g 2EQRAT] e 45 9 STsbe AP 23

m X

kg AH|RlE A

Zdoll e 5

g Sas4le] 4¥H 1%
2[Stt - g - Mo - uixtE" - &Y

Experimental Study of Flow and Solidification Simulation for
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Abstract

In order to find out the casting conditions of the thin wall stainless steel exhaust manifold for automobile, the melt flow and
solidification behavior simulated by the Z-CAST program were evaluated, and experimental casting result on the test casting
and exhaust manifold of SSC13 alloy were investigated. From the results of this study, it was shown that the calculated results
on fluid flow were in good agreement with practical thin wall test castings under the same casting conditions, as pouring metal
is austenitic stainless steel(SSC13) and pouring temperature is 1575, 1630, and 1665°C respectively. That calculated result with
designed thin wall exhaust manifold was predicted filling up into the mold cavity, and practical casting was sound. The solidi-
fication simulation was predicted shrinkages at the bosses for original exhaust manifold, and designed it without bosses was
predicted no defect. Therefore practical exhaust manifold casting was sound and in good agreement with calculated solidifica-

tion results.
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Fig. 1. Three dimensional solid models of (a) test casting and
(b) exhaust manifold.
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Table 1. Thermal and physical properties used in the calculation
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Material Specific heat  Density Heat conductivies Latentheat  Solidus temp. Liquidus temp. Atmosphere
(cal/g/°C) (g/lem®)  (cal/lem?¥sec/°Cl/cm) (cal/g) (°C) (°C) (°C)
Casting metal
(SSC13) 0.12 7.76 0.0380 64 1399 1454 30
sand mold 0.293 1.5 0.00287 - - - 30
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(a) | (b) ()
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Fig. 2. Calculated filling aspects of thin wall test casting (a, b, ¢, d, e) and the practical casting(f) at the pouring temperature of 1575°C.

(a) (b) (c)
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Fig. 3. Calculated filling aspects of thin wall test casting (a, b, ¢, d, €) and the practical casting(f) at the pouring temperature of 1630°C.

Table 2. Chemical compositions of test alloys and casting conditions

. . oy Pouring Pouring o
Casting metal Chemical compositions(wt%) tem.(°C) time(sec) atmosphere(°C)
stainless steel C S1 Mn P S Ni Cr Mo Fe

(SSC13) 006 083 082 002 002 950 190 022 bal 1575 1.5 30

Fig. 3& FYLEE 1630°C, FUAZEE 15sec 2 (dys S8o] F32 wAld] F=e] A |25 7
Aoz % Mg Aotk Fig. 3. B, © ¥ A AW Inoz AL FA=EE AYL vehdv,
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Fig. 4. Calculated filling aspects of thin wall test casting (a, b, ¢, d, €) and the practical casting(f) at the pouring temperature of 1665°C.
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Fig. 5. Maximum fluidity length of calculated results and
practical castings at different pouring temperature.
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Table 3. Thermal and physical properties used in the calculation

Material Specific heat  Density Heat conductivies ~ Latent heat Solidus temp. Liquidus temp. Atmosphere

(cal/g/°C) (g/lem®)  (cal/lem¥/sec/°Clcm) (cal/g) &) (°C) (°C)

Casting metal
(SSC13) 0.12 7.76 0.0380 64 1399 1454 30
sand mold(CO,) 0.27 1.5 0.00287 - - - 30
core (shell) 0.2 1.73 0.00135 - - - 30

Fig. 6. Calculated solidification results for the thin wall exhaust manifold with bosses (a, b, ¢, d) and without bosses (¢, 1, g, h).

9 F227 EAIX)= Tables 33 543 3k} FAZE 2.1 mmel 2#E|jlE]A F7F whg- wl)7] wfy
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=2 Z9]Z<4e] 9AH[Uo|EA AgHlQlElA Fel 1630°C 1B FYAZRE 3.0secE FUHS A+ A
SSC13] W8l FUE 1630°C, FUAIZE 3sec] &l A FI2Fo] AZE AHLE fEHGouE MM
NzFew 23 M3 Aolt Fig. 6(), b), ©) ¥  FIZFE AY T35 Aol AR 7] vy E
(gf= BAMTL 9= 71&E wi7] WU EEE, Fig. 6(d), I F2F A= o8 o3 S22 A3l
@), O 2 = N HAE F2E 3 o2 B FAE shell A2k 2oL ARSI 9132
HE] S22 Agle] dAlEE HAE AN s F3E CO, 322 AE FEARE EFARCE YUY
Aokt AE Jepldot A7 BEE BHolM 2 33, 5= 50~80AFSe|dleH AR E ¢
Fig. 6()%} (b= AlEY BAYI) Qs 719 Y2 5%2 AMsld 23 F CO, 712F HYsl A3
oA $37) 1A APFe] 2T ko] SHT.  A|FHem F] YRl T8 EYAE ARl T4
bl ek AAY AES] Fig 6(d), € 2 Meld 3] Aol AzAZ Saile 100kgs] TFIH= A
= EFe) WA ek AT Ao &g 71204 ghEgsle] SaislE o, dE HeolEE Al

rir
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(b)

(d)

®

(h)

Fig. 7. Calculated solidification results for the thin wall exhaust manifold with bosses (a, b, ¢, g) and without bosses (d, f, g, h).
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Table 4. Chemical compositions and casting conditions for exhaust manifold

_ Chemical compositions(wt%) Pouring Pouring
Casting metal k atmosphere(°C
s Si_ Mn P S Ni_ Cr Mo Fe tem(°C) time(sec) phere("C)
1665
SSC13 0069 080 085 003 001 920 185 047  bal 1630 3.0 25
1575

(b)

Fig. 8. Experimental thin wall exhaust manifold stainless steel
casting show: (a) external appearance and (b) cutting a
section.

vl FHAF2AME FYUFE SSCI13, FYL=7}
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