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power and cooling unit, IPCU (100), of an aircraft is disclosed. The [PCU
~ (100) comprises a compressor (104), a starter/generator (106) and at least a
cooling turbine (102), all coupled to a common shaft (110). The system (300)
uses an open-loop cooling system and turbo machine power-matching to
provide wide operation range without over-sizing. In order to reduce the tem-
perature of the air flow through a cooling heat exchanger (116), the cooling
turbine (102) needs to expand further, at the same time generating power to
the shatt (110). To avoid the power being higher than the compressor (104)
could absorb, the starter/generator (106) is used to convert the power into
electrical power supplied to loads on the aircraft, to arrive at a more efficient
system. Power sum control (302,304) via distribution control units is used to
couple a bus (115) receiving power from the IPCU (100) starter/generator
(106), with buses (128,132) receiving power from generators (124,126) of the
aircratt engine (122).
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EFFICIENT POWER AND THERMAL MANAGEMENT SYSTEM FOR HIGH
PERFORMANCE AIRCRAFT

BACKGROUND

{0001 The invention relates generally to electrical power and cooling systems for aircraft and
more particularly to cnabling high cnergy system operation using an integrated power and
cooling unit for high performance aireraft.

{0002] Modern aircraft integrate a number of systems to perform the functions required for flight
and operation. A propulsion engine provides power to the aircraft when in flight and also drives
the main generator to provide electrical power, either during tlight or when on the ground. In
order to provide the emergency backup power in the event of main engine or main generator
failures, aircraft have evolved to include a supplemental non-propulsion engine such as the
auxiliary power unit (APU). Since the cooling system is a major function of an aircraft, it has
been integrated with the APU to provide not only cooling but also power in the cvent that it 15
required if the main generator system failed.

{0603} This integrated system (APU and cooling system) is often referred to as an integrated
power and cooling unit (IPCU) that not only provides pneumatic or electrical power for starting
the propulsion enging; it also generates clectrical power and provides conditioned cooling air to
the aircraft, both during flight and while on the ground. With the increasing use of systems
having high energy requirements on aireraft, the IPCU can also be used to help meet short term
high peak power when needed so as to minimize over-sizing the main generator system.

{0604] FIG. 1 15 a schematic block diagram of portions of an aircraft electrical power and
cooling system, As shown in FIG. 1, a prior art IPCU 100 includes cooling turbine 102,

compressor 104, starter/generator 106 and power turbine 108, all connected to a common drive
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shaft 110, In order for the IPCU to come up to operating speed, initial startup of IPCU 100 1s
driven by starter/gencrator unit 106 in starter mode using battery or ground power. After
compressor 104 is capable of providing air for combustion then power turbine 108 generates
enough power to sustain the power requirements with the system configured to burn fuel using
combustor 112 and thus, continues to drive the power turbine to generate power. After {PCU 100
is started in combustion mode, it can provide electrical power for various aircraft systems
through integrated control unit (ICU) 114 which sends the power to integrated power unit (IPU)
Bus 115. When in normal flight mode, IPCU 100 is then configured to provide cooling air by
running off of propulsion engine bleed air instead of power input from burning fuel. This is
accomplished by means of cooling turbine 102, which also provides low pressure cool air to an
avionics cooling systern. This system includes heat exchangers 116 and 118 as well as pump
120. The avionics cooling system is used to provide temperature controlled air flow to the
avionics equipment and cabin of the manned aircraft, as well as for other needs as understood by
one of ordinary skill i the art,

{0605} Also in FIG. 1, main engine 122 is shown, together with an engine high pressure spool
coupled starter/generator 124 and an engine low pressure spool driven generator 126, High
pressure spool starter generator 124 is connected to engine 122 as well as to an electrical power
distribution bus 128 through an inverter control unit 130, Low pressure spool gencrator (LP
GEN) 126 is also connected to engine 122 as well as to an electrical power bus 132 through
generator control unit (GCU) 134,

{0006] There are several connections between IPCU 100 and engine 122. High pressure, warm
air from compressor 104 can be directed into fan duct heat exchanger 136 of engine 122 when

operating in the cooling air mode. This air can also be directed into combustor 112 to generate
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more power by burning fuel and driving the power turbine 108 using valve 148. Compressor 104
also receives ammbient air through input 142 when operating in ground operating mode or in-flight
emergency mode.

