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ABSTRACT 

The most fundamental linear analysis will be carried out on the honeycomb sandwich 

structure. To determine the natural frequency of sandwich structure with different 

materials used as core and effect of honeycomb core will be simulated in ANSYS 

Workbench RVE analysis. Considering the dynamic effects of honeycomb are quite 

critical, in this research united cell method will be implemented to capture the entire 

effects of free vibration of honeycomb sandwich structure. This research focused on 

free vibration characteristics and stress states of honeycomb sandwich structures, 

extracting the major factors that affect the sandwich frequencies and stiffness due to 

materials or parameters changes.  Honeycomb core is evaluated and developed for the 

study model. Different materials were used for the same model with star sported cores. 

Comparisons of different materials of each model with the same structure were made 

under different analyses, such as aluminium, SAN foam and carbon fibre. The analysis 

results determined the material and structure with one of the best strengths. 

Furthermore, the analysis of the tear that will occur on the beam has also been 

modelled and added to the study. The cracks formed in the proposed structure gave 

similar results to the honeycomb models in the hierarchical structure. The natural 

frequency is a function of stiffness to mass ratio, the proposed model was designed to 

have a reinforced inbuilt star shape which enhanced the vibration characteristics and 

it was further optimized by varying the materials of the reinforcement star shape, as a 

result of that SAN foam hexagonal and PVC foam star reinforcement happens to have 

better mass to volume ratio and higher natural frequency. In addition, increasing the 

foil thickness does not have significance on sandwich beam natural frequency but that 
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will increase the weight. The study shows that the modified core has good flexural 

stiffness and stress resonance resistance at a higher frequency. 

Keywords: Honeycomb Core, Laminated Sandwich Beams, Finite Element Analysis, 

Vibration, RVE  
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ÖZ 

Çalışma, lamine kompozit yüzey levhaları ve petek çekirdekli sandviç kirişlerin 

davranışını analiz etmeye ve geliştirmeye odaklanmaktadır. Çekirdek yapısı olarak 

kullanılan yapının farklı malzemelerle ve farklı dış etken değişkenleriyle sandviç 

yapının doğal frekans davranışlarıını belirlemek ve petek çekirdeğinin davranışa etkisi 

gözlemlenmiştir. Analizlerde ANSYS'in Workbench RVE analizleri kullanılmıştır. 

Peteğin dinamik etkilerinin oldukça kritik olduğu düşünüldüğünde, bu araştırmada 

petek sandviç yapısının serbest titreşiminin tüm etkilerini yakalamak için birleşik 

hücre yöntemi uygulanacaktır. Bu araştırma, malzeme veya parametre 

değişikliklerinden dolayı sandviç frekanslarını ve sertliğini etkileyen ana faktörleri 

çıkararak, petek yapılı sandviç yapıların serbest titreşim karakteristikleri ve gerilme 

durumlarına odaklanmıştır. Petek çekirdeği, daha geniş bir çalışma alanı için 

geliştirildi ve değiştirildi. Yıldız destek bal peteği çekirdekli yapılar için aynı model 

kullanılırken birbirinden bağımsız olacak şekilde tek çekirdek yapısında farklı 

malzemeler kullanılmıştır. Aynı yapıya sahip her modelin farklı malzemelerinin 

alüminyum, SAN köpük ve karbon fiber gibi farklı analizler altında karşılaştırılması 

yapılmıştır. Analiz sonuçları, en iyi dayanımlardan birine sahip malzeme ve yapıyı 

belirledi. Ayrıca kirişte oluşacak yırtılmanın analizi de modellenerek çalışmaya 

eklendi. Önerilen yapıda oluşan çatlaklar hiyerarşik yapıda petek modellerine benzer 

sonuçlar verdi. Doğal frekans, sertlik-kütle oranının bir fonksiyonudur, önerilen 

model, titreşim özelliklerini artıran güçlendirilmiş bir dahili yıldız şekline sahip olacak 

şekilde tasarlanmıştır ve bu SAN sonucunda, takviye yıldız şeklinin malzemeleri 

değiştirilerek daha da optimize edilmiştir. köpük altıgen ve PVC köpük yıldız takviyesi 

daha iyi kütle/hacim oranına ve daha yüksek doğal frekansına sahip olduğu 
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kanıtlanmıştır. Ayrıca folyo kalınlığının arttırılması sandviç kirişin doğal frekansı 

üzerinde bir anlam ifade etmeyerek sadece ağırlığı artırmıştır. Çalışma, geliştirilmiş 

çekirdek yapısının daha yüksek bir frekansta iyi eğilme sertliğine ve stres rezonans 

direncine sahip olduğunu göstermektedir. 

Anahtar Kelimeler: Bal Peteği Çekirdek, Lamine Sandviç Kiriş, Sonlu Elemanlar 

Analizi, Titreşim, Burkulma, RVE 
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Chapter 1 

INTRODUCTION 

In today's world, composite materials have reached a massive use area. It has paved 

the way for production techniques and new application areas with the newly 

discovered and combined materials in specific proportions. Being so extensive and 

comprehensive has created many options that can be studied. In light of this, many 

engineering branches have been examined. They are working on it as R&D. These 

structures, which should be durable under many different conditions, also stand out 

with the complex flexibility of their geometry. However, performing a complete and 

assumption-free analysis is very time consuming and much more complicated. The 

fact that it has so many variables makes it impossible to analyse it comprehensively. 

However, thanks to the computational methods developed today, this case has become 

more manageable. The thesis will examine structures with a core honeycomb structure 

from the family of sandwich composites. Honeycomb Structures (HC) have taken their 

form from the honeycomb of bees. It provides maximum durability with minimum 

material. Biomimicry has been a pioneer in the discovery and development of this 

field. One of today's most used structures, HCs are modelled more complex than flat 

sandwiches. It is more complicated and complex to analyse than flat core structures. 

The study aims to analyse an orthotropic equivalent model of the HC. While doing 

this, the previously used equivalent models will be used, but the core structure will be 

changed. Although the different core thicknesses, designs and materials in previous 

studies were varied, it is still possible to improve the existing structure. More detailed 
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information will be given in the following chapters on the subject, and the analysis 

results will be discussed in detail.  

The Finite Element Method (FEM) program for analysis is the ANSYS program. The 

ANSYS program is a FEM program that gives complete and reliable results on almost 

any analysis application. It has both pre and post-processing capacity. The APDL tab 

provides detailed and reliable sandwich composite and HC results.  

In the following sections of the chapter, general information about composites will be 

given. Afterwards, especially HC will be emphasised. The sandwich theory will be 

discussed at the end of the chapter in the next chapter. In the sub-headings, the different 

materials used in the sandwich, their usage areas and potential usage areas will be 

addressed. Chapter 3 will include previous work on analysing structures, and this work 

model will be discussed. Chapter 4 will contain detailed descriptions of the analyses. 

Model, meshing, forces and boundary conditions will be addressed. In the 5th chapter, 

the structure analysis results will be presented. Results that have been obtained in the 

analysis will be discussed. The results of how the structure has developed and what 

kind of difference it has made will be included in this section. Afterwards, the 

following chapter will finalise the analysis results presented in chapter 5 in conclusion. 

