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INTRODUCTION AND BACKGROUND

On April 23, 1973 the Safety Standardization Advisory Committee of the SAE Aerospace Council
requested the Propulsion Division to initiate a technical study of aircraft gas turbine non-containment. 
This request was reviewed with the Aerospace Council and the Propulsion Division was directed to
establish an Ad Hoc Committee.

The committee was established on May 5, 1975 and a preliminary work statement was drafted.  The
first meeting of the committee was held on July 31, 1975 and the work statement was agreed to as
follows:

Committee Representation:  The Committee shall be composed of individuals competent and
authoritative in the fields of airline operation, airframe and engine design, and able to make significant
contributions to this study.

Committee Report:  The Committee is to release the results of the study to the SAE Aerospace Council
after approval of the Aerospace Propulsion Division.  The Committee shall submit its report January 31,
1977 to the Propulsion Division.  An extension may be granted by the Propulsion Division if required.

The committee decided that commercial helicopter operations were so small, in comparison to fixed
wing aircraft operations, that their inclusion in this study was not warranted.  General aviation was not
considered as it was beyond the scope of this committee.

Committee Membership and Activity:  As stated in the Statement of Work for the committee:  “The
committee shall be composed of individuals competent and authoritative in the fields of airline
operation, airframe and engine design, and able to make significant contributions to this study.”

The individuals forming the committee were selected from companies in the fields of airline operation
(Pan American, Trans-World and United), airframe design (Beech, Boeing, Lockheed and McDonnell
Douglas), engine design (AiResearch, Allison, General Electric, Pratt & Whitney, and Rolls-Royce),
and the FAA.

Full document details: SAE AIR1537A

http://www.avadocuments.com/doc/sae-air1537a
http://www.avadocuments.com/doc/sae-air1537a


SAE AIR1537 Revision A

- 2 -

INTRODUCTION AND BACKGROUND (Continued)

The committee established a schedule of meetings consistent with the submission of the report to the
Propulsion Division in January 1977.  The submission of the final report was moved to May 1977 by the
SAE Aerospace Council.  Nine meetings were held between July 31, 1975 and February 1977.
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1. SCOPE:

The study shall be directed to commercial aircraft service and include engine experience in both
fixed wing aircraft and helicopters covering the time period from 1962 to the present.

1.1 Purpose:

To gather and analyze available service data on aircraft propulsion turbine engine rotating part
non-contained failures on public record, assess the resulting aircraft damage, and determine rate
of past occurrences based on these data.

In addition, classify incidents by cause and consequence to identify areas of greatest concern
and recommend areas for greatest potential improvement.

Finally, evaluate or determine means for evaluation of the penalties imposed on aircraft systems
to achieve greater levels of containment or recommend alternatives to containment.

2. SUMMARY:

The committee examined the nature and consequences of turbine engine non-contained rotor
failures which occurred during 417 million engine hours on commercial aircraft powered by Allison,
General Electric, Pratt & Whitney and Rolls-Royce turbine engines during certificated air carrier
service for the period January 1, 1962 through December 31, 1975.  Information obtained from
U.S., NTSB, FAA, and U.K. CAA reports was cross-checked and supplemented with certain
manufacturers’ data and used as the basis for this examination.  The results of the study are
presented in statistical and graphical forms, and are discussed in the body of the report.

The committee considered only those events where fragments exited the nacelle because
fragments which are contained within the nacelle do not have potential for damage to the aircraft. 
These failures, which occurred at a rate of 0.66 per million engine flying hours, were categorized as
follows:

TABLE 1 - Non-Contained Failure Summary1

Failure Rate
Disks and Blades Per Million

Consequences of Failure1 Spacers Only Total Engine Hours

1.  Nacelle Damage Only   47   48   95 0.23

2.  Minor Aircraft Damage   71   60 131 0.31

3.  Significant Aircraft Damage   34   10   44 0.11

4.  Severe Aircraft Damage     4     1     5 0.01

Total 156 119 275 0.66

1 See Section 4 for definitions.
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2. (Continued):

The non-contained failure events have been classified by cause, engine section and flight mode;
the details are given in the text.  Penalties imposed on aircraft systems to achieve greater levels of
containment were evaluated in terms of weight.  The committee concluded that the majority of non-
containment occurrences which involved significant or severe damage to the aircraft were due to
release of fragments of such size and energy as to make the additional mass required for
containment impractical within the current state-of-the-art.  Although the probability of major aircraft
accident caused by non-contained failure is remote, this must be considered an important element
of overall aircraft system safety and the committee therefore recommends continued effort to
reduce this hazard.

