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ABSTRACT 

 In this project, the main aim was to design a top plate for a force platform. A 

force platform is a measuring instrument which is used for the measurement of 

ground reaction forces that generate from a body which is stationary or moving 

across its surface. The main aim is to make the top plate as light weight as possible. 

This is done by making the top plate thin with a very light weight material which is 

incredibly strong. Usual materials like metals are to be avoided since they are too 

heavy even though they are strong. 

 In this project, some possible materials are considered and then a computer 

model is created in the same dimensions as a commercially available model and they 

are compared with each other and the result are then observed. This project does not 

involve making prototypes since the cost of such prototypes are beyond the scope of 

this project since many of the models involve CFRP which is incredibly expensive, 

 The results have shown us that the best alternatives to metal and composite 

top plates was a combination of CFRP and aluminum, which seemed to be the better 

choice than one out of only CFRP, or GFRP. The result involve a plate with two 

layers of CFRP on both sides of Aluminum since this combo provides better results 

than using either one alone for the conditions for this project like the weight and cost. 
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1. INTRODUCTION 

 Force platforms are measuring devices used to measure ground reaction forces 

that are generated by a body which is standing on or moving about on top of the force 

platform which can then be used to quantify gait, balance or other parameters which 

are related to biomechanics. Human or animal walking patterns can be actively 

studied using these force platforms. They are regularly used for research and clinical 

studies in which measurement is required of three force and three moment 

components of the subject which is in contact with the surface of the force platform. 

The three force components are Fx, Fy and Fz in the x,y and z axes and the three 

moments are Mx, My, Mz in the corresponding axes.  

 The simplest of force plates or force platforms just have a single plate with a 

single surface instrumented like a load cell. Usually the shape will be rectangular but 

other shapes like triangular or circular shapes can also be used as the shape of the 

force platform. The simpler ones usually only measures the forces in vertical 

direction like a bathroom weighing machine. But usually force platforms used in gait 

and balance applications measure forces in 3 axes. 

 

1.1 Background  

Force platforms available now in the market are all very heavy, and even the 

portable ones weigh around 10kg or more. This project is done mainly to reduce the 

total weight of the force platform so that it becomes easier to handle and since this 

particular force platform project is meant for kids to use, making it as lightweight as 

possible (around 3-6 kg) is the best course of action. 

 

1.2 Aim of the Study 

The aim of the project is to design a top plate for a force platform. This force 

platforms will be used mostly by children. The force platforms must be made 

lightweight while making it able to withstand all the loads applied on it. The purpose 

of this project is focused on the design of a lightweight top plate for the force 

platform that shall be used by children by selecting the most suitable material and 

comparing it with other existing ones.  
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1.2.1 Problem definition 

 The goal is to design a top plate for the force platform within the given 

specifications: 

- dimension of 500mm x 500mm 

- make it lighter than the materials which are used normally like aluminum and 

steel 

- minimize the cost  

The material characteristics are then analyzed by using simulations and comparing 

them to currently available models. 

 

1.3 Limitations 

 The main problem that this project faces is that it is not possible to conduct 

any real world mechanical testing of the top plate. Since the materials that were 

considered were carbon fiber and other fiber materials which are costly and not easily 

available. So simulations were instead used in order to overcome this. 
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2. METHODOLOGY 

Chosen Methodology 

For this project the part to be designed is the top plate of a force platform and 

the project plan that is followed is the Waterfall plan which is also known as stage 

gate plan. This section was written by referring to Ullman’s Mechanical Design 

Process. The stage gate methodology is divided into sequential steps which means 

each step has to be finished to go onto the next step. The process can be represented 

as a waterfall as shown in figure 1 below. The assumption in this methodology is that 

all the work shall be done in each step. 

There are many advantages for stage gate process to use it to develop 

products. Dissatisfactory projects can be rejected quickly using this process. While 

using the stage gate process on large projects, it is possible to reduce its complexity 

by using its rule based approach for each of its steps. Stage gate process can 

incorporate fiscal and cost analysis tools like net present value to potentially obtain 

quantitative information in regards to the project’s feasibility of the development of 

product ideas. And the stage gate process is relatively simple and straightforward and 

is easily understandable. 

