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Abstract 

National Aeronautical and Space Administration has proposed a project to mix 

cryogenic fluids by way of magnetic coupling from the motor to the impeller. This was 

done using the following prototype. In this report the completed prototype of our 

magnetically coupler cryogenic pump is discussed. The prototype is looked at with 

respect to the manufacturing stage, how the prototype will reliably preform, and the cost 

of the prototype itself.  In the design for manufacture section the construction of the 

prototype is discussed in length as the design is examined in exploded sub-assemblies.  

The design for reliability section discusses the performance of the prototype after 

different degrees of use.  Also discussed in this section are the possible sources for 

reliability concern or failure of the system. In the design for economics section the cost of 

the prototype system is compared with current models already in the market.  In this 

economics section the system’s component costs are discussed as compared to a total 

design cost. 
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1. Design for Manufacturing 

In the following section, the assembly and manufacturing of the system is 

discussed. The total installation time was around 1.5 hours.  Much of the assembly time 

was taken up by the welding process needed for connecting the static shaft and the pump 

housing anchor to the flange and the pump shaft to the inner coupler pump attachment, as 

well as the time needed for the epoxy to set on the motor mount legs. This welding 

assembly can be seen in Figure 3.  However the total assembly time after the welding can 

be done in less than 4 hours. As far as the complexity of our design, our design was kept 

as simple as possible as per our sponsor’s request, but it could be simplified slightly. This 

can be achieved by making the impeller solidly attached to the pump shaft, but this 

changes little overall.   

The entire prototype can be seen in the Figure 1 below with the components 

labeled. This design however has many components and can be broken down into several 

more comprehensive sub-assemblies. These sub-assemblies are the outer coupler motor 

sub-assembly (Fig 2), the inner coupler sub-assembly (Fig 4), the pump housing sub-

assembly (Fig 5), and the previously mentioned welding sub-assembly (Fig 3).  
 

 
The first sub-assembly, the outer coupler and motor sub-assembly, consists of the 

motor, motor mount, the four motor mount legs, the outer coupler, outer coupler 

faceplate, and the flange. It can be seen in Figure 2. The first step of the assembly 

Figure 1: Prototype System Assembly 
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consists of inserting the four magnets into the outer magnet coupler. This must be done 

with the poles alternating to ensure maximum coupling between the two couplers. The 

method for the easiest insertion of the magnets is as follows.  

1. Attach the outer coupler faceplate with one of the outer screws.  

2. Insert one magnet into its appropriate hole. 

3. Rotate the faceplate so that it holds the inserted magnet in place. 

4. Insert the next magnet with the opposite poles facing outwards.  

5. Rotate the faceplate so that it now holds both magnets in place. 

6. Repeat steps 4 and 5 until all the magnets are in place and the faceplate lines up 

with its screw holes. 

7. Screw the faceplate in securely. 

Now that the outer magnet coupler is fully assembled the next step is to make epoxy 

the motor mount legs to the motor mount. This was done using a guide part indicating 

where the legs needed to be located and the flange itself. After attaching the legs to the 

flange they are the put into the indicator spots on the motor mount plate with epoxy. The 

motor mount system then needed to set for 24 hours.  

 

With the coupler and motor mount fully assembled the two components can then 

be attached to the motor. Using the provided screws the motor can be attached to the 

motor mount. The outer coupler is then put over the motor shaft with the key in place. 

The coupler is the offset about 3/16 inches from the motor to ensure that the outer coupler 

Figure 2: Outer Coupler and Motor Sub-Assembly 
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does not scrape against the flange, and set in place using the two set screws. Finally the 

motor mount is then attached to the flange. With this the outer coupler motor mount sub-

assembly is complete.  

 The next sub-assembly to be constructed would be the welding sub-assembly (Fig 

3).  The welding was done in the machine shop by the machinist working there. The parts 

that needed welding were the static shaft and the pump housing anchor. They were 

welded into the appropriate grooves cut into the milled down flange. With the shaft and 

pump housing anchor welded in place the other two internal sub-assemblies can be 

placed over the static shaft. In addition to the required flange welding, the pump shaft had 

to be welded to the inner coupler pump attachment to ensure that the shaft remains 

perfectly straight. 

 
 

 The next sub-assembly to be made would be the inner coupler sub-assembly (Fig 

4). This assembly is composed of the flange, static shaft, inner coupler, inner coupler 

faceplate, bearings, bushings, inner coupler pump attachment, pump shaft, and the 

impeller. The first step of the assembly consists of inserting the four magnets into the 

inner magnet coupler. This must be done with the poles alternating to ensure maximum 

coupling between the two couplers. The method for the easiest insertion of the magnets is 

the same as it was stated earlier.  