1.1 Sandwich Structures 

Early Composite materials are artificial and widely used structures. Composite 

materials are a product that results from the combination of two or more materials and 

their unique and better properties, unlike the first materials by Mazumdar [1]. The 

properties that can be developed can be strength, stiffness, corrosion and wear 

resistance, weight, fatigue life, thermal insulation, conductivity and acoustic 
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insulation, depending on the area of use [2]. The fact that there are many such 

developable aspects requires determination according to the application and 

development in line with it. Although it is uncertain when it first appeared historically, 

it is almost a hundred years old to modernise our lives. As a result of the mishap, 

fibreglass is produced while writing on the milk bottle by mistake [3]. Researchers 

who discovered the extraordinary properties of this material have carried out numerous 

studies after this event. They are generally divided into three composites classified as 

particulate, fibrous, and laminated [4]. They all have different uses. But to give 

examples of these, space technology, maritime industry, medical field, robot 

technology, chemical industry, electrical-electronic technology, musical instruments 

industry, construction and building industry, automotive industry, defence industry 

and aviation industry, food and agriculture industry, sports equipment of examples[5–

7]. And there are sectors such as electronics and medical, including such issues as bone 

fracture fixation plates, robotics, bio integrated electronics and active origami, which 

are foreseen to be used in the future [8–10]. 

 

Figure 1: Different Types of Composite Materials [11] 
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Sandwich Composites are the structures obtained by placing a different material in 

another form between at least two layers. Composite materials are commonly 

fabricated by attaching two thin but high stiffness skins to a lightweight but thick core. 

Each layer can be anisotropic material, or sandwich composites can be a fibre-

reinforced layer. Sandwich structures are acquired new and unique properties 

according to the raw materials in their structure. However, the materials in the 

composite do not dissolve, react or mix [11]. They consist of three different layers Top 

and Bottom face layers, Adhesive Layer and the Core layer, as in Figure 2. 

 
Figure 2: Three-Layer Basic Sandwich Structure 

Especially in engineering applications, there are composite components that we 

frequently encounter. There are many reasons why composite materials are preferred. 

Sandwich structures have high strength, low weight, fatigue resistance, corrosion 

resistance, heat resistance, and electrical and acoustic insulation compared to single-

phase materials [12]. Sandwich composites provide excellent mechanical properties 

and much lower weight than traditional monolithic materials such as steel. Sandwich 

composites can also be designed with extreme precision according to loading 

requirements. Sandwich composites are heat and moisture resistant structures. The 
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sandwich structure has a high hardness-to-weight ratio and a high flexural strength-to-

weight ratio [13]. Sandwich composites can be strong and lightweight for applications 

requiring a very high-strength material with the lowest possible weight. Less weight 

means improved fuel efficiency, higher speed, higher payload, more extended range, 

and lower transportation and installation costs. It is necessary to choose between price, 

performance and quality. Composite components act as an imaginary bridge link 

between these three. Therefore, it is a suitable material type to be preferred. However, 

the disadvantages of sandwich structures are high production cost, the difficulty of 

processing the material, not being prone to mass production, almost non-recyclability, 

low fracture elongation and difficulty in production. Sandwich structures are used in 

tons of areas because they are very effective in vibration control, shock absorption, 

and noise reduction [14,15]. The property of the core material is significant in 

sandwich structures [16,17]. In a study conducted by S. Akour, when the stiffness of 

the core material is softer, the force transferred to the surface layers is the same 

proportional Also easily implemented. However, it also has a considerable noise and 

vibration control ability, mainly when applied to lightweight structures [18,19]. Its 

widespread use has enabled many scientists to work on the subject. 

1.1.1 Face Sheets 

Face sheet layers are found in the outermost layers of the sandwich structure. 

Therefore, this layer always first interacts with the external field and forces rather than 

the core and adhesive layer. While carrying and spreading the force evenly throughout 

the entire structure, it should resist this incoming force without experiencing failure 

[20]. Flex and abrasion-resistant materials are used on the surface in production. As 

shown in Figure 3, materials are commonly used as face sheets. 
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Figure.3: Face Sheet Materials 

The general use of these materials is durable, flexible and accessible. We can see 

almost every sandwich composite; we encounter fibre bonding and weight/strength 

ratios [21–23]. In addition, they are designed with the same materials or the same 

thermal expansion coefficients to prevent failure due to different elongation 

coefficients as a result of thermal extension on both faces [24]. 

1.1.2 Core Materials 

Core materials are one of the most critical components of a composite sandwich 

structure. Therefore, it is significantly essential to determine the material's properties 

correctly. Materials that require more strength and less wear resistance than face 

materials are generally used. It must be accessible and workable. The selected material 

should be stiff enough in shear to prevent sliding of the face layer. In cases where 

sliding occurs, the structure will not act as a sandwich [25]. It will not be able to 

provide strength and experience failure. In cases where failure conditions are provided 

by the lack of stiffness in the material, visible local buckling may occur in the outer 

layer [26]. In core, durable and light materials are preferred [27]. Especially material 

groups such as carbon fibre, glass fibre, resin, and Kevlar are pretty common. 

However, materials with different structures are preferred in the core. Foam and 

aluminium are the most commonly used ones. Especially aluminium is one of the 
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materials with the highest strength/weight ratio [28]. Manufactured honeycomb 

structural materials are typically made by layering a honeycomb material between two 

thin layers that provide strength in tension [29]. That forms a plate-like assembly. 

Typical core structures are divided into four main groups. These are Truss, Foam, 

Corrugated and Honeycomb [30]. 

 
Figure 4: Sandwich Panels with The Different Cores [31] 

1.1.3 Adhesives 

The Adhesives composite sandwich is the main binding element of structures. 

Components that provide energy exchange between layers act as a bridge between two 

different structures and cooperate. Using the amount of the adhesive if it is too thin 

creates problems while using too much makes problems. Moreover, the most crucial 

factor in choosing the adhesive is that the adhesive should have shear stress resistance 

at least as much as the core material [32]. Among the remaining factors to be 

considered, the amount of adhesive, chemical reaction and elasticity are essential[33]. 

Adhesive samples used in general are shown in Figure 5 [34]. 
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Figure 5: Commonly Using Adhesive Materials 

1.2 Main Application of HCs 

Honeycomb composites appear in almost every aspect of our lives. The fact that it is 

commonly encountered at this level is proof that it needs to be worked on. 

Accordingly, plenty of research has been done on sandwich structures, significantly to 

determine their mechanical behaviours such as tension, compression, buckling, 

fatigue, and thermal and acoustic performance [35–38]. Sandwich structures with 

honeycomb cores are widely used all around the world. Compared to typical sandwich 

structures, the features that make them stand out are lighter and more durable. 

Composite sandwiches are mainly used in aerospace and mechanical applications 

because they have an excellent flexural/transverse shear stiffness [39]. The areas where 

they are used and expected to be used in the future are available and cannot be 

countable. 

1.2.1 Used Applications 

In this section, the areas where sandwich composites are used are discussed. It is 

impossible to list all of the usage areas, which are quite common and have a wide usage 

area, completely. In general, the most frequently used areas and sectors are listed and 

exemplified one by one. 

1.2.1.1 Absorber 

Composite sandwiches are usually used for absorbing microwave waves. Many 

different studies have been done on this subject. Furthermore, as a result, it has been 
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determined that sandwich structures with two face layers give more effective results 

than one-layer designs [40]. In another study, it was found that graphene-based 

materials gave better results than other materials [41]. Studies were also conducted on 

MR layer thickness to panel thickness. It was determined that the ratio was directly 

proportional to the absorption ratio [42]. 

 
Figure 6: Typical Structure of Noise Suppressor Sheet Materials [43] 

1.2.1.2 Automotive 

Vehicles are the means of transportation that almost every person uses at least once 

every day. Most of the cars we use in our daily lives are made of composite materials. 

