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ABSTRACT 
 

The modern AR15 semiautomatic rifle has had a unique T-shaped charging handle since 

about 1960.  This design, which is currently being used on the majority of AR15 rifles being 

produced today, has some disadvantages when it comes to quick and ease of use.  When 

installing said charging handle in an AR15, the charging handle has to be placed in its guide 

slots within the upper receiver, and only partly installed.  Then the bolt carrier needs to be 

installed, which, as a group, can move forward to full installation.  This process of 

disassembly and assembly is tedious and time consuming.  On top of this, the modern 

charging handle is made of aluminum.  Being a long, thin piece, the aluminum is susceptible 

to being bent or broken. 

 

While there have been many modifications to the charging handle, none have been developed 

for ambidextrous operation while being very easy to install and disassemble.  The 

development laid out within this report shows the designing, manufacturing, and testing of a 

side charging handled assembly for the AR15 that is easily and quickly changeable from the 

right side of the firearm to the left side. 
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INTRODUCTION AND RESEARCH 
 

PROBLEM STATEMENT 
 

Many rifle platforms, including the civilian AR15, are charged (bullet from magazine 

manually cycled into the chamber to be fired) with the right hand.  This is not efficient, due 

to the right hand having to leave the trigger, and your eyes having to leave the sights.  

Building a rifle upper receiver that can manipulate the charging handle from the left side of 

the rifle removes both of those negative movements mentioned above. 

 

Creating an upper receiver that accommodates a left-handed charging handle presents 

difficulties in heat dissipation and possibly having the handle become too hot in strenuous 

use.  Unwanted torques and stresses can be an issue with the proposed device. 

 

The upper receiver will be interchangeable among AR15 lower receivers, increasing the 

possibility for consumer demand, being that the design will be unique and attractable among 

the shooting family. 

 

 

TECHNOLOGY AND EXISTING PRODUCTS 
 

The AR 15 rifle platform is very versatile and interchangeable.  There are two major parts of 

the rifle, the upper receiver assembly and the lower receiver assembly.  There are 2 pins that 

can be pushed out and these parts separate very easily. Figure 1 is of the standard AR 15 rifle 

with no modifications.  The charging handle is located at the red circle, and must be pulled 

backwards to insert the first round into the gun. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Standard AR 15 semi-automatic rifle. 

 

Figure 2 is an AR 15 made by a company, 2 Vets Arms LLC (2VA), that currently produces 

side charging handled rifles. This company, 2VA, and their product are researched and 

described in the following pages.  The project I am proposing is similar in design to what you 

see in the rifle below, but differentiating  
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Figure 2: Standard AR 15 semi-automatic rifle with 2VA side charging handle modification. 

 

 

 

Current, standard, charging handles utilize the flat space at the very front of the bolt carrier 

for operation. 
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In the standard set-up, the charging handle remains in place as the bolt and bolt carrier cycle 

during operation.  The charging handle is held in place by grooves cut into the inside of the 

upper receiver.  The charging handle has tight tolerances from dropping downwards when the 

bolt is to the rear, because the handle cannot strike the bolt as it moves underneath the 

handle. 
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This is a CAD assembly of the bolt and bolt carrier group.  The surface being pointed to with 

the arrow is where the current charging handles pull backwards on the bolt carrier.  This is 

the general area that the final design has utilized to connect the developed charging handle to 

the bolt carrier group. 
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American Spirit Arms 

Non-reciprocating left-side charging handle. Non-ambidextrous. 

 

 

This ASA upper 

receiver has a foldable 

charging handle, nice to 

keep out of the way, but 

not as quick to get your 

hand on if you have a 

malfunction when 

seconds matter. 

