[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

334-327 yoye 5 olesd 17 095 1396 313 o ()30 SilSo wIigo Ao

a9y el doliale

=
= . =

1 M = =2

g0 S0 (wigo = 5
SLIN\E
mme.modares.ac.ir ;',-.:-;_";a!f//f:

w9 I eolaiwl b e,\s,.amé Gogé BEYCRE D ng}é S wxio 9 2 axlllao
=2
P olias Saaas 59 Sa8 GLA HaLE (paslsass

Ol b (ined dly oMl oKl plgn RS 5 o SKuing olSl (Sl )l wlis S ~1
Ol e ined 1oy oMuldljl oKl e K5 5 o Kt oKl (SilSo bslil ~2
mkarimian@iaukhsh.ac.ir. 119/84175 _iw Gstio «)loiol #

S dlis SleYb!

ol iy dllie

1395 yaqy 17 il o

1396 ()98 04 15

1396 cuigus)l 23 wcols > &)

bzl g (1 cblse oidh yogMe &5 Wib oo ouzey Cldad (g Sty (dly cng gy SO @digdh 18 g Jde (5 S au, (b,
Al won & Gimgy ool el 485 18 o5g dr g 3)50 gy0pl g 00 8 dame ey gblie b e gy 4 e
Ao)d 85y obigblad jegd Jao (g S Ay dild (glaysie 5,105 5 5 AT sy A jeSny 5 (guy9d (slod b (S (sl puiie

Joad b k5> (glayito S Soyn At o (e g Slislejl (Sl jolaie 4 Db e aBy iid ladiges B 5 S Ol 45

09y J ool b g o dus )3 0ud 485 L) (gl juiie 4l 0,8 ealitul uilyly g 59 4 Ui o Jilod g (285 by, 22398108 jog8 Ao (5 Stk

5 740° C (o51y095 slod 20 KQIM® pgp JISa o ol L5 ool Cawy ol 8,5 5 byl 3590 LOuslaio 4l 268 Jubows T LY

2 osl 3529 S5 g5 5 o opb S b pgd e 9 )l 45 o caslio Sl al) e 4y 20 SEC (g, 455K olly o

izt i (27.7 HRA) 5w Jlade (nyiiey olpon 4y (2.6%0)J5o 30)d jlke (a8 o] (izmes 5 iy B8k G2 )b 1 Je e

2B ops plie b (Buw g JI3000 9y 3 ehl 005580 C A hyosd Bl g pd SR o 390 Lot sl e
3l o 56.35% 4 64.58%

An Experimental study on Lost Foam Casting using the Taguchi method
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ARTICLE INFORMATION ABSTRACT

Lost foam casting is a new method for casting complex parts. This method, in addition to its technical
and economic advantages over the traditional methods, has environmental benefits and therefore has
been of special interest. In this study, the effects of foam density, pouring temperature, and coating
viscosity were studied, which are the most important factors affecting porosity and hardness in the lost
foam casting method. The Taguchi method, signal to noise ratio and analysis of variance were used to
design experiments and determine the optimal levels of each variable. All the considered variables were
evaluated in three levels using L9 orthogonal array Taguchi analysis. Results showed that foam density
of 20 kg/m3, pouring temperature of 740° C and coating viscosity of 20 sec were the optimal values for
the variables due to creating appropriate condition between thermal decomposition and foam
evaporation with speed of melting advancement and exhaust gas through the pores in the coating and
creating the lowest porosity (2.6%) and the highest hardness value (27.7 HRA). Foam density and
pouring temperature were the most influential parameters on the porosity and hardness with the impact
factors of 64.58% and 56.35%, respectively.
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Table 1 Chemical composition of A356 alloy

Zn Si Cu Fe Mg Ti Mn Al

0.1 7.10 0.2 0.17 0.33 0.2 0.1 bal
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Fig. 1 View of Lost Foam Casting model dimensions (mm)
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Table 2 Vibration table specification
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Fig. 4 Typical longitude sectioning of cast sample
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Fig. 3 Position of the Foam pattern inside the flask (mm)
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28.5627 -9.2480 26.8 2.9 1
28.1648 -9.8272 25.6 31 2
26.8878 -15.2686 221 5.8 3
28.8496 -8.2995 27.7 2.6 4
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28.7233 -16.2583 27.3 6.5 7
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! The larger is better
330


https://dorl.net/dor/20.1001.1.10275940.1396.17.5.50.8
https://mme.modares.ac.ir/article-15-10436-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1396.17.5.50.8 ]

