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1- Introduction

For obtaining casting products having good quality,
designing the gating systems has an important role. Usually,
in the complicated or heavy components, several gates can
be considered. It is necessary that the metal can flow inside
the cavity with a lamellar manner to provide a homogeneous
microstructure and mechanical properties. It is possible to
control the pressure of the metal flow by designing a gating
system with a suitable gating ratio, which is defined as the
ratio of the “area of the lowest part of the sprue” to “area of
the cross section of runner” to “area of the cross section of
gates”. If this ratio decreases or increases gradually towards
the mold cavity, the resulted gating system is called as a
“pressurized” and “un-pressurized” gating system,
respectively. In the case of steels, both of pressurized and
un-pressurized gating systems have been used in the
literature. In this work, the effect of the using the pressurized
and un-pressurized gating systems as well as the influence
of the place of gates on the casting quality of a centrifugal
pump body is evaluated utilizing the casting simulation.

2- Simulation Procedure
Figure 1 shows the schematic of the centrifugal pump body
used for the casting simulation. First, the model considering
supports for the core, was designed. Then a sand mold was
modeled using Catia software, and casting simulation was
done via Procast software. CF8M stainless steel, silica sand
and resin sand were defined for the alloy, mold and core,
respectively.

Three designs with the gating ratio involving (1) 1:2:1.5
with 2 gates, (2) 1:3:3 with 2 gates and (3) 1:3:3 with 3 gates
were implemented to the software.

3- Results and Discussion

Figure 2 indicates the simulation results at the last stages of
the solidification. It can be seen that at all designs the un-
solidified parts are not inside the pump main body. As the

supports of the pump body are not experienced severe
stresses in the service, forming the hot spots inside them are
not important, in comparison to hot spots inside the pump
main body.

Figure 1. The schematic of the pump body used for casting
simulation.

Also, figure 2 illustrate that if a pressurized gating system
(plan 1) is used, the molten metal in the sprue can be in the
state of the liquid until the last stages of the solidification of
the pump body. So, it can be act as a riser for the casting part.
This is due to the limited cross section area of gates in the
pressurized gating system and aggregating the melt inside
the sprue, which limits the cooling rate of the molten metal.
It should be noted that using a pressurized gating system
with a very small cross section can decrease the temperature
of the melt and even close the rout of the molten metal.
Although, the effect of this defect can be weakened by
utilizing shorter runner and gates. Figure 3 shows that the
fluid velocity at both gates provided in design 1 is the same
with the magnitude of 0.7-1 m/s, indicating a homogeneous
fluid flow towards the mold cavity.
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4. Conclusions rapid cooling of the molten metal inside the sprue and helps
Results showed that designed gating systems in this work  to the sprue acts as a riser. Finally, it was found that for a
can move hot spots to the area out of the pump main body.  casting with lower defects, gates should be placed in a same
Also, the proposed pressurized gating system prevents the  distance from the sprue.
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Figure 2. The contour of the solidified fraction of the pump body.
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Figure 3. The fluid velocity with respect to the casting time for (a) and (b) two gates of design 1 (figure 2-a).
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Evaluating Effects of the Gating Ratio on the Casting Quality of a Steel Pump Body Using the
Simulation

Morteza Azarbarmas

Abstract Due to effects of the gating ratio on the amount of shrinkage porosities and thereby on mechanical properties
of steel components, optimizing the gating system is one of the interested fields for scientists focused on the casting
industry. In this paper, the casting of a steel centrifugal pump body has been simulated and influences of the gating ratio
on the casting quality of the obtained component have been evaluated. Investigated parameters involve the place of
formed hot-spots, the speed of the liquid flowing from gates and its uniformity. The obtained results show that in the case
of the evaluated component, both of the suggested gating ratios of 2:1.15 and 1:3:3 can distribute the melt well in such a
way that the last solidified parts are far from the portions experiencing high stresses during the service. However, using
the gating ratio of 1:2:1.5 lets that the sprue to be full of the liquid metal. So, the sprue can compensate the occurred
shrinkage and almost prevent the entrance of the out gases. Moreover, it was observed that the symmetry of gates with
respect to each other does not have an important effect but with respect to the position of the sprue has a crucial role to
ensure a similar speed and behavior of the metal flowing in the different gates.

Keywords Casting Simulation , Gating System , Pump Body, Steel Casting.