There is no doubt that it is not possible to build a car without composite material. 

Composites, which should have many features suitable for the car, need to be 

developed in almost every subject. A structure has to be both durable and flexible. 

There should be thermal and acoustic performance while being prepared for impacts. 

Besides, the wood-plastic material structure has started to be encountered frequently 

in these studies, trying not to harm nature [44]. It has also been determined that the 
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HC strength varies according to the collision speed [45]. Hybrid composite models 

have also been developed [46]. 

 
Figure 7: Aspects of Advanced Polymer Composites for Automotive Applications 

[47] 

1.2.1.3 Fan Blade 

Fan blades are used in circulation (Cooling, Heating, Mixing), push-pull applications 

and cutting applications. Its spread over such a vast area has also increased the studies 

and innovations. It even appears in jet engines [48]. It has been tried to reach the goal 

with many different materials. Analysis environments were created, and models were 

developed, considering even the bird strike during the flight [49]. In a study, the metal 

blade is more prone to deform to rub-induced vibrations than the composite blades at 

the design speed [50]. 
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Figure 8: Composite Blade Structure [51] 

1.2.1.4 Morphing Aircraft 

Morphing Aircraft provide the desired configuration; It brought advantages such as 

increased range, fuel savings and low carbon emissions [52]. While increasing the 

interest in the developments in the aviation sector, it also opened the door to different 

technologies. The aircraft is compatible with multitasking, thanks to the morphing 

technology. In the past studies, the advantages and disadvantages of morphing aircraft 

compared to fixed-wing aircraft are also discussed. At first, the aircraft structure with 

two standard wings creates a design that resembles an aircraft with a small single wing 

surface after configuration [53], creating a fuselage structure that is less affected by 

the flow [54]. This structure is shown in Figure 9 below. 

 
Figure 9: Morphing Aircraft Pre and Post Illustration [50] 

1.2.1.5 Marine 

Composite materials used in the marine environment have become very common in 

recent years. Specific studies have been started on them. With the increased interest 
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and development of the manufacturing industry, the way to produce more durable parts 

in large structures has been paved. Composites, which started to be used on the seas 

after the Second World War, were included in this field for the first time[39]. Among 

the foremost reasons for their inclusion is that they are light, strong and resistant to 

corrosion. Initial applications were made with steel, wood, and aluminium to overcome 

corrosion problems. The load capacity was increased by reducing the weight, and fuel-

saving was achieved [55]. In addition, valves and subsea structures that can withstand 

the corrosive properties of water have also been developed. Generally, composite 

material applications in marine are hull, bearings, propeller, covers, exhaust, 

Superstructures, Radom, Sonar domes, and fences [56]. 

 
Figure 10: Deck Composite Material Components 

As stated, the abrasiveness of the water increases with the salt content of the water. At 

the same time, the rigid structures under the water are harmful to the vehicles. It is 

necessary to be prepared and resilient to many different situations. Therefore, 

composites are widely used. Maintenance is an essential element. It has tried to prevent 
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the failure of fastening and connection components by using thermoset composites as 

they are exposed to both loads and corrosion [57]. Composites are primarily used in 

speed boats. Minimum weight and maximum strength are the biggest reason for this. 

Thanks to this, boats can sail at high speeds for a long time. The use of carbon fibre 

reinforced epoxy composites contributes to increased performance. Materials science 

and composite technology are advancing rapidly, and new composites such as epoxy 

blends, including the application of carbon nanotubes, are becoming even more 

famous for high-performance marine structures [58]. 

1.2.2 Potential Applications 

With the covid-19 virus affecting our lives, the use of conventional materials has 

decreased while increasing the use of composite. The virus-induced steel prices have 

increased, and at the same time, they have become difficult to reach [59]. Therefore, 

the need for materials with the same strength has grown even more. It is pretty standard 

in electric cars because the car's components, such as batteries and electric motors, are 

heavy, so other components must be lighter than they should be. In addition, with the 

development of artificial intelligence and robotic applications, smart materials have 

also emerged [9]. Production methods called four dimensions have emerged. 4D 

printing is self-folding structures that can be folded sequentially and accurately. It is 

also known as active origami, and different studies are carried out on various subjects 

to increase its strength and flexibility [60,61]. There is no doubt that metamaterials 

will also become quite common in the future. The properties of the metamaterials are 

not derived from the forming materials but from their sheer size, geometry, shape, 

orientation, and arrangement. Metamaterials manipulate electromagnetic waves via 

promoting, hindering, and absorbing waves to attain an interest beyond the natural 

materials' potency [62]. Developments in the field of health also continue. This 
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prevalence will increase as the platinum used to treat broken bones is gradually 

replaced by composites [10]. Figure 11 Demonstration of the ability for a 4D-printed 

structure to be reprogrammed from its permanent shape into many different 

configurations that are structurally stiff at room temperature and then returned to its 

permanent shape upon heating. 

 
Figure 11: (A) The Deployed Permanent Configuration of a Compact Lattice After 

Heating. This Shape is Also The Recovered Shape After Reprogramming And 

Heating. (B) The Reprogrammed Saddle-Cylinder Shape. (C) The Reprogrammed 

Compressed-Twisted Compact Shape. (D) The Reprogrammed Semi-Sphere/Dome 

Shape. (E) The Reprogrammed In-Plane Fan Shape [63]  

1.3 Manufacturing of Honeycomb Cores 

There are many methods for producing polymer-based composite materials with 

desired properties and shapes. In particular, it is possible to examine the production 

methods used in the composite industry, where thermoset matrices are used, basically 

under two headings. These are Open Die Production Methods and Closed Die 

Production Methods. Examples of open mould production methods are Manual 

Laying, Spraying, and Fibre Wrapping Methods. Examples of Closed Mould 

Production methods are Resin Transfer Moulding Method (RTMM), Vacuum Infusion 
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Method, Vacuum Bagging Method, Hot Pressing Method (SMC-BMC-Prepreg), 

Pultrusion Method, Continuous Lamination Method, and Reactive Production (RRIM, 

SRIM) examples can be given [64]. A typical sandwich structure is as in the figure 12. 

 
Figure 12: Sandwich Panel with Honeycomb Core and Adhesive Layers [65] 

The most traditional production method for HCs is expansion manufacturing and 

corrugating. A Hobe block is formed by feeding on a flat sheet roll for expansion 

manufacturing. Afterwards, the Hobe slice is cut to the desired thickness, and as a 

result, an expanded panel is formed. In the corrugating method, however, the roll is 

shaped directly this time and divided into parts, and these sheets are combined to form 

blocks [66]. As shown in the figure 13, both methods are shown in the study. 
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Figure 13: (A)Expansion Manufacturing Process (B)Corrugation Manufacturing 

Process [66] 

As the number of cells per unit area in the core structure and the connection thickness 

increase, the resistance of core structures against bending, compression, peeling, 

shearing and impact forces increases. HC consists of hexagon-shaped cells, which are 

entirely identical to each other. Components in this structure are; 

• L Total Length of HC. 

• Tc Thickness of the Unit Cell. 

• hc Height of the Unit Cell. 

• a Length of One Wall of The Unit Cell. 

• d Distance Between Opposite Unit Cell Walls. 

•  W Total Width of HC. 
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Figure 14: A Unit Cell of Honeycomb Composite [67] 

Also, for a normal HC cell, the following relations are held. Since they are in HC 

symmetrical structure, some relations do not change, only the results obtained 

according to the design of the structure change. 

