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ABSTRACT 
 

The purpose of this study was to address storage insufficiencies within the firearm safe 

industry. As the sales of firearms increases, safe manufactures continue to increase the 

overall sizes of their safes to accommodate inflated numbers and increase capacities, but 

neglect to address the fault in their interior storage methods. By researching the market to 

determine average interior safe sizes, along with standard firearm sizes and weight, this study 

worked to determine the most efficient method of organizing storage, while maintaining 

capacity, accessibility, and increasing safety. The results determined that by reorienting the 

degree in which each firearm is stored, it allows the owner to take up less space with each 

firearm. Using this method along with our designed application not only increased the 

organization, safety, and accessibility, but increased the overall stored capacity by 50%.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

4 

PROBLEM DEFINITION AND RESEARCH 

PROBLEM STATEMENT 
The traditional gun safe arrangement/layout does not provide adequate accessibility, 

organization, visibility, or safety. We are setting out with the intention of creating a single 

device that a user will be able to retrofit their existing gun safe setup with that will address all 

of these problems in one mechanical solution.  

BACKGROUND 
The use of safes can be dated numerous centuries back throughout multiple cultures 

and nations. The oldest forms of safes have been found in Egyptian temples containing 

treasures of gold and jewels, as well as, the findings of vaults made of bronze in ancient 

Greece Ruins. Although this evidence has been recovered the first patented safe was invented 

in 1835 by Charles Chubb, who went on in the following years to improve his product and 

creating various designs. Charles was a British inventor and entrepreneur who owned a 

locksmith firm, and was responsible for the creation of advanced locking mechanisms. These 

including tumbler locks, which are still used today, and devices called detectors the help with 

theft protection. Soon he began incorporating fire resistive materials, such as combinations of 

iron and carbon, and thief resistant designs. Throughout this time these safes were commonly 

found in banks, businesses, and wealthy family’s homes. Theses designs remained consistent 

until the 1900’s, when the rate of safe robberies began to rise. The new models were a 

combination of increased security and larger sizes.  

 In the last 50 years, personal safes have become a hot item of development, and 

manufacturing companies have begun to develop one after the other, totaling over 30 

different major manufacturers for safes. Although each company presents a different look 

and add-on features, many utilize similar designs. A major factor that has played into the rise 

of personal gun safes has been the introduction of concealed carrying licensing within the 

United States, as well as, the ability to purchase semi-automatic weapons. By the end of 2017 

the United States Government estimates that there will be over 15 million licensed permit 

holders within our Nation, and this year’s analytics report states that there will be over 110 

million rifles, 114 million handguns, and 86 million shotguns owned by citizens. The sales 

for personal gun safes have directly reflected the increase of guns and owners throughout the 

United States. To the point that some safe manufactures have reported selling up to 500 large 

sized safes in one day.  

 The severity of the problem can be seen through a few statistics when it comes to 

safety. According to the Center for injury Research and Prevention “1.7 million children live 

with unlocked, loaded guns - 1 out of 3 homes with kids have guns.” This shows that any 

additional safety measures could potentially save lives reduce the number of accidental 

injuries. “Among children, the majority (89%) of unintentional shooting deaths occur in the 

home. Most of these deaths occur when children are playing with a loaded gun in their 

parent’s absence.” 

 The rate of sales is not the only thing to rise in the safe industry. The sizes, and holding 

capabilities have also began to increase. With the larger size comes a much higher cost, with 

some safes checking out at a staggering six thousand dollars. This is where we have found 

our issue. With companies creating larger safes capable of storing the rising number of guns 

being owned they have yet to develop and effective way for storing them. Many safes are 
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accompanied with dividers that are able to be installed, but that requires timely install, and a 

cluster when it comes to removing a gun that is located in the back of a safe. To put this 

problem into perspective gun safes capable of holding up to 62 guns are currently hitting the 

market. The thought having to remove even a third of that quantity to reach the desired gun 

in the back is baffling. Hence, we have decided to come up with a product that not only 

effectively stores the guns safely, but maintains the capacity of the safe in an organized 

accessible manner.  

RESEARCH  
 

SCOPE OF THE PROBLEM 
 At its core the problem that we are setting out to solve is to address the issue of 

traditional gun safes having a bad design, which leads to poor accessibility, organization, 

visibility, and ultimately safety. The traditional safe requires the end user, we included, to 

remove a substantial amount of firearms before we can obtain the desired gun near the rear of 

the case. The stock storage configurations of gun safes create organizational and ultimately 

safety issues. We are addresses this problem because our solution will allow for the safer 

storage of firearms, while providing the end user with a better accessibility and gun capacity 

at the same time. Safety aside, based on our interviews the want for a more accessible gun 

storage solution is widely in demand. What makes this project important is that it will allow 

people to save time, save money, and increase the safety of having a utilized gun safe inside 

a family setting.  