Bl VEYINYOT oy eyl 5 VEY/E/TP i il s sl

Email: azarbarmas@sut.ac.ir g mn oK1 5l ge o ige 2 ISLEINS b i 3l e Slidn 58 e gLnlial (gt s a5 (V)

Yo


https://jmme.um.ac.ir/article_44847.html
https://jmme.um.ac.ir/article_44847.html
https://jmme.um.ac.ir/
https://doi.org/10.22067/jmme.2024.83486.1116
https://orcid.org/0000-0003-3443-3827

o 53Y5 g U (£ Sy ColeS SIS o ol s 0

Y&

[18]00 50 5 Koo Lt as [2alS askss s |, W3S
S kS 5 AEA s (b f 58 26 2
e o (Saisl 5 Cd s JjuS a5 wisls Ol LasY 5
Olial ol ol s A s s > b L
S eslinal (K 63V ks (sl 8 sg ol SOLS
Sl obadl 5 i glads o i 5 B an slas Ll
e sl IS 53 Ak dde 15 e ol 0 wex
Cambsn 5 olel 2ol L S L35 saalie [14] OLSen
ALl o Jls Ol (v geime 5 5b 4 Ol 5 0 Lo lal,
L SOl ol ami 53 wosls 2als sV g 55 1, (655
3k b ey a5 53 SLSU S 555 5l 5 0l 5 50
25 S s
e S (RS WS @ b Ol £
L oKty Jise op 5wl Ll 55 e oS [15] (Choke) aKal,
Ol oo odd J 28 a5l a5 10 53 baojlaly 5 s slaie
o [16] 55 eslinal (5 Samny; 5lib odas sl O
phie Coles cod 5l el Sole & ENCENp -
CbLE.» gsom) 5 Glaly oo,0 Clain» & (6 Kal, el 2 e
o= JFs 4 23 Ol 75 oS s alasjlialy 5 e
sl clin ) s s S sl 2L e
L17] ssd e S L 55 sl (s b 3 003
(L el 2l g s ol LT Sl a5
JLad oS 5 L, s g3 w ) Al Gl gt Ol 0
Coos &y 52,5 wblis LIS 5y (bt 53 03 503 (G
oSal; ) 3 Sl 5l ol o 1 355 g0 S 58 o sLal
g B e ol YL LS L b edd pe
S & 88 ablie O LIS oS Slagtoes 53 (S0
o i 3515 (5 S HLad b sd o o Sl 5aLES oLl
STl
5 Ul el SLa3eS 5 LS, glagitenn Sl pliS a
e 31 ealiiel (eadaze Sl 3 il ) 3 ol
Sl ol (5,18 LoV 5h (¢ Sy 5550 o 4lid sl
53 ek eslind Sl i slacas 5 S, [18,19]
WJ= ol bJ20] sl VY0 lasY g (g Sasey s
o0 3 55 ol oS Al e glacod Sl esliza
£35Sl 6 G el 53 [21] el ok 2155 sy 3

-

FURTH

s Sk S b (g Sumu s J pame G 03550 s 4 6l
L;AKA‘)WQQ.}J‘QMLA‘&_E;@KA‘)WL?\P
IS B o 1 51 0k 6801 5 5 04 e vl
Oleabl Cogr ol L 1] S5 s Slakad 5550 53 S oo
e a3 e b olaly i (Mo OV oilin o5 5
head il el Ol S b 6 [2] el 5 5 50
G Ol CHES Sose @ Sl Ol Ul
5 @bomil Ll p5 U s o2 B o i sl ils slae Ll
Folm 03 IS SSG ol s bl AT s
25 e Colos Vgane slate opl (Sl 50 sl ankad
L8] 558 e Sl Lol oSS sk 5 IS5 [3.4]
Lo 5 Ol Ol oo Waoslaaly (o 0 shade il (~1b L
0 e sl el 5l S0 (SC[6] 58 J s 1, B ol
250 53 oot el LIB s e 0L 2 e Sy
SVl e J b 3 b o a8 Ligb 5 SHL Olakad
axkad JalS AL 5 olde Ol 5 0058 (B D)0 3
S ol 5L Do 5o e s el et
o o el i e o llae Vb 3 0L 2 S S
ols 4 5 o3 Ol 53 (Saisl bl o 5l mlee 55 YL
s w1y Cd &S s 5 aanls s 5 W3S oslal
e 3D IS Lo O ges Ay &S el g ol 5 sls
o35 il el (3 Sl el Sl S s S e
Al o b 3 &S S bl [7,8] il .
DA cp eSOl B [9] sl (g S e o33l (o 4
Ol (8 adss 5 Al e A 3 e 2

S5 Ml el Olalad
Sy bl 4 Lo S 5155 [10] SKan 5 55 S50

St O gee Sl 3 (3L el enilin A1) s

Kyl basY g g Samu ;5 Glawbs 5 (58 ol s e

S 5 sl S Sl i 5 Sl s
Sl ooy ST & (S sbasN 8 55 O3asde 5l G
Sl 3 Sha amlie L [12] 0liSes 5 5 [11]
(exhaust manifold) ;531 W yace axks (ol » Calises Al
Gl Al e 31 eslinad oS dsls Ol (oY

