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Sigmund Machlanski, Pomona, N. Y., assignor to Bengiix
Aviation Corporation, Teterboro, N. J., a corporation
of Delaware

Applicatien April 26, 1950, Serial No. 158,273
18 Claims. (ClL 60—39.14)

The present application relates to improvements in an
automatic starting control for a turbine driven ajrcraft
engine.

In the copending application Serial No. 156,260 filed
April 17, 1950 by William E. Brandau, there is disclosed
and claimed an automatic starting control on which the
subject matter of the present application involves certain
improvements.

An object of the present application is to provide a
spead sensing unit including a flyball governor and varia~
ble coupling transformer positioned by the governor and
coupled to a reset variable coupling transformer posi-
tioned by a motor controlled by the first variable coupling
transformer so as to act as a servo operated follower of
speed and also including a series of switches operated by
the servomotor to open and close suitable circuits con-
trelling the starting operation as the sensed speed of the
engine changes. ’

Another object of the invention is to provide an auto-
matic starting control for a turbine engine which serves to
actuate a series of switches in accordance with a pre-
scribed schedule, these switches in turn operating various
relays to- initiate and terminate the several functions
necessary in the starting of the engine.

Another object of the invention is to provide a novel
automatic starting system in which the starting cycle can-
not be reinitiated without first going back to cut off,

Another object of the invention is to provide an auto-
matic control means for starting a turbine engine, includ-
ing means for the initiation and termination of such neces-
sary functions as the auxiliary drive to bring the en-
gine up to a seli-sustained speed and the ignitor and
fuel supply to fire up the engine. Further, the control in-
cludes means to initiate the main supply of fuel to the
engine and effect operation of a system to regulate the
fuel supply so as to maintain a safe operating tempera-
ture and acceleration of the engine during the starting
operation, until the turbine arrives at a selected self-sus-
tained operating speed at which the control effects an auto-
matic transfer from the first fuel regulating system to a
second or primary fuel regulating system for normal
operation of the engine.

Another object of the invention is to provide a novel
speed sensing device to automatically effect the following
functions:

1. Initiation of the operation of a suitable starting
mechanism and the termination of such operation upon
the speed of the engine reaching a predetermined value
indicative that the engine is at a self-sustaining speed,

2. Initiation of the operation of an igniter and the ter-
mination of such operation upon the speed of the engine
reaching a predetermined value indicative that the engine
has been brought up to a self-sustaining speed.

3. Initiation of operation of the fuel supply to the
engine upon the speed of the engine exceeding a prede-
termined minimum speed sufficient to effect a starting
operation.

4. After initial starting of the engine is effected, the
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temperature of the engine is controlled at a value suf-
ficiently low to prevent compressor stall and sufficiently
high to provide an accelerating torque on the engine
throughout the starting cycle until at a predetermined en-
gine speed a transfer is effected over to mormal control
of the engine by the aforenoted speed sensitive device.

Another object of the invention is to provide an auto-
matic starter control in which the control regulates the
fuel supply for a turbine engine so as to maintain a safe
operating temperature during the starting operation and
also regulates the rate of acceleration of the engine until
the turbine speed reaches a selected operating speed at
which an automatic transfer is effected to place the engine
under control of a primary control system.

Another object of the invention is to provide an auto-
matic control system in which such temperature control
means is essentially the same as that of the primary con-
trol system and which makes use of a direct measurement
of combustion chamber temperature so as to regulate the
fuel supply through suitable means such as a variable
displacement pump or regulating valve so as to maintain
the selected temperature value.

Another object of the invention is to provide a novel
acceleration feed back to reduce the selected tempera-
ture level with an increase in engine acceleration during
the starting operation. :

Since  a characteristic of turbine engines is relatively
poor efiiciency at low speeds, a fixed operating tem-
perature sufficiently high to guarantee acceleration of the
engine at starting speed results in a runaway acceleration
as the rated speed is approached and therefore an object
of the invention is to provide an acceleration feed back
which acts to moderate ‘this tendency.

Another object of the invention is to provide an auto-
maatic starting device which employs a temperature con-
trol with acceleration feed back so that engine starts are
more nearly uniform in character under- severe changes
in engine load or operating conditions.

Another object of the invention is to provide a system
in which all the major components of the start control
are parts of the primary control though serving entirely
different purposes in the two phases of operation. .

Another object of the invention is to provide a speed
governor and variable coupling transformer assembly
which provides the speed sense as the voltage signal in
a primary control, while serving as a position transmitter
to a servo operated variable coupling transformer in
the starter control and in which the servo operated variable
coupling transformer actuates suitable speed control
switches for effecting the starting operation.

Another object of the invention is to provide an accel-
eration feed back in the starting conirol which is obtained
from a generator arranged in the starter control to give a
signa] proportional to engine acceleration although during
normal usage in the primary control the same rate gen-
erator provides a linear reset response as a function of an
effective follow-up signal.

The above and other cbjects and features of the inven-
tion will appear more fully hereinafter from a considera-
tion of the following description taken in connection with
the accompanying drawings wherein one embodiment of
the invention is fllustrated by way of example.

In the drawings:

Figure 1 is a diagrammatic view shewing a tempera-
ture responsive fuel control system for the automatic
starting of a turbine driven engine in which there is pro-
vided a speed responsive mechanism for effecting the nec-
essary accessory functions in the starting operations.

Figure 2 is a diagrammatic view showing the switching
system for the automatic starter control operated by the
speed responsive mechanism of Figure 1.
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Fipure 3'is ‘a diagrammatic view showing the fuel con--

trol system for normal ground and flight operation,
Figure 4 is a dlagrammatlc view of an aircraft engme
or gas turbme with which the systems showa in Figures
1,2 and 3 are designed for use.
) Refemng to the drawmg of Figure 4, there i ig indicated
by the numeral 2 an aircraft of a type with which the
subject invention is designed for use. The aircraft in
flight moves toward the left as viewed in r1gure 4 s0 that
air is rammed into an intake 5. The ram air is in turn

compressed by a blower or compressor 8 and flows.

through a conduit 18 into a combustion chamber 1Z. Fuel
at a controlled rate is fed through lines 16 into the com-
bustion chamber 12.

