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ABSTRACT

In the modern period, there a requirement for ngstinits & foundry to deliver components with lesgection
rate i.e. short lead time. The gating frameworkgsuming essential part in the field of quality.dptimization of gating
framework in metal casting delivers the error fomenponents. The principle motivation behind optatian of gating
framework is expanding yield of cast items & oveneothe defects like shrinkage, gas porosity, stadysion, etc. Many
researchers has been studied on optimization a@figgaystem on the basis of Taguchi method, NumeBaaulation,
Mold flow Software, Gradient Search Method, Genatgorithm technique and so forth to diminish tleéedts. The target
of this paper that improper design of gating framewand riser system result in internal shrinkadpctvis a major defect

in cast product. So good design of gating systetuaes defects and increase yield.
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INTRODUCTION

Casting is a manufacturing procedure for making mlesm shapes of metal materials in large scale mass
production. It is one of the essential proceduredfaite a long while and one of critical procesgrevoday in the 21st
century. Today, casting applications incorporatéomotive parts, spacecraft components and numeiralisstrial &
domestic components. The time has never defacedigimficance of castings nor ever will, yet yeshmology, has
assumed a vital part in making Castings more flexilfaster, more precise, energy efficient and meeefor the
environment. There are two consecutive stagemdilprocess and solidification process in castimgustry. In filling
process, gating system is the passage in whigadd the molten metal poured from the ladle, iheorhold cavity. A
typical gating system comprises pouring basin, snd well, runner and Ingate as & risers.Risengesa double function,
they compensate for solidification shrinkage andteurce with the goal that they solidify last gmdmote directional
solidification appeared in the figure 1. Its fundantal capacity is to guarantee, smooth, uniform famsh filling so that
minimization of turbulence, air aspiration, sanaséon, and sand inclusions, shrinkage. Impropeigdesf gating
framework can lead to casting defects and influgtheecasting quality. So there is need of optinni@ato control the
process parameters which lead to reduce the defemsoptimization technique is vital to improve therformance as per
the industry norms. These performance memberspocate improving productivity and cost by minimigirejections. In

the interest to accomplish these improvements rdiffie process parameters, for example, runner atel Igaations,
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number of risers and gate shape, mould material tangherature of molten metal should have to benoptid by

controlling them efficiently.

Pouring cup
Side riser

Figurel: Parts of Typical Gating System
LITERATURE REVIEW

There is extensive literature of review about optation of gating system in Casting Industry anglytbrought a
various optimization technique used in castingdotml| defects and maximize the yielding of produ&.H. Wu, J.Y.H.
Fuh, K.S. Lee proposed new technique has shownShati-automated parametric design of gating framkvior die-
casting die, the gating framework is very critital die-casting dies, however designing the gatirmgnéwork is an
iterative procedure that can be very time consunSirapstly. The point of this work is to developegt@matic generation
of the gating framework geometries by applying patic design. Parametric design deals with vagiabension as
control parameters & permits the designers to dherexisting design by changing the parameteregalThis paper
introduces a prototype parametric system for désigthe gating framework of die-casting. The pragbsystem can
reduce the geometry construction time of gatingpoment significantly. It gives direction to the dgeer, the system first
make trial design of gating framework near to timalfdesigner, so that time modification & redesigrshortened1].
Carlos Esparza et al given his suggestion on opfilmsign of gating system by the gradient searcthote A numerical
optimization technique based on gradient-searepjdied to obtain an optimal design of a typicairgasystem used for
the gravity process to produce aluminum parts. Taesents a novel application of coupling norineptimization
techniques with a foundry process simulator, anid ihotivated by the fact that a scientifically dgdl search for better
designs based on techniques that take into acdbantmathematical structure of the problem is preféito commonly
found trial-and-error approaches. The simulatodiapphe finite volume method and the VOF algoritttmCFD analysis.
The direct gradient optimization algorithm, seqisdrdquadratic programming (SQP), was used to sbbté 2D and a 3D
gating system design problem using two design kg The results clearly show the effectivenesshef proposed
approach for finding high quality castings when pamed with current industry practic®]. B. Senthilkumar, S.G.
Ponnambalam, N. Jawahar has used the DOE techag@etool and Doe are used as a tool to optimieeaffecting
Variables. Doe is a series of ordering tests inctvhpurposeful changes are made to input factorse¢ognize the
corresponding change in the output response vasabloE is a statistical technique used to conaentin the impact of
the result of multivariable at the same time. lis fhaper, they used most influencing factor, i.ATONG SYETEM that
affect the performance of casting. The feeding esystan be designed and dimensioned once the oppmaing

