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5 Claims,

The present invention relates to an inflatable
ice eliminating system for aircraft and more par-
ticularly to improvements in such a system in-
cluding control means for unloading g Pressure
bump in the system for bredetermined periods
during the cycle of operation of the system and
at a time when the inflating pressure ig not re-
quired for inflation of the several boot elementis
of the system.

. In an inflatable ice eliminating system such
as disclosed and claimed in the copending appli-
cation Serial No. 733,960 filed March 11, 1947, by
Donald M. Lawrence and in the Lawrence 1, S.
Patent No. 2,476,198 granted

for supplying the operating pressure for the Sys-
tem under a combined suction and pressure load
as shown therein. The suction which may range
between 4 and 7 in. Hg is used for holding in-
flatable boots of the system down and also for

eliminating system may range between 8 and 10
D.s. 1. and is used for the inflation of the boots of
the ice eliminating system.

It has heretofore been customary in the mani-
fold or single main bressure conduit type system,
as shown in the application Serial No. 733,960, to

: system is in an energized and
operating condition, the bump is forced to oper-
ate under combined suction and pressurs loads,
- However, in aireraft employing more recently
developed high pressure inflatable ice eliminating
elements or boots which operate at between 15
-and 20 p. s. i,, it has been found necessary to re-
move the suction load from the pump which is
supplying pressure to the inflatable ice eliminat-
ing system. Also, in some of the lower 8 p. s. i
systems which require operation of the aircraft
at high altitudes of, for example, above 20,000
feet; this is also necessary. This has necessitated
then the use of separate suction pumps from the
pressure pumps for holding down the inflatable
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ice eliminating hoots and for instrument oper-
ation.

The main reason for requiring removal of the
suction load from the pressure pump in a system
of the type disclosed in application Serial No.

2,476,198 has been the high compression ratio
which is encountered at high altitudes and under
the high pressure conditions required for opera-
tion of the high pressure boots.

For example, g bump operating at sea level
under 6 inches of Hg suction load and 15 p. s. i,
bressure ioad operates at a compression ratio of
approximately 2.52:1. However, at an altitude of
23,000 feet where the atmospheric pressure is
12.1 in. Hg under the same suction and pressure
load the compression ratio is approximately 7:1.
Continuous operation at a compression ratio of
7:1 or at even greater ratios at higher altitude
involves difficulty to the pump due {o the ex-
tremely high air temperatures effected by oper-
ation under such compression conditions which
ultimately result in high interna} bump tempera-
ture and possible failure. Thus, heretofore, it
has been found 1necessary to provide separate suc-
tion and pressure bumps for such high pressure
systems. »

However, I have found that in such inflatable
ice eliminating systems, the air under pump
bressure during the cycle of operation may be ac-
tually utilized for only about half of the cycle
of operation and that by unloading the pbump
during the period of the cycle of operation when
the pressure is not actually needed such diffi-
culties may be alleviated.

Thus, in the present invention, there is pro-
vided means Wwhereby additionai bump pressure
i actually required by the
ice eliminating system during the cycle of oper-
ation, while the bressure side of the pump is
unloaded to atmosphere during that portion of
the cycle of operation when the air pressure is
not actually required for inflating the boot,

This arrangement then permits cooling of the
bump despite the fact that during the high load
portion of the cycle of operation of the inflatable
ice eliminating System, the pump is discharging
air at extremely high temperatures, Further,
through such an arrangement, the average tem-
perature at which such bump may operate is
greatly decreased and the bump is conditioned to
handle both the suction and pressure sides of the
system. This results in elimination of g sep-
arate suction source with resulting simplification
of the system,
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An object of the invention, therefore, is to
provide means whereby pump air outlet pres-
sure may be directed into the inflatable ice elim-~
inating system only during that period of the
cycle of operation when such pressure is re-
quired for inflation of the boots of the system,
while such pressure is discharged, to atmosphere
during that portion of the cycle of operation
when the pressure is not actually required.

A further object of the jnvention is to provide
means for providing a short period of pressuriza-

10

tion of the main supply conduit of the system .

of say five seconds prior to the period when air
pressure will be required for actual operation of
inflatable boots and subsequently maintaining
the air pressure in the supply conduit during
that portion of
pressure is required for inflating the boots and
then unloading the pressure from the pump to
the atmosphere for the remainder of the cycle
so as to permit cooling of the pump during that
portion of the cycle of operation of the inflatable
boots when the pressure is not actually required
for inflation of the boots.

Another object of the invention is to provide
control means for a fluid pump operating under
high- loads for unloading the pump for short
periods of operation when the outlet pressure
from -the pump is not actually required so as to
permit cooling of the pump and decrease in the
average operating temperature of the pump.

