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ABSTRACTS  

Honeycomb sandwiched structures is one of the most valued structural 

engineering innovations developed by the composites industry. Used extensively in 

automotive and aerospace technologies, the advanced material construction provides 

key benefits over conventional metal and structural designs by offering very low weight 

to power ratio, enhancing structural stiffness, improving durability and cost-effective 

alternatives. This project involved designing a Thermoforming prototype mould for 

thermoplastic based honeycomb cores based on industrial general practices. Design 

consideration includes the sizing of hexagonal cell and low in situ cutting forces. 

Proprietary polypropylene sheet was thermoformed on wire-cut EDM machined 

Aluminium (P20) mould. It was found that the 0.006sq.m sandwiched structured 

fibreglass with 0.001m thickness honeycomb cores stabilized at 0.2MPa compression 

surface forces. 
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ABSTRAK 

 Struktur Sarang Lebah diapit adalah salah satu struktur yang paling bernilai 

dan berinovasi dalam kejuruteraan struktur yang dibangunkan oleh industri komposit. 

Digunakan secara meluas dalam teknologi automotif dan aeroangkasa, pembinaan 

bahan maju menyediakan manfaat utama lebih dari logam konvensional dan reka bentuk 

struktur dengan menawarkan berat struktur yang sangat rendah kepada nisbah kuasa , 

meningkatkan kekukuhan struktur , meningkatkan ketahanan dan merupakan alternatif 

yang kos efektif.   Projek ini melibatkan merekabentuk Termopembentukan prototaip 

acuan untuk termoplastik berasaskan teras sarang lebah berdasarkan amalan umum yang 

dipraktikkan oleh industri. Pertimbangan reka bentuk termasuklah saiz sel heksagon dan 

rendah daya pemotongan “in situ”.  Lembaran polypropylene akan menjalani proses 

termopembentukan mengunakan acuan yang telah dimesin mengunakan “wire-cut EDM 

machine”. Ia telah mendapati bahawa 0.006sq.m yang diapit gentian kaca berstruktur 

sarang lebah dengan teras ketebalan 0.001m stabil pada 0.2MPa daya permukaan 

mampatan. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 BACKGROUND OF STUDY 

 

 A mould is a block contained a shape cavity that is filled with a liquid or pliable 

material like polymer, glass, metal, or ceramic raw materials. The liquid hardens or sets 

inside the mould, copy its shape. Mould is the other option to a cast. The very common 

dual-valve moulding process utilized two moulds, one for each half of the object. Piece-

moulding uses a number of different moulds, each creating a section of a object with 

complex geometry. This is usually only used for big and more hi-end objects. In all 

manufacturing process there are limitations or the ability of the process in moulding 

known as mouldability.  

 

 Plastic moulding is a type of manufacturing process which is the process of 

shaping plastic using a rigid frame or mould. This technique allows for the creation of 

objects of all shapes and sizes with highly design flexibility for both simple and huge 

complex designs. A popular manufacturing option, plastic moulding techniques are use 

for many car parts, containers, signs and other high volume items. Other than that, there 

are many plastic moulding processes and techniques, this investigation discusses on the 

techniques of drape forming.  

 

The study shows that the thermoforming process is widely used to fabricate 

honeycomb base structure which is a highly valued engineering structure developed by 

the composites industry.  It used extensively in automotive, aerospace and many other 

industries. The honeycomb sandwich provides the following key advantages over others 

http://en.wikipedia.org/wiki/Glass
http://en.wikipedia.org/wiki/Metal
http://en.wikipedia.org/wiki/Ceramic
http://en.wikipedia.org/wiki/Casting
http://www.plasticmoulding.ca/techniques.htm
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structures such as light weight, massive stiffness, high durability and production cost 

savings. 
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1.2 PROBLEM STATEMENT  

 

The application of advanced thermoforming equipments is widely used in today 

industries to produces high potential product honeycomb based structure which is not 

cost affective for a small scale manufacturer and will use up a bigger space to place the 

machine itself. 

 

As to this, this research is conducted to assess the possibility of producing 

Honeycomb structure using low cost in-house built Thermoforming equipment.   

 

1.3 OBJECTIVE 

 

The objectives of this project are: 

 

 to design  positive thermoforming mould for honeycomb cores. 

 to design positive drape thermoforming process  for honeycomb foil. 

 to evaluate compression test on sandwiched structured composites with 

honeycomb cores. 

 

1.4 SCOPE OF RESEARCH 

 

 This project started by reviewing the product shape and relates it to the type of 

mould that will be use. The crucial thing in this process is the relation of the 

mouldability, shapes, process and expected product.   After the review several decisions 

will be made to get the best design to fabricate the positive mould. The decision should 

be fulfil several factors such that effect several process such as application of the mould 

during the thermoforming process, process removing the product from the mould after 

the thermoforming process and force apply during cutting process after thermoforming 

process.  The selected design will be used in CAD software(ANSYS) to generate the 

mould analysis and the shape achievement to investigate the mouldability of the 

product. Based from the limitation, some feature will be added to the mould for 

improvement to ease the production of the product. 
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CHAPTER 2 

 

 

LITERATURE REVIEWS 

 

 

2.1 INTRODUCTION  

 

As a rule, the item shapes direct the state of the mould. Mould can be divided 

into three types, they are male or positive, female or negative and blended where the 

mould having both positive and negative attributes.  

