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Abstract

The most important item in the analysis of a migahing processes is the determination of the ntagdai
of the applied energy, since it is a parameter sgay for the design of processing equipment. Agroth
important factor is to know the extent of deforroatto which a work piece can be subjected befofals.
So, we ought to know the relationship between ttergy and the deformation that it produces. Thege
paper considers relationship between the energheapgnd extent of deformation as well as the \tanies
of the radial strains, hoop strains along the mdiuder different hydraulic mediums is studied.
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1. Introduction

It can be defined as the process in which the elésshape and size are obtained through plastic
deformation of the material. This is a very ecormahprocess as the desired shape, size and fiaisthe
obtained without significant loss of material arisloaimproves the strength of the product throughirst
hardening. Both computational and experimentalltesre analyzed on the phenomena of condensation
induced water hammer in steam systems. This wasrlg/ illustrates the potential damage that coulclio
within a steam system, should a slug of liquid wate allowed to accumulate in the main. Water hamme
can be eliminated by a commercial water hammerieditar, or by a cheap, homemade variety. Elimirgator
work by using some elastic substance to relievartsgantaneous shock caused by the sudden stoppage
water under pressure. An eliminator as close tb éaacet as possible or valve is needed if systeas dot
have a low pressure system. During the 20th cernhane was considerable research conducted interwat
hammer with column separation. Bergant et al, teptiempts to span all of the significant resedhzt

has been carried out and the occurrence of lowspres and associated column separation during water
hammer events has been a concern for much of tfecgftury in the design of pipe systems for
distribution and cooling. The closure of a valvesbutdown of a pump may cause pressures so lovitidat
liquid will cavitate. The collapse of vapor cavéti@nd rejoinder of water columns can generate yearl
instantaneously extremely large pressure that raagessignificant damage or ultimately failure e fipe
system. Water hammer forming of 50.8-mrn-dia lowboa-steel sheet specimens using a water column as
the energy transmitting medium, presented thatallan estimation of the pressure variation, witiie
water column, with time to be made. The energyuigptied from a falling weight that impacts a punch
resting on the top surface of the water column. [Blhge mass of the falling weight relative to thass of

the water column allows an energy balance to beenedween the kinetic energy of the weight and the
strain energy absorbed by the column. Experimeetallts are presented that show the theory to jbebba

of providing a reasonable estimation of pressurgatian. In spite of the complexity of the situatiand

the assumptions that have been made, the anafysigter hammer free forming of small diameter sheet
assuming a simple spring mass system with a higts matio, does allow an estimate of the pressure ti
profile to be made and an estimate of the poldedadn of the sheet .

The use of a water hammer process for sheet metalirfg has been described in the past and its
usefulness as a manufacturing process demonstrtiesnpts have been made to analyze the pressure
generated in water columns when impacted by fallingasses by using one-dimensional
elastic-wave-propagation theory (Donaldson, 1964)s type of approach allows the prediction of the
pressure time profile (including transient effedsit only with a rigid end to the water column. Whee
flexible end, such as sheet metal, is used, theewaspagation method is more difficult to applycsirthe
wave- reflection conditions at the flexible end ,at®@ some extent, unknown. Osakada stated that the
deformed shape of the material is also affectethbystrain rate effect. In general, deformatiodisgpersed
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when the strain rate effect is significant. Thigeeff is most utilized in super plastic forming irhiah

occurrence of necking is avoided and a very lagferdhation is attained. Since this phenomenonusliys
caused at a very low strain rate, it is desirablédvelop metals which exhibit significant straéer effects
at high strain rate. As an example, a super pladtiminum alloy which causes a significant straater
effect at a high strain rate is introduced.

