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TURBINE ENGINE STARTING SYSTEM DESIGN REQUIREMENTS
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The engine torque characteristics as modified for the altitude effect shall
be presented in the format of Figure 1 or 2 with the altitude and

temperature noted.

altitudes as required for the particular application.

The torque characteristics may be deflned at as many
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3.1

3.2

(Continued)

Figure 3 presents the pneumatic power extraction torque correction to be
applied algebraically to the engine torques of Figure 1 to determine the net
engine torque. 1If required, additional corrections may be supplied to
define these characteristics as a function of altitude.

Customer accessory power extraction (torque) applied to the engine for
accessories or functions not included in the engine-supplied torque curve
should be added algebraically to the engine-supplied torque curve.

Figure|4 shows the engine torque versus speed as a function,of ram pressure
ratio or flight speed at a particular altitude. This figure|can be repeated
at selected altitudes to describe the engine inflight gtartipg torques
throughout the inflight starting envelope.

The engine inflight starting envelope should be sHown as in Figure 5.

Light-Dff Characteristics: Light-off characteristics are defined to
establish the engine speed range in which 1)\ turbine temperature transients
ithin acceptable limits, and 2) the required fuel/air ratios for

e light-offs are present. The light~off characteristics may vary
titude, ambient temperature, acceleration rate, starting procedure,
nd if so, must be defined as-a function of the particular variables.
xpressions are too varied to delineate in detail and ¢nly three
ntative examples are indicated:

ression is
d in those

ight-~off speed greater than ~ percent speed. This ex
id to protect the turbine from light-off transients a
es where no upper limit is required.

percent

lower speed is
as in 1), but
for ignition.

2) Light-off speed greater than ___ percent and less than

ed. This_expression illustrates the case in which th
lized tolprotect the turbine from light-off transient
ses an upper limit to insure a proper fuel/air ratio
3) Lighttoff occurs ___ seconds after fuel on at ___ percent speed. This
réssion is used when a particular start procedure is $pecified and

describes the fuel and ignition characteristics when using the procedure.

4) Altitude effects can be expressed by varying the minimum and maximum
idle speeds, the speed at which fuel and ignition are applied, plus the
time required for ignition delay, if applicable.

5) Automatic relight functions can be established to provide re-start
initiation when, for a given power lever angle 1) engine speed drops
below a specified level, or 2) the measured exhaust gas temperature
(EGT) drops below the scheduled EGT by a predetermined rate,

L
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3.3

3.4

3.5

3.6

ARP 949A

Hot Section Parts Bxposure to Starting Temperaturés: The time duration of
the exposure of the hot section parts to starting temperatures is a function
of the acceleration rate from light-off to idle speed. 1If required for
engine protection and/or life, the minimum acceleration (torque) must be
defined over the applicable speed range and climatic conditiong, such as
ambient temperature, altitude, and/or wind conditions. These torques
represent net torques which provide a minimum acceleration rate that is the
algebraic sum of engine, accessories, and starter torques. These may be a
constant value or may vary with engine speed over a specified speed range.

Crosswind and Tailwind Limitations: Limitations imposed by wind direction
elocity may have an adverse effect upon the starting

ristics, particularly engine torque, turbine temperatures, and
f characteristics. Limitations evolving from they\wind effects and

ve measures, when required, must be defined for the particular

application. :

The limitations may be expressed as simple statemeht, such as:| "Normal
starts may be accomplished for crosswind and tailwinds up to | knots. For
wind velocities greater than knots, special® start procedures must be

used.”

The limitations may be expressed in graphical form, as shown OE Figure 6,
when thgq effect upon starting performance varies with the direption and
velocity of the wind,

Windmill Power Extraction: The mechanical power extraction capability shall
be defired at the specified flight conditions as required by the particular
applicafjion. These data are required to define emergency poweg generation,
either glectrical or hydraulic, and to provide the basis for afcessory load
effects [on windmill statting.