The products of combustion flow out through a nozzle
18 to drive a turbine 20 which drives the compressor 8§
and a propeller 21 through a shaft 22. The exhaust exits
through passage 23. Gearing 24 and a shaft 26 connect
the shaft 22 with a fiyball speed g governor 27 of Figures 1
and 3 of the automatic starter control and fuel regulator
28 hereinafter explained. )

The piich of the propeller 21 may be governed by a
suitable speed responsive governor 29 of a type weil
known in the art and under conirol of the pilot.

A temperature responswe device 30 sensitive to the
‘temperature of the air at the intake 5 is operably con-
nected through a conduit 31 to the fuel regulator for pur-
poses hereinafter explained, while a temperature respon-
sive device 32 is mounted at a suitable point in the com-
bustion chamber 12 for sensing the temperature of the
combiistion gases. The device 32 is operably connected
through a conduit 33 to the fuel regulator and starter
control 28. A suitable ignitor 35 is provided for initiaily
1gmt1ng the combustion gases in the chamber 12, The
ignitor 35 may be of conventional type and is operably
connected through a suitable -electrical conduit to the
starter conircl 28.

Also arranged for driving the turbine shaft 22 in start-

mg is a suitable starting mechanism indicated herein gen-

erally by the numeral 36 and operably connected through
conduit 37 to the starter control. The starting mechanism
36 may be arranged to engage the shaft 22 in driving rela-
tion during starting and disengage the shaft 22 after
starting by suitable means, well known in the art,

The fuel input lines 16 may be controlled by a suitable
fuel equalizer valve 38 of a type disclosed and claimed in
my copending apphcanon Serial No. 158,274 filed April
26, 1950 and having maximum speed limiting means oper-
atively connected to the shaft 22 through a shaft 38A as
explained in the latter application.

The fuel equalizer valve 38 may be controlied by the
automatic starter control 28 through an electrical conduit
39 operatively connected to the control 28. The equalizer
valve 38 may be supplied with fuel under pressure of a
pump 40 through a throttling valve 41 in a supply conduit
42,

.The throttling valve 41 may be of conventional type
operatively controlled through a shaft 81 by a reversible
electric motor 82 connected through an electrical conduwit
45 with the control system indicated generally by the
numeral 35 and hereinafter explained with reference to
Figures 1 and 3. Instead of a throttling valve, there may
be used a variable displacement pump controlled by the
motor 82 to vary the supply of fuel to the combustion
chamber 12 in accordance with the demands of the regu-
lator 28. A manual operable lever 46 may be adjusted
by the pilot in flight to vary the setting of the reguldtor 28
to select the regulated combustion chamber température,
as hereinafter explained.

As will appear hereinafter, the control 28 is designed
for five phases of operation as follows:

1. Cut-off—when the engine is 4t rest and the fuel line
has been closed by the equalizer valve 3% and throttling
valve 41,
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4
2. Statting opération-=the systent of control for which
is shown by Figure 1.

3. Ground idle operation effective immediately after
the starting cycle has been completed—the system of con-
trol for which is shown in Figure 3 with the several
switches adjusted as shown in dotted lines by the designa-
tion (3).

4, Normal ground operation—the system of control for
which is shown in Figure 3 with the several switches ad-
justed to the position shown in dotted lines by the desig-
nation (4).

5. Flight operation-—the system of conirol for which
is shown in Figure 3 with the several switches adjusted to
the positions shown in solid lines by the designation (5).

System of control for starting operation—Figure 1

Referring to the drawing of Figure 1, there is shown
diagramimatically a system of control for starting a tur-
bine type engine in which the temperature responsive
elements 32 and 30 are shown as thermocouples con-
nected in a loop circuit including contro! windings 59
and 51 of magnetic amplifiets 52 and 53. The magnetic
amplifiers 52 and 83 include serially connected excitation
windings 54 and 53 connected across a main source of
constant frequency alternating current. The magnetic
amplifiers 52 and 53 also include D. C. bias windings 56
and 57 and the controlled windings 58 and 59 inductively
coupled to the excitation windings 52 and 53 respec-
tively. . The thermocouples 30 and 32 are connected in
oppositg relation” so that the coatrol signal energizing
the windings 5¢ and 51 will represent the difference be-
tween the temperatures at the compressor iniet and at
the combustion’ ¢hamber 12 which will in turn vary the
induced voltage in the regulating windings 58 and 59 in
direction relation to the difference between such tempera-
tures.

The windings 58 and 59 are serially connected to one
of ‘the inputs of a mixer circuit indicated generally by the
numeral 66. The miXer circuit 68 may be of a conven-
tional type or may beé of a type such as disclosed in the
said copending applicationi’ Serial No. 156,260.

The other input to the mixer circuit 6§ is grounded
during starting operation by a switch 61 closing grounded
contact 62. The opposite end of the serially connected
coritrol winding 58 and 59 is coniiected through a switch
‘63 which during the starting operation closes a contact 64
and through a second switch 65 which during the starting
operation closes a contact 66 so as to connect in series
with the control windings 38 and 59 an output winding
67 of a rate generator, the purpose of which will be ex-
plained hereinafter.

The opposite end of the gererator winding 67 is con-
nected through a conductor 68 to a point on a potenti-
ometer 69 which poteiitiometer is connected across a
secondary winding 70 of the transformer 7i. The trans-
former 71 has a primary windiing 72 connected across
the main source of constant frequency alternating current
so as to induce ‘in the secoridary winding 78 a voltage
acting in opposition to the voltage indiced in the control
windings 58 and 59. One end of the potentiometer 69
is connected by d conductor 73 to a point of the poten-
tiometer 74 having one end grounded at 75 and the other
end conneécted by a conductor 76 to a follow-up winding
77 groiinded at 78. Inductively coupled to the follow-up
winding 77 is a rotor winding 79 connected across the
main source of alternating current and positioned through
a shaft 81 by actuator motor §2 as will be éxplained
hereinafter. ) )

Tt will be ‘séen theén that upon the voitages induced in
the winding 70 and control wirdings 58 and 53 being
unbalanced a signal voltage will be applie‘d through the
mixer system.60 to output lines 83 of the mixer system
to the input of a suitable amplifier'84. The amplifier 54
may be of a conventional type or may be of a type stuch
4s disclosed in U. S: Patent No. 2,493,605 granted Jantary
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3, 1950 to Adolph Warsher and assigned to Bendix
Aviation Corporation.

