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The present invention relates to starting devices of the
kind in which, at the time of starting, the fuel mixture
is ignited in one or more combustion chambers by means
of an electric ignition device. ‘ ;

The invention is mainly applicable to starting. devices
for jet turbines of ajrcraft comprising an air compressor
driven by the gas turbine of the jet turbine, but it is appli-
cable, in a general way, to all types of turbo-engines,
turbo-propellers or others, in which a gas turbing is oper-
ated by the combustion products of a mixture of fuel and
air, the air being supplied by an air compressor driven by
the said turbine.

"At the time of starting a turbo-engine, it may happen
that the speed at which the turbo-engine is driven by the
starting motor 'does not ‘attain the speed, starting from
which the turbo-engine is able to turn by its own means,
for various reasons: failure of the starting motor,; bad
state of the mechanical transmissions, or other: reasons.
When the starting motor is an electric motor supplied by
an accumulator, this may; in particular, result from failurs
of the accumulator. =~ The driving speed. of the turbo-
engine being insufficient, the ‘siipply of dgir- from. the air
compressor of the turbo-engine is smaller than the supply
which is normally necessary. I the electric ignition oper-
ates under such conditions, the fuel mixture is ignited,
but the quantity of ‘burnt gases formed is  insufficient to
drive the turbine of the turbo-éngine and to enable this
lattér to turn by its.own mezdns.  Thus, the turbine does
not “catch up,” that is to say that the speed dogs not in-
crease, and overheating may be produced, which is liable
to damage the turbo-engine and, in particular, the ‘turbine
blades. R ‘ ) ‘

.An object of ‘the invention-is to. eliminate the disad-
vantages which can result from an ignition of the fuel
mixiure at insufficient speéd. ‘ ‘

.Other’ objects and advantages will be dpparent to one
skilled in the art from the following description taken in
connection’ with the appended drawing given by way of
example, in which: ‘ e
. Fig.- 1 diagrammatically illustrates the circuit of one
form of an electrical installation in conformity with the
invention. ‘

Fig. 2 diagrammatically illustrates a modification of the
electrical installation circuit-shown in Fig. 1, suitable for
a turbo-engine the starting motor of which is ai eléctric
motor. j ‘ ‘ ‘

Fig. 3 diagrammatically illustrates another modification
of the electrical installation circuit shown in Fig. 1, suit-
able for a turbo-engine the starting motor of which is an
internal combustion enginé having electriz ignition.

In the drawing, the varjous parts have béen indicated
by conventional signs, without it being necessary to illus-
trate and'describe the said parts in their practical con-
structional detail. These parts comprise apparatus-in cur-
rent use, which are well known to those skilled in the art.

“In the various figiires, the same parts have been denoted

by'the same reference numerals.

2
According to the invention, a switch, connected in the
electric ignition’ circuit of the' turbo-engine, is operated
as a function of the speed of the $aid turbo-engine in such
a way as to close the said circvit when the said speed
reaches a given value. - o ‘
By reason of this arrangement, the ignition is produced

- only when the turbo-engine, driven by the starting motor,
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has attained a speed which is sufficient to ensure that this
ighition involves no danger for. the parts of the turbo-
engine, and that the latter can turn by its own devices.
If, for any reason, the safety speed is not reached, ignition
does not take place. ‘ :

The speed responsive device accuating the said switch
is not necessarily drived in a permanent manner by the
turbo-engine, since it operates only during the starting
period. It is sufficient to provids, between the said speed
measuring device and the shaft of the turbo-engine, trans-
mission’ which is active during the starting period.” In
practice, the said speed measuring device might be driven,
either by the turbo-engine itself, or by the staiting motor.

The said speed measuriiig device could consist of a
centrifugal govérnor, , _

The electrical installation, thé circuit of which is shown'
in Fig. 1, comprises a source of electric energy 1 such
as, for example, an accumulator, supplying the circiit 2
of the electric ignition device of the turbo-engine.  This
electric ignition device has been dencted, as'a whole, by
the reference numeral 3, and it may comprise, as is cus-
tomary, the usual parts, such as the coil, make and break;
condenser, . and one or more sparking plugs suitably ar-
ranged in one or more combustion chambers of the tirbo-
engine. ‘ ‘

In the circuit 2 is connécted 4 main switch 4 operated,
in the usual way, by the pilot or by an automatic time-
control. The operation of the switch 4, which .does not
form part of the inveition; has not been shown,

In conformity with the invention, a switch 5, disposed
in the electric ignition circuit 2, in series with the main
switch 4, is' operatad by the siceve 11 of a centrifugal
governor 6 lodded by a-spring 12." The spindle 7 of the
centrifugal governor could be driven, either by the turbo-
engine itself; or by the starting motor.