 

Parts produce by using male mould have a tendency to have more noteworthy 

draft angles , heavier base and corner and more slender edges, with within the item 

repeating the mould surface. Parts produce by using female mould have a tendency to 

have more modest draft edge, more slender base and corners and significant edges with 

the outer surface of the item recreating the surface of the moulds.  

 

2.2 THERMOFORMING MOULD  

 

Numerous moulds utilized as a part of thermoforming procedure have normal 

gathering and working parts. The instrument's pit is intended to structure the yearning 

last item shape and size focused around the plastic's qualities, for example, degree and 

bearing of shrinkage. The mould performs two similarly critical capacities particularly 

for thermoforming methodology. It characterizes one surface of the item and it goes 

about as heat exchanger to cool the item quickly from initiate temperature to launch 

temperature. The cooling capacity has an immediate connection in methodology 

connection on procedure matters in profit making. 
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The idea ceaseless became additional productive done despite the fact that there 

might be an issue. The fundamental issue is actually that the heat has to be targeted 

through one surface area on the product. The insulating space created due to imperfectly 

close contact between mould and the sheet in use. The cooling rate drastically drop due 

to this matter and lead to cause defects on the product after the process, for example 

uneven cooling process with uneven stresses attribute along the plastic. Moderating up 

the cooling pace will solve the problem, but lead to developing the cost use and 

resulting growing expenditures.The heat exchange function of the mould brought to an 

attention. Drape forming is carried out at relatively very low pressure, so moulds can be 

fabricate from light, cheap and can be machine materials as shown in table 2.1: 

 

TABLE 2.1: Thermal conductivity table 

 

Thermal conductivity-k-W/(m.K) 

Material Temperature ° Celsius 

25 125 225 

Aluminium 205 215 250 

Epoxy Resin 0.35 - - 

Wood 0.45 - - 

 

 

Source: Donald V.Rosato(2010) 

 

Simultaneously, to enhance the heat transfer ability of the materials it will 

include expending expansive expense. The basic material utilized for thermoforming 

methodology is aluminium because of its properties as well as it’s availability: 

alternative materials that can be use are, porous sintered metals, cast or sprayed low-

melting-point, copper alloys or other form of alloys. 
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2.3 DESIGNING FOR MOULDABILITY 

 

In designing mould there are some considerations to be taking into calculation to 

maximize the uniformity of the product shape produce. Based from Dr.Maple Plain 

study on Photomold(1999-2002) the design requirement are illustrate as follow: 

 

 

 

Figure 2.1: Wall thickness and core issue 

 

Source : Dr.Maple Plain study on Photomold(1999-2002) 

 

 

 

Figure 2.2: Wall thickness and warped personality 

 

Source : Dr.Maple Plain study on Photomold(1999-2002) 
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Figure 2.3: Stress and ribbing 

 

Source : Proto Labs (1999-2002) 

 

 

Figure 2.4: Thin bosses and draft angle 

 

Source : Proto Labs (1999-2002) 
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Figure 2.5: Core-cavity and bump off 

 

Source : Proto Labs (1999-2002) 

 

2.4 DESIGN OF MOULD  

 

Based from Materials technology handbook volume 1 by momentum mass 

media, 2010 there are specific basics facts has to be targeted within the manufacturing 

regarding moulds. Flat surfaces needs to be avoided if at all, because bit of a domes or 

maybe dish effect will permit the published to stretch within the entire area. The 

tendency surface avoided the bit of the bumps that relatively can be found in level 

section. Maximum permitted vent gap diameters will be different with products and 

published thickness. 

 

Air evacuation holes ought to be as optimize as possible to reduce restriction of 

material stream through in-take holes, and the particular opening ought to be back 

drilled on the surface of the mould. The cavity surfaces ought to be finely sandblasted in 

order to avoid forming coming from sticking inside the mould and also require several 

of hover and in-take ports and suppose to be merge along the forming floor and have to 
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be precisely sited throughout ribs, slots, and different features that may very well 

become isolated since the forming sheet progressively seals over others ports. 

 

The diameter of the port must be small to make sure that small or no mark of 

their presence is witness on the produce. One method is to make sure the thickness of 

the forming at the point is thicker than the vent diameter which subject to a diameter not 

more than 0.3 mm. The vent is released from the opposite larger bore or a series of 

diminishing bores drilled to about 2mm at the back of the mould. The number of the 

holes is depends on the desired rate of drawing. Commonly it is desirable to have as fast 

as possible rate, so the number of holes should be provided based on previous study or 

experiment. 

 

In Drape forming, they anticipate descending into regular space at the base of 

the mould. In parts where fine subtle elements or textured examples must be precisely 

recreated, vent openings short of what 0.5inch (0.013cm) separated are generally 

fundamental. The female shaped item has the best divider thickness with the most 

slender bottoms. The converse happens when utilizing the male mould. Amid the 

shaping the piece of the hot sheet that touches any piece of the mould will begin to cool, 

bringing about a thicker divider with conceivable solidified hassles.  

