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ABSTRACT

Proper selection and maintenance of melting and holding equipment, molten
metal wastages, moulding methodsand casting defectsinfluence metal |osses
infoundry. Casting yield mainly dependson runner and riser weight, pouring
practices and casting defects. In this study all castings were grouped into
three categories namely light, medium and heavy weight castings. After
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implementing new runners and risers and remedial measures for defectsin
castings, weights of runners and risers have reduced by 2.1%, 5.7% and
3.1% respectively for the three categories. Weights of defects in castings
have been reduced by 1.6%, 6% and 1% and as a result casting yield has
increased by 3.5%, 7.7% and 4.2% from products of light, medium and heavy

respectively. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Foundry isthemost basicinput in most of themanu-
facturingindustriesand stringent demandsof qudity and
quantity arebeing placed onit withrapidindustridiza
tion and growth in other fields of production. Up to
date knowledge of materialsand processesfor casting
isnecessary in order to produce economically sound
castingg®. Nearly al mass produced discretepartsare
manufactured by dies and moul ds during the produc-
tion process such asforging, stamping, castingand in-
jection moulding®. Generally, diesand mouldsarede-
signed to have the capacity for mass production. With
modern hard materialsand proper mould design, an
injection mould is capable of producing one hundred
thousand parts or more. According to Klobcar and

Tusek™® and Klobcar et al.[, the production capacity
of adie casting die can reach up to three hundred thou-
sand castings.

Casting tracesbility isan unsolved problemfor large
quantity, green sand foundries. The principleof green
sand mould castingsmakesit hard to efficiently trace
individua castings. Rinsing the sand fromthecastings,
after thecastings have cooled, ofteninvolvesaprocess
that shufflesthe castings. Flawed castings cannot be
backtracked precisdy or efficiently. Thus, casting trace-
ability requiresamarking of the castingsthemselves,
beforetherinsng processisinitiated;hence, the mark
itself must becast. Today, cast markingismadeby iden-
tifiers on the pattern plate or by mould inserts. Two
pattern plates are used to mould a sand mould, into
whichthemeltispoured®.
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Compared with other countriesfoundry industry in
Sri Lankaisfar behind. Thebasic method used in Sri
Lankato produce various types of productsis sand
casting and most of thetimegrey castironisused as
the casting materid. Molten metd iswasted dueto bad
handling of molten meta in castingindustry when pro-
ducing the products by using sand castingin grey cast
iron. In Sri Lanka, castingindustry has so many prob-
lemssuch aslow casting yield, defectsin casting, and
bad attitudestowardsthisindustry dueto dusty and hot
environmentt?.

Sri LankaGovernment Railway, Government Fac-
tory in Kolonnawa, and Industrial Devel opment Board
arethemgor state owned organizationsthat use sand
casting methodsin production. Inadditionto these or-
ganizations, there are some private organi zationsrun-
ning foundries such as Ceylon Heavy Machinery In-
dustries Company Limited, Solex Industries Private
Limited and JinasenaCasting Company Limited®.

Theincreasing globdization of demand for castings
and the constant presence of alternative methodsand
materialsarerecognized asthemost important areain
foundry industry inthe 21% century. Themanufacturing
isempowered by utilizing highly skilledworkersin or-
der to compete in the new global market, trends to-
ward accepting more supply chain responsibility and
the need for speed. Foundrieswill haveentirely differ-
ent workforce requirements, including peopleaswell
astheentire bus nessthat ismanaged. Operatorshave
totakeahardlook at said processand therolein com-
ponent supply, with critical futuredecisions?.

The proper selection and maintenance of melting
and holding equipment are clearly important factorsin
minimizing wastagesin casting operations. In addition
to wastages of molten metal, methodsof mouldingand
defectsin casting area so influence metal loss. Other
important factorsinfluencing cagtingyie d aregeographic
location, dloys, starting form of aloy, overall process,
scrap rate, cycletimes, number of shiftsper day, days
of operation per month, typeand sizeof cagting of dloy
and size of the casting machine, rel ated equipment and
downstream processing. Each of thesefactorsasoin-
fluencesthe casting quality, productivity and yield of
casting enterprisg®19,

Therearethreekinds of lossesthat reduceyield:
crap castingsdueto defects, metal devoted to exces-
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siverunner and riser systemsin order to deliver metal
to themould cavity and provide areservoir as neces-
sary tofeed solidification shrinkage arelosses. Thisis
only vdidfor certainitemswhich arehaving larger gat-
ing systemsthan norma sizesand composetheamount
of molten metal inthe pouring process™.