Oslsl (a\.s a Jlal cosls 3 g 1y 93 OL > (oL Wl g o

TP o Dlad oy s oo Sl

Ay s sl in 2



YV

o3l B e

celw 6“).: ol ealaial (u) Aa;:ALa E) (g.,e.”) d.l.a &.;Lm.; Y Ji.&

Sl S ey i g S, LB

ooy Ay (5 Sy (bt 53 el eslinal gla el ) g

R
o iy 1l ke ALk et
\EAr O ey sles
A [ asmeale 5 LG glos
foo WIM?2 °C aalss 5 ale o)l >~ Jlal o
Yoo WIm?2 °C auls 5 anle ol > Jlisl o o
ot Ao wle e
05 K3V T
CF8M
\ Kals s oymuy o e

b 4y ameale 5 LIB (Jde awkn 05 S 5515 5l e

B b LA e leand gla bl S,
O ) sl los 5 4 anked LIS elad glos Oew
Joli bt s sla bl ey plodl 4 5 1l (g3l

r.:_m.;_..»:).ﬁ Uhe)l.c.hbdaAJ.:\.bu“ ¢dbl<.hbv.:_m.:_~uw

@V S 0 5l 8 e Wy g S > A s
w3 S 5 Lol sy s Sa, b gileans WS 4
Joe a4 Cand Ooline slaoslaly Sl LU poeen Ll
Goam s bl old Sy eSSl
S 5o 5 Ol i Sl &S Sl ol sdalie S
o3 e glaoslaly b sl askd 4 Csd ag,s b g
5l a8 el ks fate slaly ey 51 oKl oS s
53 J22] ol e Leame OF w0 5Ll glad 1ol 45 el
s ot Sl s S1olSal, w0l o oz b ol

R

GRS )
e oslinal S a5l 50 S ey B STl g (1) IS
Je (s cpl s e e Ol ) gsleans s
5 bl GlaelSass bl L aadd opl (5 San,
(Y JK8) 43 (s5ldie o 5550 LB 0T (55 51 s
Cels amale ol an 4 ey S Sl 4w Jde caslsl s
Silwand Jlpe plsl gl B G 5 (Y IS0)
oo Shide SUT s Jame oS BEISHEVRTS IO
auwle CFBM 05 K3 a¥56 i 5 w0 azmanle x5 B
O Sl prmen LS ORI a5 anle 5 oo
oo glabl s w5 K s VPAY L gles wosd

sl 0 oJ)_)T (\) J}J&- BE LS)L"’A?‘*:’

.ijjﬁ L;)Lwd.y.& e ol oslaiul L;;Yy e da.o\.v &;Lo.& \ J.{&

SSa,

e s sl ke 4

VPP o dlos o s oo S



o 53Y5 g U (£ Sy ColeS SIS o ol s 0

YA

05 355 90 e ) Cjb) JLad &AKA‘) s 3l eslaiw|
Bl o Bb Clde 5o Olamen slexsl gzl B oKl
o o3l O 53 S (Y 2 b) JLis oS e S )
Slssd & Bl e ol ol (el eds emis oK
Ol 5 slamil oLl Clbsd s oSl 3k 5l e
o 5 53 slas S e esls 35 DL
w\}&w\gtj@ydlc}g:.ﬁﬁﬁmb—pg\b
oy I g3 s olbme 035 S S L a &S
B oKal, 53 545 50 Ol = B
1 5 M\}})L.i.évsv;m:.ﬂ oKal, 53 54 50 g..Jl.;\,av}.?
Aol 5 S Lid e 3 oKaly Sl glos ials
So 4w Lid (e T o LS LI CRE N FFEN | B
4 15 il S T 31 e O slealy (6 bees oS

o0 IS 4

ol el s il ol sles
b 5ol 5 esbaly 5 bal dsb Clsesl b Olg e | cus
j:;w@wléu:@\élﬁw}l}>;&)d,\>
5y

and glaosla, Sl osd as,s Ce e (0) 5 (F) IS
s e OLE LY 5 b i AR s 53 0
ojlaly e Oolie b s a4 a8 550 e sdalla
35 Sl b ]l ] 5 Lo sloal 31 lie 3555 s
Joes s Jlasl 5l 3 B m b 9o opl s eslinal 550 0 lal
@l 33 opl Ll Cumd ge Js des O lase DelS cankd
G okl Jlio (gl s gl andad Cilisee (gla i
ool 4 ) Sl S0 ey o W 4l
S 5 S e = 250 a5 (F) SO = (o e
Soglize SU 0 eskaly 53 ol 8las 5l 6 s Sl S -
gl gt