{0807] FIG. 1 shows a closed loop system, which includes heat exchanger 138 that provides pre-
cooled engine bleed air to compressor 104. The air is compressed by the compressor 104 and
then cooled by the engine fan air through the fan duct heat exchanger 136, An additional heat
exchanger 140 cools the air provided to the cooling turbine using the relatively cool air returne
from the avionics heat exchanger 116. The air is expanded by cooling turbine 102 fo generate
very cold air to cool the avionics liquid cooling loop through avicnics cooler 116, The cooling
capacity of the system is determined by the exit air temperature and the mass flow rate of the
cooling turbine. A closed loop system has the advantage of allowing lower bleed air usage which
conserves fuel, however, IPCU system pressure is limited by the compressor 104 pressure ratio
capability. In other words, in order for the air flow exiting from cooling turbine 102 to feedback
to the compressor 104 through heat exchanger 140, the return pressure has to be higher that the
replenish flow from the engine. This pressure is set by the operating parameters of compressor
184 when operating at a high altitude, Often, selector/regulator valves 144 and 146 are used to
select the engine bleed air according to the operating altitude. Dhue to the high pressure ratio of
the modern engine compressor, this limits the cooling turbine 102 discharging pressure and the
temperature of the cooling flow.

{0608} In contrast, FIG. 2 depicts a prior art open loop system where heat exchanger 140 does
not provide an input to compressor 104 but is controlled by a venting valve 150 then vented to
the ambient condition. This open loop system allows a lower cooling temperature exit from the

cooling tarbine, which means a higher expansion ratio is available at high altitude. However,
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bleed air usage is higher and is limited by the flow and temperature required to cool the avionics.
Traditionally, in order to regulate the flow and the cooling capability, the system exit flow
pressure and thus the system operating speed is controlled by placing back pressore to the
cooling turbine using an exhaust control valve 150, However, in order to deep discharge the
cooling turbine 102, power must be absorbed by compressor or the starter/generator 106 on the
same shaft of IPCU 100. Since this prior art system is not designed to use the starter/gencrator in
generating mode to absorb the power, it is thus incapable of operating economically at a wide
range of power and cooling capacities. Specifically, if there is peak power equipment that only
requires peak power occasionally during the flight mission, then the system must be over sized to
be capable of providing the maximum cooling capability, Therefore, the system 15 operating at a
much lower setting and lower efficiency most of the time thus resulting in a less efficient system,
In prior art systems, starter/generator 106 is only used during system startup, and not during
cooling modes of the system.

{0009] Thus, a need exists for an improved integrated power and cooling system that 15 capable
of providing efficient peak power and cooling not limited by the operating pressure of the closed
loop system or the by the power balance reguired to maintain IPCU 100 main shaft speed using

only the air control valves of the open-loop system.

SUMMARY

{68610] The invention provides improved system efficiency of open-loop ceoling system and
maintained turbo machine power matching resulted in wide operation range without over-sizing.
in order to reduce the temperature of the air flow through the cooling heat exchanger, the cooling

turbine need to expand further in the same time generating power but the power could be higher
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than the compressor could absorb so a generator that would convert the power and used in
supplying the aircraft would result in more efficient system,

{0611} The invention in one implementation encompasses a sysiem for providing electrical
power and cooling for an aircraft having an engine, the system including an integrated power and
control unit (IPCU) starter/generator coupled te a shaft, a cooling turbine coupled to the shaft, a
compressor coupled to the shaft between the IPCU starter/gencrator and the cooling turbine, said
compressor having an input for receiving engine bleed air and an output for discharging
compressed air while rotating the shaft and a power summing controller for coupling power from
the IPCU starter/generator to a load of the aircraft in parallel with power from the engine.