The output of the amplifier 84 leads through cutput
lines 85 to a limiter potenticmeter 86 and thence to an
input of an amplifier 87, likewise of conventional type.
Gutput 88 from the amplifier 87 leads to the conirol
winding 89 of a two phase actuator motor 82 having its
fixed phase winding 99 connected across the main source
of alternating current.

The actuator motor 82 is arranged to drive through
the shaft 81, the throttling valve 431 (Figure 4) so as to
increase or decrease the flow of fuel to the engine de-
pending vpon the direction of unbalance of the main
control system including control windings 58, 59 and 70.
In actuating the shaft 81 in an opening direction, for
example, to increase the fuel supply tc the engine in
response to a call for increase in temperature, the shaft
81 will also adjustably position the followup rotor wind-
ing 79 so as to induce in the winding 77 a voltage tendir}g
to counteract the signal voltage calling for increase in
fuel or temperature and thereby in effect decreasing the
temperature setting with movement of the valve in an
opening directicn by the motor 82. Similarly,.l}pon the
temperature tending to exceed the selected ceiling tem-
perature, the motor 82 will position the valve in a closing
direction and the follow-up winding 79 in a direction
tending to induce a voltage in the windin‘g 77 counter-
acting the signal voliage calling for a closing movement
of the throttling valve and tending to increase the tem-
perature setting. . .

It is seen then that as speed of the turbine continues
to increase at ceiling temperature drawing more air into
the combustion chamber 12 and calling in turn for increase
in fuel and temperature, the controlled variabl_e tem-
perature will decrease with increase in speed during this
transient causing adjustment of the actuator motor §2
in a direction calling for more fuel while positioning
the foliow-up winding 79 so as to reset the selected tem-
perature of the winding 78 to a lower value. This is
desirable to prevent stall during fire-up.

Referring now to the drawing of Figure 1, the fly-
ball governor 27 driven by ithe shaft 26 senses the speed
of the turbine 28 and is arrangad to adjustably position a
rotor winding 19 comnected across & main source of
constant frequency alternating current. The winding 189
forms a rotor portion of a variable coupling transfer 162
having a stator winding 104 inductively coupled thereto.
The stator winding 1564 is operatively connected through
suitable electrical conductors to a stator winding 185 of
a second variable coupling transformer 197 having a
rotor winding 169. Rotor winding i09 is connected
through suitable conductors to the input of an amplifier
111 which may be a type well known in the art or of a
type such as shown in the said U. S. Patent No. 2,493,605.
The output of the amplifier 111 is connected through
conductors 113 to a conirol winding 115 of a two phase
reversible servemotor 117 having another winding 119
connected across the main source of alternating current.
As indicated diagrammatically in Figure 1, the servomotor
1317 drives through a shaft 121 suitable rotery switch
elements 123, 125, 127, 129, 131 and 133 and also the

rotary winding 169 so as to follow the position of the’

first winding 169. Thus adjustment of the rotor winding
138 in response to a change in speed as sensed by the
governor 37 will cause through the servomotor 117 a
like adjustment cof the rotor winding 159 to a null posi-
tion together with adjustment of the rotary switch
eiements 123-—133.

Cooperating with the rotary switch elements 123—133
are respective brush elements 135, 137, 139, 141, 143 and
145 which cooperate with the relay switch system shown
diagrammatically in Figure 2 as hereinafter explained.

Switching system
Referring now to Figure 2, in order to effect the auto-
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matic starting operation, a cut-off switch indicated by
the numeral 150 must be first closed so as to effect ener-
gization of a relay winding 151 of the relay mechanism
153 having movable contacts 155, 157 and 158. Such
energization of the winding 151 will then cause contact
155 to close contact 155A while contact 157 closes con-
tact 157A and contact 158 engages an open contact 158A.
The closing of contact 155A by the movable contact 155
will then- effect energization of a relay winding 160
through line 182. The closing of contact 157A by mov-
able contact 157 will similarly cause energization of a
relay winding 165 through a conductor 167.

The relay winding 160 controls movable contacts 170,
171 and 173 and upon energization of the relay 166 the
movable contact 170 closes contact 170A, the movable
contact 171 closes contact 171A and movable contact
173 engages open contact 173A.

The energization of the relay winding 165 similarly
causes movable contacts 180, 181, 182, 183, 184, 185,
186, 187 and 188 to close cooperating contacts 180A,
181A, 182A, 183A, 184A, 1854, 186A, 187A and 188A.
The closing of contact 180A by the movable contact 188
eifects through the conductor 196 and 191 a holding cir-
cuit for the relay windings 169 and 165 through the ro-
tary switches 125 and 129 heretofore explained.

Now, when it is desired to start the engine, the cut-
off switch 150 is opened causing deenergization of the relay
winding 151 whereupon the movable contacts 155, 157
and 158 are biased under suitable spring means not shown,
s0 as to open the contacts 155A, 157A and 158A and
close contacts 1558, 157B and 158B. The closing of con-
tact 1588 by the movable contact 158 then effects through
a conductor 195 and rotary switch 131 and 133 energiza~
tion of electromagnetic winding 197. The relay winding
197 controls a movable contact 228 which upon ener-
gization of the winding 197 closes contact 281 so as to
complete a circuit for effecting energization of a suit-
able starting mechanism 36 to drive the turbine engine.
Deenergization of the winding 151 also causes the mov-
able contact 157 to open the contact 157A and thus break
the circuit through the conductor 167 to the relay wind-
ing 165, which, however, continues to be energized
through the rotary switch 129 and the holding contact
180A and 180. Likewise, deenergization of relay winding
151 causes the movable contact 155 to open the contact
155A so as to open the conductor 162 to relay winding
169. The relay winding 169, however, continues to be
energized through the rotary switch 125 and the holding
contacts 180 and 180A. :

At a predetermined driven speed of the turbine as
sensed by the fiyball gevernor 27 of, say for example,
2000 R. P. M., the flyball governor 27 causes adjustment
of the rotor winding 106 of the variable coupling trans-
former 162 and thereby rotation of the servomotor 117
in a direction such that the rotary switch 125 opens the
energizing circuit for the winding 169 whereupon meov-
able contact 170 opens contact 170A controlling the
circuit for holding the flow equalizer valve heretofore de-
scribed in a shut-off position so that fuel may now flow
to the combustion chamber of the engine through the
equalizer valve. Similarly the movable contact 171 opens
contact 171A and closes contact 171B for permitting
motor 82 to open the throttling valve 41 in response o -
a signal for increase in temperature.