2. Experimentation

The working temperature is lower than the recrjigition temperature of the material and then the
process is called cold forming. According to theexp of (Energy Rate) forming, the processes can be
divided into the following categories. Explosiverrfing, Magnetic pulse forming and Electro Hydraulic

forming come under (High Energy Rate) High Speetrfing processes. This present work comes under
high speed forming. The speed of deformation inewhtimmer forming is less than that in explosive an

Electro hydraulic forming but g ' orming processes and the Experimental
setup of the water hammer forn

Figure 1: Experimental setup of the water hammer forming
2.1 Water hammer for ming theory

Water hammer forming process is similar to Explesferming process in producing the shapes like
conical, convex and cup shaped. This is somewlates! than the explosive forming process, similar to
explosive forming in which an enormous amount oérgg is applied to the work piece, which deforms
into required shape within fraction of the secdncthis process large amount of kinetic energy €dling
weight is converted into pressure energy with takp lof water hammer forming equipment. The pressure
energy is directed to the blank, which will defotive blank into the die shape. The central deflectid
blank depends on the amount of pressure develop#ticylinder, which indirectly depends on theghéi

of fall and weight of the fall. Also the thickneasd size of the blank affects the central deflectmd
energy required i.e. height and weight. The watenimer effect is explained below in the case of endd
closure of cylinder, in which fluid in motion cae baken as the basis for analyzing the pressunesdagesd

in the cylinder of the water hammer forming equipimerhere is a sudden repeated knocking in the
pipeline when the pressure is released suddeniy ffe tap in a toilet. This mini version is knows a
“water hammer”. Its magnified level is dangerousifogation and hydroelectric projects, but it hgreat
application in sheet forming process. The presaaees that are created in the column of water Ipairh

of plunger These created pressure waves are transmitted et tee force on work piece, which is
plastically deformed by straining in an arrangenwrdie.

The efficiency of the Water Hammer Forming, whishhighest order compared to other High Velocity
Forming processes, is defined as the ratio of tieegy absorbed in plastic deformation of the waddce to

the kinetic energy of the drop weight at impacthwihie plunger. Efficiency is typically between 4@ds60
percent. A plunger is used to produce shock wames fluid medium and the shock energy is used to
deform the work piece into required shape. In WHécpss, a suitable metal blank is placed over teden
die and a pressure cylinder filled with water. Tyéinder is designed to withstand about 200 atmesgsh

is located on top of the blank with a rubber O-rindetween. The cylinder top flange is boltedhe die
holder and a plunger is positioned in the pressylieder in contact with water. A drop weight iskéa to
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the required height and allowed to fall under gsawein to the plunger, which initiates a shock wavéhe
water medium. The energy associated with the presshock wave is utilized to transform the workcgie
into the shape of the die. Thus in water hammemiiog process kinetic energy of falling weight is
converted into pressure energy in the water colwhith pushes the blank to the shape of the diee@ hr
fluid mediums are considered for these studiesVéater, Vegetable oil and Grease. To make the system
leak proof we have used rubber 'O’ rings of différgizes and different thickness at different ptac@ne

'O’ ring of 4 mm thick and 36 mm diameter for thenger and two 'O’ rings of dia 100 mm and 120 nfim o
thickness 5 mm were used at the bottom of the dgtinThese 'O’ rings were applied with grease t@asc
leak proof and pressure tight. Water hammer fornaihgnnealed aluminum and copper blanks of diameter
120 mm and thickness of 0.8 mm, has been takeexXjperimental work and the influence of the process
parameters like, pressure transmitting medium,rgiateenergy, distribution of hoop strains, radifthins,

and central deflection of the deformed metal hasnbebserved. Pure aluminum and copper sheets of
0.8mm thickness and suitable circular blanks offi20size are cut with shears and the edges of drk$l
are filed to the correct shape. For all the blazéster is located then the blanks are marked waititentric
circles with a radial interval of 10 mm and two ieddines with an included angle of 45 degrees. The
marked aluminum and copper blanks are annealeduaed for deformation in water hammer forming
process. The pressure cylinder is filled with wateany chosen hydraulic fluid and the plungerushed
through the guide bush to position on the wateummol. The weight or ram is lifted to the requiredghe

and suddenly relieved. The shock waves producddioh column develop high pressures with this impac
load on the plunger. The high-pressure fluid coludaforms the blank into the die and produces the
required shape. The above procedure is repeated.

