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Tämän työn tarkoituksena on tutkia erilaisia pehmeitä robottitarttujia, päämääränä löytää 

sopiva malli käyttötarkoitukseen, jossa robottikättä voitaisiin käyttää avustavana työkaluna 

henkilöillä, jotka eivät välttämättä ilman apua pysty nostamaan tai avaamaan jotakin 

esinettä tai ovea. 

 

Ensiksi suoritetaan kirjallinen tutkimus, jolla pyritään alustamaan eri tarttuja -malleja ja 

niihin liittyviä ominaisuuksia. Näitä käsiä sitten vertaillaan keskenään, tarkoituksena löytää 

malli, joka on sopivan halpa ja helppo valmistaa, mutta joka pystyy myös nostamaan 

vähintään yhden kilon painoisen tavaran. 

 

Vertailun päätteeksi muutama erilainen malli soveltuisi käyttöön, mutta niistä valittiin 

prototyyppejä varten lonkeromainen malli, jonka toiminta perustuu osittain ihan tavalliseen 

sormeen. Tämän mallinen tarttuja ei ole kovinkaan kallis valmistaa, ja sen toimiessa 

pneumaattisesti, on se myös turvallinen ja helppo käyttää. 

 

Prototyyppejä tehtiin kokonaisuudessaan kolme, kahden ensimmäisen epäonnistuttua 

vuotojen ja materiaalien yhteensopivuuteen liittyvien ongelmien takia. Kolmas prototyyppi 

oli onnistunut malli. Tämä prototyyppi käyttää toiminnassaan neljää sormea ja erillistä 

alustaa, joka yhdistää sormet yhteen ja vähentää vuotojen mahdollisuutta korkeammilla 

paineilla käytössä. Tämä malli nosti ja pidätteli onnistuneesti noin 1.2 kg painon, joka on 

jo enemmän kuin vaadittu 1 kg minimipaino.  
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In this paper, work is done to look into different kinds of designs for soft robotic gripper 

and to find a suitable design that could be used for creating prototype to help out humans 

that might not have fully working arms themselves. 

 

First, a literary review is done to research different designs, which are then compared with 

each other to see which designs would be best suitable for a cheap, easy to make and 

strong enough of a gripper for the application. 

 

A few designs showed promise, but ultimately a choice was made to make prototypes 

based on a design, that looks like a tentacle and works somewhat similar to a regular 

finger. This design was chosen as it is not too expensive and due to the actuation in it 

coming from air pressure, it is also safe and easy to use. 

 

After two failed prototypes, a working prototype was made. Utilizing 4 fingers and a 

separated platform to hold these fingers together, this design was able to lift and hold 

around 1.2 kg of weight, which is a little over the target of 1 kg.  
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1 INTRODUCTION 

 

 

Aim of this thesis is to review and compare different gripper designs and to study the 

principle of robotic grippers. Review and comparison of different kinds of grippers is 

based on literary review and how certain types of grippers could perform if used in a home 

environment as a helping hand. Based on the reviews, a design is chosen to study further 

and eventually to create a prototype for testing. 

 

Robotic grippers consist primarily of three parts, fingers, base and driving mechanism. 

Fingers are the moving parts that are used to achieve grip on the object. Base is the part 

where all the other parts are connected. Driving mechanism is what makes the hand work, 

moving the fingers in relation to their position on the base and to the object being grabbed. 

(Aggarwal, G. and Jha, N., 2017, p. 92-93) 

 

These grippers can also be divided into categories based on how they grasp onto objects. 

First comes basic gripper, which works in open close basis with the help of a simple DC 

motor. This basic gripper can be divided into subcategories based on the complexity of the 

gripper’s fingers. Roller grippers are basic grippers with added fingertips and inner fingers 

and mechanical grippers use more complex fingers or claws to perform operations. Then 

we have vacuum and universal grippers. These grippers make use of suction created in by 

vacuum, vacuum grippers directly and universal gripers with the help of a granular 

material allowing the gripper to adjust on the object. Magnetic and electrical grippers are 

used to grab metallic or ferromagnetic objects. Adhesive grippers use adhesives to stick on 

the objects surface. (Aggarwal, G. and Jha, N., 2017, p. 93) 

 

