TURBINE ROTOR BURST CONTAINMENT
ANALYSIS USING MSC/DYTRAN

AN ANALYTICAL APPROACH TO PREDICTING PRIMARY CONTAINMENT

Kelvin Y. Ng

Analytical Engineer

Hamilton Standard a division of United Technologies
One Hamilton Road
Windsor Locks, CT 06096

ABSTRACT

With the common use of turbo-fluigdnachinery inthe aerospace industrygtor
burst containment is an importaegsign requirementMore demanding weighteduction
goals argoushing containmergtructures to thérink of containmenefficiency. Design
engineers at Hamilto8tandarchave been reliant on design similariteesdempiricaldata,
to predictcontainability. However,limitations inthe current methodologynake detailed
predictions difficult,especially ifthe geometry igot based on a previous design. In some
cases, thémitations inthe empiricalmethod can lead tmanycostly tests. With the use
of MSC/DYTRAN, and thehelp ofthe MacNeal-SchwendleZorp., Hamilton Standard
has been developing an analyticedthod to predictotor burst containmentPreliminary
case studies have shown that MSC/DYTRAN can handle the physics involved with turbine
rotor containment. Usinghe analytical methodology, structural damage anwhterial
response are characterized from the physics. Therefore, the prediction is independent of
similar designs.



INTRODUCTION

With the common use of turbo-fluigdnachinery inthe aerospace industrygtor
burst containment is an importadesign requirementMore aggressive weight reduction
goals are pushing containment structures tdothek of containment. Design engineers at
Hamilton Standard have beearliant on design similaritieand empiricaldata to predict

containability. However limitations inthe current methodologyake detailed predictions

difficult; especially ifthe geometry isiot based on a previous design. In some cases, the

limitations in the empirical method can lead tanany costly tests. With the use of
MSC/DYTRAN, and thehelp ofthe MacNeal-Schwendl€orp., Hamilton Standard has
been developing an analyticahethod to predictrotor burst containment. The
MSC/DYTRAN simulationwould add necessary details to supplemeéhe empirical

approach. This would leadnewly designedstructures to meet theontainment criteria

with fewer costly tests.

PROBLEM DEFINITION

Currently, primaryrotor containment is predicted using ampiricalapproach that
uses either a “Penetration” theory ofMaximum Hoop” theory. Depending ortherotor
type, the appropriate theory is used.itithe “Maximum Hoop” theory, a PE/KEratio
determines the potential energy needed fronttmeainingstructure. If the “Penetration”
theory is used, a T/KEatio determinesiow thick a containmentng must be to prevent

penetration. Both the PE/K&nhd T/KE ratios are determinedperimentally. However,

1 The PE/KE ratio is the ratio of the potential energy from the housing, to the kinetic energy of the
rotor at its burst speed.
2 The T/KE ratio is the ratio of a cylindrical containment ring thickness, to the kinetic energy of the
rotor at its burst speed.



for the PE/KE ratio to be accurate, the tested hardware musindar in geometry and

material to the new design. In summary, the empirical method lacks the following:

1. ability to predict what amount of material contributes to containment
2. ability to show the margin of containment

3. results of secondary containment (response of retaining hardware)

ANALYSIS

The approach to developing the analytical method was to use MSC/DYTRAN to
simulate a series of containment tests on jet engine starter turbines. A schematic of the
production version of the DESIGNL1 starter is shown in Figure 1. The series of tests involved

using variations of the turbine housing with the same turbine rotor. Table 1 lists the cases used.

Table 1. Physical containment tests for analytical correlations.

Test Hardware Description
DESIGN1 housing & turbine turbine fuse burst test using production
Quialification test hardware
DESIGN1 housing #1 & turbine turbine fuse burst test using a thinned
1st Variation down version of the production housing
DESIGN1 housing #2 & turbine turbine fuse burst test using a modified
2nd Variation DESIGN1 single containment tooth

housing

By incrementally adding detail tthe analysis, acorrelation was obtained for thest
series. Giverthe nature of a containment event, the correlations were based upon a
pass/fail criteriorrather than strain gag#ata. Figures 2 and 3 show the results of the

DESIGN1qualificationtest. Once a working technique was found, MSC/DYTRAN was



used to predict a new untested design.sucessful prediction was then made on the
DESIGN2 jetenginestarter. Figure 4 shows the results of the DESIGbihtainment

test.

