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Abstract 

 Inclusion people with disabilities into all aspect of community is a reality throughout 

the world. Recreation activities is becoming a crucial way to engage people with disabilities 

to their society. To accommodate people with disabilities, assistive technology has given 

people with disabilities the ability to enjoy recreational activities at an independent level. A 

group of students in the Arts and Fashion class from the Community Living and Support 

Services (CLASS) were observed requiring much assistance or unable to cut the fabric 

needed to complete their project using standard cutting tools. Our team designed and created 

an adaptable rotary cutter to address the question: Can an adaptable rotary cutting device help 

people with disabilities to cut fabric independently? The device created named, the Blade 

Runner, is designed to accommodate students with upper extremity limitations, a mechanical 

advantage promotes an efficient force to a rotary blade and cut fabric. The expectation of the 

Blade Runner is allow anyone with an upper extremity limitation cut fabric independently. 

Background 

 Fashion is an aspect of our everyday lives. It is one of the main ways through which 

people communicate their professionalism, subcultural, social status and political allegiances 

(Craik, 2009). Over 25 million people are employed in the fashion industry (2014). 

Nowadays, the world of fashion is much more inclusive for people with disabilities. 

Participating in fashion can benefit people with disabilities by encouraging socialization, 

increasing self-esteem, enhancing creativity, and improving their physical function.  

Community Living and Support Services (CLASS) is a non-profit organization that 

offers different services to people with disabilities.  CLASS offers the Arts and Fashion class 

which is a one-year long course. Lisa, the instructor of the class, provides simple fashion 

tasks to the students, which mainly involves working with equipment such as a sewing 

machine, button press, ironing board, as well as a choice of fabrics ranging from cotton to 

denim. The instructor prepares the workspace and allocates tasks to the students based on 

their interests and physical capabilities. However, preparing this setup for all the students can 

be time-consuming. Moreover, the class lacks any adaptive tools that can be used by the 

students independently.  

Problem Statement  

Over the course of one semester, our team made weekly visits to the Arts and Fashion 

class to conduct observations. Speaking with the instructor and students also provided 

valuable insight and opinions on how to promote independence in class. 

Based on our observations, we were able to identify and articulate five common issues 

to help describe the users’ physical limitations relating to fashion class tasks: 1) wheeled 

mobility user, 2) difficulty standing, 3) limited upper limb function, 4) limited fine motor 

control, and 5) limited hand strength. 

          The table below shows the personas that were created to represent students and 

particular issues they faced. The following elaborates on these issues with each persona: 

 

Name/physical 

impairment 

Wheeled  

Mobility 

Difficult 

Standing 

Limited 

UE function 

Limited 

fine motor 

Limited 

Hand strength 

Shawn X X X X X 

Tom    X  X 
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Krista X X X X  

Janice     X 

Andrew    X  

Table 1. User personas for the Blade Runner 

Research Question 

With the compiled observations, two research questions were developed: 

1) Can an adapted cutting device help users with disabilities cut fabric independently? 

2) Can an adapted cutting device reduce the instructor’s in-class preparation time to 

improve the students’ in-class experience? 

To address these questions, an adapted rotary cutter, named the “Blade Runner”, was 

designed and created. This device promotes independence by allowing students with upper 

extremity weakness to cut fabric without or less help from the instructor. 

Methods 

Design Criteria 

In order to address the needs of the student users, the following criteria was established:  

1) The device will allow students to cut fabric more independently 

2) The device will cut fabric with better accuracy than scissors 

3) The device will be safe to use 

4) The mechanics of the device will reduce the amount of force required to cut fabric 

compared to a standard rotary cutter.  

5) The device will be stable so stability assistance from the instructor is not required 

In addition to the student needs, needs for the instructor were also addressed:  

1) Students perform in classroom activities with increased independence 

2) Reduce preparation time for activities requiring cutting.  

Design and Development  

Prototype 1 

After establishing the user needs for both the students and instructor, our team was 

able to develop the first prototype of an adapted rotary cutter. An adapted rotary cutter was 

selected because it provided the greatest adaptability of the current 3 mechanisms for cutting 

fabric: scissors, rotary cutters, and serger machines. Serger machines require electrical 

components which add too much complexity. Scissors cannot be held by a portion of our 

users, and any fixed scissor mechanism would limit the individual cut sizes. The  first 

prototype consisted of a base and backboard made of plywood. Plywood was chosen because 

of its strength, durability, and low cost. Two holes were drilled to hold two 18” steel rods. 

18” rods allotted a 12” cut length whilst leaving room for the rods to be stabilized in the base. 

