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ABSTRACT

In this present work, a statistical approach waspigd based on taguchi techniques and finite eléraaalysis to
determine the influence of process parameters erfdimability of conical cups of Monel-400 alloyingsthe cold deep
drawing process. The process parameters considimedhe present work were punch velocity, coefficief friction,

blank thickness and displacement per step. It wasd that the sheet thickness and coefficientictidn were influencing
the quality of the cup. With increase in blank kiness damage was decreasing. Higher the coeffiofefitction higher

was the surface expansion ratio.
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INTRODUCTION

The deep drawing process is an effective methadasfufacturing of cups, cans and other similar direpving products.
Deep drawing is a type of forming process. It talese under a combination of tensile and compressbnditions. To
obtain an optimal blank shape that can be deforim&dthe near net shape, many investigations haemn lzarried out.
A.C. Reddy et al. [1] in their work have simulatisht the cup drawing process with an implicit #nglement analysis.
The effect of local thinning on the cup drawing bagn investigated. The thinning is observed orvéngcal walls of the
cup. Ayari et al. [2] suggested that the coeffitiehfriction between different contact (blank -edpunch blank contact
etc.) is the very important parameter. Chung ef3lhave proposed a direct design method basednoideal forming
theory to get an initial blank shape. The real fiognconditions such as friction force, blank holderce and tool
geometry are not considered. A. C. Reddy[4] ingastd on Formability Analysis of 6063 Al Alloy fateep drawn
cylindrical cups with constant and progressive klaalding force and results indicated that the Miges stress was least
at operating temperature of 300°C, strain rate ®%3, friction coefficient of 0.1 and blank holder weity of 0.13 mm/s.
Finch et al. [5] investigated how drawability oftbaectangular and circular cups from annealedrardened aluminium
sheet alloys was effected by warm forming. Theltesndicated a significant enhancement in the diaility (in terms of
cup height) around the temperature of °(50also for the precipitation hardened alloys |i®824-T4 and 7075-

T6.Cwiekala et al. [6] proposed a method that combivarious analytical approaches into a singlerate and fast deep
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drawing simulation. This developed simulation methis applicable to prismatic and axisymmetric deb®pwing
processes. Consideration of deformation paths,gso@arameters and material behaviour is posgsibthe proposed
method. Time dependent effects can also be caesideecause this is a multistep simulation. Theekiped simulation

method gives a better accuracy in calculatingstiéstributions compared to numerical one stepesslv

Optimizing the deep drawing process of Monel-40@yalsing Taguchi techniques was the objectivehaf t
present work. To determine the degree of importarioeach of the process parameter on the formplufideep drawn
cups an ANOVA technique was adopted. In the presernk the simulation of deep drawing process wadaz out using
DEFORM software.

MATERIALS AND METHOD

Monel 400 is a nickel-copper alloy (about 67% NR3% Cu). Monel-400 is resistant to sea water ampdnstat high
temperatures.lt is also resistant to salt and @asstutions. The Monel 400 alloy is also knownsager alloy Monel. The
tensile and yield strength of this alloy are 520VdPal 270MPa respectively. The modulus of elastioftyhis alloy is
179GPa. The Poisson’s ratio is 0.32

The levels of the control parameters were chosesu@h a way that there are in the operational rafiddonel
400 alloy for deep drawing process. All the consdecontrol parameters were studied at three diftetevels. The
control parameters and their levels are given lifetd. For the present work the orthogonal arraf)(@9 was selected.
The parameters were assigned to the various colaintie O.A L9. The assignment of parameters dewifit levels in

the OA matrix is given in table 2.

Table 1: Process Parameters and Levels

Factor Symbol | Level —1| Level —2| Level — 3
Punch velocity, m/s A 2 3.5 5
Coefficient of friction B 0.1 0.15 0.2
Thickness, mm C 0.8 1 1.2
No. of steps D 50 75 100

Table 2: Orthogonal Array (L9) and Process Parametes

Trial No A B C D
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1

Design of Deep Drawn Conical Cups

To calculate the blank size, the surface area efittished drawn cup was equated with the arehebtank. The blank

diameter, D is given by:

D= sz + (dy + dy)y/(dy — dy)? + 4h? 1)

Whered, and d, are the top and bottom diameters of the cup asdHmei height of the cup.
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The top and bottom diameters of the punch are tbbsiee cup. The height of the punch is equal &t tf the
cup. The corner radius of drawing punch must beertiwain three times the blank thickness (t). Atsime time, the punch

radius should be less than one-fourth the cup diam(d).
3t< punch radius < d/4.

