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Abstract: Liquid hammer is a pressure surge or wave caused
when a fluid (usually a liquid but sometimes also a gas) in
motion is forced to stop or change direction suddenly which
also involves a momentum change. This process generates
shock waves which reach the sheet metal kept at a lower part
of the cylinder and deform it to the shape of the die placed
below the sheet metal.The process variables that were
considered which affect deformation are the thickness of the
specimen, height of drop hammer, number of blows and
weight of the drop hammer.In this work Response Surface
Methodology(RSM) is used as a tool for optimization of
process parameters using Design Expert Software.Further
force and strain analysis are performed for the deformed
specimens.
Keywords: liquid hammer, Response Surface Methodology
(RSM), designexpert, ANOVA, Optimization, Finite
Element Analysis (FEA)
I. I nt ro du ctio n
Liquid hammer process of forming is a simple high energy rate
forming technique. The liquid hammer method of forming sheet
metals is a simple, safe and inexpensive technique in which the
necessary high energy is obtained from the shock waves
generated in a liquid column by the impact of a falling weight
transmitted through a plunger. The plunger works inside a
cylinder containing the hydraulic fluid that generates shock
waves which reach the sheet metal kept at the lower part of
cylinder and deforms it to the shape of the die placed below the
sheet metal. Therefore, there is a considerable scope for a
process in which sheet metal can be formed by safer and
convenient equipment. Forming by means of water hammer
offers such an alternative.
Principle of water hammer
The method uses the principle of generation of liquid hammer
waves by dropping the weight in cylindrical cavity filled with
the liquid column.Water can be considered as a homogeneous
fluid incapable of supporting any shear; this implies that if the
water is loaded impulsively its volume is able to readjust by
means of flow through any boundary displacements caused by
the loading. Change in the pressure results in change in volume.
In this way pressure suddenly applied locally will be
transmitted to other points in the fluid as an “elastic wave of
disturbance” which will travel at the velocity of sound in the
liquid.
. Parameters affecting the deformation of the specimen
1. Thickness of the specimen
2. Height of the drop hammer
3. Weight of drop hammer
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II Methodology:
Response surface methodology (RSM) is a collection of
experimental strategies, mathematical methods and statistical
inference which enable an experimenter to make efficient
empirical exploration of the system of interest.
Many times these procedures are used to optimize a process.
For example, we may wish to maximize yield of a chemical
process by controlling temperature, pressure and amount of
catalyst.
The basic strategy has four steps:
1. Procedures to move into the optimum region.
2. Behaviour of the response in the optimum region.
3. Estimation of the optimum conditions.
4. Verification.
The main objectives of RSM are
 RSM is a collection of mathematical and statistical
techniques that are useful for modeling and analysis
in applications where a response of interest is
influenced by several variables and the objective is
to optimize the response.
 Optimize →maximize, minimize, or getting to a
target.
 Or, where a nonlinear model is warranted when there
is significant curvature in the response.
Here, in this Experimentation, the outputs obtained are to be
incorporated into the historical data of RSM in Design
Experts Software and the optimum value of the outputs for
the suggested model is to be obtained.
III.Experimentation:
The equipment is arranged on a circular concrete base. A
wooden block is placed over the concrete base so as to absorb
the shock load without damaging the system; die holder is
kept on the wooden block. Suitable die is selected and placed
in the die holder over which the sheet metal (work piece) is
located in the shallow counter sunk bore, of the same
diameter as the specimen, on the die face. Venting is provided
both in the die and the die holder, to prevent spring back of
the specimen due to compressing of trapped air. Now the
cylinder with two „O‟ rings are fixed in order to prevent
leakage of the working fluid. Cylinder flange and guide bush
are mounted on the cylinders in such a way that it is fixed
with an m-10 Allen screw. Two swing bolts are used to clamp
the cylinder flange and hold the cylinder in position. Plunger
along with „O‟ ring fixed on it is inserted through the guide
bush into the cylinder. The mating faces of plunger and
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cylinder were grinded for smooth movement. Wall bracket is
fixed in the wall to support the guide mechanism. The guide
mechanism comprises of a pulley for lifting the weight. The set
of three guide wires are provided to guide the falling weight.
The weights are fixed on a disc carrying a one end thread inside
the disc and other end locked to the rope by means of an eye
end. The die holder is placed on the wooden block. The surface
of the die should be free from dust, dirt and other foreign
materials to provide good forming. The die is placed in the
holder. The specimen is located in the shallow counter sunk
bore between the die face and the cylinder. The cylinder cavity
is filled with the fluid up to desired height by removing the
necessary tap screws. Cylinder flange along with the guide
bush is located by means of bolts. The plunger is inserted into
the cylinder with the „O‟ rings in position, up to the liquid
level. Predetermined weight is raised to the required height
manually by means of the rope over the pulley. Then it is
released suddenly. The deformation of the work piece takes
place by the shock waves in the liquid generated by the impact
of the freely falling weights. The swing bolt is unfastened. The
wire fixed of the cylinder flange lifts the cylinder along with
the plunger, guide and guide bush. The formed specimen is
removed from the shallow counter sunk bore and replaced by
the new specimen. The cyclic process can be repeated by
varying loads, energy input and water column heights.
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The second part of analysis is done using Finite
Element Analysis(FEA) and the deformations on the
specimens are analysed and results are presented.