 

 Size openings ought to be kept as little as could reasonably be expected so they 

don't meddle with surface necessities. Diverse sorts of plastics have a tendency to have 

distinctive prerequisite careful placement of the holes will be helpful in providing fast, 

efficient airflow during forming. Previous studies basically provide guideline for the 

placement and size of openings. For impact PS up to 0.030inch (0.08cm), opening may 

be used for material thickness greater than 0.060inch (0.15cm). For thinner sheet, 

especially where both sides of the part will be view, it may be necessary to reduce hole 

diameters to 0.010inch (0.03cm) to avoid hole marks. 
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2.5 VACUUM/DRAPE FORMING 

 

The oldest method of the thermoforming (figure 2.6), it utilizes the sheet’s self-

sealing power and evacuation of trapped air through the use of a vacuum. Natural 

atmospheric force fills the mould cavity, forcing the heated sheet in to the evacuated 

space. A vacuum pump is necessary in this process. Vacuum forming is the simplest of 

the thermoforming processes where in my case a positive mould is used in combination 

with an unencumbered planar upper surface against that's clamped. Detail process is 

explained in figure 2.7. 

 

 

 

Figure 2.6 : Components used in thermoforming process 

 

Source : (R.Rosen, 1930-1950) 
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Figure 2.7: Drape forming process 

 

Source : (MULTIFAB INCORPORATED, 2009)
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2.6 HONEYCOMB SANDWHICHED STRUCTURES CONSTRUCTION 

 

 Honeycomb sandwiched structured is currently leading engineering structures as 

it offer useful benefits compared to any others structures. It has been commercialize 

because of its great potential by giving a great structural strength at minimum materials 

utilization. 

 

The applications of the sandwiched face of the honeycomb structures can be 

compared with an I-beam, as bending stress were carried to which the beam is 

subjected. While one of the facing skin is undergoes compression, the other will 

undergoes tension. Similarly the honeycomb core corresponds to the web of the I-beam. 

The core withstand the shear loads, enhanced the stiffness of the structure by holding 

the facing skins apart, and improving on the I-beam, it gives continuous support to the 

flanges and facing skins to produce a uniformly stiffened panel. The core-to-skin 

adhesive rigidly joins the sandwich components and allows them to act as one unit with 

a high torsional and bending rigidity.  The comparison of the panel physique as shown 

in figure 2.8. 

 

 

 

Figure 2.8: Honeycomb panel and I-beam panel 

 

Source : (HEXCELL COMPOSITES, 2000) 
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Panel with honeycomb cores is said better than solid panel not only because it is 

cost effective and light in weight but also gives further strength with same weight as the 

solid panel which can be explained in table 2.2. 

 

Table 2.2: The relative stiffness and weight of sandwich panels compared to solid  

      panels 

 

 

 

Source : (HEXCELL COMPOSITES, 2000) 
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2.7 HONEYCOMB CORE MATERIAL SELECTION 

 

 There are varies of materials that can be used in honeycomb sandwich 

construction fabrication.  It can comprise an unlimited variety of materials and panel 

configurations. The composite structure provides great versatility as a wide range of 

core and facing material combinations can be selected. The following criteria should be 

considered in the selection process of core, facing, and adhesive. 

 

2.7.1 STRUCTURAL CONSIDERATION 

 

Strength: 

Honeycomb cores and many facing materials are directional intended for 

mechanical attributes and also proper care should be used in order that the particular 

materials are orientated inside section to take the top selling point of this kind of 

characteristic. 

 

Stiffness: 

 

Sandwich structures are often accustomed to maximise stiffness with very low 

weights. Due to the reasonably minimal shear modulus on most centre supplies, on the 

other hand, the deflection 

information need to permit shear deflection on the structure in addition to the rounding 

about deflections normally regarded as. 

 

Adhesive Performance: 

 

Adhesive should rigidly attach the actual facings on the core material to ensure 

loads to be fed from one facing to another . Ideal adhesives include things like 

substantial modulus, substantial strength materials readily available as liquids, pastes as 

well as dry films. As a general rule, a low remove strength, as well as reasonably brittle 

adhesive should never be used together with very light sandwich structures which may 

be subjected to abuse or damage in storage, handling or service. 
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Economic Considerations: 

 

Honeycomb sandwich structures can offer a cost effective alternative. Price 

investigation ought to include assessment of generation and assembly fees; and 

installation fees which includes supporting structure.  

 

2.7.2 HONEYCOMB CORE MATERIALS 

 

 Composite industries which manufactured honeycomb sandwiched structures 

generally offer honeycomb cores that made up from wide range of material depend on 

customer demands such Aluminium, Nomex (Aramid), Kevlar, Korex, Fibreglass and 

Carbon. Each material has its own range of strength and were use depending on the 

honeycomb cores port of application. 
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Table 2.3: Honeycomb core strength base on material table. 

 

 

 

 

Source : (HEXCELL COMPOSITES, 2000) 
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2.7.3 CELL SIZE 

 

Honeycomb core comes from several size of cell size which will determine the 

products cost, the cell size is measure across a flat.  Bigger cell size is the option for 

lower costs but bigger cell size with combination of thin facing skin will lead to 

telegraphing. This may cause dimpled happen at the outer space of the sandwiched 

structure. A good appearance can be obtained by using smaller cell size at the same time 

will gives a bigger bonding area but at higher cost. 

