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The electrical starting of turbo-jet engines,
in particular, is effected by an eleciric motor
which, when in operation for starting, is mechan-
ically connected to the rotor of the gas turbine
engine through a suitable reducing gesar. Elec-
tric current is supplied to said electric motor
from a storage battery or other constant voitage
source through a set of contactors ang resistances
so that the current flow is conveniently con-
troiled. The number of starting stages is gen-
erally no more than two or three in order to
provide a relatively light and simple equipment.
The passage from one stage to the next produces
current peaks in the starting motor circuit, whizh
may reach or exceed three times the final run-
ning intensity, and therefore the full power may
not be increased by means of a higher voliase,
which would result in undesirable high current
intensities. As a further drawback besides the
resulting heating, such current peaks cause
troubles in the starting motor commutation and
fatigue of the battery and/or the starting unit.

The power absorhed by the started engine,
more particularly in the cass of & gas turbine,
increases rapidly as the speed of revolution of
said started engine increases; therefore, for 2
quick start, the starting motor should reach as
high a power as possible, which can be
achieved only by increasing the voltage in the

last stage of the starting operation, If the known =

starting rheostat devices were to be used, the
number of starting stages should be considerably
increased, as is the practice in electric traction
for example, which would however result in un-

duly complicated and heavy equipment with a =3

very low efficiency causing imperfect wutilization
of the power of the batteriss and starting units.

The object of the present invention is to elimi-
nate such a drawback by feeding the starter of
an internal combustion engine in such s way
that a constant intensity electric current is sup-
plied under a voltage which increases from a
determined minimum value during the starting
period.

in a particular embediment of a device to
carry out the above specified current feeding
method, the starting unit comprises an internal
combustion starting engine mechanically con-
nected to a starting electric generator the fisld
coil of which is fed by the armature by being
connected in parallel therewith, the branch cir-
cuit of the field coil comprising in series & regu-
lator of the type comprising a pile of carbon discs,
said pile being pressed or released by an electro-
magnetic member the circuit of which is con-
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trolled by pilot regulators of the vibrating con-
tact type.

Said constant current generator, the voltage of
which increases from a minimum value, is pref-
erably associated with a time-opsrated circuit-
breaker adapted to cut off the starter from its
current supply after predetermined interval of
time.

In order that the inventicn may be more
clearly understood and readily carried into prac~
tice, it will now bhe described more fully and
illustrated, by way of example only, in ths sc-
companying diagram, which shows the various
elements of a constant current, variable tension
starting unit and their connections.

The installation comprises an internal combiiz-
vion starting engine § mechanically connecied to
drive a starting electric gensrator 2, the arma-
ture of which is connected in series with a coil
& for compound excitation. The shunt field coil
4§ of generator 2 is connected to one pole thereor
directly and to the other pole through a pile 3
of carbon discs. Said pile 5 is bressed or released
by the armature § of a solenoid the coil T of
which is in series with a calibrating multiple tap
resistor 8 in & circuit connected in parallel with
said generator 2.

The calibrating resistor § has two tappings
for feeding voltage and Intensity pilot vibrator
switches. Tapping § is connecied to iead i9
which includes a switch blade 1. At g poing
between tapping 8 and switeh i{ is connected the
vibrating member {2 of the basic voltage pilot
regulator 13. Beyond switch {1, lead is con-
nected to the vibrating member 14 G
tensity pilot regulator 5.

The stationary contact 5 of regulator {3 is
connected tc one end of the continuous oscillg-
tion keep-up coil 3¢ whereof the other end is
connected to a lead i7. The stationary contact
iS¢ of the intensity pilot regulator (& is con-

ected to one end of a continuous oscillation

eep-up coil i8b the other end of which is 0%
nected to a lead 18. ZLead i7 and lead i§ Joi
into lead {9 which is connected o the outlet
lead 28 of generator 2.

The tapping 2{ of calibrating vesistor 8 is
connected through a lead 22 to0 the vibrating
member 23 of a final voltage pilot regulator 24
the stationary contact 34¢ of which is connected
t0 one end of the continucus oscillation kesp-up
coil 24b the other end of which is counected
through lead 25 to main lead {g.

