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"Ravinder Kumar

Dept. Of Physics, MMEC, MMU (MULLANA), AMBALA, INDIA
kravinder63@yahoo.com

Ashish Kumar Sharma

Dept. Of Mathematics, MMEC, MMU (MULLANA), AMBALA,INDIA
ashishk444@yahoo.in

The research is financed by Asian Development Bank. No. 2006-A171 (Sponsoring information)

Abstract

The most important item in the analysis of a métaiing processes is the determination of the ntagei of
the applied energy, since it is a parameter necefsiathe design of processing equipment. Anothgyortant
factor is to know the extent of deformation to wha work piece can be subjected before it fails.v@ought
to know the relationship between the energy andddfermation that it produces. The present papesiders
relationship between the energy applied and extedeformation as well as the variations of theahstrains,
hoop strains along the radius under different hylirtanediums is studied.
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1. Introduction

It can be defined as the process in which the el@sihape and size are obtained through plasticrdafimn of
the material. This is a very economical procesthasdesired shape, size and finish can be obtaimidut
significant loss of material and also improves #teength of the product through strain hardeningthB
computational and experimental results are analgrethe phenomena of condensation induced watemgam
in steam systems. This work clearly illustrates plo¢ential damage that could occur within a stegatesn,
should a slug of liquid water be allowed to accuatellin the main. Water hammer can be eliminatec by
commercial water hammer eliminator, or by a chdagmemade variety. Eliminators work by using some
elastic substance to relieve the instantaneouskstagsed by the sudden stoppage of water undesypeeAn
eliminator as close to each faucet as possiblelvevs needed if system does not have a low pressistem.
During the 20th century there was considerableareseconducted into water hammer with column sejuara
Bergant et al, report attempts to span all of igaiicant research that has been carried out hadtcurrence
of low pressures and associated column separationgdwater hammer events has been a concern foh iiu
the 20" century in the design of pipe systems for distitouand cooling. The closure of a valve or shutdow
of a pump may cause pressures so low that thelligili cavitate. The collapse of vapor cavities aapbinder
of water columns can generate nearly instantangoerdremely large pressure that may cause significa
damage or ultimately failure of the pipe systemta/diammer forming of 50.8-mrn-dia low-carbon-steetet
specimens using a water column as the energy titiimgrmedium, presented that allows an estimatibthe
pressure variation, within the water column, withe to be made. The energy is supplied from anfgilizeight
that impacts a punch resting on the top surfacéhefwater column. The large mass of the fallingghei
relative to the mass of the water column alloweaergy balance to be made between the kinetic godriipe
weight and the strain energy absorbed by the collrperimental results are presented that shovhtngry to
be capable of providing a reasonable estimatiquredsure variation. In spite of the complexityltd situation
and the assumptions that have been made, the mnalysater hammer free forming of small diameteeeds,
assuming a simple spring mass system with a higksmatio, does allow an estimate of the pressune ti
profile to be made and an estimate of the poldedadn of the sheet .

The use of a water hammer process for sheet n@talrfg has been described in the past and its ngsfias
a manufacturing process demonstrated. Attempts haea made to analyze the pressure generated @r wat
columns when impacted by falling masses by using-dimensional elastic-wave-propagation theory
(Donaldson, 1964). This type of approach allowsptesdiction of the pressure time profile (includingnsient
effects) but only with a rigid end to the waterwoh. When a flexible end, such as sheet metalsésl uthe
wave propagation method is more difficult to apgtyce the wave- reflection conditions at the fléxibnd are,

10



Chemistry and Materials Research www.iiste.org
ISSN 2224- 3224 (Print) ISSN 2225- 0956 (Online)

Vol 1, No.2, 2011

to some extent, unknown. Osakada stated that ttoended shape of the material is also affected leystiain

rate effect. In general, deformation is dispersdebmwthe strain rate effect is significant. Thiseeffis most

utilized in super plastic forming in which occurcenof necking is avoided and a very large deforomais
attained. Since this phenomenon is usually causedvary low strain rate, it is desirable to depeloetals

which exhibit significant strain rate effects aglmistrain rate. As an example, a super plastic ialum alloy

which causes a significant strain rate effectlaigh strain rate is introduced.

2. Experimentation

The working temperature is lower than the recriigttion temperature of the material and then trezgss is
called cold forming. According to the speed of (EgyeRate) forming, the processes can be divided tiné
following categories. Explosive forming, Magnetialge forming and Electro Hydraulic forming come end
(High Energy Rate) High Speed Forming processes piesent work comes under high speed forming. The
speed of deformation in water hammer forming is i&n that in explosive and Electro hydraulic fiogrbut
greater than that of conventional forming processebthe Experimental setup of the water hammaenifay is
shown in Figure 1.