3. CONCLUSIONS, OBSERVATIONS, AND RECOMMENDATIONS:

3.1 Conclusions:

3.1.1 A total of 275 non-contained engine failures occurred in 417 million engine hours resulting in a
rate of 0.66 events per million hours.  Of these, 0.54 events per million hours caused minor or
no damage to the aircraft; 0.11 events per million hours caused significant damage; and 0.01
events per million hours caused severe damage.

3.1.2 Engine non-containment was a factor in 0.33 percent of all fatalities, 2.62 percent of all
accidents and 1.05 percent1 of all hull losses which have occurred in commercial aircraft from
all causes.

3.1.3 Although the probability of a major aircraft accident caused by an engine rotor burst is
extremely low, it must be considered an important element of overall aircraft safety and
continued effort to reduce the hazard from engine rotor burst is warranted.

3.1.4 Causes of failure were classified in 15 categories.  No single cause contributed more than one
quarter of the total failures.  High-cycle fatigue, low-cycle fatigue and material defects together
accounted for one half of the total disk and spacer failures.

3.2 Observations:

3.2.1 The greatest potential for reduction of significant damage to the aircraft caused by non-
contained rotor failures lies in continued major efforts by the engine manufacturer to improve
engine design, manufacturing and quality control to reduce the number of rotor bursts and by
the airframe manufacturer to minimize the hazard to the aircraft of non-contained engine
fragments.

3.2.2 The majority of non-containment occurrences which involved significant or severe damage to
the aircraft were due to release of fragments of such large size and energy as to make
containment impractical within the current state-of-the-art.

_____________________________

1 Corrected from “0.05 percent” to “1.05 percent” April 1978.
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3.3 Recommendations:

Recommendations are made as follows that:

3.3.1 A data retrieval system be set up to collect detailed data including failure cause (primary or
secondary) for non-contained rotor events.

3.3.2 Continuing, and in some areas, augmented efforts to reduce the frequency of bird ingestion at
airports be carried out.

3.3.3 Research be carried out to provide better understanding of aerodynamic excitation, mechanical
excitation and interactions of blade/rotor/stator systems leading to improved design criteria for
normal and off design engine operations.  This research should also include the effect on the
engine and the installed engine system of potential engine and system malfunctions and
external influences.

3.3.4 Continued research and major efforts to improve the sensitivity and reliability of NDI (Non
Destructive Inspection) methods be carried out.

3.3.5 Research be carried out to provide an improved capability for understanding the dynamics of
engine rotor systems subsequent to blade loss, to permit establishing effective design criteria
and practice to minimize the effects of blade loss and to reduce the sometimes extensive
secondary damage that results.

3.3.6 Continuing research and development on damage tolerant blade designs be carried out.

3.3.7 Engine burst characteristics be better defined in terms of fragment sizes and energies,
fragment population and dispersion angles.

4. DEFINITIONS:

4.1 Definition of Non-Containment:

Non-containment failure of an aircraft turbine engine was defined for the purposes of this study
as any failure which results in the escape of rotor fragments through the nacelle cowling or
through panels which isolate the propulsion installation from the remainder of the aircraft
structure.  The term rotor includes rotating structural components such as disks, spacers, and
blades.  Rotor failures of primary importance in this study are those which release fragments of
sufficient energy to constitute a potential hazard to the aircraft through damage to other systems
or structure outside the affected propulsion system.  It should be noted that aircraft certified under
F.A.R. Part 25 are capable of continued safe operation after loss of power/thrust from one engine
during any phase of flight.
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4.1 (Continued):

Fragments of disks, spacers, and/or blades which are released from turbine engines can
represent a hazard because of the potential for injury or damage to aircraft structures or systems.
There is, however, a clear distinction in the risk of aircraft accident associated with cases where
fragments are contained within the propulsion system/nacelle and the instances where fragments
have enough energy to penetrate the propulsion system cowling or skins.  This distinction is
drawn because the fragments contained within the propulsion system do not represent a hazard
to personnel, airframe structures or systems.  The propulsion system is designed to confine the
fire or damage which might result from such a failure.