{6612} In an embodiment, the system mcludes first and second buses for receiving power from
the engine and coupling the power to one or more loads, a third bus for receiving power from the
IPCU starter/generator and coupling the power to one or more loads and first and second
contactors, coupled to the power summing controller, for coupling the third bus to the first and
second buses,

{6613] In an embodiment, the first and second contactors further comprise one or more bi-
directional solid state, high power contactors.

{6014} In a further embodiment, the system includes a first integrated control  unit (ICU)
coupled to the IPCU starter/generator, a first current sensing unit (CSU) receiving an input from
the ICU and a IPCU contactor coupling the first CSU to the third bus such that the power
summing controller further comprises a first electrical system distribution contro] unit (DCU) for
controlling at least the IPCU contactor and the first and second contactors.

{0615} In any of the above cmbodiments, the system includes a low pressure (LP) generator

coupled to the engine, a generator control unit (GCU) receiving an input from the LP generator, a
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second current sensing unit (CSU) receiving input from the GCU and an LP contactor coupling
the second CSU to the first bus such that the power summing controller further comprises a
second electrical system distribution control unit (DCU) for controlling at least the LP contactor
and the first contactor to couple the first bus to the third bus.

{0016} In an embodiment, the system inclades a high pressure (HP) starter/generator coupled to
the engine and a second integrated control unit (ICU) receiving an input from the HP generator
and coupling it to a high pressure bus, a third current sensing unit (CSU) receiving input from the
second ICU and an HP contactor coupling the second CSU to the second bus such that the power
summing controller further comprises a third electrical system distribution control unit (DCU)
for controlling at least the HP contactor and the sccond contactor to couple the second bus to the
third bus.

{0817} In any of the above embediments, the system includes or more energy storage devices
operatively coupled to the third bus.

{0018] In any of the above embodiments, the aircraft 1s operated as an open loop system.

{0619} The invention in one implementation encompasses a method for providing electrical
power and cooling for an aircraft having an engine, having the steps of generating power for the
aircraft using the engine, generating power for the aircraft using an integrated power and conirol
untt (IPCU) and summing the power from engine and the IPCU and applying 1t to a load of the
atreraft.

{0620} In a further embodiment, the step of generating power for the aircraft using an engine
further has steps of generating power using a low pressure (LP) generator and coupling it to an
LP bus and gencrating power using a high pressure (HP) starter/gencrator and coupling it to a HP

bus.
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{0021} In an embodiment, the step of generating power for the aircraft using an IPCU further
includes the step of coupling the power to an IPCU bus.

{0622} In an embodiment, the step of summing the power includes the steps of coupling the low
pressure bus to the IPCU bus using one or more contactors and coupling the high pressure bus to
the IPCU bus using one or more contactors.

{0023} In an embodiment, the summing step includes the steps of receiving inputs from the
IPCU, LP generator and the HP generator at one or more distribution control units (DCUs) and
controlling the one or more contactors using the one or more DCUs.

{0024] In any of the above embodiments, the one or more contactors further comprise bi-
directional solid state, high power contactors,

{0625} In any of the above embodiments, the aircrafl is operated as an open loop system.

{6026] In any of the above embodiments, the method includes the step of storing power

generated by at least one of the engine and the IPCU in one or more energy storage devices,

DESCRIPTION OF THE BRAWINGS

{0627} Features of example iruplementations of the invention will becorne apparent from the
description, the claims, and the accompanying drawings in which:

j0028] FIG. 1 is a schematic block diagram of a prior ait aircraft engine and integrated power
and cooling unit {IPCU) in a closed loop configuration,

{6629] FIG. 2 is a schematic block diagram of a prior art aircrall engine and integrated power
and cooling unit (JPCU) in an open loop configuration.

