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Abstract: This paper deals with the FEA implementation for analysis and optimization of hydraulic forming press machine.
Metal forming is one of the manufacturing processes which are almost chip less. These operations are mainly carried out by
the help of presses and press tools. These operations include deformation of metal work pieces to the desired size by applying
pressure or force. Press machine always works under impact load condition. Because of continuous impact load, the
hydraulic press machine always experience continuous stress. Some parts of the machine experience compressive stresses
and some experience tensile stresses. Press machine continuously deals with stress and because of that there are frequent
structural failure problemsin the machine. Different components of the machine are subjected to different types of loading
conditions and are analysed using FEA tool. ANSYS is one of the FEM tool, which is incorporated in the present work.
Weight optimization of press frame and upper head is done, which in turn resulted into reduction in thickness of frame
structure and material.
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| INTRODUCTION medium of power transmission through hydraulic pipes and
connectors, control devices and the hydraulic motor which
converts the hydraulic energy into useful work at the point of
load resistance. The performance of a hydraulic press
depends, largely, upon the behaviour of its structure
during operation. However, these welded structures are
becoming complicated and their accurate analysis under

given loading conditions is quite important to the

Fluid Mechanics provides the theoretical foundation ' of
hydraulics and focuses mainly on its engineering applications.
The basic law of fluid dynamics that govern the working of
any hydraulic system, is the Pascal’s law. The development of
engineering over the years has been the study of finding ever
more efficient and convenient means of pushing and pulling,

rotating, thrusting and controlling load, ranging from a few
kilograms to thousands of tons. Presses are widely used to
achieve this. Presses are pressure exerting machine tools.
They can be classified into three principal categories as:
hydraulic presses which operate on the principles of
hydrostatic pressure, screw presses which use power screws to
transmit power and mechanical presses which utilize
kinematic linkage of elementsto transmit power.

Typical hydraulic press consists of a pump which provides the
motive power for the fluid, the fluid itself which is the
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structural designer. Hence it is found that optimal design of a
hydraulic press in terms of its weight is the need of the hour.
The research on machine tool structures was stepped up
by the application of the finite element method (FEM).
This is a more generalized method in which a continuum
is hypothetically divided into a number of elements
interconnected at nodal points to caculate the strain,
displacement and stress[1] . FEM is preferred because it
permits a much closer topological resemblance between
the model and the actual machine. It has been only
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recently employed for press structures. The ANSYS Finite
Element software system is used as a tool to establish
the theoretically predicted numerical model. This
theoretically predicted numerical model is based on different
factors, likethe boundary condition, the mesh density and
the type of the element being used.

The present work is based on the finite element analysis of
different parts of the hydraulic press machine and weight
optimization of critical components of the hydraulic press
machine. Figure no. 1 shows a 3D view of hydraulic press
machine whose components are anal ysed.

Il LITERATURE SURVEY

Sinha and Murarka [5] conducted a study on hydraulic
presses. It represented a 3-D complex structure. It is found
that an exact analytical method of stress and deformation
analysis is cumbersome and time-consuming. In order to
reduce core memory requirement and the cost of
computation, a simplified plane stress (PS) FEM model
for ahydraulic press structure (welded frame) has been
identified for its anaysis. On the basis of this
investigation, certain significant guidelines have been
obtained for the design of press frames. Such a model
has resulted in savings in computational time, core
memory requirement and cost of ‘analysis.

Mohamad M. Saleh [6] has given a complete thesis on design
study of a heavy duty hydraulic machine using finite
element techniques. The machine is designed by
ENERPAC without any measurement or variable
hydraulic system. The investigation dedlt the theoretical
and experimental model of the machine to establish the
accurately optimal design analysis and further development
of the present machine at minimum time and lower cost. The
applicability of the existing PC based FE package as a
computer aided design tool is also investigated. A comparison
has been made between the experimental and theoretically
predicted results. Both the results are found to be in good
agreement with each other.

Work carried out by Muni_ Prabaharan and V.Amarnath [7]
shows that, topology optimization has been applied on various
components of scrap baling press and 5 Ton hydraulic press
using ANSYS WORKBENCH software. It is inferred that
topology optimization results in a better and innovative
product design. A.G. Nalk and N. K. Mandavgade [8]
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attempted for FEA implementation for analysis and
optimization of top and bottom frame for hydraulic cotton lint
bailing press. It is observed that selection of good shape
provides strength to the system as the system is only
undergoing through bending. According to the FEA analysis
the best solution is obtained by changing the shape and design
of the Top and Bottom frame structure.