1.4 Effects of Honeycombs Sandwiches on Human Life 

The positive effects of sandwich composites, found in almost every part of human life, 

on people are undeniably significant. For this reason, they are used dominantly in all 

areas of our lives. People often lead their lives unawares under the positive influence 

of many different composites. There are positive and negative sides to the sandwich 

composites, as in every situation. In this section, the positive and negative aspects will 

be discussed. 

1.4.1 Advantages 

Undoubtedly, HC has more positive aspects than negative aspects. Otherwise, it would 

not have been used so widely. We can tabulate its advantages as follows (Table 1). As 

you can see, it shows that many positive examples are possible in many different fields. 

But in general, the table can be limited to these main headings. 
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Table 1: Advantages of HCs 

ADVANTAGES OF HONEYCOMB COMPOSITES 

Vibration HCs have a very high vibration-absorbing capacity [68]. 

Yield Stress Composites produced resistance to yield stress and can withstand 

huge yield forces [69]. 

Elongation The amount of elongation at fracture is higher than in metals[70]. 

Fatigue Fatigue resistance is high and allows it to be used for many years 

without any problems [71]. 

Flexibility It can be designed and produced to increase the usage and 

application area. 

Accessibility Being open to modification increases the accessibility of materials. 

Crack 

Propagation 

Crack propagation is minimised. When a crack occurs, it is 

prevented from continuing and causing damage [72]. 

Corrosion Corrosion is significantly less compared to metals. It can also be 

reduced to almost zero with the right coating and material selection 

[73]. 

Fire 

Resistance 

Composites are resistant in terms of fire resistance and fungus. 

They are also resistant to high temperatures [74]. 

Machinability Easily machinable and formable 

Design 

Flexibility 

Composites can be moulded into more complex shapes than many 

other materials. It gives designers the freedom to create almost any 

shape or form. 

Weight The stress withstands capacity is significantly increased without 

major weight changes [75] 

 

 

1.4.2 Disadvantages 

Although composite materials are useful materials, some disadvantages are 

encountered from time to time. These features are listed in the Table 2 below. 
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Table 2: Disadvantages of HCs 

DISADVANTAGES OF HONEYCOMB COMPOSITES 

Fluid Infraction HC structures are prone to fluid intrusion [76]. 

Cost Composite materials are relatively costly and laborious to 

make. 

Metal Interaction They do not stick to metals. They cannot be used without 

baking. 

Manufacturing 

Difficulty 

Drilling and cutting type processes cause opening in the 

fibres. 

Damage Assessment It is tough to detect any malfunction in composite 

materials [77]. 

There are not many disadvantages to count. For this reason, HCs, which have few 

disadvantages compared to their advantages, have gained popularity. There should be 

no doubt that they will be used in this prevalence in the near future. 

1.5 Definition of the Problem and Research Methodology 

Honeycomb core sandwich structures are used frequently in several industries to 

manufacture parts with higher strength and lower weight than other structures. There 

is an industrial need to develop accurate three-dimensional (3D), non-linear numeric 

simulation models to analyse the mechanical behaviours of the sandwich structures. 

The dynamic and static analysis of mechanical properties must be performed in a 3D 

numerical domain in a lab environment or during industrial production. Humanity 

needs to create effective structures where raw materials gain value. 
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Figure 15: Research Methodology 

1.6 Need for Research (Motivation) 

This study focuses on analysing and developing the behaviour of sandwich beams with 

laminated composite face sheets and honeycomb core. Sandwich structures consist of 

three essential elements: faces, core and adhesives. Core members should have good 

capability to carry shear loads. The core is incredibly significant since it provides that 
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the sandwich is light also stiff enough. Honeycomb core is one of the best structurally 

efficient core structures, especially in stiffness-critical applications, which is assured 

with possible lowest density and high out-of-plane compression and shear properties. 

Different materials were used for a similar model. Comparisons of different materials 

of each model with similar structures were made under different analyses. The analysis 

results determined the material and structure with the best strength. It is aimed to show 

better strengths with fin modifications of the honeycomb structure. ANSYS was used 

for the analysis part. The main objective of this study is to determine the natural 

frequency of sandwich beams under different boundary conditions, clamp free and 

clamp-clamp. Valuable insight into the dynamic characteristics of the sandwich beam 

and detailed information on how it responds to different types of dynamic loading. The 

analysis did in three bending analyses and different boundary conditions. Also, 

different materials are used for the face and core. The study shows that the used core 

has good flexural stiffness and stress resonance resistance at a higher frequency. 

1.7 Objectives and Scope of The Study 

The natural frequencies and mode shape are functions of the structural properties and 

boundary conditions. 

➢ To determine the natural frequency of sandwich beam under different 

configurations such as clamp-free and clamp-clamp.  

➢ Valuable insight into the dynamic characteristics of the sandwich beam and detailed 

information on how it responds to different types of dynamic loading. 

➢ To determine the effect of foil thickness on modal analysis. 

➢ To propose a model better than the hexagonal honeycomb.  
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The study aims to improve the durability of the sandwich structured composites with 

the modification of core structures. FEM analysis method is used to get the validation 

results. Validation will be taken from other works and experimental work will be done 

in the other studies. The effects of material, thickness, fracture, heat, and support on 

the proposed core will be examined and the most optimal model will be revealed by 

comparing the results. 
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Chapter 2 

LITERATURE REVIEW 

2.1 Beam Theory for Sandwich Structures 

The study is messing with the sandwich beam. Moreover, the beam theory for 

sandwich structure is going to be discussed. It is necessary to make some assumptions 

in beam theory. These are the assumptions that the beam element is made using 

isotropic materials, and the bonding connection is made perfectly. Elastic calculations 

will be made with the three-bending method. Another approach is bending theory. The 

plane's cross-section is perpendicular to the longitudinal axis [78,79]. It is loaded with 

L length b width supported and Q per unit with the central load. This geometry has 

been studied before and is shown in the Figure 16 below. 

 
Figure 16: Sandwich Beam Definition [79] 
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As in the Figure 16, some relations must be provided if the beam is analysed. Also, 

suppose correlations are not provided or more than two edges supported the beam. In 

that case, it should be analysed as a panel [80].  

Variables such as the flexural rigidity of the sandwich beam, axial stresses that occur 

at the facings under maximum bending moment, and sandwich beams with low-density 

cores facing stresses can be obtained from equations [78]. Different formulas have also 

occurred for different loading and boundary condition states [81].  

