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Model-based Development Technology to Enhance the Performance of Steels for Automobiles
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Abstract

To maximize the performance of steel products and enhance the performance of automobiles,
this report introduces Model-Based Development (MBD) technologies developed from the per-
spective of a steel manufacturer. These technologies include stiffness evaluation techniques that
use numerical analysis to identify weaknesses in vehicle body stiffness, prediction techniques for
material fracture that affect deformation modes during vehicle collisions, and factor analysis tech-
niques that identify the causes of reduced shape fixation in parts produced by press forming. The
report demonstrates how these technologies are utilized in the automobile development process

and verifies their effectiveness.
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(a)Fracture from the edge of the punched hole at 60 mm
stroke (High-speed camera image from experiment)

fracture

(b)Fracture from the edge of the punched hole at 69 mm
stroke (NSafe™-MAT prediction)
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Prediction results of fracture from hole edge in compression
bending drop weight test for frontal collision

X 14

JEHTIZ BT 5 BEPHER 2 & OB O FEA A & 5T &
5728, HOOEIEIEREZ 155 7201 R RINT 3R % 5
HLTHAZENTE D TNUTE T, BIRITH RIS
DPABRE 12 B\ THRAM BT d 2 BB BRI EE )
JNTROMEZMD LTS, HEHEZIEICL TR
D DRI HAFHZEIC T A2 L 8 TE o

4. TV TNy TR

4.1 BN T AEIC & B EERINTE T ORE & MIS

FARE &S O R AL — AR BRI L B
M COMMEE LT, WEHETICL2EBLUL
DOMFIREE L, 2 7)) 7Ny 7 BHERICK 2 E8TE
BT, X OIS TSNS, BIEHET IS L
T, HABE TSR OBBIR T O3 A= AR T
A L7 7L AL NSafe®-FROM /1) — A 2%6.2) % B 5§,
RELTBY, BHISOBNL T AL EHL TV h,

=77, BNAT UM ORBEBLTIEIAT) TNy 7 &
A 10~20mm L E & %2560 % <, &R0 /ASIETD
XSRS 72 D0 O IREOTEREERRICIE, A
TN TNy 2 BERDORRTH LT L AR DOEE ST
(ERIERIET) 20T L, EEIEERLHBIE IR EEIE
THIEICLVERERENZERL T, ATV 7Ny
ERBEKTIHT 22 E0EFTH L. ZOWE, ZRE
KIS DG ASEFZN 7 575, HARBECTILFEM 12X % A
TN 2 TNy 7R N — AR TR e T 2 4T



BEhEE SR OEREZ B F T E TV N— ZRASEHN

72 OO EBGHT T AT L “NSafe®-SD-Analyzer (Springback
Deformation Analyzer) " #Bi% L T\ %, DUFICEERA
IS5 T & HB AT 2 A T 2 NSafe®-SD-Analyzer %
fifio TERENIG S %2 534 L7k R 2 iR %,

42 ZT)TNy VEBORRGHODAI R AES £
VBEA Y AT 4

AT v 7Ny 7 AR RIR T D FEARN) 2 53 FEE 2L
TOTHL, AT TNy 7RI, 7L AT
TROZWIEFIRED T L ARV OFIRE ST & Fio 72
FEM £ 7NV ORI X B 241 L 7256 T ORI
AT CH Do 22T, ZDAT) VTN ZIRITET IV (N—
AEFIW) L, T L ARSIV DO—EBOFIROIG S &2
LA % FEOET IV (IBNELET V) ZEK
L CHHMEZIIRAT % 17\, R— ZE TN OLER LBl
EFNVOERELET A L8, SegsEoI 2L
W92 A7) 2 TNy 2B mOIKE (BT HE) %
KDB, 6T, TV ANRIIVOEE DI DOWTIES]
WEE A RO THET A2 12X, BB OEWE
WAKEL, N—AETIVORE L BB %R
5 LK) ERERII % 5T 5 2 LD REIC 2 %o
Bz, 15 (a) ICATY) ¥ 7Ny 2R &R RO
N=ZETWIZR L, HFOMHE A OIS % —EDRE o
RENFAEICEE L' TV (B HELET V) 2B L,
ZFOMFNTRER T N—AETFT I E T 5, KRB ERD
P Oz HIENMEERE-FELT, o 22LSE
T EDRAT) Y 7Ny 2B Ry K15 (b) ISR T, y
& o TR OBRIZIZ R S RO TS EEDE
R L EZ SNDLD, Bl ZIEN—ZEF)IV (BIH o A% 1.0)
Eam 09 L L7ZAEDyDFE Ay L LIS, IEHELDOE]
BRER L CTHIEA OIBTIEE pIIRO I H IZREE S
%o

