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Two-scale simulation aims to enhance the

geometrical information between meso
and macro scales.

¥ R B AaAR A 7] A

It is computationally infeasible to model
the joints in body-in-while body using
solid elements with 0.1 mm mesh.

Multiscale concurrent simulation aims
to enhance material information
between micro and meso scales.

%5 R B My 32 5] AR

a4, F

The phenomenological-based material
law is not good enough to capture the
detailed physics of failure induced by
microstructure.
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5 High Strength Steels JM P23
ss: Ultra High Strength Steels , Hot Stamping Steels (980MPa~)

O-=Candidates to use/develop in Toyota AL ¢ Abaminum
FDS FSW

Flow Drill Friction Stir
Screw Welding
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Application of CFRP
with frame

Application of CFRP
with panel
Light weight
Application of g g
aluminium
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Application of
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Force(N)
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32706 tetrahedrons

Rotation: 3000rpm
6.4x6.4mm area i Plunging: 100mm/min

30240 hexagons

Perimefer fixed
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D ”|n numerical Simulation’ the material prnnnr'l-iac Airarthvi nhtainad hyv cranviantinnal
coupon tests do not predict the crash im #1722 55 Bo ) & 21 Ak 42 0 1 79 7 7]

1 “Some material parameters need to be r~Aifin~A f“"‘""“ *”:“ ';‘""*' ~f rarmnanant
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*Mat_ENHANCED COMPOSITE_ DAMAGE (054)

1 MID RO EA EB [EC) FRBA [PR.CA) (PR.CE]
30001 1500e-006 | 14653000 99569998 99569998 | 0.0224000  0.0224000  0.0224000
2 GAB GBC GCA [KF) AOPT[e#]  2wWaAY
5.457] 5 4572 5, 452 0.0 0.0 0.0
Stiffness Ultimate strain
4 v1 V2 V3 D1 D2 D3 DEATL M DEAILS
0.0 0.0 0.0 0.0 0.0 0.0 0.01999500  0.0300000
5 TEAIL Al PH S0 FBET YCEAC DEAILT DEAILC EFS
1.153e-009  0.1000000  1.0000000 05000000 12000000 | 0.0198000  -0.0076200 | 0.0
AC X1 ¥C YT 5C CRIT BETA
14170000  2.9030001  0.1990000  0.0652000  0.1540000 0.0
Max strength / YC = 5YC, = Stable BT & A

e RTE:S

Element “damage”
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*CT Wu, Y Wu, M Koishi, A strain-morphed nonlocal meshfree method for the regularized particle simulation of elastic-damage
induced strain localization problems, Computational Mechanics, 56 (2015) 1039-1054
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Q 4k4&£Ti6AlaVv
o  HMHFHEA: Johnson-Cook model
o MHERIR: SPGAERT 2 AL A (EPS=0.2)
e FEM&SPGAZ &+ H 1= & s &

4B 3 B

4000 T T T T 1 T
Experimental data source: Olleak AA, El-Hofy HA. Prediction of cutting :
farces in high speed machining of Ti6AI4V using SPH method,2015.
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| —12.5um
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| === Experiment
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boundary

i EEEEE

Bottom ciamp'e'c'i'
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Reaction Force(kN)

MAAELA . Johnson-Cook model
MFH R . SPGAE T 2 A% A (EPS=0.2)
FEM&SPG#A% &1 H 4= =y sk &

T+ E 4 75 AT (ITRI) IR AL M) X 34 38

0.25 ‘ 0.25
— TestX
— SPGX
0.2r TestY || 0.2
—_— SPGY
0.15 | =———TestZ
——SPGZ —~ 0151
| g
0.1 T
e 01
()
0.051 L
5
= 0.05
0 @
2
0
-0.05
-0.1 =0.05[aly
-0.15 : : ! -0.1 : i : i i
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SPG FEM %43 T &
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Q R454R AISI 304

<13

e  HMHHEA: Johnson-Cook model
o MAFBLIR: SPGAERT HAZ A (EPS=0.4)

o HEFBE T K0T
« FEM&SPG#Z 4t H 25

1800

T T T T T
- Experimental results

1200}

Force(N)

oo [

300

{25

= N
[5,]
Torque(N-m)

-

-10.5

ol ' ;

Time(sec)

FEM 4543 T 1%

Force(kN)

: Bl

V,=100

Drilling tool
tungsten wg=314rad/s
mm/min

AISI 304

stainless 4757 pamcles
steel

6720 finite elements

Fixed
surface

1800

- Experimental results .

