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(54) BOOSTER COMPRESSOR WITH SPEED CHANGE SYSTEM

(57) A gas turbine engine (20) includes a main engine
compressor section (24). A booster compressor (70)
changing a pressure of airflow received from the main
engine compressor section (24) to a pressure desired for
a pneumatic system (64). The booster compressor (70)
operates at airflow conditions greater than a demand by

the pneumatic system (64). A speed change system (84)
drives the booster compressor (70) at speeds corre-
sponding to a demand of the pneumatic system (64). A
bleed air system (62) for a gas turbine engine (20) and
a method of controlling engine bleed airflow are also dis-
closed.
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Description

BACKGROUND

[0001] A gas turbine engine typically includes a fan
section, a compressor section, a combustor section and
a turbine section. Air entering the compressor section is
compressed and delivered into the combustion section
where it is mixed with fuel and ignited to generate a high-
energy exhaust gas flow. The high-energy exhaust gas
flow expands through the turbine section to drive the com-
pressor and the fan section.
[0002] Pneumatic systems of the aircraft utilize engine
bleed air for pneumatic power. The engine bleed air is
obtained from locations within the compressor section to
provide air at pressures required by the pneumatic sys-
tem. Pressures within the compressor section vary during
engine operation. At lower engine power settings pres-
sures within the compressor section may closely match
demand, however at higher engine power settings, pres-
sures at the same compressor location may greatly ex-
ceed demand. For this reason, engine bleed air is ob-
tained from different locations within the compressor sec-
tion depending on the current engine operating condi-
tions in an effort to maintain engine efficiency. Even using
bleed air from different locations, the variation of pres-
sures can create difficulties in matching the demand of
the pneumatic system. The difference between demand
of the pneumatic system and engine bleed air pressures
can reduce engine operating efficiency.

SUMMARY

[0003] In a featured embodiment, a gas turbine engine
includes a main engine compressor section. A booster
compressor changing a pressure of airflow received from
the main engine compressor section to a pressure de-
sired for a pneumatic system. The booster compressor
operates at airflow conditions greater than a demand by
the pneumatic system. A speed change system driving
the booster compressor at speeds corresponding to a
demand of the pneumatic system.
[0004] In an embodiment, the speed change system
includes a variable speed transmission coupled to the
booster compressor.
[0005] Another embodiment according to any of the
previous embodiments includes an accessory gearbox
driven by a shaft of the gas turbine engine. The accessory
gearbox is coupled to drive the variable speed transmis-
sion.
[0006] Another embodiment according to any of the
previous embodiments includes a turbine driven by air-
flow from the main engine compressor. The speed
change system includes a gearbox coupled between the
turbine and the booster compressor such that the turbine
and the booster compressor rotate at different speeds.
[0007] Another embodiment according to any of the
previous embodiments includes a control valve control-

