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Abstract 

So� robotics is a budding new field of engineering with multiple potential 

applications where so� robots could be more effective for less cost than their hard 

counterparts. The current problem with widespread implementation is a lack of 

information about the strengths and weaknesses of different types of so� robots. 

Experimentation is needed to give future contributors to the field a baseline to start 

from. To address the lack of information pertaining to so� robots, we have 

gathered relevant data on the strengths and weaknesses of three different so� 

robotic end effectors by fabricating and testing each end effector against a control 

based on various testing criteria. By doing so, we hope to provide information that 

can be used in future senior design projects related to so� robotics. 

 

 

Introduction 

 

So� robotics is a relatively new and growing field of engineering that utilizes 

flexible materials in construction. Actuation is o�en designed to mimic the way 

living organisms move, and is achieved through a multitude of different means, 

including air pressure, tension of cables, and electric current.  

There are multiple potential applications where so� robots could be more effective 

for a lower cost than their hard counterparts. The use of compliant materials gives 

them a greater range of motion, and depending on the design, can make them 
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much more durable. The so� nature of them makes them safer to work near in 

settings such as manufacturing. They can also be used to create devices for 

medicine, serving as less intrusive devices for invasive surgeries due to their ability 

to contort and smaller Bio-MEMS (biological microelectromechanical systems) for 

monitoring in vivo. 

 

Problem 

Research is important for the development of new technologies. Research is built 

upon by further research until eventually there is enough information to develop a 

finished product. Our original idea was to create a so� robot, but in trying to select 

a type of robot to create we encountered something more significant: the current 

largest problem with the widespread implementation of so� robotics is a lack of 

information. There is no dichotomy of so� robotics designs that tell what actuation 

method or material perform better in different situations. Experimentation is 

needed to give future contributors to the field a baseline to start from. 

 

Solution 

In order to solve the problem we encountered of there being a lack of information, 

we fabricated three different end effector designs that we pulled from various 

resources in order to conduct multiple tests. These tests compared our fabricated 

designs to controlled designs as well as comparing the similarities and differences 

between each other to find design superiority. With this, we were able to show 
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which end effector would be most efficient for a so� robotic design with results to 

back up our findings. 

 

Credibility 

Jacob Cook : Jacob focused primarily focused on project management and 

fabrication for this project. While at UC, Jacob has successfully completed several 

courses relating to robotics, controls engineering, and data acquisition. These 

courses helped him utilize fabrication procedures, adapting them to the project at 

hand and aiding to the development of a testing procedure. As for work 

experience, Jacob has completed five co-op rotations; two with Intelligrated 

working in electrical design of materials handling systems, two with EN 

Engineering working on electrical infrastructure upgrades, and one with NSG 

Pilkington working on upgrades to control systems and HMI design. 

 

Jordan Laley:  Jordan’s primary focuses on this project were her use of electrical 

engineering skills from previous class work, implementation and fabrication, as 

well as so�ware design. While at UC, Jordan has completed multiple co-op terms 

that involve the use of problem solving and implementation skills. Jordan has also 

completed coursework that directly correlate the work done on this senior project, 

for example a Solidworks course which helped her be able to design the needed 

3D- printed mold for the X-Gripper end effector. 
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James Keeney:  James was brought in from his Computer Science major for his 

knowledge of code and prior work in embedded systems. His prior projects 

involved having to learn the specifics of a system within a microcontroller, which 

could be applied to the operation of the uArm robot. James’s experience with 

JavaScript also helped in understanding the way the uArm’s proprietary code 

compiled, as options to view and work with JavaScript were also available. 

 

Joshua Ohm:  Joshua’s main focuses in the project were documentation and 

experimentation. Joshua has completed three co-ops that dealt heavily with 

electronics and quality control, as well as several classes with labs that involved 

experimentation and data acquisition, which he was able to use in completing the 

testing process and documentation of results in this project. 

