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ABSTRAK

Sebuah perusahaan yang bergerak di bidang EPCC sedang mengerjakan proyek penggantian elemen tube
evaporator pada sebuah HRSG. Alat angkat dibutuhkan untuk proses pengangkatan elemen yang meliputi
proses pengangkatan secara vertikal dan horizontal, desain dan perhitungan komponen pada spreader bar
harus diperhitungkan dengan baik, komponen spreader bar meliputi main profile, sling, shackle & padeye.
Hal ini dilakukan agar tidak terjadi kecelakaan kerja yang fatal baik bagi pekerja, material yang diangkat,
pesawat angkat maupun spreader bar. Perhitungan komponen-komponen alat bantu angkat dilakukan
untuk mengetahui dimensi komponen yang akan digunakan, kemudian juga menghitung tegangan von
mises yang terjadi. Penelitian ini bertujuan untuk merampingkan alat bantu angkat yang sebelumnya
berjumlah 2 spreader bar menjadi 1 spreader bar tanpa mengurangi kekuatan struktur. Hasil perhitungan
von mises stress yang terjadi pada posisi vertikal sebesar 68.89 Mpa (FEM Validasi = 29.16 Mpa), dengan
tegangan ijin sebesar 83.3 Mpa, sedangkan pada posisi horisontal von mises stress yang terjadi sebesar
30.92 Mpa (FEM = 17.12 Mpa).

Kata Kunci: Metode Elemen Hingga, Alat Bantu Angkat, HRSG
ABSTRACT

A company engaged in EPCC is working on a project to replace the evaporator tube element in an HRSG. Lifting
equipment is needed for the element lifting process which includes vertical and horizontal lifting processes, the
design and calculation of components on the spreader bar must be calculated properly, the spreader bar
components include the main profile, sling, shackle & padeye. This is done so that there are no fatal work
accidents for either the worker, the material being lifted, the lift plane or the spreader bar. Calculation of the
components of the lifting aid is carried out to determine the dimensions of the components to be used, then also
calculate the von mises stress that occurs. This study aims to streamline the lifting equipment which previously
amounted to 2 spreader bars to 1 spreader bar without reducing the strength of the structure. The results of
the calculation of von mises stress that occurred in the vertical position amounted to 68.89 Mpa (FEM
Validation = 29.16 Mpa), with an allowable stress of 83.3 Mpa, while in the horizontal position the resulting
von mises stress was 30.92 Mpa (FEM = 17.12 Mpa).

Keywords: Finite Element Method, Lifting Appliances

INTRODUCTION such as the harp evaporator tube handling process

which is prone to warping and risks the tube

Indonesian or foreign companies engaged in
fabrication services and power plant maintenance
services are companies that produce components in
power plants such as Evaporator, Superheater,
Reformer, Co-Boiler, Steel Structure, and Ducting, as
well as serving the installation of these components
or On-Site Services. PT X is a company engaged in
fabrication and installation services in the field that
is currently carrying out fabrication and installation
work on the evaporator harp on HRSG X. The work
process includes fabrication in the workshop,
shipping, material handling, fit up, welding, and
finishing. Material handling is a critical process,

becoming dented and will lose its integrity if the
lifting process is without the use of a spreader bar.