2.2 Orthotropy - Anisotropy 

A material is isotropic if it shows the same mechanical properties in all three axes and 

orthotropic if it shows independent and different properties in all three axes. Materials 

that show the characteristics of symmetrical material in two axes perpendicular to each 

other are called orthotropic. Examples of orthotropic materials are wood, most crystals, 

and rolled metals. Core materials are mostly orthotropic materials, while face sheet 

materials are generally isotropic. However, the face may also show orthotropic 

behaviour [82]. Hooke's stress-strain relation is a very competent relation on the 

subject. This relation can be written as: 

𝜎𝑡 = 𝐶𝑖𝑗 . 𝜀𝑗      𝑖, 𝑗 = 1,2, … ,6 
                                                            (1) 

𝐶𝑖𝑗 is the stiffness matrix, which consists of 6x6 36 constants. But this number is less 

for elastic materials. Because stiffness matrices of elastic materials are not 

asymmetrical, they are symmetrical, and there are 21 independent constants [2]. The 

stress-strain relation of anisotropic materials is as follows. 
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The independent elastic coefficients are nine for an orthotropic material. The stress-

strain relations for an orthotropic material are shown below: 
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(3) 

The equations show both situations. Besides, orthotropic material has less than one 

refractive index, but anisotropic material has a higher one. It is the anisotropic 

composite material showing different properties according to the axis or axes that are 

measured. Measurements made along a particular axis or in a direction parallel to a 

particular plane will differ from values taken in other directions. The mechanical 

properties of a composite containing continuous and arrayed fibres are highly 

anisotropic; the values change according to the measuring direction; max strength and 

reinforcement are achieved in the longitudinal array direction of the fibres. Orthotropic 

materials are defined as a subclass of anisotropic materials. The properties of 

orthotropic materials differ in three perpendicular directions. It has three perpendicular 

axes of symmetry. Normal relaxations occur when loads parallel to the axis are applied 

to the axes. Normal and shear relaxations occur if the applied load is not parallel to the 

axes. Because of that, orthotropic material's mechanical properties are a function of 

orientation. Composites with three symmetrical planes are called orthotropic 
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composites. The following Figure 17 shows the structural structures of anisotropic and 

orthogonal materials. 

 
Figure 17: (a) Anisotropic Structure (b) Orthotrophic Structure  [83] 

2.3 FEM Modelling of HCs 

Honeycomb core sandwich structures have many variables as parameters. For this 

reason, its modelling is quite difficult. It is difficult to put this problem into a 

mathematical equation with many variables [84]. Different mathematical models 

should be used according to different core structures, loading directions, and variables 

to be observed. In the past, those parameters were optimised, and an energy absorption 

diagram was proposed for honeycomb sandwich structures [85]. In addition, studies 

such as failure mechanism maps have been carried out to prevent situations where 

structures cannot provide strength conditions [86,87]. The programs used to create 

these maps are usually ANSYS, COMSOL, and ABAQUS. Assistance is taken from 

SolidWorks and AutoCAD Inventor in the modelling part [88–90]. In the background, 

a spectral algorithm was devised for mathematical modelling of the honeycomb 

structure in the program, these equations were based on a modified thin-sheet gain 

scheme and a fast Fourier transform technique [91]. The adhesive mechanics between 

the layers must also be modelled on the structure, which must be analysed in itself and 

also examined as a whole [92].  
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Many studies have been done on this subject, but today this connection has been 

optimised and achieved consistent results [93]. Some works analysed the shear 

buckling of aluminium honeycombs and proposed improved analytical methods to 

calculate the buckling load [94,95]. Also, nonlinear and linear responses depend due 

to the situation of the load. Research has been done on the nonlinear responses of 

honeycomb made of aluminium in shear experiments and proposed finite element 

modelling with some misleading. But it helps to make it possible to correctly guess the 

stiffness and the critical buckling load [96]. One research proposed a nonlinear model 

based on damage mechanics only in compression for nonlinear behaviour [97]. There 

are plenty of potential designs modelled because of the improvement of mechanical 

properties of honeycomb cores and the challenges in further research [98].  

2.4 Geometric Modelling of HCs 

In recent years, several sandwich structures with improved quasi-static and dynamic 

properties have been introduced, comprising those based on various foam, honeycomb 

cores, origami cores and truss cores [99]. Katzman et al. [100] proposed sandwich 

structures are usually based on honeycomb core and polymeric foam materials. The 

mechanical property of honeycomb sandwich structures shows plenty of different 

behaviours combining high flexural rigidity and bending strength with low weight. 

Bending strength and Flexural rigidity are important mechanical properties of 

honeycomb sandwich beams [101]. As a result of the theoretical studies conducted in 

the face of this wide-variable situation, it was determined that the weight of the 

honeycomb core should constitute 50-66.7% of the entire sandwich structure. This 

weight ratio range of the honeycomb core deduced based on optimum mechanical 

properties offers a principal foundation for designing [102]. The honeycomb structure 

is in the category of core models with truss structure. Previous studies have revealed 
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the best flexural stiffness and strength in truss-supported core structures' bending 

deformation [103]. Strength/Weight ratios are also valid for sandwiches with other 

truss structures. Many structures such as circular, triangular, square, and triangular 

honeycomb have been studied for the truss core structure [104,105]. In a study on 

square structures, sandwich structures have significantly higher compressive and shear 

modulus than the other sandwich panels on an equal mass basis [106]. Or even can be 

considered a promising candidate for multifunctional structure material in the high-

end heat dissipation field [107]. The symmetrical design was exceeded, and graded 

corrugated truss cores were studied. It was observed in the study that the bending 

behaviour improved slightly. Also, a higher buckling load was observed under a three-

point bending load [103]. The core structure was tried to be strengthened with extra 

supports without changing the symmetrical structure of the core structure. These were 

called ortho grids in general, and the purpose of use on the structure was to strengthen 

the load distribution within the structure itself [108]. Some works show that corrugated 

cores have better shear strengths in the longitudinal direction than those exhibited by 

diamond cores and more traditional foam cores. Besides, it can give outstanding 

ventilation characteristics, avoiding humidity retention problems that are common in 

cellular core materials [109]. Corrugated cores with metal sandwich beams are the 

significant industrial solution as structural components. Because of their high 

stiffness/mass ratio. However, finite element models for numerical computation of 

their properties leads to large models and long solution time. Because of that, a 

decrease of the complex shaped core to an equivalent homogenous material is usually 

used [110]. In a previous study comparing different core structures, it was observed 

that the most effective structure was honeycomb [111].  



29 

 

Since the honeycomb is the most optimised durable core structure, two different 

failures were observed in the studies on the failure situations of this structure. Ruptures 

on the face and collapse on the core. At the same time, it was observed that these 

strengths varied according to the applied test loading or impact speeds [112,113]. Also, 

honeycomb cell size, honeycomb wall thickness and honeycomb thickness have low 

effects on the penetration resistance of the sandwich panel [114]. The deflection 

evolution of the composite honeycomb sandwich structure can be divided into three 

stages under three‐point bending fatigue load, rapid decline, steady decline and failure 

[115]. In the study on the beam, the load/weight ratio of the optimum geometry was 

found to be H/L=1/8, and experiments proved it. Are H being the total thickness of the 

sandwich structure, and L is the total length of the beam [86]. 

2.5 Failure Modes of Honeycomb Sandwich Structures 

Composites can work in extreme conditions. It creates various failure models. Most of 

the time, HCs one side is in compression, and the other side is in tension. The core in 

between is exposed to different shear forces at different thicknesses. Various failures 

occur according to the effect of these forces on the material. In case of tension, tears 

may occur in the coating sheets. In the case of compressive load, the core cannot resist 

the incoming stress and is crushed. In the case of shear force, ruptures can occur on 

the structure. Various studies have been conducted to model and account for such 

failures [116,117]. These failure models are given in the Table 3 below.  
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Table 3: Failure Modes of Honeycomb Composites[78,118] 

Intracell Buckling 

 

Facesheet Wrinkling 

 

Facesheet Tension Failure 

 

Core Shear Failure 

 

Shear Crimping 

 

Transverse Shear Failure 

 

General Buckling 
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Chapter 3 

METHODOLOGY 

3.1 Geometric Modelling of Honeycomb Sandwich Beam 

The software ANSYS 2021.R2 Space claim was used to create the finite element 

model of the honeycomb sandwich beam. The sandwich structure developed in this 

research has dimensions of 290 mm x 40 mm x 11 mm. The thickness of the 

honeycomb sandwich beam face-sheet and the core is 1mm and 9mm respectively. 

