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Abstract 

From the beginning of Humanity the society has tried to find a 

solution to any kind of necessity. Because of that the technology was 

invented. 

Technology was invented to satisfy the people necessities. In the 

twenty-first century, has been trying to mix the medicine with 

technology to produce, through the interaction of the technological 

and medical advances, unexpected solutions for the human being in 

the following years. 

Through the technology has reached to develop a new type of 

material with a kind of special features, the Shape Memory Alloy. 

These materials have characteristics which make them very special. 

Their shape can be changed or deformed but, when heat is applied to 

them, they come back to their original shape. This property is so 

interesting which has made think about the possibility of using these 

materials for medical innovations. 

 

The main objective of the project described below is making a 

mechanical finger to be actuated by these materials. In this way, 

being performed for the Shape Memory Alloy, is not necessary having 

electronic components inside the finger because it is actuated by 

mechanical principles of tension. 

Therefore, the project cost drops dramatically and in the near future 

is possible the mechanical finger could be used for current people 

who need it. 

 

In this project is also interesting to see the 

entire process of design and product development, 

from the approach of the idea until the final assembly of the project, 

including design and production of the model. 
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Glossary 

 

Figure 1: Glossary 

 

External finger part 1: this is the upper external part of the 

finger. 

 

External finger part 2: this is the second external part of the 

finger. 

 

Internal finger part 1: this is the first internal part of the finger. 

It is placed inside the External finger part 1. 

 

Internal finger part 2: the second internal part of the finger 

goes inside the External finger part 2. It joins the first part of 

the finger with the middle part and the third part of the finger. 

 

Support: the support is the base of the model, it supports the 

entire finger. 
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1-Background 

1.1-Aim and objectives  

The aim of this Project is to use and apply all the knowledge learned 

during the 3 previous years of the degree to build a mechanical finger 

powered by shape memory alloy. 

Apart from the aim of this project, there are a group of objectives to 

reach while the Final project is being developed: 

 Learn about the Shape Memory Alloys and to work with them to 

elaborate the idea of build a mechanical finger powered by 

Shape Memory Alloy. 

 Design something by myself since the beginning of the project 

and control all the steps of the product design process. 

 Improve my knowledge about CAD software like Autocad, Catia 

V5 and Solid Works. 

 Learn a new language and a new culture at the same time I’m 

studying to finish my degree. 

1.2-The need of using hands 

Since the humanity exists is known the richness and utility of the 

hands. In ancient times could only survive with the help of the hand 

because with those the food are sought or took up arms against the 

enemies.  

Long before the Christian era already hands were replaced by 

different methods or devices. The first artificial hand, attached to the 

forearm, was found in an Egyptian mummy 2000 years before Christ. 

In the Second Punic War (218-201 BC) the Roman general Marcus 

Sergius lost his right hand and was sent to build a metal hand. 

In 1501, von Gotz Berlichingen ordered that he built an iron hand 

articulated to hold his sword, however, it was very heavy and had to 
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be attached to the frame. The fingers and wrist of the hand could be 

passively flexed and extended. 

The first artificial arm moving, was even passively, at the elbow was 

built by a locksmith, commissioned by the French military doctor 

Ambroise Paré. The fingers of the prosthesis could be opened or 

closed by pushing or pulling. Also Ambroise Paré was the one who 

built the first aesthetical hand of leather.  

 

 

Figure 2: Ancient mechanical hand by 

Ambroise Paré in XVI Century 

 

In 1818 Peter Beil, dentist in Berlin, launched the first prosthetic arm 

with fingers which could be opened and closed by movement of the 

trunk and the contra lateral shoulder. With this prosthesis was build 

self-propelled current myoelectric prosthesis. 

In 1844 the Dutch sculptor Van Petersen applied the system from 

Peter Beil of upper limb prosthesis to achieve flexion and extension at 

the elbow. 

In 1860, after the Crimean War, the upper extremity prosthesis 

experienced a major new impetus to the efforts of Count von 

Beaufort. He also took advantage of the contra lateral shoulder as an 

energy source for active movements of the elbow and hand. Von 

Beaufort also invented a hand with mobile thumb hook using 

sagittally split similar to the existing hooks Hook. 
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Gripoulleau in 1856, French physician, is engaged in the manufacture 

of interchangeable parts such as hooks, rings, etc. to facilitate the 

reintegration of the amputees to their former occupations. 

Meanwhile in the United States, Dorrance developed in 1912 the 

famous “Hook”, a device capable of open actively through movements 

of the shoulder girdle and closes passively by the action of a rubber 

strap. Almost simultaneously, were built in Germany the Fischer’s 

hook, offered as a main advantage to possess more power and 

diversity in the types of grasping and holding objects. 

 

 

 

 

 

Figure 3: Fischer’s hook (1912) 

 

In 1917, F.F. Simpson founded the “American Limb Makers 

Association” which was joined by all existing producers in the industry 

at that time in the United States. The materials used in construction 

of prostheses since that, began to be lighter, agile and appeared 

among other aluminium alloys, synthetic fibres and plastics. 