Another object of the invention is to provide
a control device for a combination pressure and
suction pump of an inflatable ice eliminating
system so arranged as to effect unloading of the
pump during the cycle of operation of such a
system for short periods when the pressure is
not required for inflation of the boots of the sys-
tem So as to permit cooling of the pump and de-
crease in the average working temperature of
the pump so that the same may handle under
high loads both the suction and pressure re-
quirements of the system for operation of the
boots.

Another object of the invention is to provide
a novel unloading control means for the pressure
pump of an inflatable ice eliminating system of
the single main pressure conduit type to main-
tain the operating temperature of -the pump
within a safe range-and including means for pre-
venting escape of the pressure medium from the
main pressure conduit while the pump ‘is un-
loaded to atmosphere and control means for ef-
fecting the unloading of the pump during the
normal cycle of operation of the inflatable ele-
ments of the system at such times as the ele-
ments are not being inflated.

The above and other objects and features of
the invention will appear more fully hereinafter
from a consideration of the following descrip-
tion taken in connection with the accompany-
ing drawings wherein one embodiment of the
invention is illustrated by way of example.

In the drawings,

wigure 1 is a fragmentary plan view of an
aircraft showing diagrammatically the manner
in which the novel control system 'is- connected
into the inflatable ice eliminating system.

mgure 2 is a schematic diagram illustrating
the control system.

Figure 3 is a diagrammatic view illustrating. a
modified form of the invention.

Figure 4 is a diagrammatic view illustrating
2 rotary timer embodying another modified form
of the invention.
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March 11, 1847, by Donald M.

4

Figure 5 is & diagrammatic view illystrating &
rotary timer embodying a further modified form
of the invention.

Referring to the drawing of Figure 1, there is
shown an aireraft indicated by the numeral |
having an engine 2 and infiatable elements or
boots 3 mounted along the leading edge of the

1ane and of a type such-as disclosed in the co-
pending application Serial No. 733,960 filed
Lawrence, U. S.
Patent No. 2,476,198 granted July 12, 1949, to
Donald M. Lawrence and in U. S. Patent No.
2,515,519 granted July 18, 1950, to Donald M.
Lawrence et al. and all of which have been as-
signed to Bendix Aviation Corporation.

The engine 2 is arranged so as to drive an
aircraft propellel 5. An air pump § is also driven
in a conventional manner by the engine 2 and
has provided a suction conduit 7 leading to the
main suction line 8 through a suitable suction
relief valve, as shown.

An air pressure line § leads from the pump §
to the inlet of a pressure unloading valve or
device indicated generally by the numeral {8 and
which may be of the type disclosed and claimed
in the aforementioned application Serial No.
733,960. The air passes through the device 10
and into the outlet conduit {2 upon energization
of a control solenoid provided therein as ex-
plained in the application Serial No. 733,960,
During the passage of the air through the device
{8, any particles of oil which may enter the air
from the pump 6 or other source, is separated
and the air is filtered of dirt and other extra-
neous matter by -an oil separator and alr filter
provided in the device i9 as disclosed and claimed
in the U. S. application Serial No. 733,960. The
2ir flow thus processed, is conducted through the
conduit {2 to the air pressure line I5. o

The suction and air pressure lines 8 and {8
lead to suitable air distributor valves i8 which
are electrically controlled by a timer indicated
generally by the numeral 26 so as to operate the
inflatable boot elemenis 3. A plurality of such
distributor valves are preferably provided of a
type such as disclosed and claimed in the afore-
noted U. S. Patent No. 2515,519. The timer 20
includes as shown in Figure 2 an electronic timer
which may be of the type disclosed and claimed
in U. 8. Patent No. 2,444,210 granted June 29,
1948, to John W. Tauricella and assigned to
Bendix Aviation Corporation. The operation of
the timer is described in detail in the U. S. Patent
No. 2,444,210,

A mmanually operable switch 25 is arranged to
control. the operation of the timer 21, as will be
readily apparent, through electrical conductors
28 and 27 leading from a source of electrical
energy 28, while operation of the unloading valve
mechanism of the device 18 is controlled by a
solenoid dependent upon subsequent operation of
the timer 21, as explained hereinafter.

In the control system of the application Serial
No. 733,960, the closing of the switch 25 simul-
tansously closes both circuits 95-—37 and 29—30
to effect operation of the timer 28, as well as cause
the unlcading valve of the device 10 to direct air
under pressure through line {2 toc the pressure
line 15 so long as the timer {8 remained in oper-
ationn. In the system disclosed in the latter ap-
tlication, when switch 25 was opened and opera-
tion of the inflatable - ice eliminating system
terminated the unloading valve of the device 10
would close the conduit 12 and dirvect the air-flow
from the conduit-8 to an overboard dump-3f, as
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explained in the application Serial No. 733,960.

