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Abstract—The present work analyses different parameters of Hence, the time is reduced with the help of water cooled
pressure die casting to minimize the casting defects. Pressure dfge. For appropriate spread of molten material into the die

casting is usually applied for casting of aluminium alloys. Googayity for aluminium alloy, higher injection pressure and lower
surface finish with required tolerances and dimensional accuracy o

be achieved by optimization of controllable process parameters suc%lten ten_wperature. is_required. The f.”“ng proce§s _|s
as solidification time, molten temperature, filling time, injectioncMpléted in short time snap to prevent iron contamination
pressure and plunger velocity. Moreover, by selection of optimufi€ to entrapped air [10].

process parameters the pressure die casting defects such as porosity,

insufficient spread of molten material, flash etc. are also minimized. Il. LITERATURE REVIEW

Therefore, a pressure die casting component, carburetor housing o L . .

aluminium alloy (AbSi,Os) has been considered. The effects of EJn reviewing of literature, it has been four_ld that_most of the
selected process parameters on casting defects and subsequent sé&fiRgrchers over the years, have dealt with various process
of parameters with the levels have been accomplished by Taguctpdrameters such as metal temperature, piston velocity, filling
parameter design approach. The experiments have been performeirae, hydraulic pressure etc. for optimization of the objectives
per the combination of levels of different process parametefige maximum casting density, minimum porosity, minimum

suggested by L18 orthogonal array. Analyses of variance have b?ﬁ{%hes sufficient spread of molten material etc. [7] Noetul
performed for mean and signal-to-noise ratio to estimate the percen ’ ;

contribution of different process parameters. Confidence interval hQL’ 2009 demonstrated the thlmlzatlon of sand casting
also been estimated for 95% consistency level and thr@§0cess parameters such as weight of §&3, mould hardness
conformational experiments have been performed to validate thamber, sand particle size, sand mixing time, filling time etc
optimum level of different parameters. Overall 2.352% reduction With their effects on casting using Taguchi method.
defects has been observed with the help of suggested Optimﬂ'ﬁastasiou, 2005 investigated the effects of process
process parameters. parameters on porosity formation in the pressure die casting

rocess to improve casting quality using Taguchi method.

rocess parameter like plunger velocity & Die temperature
were optimized to improve quality and to reduce cost using
l. INTRODUCTION Taguchi method by Tsoukala al, 2004. Guharajat al,

2006 accomplished optimal settings of various significant

RESSURE die casting in aluminium alloy provides rapid . .
P 9 yp P prfocess parameters like green strength, moisture content,

production of engineering and other related components'o o L
oo . ) . rmeability and mould hardness for minimizing green sand
even or intricate design. The technique becomes |mport£n%

when mass production is required. Aluminum is comparab asting defects using Taguchi's parameter design approach.
P q ) . mpa ktemet al, 2006 developed a Taguchi optimization method

easy to cast and recyclable, therefore, aluminum is still ttflgr low surface roughness for milling an aluminium alloy

most widely processed metal in the field of die casting fo )

. . . Janudom et al, 2010 have minimized the porosity and
engineering components such as aeronautic space, defence an . ;
. N - . rinkage defects of aluminum alloy (ADC12) for gas-induced
automotive applications etc. It is therefore essential that the . = . .
mi-solid (GISS) die casting.

) i ; ) S S
optimum casting technique with minimum defects be adopté : L
to reduce the manufacturing cost of die casting componeg{:-ragUChI has developed a methodology for the application of

Keywords—Aluminium Casting, Pressure Die Casting, Taguch
Methodology, Design of Experiments

during mass production. Pressure die casting is primar esigned experiments, including a practitioner’s handbook [9].

affected by the process parameters such as solidification ti eis methodology has taken the design of experiments from
Y P pe - L rﬂ]é exclusive world of the statistician and brought it more fully
molten temperature, Filling time, injection pressure ang

. . . into the world of manufacturing. Taguchi methodology had
plunger velocity. In pressure die casting process molten met . - A