When adefective casting is produced, it isneces-
sary to analyze the defect or defects and observe or
determinethe causesfor the occurrence of the defect,
soasto arriveat appropriateremedia measures. Fol-
lowing arefew methodsto minimizethe defects occur-
ring when the pouring system is used™.

- Fill themouldrapidly, without lapsor elserequires
excessively high pouring temperature

- Reduceor prevent formation of daginthemould

- Prevent dag and eroded sand entering the casting
by way of the gating system

- Preventaspiraionof arintothemolten metd stream

- Avoid erosion of mould and cores

- Obtainauitablethermd gradient to ataindirectiond
solidification and minimizedistortionin castings

- Obtain maximum cagtingyield and minimum grind-
ing cost

- Providehandling equi pment for easeof pouringand
utilizingof mdtonladle

Inthisresearch main objectivewastoimprovethe
castingyied by minimizing thewastagesof molten metd,
such asexcessiveweight of runner, riser systems, poor
pouring practi ces and defectsin casting products.

DATAAND METHODOLOGY

All the necessary datawere collected from the se-
lected well stabilized Casting Factory in Colombo, Sri
Lankaby interviewing the Factory Manager, Senior
Metallurgist, Junior Metallurgists, Supervisors and
Foundry men. For the purpose of analysisof data, past
data such asweight of melt, weight of good casting,
weight of risersand runners, weight of defected prod-
uctsand weight of lossin melt were collected.

After grouping all castingsinto three categories
namely light, medium and heavy weight castings, they
wereanalyzed. Threeitemswere selected, onefrom
each category, such asN110 Volutefrom light weight
casting, T400 pump body from mediumwei ght casting
and diffuser 2CA 500/3 from heavy weight casting.
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Category method was based on product weight and
shape and size of product.

New sizesfor existing runnersandriserswerein-
troduced using past research results?¥. Proposed sizes
of runnersand riserswereimplanted with theidentified
root causes affecting to the mismatch and misrun for
the aforesaid items. The company hasintroduced re-
medial measuresfor the above defects. All these de-
fectsaretabul ated separately and the percentages of
defectswerecal culated and the sizes of runner in-gates
andtimetakenfor thefilling of mouldswere measured.

Analysisof root causesfor theelementsof gating
systemsuch aspouringtime, runner in-gate, oruetaper,
sprue base des gn and designing of runner, In-gatesand
number of risersaremogtly effectingtothecastingyield.
For this purpose, weight of each and every item hasto
betakeninto condderation. Basc gatingdesignfor grav-
ity-fed vertically parted sand mould castingshaslittle
changesinthisfactory. Current designedyieldisless
than optimd results. Improvementsin gatingdesignscan
sgnificantly reduce casting defectsand increase casting
yidd.

RESULTSAND DISCUSSION

Asanaverageof castingyied 70%to 75%ismain-
tained. Castingyield ismainly depends upon, conven-
tional methods. Casting practicesare very important
whentheyiddisgoingtobeminimized. Normaly, tem-
perature of first meltislow and fluidity of that meltis
also very low. Thismelt isused as scrap for the next
cycle. Inadditionto these defects, somedefected items
are coming from the machineshop.

Gray cast iron was used to produce water pumps.

Hence cupolafurnaceisused for melting operation.
Therearetwo typesof cupolafurnaces: conventiona
type61 cm (2ft) diameter cold blast cupola, capacity is
1.8T/h. It consistsof four tuyeresinalayer and divided
type61 cm (2ft) diameter cold blast cupola, capacity is
2.2T/h. It consistsof 6tuyeresin each layer and tem-
perature can reach up to 1550°C. Following raw ma-
terialswere charged into cupolafurnaceto obtain re-
quired melt; Cast iron scraps (local)100 kg, Pigiron
(imported)10 kg, Re-generated scrap 40 kg, Coke
(92% carbonimported)15 kg and Lime stone 12 kg.

The following data were collected without any
changesto the existing casting practices at the selected
fectory.