4.2 Definition of Aircraft Damage:

The committee agreed that a hazard from a noncontained engine failure results when damage
occurs to critical aircraft structure or systems, other than the affected nacelle.  To assess the
resulting aircraft damage and to determine the areas of greatest concern, a means of classifying
the severity of the damage was developed.  The severity of aircraft damage, as judged from a
relative standpoint, is based upon the consequence and the damage that actually occurred. 
Damage severity was classified into four categories and is defined as follows:

Category 1. Damage limited to the affected nacelle.

Category 2. Minor aircraft damage, defined as damage that has little effect on aircraft
performance, such as:

a. Nicks, dents and small penetrations in aircraft structure
b. Slow depressurization
c. Controlled fires

Category 3. Significant aircraft damage, as listed below, with the aircraft continuing flight and
making a safe landing.

a. Damage to primary structure or systems
b. Uncontrolled fire
c. Rapid depressurization
d. Loss of thrust on an additional engine
e. Minor injuries

Category 4. Severe aircraft damage, as listed below:

a. Crash landing
b. Loss of the aircraft
c. Critical injuries
d. Fatalities
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4.2 (Continued):

It is apparent from these definitions that Categories 1 and 2 present no hazard to the welfare and
safety of the commercial airline passenger.  Thus, in analyzing the service data, Categories 3 and
4 were emphasized in order to determine the areas of greatest concern.

5. ANALYSIS OF DATA:

5.1 Data Base:

The statement of work defined the committee’s basic task as, “to gather and analyze available
service data on aircraft propulsion turbine engine rotating part noncontained failures on public
record.”  Service data was obtained from NTSB, FAA and United Kingdom CAA reports for the
time period of January 1, 1962 through December 31, 1975.  In addition, to provide more details,
certain manufacturers’ data were used to supplement the information provided in the government
reports.

The committee considered those events where fragments exited the nacelle, because of the
potential damage to the aircraft.  Thus, the data were limited to events that met the committee’s
definition of non-containment as presented in 4.1.  The data include non-contained rotor failures
which occurred during 417 million engine hours of commercial airline service for aircraft powered
by Allison, General Electric, Pratt & Whitney, and Rolls-Royce turbine engines.  Two hundred
seventy-five non-contained events were identified, including 156 events that involved disks and
spacers, and 119 events that involved only blades.  The pertinent data for these events are
included in Appendix B.

5.2 Damage Classification:

In approaching the study, the committee agreed that the greatest concern relative to turbine
engine rotor failures involves events that constitute the greatest hazard to the aircraft and its
occupants.  The relative hazard to the aircraft was identified by classifying the severity of the
resulting aircraft damage and the consequence according to the definitions in 4.2.  The
committee realizes that the classifications are somewhat subjective and involve arbitrary
judgments as to the exact classification of certain events.  However, the committee concluded
that the relative severity of damage can be reasonably well classified and that a difference of
judgment in a few events in the large data base would not significantly change the general
conclusions.

5.3 Organization of Data:

The statement of work identified three major areas of investigation for the committee to pursue in
the analysis of the service data on turbine engine rotor failures.  The areas of investigation were: 
(1) to determine the rates of past occurrences, (2) to classify incidents by cause, and (3) to
assess the resulting aircraft damage.
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5.3.1 Rate of Past Occurrences:  The service data were analyzed to evaluate trends and failure rates
for each year of the study as a function of engine type, i.e., turbo-prop, turbojet, low bypass fan
jet and high bypass fan jet.  In addition, to show the trends relative to the more serious
consequence, the rates for events that resulted in Category 3 and 4 damage severity were
identified.  These data are included in Figures 1 through 1D.

5.3.2 Causes of Rotor Failures:  The non-contained events were classified by engine section, flight
mode, and by cause of failure to isolate the probable causes of the majority of the events, as
shown in Tables 2 through 4B.  In addition, the rate for events that resulted in Category 3 and 4
damage severity is shown with the cause of failures in Tables 5 through 5B.

5.3.3 Resulting Aircraft Damage:  The aircraft damage resulting from engine rotor failures was
classified by damage severity (see 4.2) and by fragment type (blade or disks and spacers) to
identify the type of fragments that were responsible for the more severe damage.  These data
are presented in Figure 2.