B . - also been applied to analyze the various significant process
is injected with the help of plunger and there is no need 0 . . ’ . . )
A ..~ parameter i.e. piston velocity, hydraulic pressure, filling time,
riser and runner, therefore lesser amount of machining ‘IS

. . . ... - and metal temperature to estimate optimum casting density for
required and to prevent metal reaction lesser SO|IdIfI0atI0CP . ) - )
time is required le casting of ALSICu,;; aluminium alloy [10]. Better casting
q ' density for pressure die casting was achieved by optimizing
process parameters for cast copper rotor [4]. This technique
design was also be applied for minimizing the surface
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TABLE Il
that may affect pressure die casting defects. Tiuegss L18 EXPERIMENTAL COMBINATIONS
parameters have been segmented and listed in &egaries o = Solidification Molten Pressure _ Filling timavelocity
[9]. Time Temperatur
1 3 57C 30C 0.5C 10C
2 3 57C 32C 0.7t 11¢C
Die Inoculatio 3 3 570 340 1.00 120
, o 4 3 595 300 0.50 110
Cooling Syste Filling time 5 3 595 320 0.75 120
) 6 3 595 340 1.00 100
Lubrican ] 7 3 620 30C 0.7¢ 10C
Casting Defects 8 3 62¢ 32¢ 1.0¢ 11¢
> 9 3 62C 34C 0.5C 12C
Type: 10 6 57C 30C 1.0C 12¢
Smaller is better 11 6 570 320 0.50 100
12 6 570 340 0.75 110
13 6 595 300 0.75 120
14 6 595 320 1.00 100
Machine 15 6 59 34C 0.5C 11C
16 6 62C 30C 1.0C 11C
Fig. 3 Cause effect diagram 17 6 62C 32C 0.5C 12C
18 6 620 340 0.75 100

The range of molten temperature is selected a¥5#0620
°C, the solidification time is selected as 2 to 6, sehereas the
range of filling and injection pressure time is sigiered as 0.5
to 1 sec and 300 to 340bar. The range plunger Wglisdaken
as 100 to 120 m/s. The selected carburetor cagtingess
parameters, along with their ranges, are preseént€dble I.

TABLE |
PROCESSPARAMETERS WITH THEIR RANGES AND VALUES AT THEIR LEVELS
Parameter Levels
Designation Parameters Range
1 2 3
ST Solld[flcatlon 3.0-6.0 3 6
Time
MT Molten 570-620 570 595 620
Temperatur
Pr Injection 300-340 300 320 340
Pressur
FT Filling time 05-1.0 0.5 0.75 1.0
VI Velocity 100-120 100 110 120

IV. EXPERIMENTAL DESIGN
The experimental region has been decided as peuchag

design approach [11]. The number of levels for eact

controllable process parameter has been defingdlddy 1. A
wide experimental region has been covered so taitsrity
to noise factors does not alter with small chanigeshese
factors settings and to obtain optimum regionstiier process
parameters. Therefore, each parameter was analgted
different levels of the process parameters. Effédnteraction
among the dependent parameters has also beendsfadite
output [2].

As per the study conducted to know the paramete

interactions [9], it is inferred that there are rsiigant
interactions of solidification time with molten t@erature and
filling time. Therefore, the interaction of solidifition time
with the molten temperatur&T X M7, and the solidification
time with filling time (ST X F7 have been considered. The
total degrees of freedom)(for five factors, one at two levels
and remaining four at three levels, and therefohe t
interactions is 13.

The L18 orthogonal array is selected for presemntkwas
the required degrees of freedom is 13 and the ablail
degrees of freedonv() is 17 ¢y > v required, 17 > 13). The
18 experimental runs have been performed as pelil8e
orthogonal array developed by the Taguchi desigwrageh
[2], [3]. The percent defected components in adbt500
components has been considered as response fdesigned
input process parameters and shown in table II.