In the cut-off position, the movable contact 171 closes
a contact 171A in response to energization of relay wind-
ing 169. The contact 17LA, as indicated in Figure 2, is
connected to a conductor 209 which, as indicated in Fig-
ure 3, leads to a point 261 on a potentiometer 262 con-
nected across a primary winding 203 of a transformer
baving a primary winding 264. The primary winding
204 connected across the main source of alternating cur-
rent is arranged to induce into the winding 203 an alter-
nating current of such a phase as to cause rotation of
the actuator motor 82 in a direction to close the throt-



9,741,086

7

fling. valve. 41 to passage of- fuel. The- output- of- the-
secondary winding. 203 is connected. to input conductor-

205.of an amplifier 266 while the-other input line 205A of
the amplifier 206 is grounded. The opposite ocutput
conductor 208 from the secoendary winding 283 leads
through contact 171A, movable contact switch 171 and
conductor 207 to a switch 181 closing a grounded con-
tact 181A. Corresponding switches are indicated in Fig-
ure 3 by dotted lines as connecting line 260 to line 247
and line 297 to ground. The latter ground connection is
effected in Figure 2 by the movable switch coniact 133
which closes contact 181A upon energization of the elec-
tromagnetic winding 163.

t will be seen then that the output of the. secondary
winding 203 of the transformer 284 is then connected
to the input of the amplifier 206 through conductor 203
and grounded conductor 205A. The amplifier 286 may
be of a conventional type or may be of a type such as
disclosed in the said U. S. Patent No. 2,493,605. The
output 287 of the amplifier 286 is connected through a
phase selector 288 having an output 208A leading to the
input of the amplifier 87. The phase selector may be of
2 conventional type or a type such as disclosed in the co-
pending application Serial Mo. 41,329, filed fuly 29, 1948
by William E. Brandau and is arranged to permit a sig-
sal voltage of a phase corresponding to that induced
through the secondary winding 283 to the phase selector
208 to pass, while not permitting the passage, of a signal
voltage of an opposite phase. The signal voltage which

phase selector 288 permits to pass is of such a phase as !

to cause the motor 82 to drive the throtiling valve 41 in
a direction for closing the valve 41 to cut off the pas-
sage of fuel to the combustion chamber 17

Now, upon the cut-off switch 158 being opened and
the electromagnetic winding 168 being deenergized, as
upon the turbine 20 being driven by the starter 36 to a
speed sufficient to open the rotary switch 125, such as,
for example, 2000 R. P. M., then the movable switch con-
tact 171 opens contact 173A and closes confact 171B.
The contact 171B, as indicated in Figure 2, is connected
to a conductor 209 which, as indicated in Fig. 3, leads
to a poist 21¢ on a potentiometer 223 connected across
a secondary winding 213 inductively coupled to the pri-
mary winding 284 and so arranged that there is induced
into the secondary winding 213 a voltage having an op-
posite phase relation to that induced in the secondary
winding 203. The output of the secondary winding 213
is connected to the input conductor 285 of the amplifier
266 while the other input line 285A of the amplifier 286

is connected to a common ground connection to which -

the opposite ottput conductor 249 is connected through
contact 1718, movable contact switch 171, conductor 247
and switch 18% closing ground contact 181A. Corre-
sponding switches are indicated in Figure 3 by dotted
Yines as connecting line 299 o line 287 and line 287 to the
common ground, Thus, the output of the secondary
winding 213 is connected to the input of the amplifier
206. However, the phase selector 208 is so arranged
that signal voltages of a phase opposite to that induced
in the winding 293 are not permitted to pass through the
phase selector 208. Therefore, the signal voltages from
the winding 213 do not pass to the amplifier 87 from
the phase seiector 268 and the servoimotor 44 may adjust
the throttling valve 41 in an opening direction as deter-
mined by the temperature responsive control heretofore
described.

Deenergization of the electromagnet 16¢ also causes
movable contact 173 to close 173B for effecting through
rotary switch 131 energization of a relay winding 215,

The energization of relay winding 215 causes a movable

contact 216 to close a contact 217 for effecting cperation
of ihe ignitor 38 for igniting gases in the combustion
chamber 12 for starting the engine.

A fuel flowing to the combustion chamber 12 through

the throttling valve 41 and the equalizer valve 38 now
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starts to burn and the temperature in. the. combustion
chamber rises until the ceiling-temperature set by the. con-
nection of the conductor 68 to the potentiometer: 6% of
Figure 1 is achieved.

1t will be noted that, as shown in Figures 2 and 3, the
movable contact 65 closes contact 66 upon energization
of the winding 165, causing in turn the energization of
the relay winding 220; energization of relay winding 229
in turn causcs a movable contact 65 to close a movable
contact 66 conmecting into the temperature loop the out-

put wiading 67 of a rate generator 226. The rate gen-

erator 226 has a winding 227 connected across a main
source of alternating current and has a rotor driven
through shaft 228 by the servomotor 117 at a speed.pro-
portional to the acceleration of the turbine 20.

The output of the rate generator 226 has a frequency
determined by the main source connected across winding
227 and the output voltage is proportional to engine ac-
celeration and js connected in the temperature semsitive
circuit by the contacts 65-—66. The rate generator 226 is
arranged to introduce a feed back voltage having a phase
relation such as to reduce the selected temperature level
with increase in engine acceleration. Since the character-
istic of turbine engines is relatively poor efficiency at low
speeds, a fixed operating temperature sufficiently high to
guarantee acceleration of the engine at starting speed re-
sults in a runaway acceleration as the rated speed is ap-
proached. The acceleration feed back introduced by the
rate generator 226 acts to moderate this tendency.

Speed continues to increase however, at ceiling temper-
atare and it will be noted that the control temperature
setting decreases with increase in speed during this trans-
ient since the positicn follow-up 79 tends to reset the se-
lected temperature to a lower value.-

This is desirable to prevent stall during fire-up.