ling airflow through the turbine for controlling a speed of
the turbine.
[0008] Another embodiment according to any of the
previous embodiments includes an exhaust valve for ex-
hausting airflow in excess of an airflow communicated to
the pneumatic system.
[0009] Another embodiment according to any of the
previous embodiments includes a controller receiving in-
formation indicative of the demand of the pneumatic sys-
tem and controlling operation of at least one control de-
vice to adjust airflow communicated to the pneumatic
system.
[0010] In another featured embodiment, a bleed air
system for a gas turbine engine includes a booster com-
pressor for changing a pressure of airflow received from
a main engine compressor section to a pressure desired
for a pneumatic system. The booster compressor oper-
ates at airflow conditions greater than a demand by the
pneumatic system. A speed change system drives the
booster compressor at speeds corresponding to a de-
mand of the pneumatic system.
[0011] In an embodiment, the speed change system
includes a variable speed transmission coupled to the
booster compressor.
[0012] Another embodiment according to any of the
previous embodiments includes an accessory gearbox
driven by a shaft of the gas turbine engine. The accessory
gearbox is coupled to drive the variable speed transmis-
sion.
[0013] Another embodiment according to any of the
previous embodiments includes a turbine driven by air-
flow from the main engine compressor. The speed
change system includes a gearbox, and the turbine driv-
ing the booster compressor through a speed reduction
system such that the turbine and the booster compressor
rotate at different speeds.
[0014] Another embodiment according to any of the
previous embodiments includes a control valve control-
ling airflow through the turbine for controlling a speed of
the turbine.
[0015] Another embodiment according to any of the
previous embodiments includes an exhaust valve for ex-
hausting airflow in excess of an airflow demanded by the
pneumatic system.
[0016] Another embodiment according to any of the
previous embodiments includes a controller receiving in-
formation indicative of the demand of the pneumatic sys-
tem and controlling operation of at least one control de-
vice to adjust airflow communicated to the pneumatic
system.
[0017] In another featured embodiment, a method of
controlling engine bleed airflow includes configuring a
booster compressor to receive engine bleed air from a
main compressor section of gas turbine engine. The en-
gine bleed air compresses from the main compressor
with the booster compressor and supplying the com-
pressed engine bleed to a pneumatic system according
to a demand of the pneumatic system. The booster com-
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pressor drives with a speed change system at a speed
corresponding to the demand of the pneumatic system.
Airflow is exhausted in excess of the demand through
with an exhaust valve such that the booster compressor
operates at airflows exceeding the demand of the pneu-
matic system.
[0018] In an embodiment, the speed change system
includes a variable speed transmission driving the boost-
er compressor to provide airflow corresponding to the
demand of the pneumatic system.
[0019] In another embodiment according to any of the
previous embodiments, the speed change system in-
cludes a gearbox coupled between a turbine and the var-
iable speed transmission such that driving the booster
compressor includes driving the turbine at a speed dif-
ferent than the booster compressor through the gearbox.
[0020] Another embodiment according to any of the
previous embodiments includes exhausting a portion of
airflow with an exhaust valve such that airflow in excess
of the demand of the pneumatic system is exhausted
through an exhaust passage.
[0021] Although the different examples have the spe-
cific components shown in the illustrations, embodiments
of this disclosure are not limited to those particular com-
binations. It is possible to use some of the components
or features from one of the examples in combination with
features or components from another one of the exam-
ples.
[0022] These and other features disclosed herein can
be best understood from the following specification and
drawings, the following of which is a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

Figure 1 schematically shows an example gas tur-
bine engine embodiment.
Figure 2 schematically shows an example engine
bleed air system embodiment.
Figure 3 schematically shows another example en-
gine bleed air system embodiment.
Figure 4 schematically illustrates yet another exam-
ple engine bleed air embodiment.

DETAILED DESCRIPTION

[0024] Figure 1 schematically illustrates an example
gas turbine engine 20 that includes a fan section 22, a
compressor section 24, a combustor section 26 and a
turbine section 28. Alternative engines might include an
augmenter section (not shown) among other systems or
features. The fan section 22 drives air along a bypass
flow path B while the compressor section 24 draws air in
along a core flow path C where air is compressed and
communicated to a combustor section 26. In the com-
bustor section 26, air is mixed with fuel and ignited to
generate a high-energy exhaust gas stream that expands