 

CURRENT STATE OF THE ART 
 

 Some companies have begun to develop add on devices for the safes. These include 

pistol holders that clip onto the shelves, Storage Bags that hang from the door, a multi pistol 

rack that sits on the shelf, and a swinging gun rack. Each of these have their advantages, but 

also disadvantages that we plan to build upon in our design.  The pistol holder allows the user 

to store their pistol while also locking the trigger for safety, but takes up a lot of space within 

the safe. The Bag storage system is only capable of holding small accessories and guns, but 

risks the damage of guns as they bounce off of the door while opening and closing. The 

Pistol rack that clips to the shelf stores multiple guns and keeps them out of the way, but does 

not have a way of locking the triggers or guns to keep them secured safely. The Swinging 

gun rack allows the user the ability to store weapon and easily move them out of the way to 

access the row behind them, but requires the user to drill and cut into their new safe for 

installation. This also only allows the user to access the second row and not the additional 

firearms behind that, and reduces the safes gun capacity due to taking up large amounts of 

room. All of the products listed above have improved upon certain areas of the gun safes 

issues, but with each improvement comes additional issues, and does not fully solve the 

problem. We plan to incorporate these weaknesses into our design to allow the buyers to get 

the absolute most fulfillment from an all in one product. All resorting back to efficient, 

effective storage, which maintains safety and capacity. By researching previously developed 

products and trends of the industry it has become apparent that there is a better solution that 

is able to accomplish all of these requirements for not only long guns, but for pistols as well. 
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As a result, we have developed a product that is easy to install, rotational, safe, supportive, 

sliding, and creates a well illuminated working environment. Our install will be quick and 

easy without making any critical altercations to the safe. By making it rotational it will allow 

for full 360 degrees access to every gun. Achieving safety by locking and holding each gun 

in place until unlocked and desired to be removes. Supportive by holding each gun tightly to 

no allow it to move and damage during storage or operation. The sliding will allow for 

additional access to each gun, and lighting will be to create a safer environment. Each of 

these features are intended to allowing the customer to get the most out of their safe, which 

they expect to protect their belongings and have spent a lot of money on.   

 

END USER 
 

 Ultimately the end user that will be looking for our solution will be a gun safe owner 

themselves. The user has the ability to own a number of different types of gun safes ranging 

from single open unit to shelved/slotted safes. The end user will be a consumer who has the 

need to either increase the safety of their safes or obtain easier access to their guns. Starting 

with safety, the end user will be in need of a mechanism that allows for the guns to be 

restrained in a more secure fashion than was already provided with the case from factory. 

This can commonly be a problem with gun owners who have children and want to add a level 

of complexity to their safety tie-ins. The end user might also run into the issue of having an 

insufficient amount of lighting within their case. This can lead to accidental miss handling of 

firearms. Our gun safe retrofit will alleviate and or eliminate both of these end user safety 

requirements. Moving on to accessibility, the typical end sure will most likely be someone 

who does not have a solution to obtaining a single gun from the case without having to 

remove and handle multiple other guns at the same time. The end user will want to be 

handling their guns the least amount of times possible. This is because of the oil residue left 

on them after being handled by human hands. This also is a time saving trait our end user 

will greatly appreciate because as with most all products, user like to save on the time 

required to do a task. The end user will also be requiring a mechanism that does not take 

away from their available cubic feet inside their case. The end user will want our mechanism 

to not only keep the same amount of guns prior to the devices insertion, but allow for easy 

access at the same time. A big user requirement is build quality, fit, and finish. The end user 

will be looking for a solution that is built with a high level of quality as to match their gun 

safes. Alongside the sturdy construction the end user will want the appearance to be of the 

upmost standards and be aesthetically appealing.  

 

 This problem was not one that was created as to have a problem to solve. This can be 

seen by the large number of inferior gun safe accessories that already exist in the market 

place to a smaller problem that is a part of our own solution. People have been seeking 

solutions for accessibility, safety, flexibly mounting solutions, and lighting for a very long 

time, as our above research has demonstrated. We are however finally providing a solution to 
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solve all of these problems and so much more efficiently in one mechanism. 

 

 Our design had been narrowed and focused based on this research and by the 

requirements we have found from our end users.  