 

 

Figure 3: Welding Sub-Assembly with the pump housing anchor and static shaft 
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The rest of the inner magnet coupler assembly is the most complex of the assembly 

of the prototype. Once the inner coupler is fully assembled with the magnets, the coupler 

is placed over the static shaft. The first bearing is then press fitted all the way down until 

it makes contact with the lip of the inner coupler. Place the spacing bushing over the 

shaft. Then place the other bearing onto the static shaft. Screw the locking nut onto the 

static shaft along with a washer to hold the bearings in place.  Finally install the inner 

coupler pump attachment with the pump shaft welded onto it using the provided four 

screws. The cylinder extending from this part will brace against the second bearing and 

through installation will guarantee spacing between the inner coupler and the flange. 

Finally the impeller provided by to us by NASA, shown in Figure 4, is attached over the 

pump shaft using two more 3/16” pins and the shaft cap. This completes the inner coupler 

sub-assembly as seen in Figure 4. 

 

 

  

Figure 4: Inner Coupler Sub-Assembly and the impeller that was provided by NASA 
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The final sub-assembly to be made would be the pump housing sub-assembly (Fig 

5). This sub-assembly only consists of the flange, pump housing anchor and pump 

housing.  Once the pump housing anchor is welded onto the flange, the inner coupler sub-

assembly is placed onto the static shaft as described above. Then insert the pump housing 

over the inner coupler sub-assembly and attach it to the pump housing anchor using the 

six provided countersink screws.   

 

 This final assembly shows how each sub-assembly fits together to fully assembly 

the prototype and can be seen in Figure 6.  With the Outer Coupler Motor Sub-Assembly, 

Inner Coupler Sub-Assembly, and the Pump Housing Sub-Assembly all attached to the 

flange through the welded static shaft, pump housing anchor and the motor mount the 

prototype pump mixer system is complete. For testing the prototype system must then be 

installed into the NASA provided testing cryostat.  This final step consists of attaching 

the flange to the cryostat top using the 16 proved bolts. The cryostat top is then firmly 

attached to the provided cryostat. With this complete the prototype has been fully 

assembled into the testing cryostat. 

Figure 5: Pump Housing Sub-Assembly 
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Figure 6: Complete System Assembly for Manufacturing 
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2. Design for Reliability 

Sustainability 
Although this project was proposed to show proof of concept of magnetic 

coupling technology, great care was taken when considering the life span of the design. 

Due to the nature of this project we were very judicious when selecting materials and 

components of the design. Many of the components were designed to outlast the 

electrical components such as the motor and motor controller that were purchased. 

Additionally the materials used to make each component of the design were selected to 

ensure they were non-magnetic and their strength would not be compromised when 

submerged in the cryogenic fluids. The main components that were considered for 

reliability include: bearings, magnets, and materials.  

  

Bearing 
The bearings used for this design were carefully selected to consider the life span 

as well as the nature of the project. Calculations were performed in order to select a 

suitable bearing that would withstand the forces applied to each bearing. These 

calculations considered a life span of 8000hrs with a factor of safety of four. A sample 

calculation for the bearings can be viewed in the Appendix B-1. Great consideration was 

also used when selecting the material the bearings were made of. This is due to the fact 

that the bearings were significantly close to the magnets. Additionally the bearings would 

be subjected to extremely cold conditions (77K). Due to these concerns stainless steel 

was used because it is non-magnetic and does not display the phenomenon of ductile to 

brittle transition when introduced to extreme colds. In addition to these concerns, the 

bearings were cleaned of all lubricants to ensure that when exposed to cryogenic 

temperature, the prototype will run. Since the bearings used in the design were selected 

so carefully it is not unreasonable for the bearing to last in excess of 16000hrs. 

 

Magnets 
Due to the fact that the coupling magnets are the essence of our project special 

attention was taken when selecting them. The magnets the team selected are made of the 

rare earth metal neodymium. This type of magnet was selected due to its exceptional 

magnetic strength. Additionally neodymium magnets are known to lose less than 1% of 

their magnetic strength over a time span of 10 years. Another reason why these magnets 

were selected is because they do not lose strength when subject to extreme colds, as is the 

case in this application. For the reasons stated above the team believes that the magnets 

will be one of the longest lasting components of the design. 
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Materials 
The materials used in the design were another component that needed to be 

selected with great thoughtfulness. This is because of the magnetic forces as well as the 

extreme colds the materials are exposed to. In order for the materials to have a 

respectable life span in the extreme colds a metal that did not display the phenomenon of 

ductile to brittle transition was needed. For this reason aluminum was the first material of 

choice. Unfortunately due to the eddy currents introduced by the magnetic forces 

aluminum could not be used in areas that moved relative to the magnets. This lead us to 

choose stainless steel as the material used in these situations. Both of the metals used will 

outlast any other component in the design due to their high strength and the minimal 

stresses felt in this application. 