The evaporator is one of the element pressure parts
with a finned tube arrangement resembling a harp
containing fluid inside, the damage experienced by
the evaporator is corrosion experienced by the pipe,
so it needs to be replaced so that the HRSG can
function optimally, after the Evaporator
manufacturing process in the workshop. completed,
then proceed to the transportation process from the
factory to the consumer's place and the installation
process is carried out. In this installation process,
careful material handling is required using the help
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of mobile cranes and forklifts. Because safety is very
influential when lifting, if the slightest problem
occurs such as a broken sling will have fatal
consequences. Manufacturing costs, materials,
crane use and even worker safety are top priorities.
The existing structure in the lifting process must not
be damaged or overstressed. The installation of
spreader bars makes it easier to lift the harp
evaporator from the trailer to the laydown area and
from the laydown area to the monorail fit up. The
design and layout of the spreader bar must be
designed appropriately as this affects the level of
stress experienced by the harp evaporator. The
related components in the spreader bar also need to
be considered starting from the sling, shackle &
padeye design. Current conditions in the evaporator
element replacement project at PT.X, in the
evaporator replacement process, 2 types of
spreader bars are needed for 2 types of lifting,
namely horizontal and vertical lifting, horizontal
lifting is the process of lowering material from the
truck to the factory area, while vertical lifting is
lifting from the factory area to the installation area.
There are numerical methods by using the
computational fluid dynamics like turbine rotation
(Setiawan et al, 2018), (Yuqa et al, 2019). (Setiawan
et al, 2020), (Subekti et al, 2020), (Setiawan et al,
2021), (Sectio et al, 2022), (Setiawan et al, 2023),
Manual calculation and validation using the finite
element method, this research offers a spreader bar
that can be used simultaneously for vertical and
horizontal lifting in the hope of reducing spreader
bar production costs.

MATERIALS AND METHOD

This section will discuss the primary
literature review supporting this article, as well as
the research methods.

Product Redesign

Existing  products  are frequently
redesigned to create new products. Product
redesign has become an evolutionary strategy in
product development (Juniani et al, 2022; Zhang et
al, 2019). The primary objective of product
redesign is to increase customer contentment by
enhancing selected target features. Consequently,
identifying product features that will be improved is
an essential aspect of product redesign research.
These enhanced product features are implemented
through product redesign to increase customer
satisfaction and adapt to changing customer
requirements. In recent years, identifying product
features that should be enhanced or redesigned has
become an essential area of study to increase
product quality and decrease manufacturing costs.

Autodesk Fusion 360

Autodesk  Fusion 360 is an all-
encompassing 3D computer-aided design (CAD),
computer-aided engineering (CAE), and computer-
aided manufacturing (CAM) application. It is
frequently used for product development and
prototyping by engineers, designers, and
manufacturers (Rahman et al, 2020; Sholeh et al,,
2018). The research used the fusion 360 in the
deflection (Ningtyas etal, 2023). The design method
used the Ulrich method by creating design concepts,
then will be selected the best design according to
the selection criteria in terms of functionality,
strength, and cost, and analysis of structural
strength with manual calculation and simulation
using Autodesk Fusion 360 software (devi et al,
2022).

Fusion 360 provides various practical tools
and capabilities that facilitate product redesign
Included are:

a. Fusion 360 enables the creation of parametric
3D models. This model indicates that the
design is readily modifiable by adjusting
dimensions, angles, and features.
Modifications can be made swiftly and
efficiently, allowing for an efficient product
redesign.

b. Collaboration and Version Control. Fusion
360 provides cloud-based tools enabling
multiple team members to collaborate on a
project simultaneously. Additionally, it
includes version control capabilities, enabling
users to monitor and manage design iterations.
This facilitates collaboration and streamlines
the product redesign, particularly in a team
setting.

c. Simulation and Analysis. Fusion 360
incorporates robust simulation and analysis
tools that allow engineers to assess the
redesigned product's performance, structural
integrity, and behaviour. It can simulate
various conditions and forces, allowing for the
identification of potential flaws or areas for
enhancement prior to production.

d. Fusion 360 provides realistic rendering and
visualization capabilities, enabling designers
to generate high-quality visual representations
of the redesigned product. This helps
stakeholders and clients better comprehend
the proposed changes and make informed
decisions regarding the redesign.

e. Manufacturing and CAM Integration: Fusion
360 supports computer-aided manufacturing
(CAM) capabilities, allowing for a smooth
transition from design to production. It
contains tools for generating toolpaths,
simulating  machining operations, and
producing machine code for CNC (Computer
Numerical Control) machinery.  This
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integration ensures that the redesigned
product can be efficiently produced.