Nowadays, at the XXI century, humanity is trying to build most 

reliable prosthesis, with movement to be as real as possible to 

integrate the people with difficulties and make them not such 

different as the others. 
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But, to achieve these results, the process and the technology used 

has to be very advanced and, in consequence very expensive, it 

would be such expensive that the most people who needs that 

technology could not afford it.  

Therefore this project has been developed to try to reduce the cost of 

those technologies has developed this project about building an 

articulated finger with Shape Memory Alloy, which contains no 

electronic components. This fact means that the manufacturing 

processes are easier and help to make the price more affordable for 

the needed people. 

 

1.3-Shape Memory Alloy 

 

The Shape Memory Alloy (also called SMA) are materials, some of 

that alloys contain Nickel and Titanium that have special 

characteristics that only they have and make them very useful. 

These characteristics are the effect of “memory” shape, i.e., they can 

be deformed plastically and if the environment conditions where the 

material is changes, for example, temperature, and this materials 

return to this original form. There are materials that exhibit shape 

memory only upon heating are referred to as having a one-way shape 

memory. Some materials also undergo a change in shape upon 

recooling. These materials have a two-way shape memory. 

 

 

 

Figure 4: Example of Shape 

Memory Alloy actuator  
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1.3.1-Nitinol 

The basis of the nickel-titanium system of alloy is the binary, 

equiatomic intermetallic compound of NiTi. The intermetallic 

compound is extraordinary because it has a moderate solubility range 

for excess nickel or titanium, as well as most other metallic elements, 

and it also exhibits ductility comparable to most ordinary alloys. This 

solubility allows alloying with many of the elements to modify both 

the mechanical properties and the transformation properties of the 

system. Excess nickel, in amounts up to about 1%, is the most 

common alloying addition. Excess nickel strongly depresses the 

transformation temperature and increases the yield strength of the 

austenite. Other frequently used elements are iron and chromium (to 

lower the transformation temperature), and copper (to decrease the 

hysteresis and lower the deformation stress of the martensite). 

Because common contaminants such as oxygen and carbon can also 

shift the transformation temperature and degrade the mechanical 

properties, it is also desirable to minimize the amount of these 

elements. 

 

 

 

 

Figure 5a: Diagram of NiTi 

alloy 

 

 

 

Figure 5b: Cooling 

temperature of Martensite 
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1.3.2-Thermomechanical Behaviour 

This special behaviour happens because the material is heated to lead 

out a transformation of the internal structure of the alloy in a change 

of the internal structure of the material. Occurs in a solid state 

transformation caused by changes at atomic level, which it leads an 

atoms arrangement. The Nitinol has two phases:  

 Austenite phase: extremely tough and rigid, the atoms 

are packed into a face centred cubic cell (FCC). The FCC 

cell has less inter-planar space between atoms which 

makes the cell very compact and rigid, with fewer planes 

to allow the movement of atoms or dislocations.  

 

 

Figure 5: Face Centred Cubic Cell 

 

 

 Martensite: orthogonal cell, more flexible and less 

symmetrical. This cell has more space than the FCC and the 

atoms are more separated which leave more space for the 

dislocations to move through the planes of the cell. With the 

pressure, the atoms change their position. This phase allows 

the material to deform.  

 

 

Figure 6: Orthogonal Cell 
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Figure 7: Austenite Cell vs Martensite Cell 

 

The martensitic transformation that occurs in the shape memory 

alloys yields a thermo-elastic martensite and develops from a high-

temperature austenite phase with long-range order. The 

transformation, although a first-order phase change, does not occur 

at a single temperature but over a range of temperatures that varies 

with each alloy system. Most of the transformation occurs over a 

relatively narrow temperature range, although the beginning and end 

of the transformation during heating or cooling actually extends over 

a much larger temperature range. The transformation also exhibits 

hysteresis in that the transformations on heating and on cooling do 

not overlap. This transformation hysteresis varies with the alloy 

system. 

 

 

 

 

Figure 8: Internal transformation of Nitinol 

 

These materials are like the body muscles, they transform the energy 

into motion. 
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1.3.4-Properties of Nitinol 

The properties of Nitinol are particular to the exact composition of the 

metal and the way it was processed. The physical properties of Nitinol 

include a melting point around 1240 ° C to 1310 ° C, and a density of 

around 6.5 g/cm³. Various other physical properties tested at 

different temperatures with various compositions of elements include 

electrical resistivity, thermoelectric power, and Hall coefficient, 

velocity of sound, damping, heat capacity, magnetic susceptibility, 

and thermal conductivity. Mechanical properties tested include 

hardness, impact toughness, fatigue strength, and machinability. 

The large force generated upon returning to its original shape is a 

very useful property. Other useful properties to consider of Nitinol are 

their excellent damping characteristics at temperatures below the 

transition temperature range, their corrosion resistance, their 

nonmagnetic nature, the low density and their high fatigue strength. 