When the turbine reaches a predetermined self-sustained
speed of, for example, 4000 R. P. M. the rotary switch 133
opens to deenergize electromagnet 197 whereupon the
movable contact 200 opens the contact 201 and deener-
gizes the starter mechanism while the rotary switch 131
opens to deenergize the relay winding 215 whereupon the
movable contact 216 opens the contact 217 to deenergize
and extinguish the ignitor mechanism 3S.

Further, when the speed of the turbine reaches an ad-
ditional self-sustained speed of, for example, 3500 R. P.
M., the rotary switch 129 opens the energizing circuit for
the relay winding 165 whereupon the several movable
contacts 180—188 open respective contacts 180A to 188A
while closing the associate contacts 18135, 1838, 2848 and
187B so as to transfer the circuit shown in Figure 1 to the
circuit shown in Figure 3 for normal ground operation.

More precisely, a holding circuit for the relay windings
169, 165, 197 and 215 controlled by the speed sensitive
switches 125, 129, 131 and 133 is broken by the opening
of contacts 180 and 189A upon deenergization of wind-
ing 165 and the starting cycle cannot be re-initiated with-
out first closing the cut-off switch 56, This arrangement
thus prevents accidental re-energization of the starter
and ignitor equipment in the event the engine should stall.

Furthermore, the deenergization of the electromag-
netic winding 165 permits the movable contacts 181, 182,
183, 184, 185, 186, 187 and 188 under suitable spring
means to open contacts 181A—188A respectively and
close associated contacts 182—187B respectively so as to
transfer the connection of the speed variable coupling
transformer and speed follower variable coupling trans-
former 1987 of Figure 1 from the system shown in Figure
1 to that shown in Figure 3 for normal operation.

Thus, deenergization of the electromagnetic winding
165 causes the movable contact 181 to open the contact
181A so as to open the ground connection of line 267 and
the movable contact 187 to open contact 187A and close
contact 187B to connect-line 208 to line 207 as indicated
schematically by dotted lines in Figure 3.

Further, upon such deenergization of the winding 165,

”
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the movable contact 182 opens contact 182A and con-
nects the line 76 from the follow-up winding 77 to the
stator winding 105 of the variable coupling transformer
107, as indicated schematically in Figure 3, while movable
switch contact 183 opens contact 183A to disconnect the
rotor winding 109 of the variable coupling transformer
107 from the input of the amplier 111 and close contact
183B to connect the rotor winding 109 across the main
source of alternating current. Thus, upon deenergization
of the winding 65, the connection of rotor winding 109 is
transferred from that shown in Figure 1 to that shown
in Figure 3. .

Moreover, movable contact 184 upon deenergization
of the relay winding 165 closes contact 1848 to connect
the output winding 67 of the rate generator 226 in the
input line to the amplifier 111, as indicated schematically
in Figure 3. Further, the switches 181, 3182 and 185 are
arranged, as shown in Figures 1 and 2, to transfer the
connections of the variable coupling transformers 162
and 197 from that shown in Figure 1 to that shown
schematically in Figure 3 upon deenergization of the
winding 165.

Furthermore, the movable contact 186 opens the con-
tact 186A so as to potentially deenergize the electro-
magnet 229 in the event the pilot should transfer control
from ground idle operation to normal ground operation
by opening the switch 225. ¥n the closed position of the
switch 225, the system remains in ground idle operation
and the electromagnetic winding 22 continues energizing.

The movable contact 187 upon deenergization of the
relay winding 165 further opens contact 187A and closes
the contact 187B so as to in effect cause the switch of
Figure 3 indicated in dotted lines to close the contact for
a maximum speed limit of, for example, 6000 R. P. M.,
which serves to override the existing temperature setting
as will be explained.

Normal ground operation

To effect normal ground operation, the pilot may now
move a selector switch 225 to an open position de-energiz-
ing electromagnetic winding 220 causing a movable con-
tact 230 to open associated contact 238A and close associ-
ated contact 2308 so as to in effect shift the speed selector
switch 230 of Figure 3 as indicated in dotted lines to the
contact 23¢B which raises thet speed ceiling to a higher
value of, for example, 7083 R. P, M.

Furthermore, the de-energization of electromagnet 239
causes a movable contact 232 to open associated contact
232A and close associated contact 232B which effects a
circuit for contrelling the propeller pitch by a suitabie
mechanism which may be of conventional design and
which forms no part of the present invention. The
de-energization of the electromagnet 220 causes movable
contact 85 to open a contact 5, shown in Figure 1 and
heretofore described, and close a second contact 6BA, as
shown in Figure 3, which increases the temperature ceil-
ing of the regulating system from that of the setting of
Figure 1 to that of setting of Figure 3.

The de-energization of the electromagnet 220 aiso
causes movable contact 235 to open an associated contact
235A which potentially de-energizes a second eleciro-
magnet 249 in the event the pilot should open a switch 242
to transfer from normal ground operation to flight
operation. .

During ground operation with the switch 242 closed,
it is expected to maneuver the airplane by maintaining
the preset speed of, for example, 7088 R. P. M. of the
over-speed governor and varying power by adjusting the
blade angle of the propeller to give forward and reverse
thrust at the same time. The speed is isochronous (dead
beat, no drocp) as the follower 77 is wiped out by the
speed contro] circuit.

Flight operation
For flight operation the pilot may open switch 242

10

15

20

25

30

35

40

45

50

55

60

65

70

75

10

to de-energize the relay 246 whereupon movable contacts
245, 247, 63, 251 and 253 are biased by suitable spring
means to open associated coniacts 245A, 247A, 64, 251A
and 253A, respectively, and close associated contacts
245B, 2478, 64A, 23iB and 253B. The opening of
contact 245A and the closing of contact 2458 in effect
shifts the speed selector switch 245 of Figure 3 to close
a contact 2458 as indicated by solid line in Figure 3
which increases the speed level from the previously
selected value of, for example 7088 R. P, M. to a higher
level of, for example, 7200 R, P. M.

Moreover, the opening of contact 247A and the closing
of the contact 247B puts the propeller pitch governor in
normal speed control by a mechanism of conventional
design which forms no part of the present application.