 

 

 

 

 

CONCLUSIONS AND SUMMARY OF RESEARCH 
 

 A common reoccurring theme was one of the need for improved accessibility. The end 

users want a safer solution as well as the existing solution not providing that functionality. 

The thing that stood out the most was that there are a lot of solutions out in the market today, 

but each only solves a single problem. This ties into our solution in that our final 

product/solution will have the flexibility to incorporate all of these solutions into a single 

mechanism. The specific features that we that were brought to our attention from our 

research are listed as follows: Accessibility, organization, and flexible mounting solutions. It 

was determined that our gun safe retrofit would have to have multiple safety constraints put 

in place to help the end users who have kids and or are unhappy with their current safety 

solution. Lighting was the next big thing that came up in our research. Most gun safe users 

who purchase safe do so in well-lit show floor or online through pictures. This creates the 

problem of not enough lighting when they place the safe in an area with low lighting. There 

are a lot of forums with users complaining about how they have difficulties reaching a gun 

near the back of a safe without having to handle their other guns. This is not only an 

inconvenience, but the handling of guns more frequently cause quicker wear. Our solution 

has an easy mounting solution that does not require the screwing into or modification of the 

end users existing gun safe. This is important because our research showed that end users do 

not want to have to do any major modifications to their potentially new safes. We concluded 

that since companies are able to sell all of these products in separate configurations, then this 

would mean that our solution would save end users time, money, and the ability to maintain 

all of their existing safe space.  

 

 

 

CUSTOMER FEATURES 
Interview Approach: 

Being that we had a clear idea of the problem we wanted to solve, a formal survey was not 

created. Instead we verbally reached out to all of the friends, family, and coworkers who own 

gun safes, of which there was a huge number. We would ask and record their answers to 

questions such as what they felt could be improved with their existing safe. Other questions 

included whether or not they were satisfied with their accessibility, organization, visibility, 
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and safety. We then described our potential product and asked what they would like to see it 

perform in the end concept form. We concluded our conversations by asking whether or not 

they would purchase our product if it was on the market and about how much they would pay 

for it. 

 

Weighted importance: 

 

Our comprehensive HOQ can be viewed further down within this document, but below is a 

list of the most highly weighted customer features. They are based on our interviews. 

1.) Holds gun Securely (0.20) 

2.) Allows access to each gun (0.20) 

3.) Easily Slides (0.15) 

4.) Easy to install (0.10) 

5.) Maintains/Exceeds original safe Capacity (0.10) 

 

 

 

 

PRODUCT OBJECTIVES 
 Provide an intuitive solution that will allow for easy access to each and every 

gun at the same time. 

 Come up with a design that helps the end user to keep and or restore 

organization to their gun safe. 

 Provide a design that allows for the viewing all firearms at once. 

 Incorporate multiple safety features on top of the ones provided with the 

traditional safe to ensure there are no accidental discharges during insertion or 

removal. 

 Utilize a vertical mounting configuration to provide even more storage 

capacity than previously available in the stock case. 

 Create a product that is competitively priced with the existing inferior 

products. 

 Create a product that is rigid, long lasting, and has a nice aesthetic to match 

the end users fine collection.  
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QUALITY FUNCTION DEPLOYMENT 
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DESIGN 
 

 

 

Design Alternatives and selection: 
 

 

Design Alternative Number 1: 

- Shown below in figure A1 is the initial Idea thought up. It would consist of a rotating 

circular gun stand that would allow the user to easily rotate and select a rifle. The 

problem that was determined with this design is that since our end product is designed 

to fit in existing rectangular safes, the corner space of the safe would not be 

adequately utilized. Ultimately that is why this below design was passed on.  

 

 
 

     FIGURE A1 
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Design Alternative Number 2: 

- Shown below in figure A2was the second design thought of during the initial design 

process. It consisted of three gun racks that were mounted to a linear rail system. The 

center rack would exclusively slide in a single center out direction, while the two 

outer most racks would have the ability to swing to and open position. The logic 

behind this was that the swinging outside doors would allow for access to each and 

every gun simultaneously. The design was not selected as it was determined to be 

overly complex and would not fit within the ideal gun safe size requirements our 

research configured.  

 

 

 
 

 FIGURE A2 
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Design Alternative Number 3: 

- Our third design shown below in figure A3 revision included a dual rack system that 

would only incorporate the two outer racks. These two outer rack would rotate to the 

side apart from each other to allow for easy access to each firearm. It would also have 

been possible to simply pull both racks out in the forward direction retrieve a gun on 

the outside of either rack. The problem that was determined was that the user might 

have any sort of items located next to their safe that would interfere with this 

configuration. This design would have ultimately made the safe form factor wider 

that originally desired.  