Lightweight castings

Weight of product of N 110.and weight of defect
in kg measured on 12" of September 2006 isgivenin
TABLES1 and 2 respectively.

Thedefectsinlight weight product of N 110 were
asfollows

A usage of molten metal of product of N 110 mea-
sured on 12th of September 2006 ispresented in Fig-
urel.

Medium weight castings

Thefollowing TABLES 3 and 4 arethe usage of
melt in abovedate and defectsin mediumweight prod-
uct of Volute of T 400 Pump Bodly.

A usage of molten metal of product VVolute of T
400 Pump Body measured on 12th of September 2006
ispresentedin Figures2.

Heavy weight castings
Thedefectsin heavy weight product of Diffuser 2

TABLE 1: Usagesof molten metal - Production chart of product N 110 on 12" of September 2006

Melt used
(kg)

Good
Casting (kg)

Runner & Risers

(kg) (kg)

Defects Yield Defects

Timetaken
for filling (second)

Runner & Riser

(%) (%) (%)

912 617 197 98

678 10.7 21.6 145

TABLE 2: Defectsin casting - Production chart of product N 110 on 12" of September 2006

Item Misrun Mismatch Blow Holes

Cracks

Damaged Sand Wash Slag Incl.

34 29 14

kg.

9 5 4 3

TABLE 3: Usagesof molten metal of product voluteof T 400 PumpBody - Production chart on 12" of September 2006

Melt Good Head Defects Yield Defects Runner & Timetaken for
used (kg) casting(kg) &Risers(kg) (kg) (%) (%) Riser (%) filling (second)
1909 1221 465 223 63.9 11.7 24.4 280
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[tem Mismatch Misrun Sand Wash Cracks Slaglncl.

Blow Holes Damaged Inner Surface Damaged

kg. 93 63 17 16 9 9 7 -
B Good casting in CA500/3 are_astabul atedinthefollowing TABLESS
kg and 6 respectively.
B Head &Risers Accordingtotheanayss, about 1Q%to go% mol-
in kg ten metal waswasted for the defectsin casting. Root

O Defects in kg

Figurel: Usagesof molten metal of product N 110

O Good casting in
kg

B Head &Risers
in kg

O Defects in kg

Figure?2: Usagesof molten metal product voluteof T 400

causesthat affectedfor thedefectsin castingwereiden-
tified and remedid actionswereimplemented to mini-
mizethe defectsin castings. In addition to defectsin
castings 20% to 25% of molten meta wasused for the
weight of runner and risers. Thesetwo typeshaveto
be considered at once.

Root causesfor defects (mismatch and misrun) were
identified asfollows. Mismatching of mouldsdueto
quick assembling; Low pouring temperature (only tap-
ing temperaturewas measured); Low fluidity dueto
low temperature; Inadequate venting of moulds; Faulty

TABLE 5: Defectsin casting of Diffuser 2 CA 500/3 - Production chart on 12" of September 2006

Melt Good Head Defects Yield Defects Runner & Timetaken for
used (kg) casting (kg) &Risers(kg) (kg) (%) (%) Riser (%) filling (second)
1524 1048 304 172 68.7 11.3 204 387

TABLE 6: Defectsin casting of Diffuser 2 CA 500/3 - Production chart on 12" of September 2006

[tem Mismatch Misrun Sand Wash SlagIncl.

Blow Holes Damaged

Inner SurfaceDamaged  Cracks

kg. 65 48 19 14

9 7 5 3

TABLE 7: Production chart of product N110 after modifications

Melt used (kg) Good casting (kg) Runner & Risers (kg)

Defects (kg)

Yield (%) Defects(%) Runner & Riser (%)

786 560 154

72 713 9.2 19.6

pouring practiceand core shift and Uneven sizesof run-
ner in-gate and due to this some items were broken
whenremoving of in-gatesinfettling section.
Therefore, following practiceswereintroduced as
aremedial actionto minimizetheabove defects: Re-
ducethetimeof vibration when the mouldsare made;
Increasedlicasand quantity by 1%tothemoulding sand;

O Good casting in
kg

B Head &Risers
in kg

O Defects in kg

Figure3: Usagesof molten metal of Diffuser 2 CA 500/3

Keep runner full of molten meta during the pouring pro-
cess, Fix theguidepinstightly when assembling the parts
of themould such asdrag and cope; Fix thecorewith
core printsand match these core prints properly; Re-
moveall slag from molten metal before pouring and
Conduct thefluidity test before pouring.

