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Abstract

Sustainable technology is a part of broader concept of sustainable product development and
sustainable development is an integral concept for achieving quality of limits, interdependence,
fundamentals and equity. Autoclave is a strong, pressurized, steam-heated vessel, as for laboratory
experiments, sterilization, or steaming. In general, this vessel contains of a view parts, they are the
body which is the cylinder part of the tank, the heads which are used as the closure of the tank, the
nozzle which are used as the fluid inlet and outlet port, and the saddle which are use to support
body/tank of autoclave. The existing condition in this research, autoclave used to steam animal food
materials and operated at 4 Bars pressured. The locking mechanisms are using 4 bolts to lock the
door of the autoclave. The design of the autoclave can be operated up to 7 Bars. The bigger pressure
operating condition, the faster processing happened.

Based on the existing condition, the goal of this research are finding and solving leakage problem in
the area between door (head) and cylindrical shell when the autoclave operates at the pressure more
than 4 Bars. The leakage starts when this autoclave operated at 4 Bars pressured. The bigger leakage
happened when the autoclave operates at the bigger pressure (7 Bars).

ANSYS software based on the finite element method is used in this research. Based on the
simulation result after re-design obtained, this autoclave can operates safely without leakage up to 7
Bars. Designing the mechanical product using ANSYS software can reduce materials, cost and time
of the product development. ANSYS software based on finite element method is a sustainable
technology for sustainable product development because simulation technology using ANSYS
software can perform the performance of the machine during the design phase and reduce materials,
cost and time of the product development.
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mechanical design is very hard to do because
it is very hard to visualize the mechanical

1. Introduction

Sustainable technology is a part of the broader
concept of sustainable product development
(Weenen, 2002) and virtual reality means
existing or resulting in essence or effect
though not in actual fact, form, or name
(Anggono,  2006).  Understanding  the

design product and the performance of the
mechanical product during design phase.
Product design is always interesting to
most of the people. It is also becoming more
and more popular now a days. To predict the
performance of the mechanical product during
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design phase is possible to do using Finite
Element Method technology (ANSYS
Software). Virtual reality technology using
ANSYS  software can  perform  the
performance of the mechanical product during
the design phase (Anggono, 2004).

Autoclave is a strong, pressurized, steam-
heated vessel, as for laboratory experiments,
sterilization, or steaming. In general, this
vessel contains of a view parts, they are the
body which is the cylinder part of the tank, the
heads which are used as the closure of the
tank, the nozzle which are used as the fluid
inlet and outlet port, and the saddle which are
use to support body/tank of autoclave. The
existing condition in this research, autoclave
used to steam animal food materials and
operated at 4 Bars pressured. The locking
mechanisms are using 4 bolts to lock the door
of the autoclave. The design of the autoclave
can be operated up to 7 Bars. The bigger
pressure operating condition, the faster
processing happened.

Figure 1. Autoclave using four key bolts

Based on the existing condition, the goal
of this research are finding and solving
leakage problem in the area between door
(head) and cylindrical shell when the
autoclave operates at the pressure more than 4
Bars. The leakage starts when this autoclave
operated at 4 Bars pressured. The bigger
leakage happened when the autoclave operates
at the bigger pressure (7 Bars).

2. Theoretical Background

The Finite Element Method (FEM), also
called FEA (Finite Element Analysis), is
actually an approximate mathematical
method for solving problems which can be
determined by differential equations.

The main idea of FEM is to break a
complicated problem with irregular edge
conditions into small pieces (elements) of a
finite size. Each piece is considered to be part
of the main problem, thus connected to the
other pieces via the global state information
(i.e. deformation) of the element nodes, which
are common nodes with the
neighborhood elements.

For the small element itself, the internal

physical laws (i.e. Hooks law for elastic
deformation problems) can be calculated. The
global problem can be transformed into a
matrix of simple element equations which are
connected by the condition, that common
nodes undergo the same change of global
state. Forces which act on the edge of the
global thing can be simplified as acting at
discreet nodes. This all together gives a big
system of mostly linear equations which can
be easily solved by computer.
The result is the change of global state for
each node (i.e. the new node coordinates after
the deforming of structures. Having this,
further information for the small elements
itself can be obtained, i.e. the element stresses
in each direction (Budynas, 1999).

In general, autoclave contains of a view
parts, they are the body which is the cylinder
part of the tank, the heads cover which are
used as the closure of the tank, the nozzle
which are used as the fluid inlet and outlet
port and the saddle which are used for support
the autoclave body.

Working machine parts in general are
subjected to multi axial loading, resulting in
multi axial stress and strain. To utilize the
data  derived from  one-dimensional
magnitudes. We denote the effective stress
and strain as effective stress and effective
strain, respectively.
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Figure 2. Autoclave terminology
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Figure 3. Three dimension stress diagram.