 

  Manufacturer usually supply honeycomb core in hexagonal shape but few other 

shape also has been use, i.e: circular, rectangular and OX. 

 

 

Figure 2.9: Honeycomb core description 

 

Source : (HEXCELL COMPOSITES, 2000) 
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2.7.4 SKIN MATERIALS  

 

 Selection of skin material should be made by considering the weight applied, 

possible defects and denting loads, corrosion or decorative constraints, and costs.  The 

thickness of the skin will affect the skin stress and panel deflection. 

 

Table 2.4: Facing material table details 

 

 

 

Source : (HEXCELL COMPOSITES, 2000) 
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2.6 SUMMARY 

 

Thermoforming process related to forming products from single-layer plastics, 

imported multi-layer or coextruded plastics are used to produce many different product 

such as cups, high barrier container and much more advance product. The terms 

thermoforming itself is sometimes used to identify any plastic that is processed by any 

technique. In order to achieve the desired shape, the mouldability of the mould should 

be investigates to find alternative ways to solve or reduce the limitation.  

Thermoforming process is able to produce high potential product that in high demand in 

today industries such as honeycomb cores panel.  Research had been made and the 

finding is use to conduct the research for the qualitative assessment to assess the 

possibility of producing Honeycomb structure using low cost in-house built 

Thermoforming equipment. 
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CHAPTER 3 

 

 

METHODOLOGY 

 

 

3.1 INTRODUCTION 

 

This chapter will discuss on the methods and parameters used in carrying out 

this research. Basically, this research was conducted to determine either the honeycomb 

based structure is able to be fabricate by using low cost in-house thermoforming 

equipment. This chapter will discuss on the designing of the experiment process, the 

analysis preparation which include the mould design and fabrication process, the 

selection of raw material , the process involve as well as the parameter, the machine 

selection and its parameter , the forming process that will be use in product fabrication 

and how the experimental process will be done. 
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Figure 3.1: Methodology flowchart 

 

Figure 3.1 show the overall process or method to complete this project.  The 

methodology kicks off with design process followed by material selection and mould 

fabrication.  Next, thermoforming process will take place to obtain the honeycomb 

based structures.  The structure then undergoes honeycomb structure formation and 

compression test is use to check the structural strength of the prototype. 
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3.2 DESIGN PROCESS 

 

 The thermoforming process is a plastic formation process which includes a sheet 

of plastic and forming it over a male or female mould. The basic thermoforming process 

involved with clamping, heating, shaping, cooling and trimming.  Thermoforming 

process can be achieved through the pressure forming, vacuum forming or twin sheet 

processing. 

 

The few stages involved in the vacuum forming process. Firstly, the mould is 

made from aluminium material with the shape of Honeycomb based structure. Next, the 

mould shape placed in vacuum former. After that, a sheet of polymer is clamped in the 

position above the mould. Next, the polymer sheet heated and sealed to the mould and 

the vacuum is turned on and pumps out all the air. At this stage the shape of mould can 

be clearly seen through the plastic sheet.  

 

The plastic has cooled and ready to be remove the vacuum pumps switch off. 

After that, the plastic sheet removed from the vacuum part and the sheet has the shape 

as mould shape. Lastly, the excess plastic is trimmed so that the plastic container 

remains.  

 

3.2.1 SELECTION OF MOULD TYPE 

 

Basically mould can be divided into three types which are male mould, female 

mould and combine mould. The selection of the mould is depends on the process that 

we are going to choose and the product that we are going to produce. Each mould had 

its own limitation. 

 

 Parts produce by using male mould have a tendency to have more noteworthy 

draft angles , heavier base and corner with more slender edges, while the material copy 

the geometry of mould surface. Parts produce by using female mould have a tendency to 

have more modest draft edge, more slender base and corners and significant edges with 

the outer surface of the product copied the inner shape of the moulds. Pre-strecthing, 
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especially attachment aiding is simpler to use with female formed items. Blended item 

has the combination of product feature producing by both type of mould. 

 

Due to cutting process after the thermoforming, the selection also must be made 

to ease the cutting process as well.  During the selection stage of the mould a study had 

been made.  After studied the design, geometry and dimension of the product and all the 

consideration, male mould or positive mould  is chose. 

 

3.2.2 DESIGN CONSIDERATION 

 

Design phase is a critical phase which will affect the end result of the research. 

Before entering design phase a proper study should be made to ensure that we have 

enough information to proceed with the design. To designing the part we should know 

the main function of the product, the limitation of previous design and how to solve the 

limitation. 

 

 For the product size, an optimum size is better as the product will be in motion 

during application and the sheet size will be in A4 paper size (130mm width and 

200mm length). The size of the product should not be larger than that to gives the full 

view of the mouldability of the product during the forming process.  

 

The design of the honeycomb core mould should be following the industrial 

practice.  

 

3.2.3 MOULDABILITY 

 

In design the mouldability there are few design parameter that need to be 

considered throughout the research. For the thickness of the core, a constant thickness 

will try to achieve by ensure the material flow evenly through the mould during forming 

process this can be achieve by minimizing the flat surface in product design and control 

the height of the mould. Other than that get warped personality also aid in material flow, 

this personality can be made by eliminating sharp edge by replacing it with some radius 

or chamfer. Furthermore, by eliminating the sharp edge it also can improve the product 
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strength as the sharp corner can be a stress riser which can weaken the part at that 

specific point. 