In the present invention, the circuit 29—30
controls a corresponding unloading valve in the
device 10 through a solenoid Indicated diagram-
matically in Figure 2 by the numeral 33. The
unloading valve and solenoid 33 of the device 10
may be of the type disclosed and claimed in the
application Serial No. 733,960 in which the un-
loading valve ig arranged to close the passage (2
and open the passage 31 to the passage 9 upon
deenergization of the solenoid 33, and close the
bassage 81 to passage 9 and open the passage 12
to the passage 9 upon energization of the sole-
noid 33.

As shown in Figure 2, the control circuit 29—30
is opened and closed during the cycle of operation
of the inflatable ice eliminating system in timed
relation with the period of inflation of the several
boots of the system.

Thus, during the eyele of operation of the in-
flatable ice eliminating system the suction-pres-
Sure pump is unloaded to atmosphere during that
part of the eycle of operation when pressure is
not required for inflation of the boots of the sys-
tem so as to permit cooling of the bump and
operation of the pump under high load condi-
tions.

Referring to Figure 2, there is shown g shaft
35 indicated by dotted lines for driving switch
arms 3§ and 37 from g stepper relay mechanism.
The stepper relay mechanism is not shown here-
In, but is provided in the Electronic Timer mech-
anism 21 and may be of a type such as disclosed
and claimed in the U, S, Patent No. 2,444210.

The switch arms 36 and 37 are each arranged
to contact in succession g series of contacts
36A-L and 371A-L, The switch arms 36 ang 371
move in a clockwise direction from one contact
to the next succeeding contact in g step by step
action imparteq through shaft 35 by the stepper
relay of the Electronic Timer 21 and upon one
end of the switch arms 26 and 37 moving out of
contacting relation with the contact I the op-
Dposite end closes the contact A.

As explained in the U, S. Patent No. 2,444,210,
upon cessation of operation of the timer 21 the
stepper relay will return the switch arms 36 and
31 to the starting or I. position and will continue
to adjust the switch arms 36 and 37 in the step
by step action until operation is terminated,

The switch contacts 36B-36G are connected re-
spectively through suitable electrical conductorg
38 to one terminal of corresponding control sole-
noids 39,

The opposite terminals of the solenoids 39 are
connected by an electrical conductor 40 to the
negative terminal of the source of electrical en-
ergy 28 through a grounded connection.

The control solenoids 3§ serve upon energizg.-
tion to open respective boot inflating valves in
the air distributing valves 18 as disclosed and
claimed in Lawrence
2,615,519,

The switch arm 36 ig connected by a conductor
43 through the control switch 25 to the positive
terminal of the source of electrical energy 28.
The contacts 36A and 36H-36L are open con-
tacts so that ypon the switch arm 36 contacting
the same the circuit to all of the control solenoids
39 are open ang operation of the inflatable hoot
elements is not affected during the beriods that
these contacts are closed by the switch arm 36
and during the cyele of operation of the inflatable
ice eliminating system.

The switch arm 37 ig connected by a conductor
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45 through the switch 25 to the bositive terminal
of the source of elecirical energy 28 and is ar-
ranged to sequentially close contacts 31A-31G
which contacts are connected through the con-
ductor 29 to the control solenoid 33 of the un-
loading valve of device 18, The opposite termi-
nal of the control solenoid 33 is connected through
conductor 30 to the negative terminal of the
source of electrical energy 28. The contacts
3TH-IL, corresponding in position to the contacts
36H-L are open contacts, Thus, when the switch
arm 37 closes one of the contacts H-L the con-
trol solenoid 33 is deenergized and the pressure
from the pump 6 is directed by the unloading
valve {0 to atmosphere through the exhaust con-
duit 31 rather than through the pressure conduit
12. However, upon the switch arm 37 closing one
of the contacts 31A-G, the solenoid 33 control-
ling the unloading valve 18 is energized causing
the unloading valve i9 to connect the pump 6
directly to the pressure conduit 12 ang closing
the connection of the pump 6 to atmosphere
through the conduit 31, .

The electronic timer 2 as explained in the
U. S. Patent No. 2,444,210 controls through ad-
justment of shaft 35 the period of time that the
switch arm 36 rests on the contacts 35A-T, as
well as the period of time that the switch. arm
37 rests on the contacts 37TA-L, Thus, the elec~
tronic timer 21 controls through the distributor
valves 18 the periods of inflation of a series of
solenoid controlled inflatable elements or boots
3 for preventing the accumulation of ice on or
the removal of ice from airfoil surface of the gir-
craft as well as controlling in timeg relation
therewith the period of energization of the sole-
noid controlled unloading valve 0.