There are several known methods to
derive effective stress and strain. Those
presented here are based on von Mises theory
and were chosen for their applicability to
machine design. In the material failure by von
Mises theory, failure by yielding occurs when,
at any point in the body, the elastic strain
energy absorbed by the unit volume as a result
of its change in shape, distortion energy by the
combined stress becomes equal to that
associated with yielding in a simple tension
test.

The complex state of stress gets more or less
compared with a uni-axial stress.
Von Mises effective stress:
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(012" + 023"+ 013°))
1)

Von Mises effective strain is defined by:

((e1te2)® + (e2tes)’ + (sat+e1)) "2 / (1+0) 217

)

To be familiar with some element types
and potential element types to fulfill the needs
in this problem that can be used in ANSYS
software are needed before using the ANSYS
program to solve the problem. The suitable
element type that can be used to solve the
problem is SOLID95 3-D 20-Node Structural
Solid (ANSYS Inc., 2002).
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Figure 4. SOLID95 element type 3-D 20-node
structural solid

SOLID95 can tolerate irregular shapes
without as much loss of accuracy. SOLID95
elements have compatible displacement
shapes and are well suited to model curved
boundaries. The element is defined by 20
nodes having three degrees of freedom per
node: translations in the nodal x, y, and z
directions. The element may have any spatial
orientation. The element has plasticity, creep,
stress stiffening, large deflection, and large
strain capabilities.
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3. Research Methodology
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Figure 5. Research methodology

4. Result and Discussion

The simulation is very important to solve the
problem. The simulation is performed using
half model of the product because the
autoclave is a symmetry product as well and
the symmetry feature in ANSYS software can
perform the symmetry product using half
model. The meshing model for head cover
autoclave is shown in figure 6.

After meshing process has finished, then the
internal pressure given to the cover head from
the 1 Bar until 4 Bars.

Displacement which happened to the head
cover is shown in figure 7.

Figure 6. Meshing for the head cover of
the model

Figure 7. Displacement at the head cover

Based on the simulation result (figure 7),
the maximum displacement happened in the
middle above the key bolts. The displacement
which happened is shown in the 10 nodes
observation that taken on the along side
section of the cover as shown in the figure 8
and table 1.

Using the same procedure is doing to the
body tank model, which symmetric shell used
to the body. The meshing for body tank can
be seen in figure 9.
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Figure 8. Ten nodes observation at
the head cover

Table 1. Displacement which happened at the
10 nodes when apply pressurel Bar until 4
Bars.

No| Node Digplacement (ma)

Number | Abfhelbar | Atthelbar | Abthedbar | Abthedbe
U M09 | DOZMIR4 | 0004769 | Q06T | DNR4TIT
T e | 0007303 007 0023 00311

T MES 101343 00263 0040448 005381

4 M 1018023 00304 (054169 0072083

] MEn 0020344 0040620 0061033 0081378

f ] 168 1020344 0040689 0061033 0081578

T 168 0018023 003604 0034059 0072083

g1 10 101343 0026%3 0040448 005381

o0 0.0073003 007l 00N 003151

) 002184 | 0M0AZEER | 00D63ISD | 0.00R4T3T

Figure 9. Meshing for the body tank

After meshing process has finished, then the
pressure is given to the body tank from 1 Bar
until 4 Bars too. Displacement which
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happened to the body tank is shown in figure
10.
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Figure 10. Displacement at the body tank

As shown in figure 10, displacement
happened in the side section of the body when
pressure was given from 1 Bar until 4 Bars is
shown in figure 11 and table 2.
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Figure 11. Ten nodes observation at
the body tank

Table 2. Displacement which happened at the
10 nodes when apply pressurel Bar until 4
Bars.

No| DNode Displacement (mim)

Bmber | Atthelbwr | Atthelber | Abthedbar | Abthedbar
1 0001086 00217 0032398 0043454
1| 0003798 0035971 0033936 0071541
| 206 0023147 0045204 0059442 0.092:89
4| 9% 0026610 0033220 0079830 010844
3| M 0028420 0036340 008330 011368
g | T 0028420 0036340 008330 011368
T T 0026610 0033320 0079830 010644
§| mn 0023147 0045204 0069442 0092389
b T 0003798 0035671 0033036 0071541
] 7 000108 002173 003238 0043454
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The total
in the all

happened

displacement
autoclave can be
calculated by added displacement value which
happened in the head cover and displacement
value which happened in the body tank, as
shown in figure 12 and table 3.

value

that

Figure 12. Total displacement at the autoclave

Table 3. Total displacement which happened
in the 10 node when apply pressure 1 Bar

until 4 Bars.