Light-weight casting
TABLES 7 and 8 are show the casting yield of
product N110 and weight of defectsin kg observed on

20" of October 2006 respectively after implementing
new runner, risers and removetheroot causes affected

TABLE 8: Defectsin casting of product N110

Misrun Mismatch Blow Holes Sand Wash Cracks
Kg 31 19 11 9 1
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TABLE 9: Cagtingyield comparison production chart of product N110

Previous

castin New casting  Previousdefectsin New defectsin Previousrunner & New runner &
yield‘i yield % casting % by weight casting % by weight  riser % by weight  riser % by weight
67.8 71.3 10.7 9.1 21.6 195

TABLE 10: Usagesof molten metal after modificationsof product T400 pump body production chart

Melt used Good casting  Runner & Risers : Runner & Riser
Defects (k Yield (% Defects (%

(ko) (ko) (ko) 9 ) o (%)
1348 965 252 131 71.6 9.8 18.7
TABLE 11: Defectsin cagting f product of T400 pump body production chart

Misrun Mismatch Blow Holes Sand wash Slag Incl. Cracks Damaged
kg 44 37 20 13 7 6 2

to themain defects such asmisrun and mismatch.

TABLE 9 showsthe casting yield comparison pro-
duction chart between new and previouscasting meth-
ods. Accordingtothe TABLE9, castingyield hasin-
creased by 3.5% after implementing above modifica
tions, weight of defectsrate hasreduced by 1.6% and
weight of runner and risers hasreduced by 2.1% for
the product N110.
Medium- weight casting

TABLES10and 11 show thecasting yield of prod-
uct T400 Pump body and weight of defectsin kg ob-
served on 12" of September 2006 respectively after
implementing themodified runner, risersand root causes
affected tothemain defects.

TABLE 12 showsthe casting yield comparison pro-

duction chart between new and previous casting meth-
ods of product T400 Pump body. According to the
TABLE 12, casting yield hasincreased by 7.7% after
implementi ng above modifications, Weight of runner,
risershasreduced by 5.7% and weight of the defects
has reduced by 6% for the product T400 Pump Body.
Heavy- weight casting

TABLES 13 and 14show the casting yield of prod-
uct of diffuser 2CA 500/3 and weight of defectsinkg
observed on 12" of September 2006 respectively af-
ter implementing the proposed runner, risersand root
causes affected to themain defects such asmisrunand
mismatch and timetakenfor thefilling of moulds.

TABLE 15 showsthe casting yield comparison pro-
duction chart between new and previous casting meth-

TABLE 12: Castingyield comparison production chart of product T400

Previous casting New casting

Previous defectsin

New defectsin Previousrunner  New runner &

o o casting casting & riser riser
yield % yield % % by weight % by weight % by weight % by weight
63.9 71.6 116 5.6 244 18.7

TABLE 13: Usagesof molten metal after modificationsof diffuser 2CA 500/3 production chart

Melt used Good casting Runner & Risers Defects Yield Defects Runner & Riser
(kg) (kg) (k@) (kg) (%) (%) (%)
2431 1772 408 251 72.9 10.3 16.8

TABLE 14 : Defectsafter modificationsof product of Diffuser 2CA 500/3 production chart

Mismatch Misrun Sand Wash

Sand wash

Slag Incl Inner Surface Damaged

kg 88 79 31 21

18 15

TABLE 15: Cagtingyield comparison of product 2CA 500/3- production chart

Previous defectsin

New defectsin Previousrunner  New runner &

PrW|?;3%2$|ng Nevivelccz;\%;:)ng casting casting & riser riser
y y % by weight % by weight % by weight % by weight
68.7 72.9 11.3 10.3 19.9 16.8
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ods of product diffuser 2CA 500/3. According to the
TABLE 15, casting yield hasincreased by 4.2% after
implementing above modifications, Weight of runner,
risershasreduced by 1.0% and weight of the defects
has reduced by 3.1% for the product 2CA 500/3.

After changingthemethod of mouldfilling, timehas
reduced by certainlevel and thereisuniformity of time
takenfor thefilling of any mould such aslight, medium
and heavy weight castings. Thisisindicatedin TABLE
16. Only threeitems were taken to measure thetime
taken for thefilling of mouldswith two foundry men
with controlled pouring.