through the turbine section 28 where energy is extracted
and utilized to drive the fan section 22 and the compres-
sor section 24.
[0025] Although the disclosed non-limiting embodi-
ment depicts a two-spool turbofan gas turbine engine, it
should be understood that the concepts described herein
are not limited to use with two-spool turbofans as the
teachings may be applied to other types of turbine en-
gines; for example a turbine engine including a three-
spool architecture in which three spools concentrically
rotate about a common axis and where a low spool en-
ables a low pressure turbine to drive a fan via a gearbox,
an intermediate spool that enables an intermediate pres-
sure turbine to drive a first compressor of the compressor
section, and a high spool that enables a high pressure
turbine to drive a high pressure compressor of the com-
pressor section.
[0026] The example engine 20 generally includes a low
speed spool 30 and a high speed spool 32 mounted for
rotation about an engine central longitudinal axis A rela-
tive to an engine static structure 36 via several bearing
systems 38. It should be understood that various bearing
systems 38 at various locations may alternatively or ad-
ditionally be provided.
[0027] The low speed spool 30 generally includes an
inner shaft 40 that connects a fan 42 and a low pressure
(or first) compressor section 44 to a low pressure (or first)
turbine section 46. The inner shaft 40 drives the fan 42
through a speed change device, such as a geared archi-
tecture 48, to drive the fan 42 at a lower speed than the
low speed spool 30. The high-speed spool 32 includes
an outer shaft 50 that interconnects a high pressure (or
second) compressor section 52 and a high pressure (or
second) turbine section 54. The inner shaft 40 and the
outer shaft 50 are concentric and rotate via the bearing
systems 38 about the engine central longitudinal axis A.
[0028] A combustor 56 is arranged between the high
pressure compressor 52 and the high pressure turbine
54. In one example, the high pressure turbine 54 includes
at least two stages to provide a double stage high pres-
sure turbine 54. In another example, the high pressure
turbine 54 includes only a single stage. As used herein,
a "high pressure" compressor or turbine experiences a
higher pressure than a corresponding "low pressure"
compressor or turbine.
[0029] The example low pressure turbine 46 has a
pressure ratio that is greater than about 5. The pressure
ratio of the example low pressure turbine 46 is measured
prior to an inlet of the low pressure turbine 46 as related
to the pressure measured at the outlet of the low pressure
turbine 46 prior to an exhaust nozzle.
[0030] A mid-turbine frame 58 of the engine static
structure 36 is arranged generally between the high pres-
sure turbine 54 and the low pressure turbine 46. The mid-
turbine frame 58 further supports bearing systems 38 in
the turbine section 28 as well as setting airflow entering
the low pressure turbine 46.
[0031] Airflow through the core airflow path C is com-
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pressed by the low pressure compressor 44 then by the
