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1. SCOPE:
1.1 General:

This paper describes a recommended practice and procedure for the correlation
of test cells that are used for the performance testing of turboprop and
turboshaft engines. This Aerospace Recommended Practice (ARP) shall apply to
both dynamometer and propeller based testing. Test cell correlation is
performed to determine the effect of any given test cell enclosure and
equipment on the performance of an engine relative to the baseline
performance—of that engine.

1.2 Beneficiaries:

This ARP will benefit the original equipment manufacturer <(OEM), |commercial
users, rexair stations, military depots as well as intermediate ljevel

maintenan¢e activities. Specific cases in which the information [contained
herein wi]l be beneficial are:

a. As an|aid for providing correlation of testicell data between| engine and
airframe companies supporting commercial and military requirements.

b. As an|aid for providing military maintenance facilities and commercial
repair stations a method by which tolcorrelate test cells.

c. As an|aid in establishing correlation practices for new test cells, for
updating, and for maintaining existing test cells.

d. As an|aid to an engine manufacturer’s facility in correlation| of test
cells|used for engine development and acceptance in accordance with the
appli¢able engine model\'specification.

1.3 Limitations:

Known methods of turboprop/turboshaft test cell correlation include, but are
not limited to,_the following:

a. Back-to-Back
b. CrossiCell
c. Correlation Engine

The "Correlation Engine" procedure is the recommended and most common method
for the correlation of an engine test cell. This paper is limited to the
discussion of this one method.

2. REFERENCES:
2.1 Applicable Documents:

2.1.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale,
PA 15096-0001.

ARP74]1 Gas Turbine Engine Test Cell Correlation

-4 -
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2.1.2

2.1.3

2.2

ASTM Publications: Available from ASTM, 1916 Race Street, Philadelphia, PA
19103-1187.

Annual Book of ASTM (American Society for Testing Materials) Standards,
1990. Section 5, Petroleum Products, Lubricants and Fossil Fuels. Volumes
05.01, 05.02, and 05.03.

Other Publications:

Advisory Group for Aerospace Research and Development (AGARD). 1984.
Operation—and Performance Measurement on ines—in Sealeve
Facilitjes. AGARD-LS-132.

Advisory Group for Aerospace Research & Development (AGARD). 1p89.
Measurement Uncertainty Within the Uniform Engine Test Pregrammp. AGARD-
AG-307.

Advisory Group for Aerospace Research & Development. (AGARD). 1p90.
Comparative Engine Performance Measurements. AGARD-LS-169.

Advisory Group for Aerospace Research & Devélepment (AGARD). 1p90.
Propulsjon and Energetics Panel Working Gr@up 15 on the Uniform| Engine Test
Programpe. AGARD-AR-248.

Rolls Rpyce Ltd. 1985. Approval of Engine Test Facilities. Rolfls Royce
Company|Quality Control Report (CQC) No. 116.

The Aerpspace Industries DivisGon of Instrument Society of Amerfica. 1980.
Measurement Uncertainty Handbook. AEDC-TR-73-5.

United Ptates Air Forces1984. Test Cell Correlation Set Technigal Manuai;

Operatipn, Maintenance.and Parts Breakdown. United States Air Fprce

Technichl Order (70)“33DA-6-261.
Definitiops:

The folloying<dist defines the terms and phrases used in this document:

BACK-TO-BACK: A test performed with the same engine before and alfter a
modification to the facility or associated equipment.

BASELINE FACILITY: A facility designated as the standard for certification
of an engine.

CALIBRATION: The comparison of a particular instrument or system with a
standard of known accuracy.

CORRELATION: The comparison of engine performance parameters measured on a
common engine tested in two test facilities, where one facility is the
reference.

CORRELATION ENGINE: An engine of known and repeatable performance used for
test cell correlation.
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2.2

(Continued):

CORRELATION FACTOR: A multiplier or delta used where appropriate to adjust
for the difference in performance between the customer facility and the
reference facility, also known as a "Facility Modifier" or "Correction
Factor".

CROSS-CELL: The comparison of engine performance parameters measured on a
common engine, which is not necessarily a correlation engine, in at least two
previously correlated test cells for the purpose of checking facility
correlati i

CUSTOMER
reference

ACILITY: The facility which is to be correlated againhst the
facility.

DYNAMOMET
produced

ability t
but is no
dynamomet

R: An apparatus other than a propeller for absorbing the power

y the engine being tested. This device may ‘or may not have the
measure the amount of power produced. Fhis definition includes,
limited to: waterbrake, air, electric) hydraulic or sfteam

rs.

ENGINE DR
applicabl
instrumen
This kit

SS KIT: Typically consists of an.€ngine mounted nacellle (when

), aerodynamic hardware (when applicable), accessories |and test
ation required to permit operation of the engine in the| test cell.
ay or may not include quick engine change items.
FREE FIELD TEST: An engine test . performed on an outdoor test stand.

INDOOR TE
restricte

T CELL: A facility(for the testing of gas turbine engipes in a
environment.

OUTDOOR T
engines.

