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Problem Statement

Project Definition:

Research the application of modified vane platform grooves within the mid-
section of a compressor casing to improve its mechanical integrity to
accommodate increased loads.

Compressor Casing Groove Geometry for
Stator Attachment
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Analysis Features

Stator axial & radial motion is restricted by 3 bearing surfaces

/ Possible changes
Top Surface .

o

Fore Surface * Modify fillet radii
using standard tables
(i.e. Peterson) &
common machining
cutter sizes

[
Flow Flow
Direction
—_— Force P1+ AP I « Increase bearing
" —
surface area to
decrease contact

Rear Surface

pressure/stress

* Create new groove
designs

AP across vane creates flow force in

the opposite direction of the flow
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Design Process

* Discuss possible alterations

— | Meet with designer I

l

» Determine acceptable changes

Update geometry in CAD * Model casing with updated geometries in CAD
l * Export file for FEM analysis
Determine loads * Determine thermal & structural boundary conditions

l

Perform FEM analysis

l

Review & present results

* Using Ansys8.1, FEM analysis is performed

* Results are documented

* Results are reviewed, presented, and discussed

* If more changes are required, process repeats
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Possible Changes

Possible changes to help understand casing mechanical behavior

Original

Geometry A
* Fillet radius increased

/ / / * Top bearing surface
increased
Mod A \%
o Fore bearing surface

increased

/
/ [ _~ * Rear bearing surface
Mod B 7 increased
—_—
M

L Machined . Welded
% i\ie;nse % A?eaes

Modifications Considered
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Boundary Conditions

A 2-D cross-section of the casing is created for FEM analysis

Fixed Convection
End

~
~

Constant Temperaturé T
RN Constant Pressure :

~ 1

Piecewise Temperature Increase
Linear Pressure Increase

» Axisymmetric FEM solution used

Stator Hook Load Force

 Loads are applied to the outside
faces of the casing
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Peak Stress Plot

Peak stress reduced ~30-40%

Peak Stress

Section of interest
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« Stress is reduced = 02
throughout entire section
00 T T T T T 1
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Allowable Stress Limits

Modified geometry satisfies stress criteria

Membrane + Bending Stress Limit

Orig

Section of interest

‘Membrane |
Stress tLimit ‘

A —

Pm = Membrane Stress

Original

Pb = Bending Stress Pm+ Pb

Normalized von-Mises Stress

b—or rl- i — — — T
+ All three cases satisfy stress 'y
limits AGB .
* Membrane + Bending stress is Pm Orllglnal
decreased ~25% ' m
* Membrane stress increased
slightly due to decreased cross Normalized Distance from Fillet

section

Power Generation



Conclusions

Results

Larger fillet radii were necessary to reduce peak stress values.
Stress increase due to reduced cross-sectional thickness is insignificant.

All stress values satisfy design allowables.

Future

Final groove geometry will be optimized for manufacturing.

Other geometries will also be compared before a final design is chosen.
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