 

Project Goals 

The main objective of this project is to obtain more information pertaining to 

different types of so� robots. By fabricating and experimenting with these end 

effectors, we plan to provide a basis of information for future projects related to 

so� robotics, specifically senior design projects. We also hope to provide 

information related to the strengths and weaknesses of each end effector we 

studied. Students, researchers, and anyone interested in using so� robots will be 

able to use the data acquired from our project to make a decision of what kind of 

end effector would work best to fulfill their needs. 
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Discussion 

 

As previously stated, our project involves the fabrication and testing of three 

different so� robotic end effectors. The three end effectors we decided to work 

with are the knit textile bending actuator, the X-gripper, and the SDM finger. The 

knit textile actuator is a balloon wrapped covered by a sock with cotton on one side 

and spandex on the other side. When the balloon inflates, the applied air pressure 

bends the actuator in the direction of the spandex. The X-gripper is an x-shaped 

end effector made up of silicone rubber molded by a 3D-printed mold. The 

gripper has air channels inside of it, and when inflated, the arms of the gripper 

bend in the direction of the thinner side of the silicone, which allows the gripper to 

pick up objects. The SDM finger is a finger-shaped end effector made up of molded 

silicone rubber and a cord that runs inside the silicone. When the cord is pulled, 

the finger bends and is able to pick up objects. 

 

Project Concept 

Our project is focused on gathering information on different end effector types in 

order to provide value to future so� robotic designs. This was done by gathering 

data from multiple resources and fabricating three different end effector design to 

be tested. As previously stated, the designs chosen were the knit textile bending 

actuator, the X-Gripper, and the SDM finger. These designs were then fabricated 
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and tested against each other as well as two other controlled grippers. Through 

these tests we were able to see which end effector measured up to the controlled 

grippers as well as which end effector would be deemed most efficient in future so� 

robotic designs. 

 

Design Considerations 

Several End effector designs were considered in prototyping, but the list was 

narrowed down to three using several criteria: 

● Budget  - The project was intended to serve as a baseline for future research, 

and in order to keep it viable for future groups to replicate the designs, 

especially with possible similar budgetary constraints, designs using 

expensive materials such as dielectric polymers were eliminated. 

● Required Equipment  - In a similar vein, specialized equipment for 

fabrication was a consideration. As the most likely groups to use this as a 

baseline are students, equipment required would need to be limited to what 

could reasonably be available at an academic or similar institution, like 3D 

printers or voltage sources, or fairly inexpensive, like a glue gun. 

● Repeatable Fabrication  - It was important to select end effectors that could 

be made consistently and repeatedly, with low chance for defects, as a 

difference in quality would skew results. 

● Time Required  - The short turnaround time was a factor because of this 

experiment, as multiple copies of multiple different end effectors needed to 
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be made, so a long fabrication time would be much more significant in 

bogging down the process than a single more involved end effector. 

● Practicality of Actuation  - The goal was to test end effectors that could 

potentially have real world application one day, so any means of actuation 

that either didn’t have the ability to move a large amount relative to energy 

exerted or had obstruction in its ability to manipulate objects wouldn’t be 

practical for the project. 

● Variety  - The focus here was on making sure there were multiple types of 

actuation methods and materials used so as to cover a variety of potential 

applications. 

 

Standards 

Within the constraints of the experimentation, there is a certain acceptable 

standard that needed to be considered to ensure the validity and quality of the 

results. By outlining standards to adhere to, we can ensure that the project was 

completed with a definitive level of acceptance when conducting experiments. 

● Design Standards  -  Due to the exploratory nature of this project, there was a 

lot of designs to consider moving forward with. One standard implemented 

for determining the best designs to move forward with was considering the 

similarities of the end effectors. Choosing end effectors that use different 

methods of gripping allow for a wider scope of testing. Pneumatic systems 

were fairly common amongst designs due to the compressible nature of air. 
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This is favorable for so� robot designs because air provides a cushion for 

degrees of movement, which is an essential quality of so� robots. Including 

end effectors that work with another system (such as strings) was essential to 

show to be able to compare with the pneumatic systems we chose. 

● Fabrication Standards  -  Standards for the fabrication process were created 

to ensure that the end effectors were made with the least amount of error. 

Each end effector went through an initial test fabrication, allowing for the 

familiarity of the material. The test fabrication is expected to have errors, 

and by identifying the errors in the tests, another round of fabrication can 

be done while specifically making sure the errors are accounted for. 