Overall, Autodesk Fusion 360 offers a robust set of
tools and features to facilitate the product redesign
process. It streamlines the entire design-to-
manufacturing workflow, enabling designers and
engineers to create, modify, simulate, and visualize
their redesigned products efficiently.

Research Method

The research article starts with performing
a literature review, including a gap to study the
topic in question. This article’s objectives were
created after research problem defined. Then, the
designing and modeling of spreader bar were
performed by utilizing Fusion 360 for design
optimization. First, the product redesign is modeled
using computer-aided design to create a 3D model.
Moreover, Finite Element Method (FEM) simulation
requires a mesh generation to numerically model
the spreader bar after the data are selected and
inputted to the solver. At the next stage, the loading
and boundary conditions are needed to be defined
before the FEM is performed. The obtained results
are verified to ensure the generated results from the
FEM method.

Data Collecting

In this study, the data collection method
The data collection method is carried out by
collecting drawings of existing models and data
from evaporators that will be fabricated is data that
has been approved by the customer, the data
includes dimensions, loads and materials.
After the harp evaporator data and the existing
spreader bar are obtained.

The overall research flowchart is
portrayed in Figure 1.

| Field Observation \

]

‘ Data Collecting ‘

|

Determining Spreader bar Construction

|

Stress Manual Calculation

Spreader Bar Modelling

Analysis and Simulation

Figure 1. Research Method

RESULT AND DISCUSSION

Fusion 360 allows for the import of
geometric models created by CAD to perform finite
element analysis on static structures, dynamic
features, etc. DFR analysis will be performed by
structural analysis via Fusion 360. The driven
optimization feature can generate analysis and
optimization for deterministic designs. A typical
analysis feature is the model's size, such as volume,
moment of inertia, clearance, etc. Product design
exploration will provide performance analysis for
design optimization based on the results of the
analysis of several parts of the design to find design
variable values.

Profile of Spreader bar

In this part will discuss the calculation of the
lifting pressure vessel in detail. The data collection
stage is the first step in this research. The data
obtained is company X data. Consists of data about
the evaporator to be lifted and also the required
spreader bar length design data.
Harp Evaporator

Length =13095 mm

Width  =1940 mm

Life Load =3.07 Tons

Spreader Bar
Length =12595 mm
Width  =2070 mm
Life Load = 0.7 Tons

Profile of Spreader bar

The calculation of the overall force is
intended to determine the force acting on each sling,
so that the range of resistance forces carried on the
structure can be known. The following is the force
distribution in the vertical position as shown in
Figure 1 below

1) T 1
F1t Fi Fi

Figure 2. Fit body diagram vertical
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Whtotal = Total weight (N)
m = mass (kg)
g = gravity (9.806 m/s?)
Wtotal =mxg
=3770kgx9.806 m/s?
=36,968.62 N
Fay =F sin (a)
=18484.31 N sin (75)
=17811.68 N

Figure 3. Fit body diagram horizontal

Figure 2 shows the force distribution in the
horizontal lifting process with the following force
calculation:

Wi = Total weight N)
M = mass (kg)
G = gravity (9.806 m/s2)
Wi =mxg
=3770kgx 9,806 m/s2
=36.968,62 N
Wiing =36.968,62N /4
=9242,155N
F2y =F sin (a)
=9242,155 N sin (45)
=7.864,182 N
Flxy = (Evaporator mass x gravity / 10

=(3070kgx9.8m/s?) / 10
=3008,6 N

Determining Spreader bar

In determining the design of a spreader bar
profile beam, there are steps that must be taken in
order to create a design that is feasible to implement
or use, including the main components in the design
of the lifting appliance for the lifting of this harp
evaporator, the components include the H-beam
profile, padeye, stiffener plate and bracing. These
components include the H-beam profile, padeye,
stiffener plate and bracing.

Span = 12597 mm
Safety = 4000 kg
working load

(SWL)

Material = ASTM A36
Yield strength = 250 N/mm?
Modulus young (E) = 200000 N/mm?

The summary of the moment of inertia bar
calculations is shown in Table 1 below.