V. ANALYSIS AND INTERPRETATION

The experiments are conducted thrice for the sasheofs
parameters using a single-repetition randomizatémhnique
[9]. The casting defects that occur in each traalditions have
been measured. The percentage of defects for epetition
is calculated by relation (1) and averages of ngddiefects are
determined for each trial conditions [10] as shdmiiable 111.
No.of defectegpieces

Percentage of Defects : - Q)
Total no.of piecesinaBatch
TABLE Il
RESPONSETABLE WITH MEAN AND S/N RATIO FOR PERCENTAGECASTING
DEFECTS
S. % defects in experiment
No. R1 R2 R3 SNRA4 MEAN4
1 10.10 8.91 10.01 -19.725: 9.673:
2 12.17 12.4¢ 12.6¢ -21.879: 12.413¢
3 12.2¢ 11.5¢€ 10.77  -21.254( 11.5367
4 7.24 6.2t 7.15  -16.770: 6.880(
5 9.6t 10.1¢ 9.81 -19.891! 9.873:
6 7.33 8.08 7.2 -17.5551 7.5367
7 10.73 10.36 10.14 -20.3514 10.4100
8 12.25 11.49 12.42  -21.6270 12.0533
9 8.98 8.56 8.74  -18.8518 8.7600
10 10.87 10.76 11.11  -20.7599 10.9133
11 3.6 4.87 4.0¢  -12.489. 4.180(
12 5.77 5.9¢ 456  -14.769¢ 5.440(
13 6.2€ 5.3 6.5: -15.639! 6.030(
14 6.4¢€ 6.61 6.5¢ -16.316¢ 6.543:
15 5.10 5.46 5,57 -14.6163 5.3767
16 6.74 5.59 6.46  -15.9626 6.2633
17 5.72 4.46 4.67 -13.9456 4.9500
18 5.16 5.82 4.68 -14.3881 5.2200
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To study the process parameter characteristicoptichum
setting signal-to-noise ratio has been calculatestead of
average in Taguchi method for the results of défiertrials
based on L18 orthogonal array. Average and thiati@m of
the quality characteristics both are replicated S#X ratio.
Since the problem is of minimization of defectpnessure die
casting, therefore, the relation “lower is better"selected to
calculate S/N ratio by relation 2. [5].
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performed for mean casting defects and S/N ratius the
results have been shown in Table IV. It is cledlilystrated
that parameterST, MT andPT are significantly affected both
the mean and variation in the casting defects.

The results obtained by average plot, S/N ratia piod
ANOVA table have not sufficient enough to find thptimum
parameters in order to minimize the casting defdidisrefore,
to be more confident about the optimum combinatain

% ratio =_10|0g[1 (10.12 +8.912 +10.01% )} (2) Process parameters, percent contrlbutlor_]_ an(_j camdigl
3 interval have also been estimated. In additionhis, tsome
%raﬁo:,lg_zn (2a) conformational experiments have also been perforiaed

Figure 2 and 3 show the mean and S/N ratio pl

respectively for the average of three trials ofcpet defects in

&heck the existence of the results between thésevais.

pressure die casting for a given size batcheadtideen found TABLE IV
maximum at the same levels of the paramet&E2( MT2, ANOVA FORPERCENDTCAST”:G DEFECTS ANDS/NRATIOS
egree O .
Sum of Square Variance .
Pr3, PT1, VI). Sum oSfSS yares  “freedom Va&a;nce F-ratio
12 U]
D n D (= 07)) D n
c = c = c = c =
- Source ~§ § e ~§ § e -z § 29 -,@ § 22
\ o8 58 O3 a8 O3 GRS o8 a¢g
2 A g ad Vad
ST 65.056 84.576 1 1 65.056 84.576  28.06 33.11
\ \/ \ / / MT 11.867 8.537 2 2 5.933 4.2685 2.56 1.67
3 v . Pr 4.303 5.112 2 2 2.151 2.556 0.15 0.13
L PT 19.285 24.739 2 2 9.642 12.3695 4.16 4.84
4 Vi 6.063 7.548 2 2 3.031 3.774 1.31 1.48
STX MT 6.659 7.426 2 2 3.329 3.713 1.44 1.45
5 STXPT 2.637 4.182 2 2 1.318 2.091 0.606 0.82
Residual
Error 2.6373 10.217 42 42 0.062 0.2432 2.318 0.50
o Total 125.14 152.33 53 53
e
8 EEE FEE: pgEpR EFEE