Moreover, the proposed structure is a honeycomb hexagonal structure with an inbuilt 

star-shaped reinforcement as shown in Figure 18 to investigate the natural frequency 

of free vibration with different boundary conditions, the inbuilt star-shaped core is 

assigned different materials and analysed, taking note of the total deformation reported 

frequency. In addition, the factors that were focused on is the mass and stiffness of the 

overall sandwich beam while considering the vibration characteristics, corresponding 

natural frequencies and mode shapes. In general, adopting the RVE method in ANSYS 

Material Designer, to determine the effective, or average elastic properties of the unit 

cell. Assuming that the unit cell is repeated uniformly over the domain of an entire 

structure, thereby defining the entire domain by the unit cell's effective constitutive 

properties. Hence, the result is an orthotropic stiffness matrix, which can then be used 

as a material property in larger structures. Figure 19 shows the discrete proposed core 

model. Material properties required in this study are tabulated in Table 4. 



32 

 

 
(a) 

 
(b) 

 
(c) 

Figure 18: Geometry Of RVE Model (A) Honeycomb Unit Cell; (B) Honeycomb 

With Star-Shaped Reinforced Unit Cell; (C) Unit Cell Angle Projection. 
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(a) 

 
(b) 

 
(c) 

Figure 19: Proposed Core Discrete Model; (A) Plain View; (B) Side View; (C) 

Isometric View 



34 

 

Table 4: Material Properties of Honeycomb Sandwich Beam 

Material Young’s 

Modulus 

E (MPa) 

Poisson’s 

Ratio 

ν 

Shear 

Modulus 

G (MPa) 

Density 

ρ (Kg/m3) 

Carbon 

Fibre 
290000 0.2 9000 1800 

SAN Foam 85 0.3 32.69 103 

Aluminium 

Alloy 
71000 0.33 26691.72 2770 

PVC Foam 102 0.3 39.23 80 

3.2 Finite Element Meshing 

It is the conversion of geometrical entities to finite element entities. Hence, ‘Mesh’ in 

the RVE model group was selected, the mesh maximum size is 0.25 mm (half the 

thickness of the unit cell), and periodic meshing and conformal meshing were used as 

depicted in Table 5. Figure 20 shows both the equivalent model of the regular 

hexagonal honeycomb and the proposed star-shaped reinforced core. Hexagonal 

honeycomb consists of a ‘unit cell’ repeated many times in one or more spatial 

directions. This unit cell is usually a fraction of the size of the overall structure under 

investigation. Hence, in ANSYS Workbench 2021 a new feature called “Material 

Designer” is applied, a technique called “homogenization”, in which the unit cell 

structure is considered independently. The purpose is to figure out the unit cell's 

effective, or average elastic properties. In addition, assuming that the unit cell is 

consistently replicated over the domain of an entire structure, the effective constitutive 

properties of the unit cell will also characterize the entire domain. In general, the result 

is an orthotropic stiffness matrix, which can subsequently be used as a material 

property in larger structures, and the honeycomb structure is replaced with 

‘homogenized’ (effective) material properties shown in Table 6 (Material Designer 

gives the nine independent material constants (three elastic moduli, three shear 

constants, and three Poisson ratios).  
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Table 5: Analysis of Mesh 

Unit cell Number of Elements Number of Nodes 

Hexagonal honeycomb 2210 4956 

Proposed core 2942 6553 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 20: Meshing (A) Hexagonal Meshing; (B) Proposed Core Meshing; (C) 

Equivalent Model of Hexagonal Core Meshing; (D) Equivalent Model of Proposed 

Core Meshing 
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Table 6: Orthotropic Material Properties of RVE Proposed Core. 
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3.3 Modelling Boundary Condition 

The boundary condition of the sandwich beam is chosen as clamped-free and clamped-

clamped for the free vibration analysis. Hence for the elliptical cut investigation, the 
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clamped-free is assigned, while the elliptical cut position changes along the length of 

the beam as shown in Figure 21 Table 7 depicts the dimension of the beam.  

 
(a) 

 
(b) 

 
(c) 

Figure 21: Boundary Conditions (A)Clamped-Free; (B) Clamped-Clamped; (C) 

Clamped-Free With Elliptical Cut 



38 

 

Table 7: Dimensions of the Honeycomb Sandwich Beam 

Cell size 

(mm) 

Core 

thickness 

(mm) 

Cell 

thickness 

(mm) 

Skin 

(mm) 

Length 

(mm) 

Width 

(mm) 

10 10 0.5 1 290 40 

3.4 Analytical Models 

Using the beam theory [119] the equivalent mechanical properties of honeycombs can 

be obtained starting with isotropic constants of the core material- mass density, Es - 

Young's modulus and νs - Poisson's ratio. 

3.5 Classical Honeycombs 

The relative density of the equivalent core is 

𝜌

𝜌𝑠
=

𝑡
ℓ
(
ℎ
ℓ

+ 2)

2 (
ℎ
ℓ

+ sin 𝜃) cos 𝜃
 (4) 

The Young's moduli parallel to OX and OY are: 

𝐸1 = 𝑘1𝐸𝑠 (
𝑡

ℓ
)

3 cos 𝜃

(
ℎ
ℓ

+ sin 𝜃) sin2 𝜃
 

(5) 

𝐸2 = 𝑘2𝐸𝑠 (
𝑡

ℓ
)
3
ℎ
ℓ

+ sin 𝜃

cos3 𝜃
 

(6) 

𝑘1 =
1

1 + (
𝑡
ℓ
)
2

(2.4 + 1.5𝑣𝑠 + cot2 𝜃)
 

(7) 

 

𝑘2 =
1

1+(
𝑡

ℓ
)
2
(2.4+1.5𝑣𝑠+tan2 𝜃+2

ℎ

ℓcos2 𝜃
)
  

(8) 

The in-plane Poisson's ratios can be calculated using: 
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𝑣12 = 𝑐12

cos2 𝜃

(
ℎ
ℓ

+ sin 𝜃) sin 𝜃
 (9) 

𝑣21 = 𝑐21

(
ℎ

ℓ
+sin 𝜃)sin 𝜃

cos2 𝜃
  

(10) 

𝑐12 =
1+(

𝑡

ℓ
)
2
(1.4+1.5𝑣𝑠)

1+(
𝑡

ℓ
)
2
(2.4+1.5𝑣𝑠+cot2 𝜃)

  

(11) 

𝑐21 =
1+(

𝑡

ℓ
)
2
(1.4+1.5𝑣𝑠)

1+(
𝑡

ℓ
)
2
(2.4+1.5𝑣𝑠+tan2 𝜃+2

ℎ

ℓcos2 𝜃
)
  (12) 

The in-plane shear modulus is 

𝐺12 = 𝑘12𝐸𝑠 (
𝑡

ℓ
)

3
ℎ
ℓ

+ sin 𝜃

(
ℎ
ℓ
)
2

(1 +
2ℎ
ℓ

) cos 𝜃

  (13) 

𝑘12 =
(1+

2ℎ

ℓ
)

1+
2ℎ

ℓ
+(

𝑡

ℓ
)
2
{

ℓ

ℎ
(2.4+1.5𝑣𝑠)(2+

ℎ

ℓ
+sin 𝜃)+

ℎ
ℓ
+sin 𝜃

(
ℎ
ℓ
)
2 [(

ℎ

ℓ
+sin 𝜃)tan2 𝜃+sin 𝜃]}

  
(14) 

The coefficients, or correction factors, k1, k2, k12, c12 and c21 become equal to 1 if the 

axial and shearing force contributions to the total strain energy are neglected. 