 
Failure 

Although many of the components were designed to last a great deal longer then 

what is needed for this project some failure can still occur. Failure Mode Effects Analysis 

(F.M.E.A) was performed for all the major components of the design to account for these 

possible mishaps. The F.M.E.A for this design can be viewed in Appendix C-1. After 

performing the F.M.E.A three main concerns of failure were found Bearing wear, 

tolerancing of the pump, and the cryogenic behavior of the project. These possible 

mishaps were corrected for and the appropriate action was taken to avoid these issues. 

 
 

 
 

 



Magnetically Coupled Pump System for Cryogenic Tank Destratification 

 

9 
 

3. Design for Economics 

When selecting components for the design of this project the economics were of 

utmost importance. A $600 budget was proposed for this project in order to ensure the 

design was competitive in the market. Many of the materials procured for this design 

were extensively researched in order to find the best market price while still producing a 

reliable product. Figure 7 shows a breakdown of all the materials and components 

purchased for the design. Evident in this picture the design stayed well within the given 

budget. However some materials were donated in order to assist in the project’s success 

such as a 6” flange, an inducer, bearings, raw materials, and a cryostat used for testing the 

design. Additionally all of the machining of the design was done at the FAMU-FSU 

College of Engineering free of charge. Even though some materials were donated and all 

the machining was done for free it is not unreasonable for the design to stay well within 

the budget if it was mass-produced. This is because many parts can be bought in bulk at a 

severely reduced price and machining can be done at large manufacturing plant for 

pennies on the dollar. Moreover the amount of magnets needed to produce the required 

amount of torque was unknown. After testing the couplers for the optimal amount of 

magnets it was found that only half of the magnets were needed for the prototype. This 

discovery would reduce the price of the magnets and further reduce the overall price of 

the design.  

 
 

 
 

Figure 7: Breakdown of the materials used for the prototype 
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Market Comparison 
The prototype the team designed is extremely competitive compared to the 

products in the market. Looking at Figure 8 it is evident the overall cost of the prototype 

is significantly lower than the products currently on the market. Granted many of these 

products account for a generous profit margin, if manufactured the proposed design 

would definitely leave room for a respectable profit. Also some of these designs do not 

include a motor, which would significantly increase the price of the product. The 

prototype designed by the team comes fully functional with a motor and motor driver for 

a fraction of the price. Additionally many of these products are not designed to withstand 

the extreme colds, as our application requires thus requiring some adjustments. 

Furthermore many of these designs do not have a 1:1 coupling ratio instead they rely on 

the eddy currents to rotate a ferromagnetic plate. This reduces the efficiency of the pump 

requiring more power for the same amount of volumetric flow rate. Although it is 

difficult to predict the profitability of the team’s design due to the donated components, 

free labor, and lack of mass production it is not out of the question to believe that this 

design can be a successful product.  

 

 

Figure 8: The senior design group’s prototype compared to products on the market. 

 $-

 $100.00

 $200.00

 $300.00

 $400.00

 $500.00

 $600.00

 $700.00

 $800.00

 $900.00

 $1,000.00

Prototype BAYTEC Serfil CO SCHMITT

Market Comparison 



Magnetically Coupled Pump System for Cryogenic Tank Destratification 

 

11 
 

4. Conclusion 

In summary, the process in which the prototype is manufactured has been 

determined and discussed in detail using sub-assemblies. The total time it takes to 

assemble the prototype is about one and a half hours of assembling after about three 

hours of welding and letting the epoxy on the motor mount set for a day. Assembly is 

then done in three different steps. First the outer magnet coupler sub-assembly, then the 

next sub-assembly consists of the inner magnet coupler and the bearing system, the final 

sub-assembly consists of the pump housing.  The reliability of the design is then 

discussed detailing the lifetime of the system before failure, being 8,000 hours 

conservatively, as well as discussing the major reliability concerns with the prototype 

using failure modes and effects analysis. Finally the economics of the prototype are 

discussed.  The total cost for the prototype ended up being $325.  The percentage of each 

individual component cost with respect to the total system cost is shown in the pie charts 

above. The prototype is then compared to existing products on the market and was 

determined to be much cheaper than other available systems available and one of the only 

that uses direct magnet coupling and can function in cryogenic applications. 
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