No Displacement ()
Atthelbar | Abthelbar | Abthedbwr | Abthedbu
L 0m3zna 0.125%63 10389933 0051977
1 e 0051732 00762 0103302
I 0036 0079 010839 0.14632
41 0044633 005924 0133399 017333
| 04ETe 0097518 0146293 0195058
f| 0042764 0007529 0146293 0105058
T 0044673 008024 0133599 017833
B 00 0073259 010939 0.14632
O I Kt 0051732 007762 0103502
0| 000304 0025933 01389333 00519377

Validation

13.

is used to compare the
displacement between real experiment result
and the result of ANSYS simulation result.
Real experiment activity is shown in figure

Working pressure of the autoclave can be
seen in pressure gauge which placed behind
autoclave body (figure 14).
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Figure 13. Real experiment activity

Figure 14. Pressure gauge

Table 4. Comparison between ANSYS result
and real experiment

No Displacement fmm)

Srmsslation Real
Totup Bodi | Total (tutup +bodi) | Hxperiment

1 00034757 | 0.043464 00519377 0.054
2 0031561 0.071%41 0.103302 0.105
3 0033931 0.002589 014432 0.14%
4 0.072093 0.10644 0.179833 0.179
3 0.081378 0.11368 0.193038 0.19
b 0.081378 0.11368 0.193038 0.198
7 0.072093 0.10644 0.179833 0.179
8 0033931 0.092589 014832 0,149
9 0.031561 0.071541 0.103302 0.105
10 00034737 | 0.043464 0.0319377 0.034
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The result from ANSYS software
simulation and real experiment can be seen in
table 4 and the accuracy of ANSYS software
simulation is good compare with real
experiment (figure 15).

0.5 025
0.15 0.15
/ \ ——Real experiment
0.1 0.1
/- -\ —&-Simulation
0.05 & 0.05

0 0

Displacement

Node Number

Figure 15. New design of the head cover

After validations process is done from the
ANSYS simulation result and the real
experiment result, can be known that the
reason leakage happened in the side autoclave
design. The next step, create a new design
where in the new design is not happened
leakage again like which happened in the old
design when the autoclave was operated in
pressure 7 Bars. The new design can we see
in figure 16 and figure 17.

A

Figure 17. New design of the body tank

In the new design, the same procedure
with the old design which symmetric shell
used to the head cover and the body tank. The
meshing for the head cover can be seen in
figure 18.

AN

ANSYS Analy

Figure 18. Meshing for the head cover
new design

After meshing process has finished then
the pressure is given to the head cover at 7
Bars. Displacement which happened can be
seen in figure 19.

SMX =.26852

ANSYS Analysis

Figure 19. Displacement in the head cover

Using the same procedure is doing to the
body tank model, which symmetric shell used
to the body. The meshing for body tank can
be seen in figure 20.

After meshing process has finished then the
pressure is given to the head cover at 7 bars.
Displacement which happened can we see in
figure 21.
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Figure 20. Meshing the body tank
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Figure 21. Displacement in the body tank

The total displacement value that
happened in the all autoclave can be
calculated by added displacement value which
happened in the head cover and displacement
value which happened in the body tank can be
seen in figure 22 and table 5.

ﬁ \
ﬂ /

Figure 22. Total displacement at 6 nodes

=TT

1

From table 5 can be seen that the
displacement value that happened in the side
section of the autoclave new design (0.120237
mm) become smaller than displacement value
that happened in the autoclave old design
(0.195058 mm).

So in the autoclave new design can operated
in pressure 7 Bars and it is safe.

Table 5. Displacement total which happened
in the 6 nodes in the new design autoclave.
(At working pressure 7 Bars)

Mo Drisplacement (m)
Head Body Total
Cover Tank

1 00023790 | 0.019527 0.021906

2 0.00502a1 0065623 0.070708

3 00134283 0029358 0102241

4 0023861 0096376 0120237

5 00068203 | 0.072001 00258913

& 00016734 | 0.022609 00242824
Conclusions

The full scale tests (real experiment test) are
expensive and require a lot of time, material
and money. The full scale tests is not the
Sustainable Product Development way of
autoclave design. Using Finite Element
Method Technology changing material and
shape are very easy to do and many other
designs can be made easily. Reducing cost,
material and time of the design is the most
important aspect. Reducing cost, material and
time of the mechanical design using virtual
reality is a sustainable product development in
the mechanical design

Based on the simulation result after re-design
obtained, this autoclave can operates safely
without leakage up to 7 Bars. Designing the
mechanical product using ANSYS software
can reduce materials, cost and time of the
product development. ANSY'S software based
on finite element method is a sustainable
technology  for  sustainable product
development because simulation technology
using ANSYS software can perform the
performance of the machine during the design
phase and reduce materials, cost and time of
the product development.
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