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FLEXXOR Diaphragm Stress  
 
 
Introduction 

 
The FLEXXOR diaphragm-style coupling allows for more misalignment than other high 

performance diaphragm couplings in the industry while also maintaining the lowest spring 

rates.  This is possible because: 

1. The torque is transmitted between an outer fastener circle and an inner fastener 

circle on each thin constant thickness flat metal diaphragm.  The primary means 

of torque transmission is not shear as in other diaphragm couplings, but tension in 

a spoke like structure. 

2. To form the spoked membranes, diaphragms have holes cut out in strategic 

locations to force the transmission of torque into tension-loaded ligaments.  

Because the hole shapes have removed a significant portion of the thin strip 

material, the membrane is also easier to deflect and produces lower bending or 

fatigue stresses in the remaining metal. 

3. Several diaphragms stacked in a pack but separated at inner and outer fastener 

circles, all simultaneously carry the load.  This is much like the multiplicity of 

tension spokes in a bicycle wheel or multiple thin wires in a suspension bridge all 

contributing in carrying a load by virtue of tension in many small thin members.  

This allows the individual diaphragms to be quite thin, making each diaphragm 

easy to bend (i.e. requiring low forces to bend the diaphragm).  The bending 

forces required to deflect the diaphragms are quantified as the diaphragm’s “spring 

rates,” which are the lowest in the industry. 

4. FLEXXORs are frictionless.  Therefore, friction-generated transverse 

misalignment forces are zero.  There is no heat generated to create differential 

stresses that can cause premature failure, and there is no wear, resulting in no need 

of lubrication. 

 

The following analysis is intended to show that the flexible diaphragms used in the 

FLEXXOR coupling have reasonable stress levels while running neutral and misaligned, that 

the stress increase due to misalignment is small, and that the diaphragms will not fail due to 

fatigue while operated within rated parameters. 

 
Concept Basis and Methods of Analysis 

 

Originally the FLEXXOR diaphragms were designed based on a simple concept: torque 

should be transmitted via a tension stressed element from an outer fastener circle to an inner 

fastener circle.  This is opposed to competing diaphragm coupling theories of transmitting 

torque via flexible elements based on shear in metal transmitting torque between outer and 

inner fastener circles.   It is also significantly different than the common design of “disk” 
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couplings where the transmission of torque is thru a pack of thin disks with holes on the same 

bolt circle.  With the “holey” or ligament diaphragm concept, theoretically enormous 

misalignments can be allowed if only the two bolt circles were made far enough apart. 

Another way to see this is to think about a bending beam.  The longer the beam is, the more 

deflection there is at the end of the beam. 

 

It is interesting to note that because the hole patterns form individual tension members, a 

scratch in the diaphragm may only cause that individual member to fail.  The coupling 

continues to carry torque.  In other words, scratches do not propagate around the diaphragm.  

Thus, these diaphragms are far more capable of handling abuse than any other form of 

coupling diaphragm.  Put simply, the holes act as crack stoppers!  

 

Since the beginning over 40 years have past.  Couplings using these diaphragms have been in 

service for almost as many years and very few failures have been reported.  Advances in 

technology today have made more advanced analyses possible, therefore CCA continues to 

investigate and test to determine the actual stresses in the FLEXXOR diaphragms. 

 

 

 
Figure 1.  Pictures of a Typical FLEXXOR Diaphragm. 

 
These diaphragms are made of high-strength stainless steel sheet with yield strengths of 

220,000 psi and ultimate tensile strengths of 235,000 psi, minimum.  In static torque testing, 

we achieve initiation of tearing in tension of the tension ligaments generally in the 3.25 to 3.75 

times the rated torque for that diaphragm.  

 

Diaphragm Stresses: Misaligned 

 

In real applications, of course, shafts are never perfectly aligned.  Even with the most accurate 

alignment methods this is true due to thermal growth and other factors.  The FLEXXOR 

diaphragms are designed specifically to accept more misalignment than most other couplings 

and to require very little force to deflect. 
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Flexible element couplings must accept both angular misalignments due to shafts having 

parallel offset or angled shafts, and axial misalignment, which is usually due to axial shaft float 

or thermal growth of the shafts.  Therefore both types must be considered in normal analyses.   

 

 

 

Figure 2. FLEXXOR Diaphragm with Axial Misalignment (exaggerated). 
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Figure 3. FLEXXOR Diaphragm in Angular Misalignment (exaggerated). 

Angular misalignment presents a different situation than simple axial misalignment due to its 

alternating nature.  In pure angular misalignment the diaphragm must make a complete 

reversal from the forced angle in one direction to the same forced angle in the opposite 

direction in each revolution.  This diaphragm is rated for 0.3 degrees of angular misalignment, 

meaning that a double-hinge coupling using these diaphragms would be rated for 0.3 degrees 

per end.   

 

The Goodman diagram to follow will thus show that the normal operation of these couplings 

can be fairly well predicted and that if operated within a reasonable skew or fatigue regime 

that the coupling will have a rather predictable point of failure in torque which can be made to 

be less than the shafting of the coupled machines.  This is often not true of other diaphragm 

or disk couplings.  The corrected fatigue limit of the material is calculated quite 

conservatively, including correction factors for loading, size, temperature, surface finish, and 

reliability.   
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Figure 4.  Goodman Diagram Describing Diaphragm in Fatigue. 

 

Figure 5. S-N curve for typical FLEXXOR diaphragm 
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The Modified Goodman Diagram shows the alternating or fatigue bending stress of the 

diaphragms at max angular skew falls in the area of about 5000 psi while the mean stress at 

full torque on a given size diaphragm is about 65,000 psi.  There is always a design factor used 

on a coupling so that the coupling and diaphragms are likely operating in a steady state torque 

condition somewhat lower than the max design torque.   

 

As this alternating stress is plotted on an S-N curve we see that the fatigue stress operates well 

below the endurance limit and therefore is expected to have a very very long life.   

 

If there are only rare occurrences that the torque stresses exceed the torque design limits, then 

the coupling will continue to operate normally.  As one can see from the curves, some 

number of cycles of torque excesses can be withstood by the Flexxor.  A Flexxor subjected to 

2 times torque several times in its operating life would most likely be fine.  Unusual torque 

events in the 3.5 to 5 times design rating would likely yield or fracture the tension spokes. 

 

If a coupling is applied to an alternating torque system, then the torque stress becomes part of 

the alternating stress.  In this case the size of the diaphragms and or number of diaphragms 

would change from a nominal selection.   By doing this the total alternating stress is kept 

beneath the endurance limit for the diaphragm material. 

 

The general design philosophy of the Flexxor couplings is to have the torque stresses be the 

major portion of the combined stresses and to have the bending or fatigue stresses be a 

smaller portion.   By so doing, the Flexxor can be designed to fail in over torque more 

predictably than the rest of the drive train.  This is actually a safety feature because if the 

coupling can be made to fail due to over torque in a range of 3.5 to 5 times the normal 

operating torque, usually this will save the driver and the driven shaft and elements from 

failure and will greatly reduce the cost of rebuilding the broken parts.  Replacing a coupling is 

generally far less expensive and far less time consuming than replacing compressor rotors or 

gears or turbine rotors.  