Further, the opening of contact 64 and the closing of
contact 64A in effect causes a like designated switch 63
in Figure 3 to close a contact 64A to change the tempera-
ture of a control system from a fixed ceiling to one which
is variable by movement of the pilot’s power control lever
46 as indicated in Figures 3 and 4.

The de-energization of the electromagnet 249 causes
a movable contact 251 to open contact 251A and close
contact 251B to cause a like indicated switch 251 in the
system of Figure 3 to close a contact for transferring
the reset variable coupling transformer from the arrange-
ment of ground operation to that of flight operation indi-
cated in Figure 3.

Furtherniore, the de-energization of electromagnet 249
closes a movable contact 253 to open contact 253A and
closes contact 2538 to in effect cause a like indicated
switch 253 in the system of Figure 3 to connect into the
mixer system 69 signals for operation of the regulator
system during normal flight operation.

Operation of overspeed control

During ground idle operation the secondary winding
283 provides a signal] voltage of a phase which is oppesed
by the signal voltage of the variable coupling transformer
102 which is of opposite phase and, therefore, so Icng as
the signal voltage across the output lines 200—203 of the
primary winding 203 does not exceed the signal voltage
of the variable coupling transformer 162 no signal passes
through the phase selector 288. However, as the speed
of the turbine 20 increases the rotor winding 186 is
adjusted so as to decrease the voltage induced in the
stator winding 184 until at the predetermined maximum
speed of, for example, 6000 R. P. } . the signal voltage
at the output lines 20§-—265 exceeds that of the signal
voltage from the variable coupling iransformer 162 so
that thereupon a signal voltage passes through the phase
selector 288. Such signal voltage passed by the phase
selector 298 affects the amplifier 87 and actuator motor
82 so as to adjust the throttling valve 4% to decrease the
fuel supply to decrease the engine temperature and speed
so thit during n(érmal ground idle operation .the engine
operates at a stea redetermined speed of, for i
G000 R B 2 VD speed of, for example,

Now upon the switch 230 being adjusted to close
contact 230B for connecting line 287 to line 289 as
du.rlng normal ground operation a signal voltage is sup-
plied by output lines 205-_209 cof the secondary winding
213 instead of the secondary winding 283. The signal
yoltage supplied by the secondary winding 213 will be
in phase with that supplied by the variable coupling
transformer 102 at the first predetermined speed of, for
cxample, 6000 R. P, M., but as the speed of the turbine
26 increases adjustment of the rotor winding 109 by
the fly-ball governor 27 causes an inversion in the signal
voltage induced in the stator winding 164 of the variable
coupling transformer 102 until as a predetermined speed
of, for example, 7088 R. P. M. is approached, the signal
voltage induced in the stator winding 104 of opposite
phase tends to balance that induced in the secondary
winding 213 and upon this predetermined speed being
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exceeded the signal voltage induced in the winding 184
exceeds that in the secondary winding 213 and passes
the phase selector 288 so as to cause actuator motor 82
to move in a direction to decrease the fuel supply to
the combustion chamber 12 to decrease the engine tem-
perature and speed so that during normal ground opera-
tion the engine operates at a steady predetermined speed
of, for example, 7088 R. P. M.

Now upon the switch 245 being adjusted so as to
open comtact 245A and close comtact 245B so as to
ransfer from output line 209 to output line 25%A a
higher predstermined speed is selected of, for example,
7200 R. P. M. and upon the rotor winding 108 being
further adjusted by the fly-ball governor in a speed in-
creasing direction the voltage induced in stator winding
104 exceeds that across the output lines 285 and 202A
to limit the speed of the turbine at the predeiermined
speed of 7200 R. P. M.

Tt will be seen from the foregoing that the speed sens-
ing unit of Figure 1 is the same fly-ball governor 27 and
variable coupling transformer 192 which is used ing
normal operation to supply speed sense o the electronic
control system in terms of a voltage signal. For the
start cycle, however, this speed transformer 162 is coupled
o the reset transformer 137 which acts as servo operated
follower of speed as shown in Figure 1. The reset trans-
former 107 during normal ground idle and ground opera-
tion is coupled in series with the follow-up transformer
77 to affect the reset amplifier and thereby the reset ac-
tnator motor so as to cause adjustment of roior winding
369 in a direction to cancel out the follow-up voltage in-
duced in winding 77 by adjustment of the rotor winding
79 by the valve actuator motor $2 and thersby remove
the follow-up temperature dreoping effect. In the start-
ing operation such follow-up temperature drooping effect
is not removed and as heretofore explained it is a desir-
able characteristic in the starting operation to have such
emperature dreop with increasing speed.

In the start cycle a position follower is required and nct
a voltage follower and to achieve this the stator windings
184 and 105 (speed and reset) are interconnecied as
shown in Figure 1. The rotor i8¢ of the speed trans-
former has an excitation voltage applied, while the rotor
of the reset transformer 165 is connected during the start-
ing operation to the input of the reset amplifier 111 as
shown in Figure 1. In this way the reset actuator motor
117 acts to crank the reset rotor 109 through shaft 121 1o
a null position which corresponds to the transformer 169
rotor position and the result is a servo operated speed
follower to open and close suitable switches for effecting
the several functions in the starting operation hereto-
fore described.

The selected temperature for the start cycle (the con-
trolling facter) is low encugh to prevent compressor stall,
and at the same time high enough to provide an accelerat-
ing torque in the engine throughout the start cycie. The
actual control circuit itself is ‘a modified version of that
used in normal operation. The “effective follow-up” sig-
nal used in the ground idle and ground operation circuit,
is mot available during a start, since the reset transformer
105 has been taken out of the circuit. - A direct follow-
up signal is supplied to the circuit in its stead by the
adjustment of the rotor winding 7% relative to the winding
7T by the actuator motor 82, as shown in Figure 1. Us-
ing a direct follow-up in this manner introduces tempera-
ture droop. The maximum variation in temperature di-
rectly due to this droop does not exceed 25 degrees
Fahrenheit.