Regulator {3 includes a compensating coil §3b
one end of which is connected to lead 23 through

of
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a basic volitage adjustment rheostat 25. The
other end of coil {3b is connected to the sta-
tionary contact 27 of a break relay 28 the mov-
able blade 29 of which is connected through lead
30 to the second outlet lead 3f of generator 2.
The coil 28¢a¢ of relay 28 is connected in series in
lead 3i.

The intensity pilot regulator {5 is provided with
a compensating coil {5¢ which also is connected
in series in lead 81.

The final voltage pilot regulator 24 is provided
with a compensating coil 24c one end of which
is connected to lead 28 through a final voliage
adjustment rheostat 32, the other end of coil
24c being connected through a lead 33 fo lead
34 which connects together coils 28« and {5ec.

Lead 35 connects the other end: of coil {8c io
a hand-operated isolating switch 36 from which
3 lead 37 leads to the stationary contact 38a of
the main starting contactor 38. Beyond main
contactor 38 is inserted the -shunt 3% of an indi-
cating ammeter £0, after which the current
passes through lead 4l io feed -the series -type
starter 42 of the internal combustion engine to
be started, which starter is connected on the
other side to lead 28 through a lead 43.

The coil 38b of the main contactor 38 is con-
nected by a lead 84 to one stationary contact 48
of a starting push-button switch the other -sta-
tionary contact 48 of which is connected through
lead 47 to lead 37. Coil 38 may also be fed
through the movable armature 48¢ of a holding
relay 49, the stationary contacts 59, 51 of which
are connected in parallel with contacts 48, 4§.
The coil 48b of the holding relay 48 is connected
between contact 51 and a lead 52 which, through
a contactor 53 the opening of which is operated
by an adjustable clockwork 88, is connected to
the return lead 55 connecting coil 380 to lead 28.

The clockwork and the holding relay may be <0

made inoperative by a three-way switch 8§ the
movable blade of which is adapted to connect
lead 44 and contact 45 either to contact 5i, or to
an intermediary shunt ecircuit 57 comprising a
hand-operated break switch 58. -Contact 51 is
also connected to one-end of a coil 59 adapted to
initiate the clockwork operation-the other eng of
which is connected to lead 56. An indicating
voltmeter 88 is connected between leads -37
and 955.

The above described equipment operates -as
follows:

When the starting engine-i is running, start-
ing generator 2 rotates. With isolator 36 closed,
and switch 55 off bridge 57 and closed to holding
relay coil £9b, if the push-button which connects
contacts 45 and 46 is depressed, then the current
issued from generator 2, under basic voltage, will
excite the holding relay coil 88D, the coil 58 which
initiates the clockwork operation and the eo6il
38p of the main starting relay 38. The basic
voltage pilot regulator 18 operates to maintain
the conditions for the generation of ‘an electric
current under a voltage lower than the final
voltage, which, while sufficient to permit ‘the
operating relays to be instantaneously -actuated,
will keep down to a safe value the intensity of
the current absorbed by the starter 42 the circuit
of which is completed immediately relay 38 oper-
ates.

As soon as the contactor of relay 38 closes, the
flow .of current causes relay 28 to ‘break and
almost immediately thereafter pilot regulator {3
ceases to operate while the intensity:pilot vegu-
lator 15 becomes operative alone.
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Said pilot regulator {5 periodically short-cir-
cuits, at a suitable frequency, the part of cali-
brating resistor 8 comprised between lead 28
and tapping 9, and the current passing through
solenoid 7 so controls the compression of carbon
pile 5 that the field coil 4 of the generator is fed

-with such a current that the current supplied

to starter 42 is maintained to a constant value.
The characteristic of starter 42 being of the
series type, the arrangement is self-regulating

‘since, as the speed of starter 42 is allowzd to in-

crease, the counter-electromotive force of said
starter armature may also rise, so that the volt-
age may rise precisely in relation to the more or
less rapid acceleration of the starter £2, which
is connected to the internal combustion engine,

not shown, to.be started. During acceleration,

the increase of motor 42 counter-electromotive
force would cause the intensity to drop but for
the action of regulator {5 on pile § to maintain a
constant intensity.