high pressure compressor 52 mixed with fuel and ignited
in the combustor 56 to produce high speed exhaust gases
that are then expanded through the high pressure turbine
54 and low pressure turbine 46. The mid-turbine frame
58 includes vanes 60, which are in the core airflow path
and function as an inlet guide vane for the low pressure
turbine 46. Utilizing the vane 60 of the mid-turbine frame
58 as the inlet guide vane for low pressure turbine 46
decreases the length of the low pressure turbine 46 with-
out increasing the axial length of the mid-turbine frame
58. Reducing or eliminating the number of vanes in the
low pressure turbine 46 shortens the axial length of the
turbine section 28. Thus, the compactness of the gas
turbine engine 20 is increased and a higher power density
may be achieved.
[0032] The disclosed gas turbine engine 20 in one ex-
ample is a high-bypass geared aircraft engine. In a further
example, the gas turbine engine 20 includes a bypass
ratio greater than about six, with an example embodiment
being greater than about ten. The example geared archi-
tecture 48 is an epicyclical gear train, such as a planetary
gear system, star gear system or other known gear sys-
tem, with a gear reduction ratio of greater than about 2.3.
[0033] In one disclosed embodiment, the gas turbine
engine 20 includes a bypass ratio greater than about ten
and the fan diameter is significantly larger than an outer
diameter of the low pressure compressor 44. It should
be understood, however, that the above parameters are
only exemplary of one embodiment of a gas turbine en-
gine including a geared architecture and that the present
disclosure is applicable to other gas turbine engines.
[0034] A significant amount of thrust is provided by the
bypass flow B due to the high bypass ratio. The fan sec-
tion 22 of the engine 20 is designed for a particular flight
condition -- typically cruise at about 0.8 Mach and about
35,000 feet (10,668 m). The flight condition of 0.8 Mach
and 35,000 ft. (10,668 m), with the engine at its best fuel
consumption - also known as "bucket cruise Thrust Spe-
cific Fuel Consumption (’TSFC’)" - is the industry stand-
ard parameter of pound-mass (lbm) of fuel per hour being
burned divided by pound-force (lbf) of thrust the engine
produces at that minimum point.
[0035] "Low fan pressure ratio" is the pressure ratio
across the fan blade alone, without a Fan Exit Guide Vane
("FEGV") system. The low fan pressure ratio as disclosed
herein according to one non-limiting embodiment is less
than about 1.50. In another non-limiting embodiment the
low fan pressure ratio is less than about 1.45.
[0036] "Low corrected fan tip speed" is the actual fan
tip speed in ft/sec divided by an industry standard tem-
perature correction of [(Tram °R)/ (518.7°R)]0.5 (where
°R = K x 9/5). The "Low corrected fan tip speed", as dis-
closed herein according to one non-limiting embodiment,
is less than about 1150 ft/second (350.5 m/s). The ex-
ample fan pressure ratio and fan tip speed are measured
at engine operating conditions corresponding with air-
craft take-off.