 

 
 

 FIGURE A3 
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Design Alternative Number 4: 

- The last design alternative, shown below in figure A4, was the closest to our final 

design. This design incorporated a single sliding rack that holds guns on either side. 

Each gun would have its butt placed on the bottom of the rack and the barrel at the 

top. This would mean that the gun would be stored at a 45 degree angle. This was 

determined to be a problem because it was a poor use of space. When a rifle stored at 

a 45 degree angle it reduces the amount of guns that are capable of stored within the 

allotted space.  

 

 
 

 FIGURE A4 
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Our Solution: 
 Our solution can be seen in the figure to the right. It 

incorporates two sliding racks and a pressure based 

mounting solution. Our design allows for the safe storage 

and access of 16 long rifles. The unit is assembled into two 

main components, the racks and the base mounting unit. 

The end user will place the mounting box onto the floor of 

their safe. They will then rotate the hex nut attached to the 

main ball screw mechanism. This will in turn move the 

pressure plate up against the rear of the safe and the two 

from rubber feet into the front flange. This pressure along 

with the box material weight acting as a counterweight itself 

allows for the safe sliding out of one or both racks 

simultaneously. 

 The racks are designed to hold 16 long rifles, of all 

styles and lengths. It is able to do this by utilizing 16 

opposing slots, eight on each rack. The bottom slots are 

slightly wider than the upper slots to accommodate for the 

extra width of rifles butt-stocks. The top and bottom of the 

racks are made from a black Delrin material. This is to 

ensure that no damage is done to the barrel or stock of the 

rifles during insertion or removal. The front and rear of the 

racks are made from aluminum to aid in weight reduction 

and ensure a secure mounting for the collapsible handles. The handles on the front of the 

racks are to aid in the sliding of the racks when loaded and reduce the overall depth of our 

mechanism. There are 0.25” x 0.25” Delrin retention brackets on top of the upper Delrin 

piece. These pieces can articulate up to 120 degrees to allow for the removal and insertion of 

rifles. Each individual retention bracket has an in-laid set screw that get magnetically 

connected to an in-laid magnetic in the upper Delrin piece. This ensures no rifle falls out of 

its slot during the handling of other rifles near it on the same rack.  

 

KEY FEATURES & HIGHLIGHTS 
- Mechanism utilizes a ball screw fed pressure plate mounting solution. This means the 

end user does not have to modify their existing safe in any manor due to the existing 

front flange utilization 

- Utilizes two sturdy racks to hold/secure eight rifles each 

- Single rack can be removed or both simultaneously.  

- Utilizes Delrin retention latches with set screws contacting in-laid magnets on the 

rack to secure guns 
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- Racks have ability to slide out, using aluminum telescopic slides,  to ensure access 

and visibility of all guns in safe 

- Easy installation / soft closing 

- Universally sized for most standard safe sizes. 

- Rubber front feet to protect safe and provide adjustable front rack face positioning. 

- Fold flat handles to aid in minimizing form factor and ease the pulling out of racks. 

 

 

Mounting solution 
How it Works: 

The mounting box, shown to the right, is made 

up of five steel panels welded together. The top 

lid is also constructed of steel, but is attached 

through the use of four M6 bolts. Inside the box 

is a 1204 ball screw mechanism fitted with a 

1204 ball screw nut. Attached to the ball screw 

nut is a steel center plate. Attached to this 

center plate is two half inch steel rods that run 

through flanged press fit bushing to attach to a 

rear pressure plate. There are two adjustable 

length rubber feet at the front of the mounting 

box. The user will rotate the ball screw through 

the use of a welded hex nut on the front of the 

ball screw. This rotating action will cause the 

center plate to push the rear pressure plate into 

the rear of the gun safe. The front two rubber 

feet will then contact the front flange of the safe 

and create opposing pressure within the 

assembly. Once adequate pressure is being 

applied the user will utilize a 6mm set screw 

inside the ball screw nut to keep the nut from 

experiencing any backlash. Between this and the 

weight of the box unit itself, the two racks can 

be slide out one at a time or both simultaneously. 

 

Mounting Box components & Materials: 
 

- 50A durometer rubber feet allow for 

maximized grip in safe while ensuring 

no damage is done to safe interior (Feet 

can withstand 390 lbs static load each) 
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- Steel 1018 used for box and rack mounting 

brackets due to low cost, ease of fabrication, 

and high availability.  