As g constant value of the intensity is main-
tained, the voltage will not rise-above .the:max-
imum value assigned to the starting installation
by the calibration of rheostat 82. When ‘the
voltage reaches said maximum value, .the final
voltage regulator 24 becomes operative and fixes
a limit to the compression of carbon pile § by
periodically short-circuiting, at the suitable fre-
quency, the part of resistor 8 comprised between
tapping 2f and lsad 28.  After-the final voliage
has been reached, the starting operation may

‘continue with a decreasing current intensity.

In practice, however, clockwork 84 .breaks
contact 53 and cuts off the current from: holding
coil 48, so that main contactor &8 opens.

Such a starbing arrangement may in practice
be applied to any existing starters. The suitable
constant current value can be determined by the
sole condition that the heat losses be the same
as in the case of a constant voltage supply. -As
most of the losses are caused by Joule effect in
the starter windings, the constant intensity
whieh will produce the same heat losses by Joule
effect as the variable intensity of the constant
voltage supply in the same total time is easily
calculated by integrating the heat funection -de-
duced from the curve of said variable intensity
plotted against time. 'In the practical case of a
starter for modern aircraft turbo-jet engines,
said constant current is about 740 amperes when
the final voltage is limited to.28 volis, which is
the standard voltage actually. The final power
obtained is 20.7 kilowatts, which is nearly-double
the power that can be attained when eonstant
voltage starting is used. -Such increased power
does not prejudice the starter, the heating of
whic¢h is the same, if not even:less. The starter
has an easier -operation due to -elimination of
high current peaks. As the power increases pro-
gressively, damages to the starter collector and to
the movable members of the connections are
avoided. Furthermore, -the operating time for
the starter is reduced since the speed increases

. more rapidly and consequently the ignition of

the jet engine is more quickly obtained. The
starter heating limitations could actually be
made still wider and the constant current could
be chosen greater than specified above, the
starting time being further reduced accordingly.

It.may be noted .that the operation of such.a
starting unit is adapted %o . suit varicus .condi-
tions of ‘utilization, according 'to the -quicker ‘or
slower.acceleration of the started engine in.dif-
ferent temperature ‘or: altitude .conditions, .The
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self-regulation by the starter itself cooperating
¢ intensity and voltage pilot regulators
give the same results in any case. Moreover,
unit may be adapted to constant voltage
m ion for feeding circuits on beard aircraft
i on. th» ground (such as circuits for light-
LWin air-conditioning, radio-transmitters
Z’ELQL 7ers power supply intercommunica-
1 board, signal systems or other acces-
1n switches {{ and {ig so as to
vcluage and intensity pilot regu-
and keep only the fingl voltage
pll@.} regaﬂa“o" 24 in operation. Through the
action c>T sald regulator, adjusted by means of
rheostat 82, the unit constituted by engine | end
%nera.tor S, is made to cperate to supply a con-
stant voltage current irrespective of the current
flow. TPurthermore, by changing the position of
84 is made inoperative,
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switch B8, clockwork &4

main contactor 35 then heing closed either by 2

depressing the push-button which connesis con-

tacts A8, 48, in which case the main contactor

will only be closed wiile the push-button is held,

or through switch 88 which directly controls the

main contactor and aliows to kesp it steadily
glosed.

uf course, without depart‘ng from the scope

i nvention, modifications may be made to
= %593'1 ed embpodiment.

i im is:
i e*hou fr‘f supplying the electric current
hie elegtrical starter of an -’11/.,- 2l combustion
e, more particularly for turko-jet engine,
by means of g starting generator drlven by a
start'ngz cngine, comprising, in succession, the
steps of controiling befere starting the tension
of the currant supplied by the generator o have
& constans tension egual tn the necessary tension
value at the beginning of the starting operation,
then, when the s turtmg operation begins, of con-
troliing the current supplied by the generator to
have a constant intensity equal to that necessary
for performing the stari'ng operation while the
tension of said supplied current incrsases, and,
when said tension attains the value of the final
tension for the starting cperation, of contrelling
the tension of the supplied current to said final
value.

2. A method for supplying the electric current
to the electrical starter of an intevnal combus-
tion engine, more particularly for turbo-jet en-
gine, by means of a starting generatc driven by
a stariing engine, said starter having a series
winding, comprising, in succession, the steps of
controlling hefcre st@rting the tension of the cur-
rent supplied by the generator o have 5 constent
tension equal to the necessary tension value at
the beginning of the starting operabion, then,
when the starting opera’m(m begins, of controlling
the current supplied by the generator to have
a constant intensity equal to that necessary icr
performing the starting operation while the ten-
slon of said supplied eurrent inereases, and, when
the counter-electromotive foree of the starter at-
tains a value equal to that of the final tension
for the starting cperation, of controlling the ten-
sion of the supplied current to said final value.