[0037] The example gas turbine engine includes the
fan 42 that comprises in one non-limiting embodiment
less than about twenty-six fan blades. In another non-
limiting embodiment, the fan section 22 includes less
than about twenty fan blades. Moreover, in one disclosed
embodiment the low pressure turbine 46 includes no
more than about six turbine rotors schematically indicat-
ed at 34. In another non-limiting example embodiment
the low pressure turbine 46 includes about three turbine
rotors. A ratio between the number of fan blades 42 and
the number of low pressure turbine rotors is between
about 3.3 and about 8.6. The example low pressure tur-
bine 46 provides the driving power to rotate the fan sec-
tion 22 and therefore the relationship between the
number of turbine rotors 34 in the low pressure turbine
46 and the number of blades 42 in the fan section 22
disclose an example gas turbine engine 20 with in-
creased power transfer efficiency.
[0038] Gas turbine engines designs are seeking to in-
crease overall efficiency by generating higher overall
pressure ratios. By achieving higher overall pressure ra-
tios, increased levels of performance and efficiency may
be achieved. However, challenges are raised in that the
parts and components associated with a high pressure
turbine require additional cooling air as the overall pres-
sure ratio increases.
[0039] The example engine 20 includes an engine
bleed air system 62 that supplies engine bleed air to
pneumatic systems schematically illustrated at 64. The
pneumatic system 64 can include an environmental con-
trol system as well as other aircraft systems that require
airflow. The pneumatic system 64 utilizes air within a de-
fined range of pressures and temperatures to operate
accessory systems and cooling systems of the engine
and aboard the aircraft. The airflow required to operate
the pneumatic system 64 is drawn from the engine 20.
Specifically, airflow for the pneumatic system 64 is drawn
from the compressor section 24 of the main engine 20.
[0040] Instead of attempting to match pneumatic sys-
tem demand with airflow and pressures at a specific lo-
cation within the compressor section 24, the example
engine bleed air system 62 increases pressures from
lower pressure locations in the engine 20 to pressures
required for operation of the pneumatic system 64. Dur-
ing engine operation, airflow is supplied to the engine
bleed air system 62 and then passed to the pneumatic
system 64.
[0041] Airflow from the main compressor section 24
varies in pressure and temperature depending on the
current engine operating condition. In some instances,
bleed air may be drawn from the compressor section 24
and be suitable for use in the pneumatic system without
conditioning. In other circumstances, the airflow provided
by the main compressor section 24 is well above the pres-
sures and temperatures required by the pneumatic sys-
tem. Accordingly, the example bleed air system 62 draws
airflow from a position in the main compressor section
24 determined to always be below the pressures required
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by the pneumatic system 64. The engine bleed air system
62 increases the pressures of the airflow to that required
by the pneumatic system 64.
[0042] Airflow supplied from the main compressor sec-
tion 24 will vary depending on current engine operation.
Accordingly, the varying input airflow and pressures can
result in airflow and pressures beyond what is required
by the pneumatic system 64. The variation in incoming
airflow and pressure is accommodated by the disclosed
engine bleed air system 62 to provide airflows and pres-
sures within acceptable ranges while enabling operation
within a stable operating range.
[0043] Referring to Figure 2 with continued reference
to Figure 1, the example engine bleed air system 62 in-
cludes a turbo-compressor 65. The flow-multiplier turbo-
compressor 65 includes a booster compressor 70 driven
by a turbine 72 through a gear system 84. The gear sys-
tem 84 provides a speed change between the turbine 72
and the compressor 70 such that both the turbine 72 and
compressor 70 may operate at closer to optimum speeds.
The example compressor 70 receives airflow from a low
pressure source 66 at an inlet 74. The compressor 70
increases the pressure and outputs airflow at an outlet
78 and communicates the airflow to the pneumatic sys-
tem 64.
[0044] In this disclosed example the turbine 72 in-
cludes an inlet 76 that receives airflow from a high pres-
sure source 68. Airflow from the high pressure source 68
is expanded through the turbine 72 and is exhausted at
turbine outlet 80. A speed of the turbine 72 may be con-
trolled by a control valve 96 that operates responsive to
commands from a controller 86. The controller 86 utilizes
information indicative of a demand of the pneumatic sys-
tem 64, airflow within an outlet passage 88 and pressures
output from the booster compressor 70. While the control
valve 96 is illustrated upstream of the turbine 72, the con-
trol valve 96 may instead be located downstream of the
turbine and provide equivalent functionality.
[0045] The turbine section 72 operates optimally at a
speed different than that of the compressor 70. In one
example, the turbine 72 operates more efficiently at
speeds greater than the compressor 70. The gear 84
provides a speed change between the turbine 72 and the
compressor 70 that enables both the booster compressor
70 and turbine 72 to operate at closer to optimal speeds.
The gear system 84 includes a speed reduction gearing
required to enable operation of the turbine 72 and com-
pressor 70 at different speeds. In one example, the gear
system 84 provides a speed reduction such that the tur-
bine 70 rotates at speed greater than that of the com-
pressor 70.
[0046] The example engine bleed air system 62 further
includes an exhaust valve 98 that controls airflow through
an exhaust passage 100. The turbine 72 and booster
compressor 70 may operate at optimal speeds that pro-
vide air flow rate above the demand of the pneumatic
system 64. During some engine operating conditions, air-
flow required to maintain efficient and/or feasible opera-