It will he seen then that in the operation of
the improved control system forming the subject
matter of invention herein that as the switch
arm 37 closes contact 371A and thus affects the
energization of the unloading valve control sole-
noid 33 so as to direct the pressure of air from
the pump 6 into the bressure conduit 12 a switch
arm 36 will simultaneously close the open contact
36A. The arms 3§ and 371 will rest on the respec-
tive contacts 38A and 31A for a short -period of
time determinegd by the electronic timer 21 of for
example five seconds, sufficient to assure ful] in-
flating pressure in the line 15 before the closing
of contact 338 by the switch arm 36 for effecting
the inflation of the first boot 3 of the ice elimi-
nating system. The control solenoid 33 of the
unloading valve 10 is kept energizeq by the suc-
cessive closing of contacts 371B-G by the.switch
arm 37 during the successive inflation of all of
the several boot elements controlled by the switeh
contacts 35B-G. However, upon the switech arm
38 moving from contact 36G to contact 36H and
the switeh arm 371 moving from the contact 31G
to contact 37H the control solenoid 33 will he de-
energized causing the unloading valve 19 to con-
nect the pressure outlet § of the pump 6 to atmos-
phere through the conduit 3{ while closing the
bassage 12 so that the pump 6 wili now operate
without the pressure load during each of the time
beriods of closure of the contacts 36H-I, and
3TH-L by the switch arms 36 and 37, respectively.
During the latter period of the cycle of opera-
tion of the inflatable ice eliminating boots the
bump 6 serves only as a suction pump, while dur-
ing the periods when the switeh arm 37 closes
the contacts 37A-G the bump § serves the dual
function of a suction and bressure pump for the
ice eliminating system,
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However; by permitting: the-pump. 6 -ta.unload

to -atmosphere -during -a-portion-of. the-cycle of,

operation. of the inflatable: ice -eliminating. sys—
tem the average working temperature of the pump
6 is greatly decreased-and.the pump /6. is enabled

to. handle both. the suction.and.pressure sides .of

the.system during the cycle of operation.
Modified form-of Figure 3

In Figure 3,:there -is.shown disggrammatically.
a modified form of. electrical timer for operating
suitable -control:solenoids or. _electromagnets :100
of. the pressure -distributing valve. 18 :0f Figure 1
and. which valves may be. of the type disclosed
and -claimed:in the Lawrence et aliiU.. S.:Patent
No.-.2,515,519 granted: July’ 18,1950 :and -assigned
to. Bendix Aviation: Corporation.. Corresponding
numerals are used in-Figure 3 to indicate like parts
to.those .previously shown.and -deseribed - with
reference to Figure 1.

As.shown in Figure:3,:a control:circuit is pro-
vided for :the -electromagnets 103 :which- circuit
includes a timer indicated. by. the numeral:l81:
The timer: 101 is of the rotary type,:such as dis-
closed and ‘claimed in-the Lawrence :et-al. U, Si
Patent. No.:2,515,519 :and. comprises.a aotary arm
102 “driven: by -an electric. motor 403:-through &
shaft::163A. so:as 1o open and close in:sequence
control contacts indicated by the numeral. i68A-J
to selectivelyicontrol the energization of. electro-
magnets 100.:

The -control:contacts {04A-J, as shown:in: Fig=
ure::3, vary-in-size :so that the -period.of ener-
gization of:.each:of the said- clectromagnets: 108
will: be. in: proportion:to the time dinterval re-
quired -to proverly inflate the -respective inflata-
ble elements or boots :controlled: thereby, which
time - interval. may. be:based ‘upon: the: propor-
tionate capacity of the. respective elements. . The
inflatableelements are indicated generally in Fig-
ure 1. -by the numeral 8. .

The. rotary -arm 132:.also. ‘moves-in:contacting
relation.along a :cenductor. ring 408, which elec~
trically -connects the arm: 402, through-an-elec=
trical.conductor 107, to one. terminal of a suit=
able -source of electrical. energy. -108.: ~A switch
109 is-arranged to open and close: the circuit-to
the source.of electrical: energy 1881 The :0ppo-~
site -terminal- of . the :source: . of: electrical energy
108..is. grounded . as. shown 'In-Figure 3.