Additionally, testing each end effector before before conducting experiments 

on them highlighted any deficiencies in the end effector. By continuing this 

process, eventually an end effector with little to no errors is created, and can 

be used for testing. 

● Testing Standards  -  When conducting tests, standards had to be created to 

verify the integrity of the results. Without standards for this step of the 

research process, it’s easy to accept inaccurate representations of the end 

effectors. One such standard was to choose tests that would represent the 

widest array of metrics across the end effectors. Some of the chosen designs 

work best in ways that others would not. While one design might not excel at 

grip strength, it might excel in other fields like dexterity or ease of 

fabrication. By spreading out the tests across different fields, we can compare 

and contrast the positives and negatives of each end effector. Another 
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standard that was implemented was the process of repeating the tests. In one 

example, an end effector was not able to pick up an egg on its first try. 

However, a�er subsequent attempts, the end effector was able to reliably li� 

it. If a single test was performed, the end effector would have been marked 

down for its dexterous ability. However, because of the standard 

implemented, it was considered able to li� the egg and therefore pass with a 

better representation for its ability. 

 

Budget 

The fabrication of the so� end effectors comes with a price. Figure 1 details the 

associated expenses for the materials that were used. 
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The extent of the budget includes materials that were invested into the fabrication 

of each end effector. This budget includes expenses that had to be personally 

covered by individuals of the group. It does not include tools and materials that 

were made available by UC facilities (e.g. 3D Printer, 3D printer filament, uArm 

Swi�), or common items of unsubstantial value (e.g. shirt fabric, scissors, 

cardboard). Actual budgets for future iterations of this project may vary by a 

sizeable margin depending on the amount of attempts of fabrication, or if the 

availability of the aforementioned tools and materials changes. If more attempts at 

fabrication are made, then the extra cost of materials must be considered. 

Consideration for the variation of the budget is discussed later in this document. 

 

Timeline 

When the Senior Project first began on October 1st, 2018, a Gantt Chart was 

constructed in order to keep track of the group’s progress. Our group mainly 

stayed consistent to the schedule, with just a few minor adjustments  and 

occasional updates to the chart during the desired time frame. The last update was 

made to the chart a few weeks before our first 4 minute presentation, resulting in 

the finished Gantt Chart schedule. The final Project Gantt Chart is shown below in 

Figure 2. 
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As shown, Planning and Gathering Parts was the longest phase of the five. The 

planning and gathering process took time due to the lack of information given on 

so� robotics. Through research, we were able to find multiple resources that 

allowed us to gather the data needed to fabricate our end effector designs. A�er 

break, we regathered as a group and immediately began working on the design 

phase. Prototyping came soon a�er, with some of the time frame overlapping 

design and simulation. This overlap was feasible due to having staggering finishing 

times of each end effector design. The last two months of the project were 

dedicated to implementation and testing. Testing was the finishing aspect that tied 

our project together, allowing us to review data and determine which design 

reigned superior to the others. 

 

Results 

Once all materials were gathered and all end effectors were fabricated, each end 

effector was judged based on its overall cost of materials and the ease of its 

fabrication process. Each end effector’s ease of fabrication was judged based on 
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time required, failure rate, skill required, budget parts modularity, and cost of 

materials. The breakdown of different aspects of the fabrication process is shown in 

Figure 3. 

The SDM finger had the least active time required for fabrication with 1 hour, 

followed by the knit textile actuator with 75 minutes, and the X-gripper with 2 

hours. The knit textile actuator required the least passive time in its fabrication 

process, since it did not require any passive time at all. The SDM finger followed 

with 75 minutes, and the X-gripper required the most passive time, 150 minutes. 

Because the knit textile actuator did not require any passive time, it had the overall 

shortest time of fabrication at 1 hour and 15 minutes. The SDM finger was second 

with 2 hours and 15 minutes, and the X-gripper had the longest fabrication process 

at 3 hours and 30 minutes, which is the same amount of time as the other two end 

effectors’ times combined. 

The knit textile actuator had the lowest failure rate, with one working actuator 

fabricated in two trials. The SDM finger had the second lowest with two working 

fingers fabricated in six trials. The X-gripper had the highest failure rate because 

out of three trials, a working gripper could not be fabricated. 