tion of the compressor is in excess of the demand of the
pneumatic system 64. In these instances, the booster
compressor 70 is operated at speeds that provide excess
airflow above that demanded by the pneumatic system
64. The excess airflow is exhausted through the exhaust
passage 100. A control valve 99 may be provided to fur-
ther control airflow to the pneumatic system 64 at an air-
flow and pressure that correspond with the demand re-
gardless of the input pressures from the low pressure
source 66 and output pressures provided by the com-
pressor 70.
[0047] Referring to Figure 3 with continued reference
to Figure 1, another example engine bleed air system is
schematically illustrated and indicated at 90 and includes
a transmission 94 driven by an electric motor 92. The
electric motor 92 is controlled by the controller 86 to drive
a transmission 94 that in turn drives the booster com-
pressor 70 at speeds that provide airflow and pressures
corresponding with the demand of the pneumatic system
64. In the example, transmission comprises a variable
speed transmission 94 capable of providing at least two
different speed change ratios between the electric motor
92 and the compressor 70.
[0048] The transmission 94 enables operation of the
compressor 70 at speeds that provide efficient operation.
Efficient operation of the compressor 70 increases pres-
sure from the low pressure source 66 to a level demanded
by the pneumatic system 64.
[0049] The example electric motor 92 drives the trans-
mission 94 which in turn drives the compressor 70
through a shaft 103. The electric motor 92 can be driven
in a variable manner such that the speeds provided
through the variable transmission 94 can more closely
match those conditions that provide stable operating con-
ditions for the booster compressor 70.
[0050] Although the variable speed transmission 94
and electric motor 92 provide a variation in speeds avail-
able for operation of the flow-multiplier 70, in some in-
stances, the input airflow and pressures from the low
pressure source 66 are such that the compressor 70
would have to operate within an unstable region to match
the demand airflow and pressures required by the pneu-
matic system 64. Accordingly, the exhaust valve 98 is
provided and enables the compressor 70 to run at speeds
that provide airflows in excess of those demanded by the
pneumatic system 64. The excess airflow is exhausted
overboard by metering airflow through the exhaust valve
98. The control valve 99 controls airflow to the pneumatic
system 64.
[0051] Referring to Figure 4 with continued reference
to Figure 1, another example engine bleed air system
embodiment is schematically indicated at 110 and in-
cludes an accessory gearbox 102 that is coupled to drive
the variable speed transmission 94. The example acces-
sory gearbox 102 driven through a shaft 104 that is cou-
pled through a coupling 106 to one of the low spool and
high spools 30, 32 of the gas turbine engine 20. The
example gas turbine engine 20 includes the accessory
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gearbox 102 that in this example drives the variable
speed transmission 94 that is in turn coupled to drive the
booster compressor 70. The example accessory gearbox
102 may drive other devices in addition to the transmis-
sion 94.
[0052] Each of the low speed spool 30 and the high
speed spool 32 operate at different speeds depending
on specific engine operating conditions and therefore
through the mechanical coupling provided by the shaft
104, the accessory gearbox 102 will drive the transmis-
sion 94 at different speeds dependent on current engine
operating conditions. The variable transmission 94 can
change speeds such that the compressor 70 can run at
speeds different than the output provided by the acces-
sory gearbox 102. Accordingly, the variable transmission
94 accounts for changes in engine speeds such that the
compressor 70 can more closely match optimal operating
speeds and conditions to provide the desired output air-
flow and pressure to the pneumatic system 64.
[0053] In this example, the controller 86 is in commu-
nication with the pneumatic systems 64 as well as in com-
munication with various sensors that provide information
indicative of current operating conditions. The controller
86 then can control operation of the variable transmission
94 to more closely match the speed of the booster com-
pressor 70 with those speeds required to provide the de-
sired output airflow and pressure demanded by the pneu-
matic systems 64.
[0054] Although the booster compressor 70 can be
driven at speeds closer to optimal conditions to provide
a desired airflow and pressure, there are instances where
efficient or stable operation of the compressor requires
airflows and pressures that exceed the demands by the
pneumatic system 64. As discussed above, operation of
the compressor 70 below stable operating conditions re-
duces overall efficiency and adversely effects operation.
Accordingly, the example engine bleed air system 110
includes the exhaust valve 98 that enables the booster
compressor 70 to operate at speeds that provide airflows
that exceed those demanded by the pneumatic system
64. The excess airflow is exhausted overboard through
the exhaust passage 100 as governed by the exhaust
valve 98. The control valve 99 governs airflow to the
pneumatic system 64.
[0055] Accordingly, the example disclosed engine
bleed air system embodiments provide speed change
systems to enable the booster compressor to run at clos-
er to optimal speeds and provide airflows and pressures
that more closely match those demanded by the pneu-
matic systems.
[0056] Although example embodiments have been dis-
closed, a worker of ordinary skill in this art would recog-
nize that certain modifications would come within the
scope of this disclosure. For that reason, the following
claims should be studied to determine the scope and
content of this disclosure.