Table 1. Profile Specification

Section Modulus Inertia Modulus section
index profile Profile
125 Ixmm* | Iymm* | Zx Zy
X mm?> mm?
125 8470000 | 2930000 136000 47000

Calculation of Stress value of spreader bar in
vertical position

The normal stress value of the spreader bar
can be obtained using the bending moment
obtained from the bending moment before loading
by the weight of the spreader bar profile
construction plus the bending moment after loading
by the weight of the evaporator element, for
previously known data can be seen in Table 2

Table 2. Known data values

P = 17811,68 N

] = 2070 Mm
q = 0,2332 N/mm
Ix = 8470000 mm?*
Zx = 136000 mm>
0 = 179294.5 mm?®

For the maximum bending moment bending
moment calculation formula (Mmax) using the
following equation (Radenko et al., 1966).

pxl qx!?
Mma = 75+

Mpax = 9217544,44 N.mm + 124911 N.mm
Mpax = 9342455,45 N.mm

After obtaining the Mmax value. The normal stress
value can be found with the following equation:

o — Mmax
Zy
934245545 N.mm
© 136000 mm?3

o = 68.7N/mm?

The normal stress value obtained is 68,7 N/mm?,
because the spreader bar has a shear stress that
occurs, the shear stress that occurs is calculated
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using the following equation formula (Ferdinand et

al, 2012).
\%

|9

~

X

T
.t
T .016327046 N /mm?

w

The shear stress value obtained is 3.016327046 N/
mm?. Calculating the accumulated stress using the
von mises formula to find out the maximum stress
that occurs in the spreader bar can use the equation
formula as follows :
r=,/(ot + of)? + 3r2
=+/68.72 + 3x3.0163270462
= 68.89 N/mm?

After the maximum stress value has been known, it
is compared with the allowable stress value to find
out the feasibility of planning can use the following
equation formula:

o -

allowance (Sf, k)

250
Oallowance = ) = 83.3 MPa
with:

Oatiowance = T€gangan ijin (Mpa)
oy = Yield Strength (250 Mpa)
St = Safety Factor (3)

So the stress value from the analysis using the
software is said to be failed or unsafe if the stress
value exceeds 83.3 MPa. The stress for spreader bar
is safe because it has a value of 68.89 MPa, which is
less than the allowable stress testing.

To validate it, the spreader was tested in the FEM
software as shown in Figure 3, the result was 29.16
Mpa< Ogowance (83.3 Mpa), so the stress
occurring in the profile is declared safe.

& 3 h{‘)lﬁ. " "

N
A
4 I
/
4 {
y :

7
'
' [

/

Figure 4. FEM simulation result

Calculation of Stress value of spreader bar in
horizontal position.
Calculation of stress value at padeye upper

The normal stress value of the spreader bar
can be obtained using the bending moment
obtained from the bending moment before loading
by the weight of the spreader bar profile
construction plus the bending moment after loading
by the weight of the evaporator element, for
previously known data can be seen in Table 3.

Table 3. Known data values

P = 7864,18 N
I = 2070 Mm
q = 0.2332 N/mm
Ix = 8470000 mm?*

Zx = 136000 mm>
0 = 179294.5 mm?®

For the maximum bending moment bending
moment calculation formula (Mmax) using the
following equation

pxl qx!?
Mmax = 57477
My = 4069714.23 N.mm + 124911 N.mm
M.y = 4194625.23 N.mm

After obtaining the Mmax value. The normal stress
value can be found with the following equation
(Radenko et al,, 1966):

max

c = Z
_ 4194625.23 N.mm

° 136000 mm?
= 30.84 N/mm?

The normal stress value obtained is 30.84 N/mm? ,
because the spreader bar has a shear stress that
occurs, the shear stress that occurs is calculated
using the following equation formula (Ferdiand et
al, 2012):

Qv
Ix.

xt
1331763475 N /mm?

r
r

The shear stress value obtained is 1.331763475 N/
mm?. Calculating the accumulated stress using the
von mises formula to find out the maximum stress
that occurs in the spreader bar can use the equation
formula as follows:
r= \/(Gt + of)? + 3r2
=+/30.84232% + 3x 1.3317634752
= 30.92 N/mm?