{0030} FIG. 3 is a schematic block diagram of an aircraft engine and integrated power and

cooling unit (IPCU) according to the present invention.
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{0031} FIG. 4 is a schematic block diagram of a power summing apparatus according to the

present invention,

DETALLED DESCRIPTION

{0632} 1o one aspect, the invention provides an integrated power and cooling unit (JPCU) with
improved peak power generation and cooling capability. A power summing technology s used to
enable the cooling power generation and the control of the IPCU power balance.

{0633} Turning to FIG. 3, an apparatus 300 according to the present invention is shown.
Elements in common with FIGS. T and 2 have the same reference numerals. IPCU 100 of FIG. 3
is in an open loop configuration with engine 122, where the cutput of heat exchanger 140 is
vented to ambient air by means of exhaust conirol valve 150, Cooling turbine 102, compressor
104, starter/generator 106 and power turbine 108 are all located on the same shaft 110, thus
requiring power balancing between the elements. In other words, the power required by
compressor 104, starter/gencrator 106, and the drag of the shaft bearing system must be equal to
the power generated from the air expansion of cooling turbine 102 so that the proper operating
speed is maintained.

{0634} An additional input from engine 122 to IPCU 100 is provided through valve 149. This
valve provides for a bleed air driven mode in the event that additional power is required to use
engine bleed air boost. Valve 149 allows the use of engine bleed air from selector/regulator
valves 144 and 146 to drive power turbine 108 so additional power is added to IPCU shaft 110
for cooling or power generation,

{0035} In an embodiment according to the present invention, starter/generator 106 is used
throughout the operation of the aircraft to support cooling gencration and power regulation,

especially during periods of peak cooling ueeds. Instead of humiting the discharging pressure of
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the cooling turbine 102 and the power generated from air expansion by limiting the air flow
through heat exchanger 140 using regulator valve 150, excess power added to the system in the
form of spinning shaft 110 by cooling turbine 102 is diverted by starter/generator 106 in
generating mode through ICU 114 onto IPU bus 115, The power sum control 302 adds the extra
power to LP bus 132 while power sum control 304 adds the extra power to HP bus 12¥ according
to the bus loading conditions and operating modes and configuration of the entire clectrical
power sysiem.

{0036] Fig. 4 shows a block diagram of a power summing apparatus according to the present
invention. Elements in common with FIG. 3 have the same reference numerals, LP GEN 126 1s
connected to generator control unit (GCU) 134, which moderates the output power of the LP
generator 126, GCU 134 is connected to current sensing unit (CSU) 402 which senses the current
output from LP generator 126 and provides the sensed current to the point of regulation (POR)
406. POR 406 is placed in the LP generator 126 distribution system to measure the voltage of the
system and provide it to GCU 134 for voltage control. From POR 406, energy originating from
LP GEN 126 is transferred to BUS 132, then through power distribution system contaciors 408
to loads 410, which can be any power or electrical needs in the aircraft. GCU 134 and power
distribution system contactors 408 receive control signals from the clectrical system distribution
control unit (DCU) 404,

{0637} DCU 404 mouitors the electrical system operating modes, generator conditions, and POR
406 measurements to control the amount of energy generated from the LP generator 126. In a
preferred embodiment, measurements from POR 406 are sent to GCU 134 and communicated
with DCU 404, Typically, all controliers are on a control network and sharing data and

information. LP generator 126 systemns DCU 404 also cross communicates with [PCU ST/Gen
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106 system’s DCU 414 and HP ST/Gen 124 system’s DCU 426 to control the overall system
operation. DCU 404 and DCU 414 also jointly control contactor 436 to determine whether of not
electrical bus 132 and bus 115 should be connected to each other as explained in more detail
below.

