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Clarification of Impact Load Transfer Path Using
Machine Learning
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Abstract

A door panel structure that disperses the load in a side surface collision is newly developed to achieve both
weight reduction and high safety for reducing carbon dioxide emissions. The load transmission from the door
panel to the vehicle body frame occurs when the door panel is deformed and comes into contact with the
vehicle body frame. Therefore, it is necessary to analyze non-linear time series data to elucidate the load
transmission path, and we clarified it using a graph structured analysis method. The key for the formation of the
load transmission path is the contact between the door panel and the vehicle body frame in the rear body. It is
also clarified that the door panel part that contributes to the contact is not only the rear door side sill but also the

front door side sill.

Key words : Vehicle development, Safety, Computer aided engineering, Crash safety, Structural member

analysis, Impact attenuation

1. 1ZC®HIC

I, ZBRFOBHEEMBICEITT, S543H
HMOBS(CHNEBEL LD —FH, REOLZLUZHRT S
128, BLWERTEMENRDSNTWVS,

ik, AEOEREZLMEOREFIE, BEETIL—LDB
ES—ICBFMARENANINE e ERRaIc, IL—
TR TOATANDFHEGEY, BREE— RZHIHT 38%
BEICKDERBELTWVWS, £07=®, BEZ—%ZIEL®
ELTEERT L —LOEEEMIT, SREMHRCREAEIC

&3 7L —LfEsigE”, SERERERICEDVE
B #AVWT, BB SHEENMERIL TS o —
5, BENMBEY ZRBEMIE, BRICLZERIESD
H3H, KELEDL>TLWAEL, £ T, BIEEZRERIC
BICERGCEMTERTONRIEERBL, BiET
L—LAQHEEESHSEZ A>T hEER LT,
R7NARIE, BEEBHCAS<SERL, BERTL—L4
LM LADNSHEEEET 57280, EREBOEIEA
WENHDF—rh D, %7, BRI L—LAGETS
WEOAITRE—RIE, BRTZ21 IV UPEBMIC

"1~3  EAiTRZERR
Technical Research Center
5 EZRMERERRRET
Crash Safety Development Dept.

*

4

T —FRFEER
Body Development Dept.

— 225 —



TR

No.39 (2022)

KDEBB10, HECERRICHETZIEER S, £
CT, R7RRILDBEDTY, RTNARILHDSEEKT
L — LADOFEGEERR X OBGEHREREY LT,
BERRKOMAIL, ERSBUOREFTECEHED
ERETF, BEICSERFORBESLEO T —2E4E
ZR (SEORTIER 7 NARILOBENT) HSHHF
TBHENHB. LHL, BINESTIHAERELEH
ERERAZ Ustar ZAVVRE Y (3530, BERKRIC
BLTRS R BERIT -2 29T 2 FEDRE
DBV, 2T, BEHERFEOVLOTHD, F—
2 DBEBUL L IBEALIC K DR IBRICE DS W=D
AR TH 30 5 IBELAHTEE" ICBEB LTz AT
iE, 75 TBECDFICED, BEET L — OB
ICHEEEET 37200 R 7 /NRILOEBHRORE,
RUBHEDEERBEASHIC LD THET 3,

2. BRRAE

2.1 @Biono-—
PMFEOEHIBERF I, OERMBITICK ZHEHT—42
DS, QREHMEZAW T —2E/M, @J 3 71#EE
ERHZBWT— 2RO 3 BRFETED .
ATRFIE, 2108 LERT7NARILDIREL LT
(Fig. 1)o FEAZEIE, RT7NRICEET L —LORET
HEICBITRHERPE—XA> b, RURTCEFTIL—L
CDEMBEDENEN 10ms CEDEMEE Lize HH
HFIE, BEREOKREER (Fig. 2)o > — MHERLH
SHEEKT L —LHEERNICRAER LIAIE & OEERP
R7REBIEC LTze AFHIE, ANRFH 21 @, 8
TN 485 @, HARFH 163 EDE 669 B LT
BEREZMHIX, Insurance for Highway Safety (IIHS) o8|
EEZEZ7ONIIIICEDSE, \ZHLN)T7DEE
1900kg, EZEE% 60km/h & LT, BRI, A
IERFMENTY 7 D 2 7 TH 3 LS-DYNA EEA L 7=

9.Sash  12.Bpillar Up

8.Bpillar Up

7.Bpillar C1
11.Beltline Bar
10.Impact Bar,
1.Hinge Up {
2.Hinge Center
N

21.Rr.Impact Bar

17.Rr.Body2
20.Rr.Bar
4.Sidesill 16.Sidesill
5.Bpillar low 15.Bpillar low
6.Bpillar C2 14.Bpillar C2

Fig. T Door Panel Parts of Input Factors

3.Hinge Low

Remaining distance

Initial of

Bpillar inner

Center of After Impact of

Driver's Seat Bpillar inner

Fig. 2 Remaining Distance

2.2 U5 71&ah

I IBELDINE, BRI T—2ZIELDEREZE
HOESHREHORAFDOEY MIHL, SKERICHT
dUMt (BEEL) LIeETRAST7 oY hO—0 D18
&% BDeu (Bayesian Dirichlet equivalence uniform) X 3
TRAEICEDIZEEITZLedil, BEELIEVEH
(F/—R) ISUWhELAF #/—F) OREEEEZB
BRI EETH2 " BEBEDT X—
&, BEDORF% X11~1n X Y11, BEDOEF%E X21~
2n £ Y22, KFKOEF% X31~3n & Y33 £ §357—4%
ZHliced L, EELEZVEF ) Y3316 LT, B
FREDLDETF (F) X229 X11 BEHIN, BFRE%E
RTHERCETHRENICIBETE 2REZRT (Fig. 3)o