Oles )5 3uTe 963,503 Ybd )alb preldexe

55 gy Hl odLaiuwl b 0 339kl ad Jogd Jdw (55 dicky) JisT )b (Sl yasie (25 Axllas

@ g Jleel g pldgy cudy yo Jlad Ml cle 4 090 Vb S
Sy 5l sam S 04 o Syl dakd mhas p ola Soaly (lig
Ol 5l w5 dlwge 28 jsb @ lasls 1 gd oo (A6 Slde LU
Gl e G msAl 2 by WS e g5 plog 5 Sl 5l
O)ly ape S pyzmen B (so)lpo 4 g At iy Clde dgez 035y
asle it 5,5 b 5 ks o bl ol baa,o ol sames 45 05 s
odd 35 S5 Sl o, pue mized 9 Joo looji J3o 4 00,08
Nyl oo JRES oo Gl Cage oS Conl pod () 4 ST

ous oolatul )50 pg8 diged | ying S 200 LS )5 L aS’ 6 S
e el 0l i3S (o098 Joo Lang 5l S Sl o (o098 Je Dlgie
@ aese olas 1) Oglitte la JBx b psd sanals o 50 3929
olas a5 wil e 16,20,24Kg/M° slapgs JE> sln (BD,C) oy
9 i o) sladls G 50 29750 Bl pgd JBz A8l L ims o
5 o3 J51s & €l SlolS 58 sl Cenl ole 05 5 0 553
wolsz g )3 ) Sl gortey Ce s Bl At )3 a5 pd o5
Wb Gl lediges jo Jodsu B ogd oo ducly g clils

2 oleds a5 Sl oas ooly lad TUSE [0 edd (5,5 diBy, Slakd
et 85 4gSilen gl g0 50 )T Galesl o)l b Bllae JSC5
Y gams 5 B 500 00 adyi 5 o pgs S 5 Lo Ligl3il b el
Olbg S ndodehi & 4z g b g whoe Gl ©ud 4 pgd 450 I ol
oxle Bl jlade 5 00,5 ooz, Hlig Ml &b 5l 5 ol 5l g lade
F b e g a3 S 1, e 8 > (55, S5l (S0 (3zen
38 o JEI3S 5 6 S a5y wges Sl carge 5 Wi oo o

Slabad 5l Jol @b g 530 05 5l (75,5 SIN Glajlogas 4 azgi b
JHIES 2o )5 4S5, 5 A plnil S age Lalpd oad g S
82995 abgre Liabejl pg a4 JiKew cuns a5 cwl 2.6% L,y
£33 SIN (st 51 ol e 1531 03 50 Ll (e Jlosl b el o0
e 2.58889% 515 o simr sheny S0 0 5 bl o -8.2079 153
b eomlio Billas g ail g0 Soo3 odel Cows 4 o amis 4 Jlws a5
Sl GialejT es glis

22 G580 Oliee e g & JiSms (s, Lo 5l R (S
Jelow @l 5l plgs oo sekate cpo aBbo S 3500 (295 )0 Sl
51 dols bl 5 Jguz jo 0ges coliiwl Jabsvas,s sleesls yuily)lg
Soy3 S5y 2 san Dpe S pate NS S ams 0 5 Gulbly Julos
O ilo b pgd (B a2 o ylis aS Gl 0als ools lis s
e g dy JiSew S Jlogei 35 U8 50 azl wiiles b g o
Shde asboe el ple 5l SRS S S ao)s 59, » el
i plo 4 o 85 el B4.58% Lyl b IS (6,15 56