_ Ny zmz_2197-2132
B=1—a=1=a = 1o09 ~65 [mm]

Z 2T, zbigl(fzc X, #NnFh, X=ZAFTFT)IVE aHY0.9
DOYED y TH Ao

512, M15 (@) ON—ZEFVIZHL, E16 (a) IR
FTHRICH DO 5T CENENOFHEIB OIS 52 %
FERICLTRDO B E, K16 (b) D7 T 7 DRI % o Tl
EERICHE DI E A IR TE 5,

LAL, M 16 OOHERTIRIEBOERE— FPEL -
THBY, OGO 5E D 7= 5/ 7 2 TR IR KIS
IO HEE L vye EIHTORATY) ¥ 7Ny 7 BT,
O, FxooN— BERD, D EFEOEBOLELE—
FOSER > 72IREETH DT, BE— NEIIOWT 540
BN D Do KRR AT IR T NIG T ORI T 55
VR A & ISR ICRRT 28I, £E
E—RPRLLDOT, SHEL TOMNT 5 EERERIE DO

FENBDI Do SHIZ, HHED IS5 & xHeas
BB L)V E Tl 508D 5,

Z OB 5 % FE T DI EMATE L, FEH
THREETH D, €T, FEMRONET) 20O EBSHT
¥ AT I (NSafe®-SD-Analyzer) % BH58 L 725

NSafe®-SD-Analyzer Tl&, FIOIFHEAGEIAT DOX—
ETNDISS) ZME L, RES RS OREFREOET IV (F
FEIRSIR=AETN) LIRS DI EFEOET IV (F
WYIRTIR=AET W) BT %, WIZ, FELIHAX
OB EBETOEIL, RELIN—AET IV
LTI N— ATV OENEIUIKT L, SRS
ZALET NV OLERL, FRNTIEAT, FRNTRERFEAID B L OS
NHEEEOERZIT ). S5I2, ISR O % H i
R EIZa Yy —FR%21T9). E72, FHEiT AT > 7
Ny TR, B OEMOIRIZNT TR L, 2 M
RUN, K, FAEZEGEDREDELE— FICHIGT
X2, BITOFETICB VTR, MEOIBHZELEFT VO

Springback deformation  [mm]
=
00

0 02 04 06 08 1
a

(a) Springback deformation of base model (b) Springback deformation by a

K15 N=XETFIDITYLTINy VERE a DFE
Springback deformation of the base model and the effect
of a

20

10

-10

A D

Stress Influence f# [mm]
o

-20

A B C D E

(b) Stress influence for each
analysis area

X 16 HHERECHEERE
Analysis area and stress influence

(a) Areas of analysis

Base Stress oy, Deviation Stress gq Average Stress 0,

g -«— 00— + -+—0— + ~+—0— +
K =) mdiy
2 04 L . <
= > 7,’\0—
© Op ¢ (4% A5 b
. ¢ : H
] NP
£ - Y

]
2 >,' ]
=

Op = 04+ 0y Yoq =0 Y.0p = 0,t
t : thickness of sheet

(a) Stress of base model (b) Stress of deviation (c) Stress of average
stress model stress model

K17 {REILHEFEICH
Deviation stress and average stress

B A& # gk B W H4255 (2025)