Robotic grippers are used in many applications ranging from industrial robots to ones used 

in medicinal field. These grippers or ”hands” are mainly rigid due to being designed to 

repeat a simple task over and over again but there are also less rigid designs available for 

these hands used in more specialized environments and for research. These soft grippers 

are more useful when more degrees of freedom are required, or the objects being grabbed 

are irregular in shape or otherwise difficult to get a hold on with a pinching motion. 
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Rigid robots are commonly used due to their cheap manufacturing costs and high 

longevity. They are often very simple designs and are made to repeat the simplest of tasks 

in an environment where contact with living beings is minimal. Rigid robots are also very 

strong, allowing them to lift heavy weights with easy, something current soft robotics are 

unable to do. But this also means they can break a lot of things fast, if malfunctioning 

nearby anything at all fragile. Due to this, rigid robots must often be enclosed in areas 

where only the robots and their work material can be found. This limiting factor is one 

reason why soft robotics are sought after nowadays. 

 

Soft robotic grippers offer more options in regards of safety when compared to rigid 

grippers. Soft grippers offer safer interactions between robots and living organisms, softer 

grippers have a way of passively limiting their movement according to their surroundings 

while rigid grippers need excessive amount of sensors and programming to reach such 

state. This makes softer grippers to be less likely to cause damage to sensitive objects or 

creatures being grabbed or the humans working around the robot. (Duran et al. 2018, p. 6-

7) 

 

In this thesis we focus on these soft gripper designs and try to find one well suited for 

being used in home as a helping hand of sorts. This means the chosen design must allow 

the hand to grab objects of different sizes and weights and possibly from different angles. 

With these requirements in mind an existing design will be chosen to be improved and 

further tested. 
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2 GENERAL PRINCIPLE OF PNEUMATIC SOFT ACTUATOR 

 

 

While all soft robotics are not pneumatic in nature, a lot of current trends in soft robotic 

hands are based on the mechanics of pneumatics. Most designs use pressurized air at least 

at some point during their actuation and thus can be said to be pneumatic actuators. Some 

actuators use the pressure to change shape of the actuator to create movement and some 

use it as a general way of moving things in a softer manner, when compared to hydraulics 

for example. 

 

Shape modifying actuators can be very simple and the most simplistic design is basically 

an air bag that can be inflated and deflated to create movement. Some designs try to follow 

similar mechanics found in nature, like the way muscles work, and artificial robotic 

muscles exist already. The air bag design can be used to make a gripper by filling the bag 

with granular material. This way, when inflated, the bag can be put around an object to 

change its shape accordingly, and once the air is removed from inside the bag, it will retain 

the shape given to it for some time, grabbing the object. (Oguntosin V. 2017, p. 8-15) 

 

 

Figure 1. Pneumatic artificial muscle (Oguntosin V. 2017, p. 12) 

 

More complex actuators make use of asymmetrical design either in the actual design or 

material selection for different parts in the actuator. This way the actuator will change its 

shape based on how the pressurized air will gather inside it and how the different materials 

react to the change of pressure, some are more flexible than others and this can make the 

actuator bend in a specific way. (Elgeneidy K., Lohse N. and Jackson M. 2018, p. 234) 
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For these more complex designs, an easy way to create an actuator that bends in only one 

known way is to design its hollow inside, the volume where the pressurized air flows, in a  

way that there are larger cavities on one side of the actuator. This way, when inflated, the 

cavities expand, acting like knuckles on fingers, and make the actuator bend the opposite 

way. Another easy way to make these actuators bend in specific direction is to make, or 

cover, one side of the actuator with material that has way lower flexibility than the rest of 

the actuator, like paper or fabric for example. In this design, the actuator will bend towards 

the more rigid side when inflated, as the opposite side is the one that gives in and yields 

more to the increased volume requirement of pressurized air. (Elgeneidy K. et al. 2018, p. 

234) 

 

 

Figure 2. Deformation of fingerlike soft actuator (Alici G. et al. 2018, p. 5)  
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3 COMPARISON OF EXISTING DESIGNS 

 

 

To find out the best design to be improved a literary review is done to file out the pros and 

cons of different already existing designs. With the help of this review, it will be easier to 

point out the designs best suited for our purposes and ultimately the one to be chosen as the 

candidate for final design of our robotic hand. 

