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The electrical starting of turbo-jet engines, 
in particular, is effected by aih electric notor 
which, when in operation for starting, is jaeghan 
ically connected to the rotor of the gas turbine 
engine through a suitable reducing gear. Elec 
tric current is supplied to said electric notor 
from a storage battery or other constant voltage 
source through a set of contactors and resistances 
so that the current flow is conveniently coil 
trolled. The number of starting stages is gen 
erally no more than two or three in order to 
provide a relatively light and single equigi:2nt. 
The passage from one stage to the (next produces 
current peaks in the starting motor circuit, which 
may reach or exceed three times the final rura 
ning intensity, and therefore the full power inay 
not be increased by means of a highes' voiage, 
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 connutation and 
fatigue of the battery and/or the starting unit. 
The power absorbed by the started engine, 

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

2, 

last Stage of the Starting Operation. If the kiOWn. 
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 
very low efficiency causing in perfect utilization 
of the power of the batteries and starting units. 

ihe object of the present invention is to eliini 
nate Such a drawback by feeding the starter of 
an internal combustion engine in Such a 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 embodiment of a device to 

carry out the above specified current feeding 
method, the Starting unit coin prises an internal 
combustion starting engine mechanically con 
nected to a starting electric generator the field 
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 a regul 
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-operated circuit 
breaker adapted to cut off the starter from its 
current Supply after predetermined interval of 
time. 

in order that the invention may he more 
clearly understood and readily carried into prac 
tice, it will now be described more fully and 
illustrated, by Way of example only, in the ac 
Companying diagi'an, which shows the various 
eleinents of a constant current, variable tension 
starting unit and their connections. 
The installation comprises an internal coaibus 

tioil starting engine mechanically connected to 
drive a starting electric generator 2, the airina 
ture of which is connected in series with a coil 
3 for conpound excitation. The shunt field coil 
of generator 2 is connected to one pole thereof 

directly and to the other pole through a pile 
of carbon discs. Said pile 5 is pressed or released 
by the armature 6 of a solenoid the coil i of 
which is in series with a calibrating multiple tap 
resistor 8 in a circuit connected in parallel with 
Said generator 2. 
The calibrating resistor S has two tappings 

for feeding voltage and intensity pilot, vibrator 
SWitches. Tapping S is connected to lead a 
which includes a switch blade ii. At a point 
between tapping 9 and Switch i i is connected the 
Vibrating member 2 of the basic voltage pilot, 
regulator f3. Beyond switch is, lead is con 
nected to the vibrating member 4 of the in 
tensity pilot regulator 5. 
The Stationary contact 3 of regulator 3 is 

connected to One end of the continuous oscilla. 
tion keep-up coil 3a whereof the other end is 
Connected to a lead it. The stationary contact; 
5a of the intensity pilot regulator is is con 
nected to One end of a continuous oscillation 
keep-up coil 5b the other end of which is coin 
nected to a lead Î8. Lead if and lead 3 join 
into lead 9 which is connected to the outlet, 
lead 29 of generator 2. 
The tapping 23 of calibrating resistor 3 is 

connected through a lead 22 to the vibrating 
member 23 of a final voltage pilot regulator 23, 
the Stationary contact 24a of which is connected 
to One end of the continuous oscillation keep-up 
coil 23b the other end of which is connecte 
through lead 25 to main lead 9. 