ST STAND: An-'open air facility without any enclosure for testing

OUTPUT SH
dynamomet
propeller
engine to

FT: The engine shaft connected to a loading device, e.g., a

r or a-propeller. In general, for a turboprop engine, [it is the
shaft,” For turboshaft engines, it is the shaft connectfing the
the airframe load, e.g., the main gearbox for helicopter rotors.

QUICK ENGINE CHANGE (QEC) KIT: May include a nacelle or cowling set with
engine driven and required aircraft accessories or hardware instalied on the
engine for faster engine removal and installation on the aircraft.

REFERENCE FACILITY: A test facility of known performance, traceable to the
designated baseline facility, against which the customer’s facility is
compared.

TEST FACILITY (TEST CELL): An area in which a gas turbine engine is operated
to determine its performance and other information as required by a given
test.
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4.1

4.2

FACTORS AFFECTING CORRELATION:

The following factors may affect the correlation of an engine test cell:

d.

manoT

33 —

P

Tl = L -n

inlets,
Engine

or dyn
Propul
Testin
Data a
Fuel p
Waste

cell

Engine
Externa
Engine

ERFORMANCE
General:

The primar
performang
configurat
surge-free
provide ag
condition,

A1l test f
obtained ¢
including

Variationg

Configuration of the test cell, particularly the primary and secondary

augmenter tube and exhaust stack configurations
position in the test cell

Ambient conditions and surrounding configurations
Instrumentation; calibration, location, measurement accuracy, and quantity
Load absorption system configuration and characteristics, (test propeller,

fting)
jon system test configuration
procedures
quisition system
operties
eat or airflow generated by the dynamometer

The fadility fans etc. which may be used to assist airflow thry the test

power measurement system
1 engine bypass air flow
dress kit

MEASUREMENTS:

y function of the engine test facility is to obtain a proper

e evaluation of an engine. The test facility and test
ion must provide a stable test environment conducive to|smooth
operation of the engine. The propeller or dynamometer|must

equate power absorption to control the engine in a stabje operating

acilities_create an environment which may influence the|data
uring testing. In addition, the engine test configuratjon
the engine dress kit may influence the data taken during testing.

difference

in’test facilities and engine test configurations may gause
s-in meas i ance. The test cell correlation

provides the means to quantify these differences, to understand them, to
reduce them whenever possible, and to establish the appropriate cell
correlation factors.

Performance Parameters:

A variety

of engine performance parameters should be examined in the process

of test cell correlation. This list may include, but is not limited to:

Other

o an o

Engine fuel flow
Engine output shaft torque
Engine output shaft speed

engine rotor speeds

Engine airflows
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4.3

4.3.1

4.3.2

SAE ARP4755
(Continued):
f. Engine pressures and temperatures
g. Engine inlet conditions
h. Test cell temperatures and pressures
i. Test cell inlet airflow
J. Vibrations

Instrumentation Calibration:

0 0 ¥ DREHR

The eng1n :
appropriate des1gn and ca11brat1on of measurement systems.

The importance of proper calibration of the test cell and its ins
cannot be [overemphasized. This procedure firmly establishes the
the individual instrument and system measurements. Rather than a
reading of an instrument, it is essential to make a calibration c
verify the validity of the measurements.

In most cdses an end-to-end calibration of a measurement system i
than remoying an instrument from the test cellland calibrating it
instrument shop. However, periodic calibration of individual ins
either penformed in place or in the instrumentation shop, is nece
example, d pressure measurement may be affected by a leak or liqu
pressure line; electrical measurements‘may be disturbed by noise,
wiring flgws; liquid flowmeters are affected by turbulence in the
Many such |[conditions can be detected during calibration, and shou
corrected |before the final calibration curves are established.

Hierarchy/Secondary Standards: In the United States of America
National Institute of Standards and Technology (NIST) has the p
responsibility for maintaining the standard units of length, ma
temperatfjure, and electrical quantities. Other nations have com
standards bodies.~Instruments used as transfer standards shoul
calibraffions traceable to a national standard.

Common fractice requires a secondary or transfer standard be at
times mdre '‘accurate than the 1nstrument belng ca11brated With
develop : ¥ i
achieve this hierarchy of secondary standards. In any case the
standard should be substantially more accurate than the work in

Traceability:

particular measurement. It identifies all possible error contr

uch requires

truments
pccuracy of
ccept the
heck to

5 better

in an
truments,
ssary. For
ids in a

or by
liquid.

Id be

the
rimary
5s, time,
parable

i have

least four
the

It to
transfer
strument.

Traceability establishes the calibration hierarchy for a

ibutions

between the test facility measurement system and the national standard.

Traceability does not reduce the uncertainty of a measurement,
documents the process of its determination. Documentation of t
instrument and test cell calibrations and hierarchy should be e
and maintained.

it simply
he
stablished
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4.4 Torque Measurement/Calibration:

4.4.1

4.4.2

4.5

Propeller Test Stand:

Engine torque in tests with a propelier

measured by the engine torque sensing system, if so equipped.
propeller test stands often incorporate a torque measurement system where

the engine is mounted on a torgue or thrust reacting cradle and measured by
a load cell.

is normally
In addition,

Prior to correlation, laboratory calibration of the load cell and static
calibration of the torque measuring system should be performed.