Figure1: Experiméntgl : Wa ";;fnmer forming
2.1 Water hammer for ming theory. ‘

Water hammer forming process is similar
convex and cup shaped. This is somewh
forming in which an enormous amount of en
shape within fraction of the se s, t of kinetic energy of a falling weigh
converted into pressure energ brming equipment. The pressure energy is
directed to the blank, which will deform the blainko the die shape. The central deflection of bldegends on

the amount of pressure developed in the cylindbaichvindirectly depends on the height of fall anelight of

the fall. Also the thickness and size of the blaffkcts the central deflection and energy requitecheight and
weight. The water hammer effect is explained belothe case of sudden closure of cylinder, in whiahd in
motion can be taken as the basis for analyzingpthesures developed in the cylinder of the watenrher
forming equipment. There is a sudden repeated kngdk the pipeline when the pressure is releasedenly

from the tap in a toilet. This mini version is knowas “water hammer”. Its magnified level is dangsréor
irrigation and hydroelectric projects, but it hasa application in sheet forming process. The queswaves

that are created in the column of water by impdgtlenger These created pressure waves are transmitted and
exert the force on work piece, which is plasticaléformed by straining in an arrangement of die.

Sive forming process, similar to explesiv
work piece, which deforms into reqdire

The efficiency of the Water Hammer Forming, whisthighest order compared to other High Velocitynfiog
processes, is defined as the ratio of the energgrhbd in plastic deformation of the work piecétte kinetic
energy of the drop weight at impact with the plundgficiency is typically between 40 and 50 perceh
plunger is used to produce shock waves in a flugdliiom and the shock energy is used to deform the wo
piece into required shape. In WHF process, a duitatetal blank is placed over a vented die andesgure
cylinder filled with water. The cylinder is desigh& withstand about 200 atmospheres is locatebpof the
blank with a rubber O-ring in between. The cylindep flange is bolted to the die holder and a phunig
positioned in the pressure cylinder in contact witéiter. A drop weight is taken to the required heignd
allowed to fall under gravity on to the plunger,ighinitiates a shock wave in the water medium. €hergy
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associated with the pressure shock wave is utii@agthnsform the work piece into the shape ofdiee Thus in
water hammer forming process kinetic energy ofrfglweight is converted into pressure energy invilager
column which pushes the blank to the shape of ieTdhree fluid mediums are considered for thesdiss are
Water, Vegetable oil and Grease. To make the syktaknproof we have used rubber 'O’ rings of déffersizes
and different thickness at different places. Orleil@ of 4 mm thick and 36 mm diameter for thengar and
two 'O’ rings of dia 100 mm and 120 mm of thicknesam were used at the bottom of the cylinder. €Hés
rings were applied with grease to act as leak peoaf pressure tight. Water hammer forming of aratkal
aluminum and copper blanks of diameter 120 mm &itkness of 0.8 mm, has been taken for experimental
work and the influence of the process parametdss, Ipressure transmitting medium, potential energy,
distribution of hoop strains, radial strains, aedtcal deflection of the deformed metal has beesenked. Pure
aluminum and copper sheets of 0.8mm thickness aitabe circular blanks of 120mm size are cut vgitlears
and the edges of the blanks are filed to the costeape. For all the blanks center is located therblanks are
marked with concentric circles with a radial int@ref 10 mm and two radial lines with an includedjle of 45
degrees. The marked aluminum and copper blankammealed and used for deformation in water hammer
forming process. The pressure cylinder is filledhwivater or any chosen hydraulic fluid and the gkmis
pushed through the guide bush to position on theemeolumn. The weight or ram is lifted to the riggqd
height and suddenly relieved. The shock waves mediun fluid column develop high pressures withs thi
impact load on the plunger. The high-pressure fiothmn deforms the blank into the die and produbes
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 12@mch
0.8mm thickness) were tested with only one blowegito each specimen. The deformed blank has a xonve
cup at the center and the flange portion is flat. Reasuring the central deflection the followimgqedure is
adopted. A steel rule is placed on work-piece hst its edge passes through the center of theGane should

be taken to keep the steel rule exactly at 90 dactip flange. Then with help ofMermeer calipers (or depth
micrometer) the central deflection of the cup ismeed.

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 angle ofdégrees and concentric circles are drawn at 10-mm
intervals. For radial strains the readings wereadt radial segmentés mean center distance of that segment.
For hoop strains the variation of Circular segniettveen two radial lines at each radius were nd@dady one
specimen from each type was tested at certain gihevgl. The measurement of the above strains ssrieed

in the next section.

2.4. Procedure for 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 cup, gldhe deformed segment to measure the final lenfjthe
radial segment that is curved. Let this length e The change in length of the segment is giveliRly -R)
and respective radial strain is given by

(R1-R) R

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

2.5. Procedure for evaluation of hoop strains
The Initial length of circular segment at radiatdince can be found by the following equation.
L1 =2xrl x 6/360
Here6 = 45 degrees.

