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Abstract
In this study, it is aimed to investigate and perform the static structural and natural frequency analysis of the
mini spider crane which is designed to lift 0-500 kg load and 0-3 meters extend range, by using computational
mechanics software. The crane works and driven by hydraulic system and in order to get the more realistic
result, hydraulic cylinders modeled as springs instead of stiff rigid bodies in the analysis. This simulation
approach provides a different method than the conventional method. Detailed analysis show that the spider
crane statically can lift 1200 kg before the plastic region, so its safety factor is 2.4 when it is lifting 500 kg and
its natural frequencies are 16.2 Hz and 50 Hz.
Keywords: Spider Crane, Static Analysis, Hydraulics, Finite Elements, Computational Mechanics, Design.

HESAPLAMALI MEKANIK YAZILIMIYLA ÖRÜMCEK VINCIN STATIK MUKAVEMET VE
HARMONIK TITREŞIM ANALIZLERININ YAPILMASI
Öz
Bu çalışmada, 0-3 metreden 0-500 kg yük kaldırmak üzere tasarlanmış bir mini örümcek vincin statik
yapısal ve doğal frekans analizlerinin araştırılması ve hesaplamalı mekanik yazılımı kullanılarak uygulanması
hedeflenmiştir. Hidrolik sistemle çalışan ve tahrik edilen vincin hidrolik silindirleri daha gerçekçi bir sonuç
almak için katı bir cisim yerine yay olarak modellenmiştir. Bu simülasyon yaklaşımı geleneksel metoda göre
farklı bir metot sağlamaktadır. Detaylı analizler sonucunda, örümcek vincin plastik bölgeye geçmeden en
fazla 1200 kg yük kaldırabileceği yani 500 kg yükte iken güvenlik katsayısının 2.4 olduğu, doğal frekansının
ise 16.2 Hz ve 50Hz olduğu saptanmıştır.
Anahtar Kelimeler: Örümcek Vinç, Statik Analiz, Hidrolik, Sonlu Elemanlar, Hesaplamalı Mekanik, Tasarım.
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1. INTRODUCTION
Engineering software programs are developing every day and they provide to design, analysis and
manufacture complex machines and structures. Also, thanks to Finite Element Methods, complex
mathematical problems can be solved in a short time by the computers and it provides us to model,
simulate and analyze the mechanical system on the computer by using minimum material and sources.
In this study, a mini spider crane was modeled and analyzed under the different loading conditions and
maximum load capacity has been obtained with a realistic approach by using ANSYS software. Furthermore,
natural frequency of the crane was obtained to avoid resonance failures by using modal and harmonic
response analysis. In order to get the realistic results, hydraulic cylinders modeled as springs because
as Drexler indicates that hydraulic oil is compressing under the high pressure and acting like a spring
instead of transmitting the force directly like a rigid body and also damping the vibration (Drexler et al.,
1988; Sochacki and Bold, 2016; Bold et al., 2018).
Computational engineering software programs also provide us to realize the weak and strong parts of
the design before the manufacturing phase so that we can re-design and make the necessary changes
to obtain an optimum model as made in this study as well.
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Another advantage of the software is that it allows us to change the input variables like loading forces and
it calculates the outputs such as total stress and deformation values parametrically, so solution envelope
of the model could be obtained easily.
2. RESEARCH OBJECT AND MATERIAL
The Spider Crane which used for analysis was designed for “Design and Manufacture of Mini Spider Crane”
project by using Autodesk Fusion 360 CAD program. The Crane is designed to carry 500 kg load when
the maximum extend is 3 meters and It has 3 booms which one of them is knuckle and another one
is telescopic. The booms are made up of Domex700, high strength low alloy steel, with 700 MPa yield
strength and 210 GPa Young’s modulus (Ahmad, 2011).
The main parts of the spider crane can be seen in Figure 1 as booms, chassis, slewing drive, outriggers,
solid tires and hydraulic cylinders. Also, the booms and the cylinders can be seen with their numbers in
Figure 2 and general dimensions of the spider crane can be found in Figure 3.
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Figure 1. Isometric view of the spider crane.