The engine afier starting will continue to accelerate up
to the ground idle R, P. M. At approximately 500
R, P. M. belew ground idic the transfer relay controlled
by rotary switch 329 switches over to normal operation,
ground idle. The-starter 36-and ignitor 35 are both ar-
ranged to'be cut out by ‘suitable rotary switch relay oper-
ated ‘means at ‘some point below the transfer R. ¥. M.
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The key to a smooth iransfer of control functions at this
point is the relative position of the reset transformer 167.
The position of the reset transformer 187 as a. speed fol-
lower should closely proximate the posiiion of the reset
in the follow-up loop for average ground idle operation.

Having completed the start, all relays used in the
start cycle are de-energized and in addition the voltage
supply to the start rotary switch is cut off. Repetition of
the start cycle, or any portien of it may oaly be initiated by
going through the cut-off position.

Flight operation

When the switching mechanism has been adjusted to
the position for effecting normal flight operation, as in-
dicated in Figure 3, it will be seen that the ceiling tem-
perature selector 68 for ground operaticn is cut out of
the temperature circuit by the switch 63 and in its stead
there is operably connected a transformer 399 having
stator windings 302 and rotor winding 383 connected
across the main source of alternating current. The rotor
winding 303 may be variably positioned through opera-
tion of the lever 46 to select the desired temperature.

Further connected in series with the stator windings 302
of the transformer 30% is an output winding 385 of 2
rate generator 387 having a winding 389 energized from
the main source of alternating current and a rotor 318
driven by the actuator motor $2 so as to apply to the
temperature respensive loop a follow-up signal voltage
proportional to speed of change in position of the throt-
tling valve 41 and tending to retard rapid change of posi-
tion of the throttling valve 41 so as to maintain stability
of control.

The cutput voltage of the rate generator 387 is also
applied across the cathode and grid of an electronic valve
318 so as to cause a cathode plate veltage in the primary
winding 312 to produce in the secondary winding 314

f the transformer 316 a follow-up signal voltage. Such
follow-up is in turn applied in the overspeed loop so as to
tend to retard rapid change in the position of the throttling
valve 42 under overspeed conditions and thereby provide
stability of control in the overspeed governor.

Furthermore, the adjustment of the switch 253 to open
grounded contact 253A and close contact 253B to the
mixer system 69 permits the follow-up transformer 77—79
to apply a follow-up signal to the temperature loop which
is in turn wiped out by the action of reset transformer
197 having the rotor winding driven by the reset motor
117. 1t will be also noted that the rate generator 226
applies through the output winding 67 a rate signal . to
the input of the reset amplifier 111 proportional to the
driven speed of the rotor 169 so as to retard rapid change
of position of the reset winding 189 and thereby provide
stability of control.

Although only one embodiment of the invention has
been described and illustrated in detail, it is to be expressly
understood that the same is not limited thereto. "Various
changes may be made in design and arrangement of the
parts illustrated, as wiil be apparent to those skilled in the
art. For a definition of the limits of the invention, refer-
ence should be had to the appended claims.

What is claimed is:

i. A control system for starting an engine; comprising,
in combination, -an engine speed seasing device, a first
variable coupling transformer having a pair of inductively
coupled windings, one of said windings being operatively
positioned relative to the other winding by said speed
sensing device, a second variable coupling transformer
having a pair of inductively coupled windings, one of the
windings of said first transformer operatively connected
to one of the windings of said second transformer, a
reversible servomotor -drivingly connected to position one
of the windings of said second transformer relative to the
other winding of said second transformer, said servo-
motor.controlled by the voltage induced in one winding, of
said second transformer by the other winding to position

[
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one of the windings relative to the other winding of said
second transformer to a position corresponding to the
relative position of the windirgs of said first transformer,
and a switching mechanism controlled by said servomotor
to open and close circuits controlling the starting oper-
ation of the engine as the sensed speed of the engine
changes.

2. The combination defined by claim 1 in which the
switching mechanism includes a first switching means for
initiating operation of a starting motor for driving the
engine, second switching means controlled by the servo-
motor for initiating operation of a fuel supply means for
the engine and operation of an ignitor device for the
engine fuel at a first predetermined engine driven speed,
and third switching means controlled by the servo-motor
for terminating operation of the starting motor and ignitor
device at a greater predetermined self-sustained speed of
the engine.

3. The combination defined by claim 2 including engine
temperature responsive means for regulating the fuel sup-
ply to maintain an engine ceiling temperature, and means
driven by the servo-motor for retarding the rate of accel-
eration of said engine at said ceiling temperature.

4. The combination defined by claim 3 including a
fourth switching means controlled by the servo-motor for
increasing the engine ceiling temperature.

5. For use in starting an aircraft engine having a fuel
intake conduit for said engine and means for controlling
the supply of fuel through said conduit to said engine;
the combination comprising engine temperature responsive
means for regulating said control means to maintain a
predetermined engine ceiling temperature, means respon-
sive to engine speed for retarding the rate of acceleration
of said engine at ceiling temperature, said last mentioned
means including a device sensitive to engine speed, a servo-
motor controlled by said device, a rate generator driven
by said servo motor and having a voltage output propor-
tional to the rate of acceleration of said engine, and said
rate generator operatively connected to the temperature
responsive means in such a manner as to tend to decrease
the temperature ceiling so as to retard acceleration of said
engine at ceiling temperature.

6. For use with an aircraft engine having a combustion
chamber, an air intake conduit to said chamber, a fuel
intake conduit to said chamber, a turbine driven by the
combustion gases from said chamber, a compressor driven
by said turbine to supply air to the intake conduit, and
means to control the supply of fuel to said combustion
chamber; an automatic starter control comprising, in com-
bination, combustion gas temperature responsive means to
regulate the fuel supply control so as to maintain the
combustion gases at a predetermined temperature during
starting operation, a turbine speed responsive means, a
servomotor controlled by the last mentioned means,
switching means operated by said servomotor to control
the starting operation as the speed of the turbine increases,
and means driven by said servomotor to decrease the pre-
determined temperature with increase in turbine accelera-
ticn to retard the acceleration of said turbine.

