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Computer Simulation of Solidification in L-Sections
Yoon-Hee Han*  Myung-Han Kim** Dong-Ok Kim™

Abstract .

The most desirable method for the solution of solidification problems in castings must be the one which com-
bines accuracy, simplicity, and low computer usage cdst. The purpose of the present study is to develop a method
which includes all these advantages. The purpose of the present research was approached by the introduction of two
methods: (1) A pour-out test, employed with very high purity aluminum, for the purpose of obtaining accurate
solidification data in L-sections; and (2) an numerical technique, using the cubic spline function for defining solidi-

fication curves.
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3-1 L¥FEL SnctHEM Fig_ 2 Cross-sections of the pour-out cast—
Fig. 3 -ax 33 7kel 34022l pour - out ings in L-sections, From the bottom of the

pictures the sol times were 160, 6230,and 340
seconds respectively. (a) At sharp corners;
(b) at 1.27¢mof fillet redius; (e¢) at 5,08 em
of fillet radius
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Fig. 3. Schematic drawing of a cross-section
in a pour-out casting showing the positions
measured to analyze the two-dimensional pro-
gress of sol, wave fronts, (a) At the sol,

time of 340 seconds; (b) at an earlier stage
of sol, when no heat interaction is present
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r-% | AA7F &34 7ol EHSlobE A2 Fig., 29 pour-
i — out casting HHES FAE FHFOA 293
SOL, TIME SEC -4 t}  Table, 290lx, 7 —%ctﬂa_l fillet radius ©j
t t Li L,
A 4 = 1 4 1
Fig 6. Moving distances of the transient po- e 12kl =2 ty "ty 2ty 1, o @l
ints at the inside corners vs_ sol_  times at B o o714 7 fillet radiusol 4 o &
given fillet radii in L-sections, .
Table, 2 : Relative thicknesses or distances
Z7F AP Flel) wE FIHogHElY LA A 'inL—saWMM,
o Al R Wsle vl gz A oE AdAql Rel-ThiS?-t t te L, L,
Fill or Dist| <+ — | = -
45emAel 4AE SYsH) Dok o9RE AA  Radine Tibagesy 2 | 2 | f2 | b
2 Fig.7(a-b)oAE, @9 254 1, 2, 3 160 | 1.92 |0.29 | 2.85 | 2.92
o] &35 0 2Hglol Al Aol 9= o
o THE22RE e AdA AAN Y 1, 2, 3 230 | 2.10 | 0.31 | 2.91 | 2.78
of gnFHel FPozvele AUAAA A H=  0.0cm
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AV, 2.06 10.31 12.83 |[2.86
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(a) (b) 230 | 1.19 |0.83 | 4.50 | 4.19
Fig.7. Graphic representation to show the 5.08 cm
invariancy of the relative progress of sol. 340 1.17 [ 0.87 | 3.56 | 4.33
wave fronts for different mold sizes, AV, 1.17 0.87 14.59 1[4.33
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Fig 8. The graphic used to show the invaria-
ncy of the relative progress of sol wave
fronts at different mold sizes.

7l Aoleh  Fig. 8 =3k 5Ud J 4o &

v oan . Mo E yle AgdzAodl e o]o o
¢ AT+ ASEelok &t Table, 20) Yepd A

]

+ Fig. 9, 10¢] fillet radius (R) ¢
7 (E Zo| )o dis) x4
4 pe Aoz B@Hqn, 2,

Cie

o0, ol g

S
8 =
© 2
JL?
A
2 OUTSIDE CORMNERS
@)
o9,
e 1
g INSIDE CORMNERS
»
>
2
)
O 1 2 3 4 5 6

FILLET RADIUS CM
Fig_ 9, Relative thicknesses vs_  fillet radii

in L-sections,

(50)

‘

1 OR

2

OUTS | E CORYERS

e BT

(L
t
W & U, SNy

DISTANCE

RELATIVE

e

/ Z 3 y 5 3
FILLET RADIUS 6 CM
Fig 10. Relative distances vs, fillet radii in

]

L-sections

-t

- 0.49R *¥ 4+ 2,06, %, R < 8.583¢m (1)

=

ts
t

[

0.48 R %22 4 2 90, % R <11.38enm (2

—t

2

Log ( Ly ./t D =10.043R+ 0.439

Log (L, / t; )=0.036R + 0.452

def A (1), @A, A5 % HFE fillet radius
27k Folal MY ARt A A 2, oo
w2 1o HIEZGEE  oly g% fillet radiusX
o} 2A 5w, ol% cornerolAe L3 HHZ F
ol A2 ol ulxakA 57| W ol e