Some disadvantages of this process are that it is subject to easy interference 

from structural organization as too structured processes could cause reduced 

creativity and innovation. The process also cannot handle changes very well as if 

some former step needs to be changed, then the work done after that could become 

ineffective. Also it cannot handle too well, projects which are overly complex. 
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Figure 1: The steps involved in the stage gate process. 

Project planning – The success of the project depends upon the work efficiency and 

how well it is organized. Planning in all different steps of product development is 

needed for this. Tools like Gantt chart can be used for this. 

Project definition – This phase focuses on the understanding of the product and its 

problems to generate a foundation to work on. This is done by understanding what 

the product specification, customer needs are and how these can be applied to the 

product. 

Conceptual Design – This phase is where concepts are generated and then evaluated 

using data from previous steps. Customer requirements are used as the basis to 

develop the design. These evaluations help in the decision making of the direction the 

project moves in. 

Detail development – This phase is after getting the final design from the evaluated 

designs, and the final details like material choices, geometry and maybe 

manufacturing properties and the likes are defined. This part is the most important for 

this project since an important part is the material selection for the top plate. 

Prototyping – This phase is where a physical model of the part is made to test it. But 

computer assisted drawings of these can also be used and can replace the need for 

making an actual physical prototype. Also using the CAD models can reduce the cost 

for this phase, it will be preferred over actual physical models. 
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Material Selection 

 Design is a process of converting an idea or a market need into detailed 

information which can be used to manufacture a product. For this section we refer 

Materials Selection in Mechanical Design. And for each step there is a decision to be 

made for material selection which is used for the product and the process involved. 

Material Selection for this project is the most important part. This is because the main 

aim for this project is to reduce the resultant weight of the force platform and this can 

be done by reducing the weight of the top plate which is the heaviest part in the force 

platform. For this, the Ashby method is used[5]. This is a method, first the material is 

selected by specifying the performance requirements for the final product design and 

elimination of unusable materials. After some materials are selected which can be 

used, one property of the materials should be plotted against other properties for each 

material to find the material best suited for the product. The plotted graphs could be 

ones like Young’s Modulus vs Density, Yield Strength vs Density and such. 

The procedure for material selection can be stated in the following steps  

1. Translation – to express the design requirements as constraints and objectives. 

2. Screening and Ranking – screening is to eliminate the materials that cannot do 

the job from a list of possible materials. Ranking is to find the materials that 

do the job the best. 

3. Supporting Information – To explore the materials which were resulted from 

above steps to find best choice. 
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3. THEORY 

Force Platforms 

 Force platforms are instruments used for measuring forces. They are mainly 

used for the measurement of ground reaction forces of a body, usually a human or 

animal  [4]. The ground reaction forces at the center of pressure are usually used for 

the analysis of gait and balance. The simpler force platforms are single pedestal ones 

which are also the load bearing support. But usually they are rectangular plates with 

load cells at four corners. 

 Force platforms are similar to bathroom weighing scales which can only 

measure forces in one direction but force platforms can measure forces and moments 

in 3 axes with much higher frequency and accuracy. The force platforms measure 

vertical forces and horizontal forces applied onto the surface along a single point of 

application which usually is called the center of pressure (COP). Center of Pressure is 

basically the point at which the net mass of the object placed on a surface interacts 

with the surface [8]. There are even cylindrical force platforms to study arboreal 

locomotion which is locomotion of animals moving on tress. 

 Force platforms read forces using load cells, piezoelectric sensors or 

capacitance gauges. Usage of each type of sensors have their own advantages and 

disadvantages. Single pedestal force platforms are similar to simple load cells. While 

if there is a need of force platforms for gait or balance analysis, then three or four 

pedestals are required for proper analysis because the force has to spread across the 

surface. They are different from pressure measuring plates as even though they 

evaluate pressure patterns of a body moving on its surface, it cannot evaluate its 

horizontal components of the forces applied. 

 The data that force platforms measure can be used as it is or it can be 

combined with other data like limb kinematics or even with motion sensing cameras 

to analyze and learn principles of locomotion [4]. Data like acceleration, power output, 

work, angle of jump, distance of jump can all be calculated just by the action of a 

standing jump made by the person or animal on the force platform.  
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Mounting installation 

 Force platforms are very sensitive instruments and using them in a controlled 

environment is optimal for getting the most accurate readings. Vibrations from 

ground and buildings can cause the unwanted occurrence of signal noise. For 

readings like for the case of balance analysis, due to relative low frequency and 

dynamic movements, there is not a necessity for mounting and it can be left 

freestanding. Usually mounting is properly accomplished by fastening it securely to a 

flat surface which is connected to a solid foundation like a concrete slab at ground 

level or some heavy concrete construction. It can also be mounted onto over support 

beams or support columns or support walls to minimize vibrations as much as 

possible[15]. 