The punch radiug,mm is expressed as:

12t+d
12t @

Wheret is thickness of sheet ands mean diameter i.e‘?—lﬁdz)

For smooth material flow the die edge should hageegous radius preferably four to six times thenkla
thickness but never less than three times the shieghess because lesser radius would hinder rabfiew while excess
radius would reduce the pressure area betweendhk bnd the blank holder. The corner radigismm of the die can be

calculated from the following equation:
r4=0.8/(D —d )t
WhereD is blank diameter (mmjl is mean diameter (mm) ahds thickness (mm). 3)

The material flow in drawing may undergo some flatigickening and wall thinning of the cup. For thigpose,

the space for drawing is kept slightly bigger ttiam sheet thickness. This space is known as di¢atiee.
Clearanceg,=t + u\/10t (4)
Whereyu is the coefficient of friction.
The top diameter of the dig;, is obtained from the following equation:
dg1=d +2c, (5)
The bottom diameter of the dik,is obtained from the following equation:
daz=d,+2c, (6)

The height of the die is the height of the cup. Trecorner radius is calculated by adding thereleee to the

punch corner radius. The edge radius of the digist times the thickness of the blank.
Finite Element Analysis

The circular sheet blank was created accordingsireld sheet thickness and diameter. The conieamti bottom hollow
punch were modelled with appropriate inner radiasner radius and outer radius as shown in figurehe die and punch
were modelled using UNIGRAPHICS software. The blahleet was meshed into tetrahedral elements. Tiullimy

parameters of deep drawing process for trail wer®lows:

*  Number of elements for the blank: 9432
*  Number of nodes for the blank: 3235

e Top die polygons: 842

» Bottom die polygons: 1858
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—

Fig 1: Conical die and punch

The contact between blank and punch, die and Hafder were coupled as contact pair. Mechanicalraation
between theontact surfaces was considered to be frictionatagm. Effective stress, height of the cup and dgaf the
cup were found using finite element analysis. Eirelement analysis and modelling was done using @&W 3D

software.
RESULTS AND DISCUSSION

Influence of Control Factors on the Damage ¢ Conical Cups

Table 3 gives the ANOVA summary of raw data. ThehEi’s test column establishes all the parametzspaed at 909
confidence level. Factor A, punch velocity, coniitdés 2% of the total variatic Coefficient of friction, factor B
contributes almost quarter454%) of the total variatioiFactor C, thickness, assists 49.94% of the variaitd factor D

no of steps, contributes 23.34 % variation on @ damagy

Table 3: ANOVA Summary of Conical Cups Damages
Factor | S1 S2 S3 SS v \Y F P
0.7654 0.7936| 0.7919 0.001%5 [ 0.0008.06| 2.08%
0.72<| 0.8311| 0.7957 0.01785 [1 0.0089¥B98 | 24.64%
0.83] 0.8269| 0.694| 0.03618 |[L 0.018(999 | 49.94%
0.774§ 0.8405| 0.7355 0.01691 |1 0.00845691 | 23.34%
0 4 0 0 0
3.094] 3.2921| 3.0171] 0.07245 8 100%

—|lo |O|O|m|>

Note: SS is the sum of square, v is the degrees ofiémee V is the variance, F is the Fisher’s ratioisRhe

percentage of contribution and T is the sum squdueso total variatic

The effectof process parameters on the damage of cups is givéigure 2. As the punch velocity increas
damage decreases as shown in figure 2(a). Dametge facreases along with increase in coefficidrriotion as showr
in figure 2(b). With increase ithickness there is a damage factor as shown indfig(c). The damage of the cup is higt

at 75 steps as shown in figure 2(d). The damagleeotonical cups at different trials is shown gufie 3

Impact Factor (JCC): 6.8242 NAAS Rating 3.30
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Figure 2: Effect of Process Parameters on thDamage of Cups

The damage in the conical cups drawn with trialdittons of 2 and 6 were 0.913% and 0.909% respelgtiv he
reason for relatively higher damage in these trials because of greater coefficient of frictionuesl. The damage in ct
drawn with trial conditions of 4, 5 and 7 were 0.9290.742% and 0.699% respectively. The reasondiatively less

damage in these trials was due to higher valudisickness
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Figure 3: Damage in Conical Cups Under Different Oprating Conditions.
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Figure 4: Cup Damages Under Different Trials.