Thus,. upon the-switch 109 Yeing sclosed, the
arm-162 on contacting one of the contaects 1 03A=T
will close, & circuit: to the electromagnet- 189 con=
trolled thereby, causing a flow of electrical energy
to pass-through the switch { 09,3conduit:467; ring
{05, .arm 102, the contact 404A~J closed thereby
through the -electromagnet: 100..connected to the
closed - circuit, ~and - returning:. through.. the
grounded -connection. of ‘the: electromagnet: 109,
as -shown, to.the .grounded: opposite. terminal. of
the source 0f electrical-energy-:108." ~

Thus, -the. clesing -of any -one of- the: contaets
{08A-J .will .cause.the -energization of- the:corre-
sponding -electromagnet {80 -connected ‘to..the
closed. circuit: for effecting the .operation.of the
distributor .valve:.-18 .controled- -thereby, as. de-
seribed - in-the Lawrence: et-al. . U.-S. Patent:No.
2,515,519.-

The rotary arm §62.is:fuxfher arranged to.open
and close an.additional segmental conductor ring
contact 410 which issmounted as.shown in Figure
3 together .with the.conductor ring.-105 and-con-
tacts..104..on a base.plate 112 formed- of .a -suit-
able. ‘electrical. insulating -material.. The-.motor
103 is arranged to drive the.rotary-arm02.in.a
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counter-clockwise -direetion.and. the contact..f {0
is.so arranged in relation to the contacts 184A-J
that .the.arm 02 first. closes. the contact 110
before closing the contact .102A.

The contacts. {84A-J. are arranged in spaced
relation on the base plate 112 s0 that as the arm
102. passes from one contact 184A-J to the next
succeeding contact the-arm 102 rests for a rela-
tively -short interval of time out of a contacting
relation with any of. the contacts 18457,

However, in the form. of the invention - illus-
trated in. Pigure 3, the rotary arm 182 continues
to close-the contact 1i§ after the initial closing
thereof until the rotary arm {82 has been driven
by the motor i03.to-2a position opening contact
{847 . at. which .position. the arm {02 simulta-
necusly .opens. hoth contact ! 847 and the con-
tact. | 4@ after which the rotary switeh arm- 102
remains in circuit open velation to the contacts
104A—J and 1 {6 until the rotary arm.{ 62 is driven
by the motor 183 so-as to.once again close con-
tact. {10.

The.. contact 4 {2 is connected by a. conductor
{18 to.one.end of an eleciromagnetic winding
or solenoid #8 which is.connected at its opposite
end to a grounded.conduscter.. The electromag-
netic winding {i8 controis operation of a pres-
sure unloading valve meechanisin indicated gen-
grally by the-numeral {8 and which may be of
the type disciosed and claimed in the aforemen-
tioned 1. S. Patent No. 2,476,198 or of the type
disclosed and. claimed in application Serial No.
733,060 filed March 11,7 1847, and assigned to
Bendix Aviation Corporation or may be.-of the
type shown diagrammatically in Figure 3.

The pressure unloading valve mechanism {8,
as indicated diagrammadtically in figure 3, in=-
cludes a chamber. i 18 into which-opens the pres-
sure conduit § leading from . the air pump 6. A
discharge ‘passage 128 .opens from the chamber
{18 into.the discharge conduit 3! -opening . to
atmosphere, while an.oppositely disposed passage
{92 opens from.the chamber 148 into.a . second
chamber 124 formed in the mechanism-48.- The
chamber: | 18 is separated frem -the chamber 124
by a partition.{26. As shown in- Figure -3,-the
conduit. 12 Jeads from:the chamber 124 and to
the main-pressure -conduit {5 as shown in Tig=
ure.l...

Controlling .the cpening -of the passages 120
and. {22 -from the chambper 18 is a valve 128
which: cooperates- with:the -open end of the pas=
sages 428.and.422.s0.as {0 open oue while clos-
ing the other and thereby permit the passage of
alr under. pressure from the pump either to the
atmosphere -through the -passage {28 or to the
main. air: pressure -conduit. 18 through the pas-
sage 122, chamber 124 and conduit i2.0 A:stem
{38 controlling the valve 28 is slidably mounted
in the: passage 122 by 2 bracket {32, Stem.i3d
js. affixed- to.a fexible diaphragm member 134
and is normally: biased by spring ‘136 so as to
close the passage 122 while opening - passage
158.. The electromagnei- 14§, as shown disgram-
madtically in.Figure 3, directly controls the valve
stem . 138. so .that upon .enecrgization of the elec-
tromagnet [16 the vaive 28 is biased -in opposi-
tion to.the .spring 438 to close passage {28 and
open - passage 122 ‘and theraby direct air :from
thepump § to the pressurs conduit 12 through the
chamber- 124, Upon deenergization of the-elec-
tromagnet:-1i8 -the valve- 128 is biased by .the
spring. 186 -so: as -fo. close the passage {22 pre-
venting the air pressure in-line 45 from leaking

to.atmosphere through the device. {8, while-per-
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mitting the pump § to unload to atmosphere as
heretofore explained.