$360 USD (Sept. 14) 

 

$400 USD (Apr. 15) 

 

 

http://tagabikes.com/opt

ions.asp?lang=eng 

 

Figure 3: This upper receiver has a folding handle on the left 

side that stays in place when the rifle is being used.  But the 

operator can flip the handle out and pull it backwards to cycle 

the bolt and place a new round in the chamber of the firearm. 

http://goo.gl/8TFKPA 

 

09/06/14 

http://tagabikes.com/options.asp?lang=eng
http://tagabikes.com/options.asp?lang=eng
http://goo.gl/8TFKPA
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2 Vets Arms 

Left side, reciprocating charging handle.  Handle is fixed and not 

ambidextrous. 

 

 

 

 

 

 

 

 

 

 

Figure 4: This charging handle is screwed into the bolt, so it 

moves forwards and backwards with each shot, as the bolt is 

moved to put a new round into the chamber.  This charging 

handle is not able to be moved to the right side of the firearm, 

it is only used on the left side of the firearm. 

 

 

 

 

 

 
 

 

 

This 2VA upper receiver 

has a left-handed 

charging handle that 

screws into the bolt. 

$350 USD 

 

http://goo.gl/0DL9Yw 

 

09/06/14 

http://goo.gl/0DL9Yw
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INTERVIEWS 
 

Interview with industry expert: Art Neergaard of ShootingSight, LLC.  607-600 Redna 

Terrace, Cincinnati, OH 45215    07/03/14 

 

Art is a graduate of MIT with a degree in Mechanical Engineering.  Currently splits his time 

between his job at P&G and his firearms business.  His company produces rectangular iron 

sights for improved field of view for a clearer sight picture.  ShootingSight drop in 

replacement triggers that are made with extreme precision and are better quality than the 

stock triggers that come in guns such as the IWI Tavor and AR15s. 

 

He mentioned that the design for an ambidextrous charging handle is already in place.  

Pushing me to think of the possibilities of producing an upper receiver that could eject shells 

to the left or right side with a quick adjustment to the bolt.  Possibly having ejection ports on 

both sides of the upper receiver that can be closed and opened by hand instead of the current 

way that it is opened. (1) 

 

 

 

Interview with industry expert: Scott Doughman of FIREPOWER Arms & Supply LLC.  723 

Reading Road, Mason, Ohio 45040    10/10/14 

 

Scott is the owner of the FIREPOWER store and competes and sponsors a national team in 

the 3-gun shooting competitions that are accredited by the National Shooting Sports 

Foundation.  Scott uses a firearm that currently has a side charging handle, but it does not 

operate the perfect way he wished it operated. 

 

The design Scott is wanting is a forward charging handle that operates on a guide-rod system 

within the hand guard area.  The handle would fold closed when it is released from the rear, 

possibly by inertia.  And have a little lip that his fingers could quickly grab if he needed to 

charge the handle again.  He would want this to be non-reciprocating and ambidextrous. (2) 

 

 

 

Interview with industry expert: Dean Brandly of 2 Vets Arms.  P.O. Box 1639, Eufaula, OK 

74462 

 

Dean operates a firearms manufacturing company.  The company specialize in side charging 

handle rifle platforms.  A problem that they have had, for about two years now, is creating a 

quick-detach ambidextrous charging handle for the AR15.  This is a problem that they have 

yet to be able to tackle, and the same project I am going to try to tackle.  Dean has offered to 

help me in many ways.  He has offered to look at my engineering drawings and show me 

where I will need to adjust dimensions, etc.  He also has access to all the necessary 

fabrication machinery that I will need to complete this project. 

 

The talks with Dean continued after the prototype was built and tested.  A face-to-face visit 
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occurred in April 2015 where I was able to show dean the working prototype.  The reaction I 

got was very positive.  Comments came from him like, “This is a very good design”, “This is 

the next generation s(tuff) I’ve been waiting for”.  (3) 
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Customer needs 

 

I have talked with many firearms enthusiasts and potential customers that are interested in 

having the latest and best products in the firearm industry.  I have identified a major 

requirement in order for customers to consider this a unique and different design worth 

purchasing. 