 

 

 

Figure 9: Effect of cooling and heating in Nitinol microstructure. 
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In the table below are explained some characteristics of Nitinol: 

 

 

Table 1: Properties of Nitinol 

 

 

 

 

Melting temperature, degºC (degºF) 1300 (2370) 

Density, g/cu·cm (lb/cu·in) 6.45 (0.233) 

Resistivity, mOhms·cm 

   Austenite 

   Martensite 

 

Approx. 100 

Approx. 70 

Thermal conductivity, 

W/cm·ºC (BTU/ft·hr·ºF) 

   Austenite 

   Martensite 

 

 

18 (10) 

8,5 (4,9) 

Corrosion Resistance Similar to 300 series Stainless 

steel or Titanium alloys 

Young’s Modulus, GPa (1,000 ksi) 

   Austenite 

   Martensite 

 

Approx. 83 (12) 

Approx. 28 to 41 (4 to 6) 

Yield Strength, MPa (ksi) 

   Austenite 

   Martensite 

 

195 to 690 (28 to 100) 

70 to 140 (10 to 20) 

Ultimate Tensile Strength, MPa (ksi) 895 (130) 

Transformation Temperatures, ºC (ºF) -200 to 110 (-325 to 230) 

Latent Heat of Transformation, 

KJ/kg·atom (cal/g·atom) 

167 (40) 

Shape Memory Strain 8,5% max 
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1.3.5-Manufacturing Nitinol 

There are various ways to manufacture Nitinol. Current techniques of 

producing nickel-titanium alloys include vacuum melting techniques 

such as electron-beam melting, vacuum arc melting or vacuum 

induction melting. The cast ingot is press-forged and/or rotary forged 

prior to rod and wire rolling. Hot working to this point is done at 

temperatures between 700 ° C and 900 ° C. 

There is also a process of cold working of Ni-Ti alloys. The procedure 

is similar to titanium wire fabrication. Carbide and diamond dies are 

used in the process to produce wires ranging from 0.075mm to 

1.25mm in diameter. Cold working of Nitinol causes changes in the 

mechanical and physical properties of the alloy.  

 

1.3.6 -History of Nitinol 

The first recorded observation of the shape memory transformation 

was by Chang and Read in 1932. They noted the reversibility of the 

transformation in AuCd by metallographic observations and resistivity 

changes, and in 1951 the shape memory effect (SME) was observed 

in a bent bar of AuCd. In 1938, the transformation was seen in brass 

(CuZn). However, it was not until 1962, when Buehler and co-

workers discovered the effect in equiatomic nickel-titanium (NiTi), 

that research into both the metallurgy and potential practical uses 

began in earnest. Within 10 years, a number of commercial products 

were on the market, and understanding of the effect was much 

advanced. Study of shape memory alloys has continued at an 

increasing pace since then, and more products using these materials 

are coming to the market each year. The name NITINOL was given by 

Buelher when he discovered the memory effect in the U.S. Naval 

Ordinance Lab. (Niquel Titanium Naval Ordinance Lab). 
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As the shape memory effect became better understood, a number of 

other alloy systems that exhibited shape memory were investigated. 

Of all these systems, the NiTi alloys and a few of the copper-base 

alloys have received the most development effort and commercial 

exploitation. 

1.3.7-Applications of Nitinol 

There is a wide variety of uses for the shape memory alloys. 

  

 Free recovery: is illustrated when an SMA component is 

deformed while martensitic, and the only function required 

of the shape memory is that the component returns to its 

previous shape (while doing minimal work) upon heating. A 

prime application of this is the blood-clot filter developed by 

M. Simon. The NiTi wire is shaped to anchor itself in a vein 

and catch passing clots. The part is chilled so it can be 

collapsed and inserted into the vein, then body heat is 

sufficient to turn the part to its functional shape. 

 

 Constrained Recovery. The most successful example of this 

type of product is undoubtedly the Cryofit hydraulic 

couplings made by Raychem Corporation. These fittings are 

manufactured as cylindrical sleeves slightly smaller than the 

metal tubing they are to join. Their diameters are then 

expanded while martensitic, and, upon warming to 

austenite, they shrink in diameter and strongly hold the tube 

ends. The tubes prevent the coupling from fully recovering 

its manufactured shape, and the stresses created as the 

coupling attempts to do so are great enough to create a joint 

that, in many ways, is superior to a weld. 
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Similar to the Cryofit coupling, the Betalloy coupling is a CuZnAl 

coupling also designed and marketed by Raychem Corporation for 

copper and aluminium tubing. In this application, the CuZnAl shape 

memory cylinder shrinks on heating and acts as a driver to squeeze a 

tubular liner onto the tubes being joined. The joint strength is 

enhanced by a sealant coating on the liner. 

 

 Force Actuators: In some applications, the shape memory 

component is designed to exert force over a considerable 

range of motion, often for many cycles. Such an 

application is the circuit-board edge connector made by 

Beta Phase Inc. In this electrical connector system, the 

SMA component is used to force open a spring when the 

connector is heated. This allows force-free insertion or 

withdrawal of a circuit board in the connector. Upon 

cooling, the NiTi actuator becomes weaker and the spring 

easily deforms the actuator while it closes tightly on the 

circuit board and forms the connections. 