Dynamomg
measureg

ter Test Stand: Engine torque in tests with a dynamore
by provisions built into the dynamometer or by an Min-

measurement device in the drive shafting between the engine:and

dynamome
as drive
effects

Prior tg
device,
performs

Factors Af

ter. Drive shafting, pedestal bearings, flywheels, etc
shafting alignment can all affect torque measurement.
need to be corrected for by the torque corvection facto

correlation, laboratory calibration of{the torque meas
and static calibration of the torque measuring system s
d.

fecting Performance Measurement:

To compar
condition
parameter
into thre
propertie
pressure

cell with
generally
are not s

However, §
some effeq
temperatuy
desirable

performance parameters between various facilities or v
within the same test facility, it is necessary to corr
to common reference conditions. These reference condi
groups: ambient (humidity, temperature, and pressure),
(density, viscosity and lower heating value), and aero
atio and cell bypass airflow interaction). In a dynamo

ut airflow augmentation or inlet depression the airflow

low enough that ram pressure ratio and bypass airflow i
gnificant factors.

irflow augmentation systems such as inlet or exhaust fa
t on ceH airflow and apparent engine performance, due
re stability, exhaust recirculation or radiant air heati
that airflow augmentation is stable and reasonable, and

accounted

for in the correlation factaor during the test cell corr

ter is

ine" torque
the

, as well
These

'S,

rement
ould be

arious

bct the
tions fall
fuel
fynamic (ram
meter test
rate is
hteractions

hs may have
to inlet
ng. It is
is
plation.

4.5.1 Humidity: It is recognized that high humidity levels will affect the
performance of gas turbine engines, although no consensus exists on how to
account for the effects. Water vapor contained in the air will have
several influences on the engine and its performance. Although the
consequences are complex, they fall into two major categories:
condensation and changes in gas properties. While the relative humidity
controls the extent of inlet condensation, it is the absolute or specific
humidity which affects the gas properties of the engine cycle, and hence
the performance elements.
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4.5.1

4.5.2

(Continued):

Actual condensation in an engine inlet depends on a series of factors, such
as relative humidity, air temperature and pressure, inlet Mach number, and
dwell time. At a given humidity, the probability for condensation is higher

in long inlet ducts and lower in bell mouth intakes.

High inlet Mach

number can result in inlet condensation, at lower relative humidity.

For most performance parameters, the humidity corrections have been found

to be small.

However, when evaluating differences between engine or

To

compone ortant.
minimize humidity effects during correlation, some test facildtfies and
engine manufacturers choose to impose humidity limits when.testfing
particular engine models.

nlet Temperature and Pressure: Gas turbine engines are
ent conditions in which they operate. Engin& operation
ion can be affected by inlet temperaturedistortion or
st gas recirculation, dynamometer/enging heat rejection
on, or other sources of heat. This gradient should be
tions to the test cell and engine tést configuration.

Engine
the amb
correla
to exha
stagnat
modific

ually not possible to control the engine inlet air temp
to standard day values, therefore to compare one engin
the measured engine performance parameters must be adj
hich they would have with standard day inlet air. This
called making standard day corrections.

e methods for making standard day corrections vary betw
d models, the procedures to correct these parameters ar
pecification, Technical Order, or Engine (Overhaul) Man
ar engines. Certain primary operating variables of gas
alized as functions of total temperature and total pres

Since t
types a
in the

engine inlet. Thetbasic normalizing parameters are:
a. @ (THETA)_=-(observed inlet total absolute temperature)/(ab
temperature of International Standards Organization (I.S.0.

starndand-day reference atmosphere)

affected by
and
gradient due
, airflow
minimized by

crature and
b run to
sted to the
process is

ben engine
b contained
hal for
turbines
sure at the

colute
sea level

b. & (DELTA) = (observed inlet total absolute pressure)/(absolute pressure

of 1.5.0. sea level standard day reference atmosphere)

NOTE:
values, i.e., temperatures in degrees Kelvin or degrees
pressures in psia, in-HgA, or kPa, respectively.

These ratios require the use of consistent units and absolute

Rankine,

Some gas turbine engines are referenced to conditions other than ISO

standard day values.
Technical Order, or Engine Manual for pertinent information.

Refer to the applicable model specification,

- 10 -



https://saenorm.com/api/?name=374548b2231434f75ed6d3c920ad0aac

SAE ARPx4755 94 EE 7943725 052199k &<0 WE

SAE ARP4755

4.5.2

4.5.3

4.5.3.1

(Continued):

The correction or normalizing of the major engine performance parameters
requires use of 8 and & as follows:

Rotor speed, N, is normalized when divided by &, i.e., N/&, where W

is dependent on the engine type and defined by the manufacturer
(commonly 0.5 is used).