While using a free standing installation, there is still need to make sure that 

the force platform should be on a level surface, and the surface should be stable so as 

not to cause unwanted noise to be introduced to the readings. A raised floor can also 

be built around the force platforms as required by the setup as in some setups, there 

might be more than one force platform in the layout. Recessed pit installation is the 

most common method to mount a force platform which is done by placing the force 

platform’s working surface level along with the floor in the lab[15].  

 

Sensors involved 

A force platform uses load cells in order to measure the ground reaction 

forces when a load is placed on it. Load cells are transducers used to measure forces 

by creating an electrical signal which is directly proportional to the load. In a force 

platform there are many applications and according to the application, the usage of 

different load cells are justified. Choosing the sensor depends on the range of 

pressure it needs to withstand, its linearity, sensitivity and range of pressure it will 

offer. The most common load cells which are used in force platforms are strain 

gauges and piezoelectric sensors. Each of them have their own pros and cons.  

 Strain gauges are used in applications where long term measurements are 

taken in the case of balance and gait analysis. This type of sensor has better stability 

and gets better readings across the plate evenly.  A strain gauge has relative lower 

natural frequency response, lower cost and limited range. While a piezoelectric 

sensor, whose working is based on the piezoelectric effect, are more suitable for 

dynamic and short movements like running and jumping. Since it has a high 
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frequency response which makes it better for impacts and a very large sensitivity 

range [11]. And it has a compact structure in relation to the measuring range. 

 

Materials 

 The top plate which is being designed needs to be lightweight. Material and 

Process Selection Charts have been referred for this section. Most commercial force 

platforms use metals like steel or aluminum which make the force platform heavy. 

This top plate needs to have high stiffness and should be light enough that the natural 

frequency of the system is high. The most suitable material which has high stiffness 

and is lightweight for usage in making of the top plate should be chosen. For this we 

make use of Ashby chart which is shown below obtained from CES Edupack. 

 

Figure 2: Young Modulus vs Density Chart 

 

By observing the chart we can see that materials like ceramics, metals and 

composites have high stiffness which is attributed to its high Young’s Modulus. But 

form the chart we can also see that metals and ceramics have very high density 

compared to that of composites. This makes the usage of composite strongly 

advisable since high young’s modulus translates to a high stiffness which is the main 

property needed along with low weight. 
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Composites 

Composites are materials which are a combination of two or more materials 

joined together on a microscopic level. This results in a material with improved 

properties to that of its individual components. One of the main advantage of 

composites are the high stiffness and strength which is combined with its low density 

which helps reduction of weight compared to bulk materials [7]. 

The selection of a proper composite for a specific use is extremely difficult 

since there are many kinds of composites like reinforced concrete, composite wood, 

sandwich composite, ceramic matrix composite, metal matrix composite, reinforced 

plastic and advanced polymer matrix composite. These are the general types of 

composites available. Since for this project the requirements are very narrow, we can 

choose a proper composite.  

The requirement of the material is high stiffness along with low weight. The 

composites which can provide these are mainly fiber reinforced composites and 

sandwich composite panel.  

Carbon fiber 

Carbon and graphite fibers are the most prevalent fiber forms used in high-

performance composite structures. They have a wide variety of possible combinations 

in the way they use different carbon fiber weaves, the resins used, and they quality of 

the carbon fibers used. And because of this the products from different manufacturers 

differ. These carbon fiber products can be produced with a wide variety of properties. 

Their general properties are high tensile, and compressive strength, high moduli, high 

stiffness, impressive fatigue properties, and corrosion resistance. Composites mainly 

have two parts namely a matrix and a reinforcement. In CFRP composites the matrix 

is the resin used which binds the reinforcement which is carbon fibers that provides 

strength to the composite material [13]. The binding matrix is usually a polymer resin 

like epoxy. The properties of the CFRP depends on the resin and the type of carbon 

fibers used. 

