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NATIOMAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D. C.  205%

SPECTAL STUDY

Adopted: December 18, 1974

TURBINE ENGINE ROTOR DISK FAILURES

I. INTRODUCTION

Turbine engine rotor disk failures were studied by the National
Transportation Safety Board because of the hazard they create for an aire
craft and its occupants and in response to numerous requests and questions
by the aircraft and engine manufacturers and other govermmental and pri-
vate sector agencies regarding this matter,

Forty=-one case histories of such failures were examined for the

_ years 1962 through early 1973, /Twenty-nine failures affected engines
with turbofans,/seven affected turbojets, four affected turboprops, and
one affected a turboshaft engine. These case histories involved 41 disk
failures and one separation of an entire low pressure turbine assembly,

Two case histories involving fallures of centrifugal flow compressor
impellers are included in the 41 disk failures studied. Since a centri-
fugal flow compressor impeller has the same function as an axial flow
compressor disk/blade assembly and since the effects on the aircraft can
be as serious as a failure of a conventional disk, these histories were
examined.

A case history of the failure of an advanced technology turbofan
engine low-pressure turbine shaft was also considered. The failure of
the turbine shaft released all five stages of the low-~pressure turbine
assembly of the engine from the airplane.. The separation of this as-
sembly amounted to a record mass of engine lost off an aircraft. This
case history was also similar to another involving the same type of
engine/airplane wherein the fifth stage turbine disk failed. 1In both
instances, the resultant effects to the aircraft were similar,

The fan, compressor, and turbine disk fallures documented in this
report were caused by operational problems, mechanical problems, or
material problems,

The study is presented in two volumes, The first volume isa generaﬂiﬁ/
discussion of the operational environment of an engine rotor digk, and
the mechanical/operattomat—factors which €an induce an engine rotor disk
failure. The disk failures discussed in this volume have been categorized
into primary, secondary, and unknown types of fallures,

For purpcses of the study, a primary failure is a situation wherein ’
the disk was not subjected to any external operating influences, but
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failed as a result of improper machining or forging, material contamina-
tion, or plating discrepancies. Fatigue from unknown cause, fatigue corro=
sion, 1/ or initial design problem were also included in this category.

Secondary disk failures are those that resulted from externzl oper=-
ating influences such as improper assembly, improperly sized components,
component failure, or operational influence. Unknown failures are those
in which no cause(s) could be found or in which critical parts were not
recovered and therefore the cause of the failure could not be determined.

Specific detailled case histories and accident data from the Safety
Board's data bank which relate to fan, compressor, and turbine disk fail-
ures have been analyzed and are available in the second volume. 2/ These
data will be of interest primarily to aircraft and engine manufacturers
and governmental or private sector agencies which have an interest in
engine and aircraft performance,

II. TURBINE ENGINE ROTOR DISK FAILURES

Mechanical or Operational Factors

Fatigue is a major problem which limits a disk's service life. It
is a mechanical phenomenon which causes a disk to fracture by repeated
or fluctuating stresses which have maximum values, each of which is less
than the ultimate tensile strength of the disk. Disks are subjected to
either high- or low=-cycle fatigue. High-cycle fatigue results from a
large number of loading cycles at relatively low stress levels. Low=
cycle fatigue results from 2 low number of loading cycles at relatively
high stress levels.

In addition to high-cycle and low=-cycle fatigue, fan, compressor,
and turbine disks have failed as a result of engine assembly errors, sub-
standard material, bearing failure, overtemperature, engine overspeed,
operating interference from such as stator, blade, or component failures,
and foreign object damage, These factors have often combined in many
cases to cause a rotor disk failure,

Fanand compressor disks are subject to centrifugal stresses and high-
or lowecycle fatigue, 1In addition, the rear stage compressor disks are
subject to thermal gradients, which induce some degree of thermal stress,

Fatigue aggravated by simultaneous corrosion,

This volume, entitled TURBINE ENGINE ROTOR DISK FAILURE CASE HIS-
TORIES, can be purchased, as provided in 14 CFR 401.12, upon request
and payment of fees by writing to: National Transportation Safety
Board, Attn: Accident Inquiry Unit, Washington, D. C. 20591. Re-
production and billing will be accomplished by the current commercial
firm under contract with the Safety Board at the price in effect at
the time of the request.
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although the stresses are not as severe as those experienced by turbine
disks. To a lesser extent, stresses induced by distorted inlet airflow
and resultant bending stresses induced by the gas flow through the
compressor are environmental conditions under which these disks must
operate,