 

One requirement is that the ambidextrous system is able to quickly change.  The handle 

needs to be able to pop out of one side and insert to the other side of the rifle quickly and 

easily.  Many, if not, most of, the consumers purchasing this are not military, and would only 

be shooting at a clean range in fair weather conditions. 
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PRODUCT OBJECTIVES 
 

The following is a list of product objectives and the importance that they play in the final 

design of the product. 

 

Ease of using the charging handle    30% 

 Handle is large enough to quickly grip 

 Handle is small enough to not be in the way 

 Handle is long enough to be easy to grab, but with maybe only 1 or 2 fingers. 

 

The handle also needs to be low enough that it runs sufficiently far enough away from any 

large optics that might be placed on the top rails of the upper receiver.  Also assuring that the 

user’s hands do not come on contact with the rails if there is no optic there. 

 

Customers that compete in fast-firing competitions would require the handle to be quickly 

accessible, to clear any malfunctions.  This design already reduces time just by the 

repositioning of the handle closer to the hand that will do the manipulating. 

 

Switch between left/right handed handle rapidly  25% 

 Quick detach handle 

 Not screwed, but simply constrained in place 

 

Customers want the ability to quickly switch between left and right handed options.  This is 

not so much a need as it is a want, but the requirement is still necessary in order to make the 

product unique and desirable.  The handle needs to be sturdy enough to stay in place under 

adverse conditions, and only come out of place with a strong enough force, as to prevent 

unwanted ejections. 

 

Maintain normal function of rifle 15% 

 Reliability is not hindered 

 

The function of the rifle will not be any different than that of standard AR15 semiautomatic 

rifles.  Customers stressed the importance of having a normal functioning rifle, being able to 

add any of their optics and accessories to rails that they would be able to add to any other 

rifle. 

 

Durability     20% 

 Handle is made of durable material 

 

Customers require the upper receiver to be machined of durable aluminum.  Machined 

aluminum is a standard material in the industry. 

 

Aesthetics     10% 

 Overall look is attractive 

 

Customers need to have the ability to strip the rifle down, just like any other rifle.  This 
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allows customers the ability to perform their aftermarket modifications with paint and 

Cerakote TM applications, changing the color of the upper receiver to whatever they wish. 
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DESIGN 

ITERATIONS 
 

First Iteration 

 

Current side charging handles are attached to the side wall of the bolt carrier through a drilled 

and tapped hole.  In my first design, I began with the same idea of cutting the side of the bolt 

carrier.  The handle would insert into the side of the bolt carrier by deforming the prongs that 

are inserted into the bolt carrier.  In the second image, a section view of the handle and bolt 

carrier shows how the prongs would deform as you push the handle in and pull the handle out 

to remove it.  The rendition below shows how the handle would be placed on the left and 

right sides of the bolt carrier.  The rifle would be able to function with one, two, or no 

handles attached, but the design is geared towards the use of one charging handle inserted in 

whichever side is preferred. 
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With enough force, the handle would pop out of the side.  The amount of force would be 

adjusted with the amount of material and the force needed for a total deformation necessary 

for removal.  The ideal amount of force would be just enough for the average person to grip 

the handle and pull with 3 fingers, comfortably. 

 

 

Second Iteration 

 

In the second iteration, we moved the handle to the area that is currently used with a standard 

AR 15 charging handle.  The flat shelf in the very front of the bolt carrier, on top, is the space 

used by current charging handles. 

 



 

 18 

 
 

The gold part has a different color simply for identification in this image.  The gold piece is 

called the gas key.  The gas key is used to direct gas from the barrel backwards and into the 

bolt carrier.  There is a chamber inside the bolt carrier that acts as a piston driven system.  

The chamber fills with pressurized gas and the chamber expands, forcing the bolt carrier 

backwards.  There is enough momentum for the entire bolt carrier group to push backwards 

against the spring during operation. 