The penalties associated with increased containment to reduce the damage severity were
estimated in terms of the increase in aircraft weight required to retain its performance level. 
The results of this study are included in 7.3.  Alternatives to increased containment to reduce
the hazard of non-contained rotor fragments are discussed in 7.1 and 7.2.

5.3.4 Additional Tasks:  In addition to the items in the statement of work, the committee elected to
include two additional tasks.  First, to estimate the benefits in reducing the damage severity with
increased containment and second, to put the consequence of engine rotor failures in
perspective relative to other causes of aircraft accidents.

The benefits of increased containment were assessed by estimating the number of Category 3
and 4 damage severity events where the hazard to the aircraft would have been substantially
reduced by the addition of a specified amount of containment.  Containment which would be
adequate for containment of a weight equivalent to three blades and the two included posts was
considered in making the judgment.  The estimated fragment weight for each event used in this
study is listed in the data summary, Appendix B, and is the estimated weight of the largest
fragment expelled unless otherwise noted.  The largest fragment will usually represent the
greatest hazard to the aircraft.  In some events, however, particularly those involving multiple
blade expulsion, the total weight of the expelled fragments is noted because this total weight is
important to the judgment as to whether the fragments would have been contained by
containment adequate for 3 blades plus 2 posts.  In general, the 3 blades/2 post containment is
judged to be adequate to contain the fragments if their weight is lower than the weight of 3
blades and 2 posts for the stage where the failure occurred.  The results of this study are
shown in Figure 3.

The contributions of non-contained turbine engine rotor failures to the total number of aircraft
accidents from all causes is shown in Figure 4.  The number of fatalities, accidents, and hull
losses in which a rotor failure was involved is compared to the total number of fatalities,
accidents, and hull losses that have resulted from all causes.
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5.4 Current Practices:

Design and certification practices relevant to the subject of containment are discussed in
Appendix A.

6. SERVICE DATA:

6.1 Tables:

TABLE 2 - NON-CONTAINED FAILURES CLASSIFIED BY FRAGMENT TYPE:

Table 2 shows failures according to fragment type and engine section for all severity categories
and for severity 3 and 4 categories.  This shows that over 75% of Category 3 and 4 events are
attributed to disk and spacer failures and that well over half of categories 3 and 4 events are
attributed to fan and compressor disk and spacer failures.

TABLE 3 - NON-CONTAINED FAILURES CLASSIFIED BY FLIGHT MODE:

Table 3 shows the number of events, failure rate, and percentage of failures occurring at take-off,
climb, cruise, descent, and ground run.  This table shows approximately 2/3 of the total events
are at take-off and climb.

TABLE 4 - NON-CONTAINED FAILURES CLASSIFIED BY CAUSE:

All rotor failures are classified as to the basic cause of failure in Table 4.  These causes are
shown as either “primary”, that is failures resulting from an initial deficiency or abnormality in the
part which failed or as “secondary”, that is, the failure which resulted in non-containment was the
result of an initiating abnormality elsewhere in the engine.  The relatively large percentage of
failures for which the cause is unknown in this list is the result of including blade failures which in
many cases were of such minor consequence that they were not well documented.

TABLE 4A - NON-CONTAINED DISK AND SPACER FAILURES CLASSIFIED BY CAUSE:

Table 4A is a similar classification and analysis for disk and spacers only.  These failures
inherently tend to be more severe and, therefore, a much higher percentage of these events are
classifiable as to cause.  It is noted that four failure causes, high cycle fatigue (primary), material
defects, rubbing against static parts, and low cycle fatigue, account for 60% of the events.

TABLE 4B - NON-CONTAINED BLADES FAILURES CLASSIFIED BY CAUSE:

Table 4B is a similar classification and analysis for blades only.  As stated previously the relatively
large percent of failures for which the cause is unknown is the result of failures which in many
cases are of such minor consequence that they are not well documented.
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6.1 (Continued):

TABLE 5 - NON-CONTAINED FAILURES CLASSIFIED BY CAUSE - SEVERITY CATEGORIES
3 AND 4:

The causes of failures for events that resulted in Category 3 and 4 damage severity are shown. 
Material defects, high cycle fatigue, low cycle fatigue and rubbing against static parts account for
over half of severity Category 3 and 4 events.