Claims

1. A gas turbine engine (20) comprising;
a main engine compressor section (24);
a booster compressor (70) for changing a pressure
of airflow received from the main engine compressor
section (24) to a pressure desired for a pneumatic
system (64), wherein the booster compressor (70)
operates at airflow conditions greater than a demand
by the pneumatic system (64); and
a speed change system (84, 94) for driving the boost-
er compressor (70) at speeds corresponding to a
demand of the pneumatic system (64).

2. A bleed air system (62) for a gas turbine engine (20),
the bleed air system (62) comprising:

a booster compressor (70) for changing a pres-
sure of airflow received from a main engine com-
pressor section (24) to a pressure desired for a
pneumatic system (64), wherein the booster
compressor (70) operates at airflow conditions
greater than a demand by the pneumatic system
(64); and
a speed change system (84, 94) for driving the
booster compressor (70) at speeds correspond-
ing to a demand of the pneumatic system (64).

3. The gas turbine engine (20) or bleed air system (62)
as recited in claim 1 or 2, wherein the speed change
system comprises a variable speed transmission
(94) coupled to the booster compressor (70).

4. The gas turbine engine (20) or bleed air system (62)
as recited in claim 3, including an accessory gearbox
(102) driven by a shaft (104) of the gas turbine engine
(20), the accessory gearbox (102) coupled to drive
the variable speed transmission (94).

5. The gas turbine engine (20) or bleed air system (62)
as recited in claim 4, including a turbine (72) driven
by airflow from the main engine compressor (24),
the speed change system comprising a gearbox
(84), and the turbine (72) driving the booster com-
pressor (70) through a speed reduction system such
that the turbine (72) and the booster compressor (70)
rotate at different speeds.

6. The gas turbine engine (20) or bleed air system (62)
as recited in claim 1 or 2, including a turbine (72)
driven by airflow from the main engine compressor
(24), wherein the speed change system comprises
a gearbox (84) coupled between the turbine (72) and
the booster compressor (70) such that the turbine
(72) and the booster compressor (70) rotate at dif-
ferent speeds.

7. The gas turbine engine (20) or bleed air system (62)
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as recited in claim 5 or 6, including a control valve
(96) controlling airflow through the turbine (72) for
controlling a speed of the turbine (72).

8. The gas turbine engine (20) or bleed air system (62)
as recited in any preceding claim, including an ex-
haust valve (98) for exhausting airflow in excess of
an airflow communicated to the pneumatic system
(64).

9. The gas turbine engine (20) or bleed air system (62)
as recited in any of claims 1 to 7, including an exhaust
valve (98) for exhausting airflow in excess of an air-
flow demanded by the pneumatic system (64).

10. The gas turbine engine (20) or bleed air system (62)
as recited in any preceding claim, including a con-
troller (86) receiving information indicative of the de-
mand of the pneumatic system (64) and controlling
operation of at least one control device (99) to adjust
airflow communicated to the pneumatic system (64).

11. A method of controlling engine bleed airflow com-
prising:

configuring a booster compressor (70) to re-
ceive engine bleed air from a main compressor
section (24) of gas turbine engine (20);
compressing the engine bleed air from the main
compressor section (24) with the booster com-
pressor (70) and supplying the compressed en-
gine bleed to a pneumatic system (64) according
to a demand of the pneumatic system (64);
driving the booster compressor (70) with a
speed change system (84, 94) at a speed cor-
responding to the demand of the pneumatic sys-
tem (64); and
exhausting airflow in excess of the demand
through with an exhaust valve (98) such that the
booster compressor (70) operates at airflows
exceeding the demand of the pneumatic system
(64).

12. The method as recited in claim 11, wherein the speed
change system comprises a variable speed trans-
mission (94) driving the booster compressor (70) to
provide airflow corresponding to the demand of the
pneumatic system (64).

13. The method as recited in claim 12, wherein the speed
change system comprises a gearbox (102) coupled
between a turbine (72) and the variable speed trans-
mission (94) such that driving the booster compres-
sor (70) comprises driving the turbine (72) at a speed
different than the booster compressor (70) through
the gearbox (102).

14. The method as recited in claim 11, 12 or 13, including

exhausting a portion of airflow with the exhaust valve
(98) such that airflow in excess of the demand of the
pneumatic system (64) is exhausted through an ex-
haust passage (100).
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