While the valve mechanism 18 is preferably of
the form disclosed and claimed in the Lawrence
application Serial No. 733,960 in which there is
provided a control solencid to operate the valve
128 through a pressure servo mechanism and
means providing a pressure regulating action
of the valve 128 in addition to the control action
heretofore explained, the invention herein dis-
closed and claimed is not, limited thereto and may
include a pressure unloading valve mechanism
of the type such as shown in the Lawrence U. S.
Patent No. 2,476,198 granted July 12, 1849, or a
bressure unloading valve mechanism of a type
in which the valve mechanism is arranged o
alternately unload the bressure side of the pump
to atmosphere or conmnect the pressure side of
the pump to the main air Dressure line for pro-
viding a suitable supply of air under pressure
for operating the several inflatable elements or
boots of an ice eliminating system as heretofore
described with reference to Figure 3.

As further shown in Figure 3, the rotary arm
102 of the timer {01 i driven by the shunt motor
103 energized by a suitable source of electrical
energy indicated by the numera] 149, such as an
aircraft motor driven generator, battery, or other
suitable means. A switch 141 is provided for
controlling the motor circuit,

There is further connected in
a variable resistance {42 whereby the speed of
rotation of the motor may be varied as described
in the Lawrence et al, U. S. Patent No. 2,515,519.
It will be seen that by varying the speed of ro-
tation of the motor 103 the period of Infiation of
each inflatable ice eliminating element or boot
may be proportionately increased or decreased
with the variance of the speed of the motor.
Thus, as explained in the U. S. Patent No.
2,515,519, there ig provided convenient means
whereby the period of inflation of the inflatable
ice eliminating elements may be varied so as to
compensate for changes in icing conditions.
Thus, under relative hard ice conditions the
motor {03 may be driven at a relatively slow rate
of speed so as to increase the inflation period,
while under slushy or soft ice conditions the more
rapid inflation and deflation of the infiatable
elements may be effected by increasing the speed
of the motor 193 through adjustment of the var-
lable resistance £42. 'The more efficient ice re-
moval may thereby be effected.

It will be seen then that in the operation of the
modified form of invention shown in TMigure 3
that as the rotary switeh arm 102 closes contact
118 and thus effects energization of the unlosd-
ing valve control electromagnet {16 so as to direct
the pressure of air from the pump € into the
pressure conduit {2, the inflating pressure in
the conduit {2 will be conditioned for the sub-
sequent closing of the contact {04A 50 as to assure
sufficient pressure for inflating the hoot con-
trolled thereby. The rotary switch arm (82 may
rest on the contact 119 for a short interval of,
for example, five seconds prior to the closing of
contact 184A ang sufficient to assure full inflat-
ing pressure in the line 15 before the closing of
the contact 104A by the switch arm 102 for effect-
ing inflation of the first hoot 3 of the ice eliminat~
ing system. The control electromagnet (16 of
the unloading valve (0 is completely energized
by the closure of the contact 110 by the switch
arm 102 during the successive closing of con-
tacts 104A-J by the switch arm 102 and during

the motor circuit
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the successive inflation of all of the several boot
elements 38 controlled by the switch contacts
{104A-J,

However, upon the rotary switch arm 102 mov-
ing from contact 104J the switch arm 182 simuil-
taneously opens the contact {19 causing deener-
gization of the control solenocid {16 of the un-
loading valve 19 so that the valve element 128
of the unloading valve 10 will now connect the -
bressure outlet 8 of the pump 6 to atmosphere
through the conduit 31, while closing the passage
122 so that the inflating pressure in line {5 may
not escape and the pump 6 may now operate
without the pressure load during the period of
time when the rotary arm {62 is driven by the
motor 23 between the open ends of the contact
[18. During the latter period of the cycle of |
operation of the inflatable ice eliminating boots -
the pump 6 serves only as a suction pump while
during the period when the rotary switch arm -
102 closes the contact 118, the pump 8 serves the
dual funection of a suction and pressure pump for
the ice eliminating system. :

However, by permitting the pump 8§ to unload
to atmosphere during a portion of the cycle of
operation of the inflatable ice eliminating sys- .
tem, the average working temperature of the .
pump § is greatly decreased and the pump 6§ is
enabled to handle bhoth the suction and pressure
side of the system during the cycle of operation.

Modified form of Figure 4

While in the form of the invention shown in
Figures 1 and 3, there is provided means for
connecting the pump 6 to the pressure line for a
ghort peried of five seconds prior to inflation of
any of the inflatable elements 3 so as to assure
that full inflating pressure is provided in the
pressure line 12, it will be seen that this safety
provision may be disregarded provided that the
pressure unloading valve 128 of the mechanism
10 sufficiently closes the conduit 2 to atmosphere
to prevent escape of the inflating pressure in
the main pressure line 15 during the period of
time that the pressure conduit § of the pump § -
is unloaded to atmosphere.