 

Based on the same principle, CuZnAl shape memory alloys have 

found several applications in this area. One such example is a fire 

safety valve, which incorporates a CuZnAl actuator designed to shut 

off toxic or flammable gas flow when fire occurs. 

 

 Proportional Control: It is possible to use only a part of 

the shape recovery to accurately position a mechanism by 

using only a selected portion of the recovery because the 

transformation occurs over a range of temperatures 

rather than at a single temperature. A device has been 

developed by Beta Phase Inc in which a valve controls the 

rate of fluid flow by carefully heating a shape-memory 

alloy component just enough to close the valve the 



Nottingham Trent University   Final Project 

21 
 

desired amount. Repeatable positioning within 0.25 mm 

(0.00001 in.) is possible with this technique. 

 

 

Figure 10: Stress-Strain Curve of Martensite and Austenite 
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2- Design Brief 
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2-Design brief 

In this chapter is explained the road book to start building the 

mechanical finger. 

2.1- Gantt Chart 

To start working on this project is necessary to establish the dates of 

each process of the project’s development, from the sketches to the 

finals tests. Therefore a Gantt Chart is being designed to define more 

or less the time of each phase of the project and if is necessary, 

delay or advance one stage o another. 

 

 

 

 

 

 

 

Figure 11: Gantt chart 

 

Can distinguished 8 different parts of the project: Background job, Sk

etches, Designing process, Manufacturing, Testing, Testing Modificati

ons, Thesis Writing, and Presentation. 

 

Background job: the background job is the research done to 

acquire the necessary knowledge to start the project. 

 

Sketches: initial brainstorm necessary to start to imagine the 

way to reach the final model. 

 



Nottingham Trent University   Final Project 

24 
 

Designing process: the part of the project which consists 

drawing the model on Computer Aided Drawing and the model 

become defined. 

 

Manufacturing: once the model is fully designed in CAD, the 

model becomes reality. 

 

Testing: when the model is manufactured and assembled, the 

testing part starts. Consists in verify whether the model 

reaches the initial ideas perfectly smoothly. If any problem is 

found, it tries to be solved, even if necessary redesign part of 

the model. 

 

Testing modifications: when the model has been tested and 

it’s necessary to introduce some modifications, in this part, we 

test those modifications to see if the changes introduced in the 

design has better results than the original model. 

 

Thesis writing: once the model is fully tested and everything 

is good, is the time to start writing the final thesis of the 

project. Previously some notes and chapters have been written 

to make the final writing easier. 

 

Presentation: the final part of this project, show the final 

product and explain the progress made since the sketches until 

the final tests. 

 

2.2- Designing method 

Design is a method or methods of work, consisting of several steps 

aimed to directing to conceive a product or a new system, or 

improving an existing one. 
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The designing process is divided in several parts: 

 

 Identifying the problem: the first step to start designing is to 

face the problem that is needy to solve. A necessity will give 

the problem wanted to be fixed. This problem to be solved is 

the goal to reach and the reason to make the project, where 

the efforts have to be focused. The limits of the goals have to 

been defined to search where is want to arrive where is not 

necessary to arrive. 

 

 Brainstorming: when the necessity and the problem have been 

found and defined, the next step of the process is to collect 

preliminary ideas and from that the concepts of the design can 

be assimilated. This is the most creative part of the process. 

The best way to develop the brainstorming is by the freehand 

drawing. 

 

 Improvement: review all the sketches made in the 

brainstorming stage to see and analyze the limitations. Are the 

sketches made are improved, combined and rechecked to have 

various possible solutions. Improvement involves the 

determination of the affordability and the feasibility of the 

project. 

 

 Prototype Construction: the last step of the designer is to 

prepare and supervise the final plans and specifications, with 

which it will build the design. In some cases, the designer also 

monitors and inspects the performance of the design. By 

summiting the design to completion, the details of 

manufacture, assembly methods materials used and other 

specifications have to be taken into account. During this stage 
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the designer may make minor modifications to improve the 

design, however, these changes should be negligible, unless an 

entire new concept has been developed. In this case, the 

design process must return to its early stages. 

 

2.3- Brief 

Everyone knows living without part of the body is not easy. Since 

long time ago the humanity has tried to build some device to replace 

the absence of limbs. The requirement to realize this project is to 

help the people who have lost one or more fingers of their hand to 

make their lives easier and to be less different than the people with 

all the fingers of the hand. 

 

The objective is to design a finger actuated with Shape Memory Alloy 

and not any electronic component due to made their development, 

manufacture and their prices cheaper for the people who need it. 

This mechanical finger designed has to satisfy some requests to be 

successful: 

 Reach nearly all positions that a human finger could make 

 Look like a human finger shape, because the aesthetic part is 

very important to the costumers. Also the user has to feel 

comfortable with the finger, because has to feel that the user 

doesn’t have any prosthesis. 