It was determined that the knit textile actuator required the least skill to fabricate 

because it was the only end effector that did not require making a mold and 

pouring silicone rubber into said mold. Instead, it merely required sewing and the 

use of a hot glue gun. The SDM finger was given the second best skill rating 

because while it required molding silicone rubber, the molds could be made with 

cardboard. The X-gripper was decided to require the most skill because in addition 
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to requiring the molding of silicone rubber, the gripper’s mold had to be 

3D-printed, which required knowledge and experience in SolidWorks. 

The knit textile actuator was given the highest budget parts modularity rating 

because it was fairly easy to find cheaper alternatives for materials required in 

fabrication. For example, the non-stretchy fabric used to make the actuator was 

taken from an old T-shirt instead of new fabric being purchased. The SDM finger 

and X-gripper were given lower ratings in this area because it was more difficult to 

find cheaper substitutes to their required materials. 

The knit textile actuator had the lowest cost of materials at $22, followed by the 

SDM finger at $45 and the X-gripper at $60. The SDM finger and X-gripper were 

costed more to fabricate than the knit textile actuator because they both required 

silicone rubber, and the X-gripper was more expensive than the SDM finger 

because the mold costed more to make. 

 

A�er fabrication was completed, multiple tests related to dexterity, strength, and 

speed were conducted on the end effectors, as well as the claw and vacuum gripper. 

The dexterity tests involved each end effector attempting to pick up four different 

objects: a block, an egg, a sheet of paper, and a pencil. The strength tests measured 
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how much mass each end effector could hold. Two strength tests were performed: 

load, which was parallel to the end effector, and mass, which was perpendicular. 

Lastly, the speed test compared the grip speed of each end effector. The data 

recorded from these tests is shown in Figure 4. 

The vacuum gripper was able to pick up all other objects except for the pencil. 

Initially it failed the block test when a styrofoam block was used, but passed the 

same test when a wooden block was used. The claw was able to pick up all objects 

except for the paper. The knit textile actuator was able to pick up the egg, but 

nothing else. The SDM finger successfully picked up the block and the egg, but 

failed the paper and pencil tests. Similarly to the vacuum gripper, the X-gripper 

was able to pick up all objects except for the pencil. 

The claw performed best overall in these tests, li�ing 800g in both load and shear, 

and the vacuum gripper was second best, li�ing 600g load and 350g shear. Of the 

so� robotic end effectors, the SDM finger performed best, li�ing 350g load and 

250g shear. The knit textile actuator li�ed 80g load, but was unable to hold any 

shear mass. Because a working X-gripper was not successfully fabricated, accurate 

strength tests could not be performed on it, so no data for the X-gripper’s strength 

is listed. 

Each end effector was then ranked from fastest to slowest. The vacuum gripper was 

the fastest, the SDM finger was the second fastest, the knit textile actuator was the 

third fastest, and the claw was the fourth fastest. Once again, because a working 

X-gripper could not be fabricated, an accurate speed test could not be performed, 

so the X-gripper was ranked last in speed by default. 
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Problems 

While working on this project, we encountered a significant number of problems 

along the way. We had originally aspired to create a so� robot instead of just three 

different so� robotic end effectors, but because there is so little existing 

information about different types of so� robots, we were forced to take the project 

in a slightly different direction. The scope of our project was also limited by our 

relatively small budget, and because we had to fabricate each end effector multiple 

times, we ended up spending more than our listed budget as well. 

We also ran into a number of difficulties during fabrication. Half of the SDM 

fingers we attempted to fabricate did not survive the molding process, and it was 

difficult threading the kevlar cord into the fingers a�er molding was completed. As 

stated previously, we were also unable to successfully fabricate a working 

X-gripper. The first two grippers fabricated did not have all of the air channels they 

needed because some of the air channels filled in, and the third gripper fabricated 

had an air bubble in it, which caused all of the air to rush to that one spot, 
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eventually popping it. We later fabricated a fourth X-gripper that also had an air 

bubble a�er finishing testing, but we were able to inflate the other channels by 

taping down the arm with the air bubble. We also had trouble inflating the knit 

textile actuator. The air pump we used likely was not powerful enough, and sealing 

the balloon and the pump proved to be difficult as well. 