3. A starfing unit for internal combustion en-
ines, more particularly for turbo-jes engines,
con 11’15111;,, in combination, g starting engine, a
[

o

03,

starting generator connected with said starting
er ineg, an electrical starter supplied by said gen-~
erator, _ﬂeal s Tor maintaining before the starting

the tensicn of the current supplied by the start-
ing generator fo the value necessary for the be-

15

40

45

6

ginning of the starting creration, means for elini-
inating said maintaining means at the beginning
of the starting operation, means for maintaining
at the beginning and during the performing of
the starfing operation the current supplied by
sald gensrator to 5 constant starting operation,
means for maintaining at the end of the start-
ing operation the increasing tension of the cur-
rent supplied by said generator to the starter at
a value equal to the final tension necessary for
said starting operation, when the then incrsas-
ing tension attains said final value, and means
for automatically cutting the supplying of said
starter after a predetermined time.

4, A starting unis

for internal ¢ =1"»ba tion en~-
ginss, more parbicularly for turko-jst enginss,

comprising, in combination, a starting engine, a
starting generator connected with said starting
engine and having a shunt feld coil, an elecirical
starter having a seriess winding, main leads
connecting said starter with said startinz gen-

erator, an adjustable regulator connected in
series with said shunt field coil, a davice for

modifying the adjustment of said regulater, a
voliage pilot regulator connected with said device
and acting for maintaining t‘hﬂ tensi \,n of the

current supplisd by the generat t ne neces-
sary value at the beginning of ’m ng ope;a-

tion, an intensity pilot regulator con t d with
said uev;ce for mamtammg the curren supplied

by the generator *uo a constant intensity equal to
uh?t necessar y. ming the starting operg-
tion, means fo: 1ting said intensity nilot
regulator for said voltage pilot regulator at the
beginning of the starting operation, a second
vcltage pilot regulator connected with said device
for maintaining the tension of the supplisd cur-
rent $o the value of the final ue‘m 1 101 the start-
ing operaticn when the gounter-cie
foree of said starter st’rams fm‘ val ue of
tension, a main contactor ir
main leadg, means for clok__ 1:1 main contactor
ab the begi g of the starting opsration, means
fer maintaining said coniactor in closed position
during the starting cpsration, means for cpening
said contactor after g predegermmbd time, and
means for avoiding at will the acticn of said
maintaining and opening means on said main
contactor.

5. A starting uni$ for i
gines, mere particularly
comprising, in
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regulator, said ini Voit ngd m;)mwu; pilot
regulators being connecied in pus i
second tapping; means for substi

tensity pilot regt lato ’f,o 53;3;\4 init

regulator at
tion; a main con’cactor 1nsexu 4 in one of sgid
main leads, means for closing said main con-
tactor at the heginning of the starsi ng operation,

ting opel 8-
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7
means. for ‘maintaining said ‘contactor .in closed
position during the.starting operation, means for
opening said contactor  after a predetermined
time, and means for avoiding at-will the action
of said maintaining and opening means on said
main contactor,

8. A starting unit for internal combustion en-
gines, more particuiarly for tutbo-jet -engines,
comprising, in combination, a starting engine, a
starting generator connected with said starting
engine and having a shuntfield ¢oil, an electrical
starter having a series winding, main léads con-
necting said starter with said starting generator;
an adjustable regulator connected:in series with
s2id shunt field coil angd having. a pile of carbon
dises, a compression and release device adapted
to act on said dises, and a:solenoid thearmature
of which is.connscted with said device; a circuif
connecting said sélenoid in parallel with the gen-
erator, a ealibrating resistor mounted in series
in said . gireuit, two tappings displaceshie along

calibrating resistor; -a findl voitage pilot
wator of the vibrating contact type connected

onz of said tenpings for maintaining the
i of the supplied current to the value of
final tengion for the starting operation when