 

3.2.4 DESIGN THE MOULD 

 

 The product shape was designed by using CATIA V5 software in 3D to get the 

brief idea on the shape of the mould. Then the design will be redraw in 2D by using 

AutoCAD software as the drawing will use during machining process as the fabrication 

of the mould will utilize wire-cut EDM machine.  The  size of mould is 120mm x 

100mm. It can be bigger than that as long as not more than 120mm x 200mm according 

to the size of the mould box provided. The size of the node bonds is 4.5 mm, for the 

hexagonal angle 120˚ is applied on the model. 

 

3.2.5 MOULD SIMULATION 

 

 The final design will undergoes Mould simulation by using ANSYS software.  

This simulation is made to monitor the material flow during the thermoforming process.  

On the simulation stage, several thickness is use to see the effect of mould thickness to 

the material flow during the process and to see either manual cutting method is 

applicable after the thermoforming process low in situ forces should be offer.  This 

simulation also will determine the thickness of the mould. 

 

3.3 MATERIAL SELECTION 

 

Material is one of the important factors that should be put under consideration to 

achieve and improve the mouldability as it will effect during the forming process as 

well as the product material flow during the process. Different material has different 

properties which will determine what type of process it can undergoes.  Wrong decision 

in select material will lead any experiment to failure. 
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3.3.1 MOULD MATERIAL  

 

 Based from the previous reading , the most suitable material to be use in 

fabricating mould for this research is Aluminium, not only because of its property but 

also because its availability and relatively cheap as shown in figure 3.2.  

 

 

 

Figure 3.2: Aluminium block 

 

3.3.2 PRODUCT MATERIAL  

 

 Polypropylene is an engineering polymers that widely use especially in plastic 

industries. It commonly use in several processes, i.e: general injection, extrusion blow 

moulding, sheet extrusion and thermoforming. 

 

Polypropylene is selected as the product material.  The selection is due to its 

ability to be process by using thermoforming process which is the primer process for 

this research. It has superior clarity so the grid to check on the material flow can be 

clearly monitored and also has low odour.  It also has good rigidity and impact 

resistance.  Other than that, Polypropylene offers cycle time reduction with low 

processing melt temperature and the most important value is utilities cost saving and 

process versatility.  Due to its properties and its advantage, Polypropylene with 

thickness of 1mm is chose as the main product material. 
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Figure 3.3: polypropylene sheet 

 

Table 3.1 : polypropylene Data sheet 
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3.4 MOULD FABRICATION 

 

3.4.1 MOULD MATERIAL PREPARATION 

 

 The fabrication of the mould start by cutting the aluminium block into desired 

dimension as the raw material provide is 100mm x100mm x 500mm. The aluminium 

should be part off at dimension 100mm x 100mm x 150mm by using horizontal band 

saw machine.  This is to get the nearest dimension of the desired mould based on the 

provided mould box.  This process took a very short time but with less precision result. 

 The raw material will next to be transfer to milling machine which precision can 

be control and this stage squaring process will take place to get the exact dimension of 

the mould that we desired (100mm x 100mm x120mm).  During milling process 

100MPM of cutting speeds was used and using facing tool with diameter 80mm. 

 

3.4.2 Mould Fabrication 

 

 During mould fabrication stage, wire-cut EDM machine is use.  This machine is 

use because it can achieve complex shape, zero direct contact between tool which can 

prevent defects, a good surface finish can be achieve and work piece and high precision. 

During the process took part brass wire with diameter 0.2mm were use as the cutting 

tool.  During the designing part all sharp edge should be removes by applying some 

radius at each edge that going to be machine to prevent the wire from break during the 

process.  Some important note should be taken before starting the process: 

1. The material should be clamp in perfectly angle of 90 degree 

2. Work piece must in burr free condotion. 

3. Setting the zero for X,Y,X,U,V axis 

Throughout the process the machine parameter use as follow: 

 

Table 3.2: Machining parameter. 

ON OFF IP HRP MAO SV V SF C EPH 

007 013 2215 000 252 +025.0 8.0 0010 0 0 

PIK CTRL WK WT WS WP   C NO  

000 0000 020 120 110 060   001  
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Figure 3.4: Wire-cut EDM parameter 

  

 

 

Figure 3.5: The aluminium block is clamp and ready to be machine 

 

 

 

Figure 3.6: Wire-cut EDM process 
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3.5 THERMOFORMING PROCESS 

 

 Thermoforming is the main process for this research. This process will utilize 

low cost in-house thermoforming machine. Two type of set up were design for the 

process set up A without platen and set up B with platen. This set up were made to 

study the effect of vent holes during thermoforming process as what been mention in 

previous study the vent holes will help in forming process by aiding the material flow 

by release the air trap which can cause uneven distribution of the material and air 

bubbles effect on the material surface. 

 

 

 

Figure 3.7: Set up A (without platen) 
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Figure 3.8: Set up B (with platen) 

 

 The process started by heating up the heater to at least 100°C.  The temperature 

is observed by using IR temperature gun 

 

.  