In the latter event the safety provision of
providing a short period of pre-inflating pressure
be eliminated and the timer 101 may well take
the form shown in Figure 4 in which the contact
{10A may be simultaneously closed with the first
control contact (04A. Operation of the timer
in the form of invention shown in PFigure 4 is
otherwise the same as that heretofore described ]
with reference to the invention shown in Figure 3 |
and like numerals on Figure 4 indicate corre-
sponding parts to those heretofore described with )
reference to the form of invention shown in Fig-
ure 3.

Modified form of Figure 5

A further form of the invention is shown by
Figure 5, in which successive contacts 1 18A-110F
are cpened angd closed by the rotary arm 102
simultaneously with the opening and closing of -
contacts (84A to 104J. In the latter arrange-
ment, the pump 6 may be connected to the msin
bressure line |5 for a period of time proportion-
ate to the inflating period so as to assure main-
tenance of the pressure in line 15 to the desired
value for operating the several inflating boots
at such times as any one of the contacts {844~
{047 are closed, while at such other times as
the arm 102 moves off of the contacts {84A to
1047 and contacts {10A to {10J deenergization
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of the electiromagnet or solenoid 1 16 will cause

valve 128 t6 unload the pump § to ‘atmosphere
while closing the passage (22 so as to prevent es-
cape of the inflating pressure-in’ the line 15,

By thus permitting the pump & to unlozd to
atmogphers during a portion of the cycle of on-
eration of the inflatablé ice eliminating system
the average working temperature of the pump 8
may be “decreased "and the pump enabled to
handle both the suction and pressure require-
méents of the system during the cycle of cpera-
tion.

It will be seen’ from" the foregoing that the
present invention provides novel means for con-
trolling the unloading of a pressure pump of an
inflatable ice eliminating system of the manifold
or single main ‘pressure. conduit type disclosed
in“the Lawrence et al."U.'S. Patent Mo. 2,515,518
and iricludes valve means for preventing the es-
cape of back pressure from the main pressure
conduit ‘while the pump is unloaded to atmos-
phere;- together with novel control means for
such valve means for effecting the unloading of
the pressure pump to atmosphere during the nor-

mad cycle of operation’of the inflatable elements -

of “the ‘system at timed intervals and at such
times as the elements are not inflating. The in-
vention-may be applied to such an infiatable ice
eliminating system' to provide control means for
periodically unloading the pressure pump to at-
mosphere for cooling.the pump: and maintaining
the average working temperature of the pump
within a safe raiige undeér high pressure cperat-
ing conditions and may be applied to such a sys-
temn in- which .the pressure pump providss a

source of suction, as well-as. to such a system

in which a separate source of suction or: negative
pressure is provided .for completely deflating the
several ice eliminating elements of -the system.

‘Although.only severa] embodiments-of the in-
vention-have been iliustrated-and described vari-
ous changes.of the -forin -and relative arrange-
ments-of the parts may be made to suit requirs-
ments. -

What is claimed is: ,

1. For use in. a system-for the removal of ice
from. an- aireraft having a-plurality of inflatable

10
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inflating said units, a ‘plurality: of* distributor -
valves for controlling the pressure medium from
said pump to inflate and deflate ‘said units, and.
an independently operable valve for ‘unloading -
the pressure medium from said pump to atmos--
phere; the combination comprising “a. plurality
of electrical contacts for selectively controlling -
operationof the distributor mechanisms -and”
electrical contact means for controlling operation
of ‘the unloading valve, switch”arm “means. for -
selectively cooperating with said” contacts and
electrical contact means, a motor, said switch:
arm means being adjustably positioned relative’

to said eleetrical contacts and contact means by -
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units; a-pump-to supply-a pressure medium.for -

inflating soid- units, -a. plurality. of distributor
valves for controlling the pressure medium frox
said pump-io inflate. and. deflate said. units, and
an: independently operable valve for unloading
the pressire medium from said pump to atmos-
phere; . the ‘combination . comprising . means for
controiling operation of -said distributor valves,
a timing device operativély connected to said con-
trol means in such a manner as to cause opera-
tion of said distributor valves so as to selectively
inflate and deflate said units and to maintain
all of said units in a deflated cordition for a pre-
determined .interval of time, means for coun-
trolling operation of said unloading valve, means
operatively connecting -the timing device to said
last-mentioned-control means.to.cause operation
of -said- unloading -valve-in relation to-the opera-
tion of said. distributor valves so as to prevent
the unloading valve from unloading the pressuxre

medium from the pump during the inflation of

the inflatable units and effect the unloading of
said.pump, for at least- a part of the predeter-
mined interval-of time during which all of tiae
units are maintainied in'said -deflated condition.