 Be light because the alloy wires can actuate it. 

 Be easier to manufacture to not increase the price. 

 Be easier to assembly to not increase the manufacturing cost. 
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3- Design 
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3- Design management 

In this chapter of the project is being explained how the design is 

being focused. 

3.1- Product Design Specification (PDS) 

The product design specification talk about the requirements of the 

product to realize has to accomplish. 

  

 Form: in this part from the product design specification are 

involved the geometry of the design which it includes de overall 

geometry of the project, the external shape of the project. Also 

is involved the motion forces; all the forces necessary to 

actuate the design and the forces the model will suffer. The 

energy necessary to move, if is necessary, and the type of 

energy necessary. The materials chosen to build the model and 

their parts. 

 

 Cost: in this part the theme involved is the total cost of the 

product, which can be separated into parts: 

- The designing cost: the cost related to make the design of 

the project. 

- Manufacturing cost: the cost of making the model. It 

includes all the machines and the materials needy to build 

the product. 

- Assembling cost: includes the cost of the machines and 

materials necessary to assembly all the model parts. 

- Development cost: the cost needed to keep developing and 

improving the product. 

- Distribution cost: the cost induced for distribute the product 

to the markets. 
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 Manufacture: includes the manufacturing process to build the 

product. Also is included the assembling process to complete 

the full product and the distribution to the selling points. 

 

 Marketing constraints, target audience: the constraints and 

the target audience are necessary to define the limits of the 

project. 

 

 Ergonomics and anthropometrics: the ergonomics part 

includes the part of the design to make the product easier for 

the user. It means design the product to reach a shape 

comfortable for the user, reducing the risk of injury or bad 

positions. The anthropometrics are the measurements of the 

size and portions of the human body. The anthropometrics is 

concerned with the sizes and shapes of people. The design has 

to be appropriated to the size of the human body, in this case, 

designing a finger too big or a small finger won’t be good 

because it does not adapt for what the people need and the 

people won’t buy it. 

 

 Environmental issues: it cares about the material selection 

and the manufacturing processes to be the most ecological and 

less dangerous to the environment as possible without 

committing the efficiency and the performance of the product. 

 

 Safety: in this part is required to take care about the security 

at the manufacturing time, to build the product with safe 

processes and resources to any operator would not have the 

chance to get hurt. Also is very important the user’s security. Is 

very important the user of the product be safe and the product 

final shape has to be good enough to guarantee the users won’t 

get hurt. 
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3.2-Sketches   

In this chapter, is shown the ideas which has been useful for 

inspiration to create the designs which later help to build the model. 

 

3.2.1-Idea 1:  

The first idea to create a mechanical finger was to create a finger in 

the proper form of the form of the human finger. 

The idea comes from thinking that it has to design a mechanical 

finger, there would be nothing better adapted to the general 

movement of the finger that an imitation of the real structure of 

human finger. 

Therefore, has been decided to designing three finger parts in 

imitation of the three phalanges and metacarpals of the fingers, but 

the difference is the three structures are joined by plastic in the base 

of them. The Shape Memory Alloy would be inserted into each part of 

the finger and every wire would be connected to an independent 

power supply. In that way, each finger could be activated 

independently of the other parts of the finger in order to be able to 

make the maximum possible real movements. 

 

 

Figure 12: Human finger bones 

 

This idea also becomes to trying to create the most similar shape as 

the human finger and in one piece to make the product cheaper and 

easier to manufacture and assembly because if the model is made in 

one piece the cost is lower than if the model is build in three small 
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parts and after it has to be assembled, there are a production costs 

increase. 

 

 

Figure 13: Sketch of the Idea 1 

 

3.2.2-Idea 2: 

The second idea comes to light after analyzing a more aesthetic 

shape can be achieved. To do that, it is decided that the Shape 

Memory Alloy wires have to pass through the interior of the 

mechanical finger and not outside. In that way, the external finger 

shape remains visible to the people, held in some plastic material. 

The intention with this design is to achieve a finger externally very 

similar to a normal person finger. 

The idea is to design a kind of outer shell where the Shape Memory 

Alloy wires go inside that shell. 

The main change inside the finger, because the prevailing external 

shape of the finger, it has to be designed the internal shape of the 

model to fit perfectly with the exterior structure. 
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The change that occurs in this design is that is designed in three 

parts completely separated from each other and joined by internal 

elements designed to measure. It makes the manufacturing and 

assembly costs higher, but also the quality of movement and 

aesthetic functions are better. 

 

 

 

Figures 14 and 15: is a comparison between the idea 2 and one 

normal finger. 

 

 

Figure 16: Design 2 
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3.3- Materials 

In this section will be described the materials needed to build this 

model. 

To construct the body of the model and the internal parts has been 

chosen ABS Plastic. 

3.3.1- ABS Plastic 

The Acrylonitrile Butadiene Styrene (ABS) is a common 

thermoplastic. Its melting point is approximately at 105 ºC (221 ºF). 

The most important mechanical properties of ABS are the impact 

resistance and the toughness. Also the stability under load is 

excellent with some restrictions. 