3.6 Equivalent Honeycomb Sandwich Beam 

The created equivalent model is used in this research. Hence, the time spent on the 

analysis is reduced and the computational time decreases significantly.  

The homogenization concept is regularly used in the research of the mechanical 

behaviour of composite materials. This method allows for the avoidance of difficulties 

associated with heterogeneities. Therefore, when considering the genuine constitution 

of material, one idealizes it by considering it continuous, which is made easier using 

Material Designer in ANSYS Workbench for a more efficient workflow. 



40 

 

Moreover, by comparing the membrane and bending stiffness of a honeycomb 

sandwich plate to those of an isotropic plate, the corresponding features of the 

honeycomb sandwich plate can be calculated.  

𝑡eq = (3ℎ2)
1
2 

 
(15) 

 

𝐸eq =
2

√3
⋅
𝑡

ℎ
⋅ 𝐸 (16) 

Considering anisotropic mechanical behaviour, honeycombs are all closed-cell 

structures. The equivalent density is calculated by identifying a unit cell and 

calculating the volume fraction occupied by metal. The equivalent density is calculated 

by using the following [120]: 

𝜌eq =
2𝜌f𝑡 + 2𝜌c(H − 𝑡)

𝑡eq
 (17) 

The theory was applied to a beam with clamped-free boundary conditions in this study 

for the analytical comparison of the equivalent model's first modal frequency. 

A simple plate's fundamental frequency is given by: 

𝑓 =
1.01

2𝜋
√

𝐸⋅ℎ2

𝜌𝑎4
  (18) 
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Chapter 4 

RESULT AND DISCUSSION 

4.1 Free Vibration of Honeycomb Beam 

In this section, a modal analysis of honeycomb equivalent sandwich beam is presented: 

Analytical approach based on the equivalent model theory, finite element analysis is 

presented. The results will be presented by this method numerically, analytically and 

compared with experimental data. The objective of this study is to parameterize 

honeycomb structure, on factors that can affect its natural frequencies, the effect of 

boundary conditions, foil thickness, and materials combination effect on modal 

analysis to get more insight into the vibration characteristics. In general, a proposed 

reinforced star core will be introduced and examined. As a result of that, the density 

will be considered, thereby determining the best material combination for high flexural 

stiffness, higher frequency and lighter weight.  

Considering a classical honeycomb, with an isotropic material having Es = 1000 MPa, 

ρ = 1000 kg/m3 νs = 0.3, and with t = 1 mm and L = 10 mm, the results obtained 

analytically and with FEMs are presented in Table 8. However, having validated the 

regular honeycomb RVE with the analytical and FEM using ANSYS Material 

Designer method, Hence the same pattern is used for the unit cell proposed model 

orthotropic material properties that will be used throughout this research.   
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Table 8: Results for Validation of RVE Models 

Regular honeycomb: L= h =10 mm and θ = 30º 

Model ρ 

(Kg/m3) 

E1  

(MPa) 

E2  

(MPa) 

G12 

 (MPa) 

V12 V21 

Analytic 115.5 2.18 2.18 0.56 0.96 0.96 

Present 112.14 2.572 2.572 0.657 0.957 0.957 

Solid 3D [121] 112.10 2.570 2.570 0.660 0.960 0.960 

4.2 Effects of Materials on Free Vibration 

Under the modal analysis, the sandwich beam natural frequency was investigated with 

different materials and their corresponding deformation. Moreover, considering the 

effect of free vibration of honeycomb core, Figure 22 shows a hexagonal honeycomb 

core with the same dimensions, having cantilever beam boundary conditions, 

simulated with three different materials, aluminium alloy, carbon fibre and SAN foam 

to investigate their natural frequencies and mode shapes. It was observed that 

aluminium has a much higher natural frequency, carbon fibre is slightly below while 

SAN foam is way below, having the lowest in all the 6 modes.  As a result of that, 

aluminium is stiffer in later modes, especially those that are subjected to double tension 

and compression cyclic loading. Moreover, while considering the deformation of 

sandwich structure in line with their corresponding frequencies, the Figure 23 depicted 

the deformation of three materials of sandwich core on free vibration, as expected the 

SAN foam having the lowest natural frequency that will cause excitation, has the most 

deformation. It was observed that Carbon fibre has the lowest deformation, indicating 

that Carbon fibre has better stiffness to mass ratio than aluminium.  
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Figure 22: Effect of Materials on the Natural Frequency 

 
Figure 23: Effect of Deformation on Material 
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4.3 Effect of Boundary Conditions (CF and CC) on Free Vibration of 

the Sandwich Structure 

Investigating two boundary conditions of sandwich structure vibration characteristics, 

clamp-free and clamp-clamp on free vibration. Figure 24 shows mode 5 directional 

deformation of the sandwich structure on clamp-free condition with 3 different 

materials used as core. However, Carbon fibre and aluminum core have a similar 

pattern of deformation while SAN foam deviated much with multiple tension and 

compressive stresses. Moreover, to get insight into the sandwich structure and monitor 

incremental changes, the clamp-clamp boundary condition was investigated in Figure 

25, it was observed that the peak amplitude of the SAN foam sandwich core is higher, 

thereby having larger deformation and undergoing 4 tensile and compressive stresses.  

 
Figure 24: Directional Deformation on Mode 5 (Clamped-Free) 
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Figure 25: Directional Deformation on Mode 5 (Clamped-Clamped) 
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Figure 26: Variation of the Frequency For Foil Thickness 

Table 9: Variation of Density and Foil Thickness 
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uniform state of stress in the sandwich and the temperature was set to 22 degrees 

centigrade and subjected to thermal load to generate thermal stresses in the sandwich. 

Moreover, the total strain development is equal to the sum of elastic and thermal strain. 

In this case, since the bar is fully constrained in the axial direction, the total strain is 

zero in all cases therefore, the elastic strain develop in the sandwich is equal in 

magnitude but opposite in sign compared to the thermal strain. As a result, when the 

thermal load is more than the reference temperature, the thermal strain is positive and 

that makes the elastic strain negative which indicates compressive stresses on the 

sandwich, similarly, when the thermal load on the sandwich is less than the reference 

temperature, the thermal strain is negative, therefore making the elastic strain positive 

and tensile stresses are developed in the sandwich. Figure 27 depicts the mode 

frequencies changes with thermal loads.  

 
Figure 27: Frequencies of Changes with Thermal Load 
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4.6 Proposed Reinforced Star Core Model 

The hexagonal honeycomb was further designed to accommodate a star-shaped core 

in the centre. However, the central core provides excellent torsional resistance while 

the hexagonal-shaped provides extremely lateral bending resistance. As a result of this, 

a simulation is carried out in ANSYS Workbench, whereby different materials are 

assigned to the proposed model. In this case, the regular hexagonal material is kept the 

same as SAN foam while the star-shaped reinforcing materials vary as SAN foam, 

PVC foam, aluminium and carbon fibre. Table 10 shows the natural frequency of the 

proposed core only under clamped-clamped and clamped-free boundary conditions. 

Figure 28 shows the natural frequency of the proposed core model under clamped-

clamped conditions, it is observed that the core with hexagonal SAN foam material 

and PVC foam star-shaped reinforcement has a better stiffness to mass ratio, having 

higher natural frequencies than the rest. Moreover, repeating the same simulation of 

the proposed core natural frequency under clamped-free condition, PVC foam and 

SAN foam remains the best material combination for higher frequency as shown in 

Figure 29. 