Regulator 3 includes a COilpensating coil 35 
One end of which is connected to lead 29 through 
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a basic voltage adjustment rheostat 26. The 
other end of coil 3b is connected to the sta 
tionary contact 27 of a break relay 28 the now 
able blade 29 of which is connected through lead 
3 to the Second outlet lead 3 of generator 2. 
The coil 28d, of relay 28 is connected in series in 
lead 3. 
The intensity pilot regulator 5 is provided with 

a compensating coil fic which aiso is connected 
in Series in lead 3. 
The final voltage pilot regulator 24 is provided 

with a compensating coil 24c one end of which 
is connected to lead 25 through a final voltage 
adjustment rheostat 32, the other end of coil 
24c being connected through a lead 33 to lead 
33 which connects together coils 28a and 5c. 
Lead 35 connects the other end of coil 5c to 

a hand-operated isolating Switch 36 from which 
a lead 3 leads to the stationary contact 38d, of 
the main starting contactor 38. Beyond main 
contactor 38 is inserted the shunt 39 of an indi 
cating animeter g), after which the current 
passes through lead 4 to feed the series type 
starter 32 of the internal combustion engine to 
be started, which starter is connected on the 
other side to lead 29 through a lead 3. 
The coil 33b of the main contactor 38 is con 

nected by a lead 44 to one stationary contact 3 
of a starting push-button SWitch the other sta 
tionary contact 35 of which is connected through 
lead is a to lead 3. Coil 38b may also be fed 
through the movable armature 49d, of a holding 
relay 49, the stationary contacts 50, 5 of which 
are connected in parallel with contacts 35, 6. 
The coil 39 b of the holding relay 9 is connected 
between contact 5 and a lead 52 which, through 
a contactor 53 the opening of which is operated 
by an adjustable clockwork 54, is connected to 
the return lead 55 connecting coil 38b to lead 23. 
The clockwork and the holding relay may be : { 
made inoperative by a three-Way SWitch 56 the 
movable blade of which is adapted to connect 
lead &A and contact 45 either to contact. 5, or to 
an intermediary shunt circuit 5 Comprising a 
hand-operated break Switch 58. Contact 5 is 
also connected to One end of a coil 59 adapted to 
initiate the clockwork operation the other end of 
which is connected to lead 56. An indicating 
voltmeter 5 is connected between leads 3 
and 55. 
The above described equipment operates as 

follows: 
When the starting engine. is running, start 

ing generator 2 rotates. With isolator 36 closed, 
and SWitch 58 off bridge 5 and closed to holding 
relay coil 3.9b, if the push-button which connects 
contacts 45 and 56 is depressed, then the current 
issued from generator 2, under basic voltage, will 
excite the holding relay coil 33b, the coil. 59 which 
initiates the clockwork operation and the Coil 
33b of the main starting relay 38. The basic 
voltage pilot regulator 3 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 £2 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 regul 
lator 5 becomes operative alone. 
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4. 
Said pilot regulator 5 periodically short-cir 

cuits, at a Suitable frequency, the part of cali 
brating resistor 8 comprised between lead 29 
and tapping 9, and the current passing through 
Solenoid so controls the compression of carbon 
pile 5 that the field coil is 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 allowsd to in 
Crease, the counter-electromotive force of said 
Starter armature may also rise, so that the Wolt 
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 52 counter-electromotive 
force would cause the intensity to drop but for 
the action of regulator 5 on pile 5 to maintain a 
Constant intensity. 
As a 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 32. When the 
voltage reaches said maximum value, the final 
voltage regulator 33 becomes operative and fixes 
a limit to the compression of carbon pile 5 by 
periodically short-circuiting, at the Suitable fre 
quency, the part of resistor 3 comprised between 
tapping 2 and lead 28. After the final voltage 
has been reached, the starting operation may 
Continue With a decreasing current intensity. 

in practice, however, clockwork 54 breaks 
contact 53 and cuts off the current from holding 
coil 49, So that main contactor 33 OpenS. 
Such a starting 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 Saite 
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 
which 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 function - 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. Whe 
the final Voltage is limited to 28 volts, 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 constant 
voltage starting is used. Such increased power 
does not prejudice the starter, the heating of 
Which is the same, if not even less. The starter 
has an easier operation due to relimination of 
high current peaks. As the power increases pro 
gressively, damages to the starter collector and to 
the innovable members of the connections are 
avoided. Furthermore, the operating title for 
the starter is reduced. Since the Speed increases 
imore 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 greate than Specified above, the 
starting time being further reduced accordingly, 