TABLES 5A AND 5B - DISKS, SPACERS AND BLADE FAILURES CLASSIFIED BY CAUSE -
CATEGORIES 3 AND 4:

Tables 5A and 5B classify the data in Table 5 for disks and spacers, and blades respectively. 
Since the majority of Category 3 and 4 failures involve disks, the major causes are similar to
those in Table 5.

Full document details: SAE AIR1537A

http://www.avadocuments.com/doc/sae-air1537a
http://www.avadocuments.com/doc/sae-air1537a


SAE AIR1537 Revision A

- 12 -

TABLE 2 - Non-Contained Failures Classified by Fragment Type

Number Failure Rate Percent
of Per of

Failures Million Hours Failures
All Category All Category All Category

Fragment Type Categories 3 and 4 Categories 3 and 4 Categories 3 and 4

Fan Disk, Spacer   23 12 0.055 0.029     8.4   4.4

Fan Blade   32   2 0.077 0.005   11.6   0.7

Compressor Disk, Spacer   77 17 0.185 0.041   28.0   6.2

Compressor Blade   22   2 0.053 0.005     8.0   0.7

Turbine Disk, Spacer   56   9 0.134 0.022   20.4   3.3

Turbine Blade   65   7 0.156 0.017   23.6   2.5

Total Non-Contained 275 49 0.66 0.119 100.0 17.8

January, 1962 - December, 1975:  417 Million Engine Hours

TABLE 3 - Non-Contained Failures - Disks, Spacers, and Blades
Classified by Flight Mode

Number Failure Rate Percent
of Per of

Flight Mode Failures Million Hours Failures Rank

Take-Off 129 0.309   46.9 1

Climb   52 0.125   18.9 2

Cruise   35 0.084   12.7 4

Descent     9 0.022     3.3 5

Thrust Reverse     4 0.010     1.5 7

Ground Run     8 0.019     2.9 6

Unknown   38 0.091   13.8 3

Total Non-Contained 275 0.660 100.0 −

January, 1962 - December, 1975:  417 Million Engine Hours
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TABLE 4 - Non-Contained Failures - Disks, Spacers, and Blades
Classified by Cause

Primary or Number Failure Rate Percent
Secondary of per of

Cause of Failure Failure Failures Million Hours Failures

Unknown --   58 0.139   21.1

High Cycle Fatigue Primary   52 0.125   18.9

Rubbing Against Static Parts Secondary   28 0.067   10.2

Material Defects Primary   25 0.060     9.1

Foreign Object Damage Secondary   15 0.036     5.5

Overtemperature Secondary   15 0.036     5.5

Low Cycle Fatigue Primary   15 0.036     5.5

Other --   14 0.034     5.0

Manufacturing Defects Primary   14 0.034     5.0

Shaft and Shaft Retention Bolt Failure Secondary   13 0.031     4.7

Overhaul Procedures Primary   11 0.026     4.0

High Cycle Fatigue Secondary   10 0.024     3.6

Mis-Assembly Primary     3 0.007     1.1

Combination of HCF and LCF Primary     1 0.002     0.4

Overspeed Secondary     1 0.002     0.4

Total Non-Contained 275 0.659 100.0

January, 1962 - December, 1975:  417 Million Engine Hours
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TABLE 4A - Non-Contained Failures - Disks and Spacers
Classified by Cause

Primary or Number Failure Rate Percent
Secondary of per of

Cause of Failure Failure Failures Million Hours Failures

High Cycle Fatigue Primary   44 0.108   28.8

Material Defects Primary   19 0.046   12.2

Rubbing Against Static Parts Secondary   16 0.038   10.3

Low Cycle Fatigue Primary   15 0.036     9.6

Unknown --   16 0.036     9.6

Other --   11 0.026     7.1

Overhaul Procedures Primary     9 0.022     5.8

High Cycle Fatigue Secondary     8 0.019     5.1

Overtemperature Secondary     7 0.017     4.5

Manufacturing Defects Primary     3 0.007     1.9

Mis-Assembly Primary     2 0.005     1.3

Foreign Object Damage Secondary     2 0.005     1.3

Shaft and Shaft Retention Bolt Failure Secondary     2 0.005     1.3

Combination of HCF and LCF Primary     1 0.002     0.6

Overspeed Secondary     1 0.002     0.6

Total Non-Contained 156 0.374 100.0

January, 1962 - December, 1975:  417 Million Engine Hours
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