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EXECUTIVE SUMMARY

As a part of te Fedeal Aviation Administration’s Airceft CatastrophicFailure Prevention
Progam, the Naa Air Warfare Center WWapons Division under caactto the FAA William J.
Hughes Techrgal Centerconducteda turbine disk containment testThe pupose was to
demonstrae the containment capability of the Kevlar ring against full-size T53 engine rotor
fragments. A containment ring was degined and faricated by Pepin Assocates, Inc. and
provided to the Naval AilWarfare Center, Wapons Division ¥ the William J. Hughes
TechnicalCente. Theengine andcontainment ring we installed in an UH-1 tiky helicopter.
The second sige powe turbine disk was noted so that the disk would rupturat
approxmately 20,400rpm. The emjinewas started and immediagedcceleragéd to minimize the
chanceof a prematue rupture. The eent was ecorced on hgh-speed film at 4000 pictures per
second.

The disk ruptured as thengine acelerated throwgh 19,629 rpm. The disk ruptnd into three

equalsectiongappoximately 3.6 Ibs. eah). Theresult was aontained tri-hub st with minor
bulging of thecontainment ring and little sign of distress to theairframe.
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INTRODUCTION

This test was conducted astfinal phas of the “Developmentof Lightweight Containment
Structures” project sponsored/ the FAA William J. Huches Techrdal Centerunder the
Aircraft Catastrophid-ailure Prevention Program.

The objective of thisféort was to developmnd evaluatethe aircraft rotor fragment containment
materialsandstructuesagainsta fully bladed T53 turbosh# engine seond stge power turbine.
Theturbinedisk wasmodifiedto burstat appoximately 20,400 rpm to prodecl x10° in-Ibs of
kinetic enegy. The T53 egine was seleted to repesentthe medium turboshaftengines.
Previousbursttestsusing modified T53 second sige pover turbine disks we condgted in a
vacuumspin chanber locakd atthe Nawa Air Warfare Gnter Aircraft Division in Trenbn
(NAWCAD-TRN), New Jersey. This test, as the final plse, wasonductecdat the outdoortest
site at the Naval Air \&fare Center Véapons Division at Chinaake, California. Kevlar, S-2
fiberglass,andpolybendisoxazole (PBO) falrics and glindrical structues with reinfocements
were evaluated andpin testedfor disk fragment containment durig the erly phase 6 the
program. Someof the tests wre configuredwith the emgine @se andcombustor as installed in
the actud engine The most promisingnaerid was PBO followed by Kevlar. Dueto thetime
andfunding constraints, the &lar mateial was ugd for thefinal phase.Pepin Assoiates,Inc.
(PAI) fabricated tle containment rigs desribed in this report.

TEST OBECTIVES

The primay objedive of thetest was to denonstrae the contanment capability of the Kevlar
ring that was desgned andabricated ly PAI to contain the full-sie T53 engine rotofragments.
A secondsy objective wa to stug the effect of absorbiry the rotor fragment enegy on the
aircraft during the containment event. This indudes theinteraction of theimpaded contanment
ring, rotor fragments, and he emine acessors skh as he conbusbr, vaneand cas.

TEST SETUP

NAWCAD-TRN personnel modified theesond power turbineand usedthe New Jersey Army

National Guard faciliy for ergine disassemlyl and installation of the diskThe second stag
power tirbine dsk was wealened ly removing three trbine blades,120° gpart Then radal

slots were machinefiiom the bla@ firtree groove down into the disk.The tri-hub burstdesgn

and procedue are eplained in detil in “Evaluaion of Lightweight Material Conceps for

Aircraft Turbine Emine RotorFailure Proection” FAA Report DOT/FAA/AR-96/110. The
notch created a stresscone@ntation in the dsk sufficientto cause an ogrloadfailure at normel

operatimg speed.

The containmentring was developedand fbricaied by Pepin Associategnc. The ring was
fabricated with a 0.014-inch titanium inn&@nd outer sleeveOne-inch-thickKevlar 29 lalistic

fabric made up he primary structure d the conainmentring. The ring was strengthenedwith

titanium rods which were insertal throwgh the fabric and lsse welded to theinner aad outer
sleeves (fjure 1). The ring weighed approxmately 25 Ibs. The containment rig wasinstalled
on the test enge and loosef conrected to thengine case. Thering wascentered on the second
stage paver wrbine.