In addition to high~ and low=cycle fatigue problems, the turbine
disk is subjected to centrifugal stresses induced by its rotating mass,
and to thermal stresses which are induced by temperature differentials
between the disk bore and rim and the front and rear disk faces, In addi=-
tion, there are residual stresses from fabrication and previous engine
operation. Furthermore, the rotating blades transmit centrifugal and gas
loads to the turbine disk. Although the centrifugal stresses in the
blade may be designed to reduce the gas bending stresses, and the tensile
stresses in the bore may be decreased by residual compressive stresses,
design considerations are still needed to provide sufficient creep 3/
margin at the rim gnd adequate yield strength in the hub throughout the
operating range. {Additional complexities arise in the disk material as
the operating temperatures increase; not only do the strength character-
istics rapidly decrease, but also the resistance to corrosion and oxida-
tion may diminish, which further affects the strength characteristics
and possibly the thermal conductivity of the disk, High-temperature
operation generally requires cooling air to turbine components to main-
tain adequate material strength and to reduce heat transfer into the
bearing components,

Hazard Potential and Secondary Damage

In addition to initial damage caused by disk failures, secondary
damage may also occur and thus increase the hazard potential and accident
risk of a disk failure, :

When a rotor disk fails, large masses of disk segments which possess
large amounts of kinetic energy {see Photograph No. 1), are liberated
from the main disk assembly. The resultant velocities of these liberated
disk segments or other debris, are sufficient to cause extensive pene-
tration and shrapnel damage to the fan, compressor, or turbine cases.
Other powerplant components also may be damaged, such as engine cowlings
and pylons of the affected engine or an adjacent or remotely installed
engine.

In several instances, the loss of one engine because of a disk fail-
ure has resulted in an adjacent engine ingesting disk material and foreign

. debris or projectiles from the failed engine, which necessitated the shut-

down of this engine. In some instances, the liberated disk debris was of
sufficient magnitude to adversely affect a third or fourth engine.

3/ Steady flow of a metal under a sustained load.
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Photograph No, 1 Typical separated disk segments,




Photograph No, 1 Typical separated disk segments,

-5 =

Several of the engines that were affected by ingestion of foreign
debris were subsequently restarted after it was determined that the
engines were capable of operation. ‘

In one instance, an engine was shut down as a precautionary measure
because of abnormal operational indications; however, subsequent events
required that the engine be restarted, This particular instance was an
accident which involved a two-engine turbo-propeller aircraft. The left
engine flamed-out during turbulence and heavy rain. When the flame-out
was discovered, the engine was shut down and the propeller was feathered,
The right engine then began to operate erratically; at this time the left
engine was restarted and promptly experienced a disk failure. The air-
craft was landed safely,

Fuel tanks and wing structure also are vulnerable. Fragments may enter
into the cabin as well; fortunately, this has occurred only rarely, al=
though personal injury or cabin fire has resulted when it did occur.

Debris damage from disk separations, in general, has ranged from
minor to moderate fuselage damage, and from minor to extensive wing,
pylon and cowling damage or separation. A number of these disk separa-
tions have also induced varying degrees of fire damage which ranged from
minor engine and pylon burning or both, to severe burning of the under-
sides of the aircraft in the vicinity of the empennage sectiomn. (See
Photograph No. 2.) Inaddition, adisk failure caused the near catastrophic
loss of a portion of outboard wing section in another aircraft accident.

Two instances of disk disintegration of wing mounted engines occurred
during the takeoff roll, in which liberated disk projectiles struck the
runway and ricocheted into the underside of the wing. The projectiles
penetrated the fuel tanks, causing fuel leakage and subsequent wing heat
and fire damage. In one of the above cases, six passengers were injured
during the evacuation.

Two disk failures were almost catastrophic. 1In one case the air-
craft experienced an almost simultaneous failure of its two left engines
at aircraft rotation (V¥) speed. The loss of the engines led to severe
directional -control problems as well as severely limited thrust available
at a criticdl time! 1In .the second case, a disk failure caused a low
order explosion of the No.-4 reserve fuel tank and the loss of 25 feet
of right wing; this failure occurred during the early stage of ¢liub,
(See Photograph No. 3.)

There have been seven disk failures on wide=bodied jet aircraft,
Only two of these, however, ware potentially catastrophic. One of these
failures severed amn engine. (See Photograph No. 4). This failure caused
an intense pylon fire which burned for approximately 3 minutes. The
initial landing approach had to be abandoned because of an operational
malfunction of the body landing gear and inboard leading edge flaps.
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