Linear ball bearings were placed on the rods to allow the user to cut in a straight line. The top 

plate connecting the two linear ball bearings held the handle and had a rod protruding the 

plate with a compression spring. The compression spring held the rod and rotary blade above 

the cutting mat while at rest. Once a downward force is applied to the handle and comes in 

contact with the rod and compression spring, the rotary blade is lowered to the cutting mat, 

applying enough pressure for cutting fabric. After assembling this first prototype, the 

assembly was presented to our professors and teaching assistant.  The following observations 

were made: 

● Rotary blade cannot freely rotate on a 360 degree axis: the rotary blade would have to 

be aligned correctly to cut in a straight path 

● Issue with applying direct downward force on rod and compression spring: pressing 

down on the handle would apply a forward force, causing the blade to swing 

backwards instead of being lowered on the cutting mat 
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● Weight distribution issue: not enough weight on the back-end of the device to 

counterbalance the front. This caused the device to slide towards the user mid-cutting. 

●   Rod protruding through top plate needs to be in a fixed position: the rod was able to 

spin freely, causing misalignment of the rotary blade 

Prototype 2 

Based on the feedback received during the report out, the prototype was redesigned 

such that the compression spring was replaced with torsion springs. Two torsion springs 

separated by spacers formed the axle around which the entire system rested. The torsion 

springs wrapped around a 3” partially threaded stud, which was fixed to a narrower top plate 

by means of two 0.75” angled brackets. These measurements were picked with the intention 

of achieving the product specifications. A larger angled bracket was attached to the top plate 

in order to balance the weight of the system and constrain the torsion springs. The rest of the 

system was made out of three pairs of steel plates cut into different sizes. The first pair of 

plates extended away from the axle to form the handle. The handle was fashioned out a piece 

of foam wrapped around a 3” partially threaded screw. The second and third pair of plates 

were used to connect the blade axle to the system. The 45mm blade was held in place using 

nylon spacers. This prototype was then presented at CLASS, where the teacher and students 

were allowed to use the device and describe their thoughts and feelings on what they liked 

and what could be improved. The following points were noted: 

Observations: 

● The system was found to move a lot on the table, and thus needed stability. 

● The plates forming the handle should be spaced wider apart for more gripping room. 

● The steel rods did not perfectly fit the holes drilled in the wooden block, and hence 

did not provide a structurally stable mechanism for the students. 

Feedback: 

● The instructor reported that it would help to have a handle to carry the system easily. 

● The students reported that they found it a lot easier to cut fabric using the system in 

comparison to just using the rotary cutter. 

The Final Design  

Adapted Rotary Cutter (“Blade Runner”) 

 The second prototype was 

modified to incorporate the necessary 

design changes gathered from the 

feedback received. The two angled 

brackets on either side of the torsion 

springs were flipped around to increase the 

width of the handle. The steel rods were 

replaced by aluminum rods to support a 

larger diameter and lower density. 

Additionally, smaller wooden blocks were 

added to the back of the system to further 

stabilize it. 
          

                                                                                        Figure 1. Final prototype for the Blade Runner 

 

Prototype Testing and Outcomes 

 In order to ascertain how well the device has met the design criteria, three test 

protocols were implemented. 

- Accuracy and Precision test 
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The first test developed measures how accurately the system can cut straight lines. 

Pieces of fabric were marked with a centreline used to indicate the ideal position of the cut. 

The results were as follows: 

 

              Equipment 

Fabric 

Bladerunner (inch) 

mean (SD) 

Rotary Cutter (inch) 

mean (SD) 

Scissors (inch) 

mean (SD) 

Satin 0.09(0.04) 0.29(0.15) 0.26(0.13) 

Denim 0.45(0.59) 0.80(0.71) 0.25(0.22) 

Table 2. The results for the Accuracy and Precision test. 

 

The mean value represents the distance the student cut away from the targeted line. Lower 

average represents higher accuracy, lower standard deviation represents higher precision. 

 

- Time and Number of Attempts test 

 The objective of this test is to measure the time it takes to set up and cut the different 

fabrics on the system and compare the same with a pair of scissors and a rotary cutter. The 

test was conducted for an average of three trials, and the results were as follows: 

 
Figure 2: Average time taken to cut Satin Figure 3: Average time taken to cut Denim 

 

Andrew was unable to use the rotary cutter or the scissors, and hence the results could not be 

obtained. Krista is a single-handed user, as a result took much longer with setting up and 

cutting, especially in the case of the rotary cutter. Additionally, for each trial, the number of 

attempts to make a successful cut was also counted. From the following line graph, it can be 

noticed Krista (representative of single handed users) take a minimum of 8 attempts to make 

a successful cut with a rotary cutter. The maximum number of attempts that it takes to make a 

successful cut with the blade runner was 3.   
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Figure 4: Number of attempts to make a successful cut 

- Force test 

The purpose of this test was to determine the amount of force required to complete 

cuts with the Blade Runner as compared with a standard rotary cutter. This was done because 

a number of students were unable to apply enough force with a rotary cutter without 

assistance. This was tested by cutting pieces of fabric over scales to measure weight (to be 

converted to force). The direct force applied by the user’s hand would be calculated through 

Newtonian mechanics calculations applied to the device that was used. Unfortunately, the 

results were unreliable due to human error, and are unfit to be displayed. The difficulty lies in 

maintaining consistent force throughout an individual cut, and must be resolved in designing 

future force tests. 