 

3.1 Literary Review 

 

First design is rather simple pneumatic design loosely based on how fingers work. The 

gripper’s ”fingers” are made out of a soft material, most commonly silicon, and their 

motion is created with pressurized air flowing through them. this type of gripper is the 

most used design of soft robotics and is already being utilized in packaging of certain 

products, difficult to handle with rigid grippers, like pastries. (Kisner, Z., Szigeti, C., and 

Leonardo, D., 2018, p. 1, 14) 

 

 

Figure 3. Gripper design based on fingers (Patringenaru 2018, p. 1). 

 

The effectiveness of this type of gripper is based on the design of each individual finger, 

the number of fingers and the size of the gripper. While the finger design on these grippers 
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is based on human fingers, they look more like tentacles. This is due to scientists figuring 

out that optimal number of knuckles on a robotic finger is basically infinite and as such, 

the fingers are more like one long knuckle unlike regular fingers that have just a couple of 

knuckles. These grippers are capable of softly grabbing objects of various shapes and sizes. 

Due to being highly modifiable, this design could potentially be the one chosen for final 

design. (Kisner et al. 2018, p. 27-32) 

 

 

Figure 4. Full knuckle design with fingertip at the end (Kisner et al. 2018, p. 32). 

 

The shape of the chambers inside the fingers can influence how well the gripper will 

perform. Making the top of the chamber shaped like a wedge can make grabbing larger 

objects easier but it also has some drawbacks. This shape adjustment will influence the 

flow of air going through the finger which can prove to be detrimental for making and 

holding motion. Also, making the bottom or top layer of the finger out of softer material 

than the other can help with inflating or deflating the finger depending on which side is 

softer. Softer upper layer proves more distinct difference in deformation than softer bottom 

layer. (Yufei et al. 2017, p. 2-3, 6-7) 

 

Another potential design is based on the fin ray effect, where the structure of the finger 

will bend when force is being applied at them. This allows the tip of the finger to apply a 

force to the object being grabbed, effectively preventing it from falling from the grasp of 

the gripper. These grippers are a bit more rigid compared to the previous design, but they 

are still way softer than actual rigid grippers. (Crooks et al. 2016, p. 1-2) 
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Figure 5. Gripper design based on the fin ray effect (Crooks et al. 2016, p. 3) 

 

Similarly, to the design based on fingers, the fin ray gripper’s effectiveness is based on the 

number of fingers used and the design of each finger. Best grip is achieved when the cross 

beams within the fingers are slightly slanted and curved. This affects how the structure 

deforms and how stress is being applied to it allowing for better grasp and longer lifetime 

for the fingers. (Basson, C., Bright, G., Walker, A., 2018, p. 132) 

 

 

Figure 6. Different cross beam designs (Basson et al. 2018, p. 132) 

 

One potential design for the fingers is a sleeved actuator design in which the actuators, 

silicon tubes, are put inside a sleeve made of elastic band and a strain-limiting layer. This 
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design allows for a longer operational life for the gripper as the sleeve protects the 

actuators from outside objects and wear. While this type of design works well for certain 

irregularly shaped object and can lift heavier weights, it might not be best suited for our 

applications where higher adaptation is required. But the increased durability and 

operational life are things to be taken of note further down the line as with some changes 

they can possibly be imported to a different design. (Miron, G., Bédard, B., Plante, J., 

2018, p. 4-5, 10-12) 

 

Similarly, to the sleeved actuator design a design using rubber tubes could be used. This 

design is based on having halves of two fiber reinforced rubber tubes with different fiber 

braid angle tied together inside a slightly bigger rubber tube. The difference in fiber braid 

angle allows the tube to bend when pressurized. This simple design is capable of grabbing 

objects from above and from the side which proves potential to be used in a home 

environment. But just like with the sleeved actuator design, the rubber tube design might 

fall behind with its slightly weaker adaptation compared to the previous designs. 