L1 = 2xrl x 45/360 =nr/4
The Final length of each segment after deformaosvaluated with a thin wire stretched along teéodmed
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segment and measuring the length of the wire wighnir calipers. Let this be equal to L2. Then the
corresponding hoop strain experienced by the segmei2 — L1)/L1. Likewise the hoop strains forhet
segments can be found.

Maximum deflection takes place at 75cm ram heigitlh water as the medium, but maximum deflectiores ar
obtained with oil as the medium on Aluminum mateisa shown in Figure 2. Maximum deflections are
obtained on copper material with water as the nadsushown in Figure 3.
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Figure 2: Deflection of Aluminum material with different meafhs
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Figure 3: Deflection of Copper material with different medism
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Figure 4: Hoop strain Vs Radial distance for copper matetalifferent ram heights
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Figure 5: Radial strain Vs Radial distance for copper matatidifferent ram heights
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Hoop strains and radial strains variation alonghwadial distances for different materials andedéht ram
heights are shown in Figures 4-5. Maximum straiesadtained at radial distance of 20mm for bottaAdl Cu

materials.

4. Conclusion

From the experimental data and graphs for radiaing it is observed that the radial strains anophsirains are
almost negligible in the flange region of cup conmgghto the region near to the center. This showetct

forming of the material in the center of the cupisTis understandable, since in the present expeeaitah setup
the cylinder is directly seated on the blank areldtving bolt force is restraining the movementhaf blank in
the flange area. To avoid this it is suggested ¢hatep should be machined in the die holder. Tiader

should rest directly only on the step machinedtendie holder and the sheet metal gets effectiaéngeand

contact only through the rubber “O"rings arrangédhe bottom of the pressure cylinder. In casehef data
obtained for the deflection of the metal piece dsvobserved that as the potential energy is inedetiere is an
increase in deflection of the metal. With accessolike motor driven positing device for drop weighe can
adopt water hammer forming process very efficiefdlylow volume production in small industries. Bibile

dies can also be designed to achieve deep dravithgnwaltiple blows and impact bulging for tubes.etc

5. References

1.

2.

Jasper Kidger, James Hobbs, Aubrey, (2005), “Sitran of the Effects of Condensation Induced
Water hammer”, Thyer of the Health and Safety Latay, UK, , pp 1-17.
Bergant, A.R. Simpson, A.S. Tijsseling, (2006), ‘téfa hammer with column separation: A

historical review”, Journal of Fluids and Structsr@2, pp 135-171
R.J. Grieve and N.W. Wambugu, (1980),"Some AspeftSheet-metal Forming Using Impact

Loading Through Water Columns”, Paper was preseatdeburth SESA International Congress on
Experimental Mechanics hem in Boston, MA on May25p30.

Donaldson, I.S. and Johnson, W.,(1962), "Sheet MEtaming using a water Hammer Type
Process: A Preliminay Assessment of a New Formighifiique, " Proc. 3rd Int. Conf., Mech, Tool
Des. & Res, Univ. of Birmingham, U.R., pp 385- 397.

Vafiadakis, (1964), "Deep Drawing and Free Formirsjng a Water Hammer Technique," Prod.
Inst. Mech. Engrs., 179, pp 222-283.

Donaldson 1.S,(1964), “Graphodynamics applied toightePiston- Liquid Impact" International
Journal of Mechanical Science., 6, pp 153-160

15



This academic article was published by The International Institute for Science,
Technology and Education (IISTE). The IISTE is a pioneer in the Open Access
Publishing service based in the U.S. and Europe. The aim of the institute is
Accelerating Global Knowledge Sharing.

More information about the publisher can be found in the IISTE’s homepage:
http://www.iiste.org

The 1ISTE is currently hosting more than 30 peer-reviewed academic journals and
collaborating with academic institutions around the world. Prospective authors of
IISTE journals can find the submission instruction on the following page:
http://www.iiste.org/Journals/

The IISTE editorial team promises to the review and publish all the qualified
submissions in a fast manner. All the journals articles are available online to the
readers all over the world without financial, legal, or technical barriers other than
those inseparable from gaining access to the internet itself. Printed version of the
journals is also available upon request of readers and authors.

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalITOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

m EB O INDEX (\@‘ COPERNICUS
I N T E RN A TTITIT ON AL

INFORMATION SERVICES
ULRICHSWES,  JournalTOCs @

N A ;
. E'z B Elektronische
lBAS(E T— Q0@ Zeitschriftenbibliothek O

open
> )
OCLC v)

The world’s libraries. — U cDigitalLibrary —
Connected. WorldCat e

Ny

'- ¥
GEORGETOWN UNIVERSITY
LIBRARY



http://www.iiste.org/
http://www.iiste.org/Journals/