1200 ,,‘:
6001 [ i AN

i
-

Time(sec)

SPG

2.8

i
~N

i
Torque(N-m)

=105

*Krasauskas P, Kilikevi¢ius S, Cesnavicius R, Paéenga D. Experimental analysis and numerical simulation of the stainless AlSI
304 steel friction drilling process. Mechanika 2014;20(6):590-595
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Q R4E54R AISI 304

Temperature
Time = 0 g ' Temperature
Contours of Temperature 6.000e+02 Time = 0
min=0, at node# 51062 Contours of Temperature 6.000e+02
! 5.400e+02 in=
max=0, at node# 51062 min=0, at node# 51062 5.400e402
4.800e+02 'EI max=0, at node# 51062 i
' S 4.800e+02 I
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1.800e+02 1:8000402 ]
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Time = 0
Contours of Effective Plastic
min=0, at elem# 34027
max=0, at elem# 34027

. Effective Plastic Strain
Time = 0

1.000e+00 Contours of Effective Plastic Strain 1.000e+00
% min=0, at elem# 34027

o
i

max=0, at elem# 34027

9.000e-01 9.000e-01

8.000e-01 _\
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Moment(N-m)

SPG i ] £ 1713: B #4E3L
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2000

1500

1000} |

== =Test

Time(sec)
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SPG X F 52 1514: B 7 47 (SPR)

O 4544 AA6111-T4

Rigid driver

(prescribed motion)

Rigid clamp (fixed)

(@)

M AAE AL . *MAT_PLASTIC_KINEMATIC
MAHAR . SPGAE T AR A (EPS=0.2)
FEM&SPG#A% &1 4= =y sk &

) T A A PR A 1K Fe 52 58 H AR

(b)

Steel rivet
17520 elements \

1mm thick steel
23976 elements .
(218.4mm)

Rigid anvil

Nodal distance:
0.2mm (in Al and steel)

il

(a) Clamping (b) Piercing (c) Flaring (d) Releasing

288848

2mm thick Al
- 17640 element
(outer @18.4mm)

2mm thick Al
- 27483 SPG nodes
(210.4mm)

g

g&z
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SPG X F = #4: B » #P(SPR)

O 4244 AA6111-T4

Force(kN)

-10
0

50

) O AR AT PR YR

. Effective Plastic Strain
Time = 0

Contours of Effective Plastic Strain 5.000e-01

min=0, at elem# 761661 .

max=0, at elem# 761661 esbesl
4.000e-01 |

— Test
=—0.2mm
0.1mm

40

30~

20"

10-

Y R EGAT L8 A

3.500e-01 _
3.000e-01 _
2.500e-01
2.000e-01 ]
1.500e-01 |
1.000e-01 __
5.000e-02 l
0.000e+00

2

3 4
Piercing distance(mm)

5

6

™~
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SPG 2 ] 55475 A 4h

Q EsemtEsE

Force(kN)

10

MAAELA . Johnson-Cook model
MR . SPGAE T 2 A% A (EPS=0.4)
FEM&SPG#A% &1 H 4= =y sk &

32 e TR E] 5 )R,

T T
Strength of the new
threads on workpiece

Shear-f-out sta

No reésidual strenigth after
all threads sheared off

T;hreads starf contact wifh material
Material moves up along:threads

After hardeniﬁng, a lot b0|§1ds start to break
| | |

I I
20 40 60 80 100 120
Time(msec)

#% 22 (FDS)

Screw, rigid
@5mm
Pitch: 0.7mm &

Al plate (Z20mm)
Thickness: 2.1min
Perimeter fixed S5

FDS /e T & B 7% M) 3K 1L A2
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SPGB 5275 iR 4k 2% £ (FDS)

Q B&ehitisE
o EIEH TR 33T 5% BN K

30
Strength of connection :
DB Lo sy ........... 1
E [ " .............
=3 ' , ‘
7] : !
; : ; Connection
@ S S S N completely destroyed
= : Pullout starts : : :
jo N : ;
< 0_ .......................................................... -
_5_ ............................................................ e -
sudden drop due to significant Piercing starts
=10 * piercing speed reduction :
-15 i i

=25 =20 -15 -10 -5 0 5
Tool displacement(mm)

FDS#e T & & 353X, it 4%



SPG K B 55195 R4k ¥% £2(FDS)

O RS MMA L v

. o . . . —Model‘lr
o E3Em TR B Y15 LR | [ .
§4_ SRR |
o
:
%‘37— o
2
25 4
1 ..b"',a‘rr 7
FDS/m T
| .