2.2. Variation of central deflection with energy

For finding the variation of central deflection Wwienergy, numbers of specimens (with diameter 120mm
and 0.8mm thickness) were tested with only one ldoxen to each specimen. The deformed blank has a
convex cup at the center and the flange portidiats For measuring the central deflection thedading
procedure is adopted. A steel rule is placed orkypigce, so that its edge passes through the cehthe

cup. Care should be taken to keep the steel rudetigxat 90 to the cup flange. Then with help of a
Vermeer calipers (or depth micrometer) the cemtedliection of the cup is measured.

2.3. Variation of radial and hoop strain with centre distance

For finding variation of radial strains and hoopasts with distance from the center of the cup, tadial
lines are marked on the blanks with included an§k¥5 degrees and concentric circles are draw®-ahih
intervals. For radial strains the readings werenakt radial segmentés mean center distance of that
segment. For hoop strains the variation of Circslegment between two radial lines at each radiug we
noted. Only one specimen from each type was tegtedrtain energy level. The measurement of theeabo
strains is described in the next section.

2.4. Procedurefor evaluation of radial strains

The Initial length of any radial segment on thenklalong the radial line is measured and it is etu&.

Thin wire is stretched, after the formation of cafgng the deformed segment to measure the fingthe
of the radial segment that is curved. Let this thrige R1. The change in length of the segmentvisngby
(R1 -R) and respective radial strain is given by

(R1-R) /IR

This strain corresponds to the third point of thesen segment. Likewise radial strains for othgmsnts
also can be found.

2.5. Procedure for evaluation of hoop strains
The Initial length of circular segment at radiadtdince can be found by the following equation.

L1 =2xrl x 6/360

Heref = 45 degrees.
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L1 = 2arl x 45/360 =nr/4

The Final length of each segment after deformaiomvaluated with a thin wire stretched along the
deformed segment and measuring the length of thewith Vernier calipers. Let this be equal to Then
the corresponding hoop strain experienced by thensat is (L2 — L1)/L1. Likewise the hoop straing fo
other segments can be found.

Maximum deflection takes place at 75cm ram heigitih water as the medium, but maximum deflections
are obtained with oil as the medium on Aluminumemiat is shown in Figure 2. Maximum deflections are
obtained on copper material with water as the nmadsushown in Figure 3.
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Figure 2: Deflection of Aluminum material with different meadns
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Figure 3: Deflection of Copper material with different medisim
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Figure 5: Radial strain Vs Radial distance for copper matatiaifferent ram heights
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Hoop strains and radial strains variation alondhwétdial distances for different materials andedéht
ram heights are shown in Figures 4-5. Maximum is&raire obtained at radial distance of 10mm for
both Al and Cu materials.

4. Conclusion

From the experimental data and graphs for radialrst it is observed that the radial strains anoipho
strains are almost negligible in the flange regibieup compared to the region near to the centés T
shows stretch forming of the material in the cemtthe cup. This is understandable, since in the
present experimental setup the cylinder is direstigted on the blank and the swing bolt force is
restraining the movement of the blank in the flaagea. To avoid this it is suggested that a stepldh

be machined in the die holder. The cylinder shaakt directly only on the step machined on the die
holder and the sheet metal gets effective sealidgcantact only through the rubber “O”rings arrathge
at the bottom of the pressure cylinder. In casthefdata obtained for the deflection of the metat®

it was observed that as the potential energy ireased there is an increase in deflection of thialme
With accessories like motor driven positing devioe drop weight, we can adopt water hammer
forming process very efficiently for low volume phaction in small industries. Suitable dies can also
be designed to achieve deep drawing with multife/b and impact bulging for tubes etc.
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