- Weight of Box also acts as a counterweight, 

reducing the work needed to be done by the 

pressure plate mechanism 

 

 

 

 

- 1204 ball screw used for high axial strength capabilities.  

 

- Recirculating ball screw nut for smooth travel along ball 

screw rod and high load capacity. 

 

- - BK10 & BF10 end bearing supports for high load 

capacity and low cost. (2.78kN or 625Lbf static load 

rating on bearings) 

 

 

 

 

- Center Plate, Pressure plate, and 

Connecting rod made from 1018 

steel. 
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Storage Solution 

 
How it Works: 

The storage racks, shown to the right, are each made up of four 

major components, the top, bottom, front, and back. These four 

components are constructed together to assemble each individual 

rack. Once assembled additional parts such as the handle, Delrin slot 

locks, and magnets are added. The top and bottom of each rack is 

made up of Delrin plastic which has been CNC’d to a not only have 

the needed gun and locking slots, but to have slotted pockets at the 

edges. These pockets allow the front and back to be inserted and 

gives the assembly increased strength and integrity. The top and 

bottom are assembled to the sides to utilizing 12 total, 1/4-20 flat 

head fasteners (6 per top and 6 per bottom). Each rack is equipped 

with a retractable handle which allows the user to easily extend and 

close the racks from the safe. Finally, the top piece of the rack is 

equipped with 8 rare earth magnets which are press fit into the 

machined holes, along with an individual Delrin locking piece which 

rotated about a press pin. Each lock includes a recessed steel set screw, 

which was designed to catch the magnet when each latch is closed to 

allow for more secure storage of each firearm. Our assembly was 

designed to hold two of these racks which were attached to the slides 

using t-brackets that bolt into the bottom piece of the rack. Once fully 

assembled and equipped into the safe the user will be able to use the 

handle to pull the rack from the safe. Now that the rack is fully 

extended they are then able to flip up each desired Delrin latch and 

insert a firearm into each slot. After the gun is stored the user can 

return the latch to its closed position, ensuring that the firearm cannot 

fall out of the slot. The user is then able to return the rack to the closed 

position by using the handle and applying light inward pressure 

towards the safe.  

 

 

 

Storage Racks Components & Materials: 
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- Machined Delrin Plastic Top, which 

includes 8 slots sized to fit all stand 

firearms on the market. Each slot contains 

a delrin lock and rare earth magent for 

increased safety.  

 

 

 

 

 

 

- .25” x .25” Delrin plastic latches. Each latch 

contains a steel set screw which will be 

magnetized to the rare earth magnet that is pressed 

into the top. Each latch is held in and rotates 

around and 1/8” stainless steel press pin.  

 

 

 

 

 

 

 

- Machined Delrin Plastic bottom, which includes 8 

slots machined to the standard sizing for all firearm 

butt-stocks on the current market.  This piece also 

included the pockets for the sides to secure in to 

and the countersunk holes for the bottom to fasten 

to the mounting t-brackets.  

 

 

 

- 60601 Aluminum Sides to reduce weight while 

maintining the structural integrity of the racks. Each 

pieces was surfaced, and then the ends were drilled 

and tapped for the assembly fasteners as well as the 

handles.  
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- The front of each rack was assembled with a zinc-

plated steel, spring loaded pull handle. This allowed 

for easy manuverying of the racks in and out of the 

safe, and folded away to save space.  

 

 

 

 

 

 

 

Fabrication: 
Fabrication was setup and executed at a 

local machine CNC machine shop. The 

materials were purchased direct from a 

steel and plastics supplier. The shop was 

able to provide a single 3 axis CNC 

machine, horizontal lathe, manual drill 

presses, and a welding station. THe main 

CNC used was the Okuma Genos M560-V 

vertical machining center ( 3 axis, 30HP, 

15,000 rpm, 150 ft-lb torque). This CNC 

machine was used to machine the black 

Delrin top and bottom rack pieces, 

aluminum front and rear rack pieces, and 

all mounting box panels. The machine was 

fit with two CNC vices and custom 

fabricated fixtures that were used to hold 

the pieces in place during operations. 

Welding was performed on the slide mounting brackets on top of the upper mounting plate. 

The pressure plate to connect them to the center plate rods. Welding was also used to hold 

the upper plate l brackets to the interior of the mounting box.  
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CNC G-Code Program: 

At the local CNC shop a program called 

Fusion was utilized. This program was 

able to take a 3D (.STEP) file and auto 

recognize the features and contours. This 

would allow it to determine the tooling 

paths and times for each part 

automatically. Fusion would then create 

and write all of the G-code to a file that 

was directly upload able to the CNC. 