It may be noted that the operation of Such a 
Starting unit is adapted to Suit variels 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 
the intensity and voltage pilot regulators 

'Wii give the same results in any case. Moreover, 
the unit, finay be adapted to constant voltage 
operation for feeding circuits On board aircraft 
While on the ground (such as circuits for light 

cain air-20; ditioning, radio-transmitter's 
and/or receive's power Supply interconnunica 
tions on hoard, signal Systems or other acceS 
sories) by opening switches and id so as to 
cut off the basic voltage and intensity pilot regul 
lators 33 and 5 and keep Only the final voltage 
pilot, regislator 2 in operation. Through the 
action of Said regulator, adjusted by reains of 
rheostat 32, the unit, constituted by engine end 
generator 3 is glade to operate to supply a cont 
Siant; voltage current irrespective of the cu're it 
foW. Furthermore, by changing the position of 
SWitch 33, clockwork 53 is made in operative, 

iii.3, 

intain contactoi 38 then being closed either by 2 
depressing the push-button which connects coin 
tags 35, 6, in which case the main contactor 
Wii gray i.e. cic Sed wile the push-button is held, 
oil through switch 53 which directly controls the 
:ain contacto; and allows to keep it steadily 
cigSed. 
of course, without departing from the scope 

of the invention, modifications may be made to 
algoye described eiinbodiment. 

; I claii is: 
atho for Supplying the electic current 
ctrica starter of an internal congllstion 

gigae, nore particularly for turhorjet engine, 
by ineans of a starting generator driven by a 
starting engine, comprising, in sliccession, the 
steps Gi controiling before starting the tension 
of the current Supplied by the genei'ato, to have 
S. constait, tension equal to the necessary tensio) 
value at the beginning of the Starting operation, 
then, when the starting operation begins, of con 
troling the current supplied by the generator to 
have a constant intensity equal to that nec3SSary 
for parforting the starting operation while the 
tension of Said Supplied current increases, 2d, 
When Said tension attains the Vale of the final 
teinsion for the starting operation, of controlling 
the tension of the Supplied current to Said final 
Waite, 

2. A nethod for supplying the electric current 
to the electrical Starter of an internal coin S 
tion engine, more particulairly for turbo-jet en 
gie, by means of a starting generator driven by 
a starting engine, Said Starter having a series 
Winding, coy prising, in Succession, the steps of 
controlling before starting the tension of the cur 
rent Supplied by the generator to have a constani, 
tension equal to the necessary tension value at 
the beginning of the starting operation, then, 
Wher the Staiting operation begins, of controlling 
the current Supplied by the generator to have 
a constant intensity equal to that necessary for 
perfor:ling the Starting Operation while the ten 
Sion of Said Supplied cul'rent increases, and, when 
the CCurater-electro?otive force 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 starting unit for internal combustion en 
gi:28S, in ore particularly for turbo-jet engines, 
COA) prising, in Cornbination, a starting engine, a 
Starting generator connected with said starting 
engine, an electrical Starter Supplied by Said gen 
erator, Reals for maintaining before the starting 
the tension of the current Supplied by the start 
ing generator to the value necessary for the be 
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6 
ginning of the starting creration, ineans for elimi 
inating Said raintaining :eans at the beginning 
of the starting operation, means for inaintaining 
at the beginning and during the performing of 
the starting operation the cuirient Supplied by 
Said generat01 to a 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 increas 
ing tension attains Said final value, and eans 
for autoimatically cutting the supplying of said 
Starter after a predeterilined time. 