Figure 2. Booms of the Spider Crane.
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Figure 3. General dimensions of the spider crane.

3. STATIC STRUCTURAL ANALYSIS
The steps of the static structural analysis can be divided into these parts such as selecting the material,
choosing the connection and/or joint types, if more than one body exist in the analysis, meshing the
bodies and finally setting the conditions of the analysis which is obtaining that from where the structure
will be fixed and from where the force is applied.
3.1 Static Analysis For Booms:
3.1.1 Choosing the Joint and Connection Types Between the Bodies of the Model
Choosing accurate joint/connection type is very crucial step for the static structural analysis. For example,
when the connection type between the booms are “bonded” (acts like a rigid body) instead of the
“revolute” joint, very high stress results occurred around the joint elements (ANSYS Inc., 2013). In order
to obtain the more realistic results, joints and connections were chosen as seen in Figures 4-7. Figure 4
shows the frictionless connection between the first boom and body and revolute joint between the first
boom and the shaft because the first boom is turning around the shaft. Figure 5 and 6 show the revolute
joints around the shafts as well. Figure 7 shows the telescopic connection as translational joint between
the second and third booms.

AURUM MÜHENDİSLİK SİSTEMLERİ VE MİMARLIK DERGİSİ
AURUM JOURNAL OF ENGINEERING SYSTEMS AND ARCHITECTURE

shows the telescopic connection as translational joint between the second and third
booms.

Figure 4. Frictionless connection between walls of the first boom and body (Left), Revolute joint between the first
boom and shaft at the body (right).

Figure 4. Frictionless connection between walls of the first boom and body (Left), Revolute joint between the first boom
and shaft at the body (right)
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Figure 4. Frictionless connection between walls of the first boom and body
(Left), Revolute joint between the first boom and shaft at the body (right).

Figure 5. Revolute joint between the second boom and shaft at the first boom (left), Revolute joint between the
support parts which connects the first and the second booms and the connection shaft between them (right).
Figure 5. Revolute joint between the second boom and shaft at the first boom (left), Revolute joint between the support
parts which connects the first and the second booms and the connection shaft between them (right).
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Figure 7. Revolute joint between the support parts, second cylinder connection part and shaft between
second and third booms.

Figure 6. Translational joint between the second and third booms.
Figure 6. Translational joint between the second and third booms.
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3.1.2 Setting the Conditions of the Static Structural Analysis
3.1.2 Setting the Conditions of the Static Structural Analysis
3.1.2 Setting the Conditions of the Static Structural Analysis

Figure 8. Static structural of the model.
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Figure 10. Total deformation because of 500 kg load.
Figure 10. Total deformation because of 500 kg load.
Figure 10. Total deformation because of 500 kg load.
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Table 1. Parametric values of load‐ versus stress/deformation.

Table 1 shows the values and graph of Load versus- Stress/Deformation chart for
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3.2 Static Analysis For Outriggers:
The maximum load on the foots will be occurred in the position as seen in Figure 11. From moment
calculation below, max load for one foot for 500 kg was found as 11 kN.

Figure 11. The maximum load on the foots.
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3.2.1 Setting the Static Structural of the Outrigger Model
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11 kN force is applied at point A as seen in Figure 12.
Foot is fix supported at point B which has the connection surface to the chassis and 11 kN force is applied
Foot
is fix supported at point B which has the connection surface to the chassis and
at point A as seen in Figure 12.

11 kN force is applied at point A as seen in Figure 12.

Figure 12. Static structural of the model.
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Figure 13. Von misses stress distribution because of 500 kg load, 11 kN.
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Figure 14. Maximum stress area (Left), Maximum stress occurred because of fix supported face (right).

Figure 14. Maximum stress area (Left), Maximum stress occurred because of fix supported face (right).

3.3 Modelling a Hydraulic Cylinder as a Spring
Hydraulic cylinders are acting like more a spring than a rigid body under the high pressure (especially 150
Bar and above). Drexler et al., 1988 says that “in the case of a fluid containing no air bubbles the volume
Figure 14. Maximum stress area (Left), Maximum stress occurred because of fix supported face (right).