Shaft Horsepower, SHP, is normalized when divided by 88, i.e.,
(68). where X is dependent on the engine type and defined by the

a.
b.
SHP
man
c. Air
d. Fue
whe
man
e. Eng
whe
wit
eng
f. Eng
dis
P./9.
Fuel Pr
specifi
propert
purchas
compari
must be
Fuel
gravi

corre

flow rate, W,, is normalized when divided by 88", i.e.,
re Y is dependent on the engine type and defined by the
ifacturer, (typical values of Y range from 0.5 to 0.7).

n divided by &, i.e., T.,/6°, where Z<is dependent on the
nin the engine and the engine type.¢,Z is usually define
ine manufacturer (typical valuesof Z range from 0.85 to

ine cycle total pressures (e.g, compressor discharge, t
;harge, nozzle exit, etc.) are normalized when divided b

pperties: Experience has shown that fuel purchased to a
cation from a single supply source maintains reasonably

ies. However, fuels obtained from various sources, even
pd to the same (specification, can vary by several percen
ng fuel propertly data taken from different sources, the

taken inte-consideration.

hfacturer, (typical values of X range from 0.50 to 0.59)|

Flow rate, W,, is normalized when multiplied by v8/8," i.e

., W V0/6.
W./(66'),

ine cycle total temperatures (e.g., T,uoT,, T,, T,) are ngrmalized

location
d by the
1.1).

urbine
y &, i.e.,

particular
stable fuel
when

t. When
differences

Densitys~ The relative density, also referred to as spec
Ly, of ‘the fuel enters the flow calculation as a first o
rtion, and is, therefore, of prime importance, when usin

flow

neasurement devices (such as turbine flow meters). The

ific
rder
g volumetric

establishment of relative density takes place in two steps: the
evaluation of the relative density at a given reference temperature, and
the correct assessment of the relative density at the temperature of the

fuel,

at the point of flow measurement. The relative density

is

determined at the reference temperature (usually 60 °F, or 15.56 °C,
ASTM D 287, 1984) and then corrected to the actual fuel temperature,

using

either a graph or an empirical equation. The relative

density is a

direct multiplier on the fuel flow; therefore, any error in the former
will be transferred to the latter.

- 11 -
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4.5.3.2 Viscosity: Depending upon the type of fuel flow measuring device
utilized, the viscosity of the fuel can play a role in the calibration of
that device. A fuel flow meter that is calibrated for JP4, for instance,
would have a significantly different calibration for JP5 because of its
higher viscosity. Viscosity is also a strong function of temperature and
the appropriate effect can be found in ASTM Volume 5.01, D341-89, 1990.

4.5.3.3 Fuel Lower Heating Value: Analysis of the fuel lower heating value (LHV)
can usually be obtained from the supplier. In many cases the fuel LHV
can be calculated with acceptable accuracy from a measurement of the
anili i i ! ind aboratory

ent. A more accurate fuel LHV may be determined by use of a

ision bomb calorimeter.

el flow measurements are corrected to a common fuel LHV base by
ng the direct ratio of the LHV used to the LHV of the engine model
ification, or of the baseline test fuel LHV.

4.5.4 Ram Pregsure Ratio: Ram pressure ratio is norm@1ly insignificant in
dynamometer turboshaft or dynamometer turboprop test cells utillizing
natural |pumping. Cells utilizing airflow augmentation through [inlet,
and/or ¢xhaust fans, or cells utilizing a . propeller need to consider ram
pressurg ratios. The ram pressure ratio“is defined as the engipe inlet
total pressure divided by the final nozzle exit static pressurel The
airflow|[in the cell causes pressure_ differences between the fropt and the
rear of |the engine. The result is-equivalent to "flying" the epgine at
some low velocity. This apparent-velocity generates a ram presisure ratio
and thug the engine cycle is altered slightly thus impacting on| produced
power. |Since the main objectjive of test cell engine runs is th
determination of performance corrected to standard conditions, the effects
of the nam pressure ratieimust be accounted for in horsepower
determination, either-‘separately or in the horsepower correlatipn factor.

4.5.5 Cell Bypass Airflow Interactions: When a gas turbine engine is|operated in
an indogr test cell, its performance is altered because of the perodynamic
interfenence between the engine and the cell. In the case of turboprop and
turboshdft engines these losses may not be significant as the wprk expended
in overdoming them is accounted for in the torque/speed measurerent
process

There is a potential, however, for cell bypass airflow to influence the
engine performance parameter measurements and these need to be considered
both in terms of good quality measurements and in terms of correlation.
The most likely cause of such interference is the cooling effect of cell
bypass air on the engine hardware or instrumentation or test cell
measurement systems. Thermocouple systems would be particularly prone to
this effect. The quantity of air flow, the engine systems and the test
cell system design are all potential causes.
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4.5.5

4.5.6

4.5.7

4.5.7.1

(Continued):

These errors are most likely to occur where the engine bypass airflows
between the Reference cell and the Customer cell differ significantly.
Comparison of propeller-based test cell performance versus dynamometer-
based test cell performance could show significant errors and would warrant

consideration.

Engine manufacturers should be consulted for in

any such known effects and how to address them.

Dress Kit Hardware:
due to airflow effects on the engine.

