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1. SCOPE: This SAE Aerospace Information Report includes procedures for the
analysis of a gas turbine engine start. It utilizes a standard form for the
essential starting characteristics of the gas turbine engine and for the
starting power capability of the aircraft battery. This report illustrates
the format of the characteristic which is provided by the electric starter to
transform the battery electric power (voltage and current) to the mechanical
power (torque and speed) required to successfully start the engine.

An aircraft engine start battery typically also serves as a backup source for
emergency electrical energy. Guidelines are therefore provided for the
determination of battery capacity to fulfill the emergency energy
requirements of the aircraft.

2. PURPOSE: The purpose of this information report is to provide a general
analysis guide for the optimization of the design of a
battery/electric-starter starting system for turbine-engines, including
determination of appropriate minimum ratings for both Power (Imp) and one

hour Energy (C7 capacity). .

3. THE SYSTEM: The three basic elements involved in turbine engine starting are

shown in Figure 1.
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4, BATTERY CHARACTERISTIC INFORMATION: The principal battery characteristic
which is used in turbine engine starting is the ability of the battery to
deliver sustained high power for periods of 10 to 50 seconds. The technical
parameter which accurately describes this capability is the Load Regulation
Characteristic as shown in Figure 2. This straight Tine instantaneous
relationship between battery voltage and load current is sufficient to
describe the power delivery capability of the battery at any time,
temperature, or state of charge. Because this instantaneous relationship is
a straight line, it is necessary only to understand the time variant behavior
of the values of the two descriptor points, eq(j) and Ipn(4), to utilize
the information conveyed by this universal power output Eharacteristic
format. The variation of this 1oad line with respect to time is examined
during a typical start, in the context of the variations of ey(j) and

which are required in order to adequately represent the actual load
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During an electrically powered turbine engine start, the battery/starter
current begins at its highest value (near the right end of the curve in
Figure 2) and then decreases until terminated at starter cut-off (s.c.0.).
During the first 2 to 5 seconds of this extended high rate battery discharge,
~ the value of the voltage descriptor point eq(j), for either nickel-cadmium

“or lead acid batteries, decreases rapidly to a relatively stable value which
approximates the nominal voltage of the battery system being used. The value
of eo(i) may, thus, be assumed to be constant for purposes of start system
analysis. The constant values of e, (and eo/2) will, therefore, be

used. For nickel cadmium batteries, this nominal voltage value is 1.2 V per
cell and for lead acid batteries it is 2.0 V per cell. These values are not
‘significantly affected by either state of charge or battery temperature. The
result of this assumption will be a slightly conservative bias of the load

curve.
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(Continued):

Using a constant value of ey, the value of the second line position
descriptor, Iy i) also decreases rapidly and approaches a relatively
stable value w?éhln the first few seconds of high rate discharge. As with
the ey value, this descriptor may also be considered a constant during each
start and will be designated simply as Imp . Unlike e, however, the

Inpg actually presented by the battery is influenced by both state of
cﬂgrge and battery temperature as well as by the battery design.

The SAE Aerospace Standard AS 8033 provides the standard definition of an
Imp rating to be provided by the battery manufacturer for the battery.

Ipp is the minimum value of current which is to be expected from any
prgduction battery, at the end of 15 seconds of a specified high rate
discharge. This discharge is controlled such that the battery delivers 1/2
of nominal battery voltage (that is, continuous maximum power discharge).
This rating is valid only at standard conditions of 23°C stable battery
temperature, at full state of charge, for any given battery design. The
value of rated I p is, thus, used to describe the power output
characteristic o? the battery at standard conditions on a voltage by current
plot.

This same standard also provides the means by which the battery manufacturer
may describe the amount of derating, of that rated value of Ipy, which must
be applied to allow for variations in state of charge and battgry
temperature. Use of these derating techniques will provide the systems
analyst with a modestly conservative value of the derated Iy,q. This

derated value of the descriptor for the battery load regu]atQOn line may then
be used to describe the battery output voltage (E), during a turbine engine
start, for that battery at the selected battery temperature and state of
charge, as a function of discharge current (I).

TURBINE ENGINE: The instantaneous drag torque, present from the engine and
accessories, and referred to the starter shaft, may be considered as a
combination of "steady state" and "transient" torques (Tgg + T¢). The

steady state torque is the result of the drag of air compressor, viscous oil
and shaft Toading less any assistance provided by the turbine at speeds above
light-off (L.0.). It does NOT include any load effects which would dissipate
with time IF speed were held constant at each particular value along the
speed axis. The transient drag torques are those remaining torques resulting
from the increased viscosity of the Tubrication fluids, from an extended rest
period of the engine at low temperatures, and the lack of an established
lubrication film in the bearings.

A typical example of the addition of steady state loads due to compressor,
accessory pumps, etc., minus the effects of turbine assist, is shown in
Figure 3. Determination of the accessory torques will normally be the
responsibility of the system analyst since they will not be included in the
basic engine curve as supplied by the engine manufacturer. It is apparent
from Figure 3 that the maximum power requirement will occur at light-off
(L.0.) if, as is generally the case, the drag torque curve to the right of
L.0. lies below a constant power hyperbola drawn through the L.0. point.

Maximum electrical power requirement will also occur at this point if the
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(Continued):
starter motor has a reasonably constant efficiency in this operating region.
The degree to which the L.0. torque/speed lies above the intersection of the

two curve segments is a function of individual operating practice in the
initiation of light-off as a function of shaft speed.
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Transient drag torque, which adds temporarily to the steady state drag, and
includes the zero speed stick friction, can be quite large at low speed if
the engine has been soaked at low temperatures. Transient effects on
accessory shaft loading may be lumped with engine transients. Transient drag
torques are generally insignificant near L.0. speed and above. They are also
diminished at all speeds on all starts made following recent operation of the
engine. Even on the first start, however, these transients are generally
negligible by the time L.0. speed has been reached.

The net drag torque curve will have the general appearance of Figure 4, and
should specify the engine temperature(s) for which it is valid.
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