Clde CS > Co w45 das e 0L e IS ) s 23
P2 (F )V mis b oy e le; oslaaly 35 a5
535 3 (0 JS—8) DS MIS G /MY e ¥ b e
S o b ) elie A5

03,51 Y Jsd 53 e eyl cpl Sl il o aKal,
Sl edel s 4 2 (il ploil 51 el 0

.L\a;)‘ﬁ@;)}ﬁjbm

358 e S bt dsb 3 oLl sy gla el Y Jsds

S
D)L..A‘)J‘J\SJ JA&A\JMW oéui,w\é)ycjb€u
Y YA/ Vb
Y v Y lea
Ay Yy Ay ija

o g mld

Sl 53 sy 2050 S DL G rege S S Y sane
b il e (hot spots) pls bl [ (8 S 4
St 53 BlE ) o 1L G165 @ b s e
Lo s S 0 dis b ol&aly 5l 5ss slaole 5 655 5
53 503 LU ool 5 s sleamil gme 4 BB ) S5 S
JSCas Ll Sy gl s el 4 o e e O
340 lea v Soluand S (F) UKo [23,24] as aal
S Sle3) das o QLIS slessl Ollasd sl 5 | eslanal
55s layls wlie (ol ol dazeis il o j3 Av 550>
IA G ileand s @Wlis opl > [25,26]e0 3
S el ol gm0 S o S e 3550 sle
Sla sy s ol sl gles sl olasil 51 Ol cpl s
lezel i G i b gd e esls 0L g canked Caliss
b s 5 ekt o oleal g 5l Soss laia
A Al edalie s pl gl 2SS

dozie Glagtisn (b a3 S 3 pd e abd
R R R
SOl &8 al oo g glawly ([STs5 53 bl Jb= s
JS25 Jlaim) o L oyl a8l e e >l b
S5 eV sl Al askd e gla i s e i
03 5 s O db s lacws S 5550 53 S
St B oy K555 03 G S 5 ol i

So3e 534S 50 abedle Ol e (1) S5 55 s

TP o Dlad oy s oo Sl

Ay s sl in 2



i

o3l B e

(s) plej

M) Jlos a2 i

[— 26113 Fluia Velociy-Magnitude

Solre sl 5 Sas s Ol 4 o Il oo sla i ¥ IS

g
(s) ylej

Vb e ek ans o slaly 55 () 5 (D) s o5kl

oes
[—— 78506 Fiuid Velory Wagninude]
0=
o0
3 o
=3
& ox
E
ose|
(8) olej
ass
[— 73306 FiaVeiocey agnitae)
tor
o4
o
1"
=)
B ox|
€
ol
oos)
B + g O 5 &
(s) ple

ol 8l 6 S e s Ol 4y Cond Sl o s Sl i o s

Vb e ad o plaly 55 () 5 (D) 5o ol

Fraction Solid StepNo / Time Step : 830 /1.000e+00
Simulated Time  :132.8316 sec
1.000 Percent Filled :98.0

0933 Fraction Solid 1811

0867
0800
Y o3
. oes7

0.600
0533
0467
0.400
0.333

0.267
0200
0133
0.067
0.000

Fraction Solid

&l

Step No / Time Step :920/1.0000+00

— Simulated Time  :157.7898 sec
Percent Filled 1980

0933 Fraction Solid 798

0867

0733
I oesr
0600
0533
0467
0.400
0333

0.267
0200
0133
0.067
0.000

X

X

Frecton Sokd StepNo / Time Step 950 /1.0006+00
1,000 Smuated Time -
0933 Percent Filed 1980
l 0867 Fraction Solid :80.5

0733

0533
0.467

0.333

0.267
0.200
0.133
0.067
0.000

X/:N

b (Sl oy s s gla i 53 el S L 3lS ¢SS
Y () 3 Y () () sl b K St Sl oolizal b

semen B 3 OB 3 LSO Y b s, 5 s
SIS L ol Sl baelaly Aol O S5 1065kl
2ol OS> G o o 3L B s
4 o Gl e 55l 5y Sl oslalsy 5 (LS o slal,
M/S G +/8F o3 gdn 5 +/OY MIS L v/ o3 des 53 i 5
@ Sss s Slesjlaly &S codl gy syls Sl 3 /A
T S b 35S el Sl sosd 555 en @Kl
s sl 5 Gloy ol cpl g dalr i O Ol
Sbce v h e il glaosloal; 5l osd s
Sl ol il s a3 5 oslite Libe
Aal g sl 1) ol g 3 g5 5l el aalal s sl
S oss gt e e S Bl L ks S
gl gl Olye men 41 b e Lal