Engine dress kit hardware affects engine p
Dimensional characterist

formation on

erformance
ics of the

dress kit hardware (especially bell mouths and exhaust nozzles)

directl
hardwar

Changes
perform
correla
model i
kit har
appropr

If the

necessa
configu
back-to
change

documen
correla
kit har
to esta

Data Ac
perform
utiliza
recordi
use hig
advance
if reli

affect engine airflow and pressure ratios. In additio
affects the cell bypass airflow interactions described

in engine dress kit hardware may cause changes ‘In engin
nce.
jon test should be used for all subsequentidtests of thi
that test cell.
ware should be recorded by part number, ‘serial number,
ate area measurements.

ustomer owns several sets of engine dress kit hardware
y to establish correlation factors for each engine/dres
ation. Once the initial customer cell correlation is c
back tests using different.dress kit hardware will esta
s necessary in correlation-factor. Test configurations
ed by part number and sevial number and matched to the
jon factor. If a customer purchases a new piece of eng
ware, a similar back=to-back test should be performed a
lish if the correlation factor needs to be changed.

uisition: Data acquisition techniques can affect engin
nce measurements significantly, often in subtle ways.
ion of computers, data were collected by visually readi
g all measured parameters on a test log sheet. Many fa

speed, computer driven data acquisition systems. Tech
enft-has many advantages, but care in software design is
ble and unbiased data are to be produced.

The same dress kit hardware used during)a customer

lwi]]
, dress kit
in 4.5.5.

3

b engine

To ensure this, all parts of the customer’s dress

hlong with

t may be

5 kit
bmplete,
blish if any
need to be
appropriate
ne dress

E that time

o]

Prior to the
g and hand
cilities now
nology
essential

When a variation exists between data acquisition systems, special attention
should be paid to cell-to-cell engine performance differences during the
test cell correlation.

Scan Characteristics:

Computer-operated data acquisition sys

tems quickly

scan hundreds of channels of data (e.g., temperatures, pressures,
vibrations, resolver angles, etc.) in short, controlled bursts of
repetitive signal collection within a short period of time.
or frames of raw data are then averaged by the computer.

These bursts
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4.5.7.1

4.5.7.2

(Continued):

Whether data are manually or automatically recorded, the recording
process or scanning takes a finite amount of time. With a rapid scan,
the engine operating conditions change negligibly during a single scan
period. With a slow scan, however, the sequence in which the parameters
are recorded can influence the data quality due to time skew. This
requires care in choosing the recording sequence and the parameter
groupings.

The perform ¢ : : : abiHzed—engine—will
oscil}ate s]owly around a steady state average, due to the Sinteraction of
the engine control system and the engine hardware. One caw Visualize
this ¢scillation as an approximate sine wave with a period lasting from
fractjons of a second to minutes.

In addition, the engine parameters drift slowly following any| change in
the engine’s power setting, caused by temperature changes in [various
parts|of the engine; this is sometimes referred“to as thermal| soak-in.
Some parts of the engine change temperature:more quickly than|l others,
changing (for example) the turbine blade-to<shroud clearances. Thermal
soak-{n can take from a few minutes to 15 min for complete thermal
stabilization. Data acquisition should not be initiated before full
therm31 stabilization occurs.

At ea¢h power setting enough data should be taken over a long| enough
period so that with proper data-editing the effects of engine
oscillations can be averagedCout. An ideal technique would bE to record

several points per engine(cycle over an integral number of engine
oscillations cycles; alternatively, one can average over a much larger
number of engine cyclés, so that the effect of an incomplete cycle is
negligible.

Note that with_some frequency measurement techniques, poor seflections of
scanning rates\‘can reduce the accuracy of parameters which arp measured
by frequencies, such as rotor speeds.

Data Hditing and Averag1ng Data averag1ng and data editing pre
importan : o nth " on—Q he _gbal of data
editing is to discard erroneous data po1nts and use on]y the correct
(true) data measurements. So stated this goal is both prudent and
desirable. On the other hand, one purpose of a correlation test is to
try to find measurement problems in the test cell and to remedy them.
When data editing is used, there is the risk that data showing a
mismeasurement problem may be discarded as erroneous data. If this
happens the opportunity to find and correct a measurement problem may be
missed. Once a data acquisition scan rate methodology has been selected
(see 4.5.7.1), an averaging technique must be determined. These averaged
parameters are then used in the performance calculations.
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4.5.7.2

(Continued):

Several averaging techniques can be employed. A simple avera
collected data is commonly performed. Alternately, more sele
techniques can be applied, requiring an automatic screening o
with some data being discarded. An example of a more selecti
would be "middle-third-averaging” (MA). MA assumes that the

"normally distributed" in a bell-shaped distribution. Then t
statistically significant data are grouped in the middie thir
range.

ge of all
ctive

f all data,
ve technique
data are

he

d of the

y cases, in addition to averaging the data, a data edit
ure is used to produce the most representative data. DV
ing methods include data tolerances, minimum and maximum
reading test (outlier test). Editing tolerances’)are e
on multiple pressure readings (e.g., bell mouth static
res) where line leaks can affect the validity)of the da

ters such as torque, fuel flow, and measured gas tempen
editing might mask engine stability«problems. In any €
, all measurements should be displayed and deleted datd
d, so that mismeasurements can bé corrected at a conven

Different averaging techniques can'produce different results,
if the engine cycles significant]ly or if the data were acquin
full thermal stabilization. Therefore, averaging methodology
careflully considered when correlating a test cell utilizing d

ing techniques on engine data.

eter Configuration: and Characteristics: When comparing
ing test cell _configurational differences between the re
and the customer facility, attention should be focused
eter configuration and characteristics. In order to red
f the dynamometer on engine performance and operation,
r’s dynamometer and accompanying hardware should be chog
the{reference facility. Dynamometer characteristics su
and~control system are of particular importance.

ing

arious
l1imits, and
specially
or total
ta.

ikl caution should be employed on applying editing tolerances to

atures,

diting
should be
jent time.

especially
ed before
must be
ifferent
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on the
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the
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Dynamometer inertia is designed to simulate aircraft rotor or prop inertia.

