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Thermal Stress Analysis for Mold
Design in Cast Analysis
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Schematic of FDM/FEM analysis

Hybrid Method = FDM ( heat transfer) + FEM (Stress)

«Simple and Fast
FOM +Fine mesh & Easy to mesh
( Finite Difference Method) *Advantage in Temperature &Fluid
Analysis
+
FEM

: +Exact Represent
( Finite Element Method) i *Advantage in Stress Analysis

a4 | I sa/ag oA

i g

=499
(g-sgs4)

=44
(A=34)
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MS1 =282 235 ol S

Hl%ﬂ} ggg—l %g‘éi 6”&-Modelingl Mesh
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HEW =8 285 ol 4.
Temperature/Deformation

-

A

e

X‘" %.T’J g% 2' oad % éa-" 6” }_¢|| - Stress Analysis

" Principal Stress Ana,l.ysisﬁf
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HIS

g E_é' 9—| % <—C:>>' ‘?—‘11 6" /—"'! - Deformation

H.1 2 & point0l A S| Bulk head AS 0 CH8 B8 S 21

Deformation (Y-axis) analysis of the Bulk head upper mold

27 Point

71E Bt

A3 gt

704 etz

714 w3

Point 1

3.446E-003

2.830E-003

3.214E-003

3.186E-003

Point 2

3.458E-003

2.846E-003

3.226E-003

3.174E-003

Point 3

3.488E-003

2.882E-003

3.262E-003

3.198E-003

o

o S i 2D YS AN Ust 53 S Hlu
& PointOl A JH«EFOH, JHE B2, i 8et30] I
TR0 2 I Yo FHES FL = AS A2
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HI%I’J 829—' %géﬂ‘ 6H}—<1-Deformation

.2 2t &3 pointll M2 Bulk head cast Off CHBt &8 4 Fu

Deformation (Y-axis) analysis of the Bulk head cast
%7 Point 71& Wt 734 ekl 7 gtz A get3
Point 1 -1.212E-003 | -1.229E-003 | -1.212E-004 6.612E-004
Point 2 -1.205E-003 | -1.223E-003 | -1.207E-004 6.632E-004
Point 3 -2.028E-003 | -2.416E-003 | -2.028E-003 6.940E-005
Point 4 ~2.220E-003 | -2.258E-003 | -2.220E-003 | -9.324E-005
Point 5 -1.222E-003 | -1.237E-003 | -1.222E-003 3.704E-004
Point 6 -2.452E-003 | -2.488E-003 | -2.452E-003 | -4.296E-004
Point 7 ~2.128E-003 | -2.162E-003 | -2.128E-003 | -9.645E-005
=X 2F A HEQ Bl NS 23 20, 02 83 Lo Huste 2 53
pointOi A Jh&I 2Ot 301 CHEt XIS HEZ0| JIE 248 Cl= 28 2E
UALH
1
AHOHAIS :l‘= =2dad =Hk|
u JIENE= 2E ME0 SUE £ S HMAE
B DA/MAQ| EMols SRFAUAT ESH oA
- DA ME &4 YU (R A number, 22 connectivity) P& ER
- DN GAGIAE F A BN Dls @7
n DA/MM IRUNAT S8 IHE L SSH MA Jis
e DEO 22 NIE 28 oA
WA AR XIE A% RE
S1EE

2 24 1 3

Re-number

Re-number Re-number

Re-connectivity Re-connectivity Re-connectivity
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+» Constraints each other
= Thermal contraction of casting
= Thermal expansion of mold

M&% = o :>Mold <:3

Cast[_—_‘>r | = "Fa?t . <:} [:::) -

Deformation shape Stress appearance
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Contact Element

A. Gap Element

+ 2 Node nonlinear element
« 3 degree of freedom at each node( u, v, w)

Initial gap width(g,)

Normal
Tangential

Gap function

Configuration of 2-D gap element

Input work for Contact

Cast part Mold part Normal vectors
(1/4 model) (1/4 model) on the contact zone

¢« The contact zone
detection

+ The calculation normal
vector on contact zone

. .