Lastly, we ran into an issue with the uArm on the day of the expo. Instead of 

following the code as it was supposed to, the arm would just shake violently when 

in certain positions. Fortunately, this did not affect us too much as we were still able 

to present our project fairly well, despite the technical difficulties. 

 

Conclusion 

 

The purpose of our experimentation process was to build the foundation upon the 

knowledge of so� robot end effectors. Early on, we realized there was no way to say 

which of these end effectors was objectively the best out of all the others. Rather, 

this data serves to highlight the realistic expectations one can expect when 

fabricating and using of each end effector. The vacuum gripper was the best at 

controlling, as it was built upon an existing system for movement. It also proved to 

be the fastest at actuation because of its built in pneumatic system. The SDM finger 

was the most reliably operational, and with a different setup provides the most 

promise for development in its current form. The knit textile bending actuator was 

the best functional pneumatic system and the most cost-effective to fabricate. It 
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was also the fastest to fabricate (with the knowledge of sewing).The X-gripper was 

the most difficult to fabricate and had the highest failure rate, therefore the least 

effective at testing and gathering data for. Rather than see this as a failure, we 

consider this to be a start to further understanding of the X-gripper’s capabilities in 

future iterations of it’s design. 

 

Future Work 

Our original plan for senior design was to create some type of so� stunt robot, but 

in researching we realized the necessity to create a foundation for projects to come, 

providing information to help inform the choices of those who wanted pursue 

projects in the field by finding the strengths and weaknesses of different designs. 

From here, the two most obvious paths are to narrow the scope to one end effector, 

focusing on making a more complete and working system, or to broaden the 

foundation laid by similarly testing more end effectors to make for a more 

comprehensive baseline. 

Narrowing the scope of the project would be in line with its original intent. Any of 

the three end effector designs could be expanded upon to make its own project: 

● The knit textile bending actuator  that we created uses a single balloon with 

a single fabric pocket to bend, allowing it to bend only in a single direction. 

Clustering multiple together with the expandable side out and fiving each its 

own source of inflation would allow for greater degrees of freedom, and 

chaining multiple clusters end to end would give it multiple joints. Better 
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actuation could also have been achieved with higher quality materials. 

Fabrics with a larger contrast in elasticity would have allowed it to curl 

further, as well as a better match between the size of the fabric pocket and 

balloon. With these implementations, a control system would be vital to 

provide air to only the correct balloons at the correct time, possibly using a 

combination of solenoids and controls that allow instructions for different 

tasks that pressurize the correct ones depending on which task is performed. 

● The X-gripper  was a failure in our testing but has a great amount of 

potential. The actuator was prone to forming air bubbles and popping, as it’s 

only as strong as its weakest point. Because of this, a more uniform 

fabrication method with more dense rubber would be vital to a successful 

gripper. A larger mold with proportionally wider channels could give the 

gripper the best chance of preventing a blockage in channels. It may help as 

well to use rubber of different densities for the two sides of it, with a more 

dense rubber being used on the side in direction of actuation. If the air 

channels were sectioned off from each other and controlled with multiple 

pumps the robot gould grip objects in more complex ways. The x shaped 

gripper could be foregone completely for one that mimics a human hand, 

with multiple parallel digits and an opposing digit. This would use similar 

techniques to the X-gripper but in a completely different way, and is only 

one possible direction to take the design. 

● The SDM finger  arguably worked the best in its current configuration, and 

would benefit from a control system (possibly utilizing servos to reel in the 
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cords) similarly to the other end effectors. However, it could be drastically 

improved with a change in design. Multiple cords with controllable tension 

around a central axis would increase the range of motion of the finger. This 

assembly would in theory have the same range of motion as a ball and socket 

joint, like the human wrist. Alternatively, if the design was preserved and 

more fingers were used in concert in either a hand shaped or all opposed 

configuration, it would show increased dexterity and possibly strength over 

the other tested end effectors, as the design would be as strong as the failing 

point of the materials used. In fact, a recreation of the joints in the human 

body would be possible and likely a more realistic goal with a cable based 

design than one using air pressure.  

There are many other methods by which so� robotic actuation occurs, and this 

project would benefit greatly from a more comprehensive dichotomy of types. 