Fusion was utilized for the derlin pieces 

and any tapped hole patterns throughout 

the assembly. 

 

 

 

Slide Orientation and Fabrication 

(Initial): 
 

The initial slide design was created with the two 

slides mounted close together on the bottom of the 

double t bracket shown to the right. This design was 

originally chosen because it allowed for only a 

single welded tab to come off of the top mounting 

plate, thus reducing materials and weight.  

Problem with Design: 

During testing it was discovered that with the slides 

mounted so close to the center, the rack had 

excessive swaying back and forth. This was caused 

by the edges of the double t brackets not have 

supports directly underneath them. 
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Slide Orientation and Fabrication (Re-

design Post Testing): 
Redesign: 

The slide mounting orientation was then updated to 

reflect the picture shown to the right. The new 

orientation moved each of the linear rails to the edges 

of the double t brackets. This allowed for the most of 

the weight to be held by the upper double t bracket 

support. The force closest to the edges were now 

supported directly above the bearing center channels. 

This meant that the rack now had four to five times 

less swaying movement than with the initial slide 

configuration discussed on the previous page.  

 

 

 

Painting & Finish of Materials: 

The aluminum rack pieces were first sanded by 

hand with a high grit sand paper. They were then 

cleaned with a degreaser to remove any surface dust 

and contaminations that would hinder the paint from 

sticking. A paint and primer two-in-one was used to 

ensure no moisture would reach the material 

surface. All steel pieces were also painted in this 

same paint and primer. 

The mock safe used to display the mechanism at the 

Cincinnati Tech Expo was constructed out of 2x4 

wood and wood screws.  

 

Example Drawings that were provided to the shop for CNC machining: 
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Testing and Results: 
Testing was performed by mimicking the expected weight in magnitude and distribution by 

placing appropriately weighted metal cylinders onto the rack to see how it reacted and or 

deflected side to side 

- Three test were performed, pictures can be seen throughout the poster board. 

Test #1: Two 40 lbs cylinders were placed onto the front and rear of the Delrin rack base 

plate. No measureable deflection occurred.  

Test #2: Two 40 lbs cylinders were placed onto the front and rear of the Delrin rack top plate. 

The result of this test was a 1 degree deflection off vertical center. 

Test #3: One 40 lbs cylinder was place on top of each of the racks whilst they were in the 

extended position. The mounting box showed no signs of measureable movement or 

deflection other than the 1 degree vertical deflection seen in the rack. 
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Results: 
 

Post applying our simulated stress test to our mechanism, 

a full examination was performed to determine if any 

deformation and or deflection had occurred as a result of 

the testing. Prior to the entire mechanism being tore down 

for examination, angular deflection was tested. The results 

can be seen to the right. The rack angles measured to be 

perfectly horizontal and vertical post our stress testing. 

This meant that the rails and support bracketry were able 

to hold the stress weight without issue. 

 

Post testing the mechanism, the mounting box was 

disassembled to check for signs of deformation and or 

cracking. The ball screw itself showed no visible 

signs of torsional or radial deflection. The metal rod 

connecting the center plate to the pressure plate also 

showed no deflection. The rubber feet didn’t have any 

signs of cracking or deformation.  
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Things to change in retrospect: 

 Material / Weight Reduction: 

- After reviewing the final design and getting to examine it during testing we 

determined that weight reduction would help with the mechanisms performance. We 

determined that milling large slots of material out of the aluminum rack panels. This 

would reduce the torsional forces seen at the based where it connects to the racks. A 

reduction in weight on the racks would also allow for less force needed to pull a rack 

out. Another benefit of the rack weight reduction would be a higher retention in the 

max weight each pair of slides can hold post factoring in the weight of a rack.  

 

Manufacturing of Delrin Pieces: 
- The CNC manufactured delrin pieces proved to be very difficult to machine. During 

the operation a custom fixture had to be placed onto the work table to stop the 

workpiece from chattering. In order to make these delrin pieces more easily 

manufacturable on a high production scale, we plan to have them produced through 

the process of injection molding. This process has a high initial tooling cost, but a 

very low cost per production batch post these initial cost.  

Provide more Expandability Options: 
- Though our current design allows for fitment into nearly all current production safe 

sizes, we would like to reach all markets. This would involve the implementation of 

an expandable width option in conjunction with the existing depth adjustability. 

