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Introduction: 

Satellites are typically in a folded/stowed away state until they are in their final position, usually 

orbit, and then they unfold to become operational. The mechanism that allows this operation is 

called a hold-down release mechanism, or HDRM. These devices need to be relatively small, 

hold a desired load, and then release the load upon receiving a command. These must be 

extremely reliable and non-destructive to the satellite, as if the mechanism fails, the entire 

satellite is likely to be non-functional and cannot be recovered. General Atomics – 

Electromagnetic Systems (GA-EMS) offers small scale satellites called CubeSats, ranging in 

size from a loaf of bread to a refrigerator. They typically source their HDRM’s from other 

companies that have a reliable history of manufacturing these devices. Most HDRM’s are single 

use, which eliminates the possibility to perform multiple tests on a single device, eliminating the 

ability to test for manufacturer defects. GA-EMS has tasked the team at Northern Arizona 

University to begin a design process for their own HDRM. The goal of this project is to 

eventually have a device that is as advanced as current, state-of-the-art designs, that GA-EMS 

can manufacture themselves. Additionally, they need their HDRM to be resettable for multiple 

uses, to allow each individual device to be tested multiple times for reliability before attaching it 

to a satellite. This has many benefits for both GA-EMS and the industry.   

One main outcome of this project will be GA-EMS saving money on their products. By vertically 

integrating these satellite components, they will be able to both save money by manufacturing 

their own product and be allowed to modify it with greater ease to fit their purposes more 

adequately. Another outcome of this project is potential improvements and advancements in 

current HDRM technology. As the industry moves away from pyrotechnic (combustible) designs, 

most HDRM’s are still single-use and cannot be reset. By beginning development for a 

completely resettable HDRM design, it may open or widen a pathway towards safer, more cost-

effective resettable HDRM’s or lead the industry into an innovation for these mechanisms.  

Additional beneficiaries of this project include the clients of GA-EMS satellites. If GA-EMS can 

provide a mechanism that guarantees greater success of their products, they would receive 

more business. This would also potentially drive down the costs of the product due to the 

increase in reliability and decrease in component costs.  

 This memo holds the analytical analysis for the pin that runs along the center of the 

design. The analysis will consist of the yield strength of the aluminum pin, the free body diagram 

and analysis of forces pertaining to the pin, fracture mechanics, and the friction factor for the 

aluminum against aluminum.  

 

 

 

 

 

 

 



 

 

Below, the analysis and free body diagram can be seen. The free body diagram shows where 

each force occurs on the device before and during actuation and then demonstrates only the 

forces being analyzed on the pin itself. The forces on the device were calculated in order to be 

able to further determine the rest of the analysis. First, forces like the normal force, weight, 

spring force, and force on the ball locks were calculated. Then, the friction factor analysis was 

done in order to understand what force the spring would have to be pushing against in order to 

slide the pin out and to help determine how much wear the pin and cylinder will undergo during 

testing. After calculating friction of aluminum rubbing against itself, its yield strength was found. 

This was done by defining the stress factor and the safety factor. The last calculation found the 

point at which the aluminum plate would fracture after being pushed into the second position by 

the spring after actuation. The was also an important calculation to help determine if the pin’s 

base would be strong enough to withstand numerous tests.  

 

Free Body Diagram: 

 

 

 



 

 

Variables and Equations: 

 

 Friction Factor of Aluminum against Aluminum 

𝑤 𝑠𝑞 𝑖𝑛 = 𝑤𝑒𝑖𝑔ℎ𝑡 𝑝𝑒𝑟 𝑠𝑞𝑢𝑎𝑟𝑒 𝑖𝑛𝑐ℎ =  0.06 𝑙𝑏𝑠 

𝐴𝑐 = 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟 = 𝜋 𝑥 (0.1 𝑖𝑛2)2 𝑥 0.5 𝑖𝑛 =  0.0157 𝑖𝑛2 

𝐴𝑝 = 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑝𝑙𝑎𝑡𝑒 = 1 𝑖𝑛 𝑥 2 𝑖𝑛 = 2 𝑖𝑛2 

𝜇 =  𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 = 0.3 

𝑥 = 𝑠𝑝𝑟𝑖𝑛𝑔 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 0.25 𝑖𝑛 

𝐹𝑠 = 𝑓𝑜𝑟𝑐𝑒 𝑜𝑓 𝑠𝑝𝑟𝑖𝑛𝑔 = −𝑘(𝑥) = (−0.2)(0.25 𝑖𝑛) =  −0.05 𝑁   

𝐹𝑏 = 𝑓𝑜𝑟𝑐𝑒 𝑜𝑓 𝑏𝑎𝑙𝑙 𝑙𝑜𝑐𝑘𝑠 =
𝐹𝑠 + 𝑤

2
=

−0.05 +  0.121

2
= 0.0355 𝑁   

𝑤 = 𝑤𝑒𝑖𝑔ℎ𝑡 = (𝐴𝑐 + 𝐴𝑝)(𝑤 𝑠𝑞 𝑖𝑛) = (0.0157 + 2)(0.06) = 0.121 𝑙𝑏 

𝐹𝑁 = 𝑛𝑜𝑟𝑚𝑎𝑙 𝑓𝑜𝑟𝑐𝑒 =  𝑤 + 𝐹𝑠 −  𝐹𝑏 = (0.121) + (−0.05) −  (0.0355) =  0.0355 𝑁 

𝐹𝑓 = 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑓𝑜𝑟𝑐𝑒 =  𝜇 𝐹𝑛 = (0.3)(0.0355) = 0.01065 𝑁 

 

Aluminum Yield Strength  

𝑓𝑠 =  𝑠𝑎𝑓𝑒𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 = 85 𝑀𝑃𝑎  

𝜎 = 𝑑𝑒𝑠𝑖𝑔𝑛 𝑠𝑡𝑟𝑒𝑠𝑠 =  103 𝑀𝑃𝑎  

𝑌𝑠 = 𝑦𝑖𝑒𝑙𝑑 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ =  (𝑓𝑠)(𝜎) =  8.755 𝐺𝑃𝑎 

 

 Fracture Mechanics 

𝐾 = 𝑌𝜎√𝜋𝑎 = (0.38)(103)√𝜋(2) = 98.08 𝑁 

𝜎 = 103 𝑀𝑃𝑎 

𝐴𝑝 = 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑝𝑙𝑎𝑡𝑒 = 1 𝑖𝑛 𝑥 2 𝑖𝑛 = 2 𝑖𝑛2 

𝑌 = 𝑔𝑒𝑜𝑚𝑒𝑡𝑟𝑖𝑐 𝑓𝑎𝑐𝑡𝑜𝑟 =  0.38 

 

 

 



 

Conclusion: 

 

 From the analysis done, it was determined that the aluminum pin will hold a friction 

factor of 0.01065 N when it rubs against the stationary cylinder after actuation and the force of 

the loaded spring around the pin will need to be strong enough to account for this force. The 

aluminum used will have a yield strength of 8.755 GPa leads us to believe that aluminum will be 

a good material to use for the prototype because it can withstand wear form several tests. This 

is an important factor in choosing the material used because we will need to perform between 

50-100 tests on the prototype to ensure consistency and this material was deemed durable 

enough to use and is a low cost. The material also has a fracture point of 98.08 N. This result 

proved that the aluminum was a trustworthy choice because even after 50-100 tests under a 

spring force of 0.05 N, we believe that the aluminum plate along the bottom of the pin will not 

fracture.  
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