Designs that deflate a balloon completely, making a vacuum around an object in 

shape of desired actuation are common in so� robotics and worth testing, as are 

dielectric materials that expand and contract when exposed to a current. Using 

similar methods to the tested ones but in a different way, pneumatic muscles use 

braided mesh material with a balloon inside. As the balloon expands outwards the 

mesh contracts in the direction along the cylindrical shape. This would require 

tests to be modified as as the end effector wouldn’t pick anything up in the same 

way but would be interesting to see.  
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There are a wealth of options to expand upon the current projects including 

introducing new designs for testing and focusing more narrowly on one tested 

design. 
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Appendices 

 

Appendix A: Detailed Materials List 

● Lulzbot Taz 5 3D Printer 

● uArm Swi� Pro Robotic Arm 

○ Claw Gripper Attachment 

○ Universal Gripper Attachment 

○ Vacuum Gripper Attachment 

● Dragon Skin 10 Fast Silicone Rubber 

○ 4 lb 

● PMC 780 Dry Silicone Rubber 

○ 3 lb 

● One Blood Pressure Cuff 

○ Used for air pump 

● Clear Vinyl Tubing, ¼” O.D. 

○ 10 � 

● Clear Vinyl Tubing, ⅜” O.D. 

○ 10 � 

● Kevlar Cord 

○ 10 � 

● One Hot Glue Gun 

● Mini Glue Sticks, 12 Pack 
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○ For Glue Gun 

● One Hand Application Glue Stick 

● One Utility Knife 

● One 1-Hole Punch 

● One Awl 

● A-Size Paper 

○ 12 sheets 

● One Pen 

● Two Cardboard Boxes 

○ Cardboard used for molding 

● Plastic Cups, 16 oz 

○ 21 Cups 

● One Roll Electrical Tape 

● One Roll Masking Tape 

● One Roll Packing Tape 

● One Pair Wire Cut/Strippers 

● Wire, 14 ga 

○ 10 � 

● Thermoplastic Elastomer Sheets 

○ 1 Sq Yd 

● One Tube Flexible Adhesive 

● Spandex Fabric 

○ 1 Sq Yd 
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● One White Undershirt 

○ Used for fabric pocket 

● One Spool Thread 

● One Sewing Needle 

● One Pair Scissors 

● One 12 mL Oral Curved Tip Syringe 

● Hanging Masses 

○ One 10 g 

○ Two 20 g 

○ One 50 g 

○ One 100 g 

○ Two 200 g 

○ One 500 g 

○ One 1000 g 

● Three Eggs 

● One Styrofoam Block 

● One Wooden Block 
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Appendix B: Detailed Fabrication Instructions 

 

Knit Textile Bending Actuator 

1.         Cut out actuator from template in Appendix G.   

2.         On stretchy spandex, trace out a 9" x 3" rectangle with the most stretchy 

orientation of the fabric in the length direction.   

3.         Trace actuator inside the rectangle   

4.         Cut out rectangle.   

5.         Place stretchy spandex rectangle on woven fabric of undershirt. Make sure that 

the template is either in the production direction (parallel to fibers) or 

perpendicular to it.   

6.         Cut around the perimeter to make two woven fabric rectangles  

7.         Two cut out rectangles  

8.         Set sewing machine to zig zag mode. Adjust the settings so that the stitch 

length is 2.0 and the pitch is 2.0   

9.         Hold the two fabric layers together and place them under the foot so the blunt 

end of the traced actuator shape is under the foot and the needle touches down 

slightly in from the perimeter. Back stitch for 2-3 stitches to lock thread in place.  

10.     Run the outline of the actuator through the machine with the zigzag stitch, 

keeping inside the actuator outline   
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11.     Stop sewing when the machine gets back to the blunt edge of the actuator 

outline. Back stitch for 2-3 stitches to lock thread in place. Keep this end open and 

remove fabric from the machine.   

12.     Cut out template provided in Appendix H and trace on cardboard. Cut out 

traced template. Note, this step can be performed on any material with enough 

thickness to be able to feel when it is pressed up against the impulse sealer.  