Thus from the literature it is found that very less or little
attention is given towards the analysis of frame structure in
terms of its material, geometry and stresses induced in it.
Hence the objectives of the present work are as defined bel ow:

¢ Design and analyze the tie rods, support plates and
frame of hydraulic press machine.

e Reduction of bending stresses causing bending of
frame and other parts.

e  Reduction of cost and Improve safety

e Changing the geometric structure and materia of the
frame -Design Optimization.

1. ANALY SIS PROCEDURE

The analysis procedure involves manual calculations of
stresses and deflections using conventional design data hand
book [4], FE analysis using ANSY'S software (version 5.4),
followed by weight optimization. Figure 1 shows a line
diagram of the analysis. Once the physical problem is
identified, a mathematical model is prepared which is
governed by differential equations with the assumptions on
geometry, kinematics, loading, boundary conditions, etc.

Then a finite element solution is obtained for the
mathematical model. This solution includes choice of different
types of finite elements, mesh density and solution
parameters. The finite element solution represents the type of
loading, boundary condition etc. Finaly the results are
interpreted after a proper assessment of accuracy of finite
element solution of mathematicldl model is done
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Figurel: Linediagram of analysis

A) CALCULATIONSUSING STRESSESAND
DEFLECTIONS

The tie rod acts under compression. Hence the stresses acting
on each tie rod are compressive stresses and also design has to
be done for buckling load.

L/K=880/12.5=70.4

As the L/K ratio is less than 120 we use Johnson’s straight
line formula[4].

F, = As{l_(iJ[ Sy ](Lﬂ = 40253442 N =
3n 3En k

41.03 Tonne

Rankine’s formula has been used in order to find the induced
stressinthetierod [4].

pl,. a(L) |=3830N/mm’
c =Pl1. 2L .30 N/mm
YA nl k

The lower plate supports all four tie rods which are fixed at its
four edges and the load of 30 Tonne acts at the centre of the
plate. Deflection at the centreis given by [3]

5 - o Pa’ =007729
Eh ®

Maximum stressis given by [10]

p =114 N/mm?

:ﬁhz

Since b = 450 mm (breadth of the plate) and a= 300mm
(width of the plate). Hence b/a ratio is 1.5. The values of a
and B are taken from the tables [9] for b/a value of 1.5. (refer
tablel).

Tablel: Valuesfor a and p for b/a ratio of 1.5 [9].

b/a| 10 12 14 1.6 18 2.0
o | 00611 | 0.0706 | 0.0755 | 0.0777 | 0.0782 | 0.0788
B | 0754 | 0.894 | 0.962 | 0.991 | 1.000 | 1.004
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For upper head it is calculated as,
3

bh 4
| = —— =106875000 mm*[2,4]
12

The deflection is given by [2,4]

PL®  30x1000x9.81x390°

= = =0.0148mm
48El  48x2.1x10°x1.06x10°

The section modulusis given by [2,4]

2
Z= % = 1425000 mm®

The bending moment is given by [2,4]
WL

Bending stressis given by [2,4]
M 2

C, = b =19.62 N/mm

The anaysis for frame is done only for one column
considering the loading pattern and geometry of both columns
of frame is same. Since the frame acts as a column analysis
for buckling has to be done.

Areaiscalculated as [4]

A= (B x H) — (b x h) = (150 x 150) — (139.2 x 139.2) =
3123.36 mm?