 Usually epoxy based CFRP’s displays almost zero plasticity. Even though 

CFRP composites with epoxy do have high strength and high elastic modulus, its 

brittle fracture mechanics are a problem while designing parts. Although it has a very 

high initial strength to weight ratio, its lack of a definable fatigue endurance limit is a 

major design limitation. Due to complex failure modes of composites while 

comparing to that of metals and alloys means that predicting of fatigue failure 
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properties are difficult for CFRPs than metals and alloys [14]. Hence designs should 

have a considerable strength margin for safety and reliability. 

 Environmental effects like temperature or humidity could have a serious 

effect on polymer based composites, including most of CFRPs. Even though CFRPs 

demonstrate superior corrosion resistance properties, moisture at a large range of 

temperatures can cause degradation of mechanical properties of CFRP over time, 

specifically in the interface of matrix and fiber. This is mostly due to the moisture 

affecting the resin and not the fiber as moisture has almost no effect on carbon fiber. 

Due to this the resins used in high moisture and varying temperature environments 

need to be impervious to effects of moisture[13].  

 

Manufacturing of CFRP  

CFRP has carbon filament as primary element which is produced from 

materials like polyacrylonitrile (PAN), rayon, or petroleum pitch. Many CFRP parts 

are created with a single layer of carbon fabric that is backed with fiberglass. A tool 

which is called chopper gun is used for quickly creating these composite parts. After 

a thin layered shell is created using carbon fiber, the chopper gun is used to cut rolls 

of fiberglass that are of short length along with spraying of resin simultaneously, so 

that the mixing of fiberglass and resin are done on the spot. The resin is either 

external mix or internal mix. The different manufacturing methods for CFRP are 

molding, compression molding, filament winding and vacuum bagging[14]. 

Applications include aerospace engineering, automobile industry and civil 

engineering and its increasing use in sports field and many others like for music 

instruments, parts of firearms. 

 

Sandwich panel 

Sandwich panels are composites with two high strength skins which are 

bonded onto each side of a core which is usually lightweight. Structural composite 

materials was referred for this sectionIt is an extremely lightweight type of 

construction that exhibits high stiffness and high strength-to-weight ratios. The basic 

concept of a sandwich panel is that the facings carry the bending loads (tension and 

compression), while the interior sandwich or core carries the shear loads. Sandwich 

construction, especially honeycomb core construction, is extremely structurally 
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efficient, particularly in stiffness-critical applications. Doubling the thickness of the 

core increases the stiffness over seven times with only a three percent weight gain, 

while quadrupling the core thickness increases stiffness over 37 times with only a six 

percent weight gain[7]. 

Commonly used facesheet materials are aluminum, glass, carbon, and aramid. 

Core materials include metallic and nonmetallic honeycomb core, balsa wood, open 

and closed cell foams, and syntactics. Honeycomb cores are more expensive than 

foam cores but offer superior performance. Many commercial applications use foam 

cores, which are also easier to work with, while aerospace applications use the 

higher-performance but more expensive honeycombs. The Figure 2 shows the 

relative cost to relative performance chart for honeycombs using different materials. 

 

Figure 3: Cost versus performance for honeycomb cores
[7]

 

Honeycomb structures are natural or man-made structures that have the 

geometry of a honeycomb to allow the minimization of the amount of used material 
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to reach minimal weight and minimal material cost. Geometry of the honeycomb 

structures can have a wide range but all the common feature that of such honeycomb 

structures are an array of a large number of hollow cells that are formed between 

many thin vertical walls. These cells are usually columnar and are hexagonal in 

shape. The honeycomb shape of these structure provides the material with very low 

or minimal density and a relative high out-of-plane shear properties and out-of-plane 

compression properties. Figure 3 shows the parts of a honeycomb structure. 

 

Figure 4: Parts of a Honeycomb structure
[7] 

 

The honeycomb itself can be manufactured from aluminum, glass fabric, 

aramid paper, aramid fabric, or carbon fabric. There are three traditional production 

techniques for honeycombs which are expansion, corrugation and molding. Extrusion 

method is also used for honeycomb made of thermoplastics [7]. 
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Computer Aided Design 

 Computer Aided Design or CAD is an extremely powerful tool used in 

product development and its design. Such software can be used to sketch the products 

in either a 2D or 3D environment. All of the details of the product can be modelled 

separately according to the specifications required and can then be compiled into a 

larger finished product. Then these CAD model files can also be used to create 

prototypes by the use of prototyping machines. 