AURUM MÜHENDİSLİK SİSTEMLERİ VE MİMARLIK DERGİSİ
AURUM JOURNAL OF ENGINEERING SYSTEMS AND ARCHITECTURE

reduces by 0.7% when the pressure is increased by 100 bar.”. According to this ratio, volume will reduce
by 0.14% with 200 Bars.
Calculating Spring Coefficients:
Area of the piston is defined as
Volume of the cylinder= Area x Stroke =
Compressed volume under 200 Bar is
Compressed Stroke is Compressed Volume / Area =
Stiffness coefficient of the spring is
When the first cylinder is completely open, volume of the first cylinder is 0.46 L, stroke is 370 mm and
Diameter is 40 mm, so the stiffness coefficient of the spring is calculated as k=1290 N/mm.
Ansys used for testing the stiffness coefficient (k) of the spring which is obtained from the above mentioned
calculation. First cylinder’s piston diameter and stroke length modeled with the spring and the same
pressure applied to the first piston (200 Bar = 20 MPa). Also, gravitational acceleration was applied.

Figure 15. Static structural set.
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Table 2. Properties of the spring.
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Figure 16. Directional deformation of the spring.

This test shows us that springs can be used as hydraulic cylinders. Instead of having more realistic result
another advantage of using springs that we do not have to mesh bodies of the cylinders, so solving
time and the number of elements are reduced (Rodriguez et al., 2017). On the other hand, when we do
not use the cylinders as a body, their weights are not accounted in the analysis. Note that when the first
cylinder is closed (0 degree and maximum elongation horizontally) stroke is 4.7 cm. Spring coefficient of
cylinders are calculated by using the values shown in Table 3.

Table 3. Values which are used to calculate the spring coefficients for each cylinder.
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4.HARMONIC RESPONSE ANALYSIS
Harmonic Response Analysis shows us that how and in which directions the structure is responding when
the natural frequency values are applied to the overall assembly. It is known that vibration plays a crucial role
for fatigue and crack failures. In order to get Harmonic Response results firstly natural frequency intervals
were found from Modal Analysis and then by using these interval, natural frequency can be found from
the harmonic response analysis. Sochacki and Bold explain that the hydraulic cylinders are damping the
vibration by an important amount (Jiang et al., 2016; Feng et al., 2017). That is why, using the springs for
simulate the hydraulic cylinders provided a more realistic result for harmonic response analysis as well.

Table 4. Natural frequency interval found from Modal Analysis.

As seen from Table 2, we are interested in first 5 modes which generally electrical motors work
0-3000 rpm equals to 0-50 Hz. That is why in harmonic response analysis 0-60 Hz interval accounted.

Figure 17. Natural frequency interval founded from harmonic response analysis.
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Table 5. Natural frequency interval found from harmonic response analysis
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Table 5 and Figure 17 show that 16.2 Hz (around 1000 rpm) and 50 Hz (3000 rpm) are natural frequencies
for this structure. That is why, electrical motor should not work continuously exactly in these rpms. 1500
rpm (25 Hz) can be chosen as a safety area.
5.CONCLUSION
In this study, loading capacity and natural frequencies of the spider crane are obtained and results of the
analysis enabled us to claim where the maximum stress occurred and in which frequencies the structure
have the natural frequencies. Selecting the appropriate connection/joint types between the bodies and
modelling the hydraulic cylinders as the springs are crucial steps for this kind of analysis which has many
connections and joint parts. According to the static structural analysis results, strokes of the cylinders are
optimized in the design process to avoid bending failures, because of high deformation values especially
on the third boom. Furthermore, harmonic response analysis’ results enabled us to determine the working
rpm of the electrical motor in order to avoid from fatigue or crack failures based on the resonance
problems. The natural frequency of the model can be changed by adding some supports or changing
the material/thickness in the design if it is necessary.
This study can be a reference for the future studies such as reducing the vibration at the end of the booms’
of the cranes or optimizing the model of the booms and the cranes.
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