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INSTRUMENTATION REQUIREMENTS FOR TURBOSHAFT
ENGINE PERFORMANCE MEASUREMENTS

matter. Prospective users of the repo

1. This Aerospace Recommended Practice (ARP) defines the measurement parameters that may be
used by a pilot or operator to monitor the thermodynamic health of a turboshaft engine in a heli-
copter and the measurement system accuracies desired.

2. DEFINITIONS

2.1 Condition Monitoring: Engine condition monitoring involves the observation of various measured
parameteys to detect changes with operating time for a given operating condition,

2.2 Diagnostigs: Proper interpretation of the monitored parameters allows the obserxver to determine
the health|of the engine. If changes in the parameters have not taken place, operation can be con-
tinued. However, if a change is noted, the cause can be diagrosed and appropriate action taken.

3. DISCUSSION

During the past few years, interest has grown in the eoncept of "on-condition" maintenance, which
permits the removal of an engine when a monitoring device such as a chip detectoy or vibration
sensor indigates that the engine requires maintenance action. Similarly, if the performance of an
engine and jts components can be monitored, the ‘engine need not be removed from|the helicopter for
overhaul at|a pre-determined time between.overhaul (TBO), but only if engine performance deteri-
oration exceeds specified limits. Simultaheously, with proper location of the meaguring sensors,

it is possible to diagnose where the performance deterioration has occurred so that appropriate
maintenance action can be taken. While the concept of "on-condition' maintenancd may not be uni~
versally applicable, it may offer weduced operating costs.

The determjination of the thermodynamic health of an engine traditionally has involyed the measure-
ment of a cprtain set of cycle parameters. Newer techniques involve measuring changes in com-

ponent characteristics with time. In the case of the latter technique measurement), repeatability is
more important than/absolute accuracy.

The recominendations in paragraph 4. are intended for either technique.

Whetherth ore-traditional-analysis-or-newer-technigue—is dies—have-shown that the
measurement of the following parameters are the most useful for determining changes in efficiencies
and flow capacities of turboshaft engines with time.

HSCGS H

- Temperature at Inlet/Engine Interface
- Pressure at Inlet/Engine Interface
- Gas Generator Rotor Speed

- Power Turbine Rotor Speed

| 2 2 g4
W TN R e

- Temperature at Compressor Discharge

(Continued)
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3.

4'

4.1

4.2

4.3

4.4

4.5

(Continued)

PS3 - Static Pressure at Compressor Discharge
T 4.5 - Temperature at Power Turbine Inlet

Pt s _ Static Pressure at Power Turbine Inlet

T - Power Turbine Oufput Torque

Wf - Engine Mass Fuel Flow

It should be understood that the above parameters can be used to monitor the cond1t10n of the full compressor
and gas gene cle or,—In-them i{y of cases, isolating the

fault to the <ompressor secnon or to the gas generator turbme sectlon is suffiment to prescribe maintenance
action. .

RECOMMENDATIONS

Depending on the maintenance philosophy of a particular installation, Some or all of|the parameters listed in
paragraph 3{ might be utilized. The final choice of the parametersdand the conditiop monitoring and diagnos-
tic procedurps to be employed should be performed in accordancewith methods des¢ribed in the installation
manual or in accordance with methods agreed by the user with the helicopter manqucturer. As a minimum,
provisions should be made for the pilot or operator to monitor T1’ P, N N T I5? and torque. With this

in mind, thel following are recommended accuracies and repeatabllitles of the measurement systems:

Engine Inlgt Temperature (Tl): The temperature;just ahead of the engine/airframe interface is normally

ment is + 3°C, An accuracy of + 1°C is desired. The present repeatability is + 0.[1°C and is acceptable.

used, sinci compressor inlet temperature is not directly measured, The present jaccuracy of measure-
nd repeatability is required over full scale.

Accuracy

Engine Inlqt Pressure (Py): The inlet-pressure is a direct function of altitude, flight speed, and ram pres-

sure recovpry. The variation of-inlet pressure has a directly corresponding effect on power output, If
barometrid pressure is used ag/an alternate to a direct measurement of P1’ the aIcuracy of the altimeter

at sea leve] should be within 150 ft (+152 cm), the equivalent of 40, 2% in inlet pregsure, The present
repeatability is +50 ft {#152 cm), and is acceptable, Accuracy and repeatability are required over full
geale. ’ .

Gas Genergtor Speed. (Nl): The accuracy of speed measurement can have an imporxtant bearing on perfor-

mance determihation, Using speed as a prime parameter requires better instrumentation than is currently
available. The present accuracy is + 256% and repeatability is +.1% and are acceptable and required above

50%.

Power Turbine Speed (Nz): Where power turbine speed and output torque are used to determine power, the

accuracy of power determination will vary directly with the accuracy of power turbine speed measurement.
The present accuracy is :+.25% and repeatability is -+, 1% and are acceptable and required above 80% scale.

Compressor Discharge Temperature (T3): In conjunction with other parameters for a given operating con-

dition, T3 is used to assess changes in overall compressor efficiency and flow capacity, The present ac-

curacy is #5°C. An accuracy of #3°C is desired. The present repeatability is + 3°C, but +1°C is desired.
Accuracy and repeatability are required over the full scale. .
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