temperature has been taken. Feeding from the gaiistem is adequate, if the casting modulus is fkeaa 0.3cm.
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However, it ought to be guaranteed that the indates not solidify off too soon and in this way obsts he flow of feed
metal from the pouring cup. If the modulus is lartfen 0.3cm then it is recommended to use a fe&itein this way,
they concluded that if the optimal range of infloieny factor has been employed, so it leads to tamhuof pull-down
effect to some extent. The number of castings agat@nd their particular rates of castings had awpd from 86.22 to
96.17.So by controlling the ‘PULL- DOWN DEFFECTrquctivity was very much enhancg®|. Yazad N. Doctor, Dr.
Bhushan T. Patil, Aditya M.Dareker suggested thah iglobal competitive environment, there is a ieguoent for the
casting set ups and foundries to build up the parshort lead time. Defect free castings with aimum production cost
have turned the need of this basic industry. Rigjecif casting is caused due to defective companéritese defects rely
on various process parameters which need to beoiragr using various techniques as a part of optioiza They
additionally brought the idea in the formation odrft end integration for casting Industries in fbem of engineering
workshops to machine castings and finally offer fineshed item ready for assembly and use. This mase a necessity
and need. Thus, all major casting manufacturers faward integrated into value add by creatindings and machining
them to finish specifications themselves to enghet the perfect end product reaches the customerttzere is zero
rejectiorj4]. P.B.Lagdive, K.H.Inamdar investigated that Genetgorithms are strong, effective optimization teiciues
inspired by the mechanism of evolution and natgehetics. It is extremely helpful for complex oos$ely defined
problems. Consequently, in GA problem fitness fiamcfor this problem will be minimization of the ke of the riser.
It can often be done with proper considerationisdrrsize, shape, and location, and the naturbeo€dnnection between
the riser and the casting. The Genetic algorithdeaggives a number of options and optimized desifmiser sizes. These
risers sizes fulfill all the technical requiremenfghe riser. He likewise considers in this if meed yield percentage so the
volume of the riser should be minimum. Riser isigigsd using modulus method. With the help of GAcdh create code
to be used to design cylindrical riser for each anery component. The Code will give number ofrali¢ive designs of
the riser. The riser design by the Genetic Algaonittechnique is more effective than modulus methiogives 6.2% less
volume than the modulus method for same riser mmsdune other another advantage of the Geneticriftigo method
over modulus method is that it gives number ofraliive solutions. While modulus method gives oohge particular
solution[5]. Sandeep.v. Chavan, Rajeev.K. Tavildar approadiedptimization technique for casting defect arialgsd
he said that optimization using computer aidedicggimulation technique plays vital role in maraitaing of metal parts
and determining various casting defects. In pressiig casting, we require a quality die to preuerfilled phenomena,
weld lines, deflection and air traps and provide tawerflows for filling thin section of existing pa. The gating
framework is very critical to a die-casting diewsver designing the gating system is an iteratieegss that can be very
time-consuming and costly. In casting simulatioe thould filling and solidification analysis is dot® identify the hot
spot sand hence defects like shrinkage porosities,tears, cracks, etc. A proper runner and gasysfem is very
important to secure good quality die casting thtopgpviding a homogenous mould filling pattern. Boalysis of defects
like weld lines, air traps and shrinkage, compuatieled casting simulation technique is the mostieffit and accurate
method. The quality and yield of the casting canpbeductively enhanced by computer assisted castimmlation
technique in the shortest possible time and wittdming the actual trials on the foundry shop fl§6}. Ranjit Singh,
Jatinder Madan recommended that runner and gatamgefivork design is one of the important activitéslie casting die
design. These parameters are then optimized byuctind process flow simulations on a computer andrdns die
casting machine, which usually requires a no afttens. So it results in an increase the manufaagfuead time and