Foam bead

<&— vent

@ ®) ©
Fig. 6 The pores between foam grian
‘a5é L;Lam&l.) O Ml 6 J&n‘;}

331

Shls 5088 Jaw 59, y oad sl ligy a¥ I ol ool o0 gy
O oS Sal JVL A 5eShns b slagliey 4 o 65000 8 9 I
s S b (o098 B 3 0ad g SlajlE b st Crge
wsd b 5 yark 5 e 518 o ol o i Cdl &S ond ¢yl B
abiize (9,0 4 dule g 4RSS ) awls 559 Jood ligy 9 09d e ol
Y gams I Jolo diugn Y Cllo cpl o ioren 968 0 3)ly CJB
9 008 Sk jlow SuBls 13 (cagd Jae g Dlie B G o5 pod 5
575 1ol 5 oad agh Jae )ls SGes D50 4 Wil g slasls
L) Sl 5 a8l Bl e 8 5y et s 5 oS il
el 4 Ol 5,0 0l oy lajlE 5 ved oo iy B g0 Sl
3B o 0 0aisS Gaens el |, lbgy (62303580 5 2 o5 il oo
2 by Jo 25580 plagy anjsSans o [18] og evged ol B
235 o0 Olbgr mlb Srdidel crge pol (l & Wb AR Lbg
e _Ssliie Las 5 a5 Ll b JB olad o 8,k Sl ol 4o

_10 -

,11_

,12 -

-13 4

_14 -

_15_

_16_

114

141

15+

—
[V

by o o

-13.01

-13.5 1

-14.0

T
2
C
Fig. 5 S/N parameters effect on the porosity

JHES o0 sl g a4 JuSww S logei 5 S

—
5}

5 oplaids 17 055 1396 3l yo o0 Suille wiie


https://dorl.net/dor/20.1001.1.10275940.1396.17.5.50.8
https://mme.modares.ac.ir/article-15-10436-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1396.17.5.50.8 ]

Ole )5 Juze 965350 Yld )alibs (ol dexo

5B g il oLkl b 0339l ab | Jo9d JIwo (55 dicky) JisT )b (Sl yasie (25 Axllas

Llelaboe Gl (G5 jladie psd (JB 2l L IS5 Gillae ol
e (R kel (Ligy 435Sy 5 yesd led Sial3Sl
9 0P S Aoy & dlgy (ST L psd JBe mlHI L
Oype & ebioe Jloel LB 8 P8 speely 48 DY gaze
slagty) b amlie )3 aiS oo Joe Slie 18 0l > plp 5o Caeglie Sy
Dgd oo aBu, JB 0,ex G S Gl ol o oS slauls o Sai
0525 Fomb e QS SO L) (cagd Joe g 0ud 3y LB & Sl 5l
o 5 Sy B iogd Jote 5 e 5 e azg a5 g WS o0
Sl sl 5o pgd a5 LB b St plply ol S8
el Sl A cay o Slie bz Selis & 09l e S
b ot JUdl sogp Joo Loy ol 55 45 (B a4 lie 316 a8
5 Obdsy Gk 5l O ajed S¥pame 5 058 00 i pd 4T e los
P Phe E8 o Cepe all L aiS e OS5 wigdoe gl aule
Pt bl slaails o515 a8yl pnl e ap VL JB L slapst
L i Gl Sl 4 sl Ol Gl s Gl a0 o
doztie § MBS co Cwd 3l a1 06 Ol Ol (8 1A conl Clde
ladiges 55 (o bl Luled 5 ood ailon; pr ale 395 o 35500
Ol ) pod JB b B il ploy Gl 8 55 jlegS a5 305 o
35S 50 plesS e b (S lie nslai O Sy 1o [15] o5 ooges
IS 5o 0 les a5 Gl o0l ool LS oals (g S aiSy, Slakad sassasls
GrAalgy JS5 @ azgi b il A e o clilesl o )led b illae
3 o)les Ltaloj] sl o o el s 5 dojlest ialojl (sl il

o) 45l g WS o S |y e gz olid ol &)l az o
Slawle s Fasy, 4 caws LFC o 6, K job 4 Ol ols
| i ol it VL Sl a3 b lie 3l (55, el il
B ol ol wales palS 1) LB SaS ol g ol wales ol
3 505 ol Bl anle 5 ol b 655 sl JoLs 5 355 5 sm e
OedlS 4l 0 g baasls ol S0 Corge aS 09,5 o demie 5 o 1A
Camd Jlog0d oaims (LaS a5 BUSE 13 (293 & ol (nl 5 90 (S
4 9SS 5 ol (w59, 2 wnlB layaie Glp py 4 JUKew
csalie BB waas o oL | st 5 e, (slaisos T lie sbes
il e

