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PURPOSE AND SCOPE:

This Aerospace Information Report (AIR) describes a Limited Engine Monitoring
System that can be used by the flight crew or the maintenance staff, or both,
to monitor the health of gas turbine engines in aircraft. This AIR
considers monitoring of gas path performance and mechanical parameters, and
systems such as low cycle fatigue counters and engine history recorders. It
also considers typical measurement system accuracies and their impact. This
AIR is intended as a technical guide. It is not intended to be used as a
legal document or standard. AIR 1873 supplements ARP 1587, Aircraft Gas
Turbine Engine Monitoring System Guide.

DEFINITIONS:

Engine Monitoring Systems (EMS): An EMS includes people, equipment and
procedures used to provide engine monitoring data. It involves the
recording and interpretation of parameters to monitor engine health (for
example, performance and mechanical condition or life usage, or both).

Limited EMS: An EMS where the measurement parameters are usually Timited to
those that are provided as part of the standard aircraft instrumentation.

Expanded EMS: An EMS where the instrumentation is improved and supplemented
such that the engine components and modules can be individually monitored.
Data processing and analysis are more extensive and may require integration
with the control of individual engine components and modules.

Trending: A technique which presents deviation of recorded data from a
baseline or signature characteristic with respect to a time scale.

Diagnostics: Data analysis techniques which lead to the detection and
identification of a deterioration, malfunction, or failure.

EGT: Literally, Exhaust Gas Temperature. As used, “EGT" refers to the
temperature measurement defined by the engine manufacturer as a limiting
parameter (for example, MGT,T4.5,TIT,TOT, etc.).

Power Assurance: The measurement and interpretation of the engine

instrumentation data to determine whether the power or thrust delivered by
the engine will be achieved within operating limits.

Power setting parameter (PS): That parameter used by the engine
manufacturer to determine engine power or thrust. Various parameters are
used for this purpose (for example, EPR, Torque, N1, etc.).

Life Usage: A method of tracking either the useful 1ife remaining or life
consumed on a life-limited part in a gas turbine engine.

BENEFITS:

Prognosis: The tracking of the behavior of parameters with respect to time
initially enables the operator to go on-condition instead of operating with
fixed time between overhaul (TBO). More experienced users may utilize the

trends to plan maintenance activity at critical cost break points.
Documents
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3.2 Diagnosis: As experience is gained, a limited EMS enables an engine
operator to diagnhose a wide variety of problems such as burner distress,
bearing failure, compressor surge, power limitations, etc. Identifying
these items might otherwise require extensive troubleshooting or test runs,
or both., Furtner examples of interest include bieed malfunctions,

instrumentation problems, and off-schedule variable geometry operation.

3.3 Cost Benefits:

3.3.1 Some engine maintenance may be p1énned. (for example, gas path wash,
controls adjustment, fan trim balance)

3.3.2 Some engine removals may be planned. (for example, power assurance,
on-condition techniques)

3.3.3 Costly troubleshooting procedures such as ground runs may, on occasion, be
eliminated.

3.3.4 High fuel consumption due to bleed system malfunction or similar problems
can be identified and rectified.

3.3.5 A trade-off can be performed between cost of maintenance and fuel
consumption,

3.3.6 Usable component 1ife can be extended through use of life tracking systems.

3.3.7 Operational disruption due to unexpected power shortfall can be avoided.

4. GENERAL CONCEPTS:

Recent experience has been obtained with the concept of "on-condition”

maintenance, (that is, maintenance when an EMS provides evidence that the
engine requires maintenance action). Engines monitored with these techniques

need not be removed at predetermined TBO's. They are instead allowed to
continue in operation until performance or component life Timits are reached.

The determination of the health of an engine traditionally has involved the
measurement of a certain set of parameters displayed in the cockpit. In both
Limited and Expanded EMS, the user evaluates shifts in the parameters through
time or compares parameter values to reference levels,

During the initial design of a Limited EMS, consideration of parameter
accuracy and repeatability must be taken to enhance system capability.
Parameters with large errors inherent in their measurement systems must not
be used as the base against which other more consistent parameters are

compared.

The usefulness of an EMS in its trending modes is enhanced more by system
repeatability than absolute accuracy., However, maximum accuracy can be
achieved by calibrating the sensor in the range where data acquisition is
most likely to be required unless this conflicts with power management
dictates,
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5. PARAMETERS:

5.1 Parameter Selections: Typical cockpit readings used to monitor the health
of the engine may include:

1. A parameter representing thrust or power setting such as:
a. Low pressure rotor speed
b. Engine pressure ratio
c¢. Engine torque

2. Flight condition parameters such as:
a. Pressure altitude
b. Airspeed
c. Outside air temperature

3. Engine trending parameters such as:
a. EaGT
b. Mass fuel flow
c. Rotor speed(s)

4, Accessory load parameters such as:
a. Bleed status
b. Power extraction
¢. Anti-icing condition

b, HMechanical parameters such as:
a. Lube system parameters - Reference 8.5
b. Vibration parameters - Reference 8.7
c. Control system parameters - (for example, variable stator vane
position)

b. Component Life Usage Parameters
a. Starts
b. Operating hours
¢. Temperature events
d. Speed events
e. Cycle counts (as defined by the engine manufacturer)

These typical parameters do not provide the capability to directly monitor
the health of individual engine modules, but they can provide sizable
benefits by detecting changes in overall engine performance at low cost.

As engine designs become more fuel efficient, smaller engine component
parameter changes must be detected. Greater measurement repeatability is,
tnerefore, desired to separate performance shifts from the data scatter.

5.2 Measurement Uncertainty: Measurement uncertainty results from two
components of measurement error: the fixed (bias) error and the random
(precision) error. Bias error is the difference between the true value and
the average of many repeated measurements. The 1imit for the bias (b) is
estimated based on judgment, experience, and testing. The precision error
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5.2 Measurement uncertainty: (Continued)

is the variation of repeated measurements of the same quality. The sample
standard deviation (S) is used as an index of precision. The general formula
for combining these errors into uncertainty (U) is

U=+ (B + tggS)

Where tgs is the 95th percentile point for the two-tailed Students "t"
distribution. The t value is a function of the number of degrees of freedom
used in calculating S and is found in most handbooks of statistics.

The index of precision (S) and the bias (B) are derived from the various
elemental errors sj and bj from the various error sources using the
root-sum-square combination of each error,

= . .l
S=XrVEi s

+Vzy by

The uncertainty estimate is the interval about the measurement which is
expected to encompass the true value. The propagation of error from basic
measurements through calculated performance parameters is detailed in
Reference 8.11.

B

Figure 1 depicts possible error chains and their relationship to one another
for each of the types mentioned in paragraph 6.1,

The uncertainty estimate for the possible error chain (Fig., 1) associated
with a change in a performance trend parameter at a common condition can be
calculated by

- 2 2
UA"iﬁ95W/g baseline pt ¥ S trend pt

Where S is the root sum square combination of the elemental errors s from
the various error sources, since the bias errors are the same for each test
point and will not affect the comparison. Typically this delta uncertainty
is smaller than the uncertainty of each test point alone. An expanded
discussion of this topic may be found in Reference 8.11.

Fig. 2 shows typical values of the measurement uncertainty of the limited EMS
parameters. Tne total uncertainty of calculated delta parameters used for
performance trending analysis consists of the uncertainty in the parameter
itself, and the uncertainties related to power setting and ambient parameters.
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