Figure 5 depicts the forming limit diagram with dages in the conical cups drawn from Monel 400 sheé
different thickness. The conical cups drawn undetst 1, 6 and 8 with sheet thickness 0.8iwere most damaged on
account of biaxial tension and compression induicethe blank material as shown in figure 5(a). Lessnage wa
observed in the trials 3, 5 and 7 except wrinkles th comparatively more sheet thickness of 1.2rarsh@wn in figure
5(c). The conical cups drawn under trials 2, 4 & ighvsheet thickness 1mm were damaged due to uhi@aion anc
stretching as shown in figure 5(b). Least damagmiwed in the trial 7 because of low coefficientfiidtion. Conversely

highest damagecourred in trial 6 due to high coefficient of fimh and least sheet thickne
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Figure 5: Forming Limit Diagrams with Damages for Different Blank Thickness.
Influence of Control Factors on Surface Expansion latio (SER)

Table 4 gives the ANOVAummary of raw data. The Fisher’s test column éstads all the parameters accepted at !
confidence level. Factor A, punch velocity, coniitds 12.30% of the total variation. Coefficientfa€tion, factor B,
assists 14% of the total variation. Fa C, thickness, contribute 13.66% of total variatemd factor D, number of ste

contributes 60.05% to the total variati
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Table 4: ANOVA Summary of Surface Expansion Ratio
Factor | S1| S2 S3 SS v V F P
1.87| 1.853| 1.83| 0.002422 [0.0012110.42| 12.30%
1.827 1.86 | 1.867| 0.002756 [D.0013780.49| 14.00%
1.869 1.863| 1.827] 0.00268Pp [0.0013440.47| 13.66%
1.819 1.9 1.9 | 0.011822 10.0059114.51| 60.05%
0 4 0 0.00| 0.01%
7.374 7.476| 7.424 0.01968D B8 100%

OO

o |O|O|m|>

The effect of procesparameters on the surface expansion of cups isrshoigure 6. As the punch veloci
increases, surface expansion ration decreases. iW¢itbase in coefficient of friction, surface exp@m also increase
Initially there is no effect of thickness the surface expansion ration, but later surfaceaesion ratio decreased w
increase in thickness. The surface expansion @dittup is maximum at 75 steps. The surface expansitio of the cup

at different trials is shown in figure 7.
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Figure 6: Effect of Process Parameters on Surface ExpansioraRo.

The surface expansion ratio when drawn with triahditions 2 and 6 was observed to be 1.94 and
respectively. The SER values when drawn with céowkt of 1, 5 and 9 were 1.82, 1.8 and 1.espectively. For trial
conditions 3 and 8 the SER values were 1.85 antlre§pectively. The relatively higher values offace expansion rati

in trial conditions of 2 and 6 were because of meeoefficient of frictior
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Figure 7: Surface Expansiol Ratio in Conical Cups Under Different Operating Corditions.
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Figure 8: Surface Expansion Ratio Under Different Tials.

Influence of Control Factors on Cup Heigh

Table 5 gives the ANOVA summary of raw data. ThehEi’s test column establishesthe parameters accepted at 9
confidence level. Factor A, punch velocity, contitds 1.32% of the total variation. Coefficient o€fion, factor B, assts

2% of the total variatiorf-actor C, thickness of the blank contributes 4%faatbr D or numbr of steps contributes 92%.

Table 5: ANOVA Summary of Height of Cug
Factor | S1 S2 S3 SS \ V F P

A 25.22| 25.26 | 25.27| 0.005178 [1 0.002588.04 | 1.32%
B 25.29) 25.22 | 25.25| 0.007856 1 0.003928.06 2%

C 25220 25.31 | 25.22| 0.01588 [ 0.007938.13 | 4.04%
D 25.1| 2553 | 25.12| 0.36405 [ 0.1820B7.78| 92.64%
e 0 4 0 0 | 0.00%
T ]100.83 101.32| 100.8 0.392958 8 100%
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Figure 9: Cup Height Under Different Trials.

The effect of process parameters on the heighues ¢s given in figure 10. As the punch velocitgregases, cu
height increased. With increase in coefficientfriction, cup height first decreased then increasafith increase i

thickness the cup height first increased and tlemmehsed. The cup height is maximum at 75 ¢
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Figure 10: Effectof Process Parameters on Cup Height.
CONCLUSIONS

It wasobserved from the present work that the processnpeters, which had greater influence on the forlialoif deep
drawing of conical cups of Monel 400, were the &ioemnt of friction and the blank thickness. Thentege of cups we
lower in trial 7 wherthe coefficient of friction was low. Damage of tbep decreased with increase in thickness. Su
expansion ratio was higher for trial 2, where purelocity was 2m/s and coefficient of friction wasl5. Higher the
coefficient of friction higher theusface expansion ratio. The cup height was higheenthe coefficient of friction was O

and blank thickness was 1mm.
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