Moment of inertiais given by [4]

(BH®-bh?) .
| =~— =10899651.86 mm

L/K=1745/59.07 = 29.54

As the L/K ratio is less than 120 we use Johnson’s straight
lineformula[4],

S
F, =AS 1—(£j — (Ej = 71.73 Tonne
Y 3r )| V3En | k
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Rankine’s formula has been used in order to find the induced
stressinthetierod [4],

2
s, =214 E(EJ =2.35 N/mm’
Al nlk

B) FINITE ELEMENT ANALYSISUSING ANSYS

The Figure 2 shows the 3D model of the hydraulic press
machine prepared using ANSYS. Analysis is also done using
ANSY S 5.4. The meshing is done using element solid 45 node
8 element. Figure no. 3 shows the maximum stress

distribution in the tie rod which isin compression.
Figure2: 3D model of hydraulic press machine

The tie rod is fixed a both ends and a compressive load is
applied axially. From the figure it is clear that the maximum
compressive stress is uniform throughout the length of the tie
rod. Figure no. 4 shows the stress results for the supporting
plate. The plateis fixed at all corner holes near the edges and
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load is applied at the centre of the plate. The maximum stress
is shown at the centre region.
Figure4: ANSYSresult for maximum stressin lower
support plate

The stress distribution for the upper head is shown in figure
no. 5. Here the boundary conditions are such that the head is
fixed at both the ends near the hole where the tie rods are
placed, and load is applied at the centre. The result shows
clearly that the maximum stressis at the centre region. Figure
no. 6 shows the stress distribution in the tie rod in tension and
we can see the stress is uniformly distributed. The stress
distribution of frame is shown in figure no. 7. The vertica
members of the frame are in compression since the base is
fixed and the load is applied axially from the top. The results
interprets that the stress in the vertical members is uniformly
distributed, but the maximum stress is in the region of contact
between the vertical member and the base.
Figureno. 5 ANSY Sresult for maximum stressin the
upper head
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Figure6: ANSYSresult for maximum stressintierod  Rankine’s formula has been used in order to find the induced

in tension stressinthetierod [4],
2
alL
o, P11 3 =] |z 67amm
A n\ k

The ANSY S solution is shown in figure no. 8. The model is
analysed in the same way the actual frame is analysed with the
same application of elements, boundary conditions and |oads.
The difference isin the geometry of the model.

Figure 8: ANSY Sresult for maximum stressin
optimized frame

BRerx 2 353 N

The actual upper head in the machine used is of rectangular

. . . ion. Thi i ifi inthefi )
Figure7: ANSYSresult for maximum stressin the section. This geometry is modified as shown in the figure 9

frame
C) OPTIMIZATION

Different cases are presented here with the modification in the
thickness of the frame material and the results are also
observed. Modification in the geometry of upper head is also
done to save material of the same.

The thickness of the frame is reduced to 4 mm and the width
and breadth is reduced to half [10] i.e. 75*75 mm. Then L/K
ratio is found to be 60.80.Checking for buckling [4],

F.=AS |1- i i L = 23.41 Tonne Figure 9: 3D model of the optimized upper head
“ g 3t )| V3EN K

The maximum stress from calculation is found out to be
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Total section modulus ~ Zyy = Zs + Zg = 691145.83 mm®

Bending moment [4] M=wL/4= =27958500 N-mm

Tablell: Comparison of resultsof stress.

M
Bending stress [4] o, = 2 = 40.45 N/mm?

The ANSY S stress distribution result is shown in fig. 10.

ANSYSresults Theoretical results
Component | Maximum | Maximum | Maximum | Maximum
stressin deflection stressin deflection
N/mm? in mm N/mm? in mm
Four tie 3831 * 38.30 *
rods
Support 123875 | 00973 114 0.07729
plate
Upper head 23.25 0.021 19.62 0.0148
Twotie N .
rods 83.93 75
Frame 2.69 * 2.35 *

Figure 10: ANSY Sresult for maximum stressin the
optimized upper head

The figure shows clearly that the maximum stress is acting at
the centre bottom region and there is negligible stress acting
near the ends where the heads is fixed.

C1) Weight optimization: It is avery important phenomenon
in terms of cost and |oad considerations. We know that the
density of the mild steel is 7801 kg/m* [4] and volumeiis
1910775 x 10° mm®. But Weight = volume x density. Hence,

Weight of the actual frame = volume x density = 42.5 kg
Weight of both frame columns =42.5x 2 =85kg
Weight of the optimized frame = 14.9 kg
The amount of material saved is given by = actual frame
weight — optimized frame weight= 85 kg — 29.8 kg = 55.2 kg.
Weight of the actual head = volume x density = 33.34 kg
Weight of both the upper and lower head = 66.68 kg.
Weight of the optimized head = 26.26 kg.
Weight of both the optimized head =26.26 x 2 = 52.52 kg.
The amount of material saved is given by = actual head
weight — optimized head weight = 66.68 kg - 52.52 kg = 12.14
kg.