The dynamometer inertia characteristic is often managed by addi

ng an

appropriately sized flywheel to the dynamometer or through dynamometer

electrical circuitry.
control system circuitry.
steady state stability and acceleration/deceleration rates.
the engine control system can adversely interact with the facil
dynamometer control system resulting in engine instability.

This circuitry is separate from the dynamometer
Dynamometer inertia can have an effect on engine
Additionally,

ity

Lcansaa by | 1T or Al
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4.5.9 Propeller Configuration and Characteristics:

4.6

5.
5.1

5.2

the sele

ction of test propeller is important. Depending on the

In propeller-based test cells

type of

engine test the propeller style, inertia, blade quantity and dimensions,

etc. may

have to be preserved.

However, if the propeller is purely a load-

absorbing device, the choice of propeller may be less critical even to the
extent of cutting-down the blade length ("cropping") to reduce airflow and
the radial dimension.

Testing with the correct propeller has the additional advantage of
confirming satisfactory operation of the complete, integrated power-plant
and its control systems.

Software V

Computer s
reference
that:

The

a. Cco

b. The co
the la
The co

For a
provid

DESIGNATION
General:

Correlatio
performanc
therefore
a performa
performanc

erification:

pftware may be used to control test cell data acquisiti
conditions.

rrect software program is used.
rrect version or revision to the software program is us
Lest version).

nputer is performing the calculations/operations properl

given input, both the reference facility and the customs
b the same output.

OF REFERENCE AND BASELINE FACILITIES:

ns relate engine performance back to a known standard.
e level of other engines later tested in the customer fa
pe comparéd-with established Timits. These limits are d
nce baseline for a particular engine model. Such a base
e standard is usually the average of a number of engine

establishe
test hardw

by.the engine manufacturer. It is defined for a speci

re)'configuration and test facility, becoming the baseli

and/or

n
It is necessary to examine this software ti make sure

ed (usually

y.

r facility

The

cility can
erived from
line

tests as
fic engine
ne

reference test hardware configuration and test facility for that engine model

type.

The time lapse between engine test cell correlations, as well as the time
lapse between tests of a given correlation engine, must be given thoughtful

considerat

jon to assure that the end result will be valid.

Identification of a Suitable Reference Facility:

In order to conduct a successful correlation program, it is first necessary

to identify a suitable reference facility.

This may be either an

outdoor facility.

indoor or
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5.2

5.2.1

5.3

5.3.1

5.4

(Continued):

It is desirable to use the manufacturer’s baseline facility as the reference

for correlation tests.

Where access to the baseline facility is

not

possible, another facility is normally designated as the reference once
suitability and traceability to the baseline has been established.

A nontraceable correlation hierarchy will make substantiation of the
facility difficult.

reference

Alternati

other t
accepta

a refery

baselin

Any mod
affect

the bas
referen

Uncertain

If the re
analysis

correlati
facility

smaller t
up).

Reducin
the unc
measure
reduce
Ccross-c

Engine Te

As stated
reference

an an established reference facility for a correlation.
le providing the proposed facility has been correlated
bnce facility, thus ensuring traceability of performance
e facility.

fications to an alternative reference facility that are
Lhe correlation will require full re-correlation of that
b]ine facility before it can be reestablished as a suita
e facility.

Ly Stack Up:

ference facility is not used foritesting in a correlatio
nf the stack up of uncertaintyshould be performed for e
bn between the baseline and. the customer facility. The
forrelation will be satisfactory if the uncertainty is s
nan the required tolerance. (See references for uncerain

j Uncertainty: With each step away from the baseline te
brtainty about.(test facility accuracy tends to increase.
5 that may be'wsed to increase the confidence in the cor
incertainty.to the acceptable level. Such measures may
211 method (2.1), trending (9.3.1), and periodic checks

5t Hardware Configuration for Reference Testing:

in’ 5.1, correlation relates an engine’s performance bac

facility
This is
{irectly to
back to the

likely to
facility to
hle

n, an
ach

customer’s
hown to be

ty stack

st facility,
There are
relation and
include the
(9.3.2).

k to a known

standard for a specific engine model type. Such a refe

rence

standard is defined not only for testing in a specific facility or
facilities, but also for a specific engine test hardware configuration.

As with f

configuration may or may not be the same for a specific engine model.

acilities, the baseline configuration and the reference

One or

the other should be considered the prime test hardware configuration for a

correlation

rules app

considered;

directly

to facilities when alternative reference configuratio
that is, the proposed test hardware configuration is
the reference or baseline configuration.