{0638} Similarly, IPCU starter/generator 106 is connected to ICU 114, which moderates the
cutput power of the IPCU starter/gencrator 106, ICU 114 is connected to CSU 412 which senses
the current output from IPCU starter/generator 106 and provides the sensed current to the POR
416, which is placed in the IPCU starter/generator 106 distribution system to measure the voltage
of the system, From POR 416, encrgy originating from IPCU starter/generator 106 is transferred
to BUS 115, then through power distribution system confactors 418 to loads 420 and 422, which
can be any power or electrical needs in the aircrafl. ICU 114 and power distribution system
contactors 418 receive control signals from DCU 414, which monitors the electrical system
operating modes, generator conditions, and POR 416 measurements to conirol the amount of
energy generated from the IPCU starter/generator 106.

{0039] Likewise, HP starter/gencrator 124, ICU 130, CSU 424, POR 428, BUS 128, contactors
430, loads 432 and DCU 426 are interconnected similarly.

{0040] A key feature of the present invention is found in cross-tic contactors 434 and 436.
Unlike prior art relay type contactors, which provide operation on the order of 100 milliseconds,
the inventive contactors 434 and 436 are, for example, electronic semiconductor switches,
controlled by DCUs 404, 414 and 426. These switches operate on the order of microseconds,
much faster than prior art relays. This allows near real time combination of power/energy from

LP and IPCU by contactor 436, and IPCU 106 and HP 124 by contactor 434,
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{0641} Contactor 434 is a bi-directional solid state, high power controiler which can be turned on
and off in high speed, contrary to conventional mechanical relays. When contactor 434 is turned
on, bus 128 and bus 115 are connected 1o each other and leads 432 and loads 420/422 are able to
recetve power from either HP generator 124 or IPCU ST/Gen 106. Even if conditions are such
that contactor 434 is controlled to be in an on state, it may be opened to maintain system
independence for system safety, This also limits the IPCU ST/Gen system transient due to peak
loads operation from being propagated into the HP ST/Gen 124 system and thus, to avoid
impacting the electrical power guality.

{0042] Contactor 436 is a bi-directional solid state, high power controller which can be turned on
and off at a high speed, contrary to conventional mechanical relays. When contactor 436 is
turned on, bus 132 and bus 115 are connecied to each other and loads 410 and loads 422 are able
to receive power from either LP generator 126 or IPCU ST/Gen 106. Even if conditions are such
that contactor 436 is controlled to be in an on state, it may be opened to maintain system
independence for system safety, This also limuts the IPCU ST/Gen system transient due to peak
loads operation from being propagated into the LP ST/Gen 126 system and thus, to aveoid
impacting the electrical power quality.

{0043} In an alternative embodiment, one or more energy storage devices (not shown) such as
batteries or ultra-capacitors may be connected to bus 115 to store the energy generated from
TPCU ST/gen 106 when additional cooling from cooling turbine 102 is generated. TPCU 100 can
also be configured to receive engine 122 high pressure bleed air to drive the power turbine 108 to
generate additional energy to charge the cnergy storage devices. In a further alternative
embodiment, energy storage devices connected to bus 115 could also be charged by the LP

generator 126 since contaclor 436 allows the energy to flow from bus 132, During the time
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during which peak power loads are present, energy storage devices could be sized to provide the
transient power needs and contactor 436 may be opened to limit the power transicnt propagated
into the LP Gen 126 system. These two operating modes complement each other for efficient
energy utilization,

{0044] Numerous alternative implementations of the present invention exist. With advent of
high power, light weight batteries, the IPCU generation requirements could be reduced but the
cooling function would not be totally replaced. This configuration and principles could also be
applied to power system requires more than two main generators and a backup generators for
example multiple-engines aircraft.

{0045] The steps or operations described hercin are just for example. There may be many
variations to these steps or operations without departing from the spirit of the invention, For
instance, the steps may be performed in a differing order, or steps may be added, deleted, or
modified.