53,5 o oamlie (Ligy 4598y 4 by pe Ceand o BUSE Gillae
I L s e 0 s ke sy Sy Sl L oS
Cueles Gl nl g wbie Gl Glbg Cwlhs (Glig i jeSuns
5 Bkl g 5 4l b i 318 oy Sl JU iy 55 Sile man
L 035 o crge oS wleioe Joo pod 25 5l (26 SV garme 4,5
9USs a4 dzgh b azl 10 g 05d 3y (g atd] slozl 7,5 b Glie
Sl e rioren 9wl (uals baaiged ;o (SBrw g odd Fails cudys
Wb ol Clde jo 0aldl als 4

ey polis (sl (b)ly Jolod g ngs 4 S s Julos b
3 S U ol it polis odd (5,5 aisy ) sbdiges 5l SSew odel
5 29.0217 Ly 5g 4 JiSe Cod lp g Saz, > e
o glp a5 o] dae polie b a5 el cosny 28,133 isew lade
oS DS il g0 27.7 Jlode B ly 9 28.8496 565 4 JLS
o i 5l S (o5 il g iyl Jelod 5l ol @ls 6 gz o)l

5 oplaids 17 095 1396 3l o (o0 Suilfo wdiie

(7) (8 (9)
Fig.7 View of casting parts
o.)..;‘a‘_g)fd:;‘r.i) Slakad gles 7 S

JHd00 0 (595 32 oy 590 Lo piia ANOVA L 5 Jgu
Table 5 ANOVA for investigating parameters on the porosity

T
AR e . soh

(%) 56 ® (MS) &lay 5 D)

6458  5.49 8.17 2 o5 IS
2000 123 3.68 2 S5ty cslas
616  0.20 0.78 2 TSNP SN
0.16 - 0.02 2 Uas

LGB padn gloy Gl 5 slesS 5 Sl 10595 50 (6 5V oy Suronl
[15] st s59m5 ol 58 S S5

e 59 NizT B (sl il b 51 -2-4
askad J31s 4y 0nig)98 IRl S'si 555 98 pln o Cweglie 5 (Sl s
S i pln o bl Cuglis jl (g)lne Sl o Cools (al 5 oo
0978 9 £5 & Ghd (Kiuly rdigad (5w jlade Col @33 b lange
Sl cle 4y wadl Gl Sa e olezdl az e 5 o)l Glie 58 slesl
Jogei wbiee Gl 55 el 5o (S Ssdie i, baaised JLsle
ouus ools Lad S jo e a8 )T Ll s ke dw slp et 4 JLKw

332


https://dorl.net/dor/20.1001.1.10275940.1396.17.5.50.8
https://mme.modares.ac.ir/article-15-10436-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1396.17.5.50.8 ]

Ole )5 Juze 965350 Yld )alibs (ol dexo

55 gy Hl odLaiuwl b 0 339kl ad Jogd Jdw (55 dicky) JisT )b (Sl yasie (25 Axllas

Fig. 9 Pictures metallographic samples casting
S5 W) b iges | Sl nslas 9 YK

ol 009s 3l yl5 s g

&5 4o -5
P Jhe S, wulB E,SE slepaie S Giagh cnl e
Sliglejl (b og, 5l eolitul b allislel &jso 4 saigilad
3 Sose ange polie 0] Casny jshate 4 uibly Jlos 5 (2sSG
S g JHSS soyd 6y 2 Supp U ae) cwyp g byl
Sl dels mls 8 S I3y dy0e 00 (g S AiSn, sbbdiges
ABlge ) 9)lge Jold gy
B ol e 50 G B e (giesd les Gl L -1
Sl ol ey poe cle a4y o5 09 o0 a5 2alisS Bloj 40 g
s i Ll il e ialydl J5dss soys ligy sl gy b
2 e B ghy0ed gles 28, YL L 1) wbe SralS