After the maximum stress value has been known, it
is compared with the allowable stress value to find
out the feasibility of planning can use the following
equation formula:

oy
Oallowance = (SE1)
250
Oallowance = 6 = 83.3 MPa
with:
Oallowance = T€gangan ijin (Mpa)
oy = Yield Strength (250 Mpa)
St = Safety Factor (3)
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So the stress value from the analysis using the
software is said to be failed or unsafe if the stress
value exceeds 83.3 MPa. The stress for spreader bar
is safe because it has a value of 30.92 MPa, which is
less than the allowable stress testing.

To validate it, the spreader was tested in the FEM
software as shown in Figure 4, the result was 17.12
Mpa < 0yji, (83.3 Mpa), so the stress occurring in
the profile is declared safe.

M 17128
[ ol !: 1712 i
10

Min T FHEF 11 "

Figure 5. FEM simulation result

Calculation of stress value at padeye lower

The normal stress value of the spreader bar can
be obtained using the bending moment obtained
from the bending moment before loading by the
weight of the spreader bar profile construction plus
the bending moment after loading by the weight of
the evaporator element, for previously known data
can be seen in Table 4.

Table 4. Known data values

P = 3008.6 N
] = 2070 Mm
q = 0,2332 N/mm
Ix = 8470000 mm?*

Zx = 136000 mm?
0 = 179294,5 mm?®

For the maximum bending moment bending
moment calculation formula (Mmax) using the
following equation.

pxl qxI?

4 4

Mpax =

Mmax = 1556950.5 N.mm + 124911 N.mm

M. = 1681861.5 N.mm

After obtaining the Mmax value. The normal stress
value can be found with the following equation :
Mmax

Zy
1681861.5 N.mm

136000 mm3
o =12.36 N/mm?

o =

The normal stress value obtained is 12.36 N/mm? ,
because the spreader bar has a shear stress that
occurs, the shear stress that occurs is calculated

using the following equation formula:
Qv
Ix .t

r = 0.509492735 N/mm?

The shear stress value obtained is 0.509492735 N/
mm?. Calculating the accumulated stress using the
von mises formula to find out the maximum stress
that occurs in the spreader bar can use the equation
formula as follows:

r=,/(ot + of)? + 3r2

=+/12.872 + 3x 0.5092
= 3.69 N/mm?

After the maximum stress value has been known, it
is compared with the allowable stress value to find
out the feasibility of planning can use the following
equation formula (AISC et al., 2005):

oy
Oallowance — (Sf. k)
250
Oallowance — 6 = 83.3 MPa
with:
Oallowance = l€gangan ijin (Mpa)
oy = Yield Strength (250 Mpa)
Sf = Safety Factor (3)

So the stress value from the analysis using the
software is said to be failed or unsafe if the stress
value exceeds 83.3 MPa. The stress for spreader bar
is safe because it has a value of 3.69 MPa, which is
less than the allowable stress testing.

To validate it, the spreader was tested in the FEM
software as shown in Figure 5, the result was 14.98
Mpa < Oaiowance (83.3 Mpa), so the stress
occurring in the profile is declared safe.

Figure 6. FEM simulation result .

CONCLUSION

The conclusions of this spreader bar design
research it has 2 result with different method, the
stress is obtained which is divided into 2, the stress
when vertical and horizontal position, for vertical
stress the manual calculation results obtained are
68.89 MPa while for the results of the FEM
validation the strees that occurs is 29.16 Mpa, while
for horizontal stress the manual calculation results
obtained are 30.92 MPa while for the results of the
FEM software validaton the stress that occurs is
17.12 MPa. The permissible stress is 83.3 MPa. So
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that the profile is declared safe because it is less
than the maximum allowable stress.
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