Nevertheless, this type of design has simplicity and effectiveness that should not be cast 

aside too easily. (Wang et al. 2017, p. 2-3, 8-9) 

 

 

Figure 7. Rubber tube gripper finger (Wang et al. 2017, p. 3) 
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PneuFlex gripper design works similarly to the gripper based on fingers with one distinct 

feature, it has helical thread in it keeping the fingers from expanding radially when 

inflated. This makes the design more durable if the thread used is wide enough and spread 

evenly and tightly enough to not cause any pressure concentrations within inflation. If 

thread used is too thin, it will just cut through the finger when inflated. And if the thread is 

applied too tightly, the thread may break under the pressure caused on it. While PneuFlex 

design is more durable than the other simple designs, it adds an extra layer of complexity 

which will increase the cost of the gripper and make it harder to do just right. (Deimel, R., 

2017, p. 26-27,33) 

 

 

Figure 8. PneuFlex gripper resting (Deimel, R., 2017, p. 27) 

 

 

Figure 9. PneuFlex gripper inflated (Deimel, R., 2017, p. 27) 
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Shear adhesion gripper utilizes shear forces with adhesives to grip on objects. This kind of 

gripper is more used to grab larger objects than small ones. Shear adhesion grippers don’t 

require any form of power or pneumatics to grab onto something. These grippers get their 

grasp from the adhesive which activates when put under a load without needing any outer 

force to squeeze the actuators towards the object being grasped. While these grippers can 

be used to grip onto larger object and to grasp objects passively, they have a huge 

disadvantage over the other design when attempting to grab smaller or flat objects. For 

smaller objects, shear adhesion gripper must be designed with small objects in mind, 

keeping the adhesive near the middle point of the hand available to be used. Flat objects 

are impossible to grab with shear adhesion grippers due to them requiring curvature on the 

object to activate the adhesive allowing the gripper to have a grasp on the object. Due to 

these limitations, design purely based on shear adhesion is not optimal for our purpose. 

(Hawkes et al. 2015, p. 2-4, 7-8) 

 

 

Figure 10. Shear adhesion gripper holding a bag of water (Hawkes et al. 2015, p. 8) 

 



15 
 

Granular material consists of small circular grains. This type of material is generally soft 

and malleable but when in a vacuum sealed container, the grains get stuck to each other 

making the whole container hard. This can be seen in coffee packaging. While sealed, the 

coffee grounds inside are jammed to each other making the package hard to touch. But 

when opened, the grounds free up for movement softening the material. There are soft 

robotic grippers that make use of this phenomenon. These granular jamming grippers 

consist of a bag loosely packed with granular material and a vacuum pump. When grasping 

objects, no vacuum is applied to the bag, making it malleable. When pushed on the object 

being grabbed, the bag changes shape to better fit around the object. After this the vacuum 

is created and the bag stiffens to hold its shape, allowing it to have a hold on the object. 

While this kind of grippers are very adaptable, they have certain issues other design don’t 

have. Grippers based on granular jamming are unable to grab flat objects or soft and 

malleable objects as the bag cannot transform into a shape capable of holding these kinds 

of objects. While this might not be too big of an issue in our purposes, it’s a good thing to 

keep in mind. (Brown et al. 2010, p. 1-3) 

 

3.2 Comparison Between Grippers 

 

After reviewing all these existing designs, they must be compared to figure out which 

works best in what kind of situation. This makes it easier to understand better the pros and 

cons of different designs and to find out the possible ones to research further. 

 

In table 1, the grippers are compared in five categories and each are given + or – marks 

depending on how they fare on each category in relation to each other, with the “finger” 

design being the baseline for comparison. The categories for comparison are: Adaptability, 

how well can one gripper adapt to objects of different shapes, weight and surface. Grip, the 

strength of the grip of the gripper. Simplicity, how simple is it to make the gripper, simpler 

ones are cheaper and easier to make. Durability, how strong is the gripper and how long 

can it last while on use. Modifiability, how easy it is to change the design to make it better 

or to combine it with other designs. All these categories are important but for our intended 

purposes the most important categories are adaptability and modifiability. This is due to 

our requirements of the gripper having to be able to grab onto various kinds of objects and 

high modifiability allows us to make changes to the design when needed. 
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Table 1, Comparison between different grippers 

Actuator design Adaptability Grip Simplicity Durability Modifiability 

Finger 0 0 0 0 0 

Fin ray 0 + - + - 

Sleeved actuator - - - + - 

Rubber tube - - + + - 

PneuFlex 0 - - 0/+ - 

Shear adhesion - + - + - 

Granular 

jamming 

+ + + + - 

 

In table 2, the designs are being compared on their potential effectiveness on certain 

criteria. Each design is given points on how well they do on each category and the total of 

these points tell how well the design would work overall. These criteria are as follows: 

Grip hold, this measures how well can the design hold an object for longer periods of time. 