{0046} Although example implementations of the invention have been depicted and described in
detail herein, it will be apparent to those skilled in the relevant art that various modifications,
additions, substitutions, and the like can be made without departing from the spirit of the
invention and these are therefore considered to be within the scope of the invention as defined in

the following claims.



WO 2016/200601 PCT/US2016/033907

13
CLAIMS
What is claimed is:
1. A system for providing electrical power and cooling for an aireraft having an

engine, the system comprising:

an integrated power and control unit (IPCU) starter/generator coupled to a shaft;

a cooling turbine coupled to the shaft;

a compressor coupled to the shaft between the IPCU starter/generator and the cooling
turbine, said compressor having an input for receiving engine bleed air and an output for
discharging compressed air while rotating the shaft; and

a power summing controller for coupling power from the IPCU starter/generator to a load

of the aircraft in parallel with power from the engine.

2. The system of claim 1, further comprising:

first and second buses for receiving power from the engine and coupling the power to one
or more loads:

a third bus for receiving power from the IPCU starter/generator and coupling the power
to one or more loads; and

first and second contactors, coupled to the power summing controller, for coupling the

third bus to the first and second buses.

3. The system of claim 2, wherein the first and sccond contactors further comprise

one or more bi-directional solid state, high power contactors,
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4, The system of claim 2, further comprising:

a first integrated control unit (ICU} coupled to the IPCU starter/gencrator;

a {irst current sensing unit (CSU) recetving an input from the ICU; and

a IPCU contactor coupling the first CSU to the third bus;

wherein the power summing controller further comprises a first electrical system
distribution control unit (DCU} for controlling at least the IPCU contactor and the first and

second contactors.

5. The system of claim 4, further comprising:

a low pressure (LP) generator coupled to the engine;

a generator control untt (GCU) receiving an input from the LP generator;

a second current sensing unit {CSU) receiving input from the GCU; and

an LP contactor coupling the second CSU to the first bus;

wherein the power summing controller further comprises a sccond electrical system
distribution control unit (DCU) for controlling at least the LP contactor and the first contactor to

couple the first bus to the third bus.

6. The system of claim 4, further comprising:

a high pressure (HP) starter/generator coupled to the engine;

a second integrated control unit ({CU) receiving an input from the HP generator and
coupling it to a high pressure bus;

a third current sensing unit (CSU) receiving input from the second ICU; and

an HP contactor coupling the second CSU to the second bus;
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wherein the power summing controller turther comprises a third electrical system
distribution control unit (DCU) for controlling at least the HP contactor and the second contactor

to couple the second bus to the third bus.

7. The system of claim 2, further comprising one or more energy storage devices

operatively coupled to the third bus.

8. The system of claim 1, wherein the aircraft is operated as an open loop system.

9. A method for providing electrical power and cooling for an atrcraft having an
eungine, comprising the steps oft

generating power for the aircraft using the engine;

generating power for the aircraft using an integrated power and control unit ({PCU); and

sumiming the power from engine and the IPCU and applying it to a load of the aircraft,

10.  The method of claim 9, where in the step of generating power for the aircraft
using an engine further comprises the steps oft

generating power using a low pressure {LP) generator and coupling it to an LP bus; and

generating power using a high pressure (HP) starter/generator and coupling it to a HP

bus.

11, The method of claim 10, where in the step of generating power for the aircraft

using an IPCU further comprises coupling the power to an IPCU bus,

12, The method of claim 11, where in the step of summing the power further

comprises the steps of:
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coupling the low pressure bus to the IPCU bus using one or more contactors; and

coupling the high pressure bus to the IPCU bus using one or more contactors.

13, The method of claim 11, wherein the summing step further comprises the steps of:
receiving inputs from the IPCU, LP generator and the HP generator at one or more
distribution control units (DCUs); and

controliing the one or more contactors using the one or more DCUs,

14. The method of ¢laim 15, wherein the one or more contactors further comprise bi-

directional solid state, high power contactors,

15. The method of claim 9, wherein the aircraft is operated as an open loop system.

16. The method of claim 9, further comprising the step of:
storing power generated by at least one of the engine and the IPCU in one or more energy

storage devices.