-

Figure 7 illustrates the presentation of these data as a functfion of flight
speed on Mach number over the applicable engine inlet pressure| range.
Additiorjal data may be required for cases where the corrected forque varies
signifidantly<with altitude or ambient temperatures. These dakta may be’
presentgd at{the several altitudes and/or ambient temperatures| which will
define the engine capability over the inflight starting envelope.

Engine Idle Speeds: Engine idle speeds are to be defined 1) to specify the
termination point or points of the start, 2) to insure no interference with
the operational use of aircraft accessories, and 3) to provide a limit for
defining starter cutout speed. 1Idle speed may be defined as simple
statements of either physical or temperature corrected speed, or if idle
speed is continuously variable with ambient temperature or altitude, a
graphical presentation as shown in Figure 8 may be used.
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3.7 sStarter Cutout Speed:
than idle speed and above the speed where engine start accele
exceeds drag and the engine becomes self-sustaining.
speed may be defined as a function of engine speed, such as

accelerating torque from the engine.

3.8 Re—~engagements by the starter

Starter Re~engagement Speeds:

to provide engine assist for motoring (to cool a hot engine,
engine of unlit gases), or re—startlng an englne wh11e it is

Refer to Flgure 5 for
Th

e-eng-gement'speed shall be defined.

3.9 Impact Torque: Re—engagements by the starter“cause i
imposed on the engine drive train, and therefore, needs
red for design purposes.
ion shall be established for this purpose. The engine
julate the impact torque are listed in\Paragraph 3.1l b
of calculating impact torgue may be“found in AIR 781,

ining Bngine Starter Drive Torque Requirements,
“orash engagement" shall be considered in determining
rque limitation. It may bedesirable to incorporate

engine drive pad or specifylone for the starter to pre
The maximum rotor speed for re-initi
(re~engagement) shalllbe established to avoid engine

being driven by<the engine will attempt to re-engage at its r
with the starter input portion of the clutch operating at a v
a "crash engagement" takes place, causing a very high impact
usually| damages the starter.)

than self-sustaining speed, or as that speed which provided

The maximum instantaneous im

The po

Starter cutout speed is established at a speed less

ration torque

Minimum starter cutout

rpm greater
lb=ft net

may be required
or purge an
spooling down

Rax imum
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e windmilling
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to be

act torque
data required
elow. The
Guide for
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f shear section
vent damage to
ation of
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[pact torques

re after a
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3,10 Maximum Starter Pad Speed: The maximum starter pad speed at
engine gpeed shall be defined to allow the starter manufactu

analyze failure modes in the event of a component malfunctio
failure of the cutout switch to actuate, or failure of the e
mechanism to disengage.

100 percent
rer to design

the starter overrunning mechanism to ensure starter integrity, and to.

n such as
ngaging

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=a4f8fce6896b7ba1ed9dfba4cf11ec77

SAE ARPx949A 837 BN 4357340 0030228 7 M

T

ARP 949A

3.11 Engine Structural and Rotating Component Characteristics: These

characteristics shall include:

1)

2)

3)

4)

5)
6)

7)

8)

9)
10)

11)

Mass polar moment of inertia of engine rotating parts at the starter
drive, slug-ft2. :

Gear ratio, starter drive speed/engine rotor speed, .

Maximum torsional stiffness of the rotating engine parts,
lb-ft/radian at the starter drive.

Maximum backlash of the rotating engine parts, radiJns at the
skarter drive.

Maximum instantaneous torsional limit of starter)drive | 1lb-ft.
Mpximum continuous starter torque limit __ {1lb-ft.
Maximum starter drive speed for re-engagément ____ rpm,
Starter drive pad configuration and-direction of rotatidn.
Engine lubricant designation.

E\gine fuel designation and_limits, imposed, if any.