In practice, the switches 4 and § will genterally be relay
contactors. o ‘ .

In\brde‘x_’ to facilitate the starting of the turbo-engine,
an_electro-magnetically operated auxiliary starting’ in-
jector is frequesitly tsed, closed during normal operation,
and arranged in'a combustion chamber in a manner fa-
vourable for the ignition of the flame. If such is the case,
the electric circuit 8 operating the electro-magnetic in-
jector 9 supplied with fuel by a pipe 10 might be con-
nected in parallel with. the ignition device. 3.  Said igni-
tion -dévice will itself comprise a plug suitably. disposed
relatively to theé injector 8 to provide for easy ignition of
the flame. = The particular arrangement of .the starting
auxiliary injector and of the plug associated ‘therewith
does not form part of the invention and is not illustrated.
The operation of the device is as follows: L _

The general switch 4 being closed, and the starting mo-
tor being started, the turbo-engine is driven by said start-
ing motor, anid the centrifugal governor 6, driven by the
turbo-engine or by the starting motor, turns.

-For such time as the speed of the turbo-engine has not
reached a predetermined value for which the ignition of
the flamie may be effécted without danger, the centrifugal
governor & is unable to press back the sleeve 11 against
the. pressure of the spring 12 and the switch 5 remains
open. -The ‘ignition device 3 does not " operate and the
electro-magnétic injector 9, if provided, does not supply.
. When & suitable speed.is reached, the centriftigal gov-
ernor 6 presses back the sleeve 11 against the pressure of
the spring 12 and closes the switch 5. The circuit 2—3 is
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then closed, as also the circuit 8. The ignition device 3

comes into operation and the electro-magnetic injector 9

opens. - The flame is ignited; the turbo-engine starts to

turn by its own means and its speed increases, producing

. automatic disengagement .of the coupling, between the
starting motor and the turbo-engine, which coupling may
be of any suitably known type, saw-tooth clutch drive,
electro-magnetic clutch, and the like.

The main switch 4 is then opened, either by the pilot,
or by a time-switch mechanism brought into operation at
the time of starting the turbo-engine. The circuit 2 being
open, the ‘ignition device 3 ceases to operate, as well as
the electro-magnetic injector 9, if provided.

If the governor 6 is driven by the turbo-engine itself,
this governor'continues to turn during the whole opera-
tion of said ‘turbo-engine and maintains the switch §
‘closed,. but. the ignition is nevertheless interrupted, since
the main switch-4 is-open. If the centrifugal governor 6
is drivén by the starting motor, the switch 5 opens when
said starting motor stops, the two switches 4 and 5 being
open during the normal operation of the turbo-engine.

If, for any reason, during the course of the starting
period, the speed of the turbo-engine does not attain the
value for which the centrifugal- governor 6 closes the
switch 5, the circuit 2 remains open, preventing the igni-

“tion from taking place and thus protecting the turbo-
engine against the dangers of ignition at too slow a
speed..

The electric installation, the circuit of which is illus-
trated in Fig. 2, suitable when using.an electric motor as
a starting motor, differs from the installation shown in Fig.
1, in that the ignition circuit 2—3 of the turbo-engine
is connected in parallel with the electric circuit 13 sup-

" plying .a starting electric motor 14. . The main switch 4
is connected in the circuit 13.
The opening of the main switch 4, either by the ‘pilot,

or by a time-switch mechanism, has for result to open at.

the. same time ‘the supply circuit of the starting motor
and the ignition circuit of the turbo-engine. Apart from
this, the installation shown in Fig. 2 is identical with that
shown in Fig. 1.

The electrical installation, the circuit of Wthh is shown
in Fig. 3, is suitable when an internal combustion engine
with electric ignition is used as -a starting motor.. Said
starting motor comprises an electric ignition device 15
connected in a circut 16 connected to the source 1 of
electric energy.

The installation shown in Fig, 3 differs from the in-
~ stallation shown in Fig. 1 in that the electric ignition de-
vice 3 of the turbo-engine is connected in parallel to the
electric .ignition device 15 of the starting motor.. The
main switch 4 is connected in the circuit 16.