Grasp on small and large objects, these two criteria work similarly, one measures how well 

the design can hold a small object and the other how well it can hold a large object. Lift 

capacity measures how heavy a weight can the design lift without losing grasp or breaking. 

And finally cost measures the total cost of creating a gripper based on the design. Designs 

marked with green are overall the best, while the ones marked with red are the worst. 

While shear adhesion and granular jamming seemingly are the best designs, their 

downsides can really cripple their effectiveness on certain applications. This is good to 

keep in mind when choosing the final design. 
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Table 2, Comparison based on potential effectiveness 

Actuator design Grip 

hold 

Grasp on 

small objects 

Grasp on 

large objects 

Lift 

capacity 

Cost Total 

Finger 2 2 2 1 3,5 10,5 

Fin ray 2 2 2,5 2 2 10,5 

Sleeved actuator 1 1 2 1,5 1,5 7 

Rubber tube 1 1 2 1,5 2 7,5 

PneuFlex 2 2 2 2 0 8 

Shear adhesion 4 0 4 2,5 1 11,5 

Granular 

jamming 

3 3 0 2 3 11 

 

Overall, the best designs are the basic finger, fin ray, shear adhesion and granular jamming. 

While shear adhesion and granular jamming have huge disadvantages, they could be 

potentially be combined with another design to create a better design. For example, 

adhesives could be added to the finger and fin ray designs to increase their grasping 

potential, while their original design can overcome the difficulties faced by using just an 

adhesive based gripper. Granular jamming -based gripper could also be split into multiple 

smaller granular jamming “fingertips”, to ensure good grasp on small objects with just one 

finger and better grasp on larger objects with multiple fingers. Of course, these 

modifications add complexity to the designs and extra complexity means increased costs. 

 

Ultimately, out of all the options presented before, we have decided to go with the design 

based on fingers. This design is easy to implement and doesn’t require too many 

calculations or hard to obtain materials to be made effectively. It is also a good baseline to 

improve upon later, once the basic design created can perform reasonably well. A mold for 

the fingers for the gripper will be created using Solidworks, and the fingers itself will be 

molded out of silicon.  
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4 PROTOTYPES AND TESTING 

 

 

The chosen design was the one based on fingers and to create this kind of gripper a mold is 

needed. For the prototypes, the molds were first modeled in Solidworks and then 3D-

printed to be used. A total of three different kinds of prototypes were created due to certain 

problems that arose while testing them. 

 

For all the prototypes, once the molds were printed, silicon was poured into them and it 

was allowed to be cured properly. After the silicon cured into a more solid phase, the 

actual finger/gripper was then removed from the mold. These fingers, however, had still 

one more problem to them. They had their bottom wide open. To ensure there would be no 

open sides but only a hole for the airflow, a cloth piece was glued to the bottom of the 

fingers with more silicon. The cloth also acts as a support to prevent the finger from 

bending in wrong direction when inflated. 

 

4.1 The first prototype 

 

The first prototype design was quite simple, it was just a mold for one finger that was used 

to create two fingers that would then be fused together to make the gripper itself. The mold 

design itself had some issues. First, it had a bit too thin walls, which made it harder to 

remove the finger from the mold while ensuring the mold does not break. And secondly, 

the removable walls were on the long sides of the fingers, which proved to be not as 

helpful as them being at the ends of the mold, as was found with the later prototypes. In 

Fig. 11 you can see the original mold design, while the drawing of it can be found in the 

appendices. 
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Figure 11. Design of the mold used for first prototype 

 

The first prototype had its fingers made properly and well, but bigger problems arose when 

attempting to fuse them together to create the actual gripper. An attempt was made to use 

only one inflow of air to inflate both fingers with the addition of a T-connector tube. But 

due to the material used in the T-connector, it was difficult to have the silicon stick onto its 

surface to make an airtight seal. And while a working gripper was created, it had severe 

leakage of air and was not able to withstands high pressures and thus had very poor grip 

hold. In Fig. 12 this first prototype can be seen holding a roll of tape, proving that the 

concept works and just needs some tuning to be properly usable. 
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Figure 12. The first prototype holding a roll of tape 

 

4.2 The second prototype 

 