E\gihe 100 percent rotor speéd referred to the starter drive pad.

shutdoyn, cooling, or purging should be specified as to mini

um or maximum

3.12 Shutdown Procedures: Requirements to use the starting systea during engine

speed, | time duration, or whatever other limits are to be obs

3.13 Related SAE Start System Reference Documents;'

rved.

AIR 781, Guide for Determining Engine Starter Drive Torque Requirements.

A5|972B, Spline Details, Accessory Drives and Flanges.

AIR 7133, Guide for Determining, Presenting, and Substantiating Turbine
Engine Starting and Motoring Characteristics.

ARP 906, Glossary, Aircraft Engine Starting and Secondary Power Systems.

AIR 1087, Aircraft Accessory Drag Torque Druing Engine Starts.

AIR 1639, Safety Criteria for Pneumatic Starting Systems.
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(Continued):

7.

8.
9.

AIR 1467, Gas Energy Limited Starting Systems.,
AIR 1174, Index of Starting System Specifications and Standards.

AJR 1466, Hydraulic Energy Limited Starting Systems.

PREPARED BY
SAE COMMITTEE AE-6
STARTING SYSTEMS
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ENGINE TORQUE AT STARTER DRIVE PAD, LB-FT

TORQUE REQUIRED BY ENGINE
TO MAINTAIN RPM

TORQUE AVAILABLE FROM ENGINE
FOR ACCELERATION

ARP 949A

COLD
—DEGREES F

"UNFIRED
B T_

MACH NO. =0

ALTITUDE = 0 FT.

CUSTOMER MECHANICAL AND PNEUMATIC
POWER EXTRACTION = 0

STD___DEGREES F
Y

WFIRED TORQUE

-~——HOT_DEGREES F

POSITIVE

ZERO TORQUE

NEGATIVE

HOT__DEGREES F
STD___DEGREES F

COLD__DEGREES F

STARTER DRIVE SPEED, RPM
FIGURE 1

FIRED AND UNFIRED ENGINE TORQUE CHARACTERISTICS
AND EFFECT OF AMBIENT TEMPERATURE

[]
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FIGURE 2

EFFECT OF ALTITUDE ON THE ENGINE
8 TORQUE CHARACTERISTICS
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CUSTOMER PNEUMATIC POWER EXTRACTION CORRECTION, LB-FT.
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MACH NO. =0
ALTITUDE = 0 FT.

PERCENT BLEED FLOW

FIRED TORQUE
POSITIVE

ZERO TORQUE

NEGATIVE

TORQUE

STARTER DRIVE SPEED, RPM

FIGURE 3

EFFECT OF CUSTOMER PNEUMATIC POWER EXTRACTION
ON ENGINE TORQUE CHARACTERISTICS '
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MACH NO. AS NOTED
ALTITUDE___FT.
TEMPERATURE.___DEGREES F

MACH NO, =
/:/—-MACH NO, =____

MACH NO, = ol __

UNFIRED
TORQUE
POSIIIVE

ZERO'TORQUE

NEGATIVE

FIRED TORQUE

ENGINE TORQUE AT STARTER DRIVE PAD, LB-FT

STARTER DRIVE SPEED, RPM

FIGURE 4

EFFECT OF FLIGHT SPEED ON ENCGINE TOROHE CHARACTERISTICS

]

Distributed under license from the IHS Archive


https://saenorm.com/api/?name=a4f8fce6896b7ba1ed9dfba4cf11ec77

SAEVAR'P*‘:HHA a3 - 5375?3'40 0030234 5 W

ALTITUDE, FT.

ARP 949A

Tx = EXTRACTED TORQUE

TX = — LB-FT

TX = — LB-FT

Ty = — LB-FT

~-AIRSTART REGION
WITHOUT STARTE

| RESTART REGIQN ASSIST ,

WITH STARTER)ASSIST

MACH NO.

FIGURE 5

ENGINE RELIGHT ENVELOPE
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