WO 2016/200601 PCT/US2016/033907

1/4
Fig. 1
Prior Art
f_126 rf134 132)
LP Lp
GeU =
GEN 124 130 Bus
HP HP
ST/GEN cu Bus
%\L L\\‘
e
~ = 128
NS

140~

(415

FU
Bus

Avionics
Cooler HX

o Avionics
Conling
120

118



PCT/US2016/033907

WO 2016/200601
2/4
Fig. 2
Prior Art
/,_126 ~134 132)
LP Lp
GCU
GEN Bus
124 ~130 s
HP i HP
steeny ] U Bus
A Ng Q
—— 128
\ 7
wa—'—/&/
144
140, 150
ﬂ%ﬁ:%
102~
\EPCE
Avionics ~114
Cooler HX

5 Avionics
Coaling



WO 2016/200601 PCT/US2016/033907

300, Fig. 3

e
1267 1347 1327
= LP
GEN e "1 Bus
124 180 a0}
J 4 \ L
o = Power
HP ; - Sum
STIGEN o Control
’Q’\.{"*\h —_ E 15y |
7 5 Py
12& \\\ﬁ 2 "] Bus
; | 1304 !
b Power
//E : E Sum
/T Lo Control
tiel HP
§ Bus
140 é 128)

Avionics
Cooler HX

” Pt
b —120 Avionics
Cooling




PCT/US2016/033907

WO 2016/200601

4/4

400

AVRN

124

106

HP
S$TiGen

=
- @
=
o3

114

134

DCU -4 CSU

@ &
2 <t
/r /I.S
2 = <
- o ©
o [ Iﬁw
.M [}
:
= 5 o~
5 V< o~
& ~F
8
=2 3
<3 |
Sy
2] =
— [
faa] [
\M Y
§
i
[ . a2 @D
5%
=]
e L a. 5
<
0\\4 \
= <
N
f
oo
&
<
= -~ E
@ S

e L




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/033907

A. CLASSIFICATION OF SUBJECT MATTER

INV. B64D41/00 B64C13/06
ADD. B64D13/06

According to International Patent Classification (IPC) or ta both national classification and IPC

B. FIELDS SEARCHED

B64D Bb64C

Minimum documentation searched {classffication system followed by claesffization symbols)

Dooumentation searched other than minimum deoumentation to the extent that such doouments are included in the fields searohed

EPO-Internal, WPI Data

Electronic data base consulted during the intemational search (name of date base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

9 May 2013 (2013-05-09)
figures 1, 2, 3

MICHALKO RODNEY G [CA])
2 March 2006 ({2006-03-02)
the whole document

paragraph [6019] - paragraph [0022]
paragraph [0050] - paragraph [0051]

A WO 2006/024005 A2 (HONEYWELL INT INC [US];

X US 20137111917 Al (HO YUHANG [US] ET AL) 1-16

2,4-8,
10-13,
15,16

D Further documents are listed inthe continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

'E" eatlier application or patent but published on or after the international
filihg date

"L" documentwhich may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

'"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

“T" later document published after the international filing date or priority
date and not in conflictwith the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or sannot be considered to inveolve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannct be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a persan skilled in the art

'&" document member of the same patent family

Date of the actual completion of the interational search

4 August 2016

Date of mailing of the international search report

23/08/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Talvitie, Risto

Form PCT/ASAZ10 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent famlly members

International application No

PCT/US2016/033907
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2013111917 Al 09-05-2013  NONE
W0 2006024005 A2 02-03-2006  EP 1792379 A2 06-06-2007
EP 2228881 A2 15-09-2010
US 2006061213 Al 23-03-2006
WO 2006024005 A2 02-03-2006

Form PCT/SA210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report