 

Figure 3.9: heater 

 When the heater reach 100°C or more  the Polypropylene sheet that already 

clamped in the clamper then be heated on the heater 
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.  

Figure 3.10: PP sheet is clamped on the clamper 

 

 To control the heat in the heater , a pair of aluminium coil is used to minimizing 

the heater from expose to room temperature to prevent unwanted heat transfer process 

occur during the heating process. 

 

 

Figure 3.11: Aluminium foil cover 

 

The temperature of the Polypropylene sheet is constantly monitored until it 

reach ideal temperature for forming that is between range 140°C - 190°C depend on the 

sheet thickness. When the sheet obtained the ideal temperature and start to saggy the 

vacuum is turned on before the forming process took place. 
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Figure 3.12: The PP sheet saggy and ready to forming process 

 

The process should be leave for few second to let the forming process perform 

completely as the forming process will took pare stage by stage from the most bottom 

up to the upper part and need a moment to completely form. 

 

 

 

Figure 3.13: Thermoformed product 

 

The complete forming part will be cut manually to get the final product which is 

the honeycomb base structure.  The mould was design in rectangular shape with 

purpose to ease the cutting process.  The mould wall will become the reference for the 

cutting tools. 
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3.6 HONEYCOMB SANDWICH STRUCTURE FORMATION 

 

 The Thermoforming products is stacks to form the honeycomb structures.  

During the stacking phase no adhesive were use to fastened 1 part to another.  Soldering 

method is apply by combining melted surface and let it cool and will stick together. 

 

 Fibre glass will be use as the skin material.  Epoxy and hardener with ratio 1:1 is 

use to form the sandwich skin. Traditional hand lay-up is applied during this process.  

The complete skin will be place at upper and lower part of the honeycomb cores.  A 

load is place on the structure during the drying process to gives compress load to the 

skin and to make sure there is no uneven gap in between the skin and honeycomb core 

structures. 

 

 

 

Figure 3.14: Sandwich structure formation 

 

3.7 COMPRESSION TEST 

 The complete product of sandwich honeycomb core structure will be test by 

using static compression test to see its strength by applying human weight on it.  Load 

of 50kg and 80kg is applied and observe if the structure can withstand the load without 

failure. 
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Chapter 4 

 

 

RESULTS AND DISCUSSION 

 

 

4.1 INTRODUCTION  

 

 This chapter will discuss on the results throughout this research.  Explain the 

processes used in more details and results obtained by the processes.  The results shall 

include from the start of the research until the end. 

 

4.2 DESIGN PROCESS 

 

4.2.1 DESIGN OF THE MOULD 

 

Based from the reading, study and the process, a positive mould is selected in 

this research.  The mould was design by using CATIA V5 software. A sample design 

were designed to get a brief looks of the design before a simulation is made to 

determine some parameter that will be use in finalize design. 
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Figure 4.1 : Rough design of the positive mould 

 

The design details as follow: 

 

 

 

Figure 4.2 : Details dimension of mould features 
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Table 4.1: The features dimension of the mould 

 

Features Dimension 

Dihedral angle 120°C 

Pitch 9mm 

Node bonds 4.5mm 

Ribbons/ L dimension 120mm 

Honeycomb thickness 100mm 

Cell size 7mm 

 

 The thickness of the mould is yet to be determined after simulation is made.  It is 

important to have a right thickness of the mould because it will determine the side 

thickness of the thermoform product.  The side thickness of the product is significant 

because it will determine the in situ forces that we are going to apply during the cutting 

process where it will be done manually. 

 

4.2.2 MOULD SIMULATION 

 

 The thickness of the mould was determined by a simulation by using ANSYS 

(simulation driven product development) software.  This simulation is conducted to 

determine the ideal thickness of the positive mould to ensure a good floor of the 

materials as well as a good thickness to be achieve. 

 

 A variation of thickness is used from 0mm to 40 mm with increment of 10mm 

from 0mm. 

 

 

 

 

 

 

 

 



37 
 

4.2.2.1 SIMULATION 1 

 

                     

 

Figure 4.3 : Mould thickness of 0mm and 1mm sheet thickness 

 

Source : Mohd Ghazali,F.A.2015,Private Communication 

 

 The results shows in figure 4.3 reveal that the material thickness range by using 

0mm of mould is between 0.6mm to 1.0mm which is not so ideal.  Other than that, the 

forming part not copied the mould shape perfectly as less stretcing occur which result in 

limitation of material flow.  The simulation also shows the material flow is not uniform 

which cause non-uniform thickness on the forming product. 
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4.2.2.2 SIMULATION 2 

 

                  

Figure 4.4: Mould thickness of 10mm and 1mm sheet thickness 

 

Source : Mohd Ghazali,F.A.2015,Private Communication 

 

The material thickness range by using 10mm of mould is between 0.5mm to 

1.0mm. Based from the result of the simulation as shown in figure 4.4, it shows some 

improvement in term of the material flow.  The side thickness of the product is between 

0.5mm to 0.8mm.  The shape obtained from the process has improved but still less than 

expectation result. 
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4.2.2.3 SIMULATION 3 

 

               

 

Figure 4.5: Mould thickness of 20mm and 1mm sheet thickness 

 

Source : Mohd Ghazali,F.A.2015,Private Communication 

 