FIGURE 1. CONTAINMENT RING SECTION

The T53 egine wes then installed in an U Hueyhelicopter figure 9. The helicoper was
mounted on two 2-foot-thick ceent blocks andabled down to thre 1-foot-thick cementblocks
(figure 3). The rotor lead vas removed to simplifghe test setup andgpaation. The engine
was renmotely started and opeated. An emergeng shubff valve was locaed rear he ergine

interface

FIGURE 2. PRETESTINSTALLATION



FIGURE 3. TEST SETUP

HIGH-SPEED CAMERA TMING

Eventhoudh the disk was notched, thre was no way ofdetemining exactly when omat what
speed the disk would failTo capture theeventon high-speed film, a speed trigger circuit was
used. There were appoximately 8 seconds dflm at a cameraspeedof 4000 pictures per
second, 2.5 seconds which were used as theameas came up to speedrior to installingthe
test engne, a seond engne wes tested to detmine the poweturbine @celeation timefrom
idle to maximun (figure 4) Multiple runs wee conducted, and it wadeterminedthat the
aceleration fom idle to maximum was approximately 10ceeds. Idle spee was
approximatelyl0,400rpm and maximum was 22,500 rpnBaseal on the engin@celeration
times and the tget ruptue speed20,400 rpm)and consideringhe camera time requed to
come to speed, aigger sped of 14,000 rpm \as chosen.
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FIGURE 4. ENGINE ACCELERATION CALIBRATION



TEST PROCEDURE

The test was sweessfully conduced per tke following checklist and proced.

PretestCheckist

Install break-@per

Check fuel vale opestion

Check carmara views

Fuel s/stem chekout. Rerouteand protecfuel line — shutoff vale

Ignitor checks

Camera line chckout

Define the paver turbine sped (Np) trigger speed 14,00€pm

XIN(@ g~ WINIE

Load camaras

Test Procedw

Open fuel vale

Verify cameras ready

Verify cameralines ae unarned

Begin dda collection

Starter powe©N and gnitors ON

Power level agle (PLA) to 25 de

Disengae stater and gnitors at N2= 50 %

Resd trigger systan

©X N O |W N

Arm canera lines

H
©

Verify goodstart

|_\
=

Advance RA to 100 ag

|_\
N

Ensure trgger is activated as Np gsses 14,000 rpm

H
w

Ensure Np is amleating to 20,000 at approrately 1500rpm/sec
Should take appramately 4 seconds

14. If Np reackes oversped limit 22,000 rpm, continue gine runnirg until disk ruptures.

15. After eventclose flel valve.

16.  Secure hepad; allow firefighters access® thepad as neded.

TEST RESUWTS

The test was completeas planned.The cameras vere triggered as Nppassedthrough 14,000
rom. The disk relased at 19,629 rpmTlest data a provided infigures 5 throgh 7. The disk
ruptured into threeaarly equal sections that we contained ly the condinment rig. The outer
titanium shdl split dueto the tensile load resulting from thedisk fragnents pullingthe Kevlar
into atriangular shape.All three dsk fragments penetated he engine conbusbr case. The fuel
lines located between the containment ring and wmbustor cae were pendrated, resultingin a
small fire. Secondey blade fagments eked the egine exhaust nozle and a fewfragments



appeaed to exit through the holes creaed by the disk fragments. Thesefragments were low-
enepy releages. Post event picturegaproviced in figures 8 throgh 11.

The emine stged within its mounts, with tile apparent duress causednh the disk fragent
enepgy being absorbed. The only notceabé sign of high vibraton or bading was abroken
throttle linkage.

The disk fragmentswere recovered and veighed (table ). The aiginal weight of 10.8 Ibs
includedbladeswhich were broken &f during impact. Approximately 2.65 lbs of debris as
releagd.

TABLE 1. WEIGHT OF DISK FRAGMENTS AFTER BURST

Disk Fragment Numier Fragment Weight After Burst (Ibs)
1 2.66
2 2.70
3 2.79
Total Large Disk Fragments 8.15
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FIGURE 5. POWER TURBINE SPEED AND BREAK PAPER VOLTAGE
VERSUS TIME TEST DATA



—a—Power Turbine Speed - Np (rpm)  -[5—Compressor Discharge Pressure - Ps3 (psig)
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FIGURE 6. POWER TURBINE SPEED AND COMARRESSOR DISCHARGE FRESSURE
VERSUS TIME TEST DATA
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FIGURE 7. POWER TURBINE SPEED AND TURBINE GAS TEMPERATURE
VERSUS TIME TEST DATA



FIGURE 9. POSTTEST [EFT SDE OF ENGINE



FIGURE 10. POSTTEST RGHT SDE OF ENGINE

FIGURE 11.DISK FRAGMENTS



CONCLUSIONS

The Pepin containment gnsucessfuly contained the T3 secondstage powea turbine
fragments. This fibe material, Kevlar 29 reinforced with titanium rodsat 45° angles, s a good
basdine bdlistic fabric for containment strudures. This is based on the speific contanment
fragmentenergy of the conainmentring.

All three fragments peneaited throgh the combustorcase and were embeddedinside the
contanment ring  Minimum inteadions béween the immediate engine comporents and
fragments wee ob&rved.

This testdemonstratedhe capbility to contain a trhub burst on a medium sized turboshaft
helicopter engine. Pracical issuesaated to cleamancefor maintenance ona da to day bass as
well as design for ring expansion duringthe failure are difficult chdlenges that must be
considered foprodtction of this ype ofa system.
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