e s iy lle wlige i

TP o Slo iz s oo S



w3 Y3E g Ul (§ Sy CodS Al b o G ey o

’J’.'“'fd.":‘j axked 3l dss 05 S s B U Ldl il

23 gl 3yl anks

&l

(M/s) Sl oo oo

(8) plej

(M/s) Sl o2 s

) o

d)@d\ﬁdﬁwjoujpwd@uﬂéuw f‘JﬁJ
4 (LS ool 5 Jaws olal; 5 4 () 5 (D) s obal,

chb)b ol

NODE : Fill Time [ sec]
Min = 1e-06 at Node 18604
Max = 11.499 at Node 28542

11.50

P || | .
O_2rNWWHROD
NOAWO DW=
NWONWONW

e e b s bl OS5 Ol w4 bg e S VIS

\ f@‘)wcjb)\azw‘ﬂ\pdﬁ@)

oS ) Yok 5 Gl ) N 2k Ol
e (3l 35l ool Shle HLA et ((GLAS
Cals Js 4 aS il mely ) 2 b s axkss Al
DLy e 3 s ames Ak Jlail e S
Slos SRl I 5 o mazr o015 o e 51 (VL e
(s 52 A5 1 VL e 4 5L 5 00 S 4 2 |y (6 S
S 3 g e sl oRaly 025 g oDl 4 LBl Al s g
Cw)‘ S s w8l Bl B s 4 (5 2eS S8 g
b oSl 53 el anilil Cs3 e 4 Do U1 (5 %S
Slad Al e 31 eslial LYo S (SG RBl5 s S
o a2l [27] Wb 53 OpealdenS] EAS e
Iz & 055 o o 31 48 5,15 55 bas JLid, alKal,
250 53 s e VLB 5 LB Ol a
o e A 3550 53 S 3 S o5l ol K L b3
i cpl oV YU S cle @ lie ool s el
S 3 VL Ol e pamen Al el Sl (i
e Sl L ST 6l 5 e oSl a3 53
Al 5l [l [28,29] YL e 3l Sole
S s Ghle Gud  Olag a bg e 5 58lS (V) K2
ARl et 3 o3l b sl (3loand 55 50 5l 52 S Gy
2 0LE 5 Ol 88 (s, lasde ey e OLG ) CJL
ol KL s Ky e gl A e 0L Ty 4l
UV S G el Ksd  GbLe ) &Gl Gl oS
AT S e e 5 (G Siyoss skl
Y sans iles 5 anked U5 cla iy il oS sla i
Gl 33 31 Els 0 e LB o 3)ls &S osd op 2]
cadsl Cd |yl sds LB o i 54l Jsl Sl s &S
Bt s o AB Js 55 S 5 CIB O35 e B 4
RO PN - PRSI T P PP e el
L3555 esliad Ly ST a8 Wl Ll sl ediasolis Ll s
AL Sl ey Sy VL i 53 45 5 5d e o 5 AL
eled Ol Ghle ol 03 1) (hle e 5 sbemsl 1 (30 e
G Ll e olinal S pladss oladad g5l 5o Y jons
208 a0l o Jlie (51 g e a8 S a0 50 Ol & 50
Gl (§55 SIS & S 453 VYo a3 GO L s
b andad (glael s Cualbies 4ol 4 a5 Lo S 4l askad

35 oS el Ls e eslinal & Sl i (el SSU

TP o Solot omy s o Lo

Ay s sl in 2



) J‘”"jf)j/lf“duj‘

b ARl e b s oS sl Ol s Y S aous

)\ LAQTWU@M,.iL}Q“..f &Sue)ubdmu)u:ﬁ LSJ‘YJ-? JSJ.a)lfu,f 2 s L;u.:djf‘uz-_l) e U'i‘)‘}
cQJ)_..ALi‘J:.é)} Mbdb&ﬂé@le_ﬂaj‘&m @L’JMV}SL’J\_J 6)@4.3_&\;,_«5_5ﬁ)‘)3‘rj&a544
ale e s a3 5 aeslal; Sl osd e s FELE (nl s i tege Olse 25 3l 50 (w3

S of 3yl u)"“sgs—‘:"’”ui)"i Qlyq—j@.\‘ Jdlﬁ"da ol &) JAKAb s f-‘}b S A sdaline )

Gl Olpe @ (s cnl o ey Sk VL (A GRS o &S oy ool 6 51 05 5m 4 ) Bls DS
S slgii 4085 4 Sl el sla oo LS5 Jlasl 038 2l 35 (o513 S
Aas fals ol duy sl Lol

PO RPN v bl 5B i slgln, LS JAKA\)W)W oslawal Y

bliﬁb 6&.&.}_}) J:’J«L‘Jw )‘ Lblihb DL s_)_}.) Cﬁ&LJ‘
.M&S@u)gjb&uq‘csﬁéﬁfﬂz

e

[1] E. Touceda, “Pertinent Facts Concerning Malleable-Iron Castings”, SAE Trans., pp. 632-660, 1922..