 Based on the result from the simulation (figure 4.5), it is shown that the side 

thickness of the thermoform project is getting thinner as the thickness of the mould is 

increases. Slightly improvement shows in term of materials flow. The material flow can 

be monitored by measure the thickness of the thermoform product. The thickness of the 

thermoform product is in range of 0.3mm to 0.9mm 
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4.2.2.4 SIMULATION 4 

 

                      

 

Figure 4.6: Mould thickness of 30mm and 1mm sheet thickness 

 

Source : Mohd Ghazali,F.A.2015,Private Communication 

 

 The result obtained from simulation as shown in figure 4.6 by using mould with 

thickness of 30mm shows the thickness of the cutting area has decrease to a range 

between 0.3mm to 0.5mm.  The material flow is almost uniform through the mould and 

the thermoform product is almost copy perfectly the mould shape, this can be inspected 

by observing the colour distribution along the surface. 
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4.2.5 SIMULATION 5 

 

                           

 

Figure 4.7: Mould thickness of 40mm and 1mm sheet thickness 

 

Source : Mohd Ghazali,F.A.2015,Private Communication 

 

 Figure 4.7 shows the simulation results on mould with thickness of 40mm shows 

a significant change of the side thickness of the product.  The thickness almost uniform 

at 0.2mm and 0.4mm at certain point which can be terminate by increasing the thickness 

of the mould. 

 

 This simulation indicates the thickness of the mould will affect the materials 

flow during the process as well as the shape of the thermoform product.  After 

conducted the simulation, thickness of 50mm is chose for this research to get maximum 

material flow and uniform thickness of the product. 
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Figure 4.8: Final design of the mould in 2D 

  

4.3 MOULD FABRICATION  

Figure 4.9 shows the complete mould of the honeycomb base structure after the 

thickness was determine by the simulation. 

 

  

 

Figure 4.9: Positive honeycomb base structure mould 
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4.4 THERMOFORMING PROCESS 

 

4.4.1 SET UP A 

 

 Result: 

 

 

 

Figure 4.10: Thermoform product produced by Set up A 

 

Figure 4.10 shows a thermoform product produced by Set up A where there is 

no vent holes provided.  As what we can observed the product doesn’t form perfectly. 

 

 

 

 

 

 

 

 

 

 

 



44 
 

4.4.2 SET UP B 

 

 Result: 

 

 

 

Figure 4.11: Thermoform product produced by Set up B 

 

 Figures 4.11 shows products produce by Set up B where a platen was added to 

provide vent holes mechanism.  The product produces by Set up B imitates the mould 

geometry perfectly and the thickness distribution almost perfectly uniform along the 

features. 
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4.5 HONEYCOMB STRUCTURE FORMATION 

 

 

 

Figure 4.12: A single layer of thermoform honeycomb base structure 

 

 

 

Figure 4.13: A stacks of honeycomb base structures  
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Figure 4.14: Sandwich structure with honeycomb base core 

 

4.6 COMPRESSION TEST AND ANALYSIS 

 

4.6.1 EXPERIMENT 1 

 

 

 

Figure 4.15: Static compression test by applying load (50kg) 
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4.6.2 EXPERIMENT 2 

 

 

 

Figure 4.16: Static compression test by applying load (80kg) 

 

 The figures 4.15 and 4.16 shows compression test was examine by applying load 

of 50kg and 80kg on the honeycomb core sandwich structure for several time in range 

from 1s to 120s.  Human weight in standing position is use as the load.  It was found 

that the honeycomb panel can withstand more than 80kg without failure. 

 

TIME(s) 15 30 45 60 75 90 105 120 

EXPERIMENT 1 / / / / / / / / 

EXPERIMENT 2 / / / / / / / / 

Note: / indicates no failure occur 
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4.7 DISCUSSIONS  

 

 The positive mould is selected over negative mould because positive mould 

offered several benefits which cannot be achieve by using negative mould.  Other than 

machine limitation, negative mould require more machining process compared to 

positive mould which is not ideal in term of time consumption.  Furthermore, negative 

mould also require radius in inner features such as corner to aid on material flow.  High 

draft ratio required if not the thermoform product will be very difficult to pull off and 

may result defects to the product.  The most important reason why positive mould is 

selected over negative mould is because negative mould may not capture the corrugated 

shape if thicker sheet is applied.  As the sheet thickness of 1mm is used for this 

research, a positive mould is chose as it offered more benefit compared to negative 

mould. 

 

The design of the positive mould is trough from one side to another, this is to 

offer an air path so that the there is no air trap in between mould and the sheet which 

can cause any defect on the thermoform product surface. The mould also designed with 

a thick base to ensure a maximum material flow achieve during the thermoforming 

process.  This is because when thermoforming process occur the forming start from the 

lower part of the mould that is from the base to the body and lastly to the surface of the 

mould.  This can be validate by refer on the simulation also by examine during the real 

thermoforming process took place. 