4. A starting unit for internai combustion en 
gi:8S, 15.20e 3rticiary foi" tuirkoriat engines, 
comprising, in COilbination, a starting engine, a 
starting generator connected with said starting 
engine and having a shunt, field coil, an electrical 
Starter having a Series winding, main leads 
connecting Said starter with said starting gen 
erator, an adjustable regulato' connected in 
Series with Said shunt, feid coii, a cevice for 
incidifying the adjustient of Said regulater, a 
Woliage pilot, regulato3. CCIn Elected. With Said device 
and acting for 3aintaining the tesicn of the 
current Supplied by the generator to the neces 
Sary Value at the beginning of the Starting opera 
tion, an intensity pilot regulatoi connected with 
Said device for raintaining the current supplied 
by the generati to a constant intensity equal to 
that necessary or p3rfor:ling the starting opera 
tion, ...eans for Si32stituting said intensity pilot, 
i'eg! latioi for Said Voltage pilot regulator at the 
legianing of the starting operation, a second 
vcitage pilot regulator connected. With said device 
for iaintaining the tension of the Supplied cur 
rent to the value of the final tension for the start 
ing Operatic. When the 20 inter-elect'Grotive 
fo?"?e Cif Said State attains tie value of Said fina: 
tensioh, a rain contactor inserted in one of said 
inain leads, i.eanS foi' ciOSing Said iii.ain contactor 
3.5 the begitiing of the Staiting operation, ineans 
for maintaining said contactor in cosed position 
during the Starting Cperation, neais for opening 
Said contaator after a predeteriained tinie, and 
means for avoiding a will the action of said 
maintaining and opening raeans on Said iain 
contactor. 

5. A starting unit for i 
gines, acre particulai’iy for 
compilisiing, in coraginatioia, a s 
Starting generator connecte 
engine and having a si 
Starter having a Series Wiilding, inain leads con 
necting Said Starter with Saiki starting generator; 
an adjustable regulator connected in series with 

ge arbon 
anted discs, a compresgion and release device 

to act on Said discs, and as 
Of which is connected Y 
connecting said solenoid in parai 
erator, a calibrating iesistor ni 

t01 Connected with one o 
tial voltage iliot regillag' 
regulator, Said iiii 

Second tapping; leans i 
teinsity pilot regulator to said 
regulator at the beginning the Starting opera 
tion; a main contactor inserted in one of said 
main leads, haeans for closing said main con 
tactor at the beginning of the starting operation, 
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means for raintaining said contactor in closed 
position during the starting operation, 2neans for 
opening said contactor, after a predeterrained 
time, and means for avoiding at will the action 
of Said maintaining and opening means on Said 
inai contactO. 

6. A starting unit for internal combustion en 
gines, inore particularly for turbo-jet engines, 
comprising, in combination, a startings engine, a 
starting generator connected. With Said starting 
engine and having a shuntfield coil, an electrical 
starter having a series winding, snain leads Con 
necting said starter With Said starting.generator; 
an adjustable regulator connected in Series with 
Said shunt field coil and having a pile of carbon 
discs, a co::ipression and release device adapted 
to act, on said discs, and a Soleiloid the arriature 
of which is connected with said device; a circuit 
connecting said Soleiloid in parallel With the gen 
erator, a calibating resistor inointed in Series 
in Said circuit, two tappings displaceable along 

cairating resis or; a final voltage pilot 
ulator of the vibrating, contact type connected 

One ef said tapings for maintaining the 
ion of i3 Supplied current to the value of 
inal tension for the starting operation when 
ourtereiectoriotive, force of Said Starter at 

e valie of Said final tension, the Vibrating 
contact of said final voltage pilot regulator Short 
circuiting the part of the calibrating resistor 
comprised beyond said tapping: an initial voii 
age pilot, regulator of the vibrating CCtact type 
for maintaining the tension of tie Current Slip 
plied by the generator to the nect3SSaicy waiie at 
the beginning of the starting operatio, 33) in 
tensity pilot regulator of the vibrating contact 
type for niaintaining the current Supplied by tie 
generator to a, constant intensity equal to that 
necessary for performing the starting operation, 
said initial voltage and intensity pilot regulators 
being connegted in parallel with the second tap 
piing, the vibrating contacts of Said both regular 
tors short-circuiting the part of the calibrating 
resistol comprised beyond Said, Second tapping; 
Entears for sistituting Said intensity pilot regi 
lator to Said initia Voltage pilot...regulator at the 
beginning of the starting Operation; a Yinain. CCIn 
tactor in Seited in Ca of Said main leads, neans 
for closing Said nain contactOr at the beginning 
of the starting operation, means for maintaining 
said: contactor in closed position during the Start 
irig cperatics, reais for Opening Said CGintactor 
after a predeter:tined time, and Iaeans for a Void 
ing at Will the action of Said raintaining and 
opening reais Gn Said inain contactOr. 