7. For use with an aircraft engine having a combus-
tion chamber, an air intake conduit to said chamber,
a fuel intake conduit to said chamber, a turbine driven
by the combustion gases from said chamber, a com-
pressor driven by said turbine to supply air to the intake
conduit, and means to control the supply of fuel to said
combustion chamber; an automatic starter control com-
prising, in combination, combustion gas temperature re-
sponsive means to regulate the fuel supply control so
as to maintain the combustion gases at a predetermined
temperature during starting operation, a turbine speed
responsive means, a servomotor controlled by the speed
responsive means, a generator driven by said servo-
motor and operatively connected to the fuel regulating
means so as to retard acceleration of the turbine, and
switching means operated by said motor to affect the
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starting operation of said engine as the speed of the tur-
bine increases.

8. For use with an aircraft engine having a combus-
tion chamber, an air intake conduit to said chamber,
a fuel intake conduit to said chamber, a turbine driven
by the combustion gases from said chamber, a com-
pressor driven by said turbine to supply air to the intake
conduit, and means to control the supply of fuel to said
combustion chamber; an automatic starter control com-
prising, in combination, combustion gas temperature re-
sponsive means to regulate the fuel supply control so
as to maintain the combustion gases at a predetermined
temperature during the starting operation, a servomotor
to operate said fuel supply control, a generator driven
by said servomotor and having a voltage output propor-
tional to the speed of said motor, means operatively
connecting the output of said generator to said regulating
means to vary said predetermined combustion gas tem-
perature so as to retard acceleration of said turbine.

9. For use with an aircraft engine having a combus-
tion chamber, an air intake conduit to said chamber,
a fuel intake conduit to said chamber, a turbine driven
by the combustion gases from said chamber, a com-
pressor driven by said turbine to supply air to the intake
conduit, and means to control the supply of fuel to said
combustion chamber; the combination comprising tem-
perature responsive means for operating said fuel control
means so as to maintain a selected combustion chamber
temperature, turbine speed responsive means, a servo-
motor means for controlling starting operation of said
turbine, means operatively connecting said turbine speed
responsive means to said servomotor means, and means
to transfer said operative connection from said servo-
motor means to said fuel control means.

10. The combination defined by claim 9 including
switch means operated by said servomotor means at a
predetermined turbine speed to tramsfer said operative
connection from said servomotor means to said fuel con-
trol means so that the speed responsive means may oper-
ate said fuel control means to prevent the turbine speed
from exceeding a predetermined value.

11. A starter control for an aircraft engine, compris-
ing, in combination, inductive coupling means, means
responsive to engine speed operatively connected to said
inductive coupling means, means to control the starting
operation of the engine, fuel control means for the en-
gine, and means to selectively connect said engine speed
responsive means through the inductive coupling means
to the starting control means during starting operation
and through the inductive coupling means to said fuel
control means upon completion of the starting operation.

12. A starter control for an aircraft engine, compris-
ing, in combination, inductive coupling means responsive
to engine speed, means to control the starting operation
of the engine, fuel control means for the engine, switch-
ing means to operatively connect said inductive cou-
pling means to the starting control means during start-
ing operation and to said fuel control means upon com-
pletion of the starting operation, and said switching
means being controlled by said starting control means.

13. The combination comprising, engine speed respon-
sive means, engine starting control means, engine fuel
control means, variable inductive coupling means con-
trolled by said engine speed responsive means, and means
operated by said engine speed responsive means to. se-
lectively connect said speed responsive means through
said inductive coupling means to said starting control
means during starting operation and to said fuel control
means upon completion of the starting operation.

14. The combination comprising engine speed respon-
sive means, engine starting comtrol means, inductive
coupling means for operatively connecting said "speed
responsive means to said engine starting control means,
engine fuel control means, means to operate said fuel
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control' means to prevent flow of fuel to the-engine, means
operated by said engine starting control means ‘to ter-
minate operation of the fuel flow preventing means, and
other neans operated by said engine starting control
means to reinitiate operation of the fuel flow preventing
means and operatively connect the engine speed respon-
sive means through said inductive coupling means to said

engine fuel contrcl means to oppose the -operation of

said’ engine fuel flow preventing means at all speeds less
than a predetermined vaiue and permitting said engine
fuel flow preventing means to operate said fuel control
means so as to limit the flow of fuel at speeds in excess
of said predetermined value. ‘

15. A conirol system for starting an engine, compris-
ing, in combination, an engine speed sensing device,
a reversible servomotor controlled by said speed sensing
device, a switching mechanism driven by said servo-
motor to open and close circuits conirolling the starting
operation of the engine as the sensed speed of the engine
changes, said switching mechanism inciuding a first
switching means for initiating operation of a starting
motor for driving the engine, second switching means
controlled by the servomotor for initiating operation of
a fuel supply means for the engine and operation of an
ignitor device for the engine fuel at a first predetermined
engine driven speed, and third switching means con-
trolled by the servomotor for terminating operation of
the starting motor and ignitor device at a greater pre-
determined self-sustained speed of the engine.

16. A control system for starting an engine, compris-
ing, in combination, an engine speed semsing device,
a reversible servomotor controlled by said speed sensing
device, a switching mechanism driven by said servo-
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changes, engine temperature responsive means for regu-
lating the fuel supply to maintain an engine ceiling tem-
perature, and means driven by the servomotor for re-
tarding the rate of acceleration of said engine at said
ceiling temperature.

- 17. A control system for starting an engine, compris-
ing, in combination, an engine speed sensing device,
a reversible servomotor controlled by said speed sensing
device, a switching mechanism driven by said serve-
motor to open and close circuits controlling the starting
operation of the engine as the sensed speed of the engine
changes, said switching mechanism including switching
means controlled by the servomotor for increasing the
engine ceiling temperature.

18. The combination comprising engine speed respon-
sive means, engine starting control means, engine fuel
control means, means operatively connecting said speed
responsive means to said engine starting control means,
transfer means for discomnecting said starting control
means: from the speed: responsive means and connecting
said engine fuel control means-thereto, and means opera-
tively connecting the speed responsive means to said
transfer means.

eferences Cited in the file of this patent
UNITED STATES PATENTS

2,429,005 Watson et al. o Oct. 14, 1947
2,432,177 Sédille e Dec. 9, 1947
2,452,298 GOOAE e Oct. 26, 1948
2,492,472 Fortesclle oo Dec. 27, 1949
2,545,856 [0 Mar. 20, 1951
2,558,592 Starkey et al. e o June 26, 1951
FOREIGN PATENTS
590,418 Great Britain o~ July 17, 1947

3
&