* Need for contact input
work automatically in
complex geometry or
symmetry
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R
5 wan e
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1} M=o =2 NpYs 2 A
-Numencal Example

PN Cast Moid
. - - } Young’s modulus 70GPa 200GPa
ST Plastic modulus 10GPa 100GPa
Yield stress 200MPa 400MPa
Expansion coefficient | 20 x 10 10 x 10
Q@ Geometry : | beam ? é
@ Dimension § ;
600Hx200Wx100t[mm] N lmi g
@ Thermal load ( cooled) z
Cast : 500°C —200°C Mgyt
Mold : 200°C —200°C
Mesh(1/8 model) Normal contact vector

ol
x

g4 HNSS §FE Udst S5

-Numerical Example

2oris
e k.
smea | RN
\/é o
s
YY-direction Stress
i
‘,51'5’001 | '\ ) “qf:;'f?
R Deformation of Deformation of
P4
\ R4, cast mold
‘ﬁj A\
. ; =

XX-direction Stress
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=81 HIZe =& st 89 o4
-Application

b, PN

( g:sotrg:\antg d) Mesh(1/4 model) Normal contact vector

~Casting - - 4 m«mw«mmoidm.w‘,a,.(d.,.:, M;’)tal-" :

 Blement - 828 ) 2303w ommd w2628

Node o et el pomasmsee s oo ot B e
Métérial ) pore t oo ACAC

— -
Condition +Pouring Temp.

o e e eine] k»—.www@'aste Ifon"‘””"’“"”’* g gy, o

700°C InitialTemp-2500G fnmemomine . 4

=8l HI32 §FS Ude S5 o4
-Application

Temp
5.10E+402
4.58E+02
4.238+02
! 3.888402
3.538+02
-] 3.18E+02
2.82E+02
2,478+02

Temperature distribution at 40

sec ( After end of solidification )

Deformation ( at 2450 sec)
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ol &4 -Application

Without contact

2.87E+007

1.88E4007

8.99E+006

~2.05E+007

KY‘_V

-3.04E+007

1.10E+007
7.25E+006
347E+006

-1.16E+007

With contact

1.708+000

g

30364007

1.36€+008
10384006
5.95E4007

!

-8.23E007

24 U=

o] 2 II=Z/0lAl

g _
=8

F8/HEB

Lz s
0N 28 83

22
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250| N2 J|g =9 24
1920 - =X 20 e 280
o o SHEHA M A
s, Goodman 2647 : 2 0120 [HE 25 ¥ &
5 > Gerber QS ALHBES HA
G, -
o N = const. 8t}
Ol 30 2 HEAMY HHEHA S
H - S s3 28F0I8 2
N N N m %0 4oy DU BRSE Bl

M
H
Ql
O
0z
Q .
o
@
ol

(Goodman, Gerber Equation)
CE EJNIZSHEE A&
:SE-2HA0 2 =EE

.|

=9
I
o
o

pY¥

OlAl 28 d& oS
| FZ38o e 2

w=oyN

w, ALY 28U
N : Z2&HMA S normal vector
Helmholtz free energy is :

1
= 5(/1 +21)E ey,

—H(ExxEyy T EE k)

Z2EFHE0I AS O
Zolgtel 30128 AU &=
A4

EESHHC SHOIADX =*S O
FHEZE Vectord S 4 At
o gEl AJIE HIEE = US.

w o
b \-12 b b 1
+ Zz (w0, )" [ C 056,08y + C;0%Ex €140 ]

a=1 b=
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Socket IS 2

28 3I|(RI|Xl 1.0E-4) AL BT o5

we] é.
Z 8 3I|(ZIIX 1.0E4) ARAZ FE o6
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Conclusion
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