13.     Take piece of thermoplastic elastomer (TPE) and fold it around template.   

14.     Impulse seal the exposed edge. 

15.     A�er impulse sealing, the exposed edge should look like this.   

16.     Impulse seal both angles at the tip of the template.   

17.     A�er impulse sealing, the tip should look like this.   

18.     Remove cardboard template and cut away excess material. Cut open the tip 

such that a tube can fit in the opening.   

19.     Insert tubing into opening at the tip such that 1-2 cm of tubing is sticking out.   

20.     Apply glue to exposed tube, push tube into the TPE opening and roll the 

plastic around the tube until it is sealed on all sides. 

21.     Invert balloon. 

22.     Impulse seal the open end.   

23.     Finished balloon. 

24.     Cut out the textile pocket, making sure not to get too close to the zigzag stitch. 

25.     Place the stick over the balloon and wrap the tip of the balloon around the 

stick. Insert the balloon using the stick into the fabric pocket. Once inserted, 

remove the stick without pulling the balloon out. 
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26.     Sew the open end of the fabric pocket shut. Be careful not to puncture the 

balloon! 

27.     Inflate your newly constructed actuator! 

SDM Finger 

1. Cut out template in Appendix E. Trace onto cardboard and cut cardboard 

pieces out 

2. Using hand application glue stick, glue paper template pieces onto 

cardboard backings. Cover them in clear packing tape.  

3. Use glue gun to assemble pieces as per Appendix F Pictures. Use ¼” O.D. 

tubing for the tubing. This will form the mold. 

4. Prepare Dragon Skin silicone rubber (or similar) by mixing parts A and B as 

instructed in product directions (Appendix I for Dragon Skin). Mix 

approximately 6-8 fl oz. 

5. Pour rubber into created mold, filling up to top. 

6. Allow curing as instructed in product directions. (Note: It is advisable to add 

around 30% to the time indicated in instructions, to ensure proper drying.) 

7. Break mold away from effector, making sure not to damage effector. (Note: 

Molds are not reusable, so the same care doesn’t need to be taken for the 

mold.) 

8. Thread kevlar cord through tubing to create finished end effector! 
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X-Gripper 

1. Create and print X-gripper mold to specifications in Appendix D. 

2. Prepare Dragon Skin silicone rubber (or similar) by mixing parts A and B as 

instructed in product directions (Appendix I for Dragon Skin). Mix 

approximately 4 fl oz. 

3. Pour rubber into mold, completely filling it. 

4. Pour le�over rubber into baking sheet, making a puddle larger than the 

X-gripper mold. 

5. Agitate both pours until all air bubbles have been eliminated. 

6. Allow curing as instructed in product directions. (Note: It is advisable to add 

around 30% to the time indicated in instructions, to ensure proper drying.) 

7. Gently remove silicone rubber from mold, making sure channels have 

formed neatly.  

8. Mix a smaller amount (approximately 2 fl oz) of Dragon Skin silicone rubber 

as per product directions. 

9. Spread a very thin (around 1 mm) layer of new silicone rubber over the 

surface of the cured rubber in the baking sheet. The layer spread should be 

at least the size of the X-gripper. (Note: It is vital that this layer be thin so as 

not to obstruct the air channels.) 

10. Place the cured rubber gripper (the one pulled up from the mold) on top of 

the new thin layer of uncured silicone rubber with the channel side facing 

down.  
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11. Apply the rest of the silicone rubber around the sides of the X-gripper to 

assist in making a seal air tight. 

12. Allow rubber to cure. 

13. Remove cured rubber from baking sheet. 

14. Cut off excess rubber from puddle. 

15. Optional: Allow rubber to sit under heat lamp for two hours to acclimate it 

to manipulation.  

16. Insert pressurized air source into gripper via side between two appendages. 

It is now ready to inflate. 
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Appendix C: JavaScript Source Code for uArm Swi� Pro Testing 
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Appendix D: X-Gripper Solidworks Drawing 
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Appendix E: SDM Finger Template 
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Appendix F: SDM Finger Assembly Pictograph 
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Appendix G: Knit Textile Bending Actuator Fabric Template 
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Appendix H: Knit Textile Bending Actuator Balloon Template 
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Appendix I: Smooth-On Dragon Skin 10 Fast Information 

The attached document contains information on the silicone rubber used in the 

project, as well as its SDS data sheet. 
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