[2] 1. Rajkumar, N. Rajini, A. Nair, K. A. Prasath, M. Ramaganesh, and G. R. Kharrthikeyan, “Optimization of multi
gating system for the experimental investigation inflow parameters with effects of design in small scale industries”,
Materials Today: Proceeding, vol. 59, pp. 769-774, 2022. https://doi.org/10.1016/j.matpr.2021.12.578

[3] K. H. Renukananda and B. Ravi, “Multi-gate systems in casting process: comparative study of liquid metal and water
flow”, Materials and Manufacturing Processes, vol. 31, no. 8, pp. 1091-1101, 2016.
https://doi.org/10.1080/10426914.2015.1037911

[4] P. K. Seo, D. U. Kim, and C. G. Kang, “The effect of the gate shape on the microstructural characteristic of the grain
size of AI-Si alloy in the semi-solid die casting process”, Mater. Sci. Eng. A, vol. 445-446, pp. 20-30, 2007.
https://doi.org/10.1016/j.msea.2006.06.133

[5] M. Thieman, R. Kamm, and J. Jorstad, “Copper motor rotors: Energy saving efficiency, now also economic feasibility”,
Electrical  Insulation Conference and Electrical Manufacturing Expo, pp. 328-333, 2007.
https://doio.org/10.1109/EEIC.2007.4562637

[6] C. H. Kim and T. H. Kwon, “A runner—gate design system for die casting”, Taylor & Francis online, vol. 16, no. 6,
pp. 789-801 2006. https://doi.org/10.1081/AMP-100108699

[7IN.N. Xu, Z. Y. Zhang, H. G. Zhang, T. Lv, Y. Y. Liu, and Q. X. Hu, “The Optimization of Vacuum Casting Filling
Velocity Based on Numerical Simulation”, Key Eng. Mater, vol. 522, pp. 221-226, 2012.
https://doi.org/10.4028/www.scientific.net/KEM.522.221

[8] A. B. Rice, “Numerical simulation of mold filling processes”, Purdue University, 1993.

[9] I. Rajkumar, N. Rajini, T. R. Prabhu, S. O. Ismail, S. Siengchin, F. Mohammad, and H. A. Al-Lohedan, “Applicability

of angular orientations of gating designs to quality of sand casting components using two-cavity mould set-up”,

J[}.oj‘jjjj/b‘;ww%f;} ’f'r4;4<~/n‘J/.«n.ﬁ4G.(jijLv


https://www.jstor.org/stable/44729557
https://www.sciencedirect.com/science/article/abs/pii/S2214785322000207
https://www.sciencedirect.com/science/article/abs/pii/S2214785322000207
https://www.sciencedirect.com/science/article/abs/pii/S2214785322000207
https://doi.org/10.1016/j.matpr.2021.12.578
https://www.tandfonline.com/doi/abs/10.1080/10426914.2015.1037911
https://www.tandfonline.com/doi/abs/10.1080/10426914.2015.1037911
https://doi.org/10.1080/10426914.2015.1037911
https://www.sciencedirect.com/science/article/abs/pii/S0921509306012172
https://www.sciencedirect.com/science/article/abs/pii/S0921509306012172
https://doi.org/10.1016/j.msea.2006.06.133
https://ieeexplore.ieee.org/document/4562637
https://ieeexplore.ieee.org/document/4562637
https://doi.org/10.1109/EEIC.2007.4562637
https://www.tandfonline.com/doi/pdf/10.1081/AMP-100108699
https://www.tandfonline.com/doi/pdf/10.1081/AMP-100108699
https://doi.org/10.1081/AMP-100108699
https://www.scientific.net/KEM.522.221
https://www.scientific.net/KEM.522.221
https://doi.org/10.4028/www.scientific.net/KEM.522.221
https://docs.lib.purdue.edu/dissertations/AAI9420891/
https://docs.lib.purdue.edu/dissertations/AAI9420891/
https://link.springer.com/article/10.1007/s12666-021-02434-z
https://link.springer.com/article/10.1007/s12666-021-02434-z

338 oy iy Sy CleS o A s G e vy

Transactions of the Indian Institute of Metals, vol. 75, pp. 513-524, 2021. https://doi.org/10.1007/s12666-021-
02434-z

[10] M. M. Zor, A. Yologlu, S. Kesim, and F. Tiliice, “Pressurized gating system design and optimization in steel
castings”, Eng. Applied, vol. 1, no. 1, 2022.