 

 The compression test can withstand a massive load without failure because the 

load distribution was even among the honeycomb web which shows that the honeycomb 

core was cut in really nice manner and evenly in dimension.  This can be proved by 

looking at the product itself.  If the cutting line is uneven it will produce one point of 

interest where all the load will focus at one point cause that point to resist all the load 

and resulting a failure on the product which doesn’t occur during this research.  The 

good trimming line is easily obtained by having a very good mould design.  As 

trimming will be done manually, this consideration had been taking account during 

designing phase.  The rectangular shape was use for the mould shape with a sharp 

straight edge and flat side.  The reason of having this feature is to offer a clear trimming 
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line by having the edge of the mould as cutting reference where the cutter is place with 

0mm offset to the mould and the cutting process can be done by following the line 

provided by the mould.  This will gives an even and beautifully cutting line in all 

thermoform products. 

 

 The reason of using mould with mould base of 50mm is to create sufficient 

material thinning at the mould edges so that small shearing force can be applied for 

trimming and cutting purposes.  The simulation on figures 4.3 to 4.7 shows the thinning 

of the material at the side of the mould increase as the thickness of the mould increase 

while the thickness on the surface is maintained.  This condition is valid depending on 

the sheet size and thickness use during the process. 

 

 It was found that the optimum sheet temperature for forming for polypropylene 

is 170°C where in this state the sheet will form perfectly and copy the shape of the 

mould nicely. 

 The adhesive will offer a good bonding in between two sheets but also will 

increase the honeycomb panel weight.  On the way to achieve the minimum weight of 

the honeycomb panel an alternative way is introduced by using heat mechanism to bond 

one sheet to another. This method was apply in this research and proves that lighter 

weight can be achieve and yet still offering a good structural strength. 
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CHAPTER 5 

 

 

CONCLUSION AND RECOMMENDATIONS  

 

 

5.1 INTRODUCTION 

 

The purpose of the current study is to assess the possibility of producing 

honeycomb structure using low cost in-house built thermoforming equipment.  This 

chapter summarizes the whole project and will conclude the finding throughout the 

project and gives some recommendation that can be implements or practice in future 

study for improvement. 

 

5.2 CONCLUSION 

 

 This project was undertaken to design positive drape thermoforming mould and 

to assess the possibility of producing honeycomb structures using low cost in-house 

built thermoforming equipment.  This project also was done to evaluate qualitative 

assessment of structural strength of the thermoform product.  

 

 It was found that the designing phase of the mould is the crucial part as it will 

determine the whole process as well as the finish product quality.  The design of the 

mould must be refer on the suitability of the product as different product has its 

different requirement.  The materials use for both mould and the product also important 

because wrong selection of material will lead to failure. 

 

 The cutting line is important to get even line along the honeycomb core base line 

because it will affect the load distribution as what we discussed in previous chapter of 

this project. 
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The following point emerged the main conclusion from the present assessment: 

 A positive thermoforming mould was successfully designed and fabricated to 

produce honeycomb base structure. 

 It is possible to produced honeycomb core based structured using low cost in-

house Thermoforming equipment. 

 The honeycomb based structure obtained from this project able to withstand a 

massive load. 

 The stiffness enhancement of the product is able to avoid warping defect. 

 The significant of the draft angle during drape forming is to ease the 

thermoforming process and the draft angle used is compatible with thin sheet 

material. 
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5.3 RECOMMENDATIONS 

 

5.3.1 PRODUCT MATERIAL 

 

 This project is conducted to produce a prototype or a sample of the honeycomb 

panel.  It was recommended to use recycle product materials due to high cost of the 

Polypropylene sheet.  The Polypropylene leftover from the thermoforming process can 

be crushed and re-process to form another sheet which can help in cost saving. 

 

5.3.2 CUTTING MECHANISMS 

 

 This project used manual cutting method where use some time and will have no 

variation of core thickness produce.  By introducing a cutting dies the cutting process 

can be done much faster and variation of core thickness can be obtained by setting the 

dimension that we desired. Cut and carry dies also can be introduces for future study 

where cut and folding process can be done in one process where time consumption can 

be reduced.  This also can control the precision of the cutting line 

 

5.3.3 FASTENED METHOD 

 

 Adhesive is not being applied in sticking one honeycomb core to another in this 

project.  Soldering method is introduced but the problem occurs is, it is difficult to 

control the pitch of the soldering point.  It is important to have a constant pitch of 

soldering point as it will determine the structure stability. 

 

5.3.4 CELL SIZE 

 

 The different cell size will affect the structural strength of the honeycomb.  If a 

variation of the cell size can be introduces in one process it will gives more results in 

term of structural strength. 
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5.3.5 STRUCTURAL TEST 

 

 In this project due to equipment limitation, a simple compression test was done 

to observe the structural strength which is not follow the proper compression test , for 

future study a proper structural test(ASTM D7336/D7336M) can be introduce. 
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APPENDIX A 

HORIZONTAL BAND SAW MACHINE 
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APPENDIX B 

MILLING MACHINE 
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APPENDIX C 

WIRECUT EDM MACHINE 
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APPENDIX D1 

THEMOFORMING MACHINE 
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APPENDIX D2 
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APPENDIX E1 

SPECIMEN 

OVERLY HEATED PP SHEET 
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APPENDIX E2 

PP SHEET FORMED UNDER FORMING IDEAL FORMING TEMPERATURE 
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APPENDIX E3 

PP SHEET FORMED WITH NO MOULD PLATEN 
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APPENDIX E4 

MOULD 

 

 