1y
to

reference unless a specific exception can be justified.

The same
ns are being
correlated
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5.4

(Continued):

For correlation purposes, engine configuration is defined as the associated
hardware necessary for performance testing an engine, or a test stand at
static condition; i.e., engine inlet, engine exhaust, dynamometer or
propeller, etc.

6. REFERENCE TEST:

6.1

6.2 Preparatilon and Engine Running:

6.2.1

6.2.2

6.2.3

General:

It is nedessary to estabTish and folTow a reference testing prockdure to
ensure cqnsistent and standard test cell correlations. The folipwing

elements |are essential to that procedure:

SO0 QO T

Estahlish appropriate dialogue between the involved parties.
Ensune test cell suitability for the correlation at hand.
Identify an acceptable engine, and engine dressikit.

Ensure valid calibration of all test cell instruments.

Make |the reference facility engine performance test(s).

Ship |lengine, with the necessary performance data for a valid|analysis, to
the dustomer facility.

Establilshing Appropriate Dialogue:Before commencing any part|of the
correlation exercise, the interested parties need to communicate clearly
the objectives of the exercise;-the requirements involved, and|the sequence
of events. The parties will normally be the reference facility and
customgr facility personnel-but may also include others e.g., test cell
contradtor or regulatoryhauthority personnel.

Ensuring Test Cell Suitability: The reference facility to be lsed for the
exercise needs to.be appropriate to the task at hand. If it i$ not a
baseline facility-for the type of engine to be run, it must haye been
correlated, directly or indirectly, with a baseline facility. |The power
and speed range and configuration are primary items for considgration.
Section § gives further information on reference facility requjrements.

Identifying an Acceptable CorreTation Engine and Dress Kit Configuration:
An engine configured and instrumented for performance testing should be
selected specifically for the correlation program. The engine must be
capable of safely achieving minimum takeoff power, or one engine
inoperative power setting (if applicable) and be stable in its performance
across the entire corrected power range (idle to takeoff). It need not be
new, but must be of such condition that the performance stability is
sustained during the entire correlation exercise.

The dress kit should be that belonging to and used by the reference
facility. Its parts should be identified and recorded.
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6.2.4

6.2.5

Ensuring Validity of Calibration of Test Cell Instruments: The reference
test cell instrumentation is required to be calibrated on a regular basis
to prove continued serviceability and suitability. Paragraph 4.3 details
these requirements.

Reference Facility Engine Performance Tests: To ensure consistent and
repeatable engine testing the proposed reference test sequence must be
recorded. The procedure must address which test cell, engine and dress kit
configuration is being used. It must refer to or include a listing of what

performance parameters are to be measured, to what precision, and over what
ranges of speed or power

The test cell must be correlated with an engine in the same/configuration
as it would be for the customer’s routine testing. Part number$ and serial
numbers |should be recorded for all engine dress hardwares

The test cell instrumentation and data system must réad and record at least
the following items:

Engine fuel flow

Engine output shaft torque

Engine speeds

Engine airflows (optional)

Engjne pressures and temperatures
Engjne inlet air conditions

Test cell temperatures and pressures
Test cell inlet airflow (optional)
Vibrations

Engjne control parameters,-(optional e.g., variable stator vanes, bleed
valyes, etc.)

Cliwde QO D QO O

Sufficient data must _be obtained to document the performance of| the engine.
Secondary parameters‘used in the derivation of any of the above|items must
also be[measured and recorded. A fuel sample should be taken diring the
test and accurately analyzed for lower heating value (LHV) and fensity
(specific gravity) values. In addition, redundant instrumentatpion can be
useful for data verification and troubleshooting purposes.

The actual’ data obtained during the test must be vecorded on a manual or
automatic log sheet at the time of the test.

Reference testing may include 7 to 15 performance points distributed across
the engine power range. The sequence in which these are to be performed
and the direction of approach for each (to avoid the effects of
hysteresis) should be identified in the test procedure. Care should be
taken to fully stabilize the engine thermally and dynamically before data
acquisition is initiated (see 4.5.7.1). Stabilization times should be
recorded so that they can be duplicated during further reference testing
and during the customer facility correlation runs. It is desirable to
minimize the differences in air inlet temperature and humidity between the
reference facility test and the customer facility test.
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6.2.6 Shutdown Period: Following an initial reference test, the engine should be
shut down in order to reach a cool engine state for repeatability testing.
Refer to the engine manufacturer’s manuals for recommended cooling periods.

6.2.7 Repeating the Reference Test: After the shutdown period, the reference run
should be duplicated to demonstrate repeatability of test engine
performance and measurement systems.

If the engine is routinely used for correlations, the requirement for a
second run at the reference facility may be waived. This should only be
permitted if data from the first test are consistent with data from several
previoud runs in the reference facility.

6.2.8 Correcting and Analyzing the Correlation Data: Once all neferepce tests
are comfleted, the data must be reduced (i.e., calculatiens performed).
Paragragh 4.5.2 describes the process of correcting or mormaliziing the
measured data to standard day conditions. The normalized data should then
be plottled and a smooth characteristic curve (by manual or autopatic means)
should he drawn through the data points.