[11] M. M. Zor, F. Tiiliice, S. Kesim, and A. Yologlu, “The effect of molding and gating system design on hydrogen
induced crack defects in steel castings”, Adv. Eng. Sci., vol. 3, pp. 164-177, 2023.

[12] J.-K. Kuo, P.-H. Huang, H.-Y. Lai, and W.-J. Wu, “Design of casting systems for stainless steel exhaust manifold
based on defective prediction model and experimental verification”, International Journal of Advanced
Manufacturing Technologo, vol. 100, pp. 529-540, 2019. https://doi.org/10.1007/s00170-018-2737-8

[13] J. Jezierski, R. Dojka, and K. Janerka, “Optimizing the gating system for steel castings”, Metals, vol. 8, no. 4, pp.
266, 2018. https://doi.org/10.3390/met8040266

[14] H. Alrobei, R. A. Malik, F. Amjad, and 1. AlBaijan, “Investigation of Structure and Mechanical Characteristics of a
High Manganese Steel via SolidCast Simulation Method”, Metals, vol. 13, no. 3, pp. 572, 2023.
https://doi.org/10.3390/met13030572

[15] A. Modaresi, A. Safikhani, A. M. S. Noohi, N. Hamidnezhad, and S. M. Maki, “Gating system design and simulation
of gray iron casting to eliminate oxide layers caused by turbulence”, International Journal of Metalcasting, vol. 11,
pp. 328-339, 2017. https://doi.org/10.1007/s40962-016-0061-3

[16] R. Dojka, J. Jezierski, and M. Szucki, “The importance of the geometry of the down sprue in the gravity casting
process”, Materials, vol. 15, no. 14, pp. 4937, 2022. https://doi.org/10.3390/mal15144937

[17] O. A. Adefuye, O. Ji, L. Oi, and O. Fadipe, “Gating system design solutions for casting defects from pouring”, Eng.
Technol. Res. J., Vol. 5, No. 1, pp. 26-31, 2020. https://doi.org/10.47545/etrj.2020.5.1.057

[18] R. Dojka, J. Jezierski, and J. Campbell, “Optimized gating system for steel castings”, Journal of Materials
Engineering and Performance, vol. 27, pp. 5152-5163, 2018. https://doi.org/10.1007/s11665-018-3497-1

[19]J. K. Kuo, P. H. Huang, H. Y. Lai, and J. R. Chen, “Optimal gating system design for investment casting of 17-4PH
stainless steel enclosed impeller by numerical simulation and experimental verification”, International Journal of
Advanced Manufacturing Technology, vol. 92, pp. 1093-1103, 2017. https://doi.org/10.1007/s00170-017-0198-0

[20] S. Santhi, B. R. Surya, S. Jairam, J. Jhansi, and P. K. S. Subramanian, “Design of gating and riser system for grate
bar casting”, Indian Foundry J., vol. 61, no. 1, 2015.

[21] M. Igbal, “Gating design criteria for sound casting”, International Journal of Mechanical Engineering and Robotics
Research, vol. 3, no. 3, pp. 675, 2014. https://doi.org/: 10.18178/ijmerr

[22] M. B. N. Shaikh, S. Ahmad, A. Khan, and M. Ali, “Optimization of multi-gate systems in casting process:
Experimental and simulation studies”, in IOP Conference Series: Materials Science and Engineering, 2018.
https://doi.org/10.1088/1757-899X/404/1/012040

[23] T. R. Vijayaram, S. Sulaiman, A. M. S. Hamouda, and M. H. M. Ahmad, “Numerical simulation of casting
solidification in permanent metallic molds”, Journal of Materials Processing Technology, vol. 178, no. 1-3, pp. 29—