333

28.64
28.5 4
28.4 1
28.3 4

28.24

SN

28.14

28.01
27.94

27.8

—
L]
e

28.8 4

28.6

28.41

28.2 1

SiN

28.01

27.8 1

27.6 1

—
k2
s =

28.45
28.40 1
28.35 1
28.30 1
28.25 1

SiN

28.20 1
28.15 1
28.10 1

28.05 4

2
c

—

Fig. 8 S/N parameters effect on the Hardness
s Sl s A JESs s Hlo503 8 S

23 295 & JES S 3908 @l b Bilhae o oo LA (S5 (59 2
Ot Sowsd sled o5 Cul anie B Jgur i rizres 58S
56.35% Lyl 658 51 el e 5 3,0 bodigal b (53, 52 |, il
B o0 lis |y ool (o F Ay slediges ails ojlasl a5 9 ISs jo ail e
B 6 con i ails ol Lo wlidl LoasT cdl s oly e
JES S g ills Jelos 1550l e Syo lp oS WS e

P (59) 2 oy O30 sl piie ANOVA L3 6 Jguer
Table 6 ANOVA for investigating parameters on the Hardness

oy Ms' Sl ggeme bfa‘ L

o . b - o PP

(%) 5L ® (MS) &las 5o D)

29.99 1.29 3.49 2 e JE
5635  3.94 6.56 2 s sleo
885 029 1.03 2 BENRR
4.8 - 0.56 2 Uas

5 oplaids 17 055 1396 3l yo o0 Suille wiie


https://dorl.net/dor/20.1001.1.10275940.1396.17.5.50.8
https://mme.modares.ac.ir/article-15-10436-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1396.17.5.50.8 ]

Oles )5 3uTe 963,503 Ybd )alb preldexe

5B g il oLkl b 0339l ab | Jo9d JIwo (55 dicky) JisT )b (Sl yasie (25 Axllas

and characterization of A356 composite reinforced with SiC nanoand

microparticles by stir casting method. Modares Mechanical Engineering, Vol.

16, No. 10, pp. 335-342,2016. (in Persian _.,l5)

[4] H.F. Shroyer, Cavity less Casting, US Patent No. 2830343,1985.

[5] T.R.Smith, Use of clean, unbounded sand in foam casting, US Patent No.
3157924, 1964.

[6] S. Tabibian, E. Charkaluk, A. Constantinescu, G. Guillemot, F. Szmytka,
Influence of process-induced microstructure on hardness of two Al-Si alloys,
Materials Science & Engineering A, Vol. 646, pp. 190-200, 2015.

[7]1 B.. Xiao, Z. Fan, W. G. Jiang, X. Liu, W. Long, Q. Hu, Microstructure and
mechanical properties of ductile cast iron in lost foam casting with vibration,
Journal of Iron and Steel Research, Vol. 21, No.11, pp. 1049-1054, 2014.

[8] T. N. Chakherlou,Y. V. Mahdinia, A. Akbari, Influence of lustrous carbon
defects on the fatigue life of ductile iron castings using lost foam process,
Materials and Design, Vol. 32, pp. 162-169, 2011.

[9] X. BoGtao, F. ZiGtian, J. WenGming, L. XinGwang, HU. Qiang,
Microstructure and mechanical properties of ductile cast iron in lost foam

casting with vibration, Journal of Iron and Steel research,Vol. 21, No. 11, pp.

1049-1054, 2014.

[10] L. Wang, N. Limodin, A. Bartali, J. F. Witz, J. Y. Buffiere, E. Charkaluk,
Influence of pores on crack initiation in monotonic tensile and cyclic
loadings in lost foam casting A319 alloy by using 3D in-situ analysis,
Materials Science & Engineering A, Vol. 673, pp. 362-372, 2016.

[11]W. Zou, Z. Zhang, H. Yang, W. Li, Effect of vibration frequency on
microstructure and performance of high chromium cast iron prepared by lost
foam casting, China Foundry, Vol. 13, No. 4, pp. 248-255, 2016.