A data dnalysis should then be performed. Analysis should inclide the
following two steps:

a. Data validation (i.e. instrumentation uncertainty jsolation);
b. Perfiormance shift determination.

Paragraph 7.3 gives more detail of-these analysis processes.

6.3 Shipping the Engine to the Customer Facility:
Once the reference engine performance test(s) are complete, the epgine should
be immedidtely preservedcand shipped to the customer facility in &n
appropriatie manner.
7. TEST CELL CORRELATIGN-(CUSTOMER FACILITY):
7.1 General:

The following steps are followed in performing customer facility
correlations:

Establish appropriate dialogue between the involved parties

Ensure test cell suitability

Calibrate all test cell instruments

Implement pre-correlation procedure

Perform customer facility engine correlation run

Shut down engine for a cooling period and analyze data

Repeat the correlation test

Implement post-correlation procedure

Normalize or correct the measured data to standard day conditions. Plot
the data and draw a smooth characteristic line through the plotted points
Analyze data for measurement error (i.e., data validation)

Analyze data for performance shift

=TJQ -"hd AN ow

x .
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7.1

7.2.1

7.2.2

7.2.3

7.2.4

7.2.5

(Continued):

1.

Determine cell correlation factors, if appropriate, and apply
normalized data. Plot the adjusted normalized data

7.2 Preparation and Engine Running:

Establishing Appropriate Dialogue: The interested parties need

them to the

to agree on

the objectives of the exercise, the requirements involved and the sequence

of events.
customer
contractlor or regulatory authority personnel.

The parties will normally be the reference facility

Ensuring Test Cell Suitability: An evaluation of the customer f
its systems should be performed to confirm that the testceell cqg
and confligurations are appropriate for their intended purposes.
evaluation intercepts and eliminates costly errors due to test ¢
incompaf{ibility prior to the correlation attempt.

Calibratiing the Instrumentation: A1l test cell and engine insty
should he calibrated back to the national standard on a regular
sufficidntly frequent basis. In addition,cit is recommended thg
instrumgnt calibration take place just prior to correlation.
calibrafions should include both gage calibration and instrument
system gnd-to-end calibration (see 4:3).

Precorralation Procedure: Prior to the correlation engine run,
customey facility including the;data system and calculation pro¢

should be thoroughly checked for correct and consistent operatign.

cell shquld be cleaned of any remaining debris, especially if r¢
construgtion or cell modifications have been performed.

A full '
suitable¢ engine other than the correlation engine in order to pi
integrify of theiCorrelation engine. The shakedown engine and
configuration_ should be similar, but not necessarily identical,
correlation<engine and its correlation configuration.

)

The

and
, test cell

acility and
nstruction
This

ell

umentation
and
t a full

ation

the
edures
The
ecent

shakedown" run) of all the systems should then be performed using a

rotect the

to the

Performing’/the Correlation Procedure: Once the customer facili

Ly is

thoroughly tested via the prechecks and shakedown run, the formal

correlation process can begin.

Just prior to commencing correlation testing a final inspection
made of the dressed engine mounted in the test facility.

should be

Extreme care

should be taken to ensure than any variables between the reference test and

the customer test are minimized or justified. Part numbers and
numbers should be recorded for all engine external cowling (e.g

serial
., QEC) and

test facility engine mounted hardware such as bell mouths and exhaust

nozzles.,

dress kit parts, along with appropriate area measurements.

Part numbers and serial numbers should be recorded for all engine
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7.2.5 (Continued):

The correlation procedure should mirror the reference test procedure in all
aspects: in the number of test points; in the power settings; in the
sequence and the direction of approach to the test points; in the
stabilization time; and in the data recorded etc.

The test cell instrumentation and data system must read and record at least
the following items:

Engine fuel flow

Engine output shaft torque

Engine speeds

Engine airflows (optional)

i pressure ratios and temperatures
Engine inlet air conditions

cell temperatures and pressures
cell inlet airflow (optional)
Vibrations

Engine control parameters (optional e.g. variable stator vapes, bleed
valye, etc.)

G TR O QO O
m
=
7=}
=1
3
(]

Sufficidnt data must be obtained to correctly document the perfprmance of
the engine. Secondary parameters used .in the derivation of any|of the
above itlems must also be measured andirecorded. A fuel sample should be
taken dyring the test and analyzed for LHV and density (or specfific
gravity) values. In addition, redundant instrumentation can be|useful for
data verfification and troubleshoeting purposes.

The actyal data obtained during the test must be recorded on a panual or
automatic log sheet at the time of the test.

Any predstablished climatic envelope for satisfactory testing should be
observed.

7.2.6 Shutdown Period:) Following an initial correlation test, the engine should
be shutdown _.in order to reach a cool engine state for repeatability
testing] Refér to the engine manufacturer’s manuals for recommgnded
cooling [periiods.

7.2.7 Repeating the Correlation Run: After the shutdown period, the correlation
test should be duplicated to demonstrate stable engine performance, the
repeatability of the data measurement, acquisition and reduction systems.

7.2.8 Postcorrelation Procedure: It is recommended that the correlation engine
be carefully stored until the total correlation exercise is complete, in
case, further testing is deemed necessary.
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