Safety 

To make the device as safe possible to use, prevention strategies and knife/blade 

safety established by BWC’s Division of Safety & Hygiene were used as a reference. The 

Blade Runner will have safety features built within the system. A blade guard will cover the 

blade while in a resting position. The rotary blade will only be exposed when pressure is 

added to the handle. The placement of the handle is away from the blade, preventing the risk 

of injury to the cutting hand.  

 Education of prevention strategies and safety should be emphasized to the instructor 

and students as well. This device is designed to only cut fabric and should not be used to cut 

other materials. While the device is in use, the cutting mat should be clear of all objects other 

than the fabric intended to cut. The non-cutting hand should also be clear from the blade 

when cutting. Students who do not demonstrate proper prevention and safety strategies 

should be supervised by the instructor or other personnel who are educated on blade/knife 

safety.   

Cost 

The cost of creating an Blade Runner is $124.87. This excludes labor, processing, 

carrying handles, a blade guard, and the miscellaneous wood screws and glue necessary for 

constructing the wooden base. The cost is composed of several components including the 

base, lever support, and cutting mechanism. The table below lists all of the parts that 

comprise each of the 3 components, including the quantities and costs of each. Among these 

costs exists a number of excess materials. As a result, the average cost of an adaptive rotary 

cutter will decrease as the quantity increases. The overall cost is significantly more expensive 

than current market options, namely fabric scissors and rotary cutters. However, these options 

are not adaptive, and are inaccessible for a majority of the students. As a result, the higher 

cost for the Blade Runner is acceptable given that the students may use it independently. 

 

Component Quantity Unit Item Unit 

Price 

Total 

Price 

Base 1 1 6061 Aluminum Rod, 16 mm Diameter, 3’ Long $11.43 $11.43 

Base 1 1 Sanded Plywood, 23/32" x 2’ x 2’ $9.87 $9.87 

Base 1 4 5/8" Off-White Rubber Leg Tips $1.85 $1.85 

Base 1 1 Cutting Mat ,Self Healing - 9" x 12" $7.97 $7.97 

Lever Support 2 1 1/2" x 36" Aluminum Flat Bar $2.68 $5.36 

Lever Support 1 1 3/4" x 36" Aluminum Angle with 1/8" Thick $6.95 $6.95 

Lever Support 2 1 A33 12 Gauge Angle - 3" x 3" x 1.5" $2.67 $5.34 
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Lever Support 1 4 16 mm Aluminum Open Linear Bearing Solid Blocks $18.99 $18.99 

Lever Support 2 1 5/16" x 1-1/4" Internal Hex Flat-Head Cap Screw $1.22 $2.44 

Lever Support 1 100 Socket Head Screws, M5 Diameter, 15 mm Length $14.72 $14.72 

Cutting Mechanism 3 1 5/16" x 2-1/2" Internal Hex Socket Cap-Head Cap Screw $1.57 $4.71 

Cutting Mechanism 1 1 5/16" - 18 x 3" Stainless Socket Head Cap Screw $1.71 $1.71 

Cutting Mechanism 1 1 5/16" x 3-1/2" Internal Hex Socket Cap-Head Cap Screw $1.87 $1.87 

Cutting Mechanism 2 5 Everbilt 5/16" Chrome Hex Nut (5-Piece/Pack) $3.37 $6.74 

Cutting Mechanism 1 100 Nylon Washer for 5/16" Screw Size, 0.34" ID, 0.74" OD $7.36 $7.36 

Cutting Mechanism 1 25 Nylon Spacer, ¾" OD, ¼" Long, 5/16" Screw Size $2.86 $2.86 

Cutting Mechanism 3 1 1.25" x 0.5" x 0.072" Torsion Spring $1.57 $4.71 

Cutting Mechanism 1 10 Rotary Cutter Blade, 45 mm $9.99 $9.99 

    Total $124.87 

Table 3. Cost of parts 

Significance 

According to our targeted users who are the wheelchair users with/without limitation 

of upper extremity function. The Blade Runner requires gross upper extremity muscle groups 

instead of small muscles in the hand. In general the gross muscles groups such as deltoid, 

biceps, and brachialis demand less coordinating function when compared to the hand 

muscles. Thus the Blade Runner allows students who have physical limitations to create 

fashion pieces more independently.  

The mechanism of linear ball bearings placed on rods provides an easy manner to 

operate the cutting system smoothly. Moreover, safety is a crucial part of the design so the 

handle was placed away from the blade could protect students from an unintentional accident 

of cutting themselves. Some students expressed that the Blade Runner is useful because it can 

enhance their independence in the classroom to cut a piece of fabric.   

Even though the Blade Runner is costly when compared to an original rotary cutter, it 

can reduce an external assistance which usually provided by the instructor. 
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