makes the die-casting, die design is a very tediasis. Subsequently, they felt that a system whéchuce the iterations
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and make the design process more productive anchidies It is demonstrated that runner and gatiysiesn can design
for die-casting,die based on the computer aidetesysThe system first generates the runner andgatistem feature
library based, in part, material and machine infation. And this feature library for runner and ggtsystem are helpful
for die-casting engineer who does not have muchlitanfor design and CAD model of it with the usétbis feature
library, the system defines the design parameténmuurmer and gating systems and useful for dieirgsiie having
multiple gate. Likewise, less experienced enginesesthis feature library and expert knowledge alttoel parameters of
runner and gating system has been set up in7thig[vek S. Gondkar, K.H. Inamdar proposed new idgudirBization of
Casting Process Parameters through Simulationinm@asimulation helps visualize mold filling and tiag solidification;
predict related defects like cold shut, shrinkageopity and hot spots; and optimize the castinggteto achieve the
desired quality with high yield. Flow and soliddition of molten metals are, in any case, a verymexriphenomenon that
is difficult to simulate correctly by conventionabmputational techniques, particularly when thet pggometry is
complicated. Simulation work has done on the corepbiracket chassis. Data regarding this compohnasitacquired
from one of the reputed foundry of C.I. CastingteAfthat, all the steps are carried out requiredsfimulation in Auto
CAST-X software. The methods, design involve cofesders and the gating system. They compare thgating system
of bracket chassis to the new gating system. Bectney found hot spots like shrinkage porosityhi@ old gating system
while simulation carried out on it. New feeding agating system is developed to eliminate poroséfedt and after that
simulation of the new gating system is carried @ut.a result of it, improved casting quality, retioi in rejection, lead
time and cost and it lead to increase in efficieaog yield B]. Udhaya Chandran.R.M et al focused to minimize the
casting defects such as, sand drop, sand blow,Isilabs, pinholes. Casting defects, consistentiyroicig on the casting
components, it is due to some improper sand priggeatnd improper gating system and labor’s fault lostly occurring
related to only insufficient of sand reinforcemefih optimization technique used for process parametdf green sand
casting process. Taguchi method is a powerful grobsolving in improving the quality of the produ@he Taguchi
approach is used to capture the effect of signabtee ratio of the experiments based on the odhalgarray used due to
optimum conditions are found. The improvement etgdn minimizing the variation is 47.66%, whichghes that
reduction of casting defects of the present of %86 3.33% of the total casting product in the fiwyn This also shows
that by using Taguchi method (Figure 2) the fatdwels when optimized will result in reduction adsting defects and
expand the yield rate of the accepted casting withay additional cosB].

DOE: Senthil Kumar [8] has used the DOE technique d@sch and Doe are used as a tool to optimize the
affecting Variables. Doe is a series of orderirgigén which purposeful changes are made to irguibfs to recognize the
corresponding change in the output response vasaBloE is a statistical technique used to conantin the impact of
the result of multivariable at the same time. lis thaper, they used most influencing factor, i. ATGNG SYETEM that
affect the performance of casting. The feeding esystan be designed and dimensioned once the oppmaing
temperature has been taken. Feeding from the gagietem is adequate, if the casting modulus is fkeaa 0.3cm.
However, it ought to be guaranteed that the indaes not solidify off too soon and in this way obets he flow of feed
metal from the pouring cup. If the modulus is larean 0.3cm then it is recommended to use a fe&iein this way,
they concluded that if the optimal range of infloieny factor has been employed, so it leads to tamhuof pull-down
effect to some extent. The number of castings agat@nd their particular rates of castings had awpd from 86.22 to
96.17.S0 by controlling the ‘PULL- DOWN DEFFECTrqaluctivity was very much enhanced
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Figure 2: Factor Optimization using Taguchi’'s Doe