[12] M. Khodai, N. Varham, The effects of foam density and thickness of the
coating on the flow patterns and some foam molding parameters, New
processes in Materials Engineering (Majlesi Materials Engineering), Vol. 4,
No. 1, pp. 33-40, 2010. (in Persian  _.,5)

[13] M. Khodai, N. Parvin, Pressure measurement and some observation in lost
foam casting, Journal of Materials Processing Technology, Vol. 206, No.3,
pp. 1-6, 2008.

[14] T. N. Chakherlou,Y. V. Mahdinia, A. Akbari, Influence of lustrous carbon
defects on the fatigue life of ductile iron castings using lost foam process,
Materials and Design, Vol. 32, pp. 162-169, 2011.

[15] S. Kumar, P. Kumar, H. Shan, Effect of evaporative pattern casting process
parameters on the surface roughness of Al-7% Si alloy castings, Journal of
Materials Processing Technology, Vol. 182, No. pp. 615-623, 2007.

[16] W. D. GRiffiths, M. J. ainsworth, Instability of the liquid metal—pattern
interface in the lost foam casting of aluminum alloys, Metallurgical and
Materials Transactions A, Vol. 47, No. 6, pp. 3137-3149, 2016.

[17] H. Warner, B. Miller, H. Littleton, Pattern pyrolysis defect reduction in lost
foam castings, AFS Transactions, Vol. 106, pp. 103-109, 1998.

[18] Y. F. Chen, R. C. Chen, W. S. Hwang, Mold-filling study in the epc process-
mathematical model and flow characteristics, Transactions of the American
Foundrymen's Society, Vol. 105, pp. 459-464, 1997.

5 oplaids 17 095 1396 3l o (o0 Suilfo wdiie

wzse oS S50 S 53Rl €53 L Do 18 e o 5 055 o0
Ol a5 03,5 o (B halS Lules g baails 5 LSl ad 555
SS9y 2 P ST 4 bge I ST 06 B s
286 e ps e (n i Shywsd Gl rizmes Sl ladiges
Al oo ol 56.35% Jolxo a5 sSew 55,
3£ S S Glie (a8 b ankd 0y 4 (pliws Coz 2
Gly s 20KG/M® Lolie shls Wb cad s 4 ol 4ijeSms
ol b opgd JBa o winl 208€C Jlade (ldgy anjsSas
2SS woys 9, » B4.58% Jlaie 4 L8l oo (e
3lse e ol 595 2 bl GBS Ts G ee waB
45 Sro ol Gl i Oyl e JBs IEIL
Sl 518 S GBSy ayd g 0ad Jae (nl 098 5 ()l
b oo Gal3dl mw ok Lyled a5 5 ls ol pen 4y |
Gl 015 s9zge @b g JI i iy anjeSiny (2l L
il ool pgd 43 5l Jol> SV game g )5 At 0 5 Wb
o e (hle asile (Lo, oizmen wish 25 o 3 o5 &
e a4 5 08 so damma g dnsle b lio 318 cslio 5>

1
w

1
SN

e 2l g Lules 5 098 00 Sy Fatual at S 5 L
.bb)fd.o

&xlp-6

[1] S.L.Pramod, Ravikirana, A. K. Prasada Rao, B. S. Murty, R. Bakshi, Effect
of Sc addition and T6 aging treatment on the microstructure modification and
mechanical properties of A356 alloy, Materials Science & Engineering A,
Vol. 647, pp. 438-450, 2016.

[2] W. Jiang, Z. Fan, D. Liu, D. Liao, X. Dong, X. Zong, Correlation of
microstructure with mechanical properties and fracture behavior of A356-T6
aluminum alloy fabricated by expendable pattern shell casting with vacuum
and low-pressure, gravity casting and lost foam casting, Materials Science &
Engineering A, Vol. 560, pp. 396-403, 2013.

[3] K. Amouri, J. Amouri, S. Ahmadifard, M. Kazazi, S. Kazemi, Preparation

334


http://link.springer.com/journal/41230
http://link.springer.com/journal/41230/13/4/page/1
http://link.springer.com/journal/11661
http://link.springer.com/journal/11661
http://link.springer.com/journal/11661/47/6/page/1
https://dorl.net/dor/20.1001.1.10275940.1396.17.5.50.8
https://mme.modares.ac.ir/article-15-10436-fa.html
http://www.tcpdf.org