BB @ SR OMAE £ 5| & H T BTN — XFIRLIM

FIFHRALE ST B CTd B o TV W= X IROPLH v v
N=%HWHZLHTEDN, MADOT VT XLATEHE
REHAL LB W= T D,

PUFIZ, NSafe®-SD-Analyzer (2 & % #5754 DR Fea

v

43 AMETNLESLUAMEE

AT TIOVIZEH T T2 (NSafe®-FORM-LT)?) T~ L
ABIEL72RA8 IIRTBNA T oMoty sy —¥I—L
L7720 LHBIRIBE IR NS — % B CHT - 72 AT
BOTHEOIR, I5HNT =5 LD R=ZETF), REL
HR=AETNVE LOFEIEIRN=RAET IV EIERL 72,
X 19 (a), (b), (c) ICENFNETIVDATY ¥ TNy 7
FEATHE SR A R T S5, HmEzR 20 12773 L9 22
~4mm A XD 8396 D/ NEIKIFEIL, AT ~R—
AETIN EPIEIETIN—AET IV OFNZEIUI0 L TR
a% 09 & LT~ DHEBDOINNELET IV EIERL T,
ETOFBOITIHEE L RDI2e BB, N—AETIVE
B LARE DAL IS BB FEAT S Do

4.4 ISHEEEHSHER
TETIR B TR R ORFEHB L LT, K19 (o) ICRBN
HIPIENGERT A2OT v/ s—Fo b &, @u 7

Material : Ultra—high strength steel sheet
TS : 1470 MPa, Thickness : 1.2 mm

18 St ETIV
Analysis model

(c) Average stress
base model

(b) Deviation stress
base model

19 XTVULTINy VEMER (2 BEZERL
Springback simulation results (z-direction displacement)

(a) Base model

H A& # 8 B W #4255 (2025)

— 102 —

DIz ID DD AT TNy 7 BT — RO
B2 21 1R, ZNENOEIEE— FOFFMEIEE T
VZARERIS, TR P,—P, OFEZAL (Mode 1) £ P, P, Py
DAEZAL Mode 2) & L7ze B EDT Y 5 —XT
IR T o TR B IR DETLIE RIS OFEEFIL T %o R

8396 analysis areas

X 20 ZSHEESE
Analysis area segmentation

Evaluation deformation mode

Angle Change
of Line P2-P3
(=64)

Positive
influence l

No influence

'

Negative
influence

(a) Stress influence of angle change of line P2-P3 (Mode 1)

Evaluation deformation mode

Angle Change
of angle P4PsPs
(=06,)

Positive
influence I

No influence

'

Negative
influence

(b) Stress influence of angle change angle PsPsPs (Mode 2)

21 ISHEBEOHHHER (FIIEHN—XEFN)
Stress influence analysis results (Average stress base
model)



BEhEE SR OEREZ B F T E TV N— ZRASEHN

22 FEERIEHFEEEDZIT) L TINy VER
Springback deformation after removal of dominant causal
stress

HUEPT OIS DB ES B VB RO N DD, EELER
R RIS I D584 588813 Mode 112X 21 (a) @ F #F, Mode 2
XX 21 (b) D GERTH B Z &G H 5o

O TIHREEIS IR — ZE T & FHIE TR — X E
TR LAENT 16792 OIS ZALE T IV OVERK, fEHT
FAT, WERFA) BL O EEESENEHECTT->C
Who ARTETEERRTIL 48 core 7 HIV 72 48 JOB DIEHIFHA
ALPR-C 11 e 16 53 CTh o 720 FHERFRIEFEI U B3
BOT, GHTOBGEZE TS, F20%, H0d 5HEE
BRIET 2 2 LI X ) ETH AN KA TTRETH 5o

4.5 PIFEROWAE

INTRER OISR B T v 5 =&Y, RERIIZOW
TILAERT TEMI T 5 A ETTHEE G207 14.5% D%,
SISO TUE 15 BT CERAC xS 2 BRI THAEE &
M 22.6% D E A7) ¥ 7Ny 2 ETEO FE L ZETRIRA
IS OISR & L CHE L7z T ROMEE 21T 72
DT, N=AET WK UHFEE L72EBTRRIS ) %2 B2 L
T2ETINVDATY) 2 TNy ZIRNT 2 AT o 7ok R X 22 12
Rte K19 (a) DR—=ZAEFNWVEIEL, ATV TNy
27 WA DORKAEA 28.1 mm 2> 5 4.4mm KNG PIH] &
nNCTBY, FIHOEREDTEE SN,