0 5 10 15 20
Tool displacement(mm)

== Model 1 Top

.| === Model 2 Top

Model 3 Top
- = = =Model 1 Bottom
= = =Model 2 Bottom
Model 3 Bottom

Applied force(kN)

[ <2l ; ~ \ -
o 2 s 5 8 10 12 14
Tension displacement(mm)




SPG2 A\ XImmerse L %

O Non-conforming ¥ #&

« B omHERE

v R R (FEAR) &
v BRMA(FER/GY/ILR/ FEmE) =
o 5 REFEMHT

vV BRI (BRI TR 0
vV EAREM (e ) Il
O ZF Almmersef % R AR
e FATRBERMAALIE “FH2” KR e R
. EARIR @R A SEEEEENEEE
| ﬂéiﬁ? *CONSTRAINED _IMMERSED_IN_SPG 5% dhils 4 5 B & 4
a A FHE
s BERBARIF. FK, ohATRERET 0
o I FEHETHETEAR =1
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O WA REEL

« MA: FEMEE T
o REEE:
o /B H: SPG(RE R MM AR
o KFTHEHAMEA . *CONTACT_SPG

9.18 frame/sec

SPGiZ N X F HEH1: BA+EH

SPG(¥ Me P At H 4 Al SR AR AY)

14.67 frame/sec
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RANXH ERBI2: HFRBRBK

O E%mA
o MIRU Y
v 30-50mm
vV DR HER
v RARE4T7%
v R EMAAEAR(FEME £ 1)
« B
v" Polyamide Nylon6 (PA6) - .y
v /5/;17]:5] 5% ﬁ'}i 7{‘#7}‘]'7]5%@ Courtesy of JSOL
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RN X R RPI2: FHGRBR

O g grEidfs
o LEBEIBLFYIEBAL: Z N (SPGRFEME ¥ 1) + 42 AR A A
e TEEEMW: FEMER

Von Mises Stress
0.0
30.2
60.4
90.6
120.8
151.0
181.1
211.3
241.5
271.7
301.9
332.1
362.3
392.5

N

Courtesy of JSOL . 0.002000



A % 5 R AL oL P 8GR AR AR R

:\,«E’f* &y A AE A

F A AR A ILY BLAY Meso-scale 2L AR M X, 5 A7 X ) R 2R 2 BRAXK 52 36 ) 1K,

ii f%’“i\«fa}ﬁé‘?xiﬂﬁf‘*i
o HEMFEFRNAR, HARFERET, HFid
. 1"'73—»1($r3
o KRN EBEAMm LA G R NELIE S AT

i L TIEZEARAE A T F£ R ea M

o REBRMELELBHTHFATEZEMSHRELE AR COEIRITH

Mesocopic modelling

Macroscopic modelling

s

S. Sommer et al. 8t European LS-DYNA Users’ Conference, 2011; J.K. Sonstabo, et al. Thin-Walled Structures 2016
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A F B 3EAE WA P 09 iE AR OR

Q -F4a3R(Sub-cycling)H%: THZ K
Q % ¥ R E W F)(Concurrent Multi-scale) 5 ik : TS mx #
O ME R E(Two-scale)H-k: AAK T &

Hwo(u,0)=¥IQMacro/f’ (u,02+}19”i(u2+ 1 (u) + 1™ (u)

macro—scale meso—scale multiple constraint immersed

W E R (Two-scale)+t F-

Courtesy of Ford
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R AEAR AP GG E IR NEREH K

Q ZM R E(coarse scale): st4EH
Q P H R E (meso scale): S4R¥E LM 89444 (FEM&SPG)
O BRE

e ZFAlmmersef ik
o LAMBHAENF S Z(RE)IEF EEMST T
o FEMNTHZLEMNRAERNRETEMGEZHR
o EIEMAER G B B A M IR
QO AANR BT HE A A Xk 25 4T 09LS-DYNAE Ak . £ 47 4% #r 18 i MPISE

g
R

#%6 2 X B A AR5

> > Vol 1 ~
g BREE T K AL fin = feoarse T fmeso T

Master job: )
R EAE f

/ MPI & R MPI & % :
[ mpirun —f jobfile } ,u;:}\ﬁ—/%“l’ * 4F Bl /1 (meso->coarse) 000
\ W EEET A . x‘i&(coarse>meso)

[ SlE!VG jObZ 3\%;}%#‘:’ 1 J { fo’J At, 5 = vcoarse Hooo ]_»_, 000

(with “slave” fIag)J
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WE R JEHEFAG . TEMFEDN

\ ﬂlave job

~170000 solids,

master job

~23000 shells

# 42 H T

kB EULLEM X E T
(*MAT_NULL in meso scale)

XA X3, (SPG)

35 R E 2 N X 3%,

R AR 3 Wit LM B FARE T
SR R 55 AL
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%3 /1 52 & (Peridynamics)

Q i HF

o AT HARAR e LR RIR N 8BRS X
c RATEENRAT: ATRALEXA

o @ FTAEEEMAEG B IBIRATA
Q #4&%
 *SECTION_SOLID PERI
«  *MAT_ELASTIC_PERI
*MAT_ELASTIC_PERI_LAMINATE

« *SET_PERI_LAMINATE
« *ELEMENT_SOLID_PERI

O BATe A
« WABEA

Bond force density (|

Bond
breakage

v FEM R #&(TET/PENT/HEX 7T) T

v B TR 3 (LS-PrePost I 7% o
o JEMEMF

o 4F4(UD)E A ?
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