 CAD systems can be used for the simulation of the product operation in 

different conditions and since the parametric nature of such software, even small 

changes in dimensions can be easily tested when fully utilized. They serve also as 

archiving tools in the documentation of geometric form of design as seen in Ullman. 

CAD has nowadays become an extremely important technology within computer 

aided technology scope. That is, CAD is included in the Digital Product Development 

activity which is a part of Product Lifecycle Management process which is the 

process of complete management of a product from beginning to end. This CAD 

works along or together with tools like Computer Aided Engineering with Finite 

Element Analysis, Computer Aided Manufacturing along with Computer Numerical 

Control and other tools. 

 

Finite Element Analysis 

 Finite Element Analysis or Finite Element Method is a numerical analysis 

method which is used for the solving of engineering problems and mathematical 

physics. It is a computerized method used to predict the reaction of a product to real 

world conditions, forces, heat vibrations and many other effects. Using it we can see 

whether a product will fail by breaking or wear or other means or if it can withstand 

the conditions the final product could be exposed to. 

 For this project Finite Element Analysis plays a huge role since that is the way 

different concepts of the products were analyzed for. This gives us a rough estimation 

of the results for the different material that could be used for the production and to 

finalize the material to be selected. 
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4. RESULTS 

 The force platform being designed is to have a simple mechanical design 

which needs to be lightweight and rigid enough for it to support the loads that it will 

be subjected to. The main part of this design is the material selection and that is done 

by selecting a few possible options using CES Edupack. The selection is for materials 

with high stiffness and low weight and this type of material can be selected by using 

the knowledge that bending stiffness of a material scales to its thickness cubed, so the 

best material can be found by the cube root of its stiffness divided by its density, that 

is 3√E/ρ[6]. The slope for this is 3 and we can see its results in CES Edupack, see 

Figure 5. 

 

Figure 5: Young’s Modulus vs Density Chart 

 From this the remaining materials which could be used include Aluminum 

alloys, Al carbide composites, glass ceramics, CFRP, GFRP, and a few others. 

 

Model 

Next a simple mechanical model, see Figure 6, was designed which is used to 

compare to a currently available commercial product from Kistler, the Kistler 

Multicomponent Force Plate Portable type 9286B[16], which has similar load limits 

and is a portable type. Using its datasheet, a similar model was created. Then a new 
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simple model was created for using given specification on which the Finite Element 

Analysis is conducted by changing different parameters like materials or thickness. 

This model is just used for the finite element method which is used to understand the 

different results for different conditions. And it does not include components of a 

force platform system like the amplifiers, data acquisition system, mounting 

apparatus, and sensors used. 

 

Figure 6: Simple Model  

Sensor 

 The main sensors that are currently used in force platforms are strain gauges 

and piezoelectric sensors. Both of them have been discussed earlier but the sensors 

involved for a portable force platform, the sensor needs to be of a small size which 

can make it light weight since a sensor will be used on all four legs. Strain gauge 

have size issue and a dynamic response limitation which are both overcome by a 

piezoelectric sensor. This can make the force platform have a higher natural 

frequency, and since it has better repeatability, stiffness and hysteresis that strain 

gauges, the better option for the force platform sensor is to use the piezoelectric 

sensors. Although piezoelectric sensors can be expensive, some being more than ten 

times than that of strain gauges, there are also less expensive ones which can be used 

which can reduce the size and weight of the whole product which is one of the main 

objectives.  
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Top Plate 

 The model for the Kistler Force Plate type 9286B was made and then FEA 

was done using Autodesk Inventor. The material for this top plate was given as 

Aluminum, so a test was done by making the material aluminum and CFRP to 

compare the material properties. Then the created model with varied thickness from 

5mm to 20mm using the material CFRP, aluminum honeycomb and bamboo was 

used to do FEA.  

The parameter that is compared during this test is the displacement in the Z 

direction. But using only CFRP to make a plate of 20mm, even though it could be 

incredibly strong, is not a viable option because of its cost. So some tests were done 

with the three layers of 5mm plates in which a layer of Aluminum, GFRP or Steel are 

placed between two layers of 5mm CFRP.  