Since connecting the fingers together was the biggest problem in the first prototype, a new 

mold was created for a four-finger gripper that had the connecting part designed within the 

original 3D-model already. The walls of the mold itself was also made slightly thicker and 

the removable sides were swapped to the ends of each fingers, to make removing of the 

actual silicon gripper from the mold a bit easier. The design of this new mold can be seen 

in Fig. 13, the drawing of the part being in appendices again. 
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Figure 13. Design of the mold used for the second prototype 

 

While the creation of the gripper itself was successful, there was yet again problems with 

leaking airflow. This time the leaking occurred at the connecting point of the tube from the 

air pump and the gripper. The tubing material, while originally seemingly compatible with 

the silicon used in the first prototype, proved to not actually be compatible with the silicon. 

This made it difficult to connect the gripper to the pump to allow it to inflate, and the leaks 

made it lose its capability of deforming and holding objects. 

 

Partly due to the leaking airflow, but also due to the design of the fingers being a bit too 

short and rigid, this prototype was incapable of bending enough to be useful for grabbing 

anything smaller than a football. And while this prototype was also a failure, it was closer 

to a working one than the prototype before it. 
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4.3 The final design 

 

Following close to the second prototype, a third prototype was created from the fingers 

itself of the second prototype. The fingers were removed, and a separate connector piece 

was 3D-printed. This was done to allow coating of the connector piece with the cloth used 

to strengthen the side of the gripper, that is towards the object being grasped. This in turn 

made the gluing of all the parts, fingers, the connector, and tubes from the air pump, to be 

more effective and airtight. At the same time, all the fingers were connected to separate 

tubing, allowing the fingers to be inflated separate from one another. This was not utilized 

during this work but would make the gripper more flexible in the way it grasps things. The 

design of the connector piece can be found in Fig. 14, with its drawing being in the 

appendices. 

Figure 14. Design of the connector piece used for the final design 

 

This gripper turned out best of the bunch with minimal leakage and a grip hold slightly 

above the required 1 kg. The gripper was tested with a toolbox weighing approximately 1.2 

kg, and the gripper was able to grip, lift and hold the toolbox in a little under 1 bar of 

pressure. This can be seen in Figs. 15 and 16. 
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Figure 15. The final design used in the gripper and the toolbox used to test it 

 

 

Figure 16. The gripper holding the toolbox  
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5 DISCUSSION & CONCLUSION 

 

 

Literary review was done to find and understand different designs of a soft robotic 

grippers. These designs were then compared with each other based on set requirements: the 

gripper should be relatively easy and cheap to make and it should have the capability of 

lifting at least 1 kg of weight. A couple of the designs showed promise to the application 

and one of them was chosen to be worked on as a prototype. 

 

After a few problems with the prototypes, a gripper meeting the requirements of being easy 

to make and having the capacity to lift at least 1 kg was made. The first design was based 

on having only 2 fingers to grasp on things with, but to add extra stability on the grasp, the 

2nd and final prototype was made to have 4 fingers total and work was also put into 

creating a system to hold the fingers together with minimal leaking. This final prototype 

was able to lift and hold around 1.2 kg of weight and had no visible leaks. 

 

To follow up on this work and to make a more suitable gripper for heavier loads and 

allowing for different orientations for gripping, calculations can be done to allow for 

optimization of the shape of the mold for the fingers. The aim with this is to create the 

maximum possible surface area for gripping to make the friction stronger between the 

fingers and the object being grabbed. To increase the grasp even further, the flat sides of 

the fingers could also be coated with an adhesive layer. 

 

For increasing the amount of objects of different sizes and shapes the gripper can grasp, 

some changes can be done to the base design. To make grabbing of smaller objects easier, 

fingertips can be added to the ends of the fingers and to make grabbing of larger and 

concave objects easier, the length of the fingers can be changed to fit the application. And 

to allow the gripper to grab objects better from the side, a bone-like structure can be added 

inside the fingers to reduce the amount they bend due to the weight of the object help and 

the fingers themselves. 

 

All in all, after enough optimization soft robotic grippers could be used as substitute for 

rigid grippers on low- and maybe mid-weight applications. And due to their cleanliness 

and higher safety when used around humans or other living organisms, soft robotic 

grippers are the better option for a helping hand for humans that need them, than the usual 

rigid robot. 
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