3-3 LE8F29 21024 Simulation

36.3 27.7

L

] R1
. T1 P2 P3™,
Pun.---.--.-‘.-.gq P4Z
R2” | .P7 :

—P E T2 : ras

O Y, i E
0.0 Po6 P5

Fig 11, Drawing the casting and simulation

of sol, wave fronts by use of the sol., data
obtained with the pour-out tasts in a T-sec-
tion,



Fx A54d A23(1985, 6)

gFF 2T e

-131-

rle

Aol A = 21301751 A (1)- 4} computer gra-

phics 71E& oot LYFEol A 4

O ax
oA

< o5 Zo]l simulation 3t e}, Fig. 110 &
ol AALLGH-S graphics terminal &3O

S

] £
= A3, LESY BFEE AR (36,3, 27.7 DR
Agkel, o] 23z, date LIAFE gl A
H-e I 227l o8, AFY zzax ) g

ME Ao, of TR, LIFE Fdo F
A, Ty, T8 & A5 2 HE fillet radius,

Ry, Ry kol =, ofdl & L¥PFEo] £

Aol 2 AA A= glek ol 32 plate
heat flow F92 &3 %4 ( t, S )7 44
sw, o} FAldl g corner $ell 42l P,, P3, P,,
P;, Pg, Po2 A7 A (1) -@F HP st fdoiAl
t. Py, Pio, Ps, Ps 27t P,, Py, Py, P; &
AR dA A AL vehlzm, of HEY
Ax & AFH 238 A Fde X -Y FHE}
Folanl 44 ARt

e -
T

T

—

1.

o|9}7o] Py~Py ol o|2& A -Ee] HA7 AAHA,
N2 AE A7 FHGFHAHE ol FA ==t
of?, & P1® P,, Py Ps, 2332 P 3} Py
Pt Pe & Qe A2 FHAHEolx, Py, Py, P, &
A= A3 Py, Py, P& e A2 4ol "k
ojet o] Folxl 3 ol A& TSt Antg

A g AW 5] Yl A= numerical cubic spline

functionol &&=t} Fig. 12 -(a+=
of A& Ad}-Ea:rAdo| ofE A

(a)
C.

SauAR w2t

S

Fig_ 12. Simulationof
sol_ wave fronts L -
sections, (a) In an
early stage of sol |
(b) in a later stage
of sol,

oo &3 Zrlol A e Tl ot

z18) gtol] whek corner o] 42

2

2

B 2
N

A abk, k’de, ek,
A0 F simulationX®
An
ol Wof, o]} 37}
Azlol veht3| o

L. 73A simulationd] AFEE HFE hardware
HARRIS 800 main #ZSe]o] ddA® VT - 100

E-A}5l7]

o}
o5 =5

T—
it
| B )

graphics terminal 3 graphics 4 3%
213} hard copy 7} AHEE %+,

3—4. Cubic spline functionoil 2|&t =M
fitting.

Folzl Z7ke] 3Me]4e] A (data point, con-—

corner

trolling point) & F3}5l= 9ulgt S41E cubic
spline ®l¥lel] 28] simulation 2 3tk o7
&t cubic spline funcfion-& 3ol sNiyd
© 2 mechanical splineo] 2 7|¥& F33ch
Mechanical spline & Ze}~¥ Zo] gl Ao] FL2
A A2 wbgox|wu o] spline & THHA Foix
A5E Saste T4 olEd, Y4 strain
energy © 347+ Hrh

4-3tx¢] cubic spline funetion®, x,y,z 3%

Aol4 x,y,z27} t2 parametric functiono|z}s}

(51)



-132-

L& gmiEel o g Computer Simulation — g3 9 d 753

2, Sk(t) = Akt® + Bkt? + Ckt +Dk& vehiic}

o 714 o] spline curver} n{n = 3) ¢ data

points & E33strbd, o] curve = n-17]2] spline
segments & TAS 13, 1Sk<n-10] X}
6| spline functon Sk ¢l o]¢8] 2 < xzin|B Sf{ .
olzbul & Sk ' & Folz
o} 9} 7ol n-1744
pline funcfion Sk(t) ¢,

data points o4

o] #6421 s-

-z} spline segment +

ola} A4 Ak Bh,

CkDk & F&719 & % A5+ 4(n-1) o] =k
s

olohgre 2AL SgBRel st A& + gk (1)

spline segments

cubic polynomial & Jielhar,

Cubic spline & n7H¢] data pointol] A ol Sojar
T AL A n-2H4Y HelAM od&" da
ot olzt wlE& ZHAI lermw, 974, 3(n-2)H
2] 27§ ot} (2) Cubic spline & n7j2| data
points & 7FAT lervg, ne 2AELE 44L& F
gtk olzlsted F n+ 3(n-2) = 4n-670e] FAL