The opening of the main switch 4, either by the pilot,
‘or by a time-switch mechanism, has for effect to open at
the same time the ‘ignition circuit of the starting motor,
thus producing the stoppage of said motor, and the igni-
tion circuit-of the turbo-engine. . Apart from this, the two
installations are identical.

If. the starting motor includes magneto ignition, the

source 1 of electric energy might be the magneto of the
starting motor,- on condition, as will be readily under-
stod, that this-magneto- is sufficiently powerful for sup-
plying the two ignition devices 15 and 3.

The invention is not limited to the constructional forms
illastrated, which -have been given mainly by way of
example. In particular, it'is not limited to a partictﬂar
method of operating the switch connected in the igni-
tion circuit of the turbo-engine as a function of the speed.
In the drawing, a centrifugal governor is shown, but any
other speed measuring-device could be used.

In: some known devices for supplying fuel to turbo-
engines, there is used, in order to limit the supply of fuel
as a function of the speed, the pressure difference, pro-
duced inthe fuel by centrifugal force, between an axial
space provided in the rotor of a fuel pump driven by the
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turbo-engine and an annular space surrounding said ro-

" tor, said axial space and said annular space being con-
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nected by radial channels cut in sid rotor. In combina-
tion - with such a device, said pressure difference, which
constitutes ‘a ‘measurement of the speed, could be used
for operating the switch, connected, according to the in-
vention, in the ignition circuit of the turbo-engine.

If, as described in connection with Fig. 3, the starting
motor is an internal combustion.-engine having magneto
ignition, the electromotive force of the magneto of the
starting motor constitites a measurément of the speed
of said motor, and, in consequence, of the speed of the
turbo-engine- during: the starting period, and said elec-
tromotive force could be used for operating the switch §,
which will then take the form of -an electro-magnetlcally
operated switch.

Some operating features of the turbo—engme itself are
function of the speed. They may be used for the opera-
tion of the switch connected in the ignition circuit of -the
turbo-engine.  There may be used to this end, for ex-.
ample, the super-pressure produced by the air compressor
of the turbo-engine.” This arrangement would be ap-

- plicable mainly to turbo-engines operating on the ground,
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or the starting of which is effected only on the ground,
the air. pressure supplied to said compressor being then
substantially constant.

In a general way, it is sufficient to those skilled in the
art to know- that, in order to carry.out the invention; a
switch, connected in the ignition circuit of the turbo-
engine must be operated as‘a function of the speed of said
turbo-engine and it will be for him to determine, in each
particular case, the type of operation that is best adapted
to the general constructxon of the turbo-engme and its
accessories,

-1 ¢laim: S .
1. In a starting device for a turbo-engine, an electric

_ignition circuit for said turbo-engine, a switch in said cir-,

cuit,. and means responsive to-the speed of said turbo-
engine during the starting period for closing said switch -
as said speed reaches a predetermined value for which
said turbo-engme is ‘able to run by its own means after
ignition.

2. In a starting device for a turbo-éngine, an electric:
ignition circuit for said turbo-engine, a switch in said
circuit, tachometric means, a motion :transmission  be-
tween said tachometric means and said turbo-engine, op-.
erative during the starting period of said turbo-engine,
and ‘means operative by said tachometric means for clos- -
ing ‘said switch as the speed of said turbo-engine reaches
4 predetermined value for which said turbo-engine is able
to run by its. own means after ignition.

3. In a starting device for a turbo-engine, an electric
ignition circuit for said turbo-engine, a switch in® said
circuit, tachometric means driven by 'said turbo-engine,
and means operative by said tachometric means for clos-.
ing said switch as the speed of said turbo-engine reaches
a predetermined’ value for ‘which: said  turbo-engine. is
able to run by its own means after ignition.

4, The invention claimed in claim 3, wherein’ said
tachometric means is a centrifugal governor.

5. In a turbo-engine having a starting motor, an elec-
tric ignition circuit for said turbo-engine, a switch in said
circuit, tachometric means driven by said starting mo-
tor, and means operative by said tachometric means. for
closing said switch as the speed of said starting metor
reaches ‘a predetermined’ value for which said turbo-

“engine is able to run by its own means after ignition.

6. The invention ‘claimed in claim 5, wherein said
tachometric means is a centrifugal governor
7. In a starting device for a turbo-engine havmg an

“electric circuit and an electric starting motor in said

circuit, an electric ‘ignition circuit for said turbo-engine,
connected in parallel with said motor, a switch in said
ignition circuit, and means responsive to the speed of
said turbo-engine during the starting period. for closing:
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