IV Analysis:
In the analysis, the response data values are entered in the
design expert software and the following steps are performed to
analyse and optimise the results,and then theoretical analysis to
find out volume leakage and finite element analysis are carried
out on the specimens to know deformations and strain values.
1. Transformation: Select response node and choose
transformation.
2. Fit summary: Use this to evaluate models.
3. Model: choose model order and desired terms from
list.
4. Analysis of variance (ANOVA): Analyze the chosen
model and view results.
5. Diagnostics: Evaluate model fit and transformation
choice with graphs.
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Finite Element Analysis (FEA)
An FEA model of the sheet metal is created and the change in
thickness and the Von-Mises stresses are enumerated. This is
a basic simulation done in the “SOLIDWORKS
SimulationXpress”. The respective loads acting on the sheet
metal during the operation of liquid hammer forming are
applied on the metal plate model having the same properties
as the specimen which has been used in the experimentation.
The overall change in the thickness of the sheet metal plate is
analysed and also the Von-Mises stresses at the critical points
are found out.
The basic steps followed in the model development and
analysis is:
 A 123mm diameter circle is created using the sketcher
tool and the same is extruded through 1.17mm, 1mm,
0.71mm and 1.628mm as per the specimen defined.
 56mm diameter circles are sketched over the surface of
the plate and extruded through 6mm.
 A circle of diameter 36mm is sketched on the other
surface of the plate and extruded through 6mm which
ends up the basic designing of specimen.
 Fixtures are applied on the bottom surface excluding the
circles of diameter 56mm and 36mm.
Pressure of 4.7841N/mm2 is applied on the top surface of
sheet excluding the 56mm and 36mm diameter circle. This
ITMAE@2016
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load is offered by the combine weight of cylinder and the
cover.
The above steps are common to every specimen and the
pressure is applied on the 72mm circle bounding surface which
is different for each specimen.The material of the specimen is
selected either from the list of materials or a custom material is
generated by added the required fields such as thermal
properties, Young‟s modulus, yield strength, ultimate tensile
strength, etc. For the present study, Aluminium 19000
(AA1100 or Al-99.0) is the specimen material having the below
properties:
Elastic Modulus = 7e+010 N/mm2
Poisson‟s Ratio = 0.33
Mass Density = 2710 Kg/mm3
Tensile Strength = 123.2 MPa
Yield Strength = 105 MPa
Thermal Conductivity = 218 W/m-K.
In the final stage the simulation is run to generate
automatic mesh for the given solid and the required results
are displayed.
In the above analysis it is assumed that there are no constraints
established at the region of cavities formation, .i.e., there is no
die constraint below the cavities portion. Thus the material is
free to flow with the applied pressure to the maximum possible
limit. The maximum force concentration will be at the midpoint of the cavity, so the resulting shape will be a
hemispherical shape. Since the required shape of cavity is a
hemispherical one, so the stated procedure is considered for the
analysis of specimens.
Table 7- strains from FEA models
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At t = 1.17mm, h = 165cm, w = 6kg, P = 3.497MPa
Thickness at the mid-point of cavity =0.931mm
Von-Mises stress in the deformed specimens-FEA analysis

Deformed Specimens having multi-level cavities

FEA model deformed specimens
ITMAE@2016
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3. When the maximum and minimum impact force cases are
considered for comparison, the strain and final thickness
values from the FEA and theoretical analysis are as below:

Table 8- comparison of strains and final thickness

Fabricated die
IV.Conclusion
The efficiency of liquid hammer process is defined as the ratio
of kinetic energy of the drop weight at impact with the piston to
the energy absorbed in plastic deformation of the work piece.
Efficiencies are typically in between 40% to 50%, which is
high compared with the 10% or so obtained or attained in
explosive and electro hydraulic forming. The reason for the
improvement is that in the liquid hammer process the energy is
propagated directly towards the work piece, where as in other
systems the energy is radiated in all directions from a point
source, and only a small portion impinges directly on the work
piece.The die has been designed of multilevel-cavity shape as
shown and the outer cavity is of 55mm dia,inner cavity is of 36
dia and fillets of radius 2 mm is used everywhere.
The die is of EN8 steel alloyed material. Metal sheets of
123mm diameter of Aluminium19000 are used of different
gauges like 18,20and 22. Experimentation is carried out,strains
and deformations are determined and force analysis and
simulation is to be done to know the parameters effects on
deformation.
The major outcomes from the observations are:
1. The pressures calculated considering a leak-proof apparatus
and a leakage factor taken apparatus has shown variations in
the pressures produced inside the cylinder. The leakage is a
theoretically calculated value which affects the pressure as the
spilled water from cylinder is confined beneath the column
increasing the cross sectional area and volume. Thus it exhibits
more pressure than a leak-proof apparatus which is impractical.
The stress or the internal resistance produced at the mid-point
of the cavities is greater than the external pressure applied
through the water column.
2. The maximum deformation of 5.35mm is obtained with
optimal values of parameters. The force of impact produced by
the water hammer with these conditions is 8353.603N and the
strain in the sheet at the mid-point of cavities is 0.400.
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