Agieh 28
2 A2

o FERAA AL FAY F, ¢ B

tYE Wad

20| $5Fs) o

}*7‘1—]..’ 41'1_4 0'” Bl 8}]

Z7-& cubic spline

54 ol 4 9]

I, ol el L=kl IF4-

(b)

Fig. 13 Comparison of the computer graphics

output in the present study with the result
of Briggs et al‘"” concerning the locations
of shrinkages in L-sections(arm thicknesses
7.31 cm; right angles). (a) The shinkage K6 loca-
ted by Briggs et al.;(b) the final region to
solidify by the present study and the super-

imposed shrinkage in(a) here.
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Fig. 14. Comparison of the computer graphics
output in the present study with the result
of Briggs et al ("’ concerning the locations
of shrinkages in L-sections(arm thicknesses
(a) The

located by Briggs et al.;(b} the

7.31 em; inside corner radii 1.27 em).
shrinkage
final region to solidify by the present study

and the superimposed shrinkage in(a) here.
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Fig. 15. Comparison of the computer graphics
output in the present study with the result
of Briggs et al'" concerning the locations
of shrinkages in L-sections(arm thicknesses
7.31 em ; inside corner radii 1.27cm; outsi-
de corner radii 8.97 em). (a) The shrinkage,
located by Briggs et al.:;{(b) the final region
to solidify by the present stugysuperimposed
shrinkage in(a) here.
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(a) (b)

Fig. 16. comparison of the computer graphies
output in the present study with the result
by Briggs et al.(l}) concerning the locations
of shriankages in L-sections{arm thicknesses
7.31 em ; inside corner radii 1.27 cm;outside
corner radii 11.44 em). (a) The result of Bri-

ggs et al presenting no defect of shrinkage:

b) the flnal stage of sol, by the presentst-
udy which shows that the entire section sol-

idifies uniformly without forming a shrin-

kage

(a)

Fig.17. Comparison of the computer graphics

output in the present study with the result

of Briggs et alJSt"

concerning the locations
of shrinkages in lL-sections(arm thicknesses
7.31 em; inside corner radii 1.27 em; outside
corner radii 13.97 an; very much smaller ju-
nctions than arm sections), (a) The result of
Briggs et al presenting no defect; (b) the f-

inal stage of sol. by the present study, wh-

(53)

ich shows that the junction solidifies faster

than arms without forming a shrinkage.

(a) (b)

Fig. 18. Comparison of the computer graphics
output in the present study with the result

of Briggs et al.‘V

concerning the locations
of shrinkages in L-sections(uniform section
thicknesses 7.62 cm; outside corner radii 15.
25 em) .

(a) The result of Briggs et al. 6 presenting
no defect;(p)the final region to 'solidify by the

present study which shows that the sections-

olidifies almost uniformly.
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Fig. 19. Comparison of the computer graphics
in the present study with the result of Sci-
ama‘? regarding the final regions to solidify
in L-sections with right corner angles.(a) Sol.
wave fronts in an L-section(L 2em/ 2 am) by
Sciama;{b) the final region to solidify in an
IL-section (L 7.62 em/ 7.62cem) in the present
study and the final region to solidify in (a)

by Sciama  superimposed here.

INSIDE RADI(USC M)
0,00

OUTSIDE RADIUSC(M)

0. 00

ARM THICKNESSC M)T, T
8.00 6,40

PUT THE VALUE OF S
0,50 1,50 2,50 3,50 4,50

2

(54)

Fig. 20. Comparison of the computer graphics
output in the present stugy with the result
of Sciama (6) concerning the final regions to
solidify in L-sections with right corner an-
gles. (3 Sol. wave fronts in an L-section (L
2 ecm/1.6cm) by Sciama; (b sol. wave frants
at given sol. thisknesses(s) at the planar s-

urface in L-section (L 8.0cm/6.4cm).
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0,00
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ARM THICKNESSESM), T, T,
8.00 4.00
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1,00 2,00 3,00 4.00 4.30

Fig.21. Comparison of the computer graphics
output in the present study with the result
of Sciama(6) concerning the final regions to
solidify in Lsections with right corner angl-
es.(a) Sol. wave fronts in an L-section(L 20
mm/ 10mm) by sciama ;(b sol. wave fronts at
given sol. thicknesses(s) at the planar surf-
ace in an L~section(L 8.0em/ 4.0cm) in the

present study.
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