Aspertheresultsindicated in TABLE 16, casting
yield hasincreased by 4.2% after implementing above
modifications, Weight of runner, risers hasreduced by
3.1% and weight of defected itemshasreduced by 1%
for theproduct, Diffuser 2 CA 500/3.When removing

TABLE 16: New runner in-gatesizesand timetaken for the
filling of moulds

ltem Width Depth Timeta]<m
(mm) (mm) for filling (second)
Product N 110. 12 10 118
Voluteof T 400 PumpBody 18 16 216
Diffuser 2 CA 500/3 34 32 330

unnecessary partsfrom the casting productsinfettling
section, somedefectsoccurred previoudy but now there
areno braking of itemswhen removing of gating sys-
tems.

CONCLUSIONAND RECOMMENDATIONS

Casting yield dependsupon al theactivitiesinthe
foundry from pattern design stage to marketing of the
final products. Productionyield dependson all theac-
tivitiesdone by theworkers on the shop floor. Casting
yield mainly depends on the weight of runner, risers,
pouring practicesand defectsin casting. Runner and
risersareintroduced in the mould making stage by us-
ingtrial and error methods. Dueto this, sizesof runner
andrisersincreasedto largesizes.

Theweghtsof existing runner andrisershavehigh
values comparing with weightsof runner and risersaf-
ter implementing the new runner and risersand reme-
dial measuresfor root causes. Theweightsof runner
and risershavereduced by 2.1%, 5.7% and 3.1%from
the productsof light, medium and heavy respectively
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after implementing the new runner and risers.

Inadditiontothe above, defectsin castingssuch as
misrun and mismatch are al so directly affected tothe
casting yield. Further, waste of molten metal withlow
temperature and poor pouring methodology isalso di-
rectly affected to the casting yields. Therefore, root
causes affected the defectswere identified and imple-
mented to minimize of defectsin casting with above
new runner and risers.

The previouswei ghts of defectsin castings have
highvauescomparingwithwe ght of defectsafterimple-
menting theremedia measureswith new runner andris-
ers. Appearance of the defected products indicated
many holesin thethin sections of the castings, smooth
and wdl | rounded edgesand round holesonthe surface
of themetdl. Therefore, theremedia measuresarebased
on these defects such as misrun and mismatch and the
root causes affected to the main defects. Theweights
of defectsin castings have reduced by 1.6%, 6% and
1% from the products of light, medium and heavy re-
spectively after implementing new runner andrisersand
remedia measuresfor defectsin castings.

By implementing the new runner andrisersand re-
medid measuresfor gray cast iron castings, thecasting
yield hasincreased by 3.5%, 7.7% and 4.2% fromlight,
medium and heavy weight castingsrespectively.

Whenincreasing the casting yield and production
yield, the attitudes of the foundry men have to be
changed by introducing proper training systems. For
this purpose need survey hasto be carried out by the
organization tofind thetraining needsand by consider-
ing the obj ectives of the company proper training pro-
gramshaveto bedesigned.

Following recommendations have to be imple-
mented for minimizing of defectsin casting; avoid ex-
cessiverammingof mould, increasevent holesby means
of awireor adding silicasand to themixturesand, keep
runner full of molten metal during the pouring process,
fix theguide pinstightly when assembling the parts of
themould such asdrag and cope, fix the corewith core
printsand match these core printsproperly and remove
al dagfrommolten metd before pouring.

Further, following recommendations haveto be
implemented for minimizingthewe ght of excessiverun-
ner and risers, redesign therunner and risersat the pat-
tern designing stage and take extra care when making
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therunner in-gatesmanudly.

Following recommendations have to be imple-
mented for minimizing thewaste of molten metal, with
low temperatureand poor pouring methodol ogy; to use
correct composition and temperature of themelt for
thethin sectioned moulds. Chill-wedgetest and fluidity
test should be done and take the correct decisionsto
pour the molten metal into the moulds, to usethe cor-
rect pouring sequence, molten metal infirst tapping can
be used for the non machinabl e products such as gut-
ters, weightsand molten meta in second and third tap-
ping can beused for lessmachinable productssuch as
pump housi ngs or machinabl e products subsequently
introducing suitable heat treatment process.
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