o) bR melat 5Ue
wele] Aalshe A Aolch?

S ECEL R RS ERE CEE L

A S5k 24 5ol 4 B8 o] BH),

BEEE

Find b
to minimize F(b)

subjectto K (b)z = f, &)
g(b.z ) <0
b= ARG W o], F(b)% %x—ugfr IthZue= A
d AA S Wl ghz)s FE5ATEA
(Inequality constraint)% 1JrE]"’H‘:} A 57485
fo =1, 5 = 1,2,-,1 52 T} 815271 (Multiple loading
cases) 2= FAlof e Th? Ay A g HA st
hu ¥, AARFE 7ML o 23S glgit)
qhok =Rlel] erow e wjrkx] AAF7E v

g,

QAPHIB50] A5 31 gl g AT E ool B
A5)o] 9012 Apgo] Folsie, g e ol mA
3 FATle 2 e 253 H A E A=

% =) el op7A ol et el
=g Q) vk Lol S o] e 7
) MY 5 S5 45 £A) 2l

_l

%0
o
]o
FI
£
rr
ol
A,
m&‘i
e
il
@
re
-
|t
E
N
_11-)'
_\ﬁ
i&
vl

o

o

o o Rl
il

o fo r|f ol

12 & oy o

nd

ol

X

=

=

—[m

A

flo

g

Ho

o[o

I =it

ol
N
— 3% ofo

/R e A

X

ol ol g =
K
S

S8 b

)
£
=

oElE A

o] melon, degolth. 218E st = Awe] 9
E(Young’s modulus)¥} “d(Shell)] 7 %O]EE], H] A8
A SHS wed AHstel A AT ued
a4 AvtembE Ak dAl el W= 5Slmj4aaq

gty AES 918 H A5t ol A S wE
ol 7] flaf e dxle] W

= E_Z—]KU]—_/[:“: 7_'1— Z—]XJoﬂ/\i

X
_0|L
H
1>
e
39
oZi
ot
k
o
m S

Find b
to minimize f(b Z)

W (17 162,(0) = 85, (2(b,0)|dr)  (6)

subject to g(b, ZL) =0

by <b <by
bi= AAZolul, BH g fi= 2 A5l otk piz
+HS 18 dHo] s ES e we a8
HAE O Folth beyp 9 i = B poll M) AAgkT}
S erdTE AR welel sigeh e vy
o 54 34 ) Ao e e z = 47 Qojzin)

Ay B4 oH AM3E 13E vEvg 2Eo)
2 (6) 2.7 Fol A& uf, Aljteh= o] A sE=EE
Fig. 20 VFERL} itk Al 2=8lo] 9)/Z&2] dlo]E] o) |
= Aol FolA dohaL 7Rk WA, dA g
Ao v AE T4 S F3sly A2 HE HY
2(t,) 2 AEs it o174 5718 5L 283817] 919
aE ek AR =1 o SR AE AT ea

Transactions of the Korean Society of Automotive Engineers, Vol. 30, No. 12, 2022 977



Min-Ho Jeong « Tie-Yi Liang + Hyun-Ik Yang ¢ Gyung-Jin Park

( START )

k=0 b=b"
Y

Expenimental value Sgp(t] 1s given

P
Analysis domain Oap (ts)
________________________ )
! v Tk=k+1
! ''p=pw®
: Perform nonlinear dynamic analysis P
| (Displacement field z(t_) is obtained) ‘:
1 1
1 1
1
: Calculate ESLs 1
' £ = K (b)z(t,) :
1 (s=12-,1) 1
1 \
(s)
Design domain £y
T o o i i e i s R e e e i e 1
h 4 Update
Linear static response optimization design

Find b
to minimize f(b, ('SI)

w

=Z(ZW&%ﬂJmﬂi

p=1 "' s=1

K )z =2, s=1,,1
g(bz") <0, s =1,-,1
b, =b<by

subject to

Fig. 2 Design flowchart of the proposed method

2 @] = e
g,
AAGFelM = ArtE S7HgseS E-gstol ¥

A g #4845 Tha) ol SajFh

SAAEES 2 AR AR

Find b
to minimize f (b ZES))

et (12t #2500~ 85 (7))

