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Problem

During an investigation of bore damage on a flexible coupling between a motor and
pump, the hub’s non uniform design came into question as a potential factor.

The American National Standard

“Flexible couplings — Keyless Fits (ANSI/AGMA 9003-C17 or 9103-C17)”,
provides a good guideline for the design, inspection and
instalment of hubs having a uniform cross sections.

What if the hub is not of a uniform cross section?
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Background — Hub bore damage

shatt
End
Indents

®)

Axial
Scratches

Light Fretting/
Corrosion

Circumferential
scratches / Galling

TURBOMACHINERY & PUMP SYMPOSIA



Background — Hub Evolution
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ANSI/AGMA 9103-C17, Flexible Couplings —
Keyless Fits (Lamé’s Equations)

ANSI/AGMA 9103-C17, Flexible Couplings — Keyless Fits, generally uses Lamé’s
equations for a thick wall cylinder to estimate the contact pressure and stresses in a
uniform hub section.

The standard requires the hub to be split down into multiple sections of varying
outside diameters, taking average bore diameter over the length of that section.

The standard has limitations, in particular to stress and mounting pressures when
the hub has multiple sections.
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Lameé’s Equations

 Lamé’s equations estimate the hoop and radial stresses in a pressurized thick walled
cylinder.

* Internal pressure is generated by the Interference fit created by having a shaft slightly
larger than the bore into which it is fitted. Atmospheric pressure is negligible by
comparison and is therefore ignored.

 The internal pressure is assumed to be evenly distributed.

* Plane Cross-sections remain plane when under pressure, that is to say no axial stresses.

* The equations assume a homogeneous and isotropic materials, ANIS/AGMA further
assumes the shaft is solid, and both shaft and hub are steel.
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Lameé’s Equations

From Lamé’s equations it we can see that,
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* Increasing the boss diameter has a nonlinear increase
on the contact pressure
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* As the boss diameter approaches infinity, the contact 00
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Non-Uniform Hub Contact Pressure / Stress

Hub/Shaft Contact Pressure A Finite element comparison shows stress
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— when dismounting.
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Non-Uniform Hub, Deflection

Hub/Shaft Gap Generated by Pressure. Deflection is greater at the smaller boss
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Relating to the damage

* High contact pressures may result in the shaft end scraping
against the bore during mount/dismount.
(Axial Scratches, Circumferential indentation).

* Also possible embedding of the shaft into the bore surface.
(Circumferential indentation)

* During mounting/dismounting a risk of plastic deformation / il
could lead to lower contact pressures, allowing hub/shaft e
movement with torque fluctuations. (Fretting) /  au

* Loss of grip elsewhere could result in slipping in the remaining
areas as hub capacity is compromised (Circumferential scratches)
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Conclusion

* It is possible to analyse Hubs of Non-Uniform Sections using
ANSI/AGMA 9103-C17 provided the effect of one section has on the
others is well understood.

* The use of graphics to represent the results will help to highlight
significant differences between neighbouring sections.

 If in doubt use more advanced methods such as Finite Element
Analysis.
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Recommendations

Possible solutions

* Add a seal to the hub to prevent leakage.
* Move the oil injection point to the area of maximum contact pressure.

* Redesign the hub to be more uniform.

y
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The New Hub — Successful?

* A new hub has been fitted successfully with no reported issues.
* No requirement as yet to dismounted the hub.
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Lessons learned

e Ask “WHY ?” Review both the final design and specification with a
critical eye.

* Keep It Simple. Look for ways to simplify designs.

y

- TURBOMACHINERY & PUMP SYMPOSIA



References

* ANSI/AGMA 9103-C17, Flexible Couplings — Keyless Fits (metric
Edition), published by the American Gear Manufacturers Association,
1001N. Fairfax Street, Suite 500, Alexandria, Virginia 22314,
http://www.amga.org.)

- TURBOMACHINERY & PUMP SYMPOSIA