33, 2006. https://doi.org/10.1016/j.jmatprotec.2005.09.025

TP o Solot omy s o Lo o s iy ollin pokige &


https://link.springer.com/article/10.1007/s12666-021-02434-z
https://publish.mersin.edu.tr/index.php/enap/article/view/312
https://publish.mersin.edu.tr/index.php/enap/article/view/312
https://link.springer.com/article/10.1007/s00170-018-2737-8
https://link.springer.com/article/10.1007/s00170-018-2737-8
https://link.springer.com/article/10.1007/s00170-018-2737-8
https://www.mdpi.com/2075-4701/8/4/266
https://www.mdpi.com/2075-4701/8/4/266
https://doi.org/10.3390/met8040266
https://www.mdpi.com/2075-4701/13/3/572
https://www.mdpi.com/2075-4701/13/3/572
https://doi.org/10.3390/met13030572
https://link.springer.com/article/10.1007/s40962-016-0061-3
https://link.springer.com/article/10.1007/s40962-016-0061-3
https://link.springer.com/article/10.1007/s40962-016-0061-3
https://www.mdpi.com/1996-1944/15/14/4937
https://www.mdpi.com/1996-1944/15/14/4937
https://doi.org/10.3390/ma15144937
https://link.springer.com/article/10.1007/s11665-018-3497-1
https://link.springer.com/article/10.1007/s11665-018-3497-1
https://link.springer.com/article/10.1007/s00170-017-0198-0
https://link.springer.com/article/10.1007/s00170-017-0198-0
https://link.springer.com/article/10.1007/s00170-017-0198-0
https://www.researchgate.net/publication/278330128_Design_of_Gating_and_Riser_System_for_Grate_Bar_Casting
https://www.researchgate.net/publication/278330128_Design_of_Gating_and_Riser_System_for_Grate_Bar_Casting
https://www.ijmerr.com/show-124-548-1.html
https://www.ijmerr.com/show-124-548-1.html
https://iopscience.iop.org/article/10.1088/1757-899X/404/1/012040
https://iopscience.iop.org/article/10.1088/1757-899X/404/1/012040
https://www.sciencedirect.com/science/article/abs/pii/S092401360500885X
https://www.sciencedirect.com/science/article/abs/pii/S092401360500885X
https://www.sciencedirect.com/science/article/abs/pii/S092401360500885X
https://doi.org/10.1016/j.jmatprotec.2005.09.025

— o3 oo

[24] W. Li and J. Cui, “A new method for quickly locating the hot spots in solidification simulation of complicated
castings”, International Journal Cast Metals Research, vol. 15, no. 4, pp. 319-323, 2016.
https://doi.org/10.1080/13640461.2003.11819505

[25] X. Qi, L. Liu, T. Riberi-Béridot, N. Mangelinck-Noel, and W. Miller, “Simulation of grain evolution in solidification
of silicon on meso-scopic scale”, Computational Materials Science, vol. 159, pp. 432- 439, 2019.
https://doi.org/10.1016/j.commatsci.2018.12.015

[26] L. Chen et al., “Numerical simulation and optimization of indirect squeeze casting process”, Engineering Science,
vol. 13, no. 2, pp. 65-70, 2020.

[27] M. Bruna and M. Gal¢ik, “Effect of Filter Type on Mechanical Properties During Aluminium Alloy Casting”, Arch.
Foundry Eng., vol. 22, no. 3, 2022. http://doi.org/10.24425/afe.2022.140241

[28] M. Abdollahi, A. Aliadeh, S. poloee, M Zahmatkesh, “Investigation on Microstructure and Mechanical Behavior of
Carbon and Glass Reinforced Aluminum CompositePipes ”, Journal Metallurgical Materials Engineering, Vol. 34,
No. 1, pp. 31-46, 2023.

[29] M. Alipour, “Investigation of the microstructure and mechanical properties of cast Al-8Zn-3Mg-2.5Cu
nanocomposite reinforced with SiC nanoparticles after age hardening heat treatment”, Journal of Metallurgical and

Materials Engineering, vol. 34, no. 1, pp. 1-14, 2023. https://doi.org/10.22067/jmme.2022.79507.1084

J[}.oj‘jjjj/b‘;ww%f;} ’f'r4;4<~/a‘J/.«—..ﬁ4G..'jijL.«


https://www.tandfonline.com/doi/abs/10.1080/13640461.2003.11819505
https://www.tandfonline.com/doi/abs/10.1080/13640461.2003.11819505
https://doi.org/10.1080/13640461.2003.11819505
https://www.sciencedirect.com/science/article/abs/pii/S0927025618307948
https://www.sciencedirect.com/science/article/abs/pii/S0927025618307948
https://doi.org/10.1016/j.commatsci.2018.12.015
https://www.researchgate.net/publication/377593419_Effect_of_Filter_Type_on_Mechanical_Properties_During_Aluminium_Alloy_Casting
https://www.researchgate.net/publication/377593419_Effect_of_Filter_Type_on_Mechanical_Properties_During_Aluminium_Alloy_Casting
http://doi.org/10.24425/afe.2022.140241
https://jmme.um.ac.ir/article_43270.html?lang=en
https://jmme.um.ac.ir/article_43270.html?lang=en
https://jmme.um.ac.ir/article_43270.html?lang=en
https://doi.org/10.22067/jmme.2022.79507.1084

338 oy iy Sy CleS o A s G e v

TP o Solot omy s o Lo o s iy ollin pokige &



	3- azar.pdf
	3--azar.pdf

