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ABSTRACT

A stress analysis has been perforned on
a ceramic vane punp rotor to determne cyclic life.
Ceramics were chosen for the rotor due to the
corrosive nature of the application as well as its
good wear resistance. Due to the brittle nature
of the ceramics and the desire to accurately
predict cyclic life, determination of the peak
elastic stress was a major concern. Finite el enent
analysis, nanmely MSC/NASTRAN, was initially chosen
for the analysis. Due to the unacceptably high
stresses found during the analysis, geonetric
desi gn iterations- were required to reduce these
stresses and raise the predicted cyclic 1life.
BEASY , a boundary elenent analysis method, was
ultimately chosen for this task due to the
sinplified nature of geometric input and meshing.
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ANALYSI S PROCEDURE

The ceramc vane rotor is shown in Figure 1
inside the cam block with its vanes. During one
half of a revolution of the rotor a single vane
slot is subject to seven distinct | oadi ng
conditions. Two of these |oading conditions ,shown
in Figure 2, conbine to produce the nmaxinmum to
mnimum stress range in the slot fillet.
Rot at i onal inertia loads were found to be
i nsignificant and were not included in the
analysis. A MSC/NASTRAN model of the original
geonmetry was created and is shown in Figure 3. The
nodel assumes a plain strain approach and uses 4
noded and 8 noded plate elements. The entire rotor
was nodeled to renmove the point of boundary
condition application away fromthe area of stress

recovery. It can be seen from Figure 3 that the
concentration of elenments and area of interest was
around only one slot fillet. Based on the two

extreme |oading conditions, this nodel predicted
unacceptably high stresses in the base of the slot
fillet. |In order to reduce the subsequent stress
range to an acceptable 1level, several design
paraneters were taken into consideration.

The first and nost obvious geonetric
di nensions for consideration are those for the
fillet at the base of the vane slot(see Figure 2).
The overall outer dianeter of the rotor as well as
the shaft dianmeter were fixed and could not be
i ncreased or decreased w thout significant design
inpact. Lastly the nunber of vanes and the width
of the vane slots could not be modified. A sunmary
of dinensional paraneters is shown in Figure 4.
Al though it seens an increase in the slot fillet
radius would cause a drop in fillet stress through
a reduction in stress concentration, by increasing
this dinension the anount of material between slots
(We) begins to decrease. In addition, the
thickness of the continuous ring material bel ow the
slot(T,) also decreases. These two factors tend
to increase the fillet stress by reducing the
effective area available to resist the previously
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T
DIMENSTION | DEScriPTioN
I
W WIDTH OF SLOT
* I, LENGTH OF SLOT
* Ry RADI US OF SLor FI LLET
R, ouTerR RADI US
R, | NNER RADIUS
Wy WIDTH BETWEEN SLoTS
Tex THICKNESS OF CONTI NUOUS RI NG
* R RADI US TO SLOT FILLET
¥ paraneters AVAI LABLE FOR MODIFICATION —
FI GURE 4
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di scussed vane loads.

This was proven when a second NASTRAN nodel
was created that increased this fillet dimension.
The overall nean stress as well as the cyclic
stress was increased for this new geometry. The
turn around time for this analysis was found to be
excessively high and in addition too |aborious to

consi der another geometry. It was decided that
BEASY could provide a quicker medium for geonetry
iteration.

The original BEASY nodel was created to
match the first NASTRAN nodel and is shown in
Figure s. Wien the stress results of the BEASY
and NASTRAN nodels were conpared they originally
showed about a 15% difference in peak value wth
t he BEASY values being the higher of the two(based
on nodal results from the 8-noded quadratic
elements) . Further investigation revealed sone
| oadi ng inconsistencies and geonetric differences
that were corrected. There remained, however, a
5-10% difference in peak values in both the maxi nrum
and mninum stress for |load cases 1 and 2. Due to
the pressing nature of the design, the difference
was tenporarily accepted and the iterations were
started. It was assumed that whatever the
difference was it would be a consistent one and
that an optimzed design in BEASY would be an
optim zed design overall. The difference between

- the two codes was not ignored and while the design
iterations for the punp were underway an
investigation into the different stress predictions
was started. A discussion of this discrepancy
follows the results of the geonetric iterations.

RESULTS OF CEQVETRI C | TERATI ONS

A convenient form of presenting the
results from the analysis is shown in Figure 6.
It plots the surface stress along the inside
contour of the fillet for both the maxi mum and
m nimum stress |oad cases. Table | shows a
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ORI G NAL BEAsy MODEL

FIGURE s
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DI MENS | ON CASE 1 CASE 2 CASE 3 CASE 4 CASE s CASE 6

L, .07s .053 .08s .040 .054 .07s

Rg .030 .035 .03s . 040 .040 .029

R, -413 .429 .397 .43s -432- .425

R, .509 .509 . 509 .519 .519 .519
TABLE I

FI GURE 7

FI NAL BEASY MODEL
(CASE 6)
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listing of the different geonetries analyzed using
t he BEASY method. Each successive geonetry was
determned by the results of the previous
iteration. It was found that the anmount of
continuous ring material below the fillet base was
a major driver in the stress reduction. |In fact
the concept of a "stress concentration“ in the slot
fillet was ultimately overridden by the need to
increase this continuous ring area. This is shown
in the final optimzed geonetry of Figure 7 in
which the fillet radius is actually reduced to
increase this area.

In order to perform a new geonetry
iteration in BEASY only a few lines of the input
deck describing new geonetry and |oads needed to
be changed. A plot summarizing all the geonetries
and their resulting stresses is showmn in Figure 8.
Overall a 17% reduction in peak alternating stress
was achieved wusing BEASY in this iterative
procedure.

RESULTS OF BEASY vs NASTRAN | NVESTI GATI ON

After a thorough check of all boundary
condi tions, |oads and input geometry, both analysis
techni ques seened to have all things in order. The
next area investigated was the nesh densities for
the area of interest. |t was an easy task in BEASY
to plot the el enent stresses through the fillet and
pi npoint any area of discontinuity at connecting
end points. This plot is shown for the original
geonetry in Figure 9. Although the tune was not
perfectly snmooth it showed acceptable continuity
in the area of peak stress. |In order to perform
the sanme manner of mesh check in NASTRAN, the nodal
stresses were recovered by hand and plotted in a
simlar fashion. They are shown in Figure 10.

It seened that both plots showed a reasonable and
smooth curve in the area of peak stress.

At this point in the analysis the geonetric
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iterations had been conpleted and no solution to
the differences had been found. It was decided
that a final and finer mesh would be run in both
BEASY and NASTRAN for the optim zed geometry. The
finer BEASY nesh was very simlar to the old BEASY
mesh with the exception of nore elements in the

fillet. It showed a mnimal change in predicted
stress. The new NASTRAN model, however is shown
in Figure 10 and shows an extrene concentration of
elenents in the fillet area. This new nesh

predicted stresses approxinmately 10% higher than
the original mesh, and agreed well with the BEASY
nodel .

CONCLUSI ON

BEASY was found to be an effective tool
for both geonetric iterations and accurate first
cut prediction of peak elastic stresses. 1t
subsequently proved to be invaluable in predicting
a final peak elastic stress first mssed when
anal yzed with NASTRAN. NASTRAN was able to match
this peak stress but only after a deliberate and
highly concentrated effort that was instigated by
a msmatch with BEASY. This analysis and resulting
study of neshing provided insight into the benefits
of the boundary elenment analysis nethod and its
relative insensitivity to nesh density.
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