 

 
 

The above image shows how a handle would be inserted into this design. 
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As you can see from this image of the opposite side, the handle rests against a ledge on the 

gas key.  This handle cycles with the bolt carrier group and is constrained in place in all 

directions by the gas key and bolt carrier and the upper receiver.  The red handle sticks 

upwards so that when it is inserted in place, it cannot be pulled out until the upper receiver 

cutout opens up for the handle to be removed at the rear. 
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This image shows the assembly inserted into a rifle in SolidWorks.  During normal operation, 

the handle can never reach the back part of the cutout where there is space for the handle to 

be pulled out of the side.  But during disassembly, the handle reaches this location and 

simply comes out the side for disassembly and cleaning purposes. 
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This iteration does not work perfectly because there are internal cutouts in the upper receiver 

that do not constrain the handle in all areas of operation.  Furthermore, this iteration does not 

work because it removes the contact surface area for 2 of the 6 bearing surfaces between the 

bolt carrier group and the upper receiver.  It is critical to not remove these surfaces, 

especially, because the cam pin requires these surfaces to remain in line during the duration 

of the semiautomatic cycle. 

 

Third Iteration 

 

The third iteration allows for the handle to be placed in the side and have a hard stop to find 

it’s final location.  The following 4 images shows (chronologically) the order of operations 

for inserting the handle and bolt carrier in place. 
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This design is very promising, but it removes a lot of material from the rear opening.  It also 

doesn’t allow the handle to be lowered that much with respect to the top rails of the upper 

receiver.  The portion that ends up inserted inside the lower receiver can all be machined out 

of a single 9/16” Hex bar stock.  In addition to this, the hand was drilled out to remove the 

large mass from the center, thus reducing the weight and making all the moving components 

lighter. 
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DRAWINGS 
 

The following part drawings are of the 3 components comprised of this development.  The 

first part drawing depicts the slot machined into the upper receiver. 

 
 

The following image shows the modifications needed for the slot in the bolt carrier group.  

The slot is cut down 0.100”, so the dimensions shown are showing the edges of the area that 

needs to be removed. 

 
 

The final part drawing shows the dimensions needed to machine the actual charging handle.  

This handle is completely custom, and is an original part, not being modified from anything 

else. 
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LOADING CONDITIONS 
 

The loading conditions were necessary in analyzing the amount of force the charging handle 

would need to withstand.  This is important, because the cross-sectional area of the handle is 

a very small size and will be put under a large amount of stress.  Using a fish-scale and an 

AR15, I was able to repeatedly measure the pull forces on the charging handle.  The largest 

forces measured were 20lbf. 
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DESIGN ANALYSIS 
 

The cross sectional area of the charging handle has a lot to do with the strength of the handle 

and withstanding forces exerted on the handle.  The rifles produced by FN Herstal called the 

SCAR 16 and SCAR 17 utilize a charging handle that has a cross sectional area of 0.0223 sq. 

inches.  My handle will utilize a cross sectional area of 0.0288 sq. inches.  This compares 

very well to a product already on the market and one that is frequently used with soldiers and 

civilians all across the world every day. 

 

FACTORS OF SAFETY 
 

As the charging handles of the AR 15 typically do not incur a force of more than 20lbf, a 

safety factor of 1.5 was added to the design to produce a handle that can withstand the forces 
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of 30lbf.  Additionally, during the FEA testing of a handle of this sort, the forces were all 

concentrated on the surface furthest from the handle, and not in the middle of this handling 

surface, which would be average for normal use.  This additional distance added to the 

torque-arm increases the safety factor even more, increasing the torque-arm by about 25%, 

which translates into an additional 0.25 for a total safety factor of close to 1.75. 
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COMPONENT SELECTION 
 

The components selected for my prototypes are not indicative of the actual components that 

would be selected for a final product ready to be mass-produced.  The handle material was 

selected to be 12L14 Steel, for it’s high machinability properties, while it has a yield strength 

of 60,000 psi.  This yield strength is easily capable of withstanding the measured 46,346 psi 

that the handle will incur under the 1.75 safety factor.  With a safety factor of 1, the yield 

strengths can be divided down to be around 27,000 psi; so a 60,000 psi material is effectively 

working under a reasonable safety factor of 2.22 (60000/27000).  After this, you can even 

consider that the finalized handle will be made of a steel even stronger than the one used for 

the prototype. 