Past Current Future
Y33
X11 X21 X31 -
Cause X12§x22 X32 X33
X13 X23 X33 =
X22
Result Y11 Y22 Y33 — ™
X11 X12

Fig. 3 Image of Hierarchical Structure

AEEFICEWVWTIE, RT7NRIEAL, R7/ARILPE
K7 L —LESBMNOBEREENE—X> N, R7NAXIL
CEAET L —LOEMAE, HREORFHERY R 7
FBEORFtLY MWL, 7 7@EAREERT S
T, BELIEVWHARFTH ZEREDOKRIFER®
7O7HEEEICH L TRZIB L CHICRFDDERAD
= R L7,

3. PRMTHESR

3.1 EEMIFICEK DEEFT—2EE

BREBITICK DHENT — 2%, RT7INRILEZIBLIONR
ES%% 0.3mm H'5 3.0mm F TEHEMLIEZE 0.1Tmm &
L, YA LICEEHIET- 220 /XZ2—>2% LS-DYNA T
BRAT L 7o

BoONTBIFERIZ, R7NARIOEE L EHEEDK

— 226 —



No.39 (2022)

TYAER

FEEREE OBMRD SBEREHE TT —XEUSTETTED,
BT —RE LCERTEZ ML (Fg. 4). 7o,
BE7 L —LADOTE@ED 13512 L7707 OE
AEIF, RTNRILOEEEMCKDKREL R EAZ
RYH, 64~88kN LIBHAETHD, Chik, 7O7
OUERZEICH LT, RZNARILOBTSELEVERMI%
EEELTWS, LR T NARILEEDEBEDTE
DBEECHNEECE X = (Fig. 5).

Data in a range suitable for analysis
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Fig. 4 Relationship Doors and Body Deformation
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Fig. 5 Relationship Doors and Floor Section Force

3.2 REHEZAW:CT—24HE

SERE T 2B MDY 5 TEELRHTOERTIE, Bk
BIZRARMT 220 IR & D T — 2B ZRBETH B, ZDT:
%, ABDHRFEZIEY —ILTHS modeFRONTIER % F
W, EHEEAEZH B LI-RBEBRICL D T—2 %

RIL 7.

INEBE L, BRI EHMT 2L, 2RFICH
LTER LT IEHMEEZBV T -2, BHEKE
BRBOZRGFERNRA, R7NRILOBEELRND, R
TRABNR/N T IRBILBIFZRTL, EEHBIET
85N 7 20000 HERDBIIERZ R T BEH, HRFER
ICAWRHEET—2 e LT, REHEEZ AV REL
FRATEROBRA LI, EEMIFL D, EENBRSH
THDECHARBIRA M ZERB L THEAL

INEHREE AV T — 2, EREROT—X LK
L, RERHR H0.91 LBV NS, AT —RE
LTERTETZ ML (Fig. 6)o

R?=0.91 V- d

Prediction Data
(mode-FRONTIER)

Training Data (LS-DYNA)

Fig. 6 Comparison of Training Data and Predicted Data
for Body Deformation Amount

3.3 JS7BELShERWET— 28R

72 7EEDIrIE, RFEOHEFEFRE 30ms,
40ms, 50ms DERFE=EEL, RUEDIBHIZS VT
VAR AT ZER LUIHINEGHEZR LT, Thbs5,
30ms DREF I 40ms DEFDFH ./ — RICLHEST,
40ms DFEFIE 50ms DFR/ — RICLHERS R, Lo
TedRG R L AL SEA LT,

PIFERIE, 2 TORFEDDRHD ZRELT S LE
RHYRETH B (Fig. 7(a)), *v bT—0%HDHD
»y<ARLL, BEETIAF, »OHEEBGRIEVEA
FoIszERELE (Fig. 7(b)). Ridlk, SBEANA
F, BRBEZ RTOMERE, BBEZ RT7/N\RILCEEKD
L—LOEMEE, hEBZERAXT L —LOMEGE, 77
BxzHNRFE LT

JO7KEEEZHIL LEDFERIE, BEORT
NRIWEEERTL—LD) PRT 1« —SDEMBENR
FEGREDHL, RT7NARILOBMEIET 1 B JLER %48
FEFLEIRFEREZD > TVWB I ehgh o7z (Fig.
8)e LML, U7PART v —ERDTAMEEICXTL, RTIN
FILEIRIOY A B2 IILEBHNRFERE D DERL DN S
BWe®, REICTEERT %,

— 227 —



TYAER

No.39 (2022)

(a) Not using visualization

(b) Using visualization

Fig. 7 Effect of Visualization Method of Graph
Structured Analysis
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Fig. 8 Graph Structured Analysis for Floor Section Force
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Fig. 9 Relationship between Floor Section Force at
30ms and Thickness of Side Sill of Front Door
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Fig. 10 Comparison of Contact Force between Front
End and Rear End of Side Sill at 20ms Due to Different
Specifications
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Fig. 11 Comparison of Contact Force between Front
End and Rear End of Side Sill at 20ms Due to Different
Specifications
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Fig. 12 Factors Influencing Floor Force due to Higher
Strength of the Side Sill
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