DISCUSSION

In the first few iterations withthe MSC/DYTRAN, simulationswere showing
failed containment. However, the DESIGNsts showeduccessful containment. Since
the simulations didhot correlate to thehysicaltest,subsequent refinementgere made.
The mostsignificant change involved non-linear material models. Whenstrainrate
sensitive material characteristics were added, the simulations started to correlate. Figure 5
is an example of strairate sensitiveproperties. In versio2.2 of MSC/DYTRAN, no
dynamic failure modelgxist. Since material failure is also a function of straite, an
iterative approach was taken. #itial run with nofailure modelsvas used to obtain the
effective strainrates. Then regions of thenodel were given adjusted "constant strain”
failure models taaccount for rateeffects. In addition, MSC has been developing more

dynamic material models that should be available in later versions.

Since large amounts of materfailures occur incontainment, adaptive contact
algorithmswere used. Thalgorithmsdynamicallyredefinecontactsurfaces as elements
fail. For the purpose ofmnomentum transferthe contactalgorithms worked well.
However, the master-slave adaptoantact wasot flawless. Inrotor containment, the
addition of an adaptive single surfamentact is neededThis flaw is evident in Figure 6
where a successful containmestitl shows free floating fragmentsHowever, through
careful post processing, the housing surface showed no regions of penetration.

In addition, the contaatefinitions also included velocity sensitive friction models.

By adding the friction models, the effects on the retention structure correlated better.



With the aboveeffects definedthe finite element(FE) simulationsshowedgood
correlation to the DESIGN1.Sincethe DESIGN2materialswere similar, the material
models usedthe similartrends for straimate sensitivity. The main differencewere in the

starting values (or static properties), and the geometry. Table 2 shows the results.

Table 2. Results from containment tests and FE simulations.

Test Hardware (see table 1) Physical Test FE Simulation

DESIGN1 housing & turbine
Qualification test

passed with large
margin of containment

passed

DESIGN1 housing #1 &
turbine
1st Variation

marginally passed with
multiple cracks

marginally passed

DESIGN1 housing #2 &
turbine
2nd Variation

failed containment

(not simulated)

DESIGN1 housing #3 &
turbine

3rd Variation (very similar to
housing #2)

(not tested)

failed containment

DESIGN2 housing & turbine
Qualification test

passed with large
margin of containment

passed

Due totime limitations,the DESIGN1housing #2testwasnot moctled. Sincehe FE

simulation ofthe DESIGN1housing #3 wasiot testedthis case wasot acorrelation

point (see rows &nd 4 in Table€2). However, both thenodel andthe hardware were
very similar. Therefore, removingany more material fromhe DESIGN1housing #1

modelwill result in afailed containment. That would be consisterith the failed test on

the DESIGN1 housing #2 model.
MSC/DYTRAN simulations.

Figures 6 to 9 shdhe results rom the



CONCLUSIONS

MSC/DYTRAN is an effective todior predictingrotor containment in turbo-fluid
machinery. The strainrate sensitive material models available MISC/DYTRAN are
essential to model high velocity impact. &falysisresults show correlation witphysical
testresults. Due to currenersion limitations in versiof.2, dynamic failure models are
not available. Therefore, multiple runs are required to correct for strain rate effects.

By modeling both the testconditions aswell as various operating conditions,
detailed analyses can be made. Stheanalysis idased on thehysics involved, design

similarities are not required. The FE simulations can determine:

1. what material contributes to containing the rotor fragments
2. how effective the retention hardware is

3. the margin of containment
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Figure 1. Schematic of DESIGN1 starter MSC/DYTRAN model.
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Figure 2. Results of DESIGN1 qualification test.



Starter inlet and gearbox assemblies

Figure 3. Results of DESIGN1 qualification test.
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DESIGN2 starter after test

Figure 4. Results of DESIGN2 qualification test (rim and blade containment on inlet housing.)
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Figure 5. Contrived sample curves of strain rate sensitive properties used in MSC/DYTRAN
simulation. The dynamic strain to failure values were used from Stress-Strain curves (top), and
the dynamic yield stress was used (bottom).
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Figure 6. DESIGN1 qualification simulation using MSC/DYTRAN v2.2.

Figure 7. DESIGN1 housing #1 (1st variation) simulation using MSC/DYTRAN v2.2.
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Figure 8. DESIGN1 housing #3 (3nd variation) simulation using MSC/DYTRAN v2.2.

Figure 9. DESIGN2 qualification simulation using MSC/DYTRAN v2.2.
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