Generally ABS would have useful characteristics within a temperature 

range from 10 to 80 °C (50 to 176 °F). 

 

ABS contains many un-favourable characteristics such as a low 

melting point, poor resistance to heat and poor resistance to sun 

light.  

It also has a high toxicity; it releases very toxic gases when it 

becomes melted. Toxins are also released during normal use. 

Even though ABS plastics are used largely for mechanical purposes, 

they also have electrical properties that are fairly constant over a 

wide range of frequencies. These properties are little affected by 

temperature and atmospheric humidity in the acceptable operating 

range of temperatures. 

 

ABS is flammable if it is exposed to high temperatures, such as a 

wood fire. 
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3.3.2- Nitinol 

The most important and the main material of this project is the Shape 

Memory Alloy, the Nitinol. There are a lot of varieties of Shape 

Memory Alloy, but for this project has been chosen the NiTi alloy. 

The properties of NiTi alloy has been explained in the first chapter of 

this project, in the section 1.3.1, Nitinol. 

 

3.3.3- Wood 

The wood is one, if not the one, of the oldest materials to work with. 

Since the beginning of the humanity the people have been worked 

with wood. Is easy to find, cheap, and easy to manufacture and 

transport. Also the wood is a good material to work with because the 

mistakes in the work can be hidden. 

In this project, the wood has been used to be as weight of the 

support and to join every internal part of the model with some wood 

sticks. 

 

3.4- Power supply 

The power supply is necessary in this project because it brings the 

energy needed to move the Shape Memory Alloy wires. Changing the 

voltage of the power supply the wires of NiTi stretch or release. All 

this occurs because of the Joule effect. 

The Joule Effect is a phenomenon which explains that if in an electric 

conductor circulates electric current; part of the kinetic energy of the 

electrons is transformed into heat. This is produced because the 

collisions between atoms and the conductor material which raises the 

temperature of that conductor. 
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The movement of electrons in a wire is messy, this causes continuous 

collisions between them and the result is an increase of the 

temperature inside the wire. 

Taking advantage of this phenomenon, like has been explained 

before, when electric current is made been circulated through the 

Shape Memory Alloy wires, these get heated, and with its special 

characteristic, change its size and actuate the mechanism.  

To actuate each wire independently, will be needed three power 

supply. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Nottingham Trent University   Final Project 

36 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4- Final Design 
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4- Final design 

In this chapter defines the final design chosen. 

Between the two ideas, has been a lot of small modifications and 

mixings of each other trying to achieve the best design possible. The 

criteria used to select the best design is a commitment between 

several factors to take into consideration, many of them have already 

been mentioned in some previous sections.  

The picture below shows the design made and assembled: 

 

 

Figure 17: Recreation of the mechanical finger designed 

 

4.1- Design for manufacture 

One of the most important criteria to decide the model is the 

assembly of the parts of the model. This model has several parts 

which have to be assembled, and one important factor is designing 

thinking about it, because if the assembly of the pieces is very 

difficult, the manufacturing and assembly costs increase reasonably 

and it’s bad for the final cost. That’s why the design for assembly is 

very important. 
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To reach a good design for assembly is very important trying to 

achieve most of these objectives:  

 Minimize the number of pieces: having less parts as possible 

makes easier and cheaper the assembly because has to spend 

less time in the product assembly. 

 

 Try the modular assembly: the assembly by modules makes 

faster and cheaper assembly of the product. 

 

 Try to delete adjustments: make a design with adjustments is 

very expensive. The machines to make the adjustments are 

very expensive and the production is very slow. 

 

 Try to eliminate cables: the cables assembly is difficult because 

it has to be supervised by one operator; it takes production 

time and productivity. 

 

 Use self-fixing pieces: the self-fixing pieces make the operator 

job easier, the production increases, and the quality of the 

product increases. 

 

 Facilitate the handling of the pieces: the handling of the pieces 

makes the operator job easier too. Less risk to make a mistake. 

 

 Try to use standard parts: using standard parts is cheaper for 

the production, the parts and the replacements are easy to get 

and cheaper. 

 

A good Design for Manufacture is reflected in a production costs 

reduction without committing the quality product. 
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4.2- Computer Aided Design 

The sketches for the brainstorming and the first ideas have been 

drawn by freehand drawing. But to get a high quality design and the 

best is making the final design by Computer Aided Design also called 

C.A.D.  

The Computer Aided Design is a well known and used design system, 

which expands the possibilities of the normal drawing systems. Their 

principal advantage is the facility and the quickness it allows to do 

modifications on the design, unlike the freehand designs. 

The possibilities of the C.A.D. systems are huge, performing a huge 

range of tasks, among which are: 

 Three dimension and perspective view in the screen for every 

model. 

 Use different colours for each surface. 

 Automatic delete of hidden lines and surfaces. 

 Get any type of section, drawing floor plant and main views 

automatically. 

 Rotate or translate the piece. 