Expandable width would not only allow us to be able to fit more safe but provide the 

possibility of adding another rack to an existing assembly could now be achieved to 

provide even more safe and accessible storage.  
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BOM FOR BASE STRUCTURE: 
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BOM FOR RACK STRUCTURE: 
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BOM FOR TOP PLATE STRUCTURE: 
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LOADING CALCULATIONS: 
 
SHEAR CALCULATIONS ON BOLTS HOLDING UP RACK SUPPORT T-BRACKET 

 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑛 𝑅𝑎𝑐𝑘 = 8(𝐺𝑢𝑛𝑠) ∗ 44.4𝑁𝑒𝑤𝑡𝑜𝑛𝑠(𝑝𝑒𝑟) ∗ 2(𝑆𝐹) 

    𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑛 𝑆𝑖𝑛𝑔𝑙𝑒 𝑅𝑎𝑐𝑘 = 711.7𝑁𝑒𝑤𝑡𝑜𝑛𝑠 
    Two T-Brackets Per Rack = 355.8 Newton’s per 

𝐴𝑠 =
𝜋 ∗ 𝐷2

4
 

𝐴𝑠 =
𝜋 ∗ 5.52

4
= 23.76 𝑚𝑚2 

𝜏 =
𝐹

𝐴𝑠
 

𝜏 =
355.8𝑁

47.51𝑚𝑚2
= 7.47 𝑀𝑃𝑎 

𝑆𝐹 =
207𝑀𝑝𝑎

7.47𝑀𝑝𝑎
= 27.7 (𝑝𝑒𝑟 𝑇 − 𝐵𝑟𝑎𝑐𝑘𝑒𝑡) 

 

Major Loading Conditions 
 Each rack is capable of holding a vertical load of securely holding 396 lbs. Based on 

research the highest load anticipated on a single rack is 80 lbs. When this is multiplied by our 

determined safety factor of 2, each rack is rated to hold at least 160 lbs per. 

 The above calculations are for the two bolts holding the T-bracket to the linear rail. They 

are shear calculations demonstrating that the bolts our design team purchased would not 

shear under max load.  

 
 
SHEAR CALCULATIONS FOR FOUR BOLTS BASE PLATE LOADS: 

 
 

𝐴𝑠 =
𝜋 ∗ 𝐷2

4
 

𝐴𝑠 =
𝜋 ∗ 5.52

4
= 23.76 𝑚𝑚2 

𝜏 =
𝐹

𝐴𝑠
 

𝜏 =
355.8𝑁

95.04𝑚𝑚2
= 3.74 𝑀𝑃𝑎 

𝑆𝐹 =
207𝑀𝑝𝑎

3.74 𝑀𝑝𝑎
= 55.34 (𝑝𝑒𝑟 𝑇 − 𝐵𝑟𝑎𝑐𝑘𝑒𝑡) 

 
The above calculations show that when the base is subjected to a full rack load that the bolts 

holding the top plate on will not shear. The safety is high because we knew that this assembly 

needed to be very strong to at assume the worst case scenario. 
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LINEAR RAIL CALCULATIONS EXPLAINATION: 
 
The linear rail that we selected has a load capacity of 396 lbs in the vertical direction. The 

highest load expected to be seen on the rack is 80lbs. With a safety factor of 2, this translates 

160lbs max expected loads. This means that the calculation for whether of not the rail can 

hold the load not necessary.  
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FEA ANALYSIS 
 

 
- The above photo shows the base structure displacement in 

inches. The load represented is that of having a safety factor of 
two as specified earlier in this document. 
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- The above image shows the von mises stress for the Base 
mounting unit as with a load representing a safety factor of two. 
 

 
 
 
 
 
 

 
 
 
 
 
 

- The above image shows the displacement of the center plate. This 
deformation is critical to the design holding its capacity when 
under full load. The loads are represented at each of the two outer 
most holes as force loads. The center is fixed as it will be in the 
final design. The center hole will be mounted to the flanged lead 
screw nut. 
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- The above image represents the stresses seen on the center plate 

under the same constraints as the displacement configuration 
shown above. 
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- The above image shows the stresses that will be seen on the rear 

legs of the base mounting structure. The leg shows a safety factor 
of nearly three times what is needed.  

 
 
 

 
 

- The above picture shows the expected load with safety factor on 
the bottom delrin pieces. This piece would come into contact with 
the buttstocks of the long rifles.  
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Component Selection: 
 
Linear Rails: These aluminum linear rails were selected for their lightweight constructed, yet 

high holding capacity. One rail is utilized for Rack as their 180kg load capacity meant that 

each was more than capable of handling the expected load including safety Factor. The rails 

have a installation length of 400mm and have an extension length of 435mm. This allows for 

our rack to being fully retracted from the safe with our fixed front length. 