Fig. 2 Mean values of casting defects for eachmpater at different
levels

An optimum level of the process parameters haven be

obtained from these plots i.e. the second leveparbmeter

solidification time §T2, the second level of parameter Molte

B. Percent Contribution

The percent contribution is the portion of the tegriation
observed in an experiment attributed to each sagmif factor
gnd/or interaction which is reflected. The perasotribution
is a function of the sums of squares for each fagmit item
r{10]. The variation due to a factor contains someant due
to error Verror) and can be obtained by the relation (3)

temperature NIT2), the third level of parameter injection .

pressure Rr3), the first level of parameter Filling tim&T1) V =V +Verror ®)

and the first level of parameter plunger velocitpet (VI1). Where,V' is the expected amount of variation. Expected sum

The plot of S/N ratio as shown by fig 3 has alserbimdicated of secure $S) due to variation in the process parameters and

about the similar results. percent contribution for each related parametecoisiputed
with the help of relations (4 to 7).

TABLE V
ANOVA FOR PERCENTCASTING DEFECTS INCLUDING PERCENT

L8
AR
LW
LW
LI
M
o
25|
ILd
Ild
ild
i
ai
2ty

CONTRIBUTION
5 m -
@ 5 S ° . ,%
Source 5 8 8 g Q ° g g-—Q
; £2 2% §s ¢ 23 3¢
n 7 [agp= > I ne adoc
15 f - > -
/ ~ S \ N ST 65.056 1 65056 2806 64993 51935
MT 11.867 2 5933 256 11741  9.382
-0 Pr 4303 2 2151 015 4177 3338
PT 19.285 2 9642 416 19159 15310
25 Vi 6.063 2 3031 131 5937 4744
Fig. 3 Average values of S/N ratios for each patenat different STXMT 6.659 2 3329 144 6533 5221
level STXPT 2.637 2 1318 0606 2511 2007
evels Residual
Error 2.637 42 0.063 2.318
A.ANOVA for mean and S/N ratio Total 125.144 53 125.144

In order to study the significance of these process
parameters, three way analysis of variance (ANOK&g been
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V= S% () VI. CONCLUSION
as Experiments have been performed at different coatlzin
V= % ®)  of process parameters as suggested by L18 orthbgoag by
SS = S Verror V) 6) Taguchi methodology for the pressure die casting aof
Present Contribution carburetor of Al alloy. Contribution of process aeters for
(s minimization of defects in the components and theststency
P‘[ A&jxloo ™) of the experiments have been estimated using tatatis

Where P is the percent contribution for each preceéechniques. .
parameters and $3s the total sum of square. ANOVA table The_ results are_summanzed as under
for mean casting defects and S/N ratio includingcpet 1)OPtimum combination of process paramet&$q MT2 PT1

contribution has been shown in Tables V and VI eetipely. VT1) for minimum casting defects has been calculagsdgu
Taguchi methods.

2)It has been found that the solidification time cimites
more than 50% in minimization of casting defecthereas,
filling time is also affect the die casting procegsssome

TABLE VI
ANOVA FOR S/NRATIO, INCLUDING PERCENTCONTRIBUTION

i < c -
& 5 S % o S extent. However, the remaining parameters such dtgem
Source 5 8 35 § o § ‘gé temperature, plunger velocity a}nd injection pressilw not
E g 29 E S g2 S5 = affect the process to an appreciable amount.
wo 0= > L a2 ao= 3)The predicted range of percent casting defects9i8% < p
ST 84.576 1 84576 3311 84333 55360 < 2.72% at 95% constancy level for optimum combamat
M ses 2 48 16T PG of process parameters. Three conformational exgetisn
PT 24.739 9 12369 484 24252 15920 have also been performed at the optimum combinaifon
v 7.548 2 3774 148 7548 4955 process parameters and all the results are foutidnvwthe
STXMT 7.426 2 3713 145 6939 4555 calculated range of percent casting
STXPT 4.182 2 2.091 0.82 3.695 2.426
Residual
Error 10.217 42 0.2432 REFERENCES
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