For the Kistler Force Plate type 9286B, the model using Aluminum in 

Autodesk Inventor, the weight was about 17kg which is close to the actual product 

which weights 17.5kg. The displacement for this using aluminum was 0.211mm and 

using CFRP the displacement was 0.105mm which is half of the aluminum one but it 

is not a viable option since the top plate itself is about 27mm thick. Here the applied 

load in the test is a point load and it is the maximum range for the force platform at 

5000N but for kids around age of 12 the mean weight is around 51kg[12], and they 

generate around 500N while standing still and while jumping they can produce force 

about 2-3 times this amount so the model can handle any load applied by children. 

After running many tests on many combinations the best one was a 

combination of two CFRP layer of 5mm on both sides of a 5mm Aluminum layer 

which gives us a displacement of about 0.242mm at a weight of 6.9kg. Comparing it 

to the Kistler which is made of aluminum which weight 17.36kg, the displacement is 

only about 0.031 mm higher for the new model. The image below shows how it looks 

in the CAD model. 
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Figure 7: Proposed Model 

Presentation of simulation Results 

  The simulations are done for the model and also for the Kistler Force Plate 

and even though the specifications of both the plates are different, this is done to 

compare the displacement occurring on both by the application of similar forces. The 

simulation results for the final selected model and the Kistler Force Plate type 9286B 

are the only ones that are being displayed below, the others are provided in the 

appendix A. Now the Kistler model is not the same dimension as that of the model 

we have made but we are comparing it to the Kistler force platform to get an 

understanding of how much displacement is occurring. The Von Mises Stress and 

Displacement images for the Kistler Foce Plate type 9286B are given below. 
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Figure 8a & 8b: showing Von Mises stresss and displacement in Kistler force platform 

Result Summary for Kistler force platform 

After the simulations are done the obtained result are given below for the 

Kistler force platform in table 1 below. 

Name Minimum Maximum 

Volume 6432290 mm^3 

Mass 17.0672 kg 

Von Mises Stress 0.0651407 MPa 92.506 MPa 

Displacement 0 mm 0.211141 mm 

Safety Factor 2.97278 ul 15 ul 

Table 1: Result for the Kistler force platform 

The mass of the actual product as given in the datasheet for the Kistler force 

platform is 17.5kg and the simulated one is approximately the same weight. So it is 

assumed the displacement will also be approximately the same as the actual product 

and the displacement we get is approximately 0.211 mm. 
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Next the model that was made with CFRP and Aluminum was test with similar forces 

and the results are shown below. The Von Mises Stress and Displacement images for 

the Designed model are given below, see Figure 9a & b. 

 

 

Figure 9a & 9b: Showing Von Mises stress and displacement in proposed model 
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Result Summary for the proposed force platform model 

 After the simulations are done the obtained result are given below for 

the proposed force platform model in the table below. 

 

Name Minimum Maximum 

Volume 3735860 mm^3 

Mass 6.92978 kg 

Von Mises Stress 0.182097 MPa 53.1175 Mpa 

Displacement 0 mm 0.242957 mm 

Safety Factor 5.64785 ul 15 ul 

Table 2: Result for the proposed force platform model 

 The results show a displacement of approximately 0.242 mm which is only 

0.031 mm more than that of the Kistler force platform and the weight which is 6.92 

kg is significantly lower than the Kistler force platform. 

 

Discussion 

 The results above are based on simulated tests run on Autodesk Inventor and 

could change in real world materials, as not only does the exact values change, there 

are many different ways that CFRP can be made and the different types and quality of 

carbon fibers and resins can affect its mechanical properties. These different types of 

manufacturing methods depends on the applications used and different ones have 

different costs. 

 The force plate is to be designed for children and so there are things we 

should think about like making it children friendly like we could make the edges and 

corners rounded or add a rubber fixture to its sides so that it would not hurt them. 

Also they could drop the force plate which could damage it but since the materials are 

sturdy and is pretty light weight, so it might do less damage as if it was heavier. We 

also should consider factors like corrosion but since it uses aluminum and CFRP 
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which are both considerably corrosion resistant and aluminum also does not rust 

under moist conditions which is a good scenario. 

Now the model that has been proposed consists of three layers with aluminum 

and CFRP, for which the manufacturing could be done by hand layup technique as is 

done in the study that has been referred to but it could also be done by other methods 

like laser joining. But this could potentially cause problems like the epoxy not 

holding up in some conditions, or at higher loads, but that could only be tested on 

actual prototypes. Having three materials could also affect the recycling process for 

this part.  