&

H AL ASBI 5 L 7= BT LR — A% (MBD) #:4f7 % i
W7z HEIE RIS SRR IS O W TR L7z W ETAT A
Tl&, NSafe®-SV-espace & H\ > CHAKRAMED§Y T ZHE L,
RS 2 WV B 5% FEht g 2 ik R oR L7ce flZethne
FHIFATCTlE, NSafe®-MAT % FI\V>-CHEOFT £ 3K X B i
MO OB 24TV, EZERE O BT & SR T
LEM AL L T2e AT Y Y7y 7 G HH AT,
NSafe®-SD-Analyzer & FIV:CTA T ¥ 7Ny 7 T DR H

5.

il

— 103 —

IS ZHFEL, MR GRS IR R 2 5084 77
BRIz TNHOEAMIZ L), HEIERZEIZ BT 14
EATRREI 0 L AR R R AL L, BT TR A
OREAL, BEmomER L, 3 A MR EEB L2 LA
T& 5o GG, RRTHI L72HAMICINA, o HAR
RME O MBD HUlTiE D &0 T, S5 7% 2 FdHFE LG H
BRZHEAEL, HEHEEORR T RRZFERIZFS LT
<o

ELERN

1) RRREESEA BEREER HEIEER | 55 4 [ I S A
MR B, 2025-3, RIS

2) Ik © & 49 ME BhlHEAFEHLS. 49 (19), 27 (2006)

3) I~y Rk (31), 44 (2013)

4) A 132 1 THE0E. 66 (1), 80 (2018)

5) LAECRR - HEER. (89), 1(2023)

6) ‘W R 1T T BT ST SCE. 51(5), 789 (2020)

7) N 137 0 HEVERAR SRS 50 (5), 794 (2020)

8) MNEL 132 @ HENHEHANSFRSCHE. 53(5), 799 (2022)

9) HHIEFE (27 © BB ST RES AL, (8-04), 1
(2004)

10) FHHHF] (32 1 HEVHEEAMTSAATRESTOE. (49-05), 9
(2005)

1) AHREZATE (3720 0 BAREESH. (409), 120 (2017)

12) KAV 13 $kEHH. 93 (4), 317 (2007)

13) BPHEHEL (34 L HrEEEER. (393), 32(2012)

14) AHEEZAHE (2 HACBERER. (412), 86 (2019)

15) HH=F (34 FrHEEER. (392), 65(2012)

16) FHIFEE (2 1 FrOSEaEa. (409), 108 (2017)

17) WfES%  BkE . 100 (1), 82 (2014)

18) MM BIL BT ZE 4 © TV ARIBEG N R Ty 7. % 4
B O, SRS EATIFZE S, 2017, p.10

19) Matschinsky, W.: Road Vehicle Suspension. 1st ed. London,
Professional Engineering Publishing Limited, 2000, 359p

20) HATES 13 1 HABMA AR, 91 (941), 1(2025)

21) FIH®ZE (24 HEIESATSHOUE. 55(1), 160 (2024)

22) FEREAEARAR (32> 1 HENEEAT AT S ainl 4. (38-13),
1(2013)

23) KAFEE 1IA HEYHEFEAT AT SRR (46-14), 1
(2014)

24) AAMEZETE 127 HAREERER. (412), 86(2019)

25) MHHEZET 132 1 BB EET SRS MR SR T RS
(web). 2025 %FZ, 107 (2025)

26) HAFEEG 1320 0 B5 583, 6(72), 725(2023)

27) HFEER 132 BYEEINT. 60 (705), 283 (2019)

B A& # gk B W H4255 (2025)



BB @ SR OMAE £ 5| & H T BTN — XFIRLIM

W %% Takeshi KAWACHI

PRSWEZER  SE ) 2 — 3 3 VSRS
FEpiE R L (1)
FREEFFEINHE20-1 T293-8511

1 HEA  Yasuharu TANAKA
AR RS
TREEs ()

H A& # 8 B W #4255 (2025)

— 104 —

FHBEZ#E  Takahiro AITO
BERRZERT SR ) 2 — 3 3 U RFgE
Fihfge H

FEHE 2 Masahiko ABE
SREMEEZERT  Sb ) o — 3 3 S HgEE—E
TR E