 Calculate the volume, surface, gravity centre, the moment of 

inertia, etc.., of the piece, almost instantly. 

 Make an assembly of a set of parts to watch how the product 

will be at the end of the process. 

 Make a finite element test to see the product’s behaviour after 

applying stress test without having to build the project. 

 

All this operations accounted for a large amount of time, while with 

the CAD systems they can be realized with changing one parameter 

or choosing a specific menu option. 

Some of the most important CAD systems are Catia, Solid Works, 

Unigraphics, Autocad, or Solid Edge 
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4.3 – Exploded view 

This chapter outlines all the pieces that have been designed for that 

project. In the Glossary (page 2) has been described all the parts 

made. In total there are 5 different pieces which can be distributed in 

3 parts; the external parts (2), the internal parts or skeleton (2) and 

the support. All of them are explained below. 

4.3.1 External parts 

4.3.1.1- External finger part 1 

This part is the most forward part of the finger, is the finger tip. Its 

function is mostly aesthetic but it also serves as protection to the 

internal finger part which makes the function of skeleton.  

Their shapes try to imitate the human finger to make feel the user 

any complex and feel they have a normal finger. 

The inside of the model is empty due to have the function to 

accommodate the skeleton part. 

This may be the most difficult part to design because of its rounded 

shapes, but is one of the most aesthetic pieces of the product. 

 

 

Figures 18 & 19: External Finger Part 1 
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4.3.1.2- External finger part 2 

This part is the second external part of the finger. As the first one, 

the main function of this part is aesthetical but also serves as armor, 

helping to protect the internal parts from impacts, dust, liquids or 

other external agents that could damage the model’s skeleton and 

make the product’s life shorter. 

Like the External finger part 1, its function is aesthetical, that is why 

this piece has very stylized shape, with some rounded shapes trying 

to seem a professional and delicate piece. Also this piece has its 

inside part emptied because in its interior has need to host another 

piece of the skeleton. 

In its lateral sides, this piece has two rectangular holes. These holes 

have been made due to introduce the internal piece, they have the 

same measure than the internal piece to fit perfectly and not have 

any problem of moving parts. The holes have been thought about 

design for assembly of parts for a good positioning of the internal 

parts and have the piece good positioned without the need of 

tolerances or having to use any screws or other tools to grab the 

piece. Designing the piece by this way, it’s saved a lot of time and 

money. 

 

Figures 20 & 21: External Finger Part 2 
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4.3.2- Internal parts 

4.3.2.1- Internal finger part 1 

The internal pieces of the project are a very important part of the 

project. They are like the skeleton of the project, the bones of the 

joint. Of them is based the model’s movement. This piece is the one 

which is placed inside the External Finger Part 1 and the two together 

forms the front of the finger. 

Their width measurements are the same as the inside of External 

Finger Part 1 to fit perfectly without using any external element to 

assembly them.  

In this piece have been trying to round some sharp edges to prevent 

damage to any hits or the passage of time as well as provide a 

cleaner image of the piece and a more pleasing touch to handle at 

the installation.  

The end of the model ends in a kind of a tail that has one hole which 

serves to unite the two pieces forms the front of the finger with the 

central part of that finger through a small bar of wood. 

The most characteristic part of this piece is the hook that is located 

on the top. This hook is designed to hold the wire of Shape Memory 

Alloy and pulling the piece when the wire shrinks or lengthens. 

  

 

Figure 22:  Internal Finger Part 1 
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Figures 23 & 24: Images of the hook (left) and the rib (right) of the Internal 

Finger Part 1 

 

Longitudinally, have been designed a small rib starting just behind 

the hook and until the end of the tail. This rib has been made to place 

the NiTi wire inside to not move too much, it could cause damage or 

the break of the mechanism. 

 

4.3.2.2- Internal finger part 2 

This piece is very similar to the Internal Finger Part 1; the main part 

is the same, to try to reduce costs. 

The principal difference is in the two arms at the front of the piece. 

These arms have two blind holes which function is to join the central 

part with the forward part of the finger through a wood bar. 

That second internal piece also has a hook located on the top of the 

piece to place the second SMA wire to actuate this central part. 
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This part has to be assembled inside the External Finger Part 2. 

 

 

 

Figure 25: 

Internal Finger 

Part 2 

 

4.3.3- Support 

 The support is the last piece of the whole set of pieces. The function 

of this piece is to join with the central part and has been designed to 

hold the entire finger and keep it up from falling forward or 

backward.  

The inside of this piece is also empty because has been thought to 

place a counterweight made of wood or other material if is necessary 

to prevent the finger moves. 

 

 

Figure 26: Support 
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5- Manufacturing  
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5-Manufacturing 

After the design has been made and approved, the next step is 

making the computer designs reality. 

In order to make this project, the results have to be very exactly 

because there are a set of pieces to assembly together and one 

mistake in the manufacturing process could ruin the entire product. 

To manufacture this project, has been decided to manufacture by the 

Rapid Prototyping. 