Although the model selected above is a sandwich structure with aluminum, 

their tensile strength increases to a certain limit more than that of its individual items 

but fall short later due to its variations in its metal-fiber laminate layer. The testing 

we have done on our model is by using point loads but those tests were mostly loads 

that were at the extremes and while doing other tests with children we only have to 

divide the force by area of the foot of the children to get the corresponding results. 

We could also connect multiple force platforms together and conduct other tests 

possibly involving more than one child. For this piezoelectric sensors are most 

suitable since they are better for dynamic load measurements but they are 

significantly more costly than strain gauges and the final decision is with the 

company. Through various tests in the previous mentioned study it is also shown that 

Fiber metal composite possess both of the incredible impact resistance characteristics 

belonging to metals along with the strong mechanical properties of fiber reinforces 

composite materials. But this is the case for extremely high loads and therefore will 

not be an issue for the current use.  Also the strength of the sandwiched material is 

found to be increased as the density of core increases, even if it increases the weight a 

bit the strength could also be increased using stronger cores significantly.  
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5. CONCLUSION 

This main aim of the project was the designing of a top plate for a force 

platform which is a lightweight and of a material that is safe in the usage by children. 

The results for this project are helpful for the optimization of top plate to be designed 

by the company for its use. 

In this study, the main part was the literature review conducted along with the 

simulation tests that were carried out to get the results. The results of the simulations 

give a detailed idea on how changing even one parameter could have an effect on the 

outcome of the final product.  

From the results it can be concluded that using a metal like aluminum along 

with CFRP gives a better result than that of using CFRP alone. Using aluminum 

honeycombs could reduce the weight by a lot but it involves a lot of testing as there 

are even more possible combinations for aluminum honeycomb structure than that of 

CFRP combinations. Like the facesheet thickness, resins used, the thickness of the 

core used, and size of the cells used. From this we can see that there could be a 

possibly even better option of aluminum core combination for the top plate, but it is 

not possible to do tests on every possible combination by simulations since each of 

them will have different mechanical properties which will need to be tested first 

before running tests. 
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6. CRITICAL REVIEW 

This project is done by keeping the weight of the force platform in mind as 

the main issue, but other factors like cost, environmental effects etc. could also have 

been focused more on, like in the case of CFRP, for which the production cost are 

higher and also the production involves using of 14 times more energy intensive as 

steel production and produces lot of greenhouse gases in its production. Also they are 

brittle and need to be handled with care since they are to be used in the presence of 

children. 

The methodology used for this project which is the waterfall method and 

every methodology has its advantages and disadvantages. For this project the 

waterfall method made it easier since it is a small project but if the project was 

complex, then it would only hinder the process. This methodology is good in 

scenarios where requirements are fixed as in this case. For the project making a 

prototype to test and then improve upon it was not possible in this situation but it 

could have helped in making better results.  

Also the process of weight reduction could also be achieved by using 

optimization software like SolidThinking Inspire using which unnecessary parts of a 

product can be removed in its final iteration. This method could be used on even 

maybe metal top plates to reduce its weight by some amount. 
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APPENDIX-A 

Results for some of the alternative materials that were considered for which 

simulations were run  

Displacement and Von Mises Stress simulation for Plate using only CFRP as a 

material for 10mm thickness. 

Von Mises Stress and Displacement 

 

 

Figure 10a & 10b Showing Von Mises stress and displacement in proposed model 
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Result Summary for model using CFRP 

Name Minimum Maximum 

Volume 3743720 mm^3 

Mass 5.3535 kg 

Von Mises Stress 0.574717 MPa 115.293 MPa 

-Displacement 0 mm 0.325283 mm 

Safety Factor 2.60206 ul 15 ul 

  Table 2: Result for the proposed force platform model using CFRP 

Displacement and Von Mises Stress simulation for Plate using bamboo as a material 

for 10mm thickness. 

Von Mises Stress and Displacement 
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Figure 11a & 11b Showing Von Mises stress and displacement in proposed model 

 

Result Summary for model using bamboo 

Name Minimum Maximum 

Volume 3743720 mm^3 

Mass 4.1206 kg 

Von Mises Stress 0.468993 MPa 139.204 MPa 

Displacement 0 mm 0.65082 mm 

Safety Factor 1.97552 ul 15 ul 

  Table 2: Result for the proposed force platform model using bamboo 
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