2. For use in a Systein for the removal of ice

from’an. aireraft-having ‘a plurality of -inflatable

units, a pump to supply a pressure medium for
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“said motor, said plurality of ‘contacts  heing

opened and closed by’ said~switch. arm means’
to efféect selective operation’ of “the distributor -
mechanisms in such a manner as to selectively:
inflate and deflate said-units and to maintain all”
of said units in a deflated ‘condition for a pre-

determined interval of time, and said- contact

means being opened:and closed by said switch *
arm means to effect. selective operation of the
unleading valve relative to the operation of said .

" gistributor mechanisms so as’ to -prevent said

unloading valve “from unloading the.prepsure
medium from the pump during the infigtionof
the inflatable units and’ effect the unloading of
sald pump for at least a part ‘of ‘the predeter-
mined interval of time during which all of the
units are maintzined in said deflated condition.
3. For use in a system® for the removal of ice
from an aircraft having a plurality of infiatable
units, a pump to supply a pressure medivm-for-
infiating said units;’ a- plurality. of distributor -
valves for controlling thé pressure medium from
caid pump to infiate and deflite said unils, and N
an -independently operable- valve -for unloading
the pressure medium’ from 'said’pump to at-
mosphere; the combination comprising a firstset
of electrical contacts for selectively controlling
operaticn of ‘the" distributor” mechanisms. and 2
second seb of elestrical contacts for-centrolling:
operation 0f the unloading valve, switch "arm

mesans for selectively ccoperating with said first"

and second sets of contaects, a motor, said switch
armr means being adjustably positioned relative -
to said contacts by said motor, s2id first set of
contacts being opened and closed by said ‘switeh.
a1 means-to effect selective operation of “the
distributor mechanisms in such a manner as to
selectively inflate and deflate said unils and to
maintain all of said units in'a deflated condition
for a- predetermined interval of time, and .said
second - set  of ' contacts being simultaneously
onened and closed by the switch arm means with
the contacts of the first set so as to prevent said .
unloading valve from unlioading the pressure me-
Gium from the pump during the inflation of the
inflatable units and ‘effect the unloading of said
pump for at least a part of the predetermined
interval of timme during which 21l of the units are
maintained in said deflated condition. :
4 For use in a system for the.removal of ice
from an aircraft having a plurality of inflatable
units, a pump to supply a pressure medium.for
inflating said units,. a. plurality. of distributor -
valves for controlling. the pressure medium from .
said pump to inflate-and deflate.said units, and:
an independently operable valve -for unloading -
thé pressure.medium from said -pump:tc atmos- -
phere: the-combination comprising an-electrical::
contact means including. a-plurality. of contaets:
for.selectively -conirolling: operation -of :the dis--
tributor mechanisms and an additional contact
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for controlling the unloading valve, switch arm
means for selectively cooperating with said con-
tacts, a motor, said switch arm means and said
contacts being adjustably positioned relative one
to the other by said motor, said plurality of con-
tacts of said contact means being opened and
closed by said switch arm means to effect se-
lective operation of the distributor mechanisms
in such a manner as to sequentially inflate and
deflate said units and to maintain all of said
units in a deflated condition for a predetermined
interval of time, and said additional contact be-
ing closed by the switch arm means immediately
prior to the closing of the first of the contacts
controlling the distributor mechanisms so ag to
prevent the unloading valve from unloading the
pressure medium from the bump during the in-
flation of any one of the inflatable units and to
assure that full inflating Dressure is provided
during the sequential inflation of the inflatable
units,

5. For use in a system for the removal of ice
from an aireraft having a plurality of inflatable
units, a pump to Supply a pressure medium for
inflating said units, a plurality of distributor
valves for controlling the bressure medium from
said pump to inflate and deflate said units, and
an independently operable valve for unloading
the pressure medium from said pump to atmos-
phere; the combination comprising an electrical
contact means including g plurality of contacts
for selectively controlling operation of the dis-
tributor mechanisms and an additional contact
for controlling the unloading valve, switch arm
means for selectively cooperating with said con-
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tacts, a motor, said switch arm means and said
contacts being adjustably positioned relative one
to the other by said motor, said plurality of con-
tacts of said contact means being opened and
closed by said switch arm means to effect selec-
tive operation of the distributor mechanisms in
such a manner as to sequentially inflate and de-
fiate said units and to maintain all of said units
in a deflated condition for a predetermined in-
terval of time, and said additional contact being
closed by the switch arm means simultaneously
with the closing of the first of the contacts con-
rolling the distributor mechanisms so as to pre-
vent the unloading valve from unloading the
pressure medium from the pump during the in-
flation of any one of the inflatable units and to
assure that full inflating pressure is provided
during the sequential inflation of the inflatable
units, and said additional contact being simul-
taneously opened by the switch arm means with
the opening of the last of the plurality of con-
tacts controlling the distributor mechanisms so
as to permit the unloading valve to unload the
pump to atmosphere upon termination of the
period of sequential operation of the inflatable
units.
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