IV RESULTS AND DISCUSSION

The following results have been obtained by ANSYS and
theoretical calculations for different parts and the results are
compared. Table Il compares the resultsfor stress analysis.
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The ansys results for maximum stress for four tie rods,
support plate, upper head, two tie rods and frame are 38.31,
123.875, 23.25, 83.93 and 2.69 N/mm? respectively. Whereas
theoretical results of maximum stress for four tie rods, support
plate, ‘upper head, two tie rods and frame are 38.30, 114,
19.62, 75 and 2.35 N/mm? respectively. A comparison of both
results shows that both of them are in close agreement with
each other. A close observation of table Il also shows that the
values of maximum deflection for support plate and upper
head are also in good agreement.

Table 111 shows that the load acting on the components are
well below the critical 1oad for buckling.

Tablelll: Bucklingresultsfor tierod and frame.

Component Critical Load acting on
bucklingload | the component
(tons) (tons)
Tierodsin 41.03 75
compression
Frame 71.73 0.75

As the applied loads are not exceeding the critical loads the
components will not buckle. The difference between the
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critical buckling load and the applied load for the frame is
very high which demands the design of even thinner frame.
But taking aesthetics of the machine in consideration an
optimum thickness is selected for the design of the frame.
Table IV shows the % error in the results of Ansys and
theoretical analysis.
It is found that maximum % error exists for upper head/frame
and lowest for the four tie rods. Table V shows the results for
the optimized parts.
A careful observation reveals that % error for ansys results
and theoretical results is more in terms of stress (N/mm?) as
compared to deflection (in mm).

TableV: Percentage error in the analysis of different

machine parts.

ANSYS Theoretical 0
results results %
Component Maximum Maximum | &0
stressin stressin
N/mm? N/mm?
Four tie 0.01
rods 38.31 38.30 %
Support 123.875 114 8%
plate
Upper head 23.25 19.62 15%
Twotie 83.93 75 10%
rods
Frame 2.69 2.35 12 %

TABLE V: RESULTS OBTAINED FOR THE
OPTIMIZED PARTS

ANSYSresults Theoretical results
Optimized . . Stress | Deflection
components Stra@zn D(_;flecnon in in
N/mm in mm 2
N/mm mm
Frame 10 3 6.75 *
Upper head 36.553 0.0406 40.45 0.0449

Table VI: Percentage reduction of weight
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Actua
Componen I Optimize | Materi %
tps weigh | dweight | al saved | reductio
tin in kg in kg n
kg
Frame 85 29.8 55.2 64
Both heads | 66.68 52.52 14.16 21

Table VI shows the values of weight reduction. It is found that
a major reduction in weight of 64% is found for frame,
whereas it is 21% for both the heads i.e. upper and lower
head.

V CONCLUSIONS

The following conclusions are drawn from the present study:

s An attempt was made to analyse and optimize the 30
tonne hydraulic press machine using ANSYS
software.

«» The values of stresses obtained by ANSY S software
conform with the values obtained theoretically within
15 % of error. The buckling anaysis is done for the
tie rods in compression and the frame. The critical
load in both the cases is much less than the actua
load acting on these components, hence buckling will
not occur.

< Weight optimization is done for frame and upper
head. From results we can say that as the thickness is
reduced the maximum stress in the frame isincreased
but still it is well below the yield stress of the mild
Steel.

%+ The geometry of the pull up head i.e the upper head
is modified to save material. Analysis shows that the
stresses are well below the yield stress and henceit is
safe.

KD

o

% The total percentage reduction of weight in frame is
64 % and of both heads is 21 %. The weight of the
frameis drastically reduced.
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Nomenclature:

A - Areaof the cross section.

E - Young’s modulus of the material.
F_,- Critical load for buckling.

I - Moment of inertia.

K —  Radiusof gyration.

L - Length of thetierod.

M - Bending moment.

P - Load acting on the machine.
S, - Yield stressof the material.
Z- Section modulus.

n -  Constant for end condition.
a -  Nomina stress.

;-  Rankine’s induced stress.
oL - Bending stress.

d - Deflection.
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