Genetic algorithem: P.B.Lagdive et all he suggestetiat Genetic algorithms are strong, effective optimizati
techniques inspired by the mechanism of evolutiod aatural genetics. It is extremely helpful fomgmex or loosely
defined problems. Consequently, in GA problem 8géunction for this problem will be minimizatior the volume of
the riser. It can often be done with proper consitien of riser size, shape, and location, andntiterre of the connection
between the riser and the casting. The Genetiaitigo code gives a number of options and optimidedigns of riser
sizes. These risers sizes fulfill all the techniejuirements of the riser. He likewise considershis if we need yield
percentage so the volume of the riser should bénmim. Riser is designed using modulus method. \Wi¢hhelp of GA,
It can create code to be used to design cylindrisar for each and every component. The Code gii¢ number of
alternative designs of the riser. The riser dedignthe Genetic Algorithm technique is more effegtithan modulus
method. It gives 6.2% less volume than the modoiathod for same riser modulus. One other anothearddge of the
Genetic Algorithm method over modulus method ig thgives number of alternative solutions. Whil®edualus method

gives only one particular solution.

Casting Simulation Technology:Rajeev.K.Tavilda et al recommended that optimizatising computer aided
casting simulation technique assumes crucial patte manufacturing of metal parts and decidingovar casting defects.
In casting simulation the mould filling and solidétion analysis are done to identify the hot spofisequent defects like
shrinkage porosities, hot tears, cracks, etc. Timelation programs depend on finite element analggi3D models of
castings and include advanced feature for userfaue, computation and display. The casting modéh(feeders and
gates) has to be created using a solid modelingrsyand imported into the simulation program. Aprapriate runner
and gating framework are essential to secure gagdityg die casting through providing a homogenousula filling
pattern. For analysis of defects like weld lingstraps and shrinkage, computer aided casting Isitiom technique is the
most productive and precise technique. The qualiy yield of the casting can be productively enkdnoy computer

assisted casting simulation technique in the skbptessible time and without doing real trials e toundry shop floor.

Table 1: The Casting Simulation and Optimization Me¢hodology is Detailed in Following Table

Part model, Material, Process Parameters,

Method Design, Exiting Defects
Step2: Methods Desig Parting line, Cores, Fee@atng System, Mold Cavity Layout
Step3: Simulation Model Import, Mesh generationtdfial and Process, Visualization
Step4:Optimization Modify design, Simulation, Cheglality
Step5:Project Closure Methods report, Analysis rgg@ompare results, Archive project

Stepl:Data Gathering
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CONCLUSIONS

In this paper, it dealt for obtaining a gating fewwork design of good quality. A proper runner aradirg
framework are essential to secure quality of cgstivith the use of casting simulation techniqueigle®f the gating
framework of casting defect has been measuredismtanner, the casting simulation technique hasre an essential
tool for casting defect troubleshooting and optatizn method. It helps in enhancing product quadityl upgrade the
yielding of casting, reduced cost and spare timeragrother optimization technique. Throughout tharge numerous
design standards or optimization method has beeelalmed and employed in the casting industry, getsimulation has
wide application among the others. Since simulat®reasy to use, fast and having reliable resulaldo enable to
minimize the value added time in casting develogmienthe long run, Casting Simulation is a singtétware program

and having the ability to predict the internal dtfef casting which helps to reduce the shop ftaats.
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