Table 10: Proposed Reinforced Star-Core Model Free Vibration Response Under 

Clamp-Clamp 

Mode SAN foam 

(SC) -  

SAN foam 

(HC) 

PVC (SC) 

-  

SAN 

foam 

(HC) 

AL(SC) - 

SAN 

foam 

(HC) 

CF(SC) - 

SAN 

foam 

(HC) 

SAN foam HC 

shape only 

1 13.87 15.48 14.08 17.38 11.16 

2 29.67 31.95 16.14 19.88 31.1 

3 35.82 39.24 16.19 19.9 31.67 

4 38.07 42.45 32.43 39.83 33.31 

5 63.18 68.37 38.6 47.66 61.92 

6 74.43 82.89 41.07 50.67 68.82 

Density 

kg/m3 

512.88 511.88 627.95 586.1 508.39 
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Figure 28: Natural Frequency of Proposed Core (Clamped-Clamped) 

 
Figure 29: Natural Frequency of Proposed Core (Clamped-Free) 
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4.7 Comparison of Flexural Stiffness of the Proposed Core  

To investigate the deformation resistance of the proposed core star-shaped 

reinforcement and material combination. Hence, considering the stresses acting only 

on the core, in this case only the core is subjected to a 3-point bending test on static 

structural analysis in ANSYS Workbench. The force applied is 100 N which was kept 

constant for all the materials combination, the hexagonal shape material is kept 

constant, and only the star shape reinforcement material is assigned to change. The 

results are obtained and shown in Table 11. In line with the results, it is observed that 

the stresses are almost constant, as it is irrespective of the modulus of rigidity and all 

proposed core has the same shape, cross-section area and applied load. However, there 

are significant changes in their deflection, due to the stiffness of the materials 

combination. In general, it is observed that the carbon fibre material used as 

reinforcement for the core has the lowest deformation, followed by Aluminium 

material reinforcement while SAN foam has the most deformation.   

Table 11: Comparison of Material Stiffness of The Proposed Core 

  SAN foam 

(SC) - 

SAN foam 

(HC) 

PVC (SC) - 

SAN foam 

(HC) 

AL(SC) - 

SAN foam 

(HC) 

CF(SC) - 

SAN foam 

(HC) 

Equivalent 

Stress 

Maximum 

[MPa] 

6.76 6.76 6.72 6.71 

Total 

Deformation 

Maximum 

[mm] 

113683.82 100417.08 5250.74 5173.66 

4.8 Elliptical Cut on Sandwich Beam 

Effect of elliptical cut on sandwich beam natural frequency is studied. The sandwich 

beam of 290 mm X 40 mm X 11 mm and thickness of core 9mm with a 30mm elliptical 
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cut throughout the layers of the sandwich modal analysis is investigated with the 

boundary condition of free at one end and fixed at the other end. The analysis for the 

sandwich beam was carried out in ANSYS software.  

However, it was observed that cutting on the sandwich might increase or reduce its 

free vibration characteristic, all depending on the size, position, shape and depth of the 

cut. Hence, in this case, the elliptical shape cut is considered, cutting throughout the 

thickness of the sandwich. As a result of that, it was observed that as the elliptical cut 

moves closer to the fixed support as shown in Figure 30 the natural frequency is 

reduced. In addition to that, the sandwich elliptical cut is compared with the normal 

sandwich beam with no cut. However, when the cut is 255 mm away from the fixed 

support the natural frequency became higher than the normal sandwich beam without 

the cut. In general, the skin is aluminium material, and also aluminium regular 

hexagonal honeycomb is equally used as a core, Figure 31 shows the elliptical cut 

position at 6 different distances along the length of the sandwich beam towards the 

fixed support, illustrating that when the elliptical cut comes closer to the fixed support, 

the sandwich natural frequency reduces. The first 3 mode shapes of the normal 

sandwich beam and damaged sandwich beam are depicted in Figures 32 and 33.  
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(a) 

 
(b) 

 
(c) 

Figure 30: Sandwich Beam with Different Distances Elliptical Cuts 
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Figure 31: Position of Elliptical Cut vs Natural Frequency 
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Mode 1 (Bending) 

 
Mode 2 (Bending) 

 
Mode 3 (Torsion) 

Figure 32: First 3 Mode Shapes Contour of Sandwich Beam 
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Mode 1 (Bending) 

 
Mode 2 (Bending) 

 
Mode 3 (Torsion) 

Figure 33: First 3 Mode Shapes Contour of Sandwich Beam with Elliptical Cut 
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Chapter 5 

CONCLUSION, LIMITATIONS AND FUTURE 

RESEARCH 

5.1 Conclusion 

The results of a detailed honeycomb sandwich beam modal analysis study and 

simulation were shown and plotted, and significant observations were recorded. The 

free vibration analysis of a honeycomb sandwich beam was examined and validated 

using available literature, and the model was created using ANSYS software. 

However, the validity of the model developed in this study for the computation of in-

plane mechanical properties is confirmed by the results of hexagonal RVE numerical 

investigations with the help of ANSYS Material Designer.  

The vibrational behaviour of the honeycomb sandwich beam is affected by many 

factors as studied in parametric analysis results. Hence, the natural frequency changes 

by altering the geometry, assigning different materials, presence of crack or cut, 

induced thermal load and boundary conditions. The natural frequency is a function of 

stiffness to mass ratio, the proposed model was designed to have a reinforced inbuilt 

star shape which enhanced the vibration characteristics and it was further optimized 

by varying the materials of the reinforcement star shape, as a result of that SAN foam 

hexagonal and PVC foam star reinforcement happens to have better mass to volume 

ratio and higher natural frequency. In addition, increasing the foil thickness does not 

have significance on sandwich beam natural frequency but that will increase the 
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weight. In general, the presence of a cut in a sandwich beam will affect its natural 

frequency, the frequency will be reduced in fixed-fixed boundary conditions, while in 

fixed-free it depends on the size or depth of the cut and position of the cut, in this 

experiment 30mm elliptical cut throughout the sandwich beam that is 255 mm away 

from the fixed support increases the natural frequency while when the elliptical cut is 

55 mm away from the fixed-free boundary support the natural frequency is reduced as 

compared with the non-damaged sandwich beam. In order, not to increase the core 

thickness to achieve greater stiffness for a size sensitive environment, the proposed 

core should be used and good materials combination should be considered.    

5.2 Limitations of The Research 

There is currently no test environment where the proposed core can be produced and 

tested with the additive manufacturing method, which is one of the production methods 

of the presented model. The fact that the research has not been done before has left 

almost every field to the researcher. Variables such as materials, analysis technique 

and test technique made it difficult to transform the research into experimental work. 

5.3 Future Research 

The study shows that the equivalent model proposed in this thesis is likely to be used 

as an effective preliminary design stage. But the work is not finished yet. There is still 

a need for further studies. For future work the possible work items to be studied are as 

follows: 

1. Experimental validation of the equivalent model 

2. Expanding the analyses to different face sheet materials 

3. Investigating the effects of composite star-core sported honeycomb 

4. Validation of face sheet stresses based on equivalent and honeycomb 

modelling by using a small size honeycomb structure. 
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The list of future works can be increased. However, of all the future work to be done, 

it is deemed that verification of the studied equivalent model by the experiment seems 

to be the most important one to be accomplished.
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