 

 

Figure 27: Rapid Prototyping machine 

 

Traditionally for the manufacture of prototypes there was a special 

team in translating the data provided by designers in a physical 

model. This process was very time consuming, thus delaying much of 

the release date of the new product. 

 

With the advent of Rapid Prototyping, the scene suffered a several 

change. This set of techniques allows us to build prototypes directly 
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from CAD-generated (in this case, Solid Works files) data in a matter 

of hours. This fact facilitates the successive stages of design and 

development process, such as testing, design changes, etc, can be 

completed in a few weeks instead of months and years passed in the 

traditional prototyping manufacturing. 

Some of the main techniques, encompassed within the concept of 

rapid prototyping are:  

   

 Stereolithographic (SLA) 

 Synthesizing selectively by laser (SLS). 

 Laminated Object Manufacturing (LOM) 

 Deposition modelling liquid 

 Solid Ground Curing (SGC) 

 Continuous extrusion 

 3D printing systems 

 

Once handing the Solid Works files to the Rapid Prototyping 

department, after few hours, the physical models have been made 

with ABS Plastic.  

In the pictures below can see the result of Rapid Prototyping: 

 

Figures 28 & 29: External Finger Part 1 made by Rapid Prototyping 
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Figures 30 & 31: External Finger Part 2 (left) and Internal Finger Part 2 

(right) 

 

 

  

 

Figures 32 & 33: Support (left) and Internal Finger Part 1 (Right) made by 

Rapid Prototyping 

 

 

 

Figure 34: All set of pieces 
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6- Assemblage 
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6-Assemblage 

The second to last stage to finish the creation of this project is the 

assembly of the pieces. 

When all the pieces are built, is time to put them together, is time to 

assembly them. 

For the purpose to assembly this model, if the model is good and the 

pieces have been well built, the assemblage is very easy because it 

has been designed thinking in the assembly stage. 

 

The first step to start assembling the full product is the front part of 

the finger, ie, the External Finger Part 1 and the Internal Finger Part 

1, pieces number 1 and 3. 

 

This couple of pieces have been made to fit perfectly besides not 

having any holes to support the internal part. To be safer about the 

good assembly between pieces a little drops of glue are introduced in 

the sides of the internal piece to have a strong grip. 

 

The next parts to be assembled are which together form the central 

part of the finger, ie, the External Finger Part 2 (piece number 2) and 

the Internal Finger part 2 (piece number 4). To join these parts isn’t 

needed to use any tool. 

 

To continue the process, the following step is to join the front part 

with the central part using a wood bar, meeting face to face the front 

part holes with the central part holes and passing the wood bar 

through the holes. 

 

After that, to join the two pieces assembled previously with the 

Support has to be followed the procedure as explained above. 
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The last step is to install the SMA wires in every part of the finger, 

placing them into the hooks. 

 

When all the parts are assembled together, the last step is connecting 

the SMA wires from the finger to the power supply. 
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7- Conclusion  
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7- Conclusion 

This project explained above is about the design and building a 

mechanical finger actuated by Shape Memory Alloy. 

This project is very important because it could become a step forward 

of development of cheap prosthesis. 

This project has been disaggregated in three different main stages: 

the background, the designing process and the manufacturing and 

assembling process. 

In the background job has to been done a good research job to 

acquire enough knowledge about the Shape Memory Alloy for be able 

to realize this project. In the same way, had been done a deeply 

research about the prosthesis because also was necessary to know 

about this subject to realize a good finger design. 

The designing phase has been probably, the longest and the most 

difficult stage of the entire project, but it may be the most important 

step of the project. It includes the brainstorming and the sketches 

phases. In this stage, using the knowledge acquired in the 

brainstorming phase, has been thought and drawn the mechanical 

finger. In this design was interesting find an optimal commitment 

between the joint’s functionality with assembly and construction ease 

and also with aesthetics of the design. This kind of cocktail is always 

difficult to find but with the correct proportions have good results. 

 

In the manufacturing and assembly stage, has been the possibility of 

made a prototype by advanced technologies like Rapid Prototyping 

and having the chance to make sure how good has been the design. 

Everything in the world can be improved, because new ideas, 

thoughts and technology are coming thanks to the advances in this 

era. These technological progresses could help this project to be 

developed quickly in the following years, realizing the idea about 

normal customers using one Shape Memory Alloy’s finger. 
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7.1- Further Development 

As the most things in the world, a designed project never is perfect or 

finished; there is always something to improve. The technology 

advance nonstop and the resources are every day better and able to 

fabricate new products, components or materials. 

 

For this project, the future goals to reach could be try to integrate the 

actuators inside the human body, putting the Shape Memory Alloys 

inside the forearm and instead connecting to a power supply, connect 

the wires to the forearm nerves which their nerves impulses are also 

electricity and use these impulses to warm up the SMA wires and 

actuate them. 

 

Moreover, another future development of that project is to make the 

finger even more aesthetical than this one, trying to reduce the 

components size and covering the entire finger with some skin similar 

to the human skin. 

 

The last aspect to develop for this project is making the finger able to 

imitate every position that a human finger could realize. 
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