KL(b)z“) = f<5j s=1,,1 ©)

eq
g(b,z](fj) <0, s=1,,1
by <b<by
8P < 68 =685

L — Ysim —

subject to

S7HEFS BEE) 19 4 A AT SHE

978 EUIAEAZHY =27 A30H A 128, 2022

K
T,
ot

o}, e © X A Fig, 10 YRt T
o] Felxt WHo] ohlel, 7 AN o3}
=2 zHZJ_JE]q_ < % _TJ_E%H]— W7H ZJXJoﬂ/q
o)t} Algtzrd o

A

1
p

i

o T
[o

fu 2, 10 oo o

Ji e
N

F o

17k ol . A B} B Fol
ok AAF71e] = k=00]th 7] 3t}
H b =b@& g%t

- Step 1: 3149 % < (Analysis domain)oll 4] WA & 57
SAE e, A 5= 104
AsHzt)ES e

-&m2~ﬂﬂ&%5”%aﬂéﬁﬂﬁﬁﬂ%ﬁ
z(t, )= &8st AF=3h

- Step 3: 474 % S (Design domain)®l 7\1 A8 A=
Adsle FRa. o ShnE
1—4,_?3}25_7-] o7 A w9_-?5]-1:]-

-Stp s 31434 @A) i
Hlow HdAE Fastal, —’Feéé}x] &%
kil *éﬁlz 7] 4 AANSEE 77 1
b = b 0T 7§AB}AL Step 1 0.7 F B0t}

A o) %ol 4] Asprt AVZAG WHET QA
& Zolu Ao] 2 ¥t Holth, el v 5
A4S 93l LSTC(Livermore Software Technology
Corporation)A 2] LS-DYNA®Z &-8-5131, 57143815 7|
Ak e A=A A2 3} Aol = AltairAke] OptiStruct®”

4. THEL0JE] AR AR
4ol M= Al 7HA E]rr?‘rﬂl B 2 o2E 2oHg
bl ded g e, A A e, A7)
28 viE 2] Zgel gk ﬂii}lﬂ Eelo] vy 4

e e,

4.1 Ho pE0| mi2j0je] AlY
7 25 o Aol A= Fig. 30 28X F-RE F
A 5S vleu|E & westa Wit fate] &
IAF o] 9lar, v & A 31 FEst)h 3o
£ 50 mm/mso|tt. FERE9] o], & FA= 242
250 mm, 110 mm, 4 mmo|™, A5 5442 U7} 7830
ton/m’>, G52 190 GPa, Fo}51]+=0.30]t},

Fo]A Ao 7 7P 3 Ryl A3 7HL Fig 39] Hdl



Parameter Identification and Model Simplification of Nonlinear Dynamic System Using Equivalent Static Loads Method

Fig. 3 Simple plate structure

Table 1 The given experimental values

Disp (mm?me @) 02 | 04 | 06 | 08 | 10
Node 705 18 | 64 | -126 | -194 | 236
Node 666 00 | 27 | 46 | 91 | -119
Node 923 00 | 06 | 04 | 28 | 34

Table 2 Identification results of the example

T; (mm) Experiment Optimum L.
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T, 5 5.08 4
T, 5 433 4
T3 5 4.52 4
Ty 5 4.55 4
Ts 5 5.09 4
E, 207 197.62 190
E, 207 192.67 190
E; 207 196.20 190
E4 207 193.32 190
Es 207 199.50 190
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Fig. 4 Experimental data and simulation data

£ 22 gt Fol 7l el AE FBsH=E oA
o MAF} kB Elom HAY B S ol
R ERE SRRt E EEE L RG]
solut 2ARDE ALg ks 29-e} vmscid, 4
G e 550 nAg s e e T,

4.2 MUSSSh= A dY =229 MY

FHA o2 Fig. 50 283 At My 2Bl

R EL9045709] A, 8529710 4 @ AE AREEEA
29788) FAZ T H x, y, z WO 42} o7}
762 mm, ¥-°] 1127 mm, 3£°]7} 412 mmo|t}. &5 2]
2] % Pendulum®] 2.2 m/s .2 W ol FE3tc) A A
A2k 7 A = A A gk ol o] sEvE &

Transactions of the Korean Society of Automotive Engineers, Vol. 30, No. 12, 2022 979



FUS - Yeojo| - Y - wF

THEmm

Fig. 5 Size of the automobile frontal structure
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Fig. 8 Finite element model of the battery module for
electric vehicles
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