






Figure 14. Von Mises STRESSES for THICK
SOLID SHROUD, P a.

E�ect of thick shroud. Figure 14 shows Von
Mises stress distribution for a thick plain shroud.
These results should be compared with those in
Fig. 11. Figure 11 shows that the thin shroud
had a signi�cant area where stresses were greater
than 739MP a(107ksi ). This high CMC shroud
stress is close to the blade hub region stress shown
in Fig. 9a for the unshrouded superalloy blade.
The superalloy blade hub region stress is above
706MP a(102ksi ). Comparing �gures 11 and 14
shows that the high stress region in the shroud has
been signi�cantly reduced. The high stress region is
not over 400MP a(58:0ksi ). The ratio of maximum
shroud stress in the thin shroud, Fig. 11, to the
maximum stress in the thick shroud, Fig. 14, ap-
proximately equals the inverse of the ratio of shroud
thicknesses.

Unfortunately, with the thick shroud, high
stresses are now seen near the hub of the blade.
For the thick shroud there is a signi�cant region
where the stresses are above 500MP a(72:5ksi ),
and a smaller region where stresses are above
700MP a(101:5ksi ). The high stresses at the hub
are caused by the thick shroud weighing 40% more
than the hollow blade. Even so, the areas and mag-
nitudes of high stress near the hub of the CMC blade
with a thick shroud and the unshrouded superalloy
blade, Fig. 9a, are similar at � 700MP a(101:5ksi ).
What these results show is the importance of tailor-
ing the shroud geometry to achieve structural and
aerodynamic objectives. This conclusion is consis-
tent with the conclusion of Cherry et al.(12) for a
shrouded LPT blade. They showed that centrifugal
stress at the blade tip was 20% of the centrifugal
stress at the hub, and that shroud stresses nearly
equaled stress at the blade hub.

a) Pressure loads b) Pressure and Centrifugal
loads

Figure 15. UNSHROUDED BLADE PRESSURE
and COMBINED LOADS STRESS, P a.

a) Pressure loads b) Pressure and Centrifugal
loads

Figure 16. SHROUDED BLADE PRESSURE &
CIMBINED LOADS STRESSES, P a.

Pressure loads Pressure stresses were calculated
with an aggressive pressure distribution. The rela-
tive pressure distribution shown in Fig. 4 was ap-
plied at each spanwise location. The inlet relative to-
tal pressure was 50atm: The di�erence between the
average stage inlet absolute total pressure and the
average rotor inlet relative total pressure depends
on the wheel speed. Even with a moderate wheel
speed the HPT stage inlet absolute total pressure
corresponding to a relative total pressure of 50atm:
is expected to be over 60atm: Since HPT blades are
hollow, pressure loads were calculated with an inter-
nal pressure of 50atm:

Figures 9b and 15 show Von Mises stress distri-
butions for the unshrouded rotor. Figure 9 is for cen-
trifugal loads, and Fig. 15 shows stresses for pressure
and combined loads. The high pressure load stresses,
shown in Fig. 15a, that occur over a substantial
portion of the blade are between 100MP a(14:5ksi )
and 300MP a(43:5ksi ). This is not much di�erent
than the range for high stresses shown in Fig. 9b
for centrifugal loads. The range of high stresses
for centrifugal loads is between 164MP a(23:8ksi )
and 246MP a(35:7ksi ). Comparing �gures 9b and
15 shows that combining pressure and centrifugal
loads yields only a moderate increase in Von Mises
stresses.
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