BILL OF MATERIALS 
 

 DPMS Upper Receiver 
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PROJECT MANAGEMENT 
 

BUDGET 
 

The Budget allows me to plan for the cost of the project and compare to the actual cost of the 

project. 

 

SCHEDULE 
 

The schedule allows me to finish the project before the tech expo at the end of the academic 

year of 2015.  The schedule can be seen in Appendix C. 

 

PLAN TO FINISH 
 

The plan is to finish the project before the tech expo in the Spring semester of 2015.  The 

product will be produced and fitted to a rifle, where testing will be conducted, in safe 

conditions at a shooting range where it is legal to discharge a firearm.  Multiple precautions 

will be taken when firing the rifle for the first time, ensuring the safety of the user and 

filming crew.  The operations will be filmed and the features will be displayed on film for 

display at the tech expo. 
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CUSTOMER FEEDBACK 
 

SURVEY ANALYSIS 
 

At the time of this write-up, late April 2015, this development is already in the Patent 

Pending process, as a firearms manufacturer is interested in the design.  Due to this, the 

surveying and customer feedback was not conducted, as the development of this product is 

kept behind closed curtains for the remainder of the development phase.  I think the fact that 

this is receiving manufacturer’s attention speaks volumes to the “Customer Feedback” 

section. 

 

PRODUCT FEATURES AND OBJECTIVES 
 

One point that is continually noted, is that a reciprocating side charging handle in and of it’s 

self is capable of being used as the Forward Assist function.  This function is lost in non-

reciprocating side charging handles, and the companies that produce non-reciprocating side 

charging handles downplay the importance of this feature. 

 

ENGINEERING CHARACTERISTICS 
 

 



 

 30 

 

REFERENCES 
1. Art Neegaard. Owner of ShootingSights LLC. [interv.] Sean Smith. Cincinnati. 07 03, 

2014. 

2. Scott Doughman. Owner of FIREPOWER Arms & Supply LLC. [interv.] Sean Smith. 

Cincinnati. 10 10, 2014. 

3. Dean Brandly. Owner of 2 Vets Arms. [interv.] Sean Smith. Cincinnati. 10 10, 2014. 

 

 

 



 

 31 

 

APPENDIX B - OBJECTIVES 
 The product objectives are the list of features that are taken into consideration throughout the 

development of the product. These customer features were cross-referenced with engineering 

characteristics and rated for a strong to weak correlation. Below each feature is the engineering 

characteristic followed by the method or objective that will be used for the prototype design.  The 

following is a list of product objectives and how they will be obtained or measured to ensure 

that the goal of the project was met. The complete Proof of Design agreement can be seen in 

Appendix D. 

 

Ease of using the charging handle    30% 

 Handle is large enough to quickly grip 

 Handle is small enough to not be in the way 

Switch between left/right handed handle rapidly  25% 

 Quick detach handle 

Maintain normal function of rifle 15% 

 Reliability is not hindered 

Durability     20% 

 Handle is made of durable material 

Aesthetics     10% 

 Overall look is attractive 
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APPENDIX C – SCHEDULE 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5:  
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APPENDIX D - BUDGET

 
BUDGET 

 

 Materials, Components, or Labor 

 

 Bolt Carrier Group ------------------------------------- 

 12L14 9/16” Hex Bar Stock for Charging Handle - 

 DPMS Upper Receiver -------------------------------- 

 CNC Machine Use ------------------------------------- 

 Finishing and Coating --------------------------------- 

 Labor ----------------------------------------------------- 

 

 Total: ----------------------------------------------------- 

  

  

 
 

 
 

Forecasted Amount  Actual Amount 

 

$200.00   $100.00 

$50.00    $10.00 

$200.00   $90.00 (x2) 

$300.00   $0.00 

$300.00   $0.00 ($300) 

$600.00   $0.00 

 

$1650.00   $290.00 ($590) 
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