=
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e ¢ of said final tension, the vibrating
contact of said final voltage pilot regulstorshori-
circuiting the part of .the .calibrating resistor
comprised beyond szid:tapping; an initial voit-
age pilot regulator of the vibrating contact type
for maintaining the tension of the current sup-
plisd by the generator to the necessary value at
the beginning of the starting operation, an in-
tensity pilot. regulator of the wibrating contaet
type for maintaining the.current supplied by the
generator 10 2 constant intensity .egual to that
necessary for performing the starting operation,
said initial voltage and intensity pilot regulators
heing connested in paraliel with the second tap-
ping, the vibrating ccntacts of said both resula-~
tors shorg-circuiting the part of the calibrating
resistor comprised heyoud said. second tapping;
means for substituting said intensity pilot regu-
lator to said initial voltage pilot:regulator st the
beginning of the starting operation; o main con-
tactor inzerted in .one of said main leads, means
for closing said main contactor at the beginning

of the starting opsration, means for maintaining _

said contactor in closed position during the start-
ing operation, means for opening said contactor
afler a predetermined time, and means for-avoid-
ing at will the action of said mainfaining angd
opening means on said main contactor.

7. A starting unit for internal combustion en-
gines, more particularly :for ‘turbo~jet engines,
comprising, in combination, a starting engine, a
starbing generator connected with said starting
engine and having a.shunt field coil, an electrical
starter having g series winding, main leads con-
necting said starter with said starting generator;
an adjusiabls regulator connected in series with
said shunt field coil and Having & pile of ‘carbon
discs, a compression and releass device adapted
to act on said dises, and a solenoid the grmature
¢of which is connected with said device; a.circuit
connecting said sclenoid in parallel with the gen-
erator, a calibrating resistor mounted in series in
said cireuit, two tappings displaceable along said
calibrating resistor; a final voltage pilot regula-
tor of the vibrating contact type connected wit:
one of said tappings for maintaining the tension
of the supplied current to the value of the final
tension for the starting operation when the
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counter-electromotive  force of said .starter at-
tains. the value of: said final tension, the vibrating
contact of said final voltage pilot regulator short-
circuiting the part of the calibrating resistor
cormprised beyond said tapping, said final voltage
pilot regulator having a compensating coil,
g, eircuit connecting zaid cocmpensating ceil in
parallel with the generator, and an adjusiing
rheostat inserted in said circult; an initial volt~
age pilot regulator of the vibrating contact tyrce
having a2 ‘compensating coil mounted in series in
one of the main leads for maintaining the tension
of the current supplied by the generator to the
necessary value at the beginning of the starting
operation; an inteasity pilot regulator of the vi-
brating contact type formainiaining the current
supplied by the gensrator {o a constant intensity
equal to that necessary for performing the start-
ing operation, said initial voltage and intensity
pilot regulaters being connected in paraliel with
the second tapping, the vibrating contacts of said
both regulators shori-civeuiting the part of the
calibrating resistor comprised beyond said second
tapping,-said initial voltzge pilet resulator hav-
ing a’compensa
last compensating coil in parallel with the gen-
erator, an adiusting rheostat

ash cireuit, and an operating coil connecied in
series in one of the main leads for opening said
wiovable contact immediately the current is sup-
plied to the starting niotor; s main contactor in-
ted in one of said main leads, means for clos-
ing ssid main ecuiactor at the beginning of the
starting operation, msans for mainfaining said
contacter in closed pesition during the starting
operation, mieans for opening said contactor after
2 predetermined time, and meang for avoiding
at will the action of said maintaining and open-

o ing means cn-said main contactor.

8. A stearting unit, according to claim 7, where-
in the means for clesing, maintaining and open-
1 the msans for avoid-

aininz and opsning
perating the

between the
sh-hutton mounted in
series with said main coil, a holding relay con-
nected with said main coll, an adjustable. elec-
rically actuated clockwork having a conbactor
inserted in series betwaen the coil of the holding
relay and said main eoil and an operating coil
mounted in parallel ketwean the coil of said hold-
ing relay and said main coil, 3 three~way switch
mounted in series Detween the coil of the holding
relay and sald main ¢oil, an intermediary shunt
circuit connecting one of the conbacts of said
three-way switch with the line connecting the
holding relay with one of the main leads and a
hand-operated bresk switch inserted in series in
said intermediary shunt circuit.
ANDRE LOUIS VINTENDM.
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