 

Safe used to test product: We decided upon using one of our own personal safes to test our 

design. This is because after our research was completed we determined that our personal 

safe was within the standard range of safes that we can expect to see our design implemented 

into. 

 

Mock safe: This safe will be constructed out of plywood to serve as a display stand for the 

tech expo. Although the actual strength testing will be performed inside an actual Redwing 

safe, this will allow for a sizing visual at the show. 

 

Threaded Lead Screw Rod & Nut: We decided upon a half inch threaded lead screw for the 

FEA and hand calculations showed that this would hold up under the safety factor load. This 

design also allows for the extension and retraction of the rear feet. The rear feet are 

responsible for holding the base mounting system for the safe in place. 

 

Rubber Feet: These rubber feet were chosen due to their strong construction and high load 

capacity. The stud material and metal interior force plate are made out of steel. This provides 

the 50A durometer rubber feet with a high load rating of 390 Lbs. This exceeds the strength 

requirement calculated by a safety factor of 3.3. 

 
Collapsible Handle: 

 During the design process, we felt that the ability of the user to easily maneuver the 

racks in and out of the safe was a necessity for desirable operation. We also wanted to make 

sure that this handle was capable of withstanding the force that a grown human would be 

placing on it, while also not taking up a lot of unneeded space. While researching methods of 

accomplishing this we came upon our handle which is a spring loaded zinc-plated steel pull 

handle. We choose this product because not only does it well exceed the forces we expect it 

to be exposed to, but also due to its’ spring loaded design. This allows the handle to fold 

itself back into its storage position when not being used.  

 

Locking Latches: 

 One of the elements we wanted to accomplish with our design is to increase the safety of 

storing the weapons. To accomplish this we incorporated a locking system that is made up of 

a latch pivoting on a metal rod. These latches secure themselves in the storage position by 

incorporation a magnetic disk that is implanted in latches raceway. This will allow the user to 

flip the latch down when their guns are in place and feel confident that they are adding 

another layer of security to their gun storage. To ensure no risk of damage is done to the 

barrels we plan to coat them in a rubberized finish that will keep from scratching the gun 
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barrels. 

 

Rack Component Material: 

 Being as the rack was one of the largest component on the overall design we wanted 

to ensure we were still being conscious of the weight of our device. We ran through some of 

the load numbers and FEA tests using different materials selections and determined that 

using delrin plastic would be our best option for maintaining structural integrity and reducing 

the weight as much as possible. By utilizing this material instead of the original determined 

metal we were able to reduce the weight of the racks by over 60%, while also reducing the 

overall cost. 
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PROJECT MANAGEMENT 
 

BUDGET, PROPOSED 
  

Item Cost 

Raw materials (Metal) $300.00 

Bearings & Fittings $100.00 

Miscellaneous Assembly Pieces $75.00 

Labor Cost $2500.00 

Machining Cost $5000.00 

Material Treatment Cost $200.00 

Shipping $100.00 

Display (Safe) Zero Using Own Safe 

Miscellaneous Expenses $1000.00 

Total Cost: $9275.00 
 

BUDGET, ACTUAL 

 

 
The table above is a general breakout of the final budget that was used during the 

procurement and fabrication phase of this project. All material was purchased through 

material venders local to Cincinnati. The fasteners and hardware were procured variously 

throughout the internet as the best prices were found to keep cost as low as possible. As you 

can see from the above table the greatest cost for the project was the amount of machining 

time it took to create this one-off prototype. Although in the end this amount and work was 

donated to us for free we were still able to have it priced to include in the budget for 

reference. Overall this budget seems higher than we would prefer if we were to manufacture 

and try to sell, but we are confident that we have generated methods of reducing the overall 

cost per unit if alterations were made. These suggestions can be referenced in the “Things to 

Change” section to follow. 
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SCHEDULE, PROPOSED  
 

Proposed Schedule: 
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SCHEDULE, ACTUAL 

 

 

 
The original schedule was built with the end date estimated to be 4/28. As further details of 

presentations were released, the project was to be presented on 4/5. This resulted in a more 

aggressive approach at fabricating and assembling the product to allow for adequate time to 

test and improve any issues that arose. In the end this decision payed off and allowed the 

project to be properly tested, design altercations to occur, and finalized assembly prior to 

presenting the project on 4/5. 
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APPENDIX A  
 

Purchase Part Drawings: 
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Fabricated Part Drawings: 
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