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Managing resonant wibration of jet engine
totor blades presents a technical challenge
for engine programs. Under certain condi-
tions of operation, blades wibrate in response
to pulstng flow from upstream stages. When
the wibration matches 2 matural frequency
the blades can cradk and fracture from high
frequency fatigue, causing major engine
damage. Blade failure 15 a senous economic
problem for aircraft operators, and the U3
Department of Defense has reported that
blade resonant falure costs USS5200 mallion
2T Fear In engine repalr and reduced avail-
abilicy of atrcrafi.

To address this tssue, engine developers
can modify Blade, disk, and stator grometry,
and imtroduce dampers to attenuate dynamic
Tesponse. In order to evaluate resonant
behavior and the effectiveness of improve-
ments, engine bullders use a vanety of
meethods. The first of course, 1s computer
Fimitz Element Analystz (FEA) to model
blade vibratory behavior. This s important,
bt 1t canmet fully duplicate Blade vibratory
Tesponse in service because of the inherent
difficulty in medeling boundary conditions
or effects of manufaciunng vanations.
Another approach 1s b test blade behavior
on the bench using shakers and varous
kinds of vibrometry. These 'bench tests’ do
not tnelude the effects of centnifugal loads,

a crtical driver of blade behavior, so fre-
quenaes and mode shapes determined with
bench methods are not adequate o under-
stand Tesonance 0 SECvice.

Live engine testing (s the most accurate
method of evaluation, but engine testing 15
VETY expensive, costing up to U55100,000
per hour in operating and staffing chargess.
An additional problem with engine testing
1s the danger of damage to the entire englne
if an individual componznt showld fail. This
risk of engine loss dunng test significantly
reduces the scope of iovestigation and
makes it impossible to explore condifons
near fallure.

A new approach o blade resonance eval-
uvation, called 'dynamic spin testing' has
recenitly been developed by Test Devices Inc
to help engine manuafacturers evaluate blade
resonance behavior and awold or resolve
blade fatlure issues. [ndividual bladed rotors
are tested o fully assembled. engine ready
states. The rotoT assemblies are accelerated
toactual engine speeds while the blades are
subjected to vibratory siress matching the
stresses expenienced in engine opeTatlon.

The excitation force nsed to produce the
resomant blade vibratlons stmulates engine
blade-to-stator interaction, which causes
significant blade distortion. The thermal
stresses can also be applied by pedforming

AEFOEPACE TESTHG INTERMATICHAL HOVEREER 2008 1 61

PRODUCTS AND SERVICES 1

Ergire damage caused
by @ Bade failurs

High amplitud e blade

resonant regponse

Srain (micreamraing

\
"

F¥) FA4 OTWA EEEE EEER EEEE

Frapwaecy (He|

dynamic spin tests at engine opeTALON
TeTNpEraiuTes.

Dynemic spin testing produces realisic
resonant vibration of the blades so that
modal frequences can be determined accu-
rately. Precise speed control allows very
slow Tesonance crossings for characteriza-
tion of fully developed resonant modes and
assessment of bladetdamper performance.
Slonw resomance crossing also enables calcu-
lation of blade amplification factors for
measunng the seventy of various modes
amd the risk they present.

By including the static centrifugal stress
amd tatloning tests for specific rotor configa-
raticns by adjusting speed, temperature,
and exctation force, dynamic spin testing
provides @ powerul new method foT testing
bladed turbine engine assemblies. It accu-
rately evaluates the blade and damper per-
formance of complete furbine engine stages
than traditional test methods and 15 both
less tisky and an order of magnitude less
costly than 1ive engine testing,
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