7. A starting unit for internal combustion en 
gires, inci's particularly for turbo-jet engines, 
Coirprising, in coinbination, a starting engine, a 
starting generator connected with said Staiting 
engine ains having a.shtint field coil, an electrical 
starter having a Series Winding, main leads Con 
necting said starter With said starting generator; 
an adjustable regillator connected in series with 
said shunt field coil and having a pile of carbon 
discs, a compression and release device adapted 
to act on said discs, and a Solenoid the arnature 
of which is connected with Said device; a circuit 
connecting said Solenoid in parallel with the gen 
erator, a calibating resistor nonted in series in 
said circuit, two tappings displaceable along said 
calibrating resistor; a final voltage pilot regula 
tor of the vibrating contact type connected with 
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 
congrised beyond Said tapping, said final Voltage 
pilot regulator having a compensating coil, 
a circuit connecting said coin pensating ccil in 
pairallel With the generator, and an adjusting 
rheostal inserted in Said circuit; an initial Volt 
age pilot regulator of the Virating cointact type 
having a compenSating coil. Kaouiated in Series in 
one of the nain leads for saintaining the tension 
of the current supplied by the generator to the 
inecessary Value at the beginning of the starting 
operation; an intensity pilot regulator of the wi 
orating contact type for iii.aintaining the current 
Supplied by the generator to a constant intensity 
equal to that necessary, foil performing the start 
ing operation, Said initial voltage and interasity 
pilot, regulatCi's being consected in paraei. With 
the Second tapping, the Vibrating contacts of Said 
ach regulator's short-circuiting the part of the 
calibrating resistoi congrised beyond said Second 
tapping, said initial voitage pict regulator hay 
ing a compens2.ii 
last compensating coil in parallel with the genu 
2irator, an adjusting rheostat inserted in said 
last, circuit, a Yagvale contact inserted in Said 
last circliš, and ain operating coil coninected in 
Series in one of the train leads for opening said 
i?iovaele contact, ifiediately the current is sup 
plied to the starting iiitor; a main contactor in 

:ed in Cine of Said air leads, ineans for clos 
in2i; co, ii.26tor at the beginning of the 
Operatil, Eleans for naintaining said 

contactor in closed position during the starting 
deration, iii.28ins for opening said contactor after 
3, predets: lined tire, and neans for avoiding 
at Will the action of Said maintaining and open 
ing means on Said Yain contactor. 

8. A starting unit, according to claiin T, where 
in the 26ans for closing, saintaining and open 

tile neais for avoid 
iring and ogening 

perating the 
36tWeen the 

rain leads, a starting itOil C1Ented in 
Series With Said main coil, a holding relay con. 
nected. With Said itain coil, an adjustairie, eiec 
irically actuated clockwork having a GCintactor 
inserted in Series between the coil of the holding 
relay and Said rain coil and an operating coil 
not Inted in parallel cetween the coil of Said holdi 
ing relay and said main coil, a three-way switch 
n2Quinted in Series oetween the coil of the holding 
relay and Said main coil, an intenediary shunt 
Circuit connecting one of the contacts of said 
three-way switch with the line connecting the 
holding relay with One of the rain leads and a 
hand-operated d. in Series in 

sile action of tie 

greak Switch inserted 
Said interediary shunt circuit. 
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