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PRECONDITIONED AIR UNIT WITH preconditioned air unit are varied to control the at least one 
VARIABLE FREQUENCY DRIVING compressor in accordance with the current cooling require 

ment . Preferably , the variable frequency driver keeps the 
RELATED APPLICATIONS ratio between the output voltage and the frequency substan 

5 tially constant to maintain a high motor torque throughout 
The present application is national phase of PCT / IB2010 / the entire output frequency range . In this way , each of the at 

051189 filed on Mar . 18 . 2010 and claims priority from least one refrigeration systems may operate continuously , 
Danish Application Number PA 2009 00392 filed Mar . 20 , i . e . the output voltage and frequency of the variable fre 
2009 . quency driver may be adjusted to levels required by the at 

10 least one compressor in order for it to cool the airflow 
BACKGROUND interacting with the respective at least one evaporator in 

accordance with a control setting . This increases the life 
The present invention related to a preconditioned air unit time and decreases power consumption of the at least one 

supplying preconditioned air , i . e . heated air or cooled air , to refrigeration system as compared to conventional on / off 
an aircraft parked on the ground . 15 control . 

On the ground , an aircraft typically uses the auxiliary Further , the maximum capacity of a compressor driven by 
power unit engine ( APU ) to drive air - conditioning equip a variable frequency driver may be increased as compared to 
ment to cool or heat the aircraft cabin to a temperature that the same compressor supplied directly from the mains 
is comfortable for passengers . However , operation of the supply . For example , supplying a compressor with a supply 
APU has a high cost in terms of jet fuel consumption , 20 voltage with a 75 Hz output frequency increases the cooling 
generated acoustic noise , CO . sub . 2 emissions , etc . For capacity of the compressor by 50 % over the same compres 
example , the APU of an A320 aircraft consumes app . 1601 sor supplied directly from the mains supply in Europe . 
fuel per hour . In addition to the general air pollution , the Preferably , the controller of the variable frequency driver 
consumption of one liter of jet fuel leads to emission of 2 . 5 ( in the following denoted “ VFD - controller ” ) is capable of 
kg CO . sub . 2 into the atmosphere and thus , the APU emits 25 controlling the variable frequency driver to output a variable 
app . 400 kg CO . sub . 2 per operational hour . output frequency , e . g . ranging from 0 Hz to the maximum 

In order to avoid running the APU on the ground , pre - rating of the compressor whereby the one or more compres 
conditioned air units have been provided for supplying the sors supplied from the variable frequency driver may be 
required preconditioned air to the parked aircraft . The pre - controlled for provision of variable cooling capacity , e . g . in 
conditioned air units are powered from the mains supply 30 response to the temperature and flow rate of the air flow in 
made available at the airport in question . the flow duct . 

Cost , efficiency , flexibility , and serviceability remain an Aplurality of variable frequency drivers may be provided 
issue in known preconditioned air units . for power supply of respective compressors , e . g . each of the 

compressors may be powered from a separate variable 
SUMMARY OF THE INVENTION 35 frequency driver that may individually control and possibly 

adjust the cooling capacity of the respective compressor . 
A new preconditioned air unit is provided for supplying Each variable frequency driver may be located in any 

preconditioned air to an aircraft parked on the ground . The suitable position in the housing suitably connected for power 
new preconditioned air unit has a housing with walls defin - supply of the required one or more compressors . 
ing a flow duct with an air inlet for intake of ambient air to 40 The preconditioned air unit may further comprise at least 
be conditioned to a low temperature , typically a temperature one condenser fan for generation of a condenser airflow 
in the range from - 5 . degree . C . to + 5 . degree . C . , and an air interacting with the at least one condenser of the at least one 
outlet for connection to the parked aircraft , e . g . with one or refrigeration system thereby increasing the heat removal 
more hoses , for supplying the conditioned air to the parked capacity of the at least one condenser . 
aircraft . To prevent cooling losses , the outer walls of the 45 Each of the at least one condenser fan may be located in 
flow duct may be provided with a layer of heat insulation any suitable position in the housing for provision of a 
material . condenser air flow within the housing . Each of the at least 

The preconditioned air unit further comprises a blower one condenser fan may be located adjacent an air outlet in 
accommodated in the housing and connected with the flow the housing for generation of a condenser air flow out 
duct for generation of an air flow from the air inlet toward 50 through the outlet , and each of the at least one condenser 
the air outlet . The blower is preferably a highly efficient may be located adjacent an air inlet for interaction with the 
centrifugal fan . The blower is preferably mounted with generated condenser airflow at ambient temperature . Obvi 
vibration dampers and attached with flexible connections to ously , the direction of the condenser air flow may be 
the flow duct . reversed although in this case the condenser air flow may be 

The new preconditioned air unit further comprises at least 55 heated by internal components within the housing before 
one refrigeration system , each of which comprises at least interacting with the at least one condenser . 
one compressor , at least one condenser , at least one expan - At least one of the at least one condenser fan may be 
sion valve , and at least one evaporator connected in a powered from a variable frequency driver . In a conventional 
refrigerant flow circuit containing a refrigerant . preconditioned air unit , the condenser fan is supplied from 

At least one compressor of the at least one refrigeration 60 the mains supply , i . e . with an AC voltage of 50 Hz in Europe 
system may be powered from a variable frequency driver . In and 60 Hz in USA , and thus , the condenser fan performance 
a conventional preconditioned air unit , the compressor is is locked to the frequency of the mains supply . Advanta 
supplied from the mains supply , i . e . with an AC voltage of geously , the VFD controller is capable of varying the output 
50 Hz in Europe and 60 Hz in USA . Thus , the maximum voltage and frequency of the variable frequency driver in 
capacity of the compressor is determined by the frequency 65 order to control the at least one condenser fan in accordance 
of the mains supply . Advantageously , the output voltage and with the current operational requirements , such as current 
frequency of the variable frequency driver in the new pressure within the at least one condenser , efficiency , etc . 
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Preferably , the variable frequency driver keeps the ratio control from the passenger boarding bridge , or , may be 
between the output voltage and the frequency substantially transmitted from the building management system of the 
constant to maintain a high motor torque throughout the airport , etc . 
entire output frequency range . The output frequency may The central controller may further be connected with 
range from 0 Hz to the maximum rated frequency of the at 5 some or all of the VFD - controllers of the preconditioned air 
least one condenser fan . A plurality of variable frequency unit for individual control of the VFD - controllers . For 
drivers may be provided for power supply of respective example , if the preconditioned air unit comprises a plurality 
condenser fans , e . g . each of the condenser fans may be of refrigeration systems , the central controller may output an 
powered from a separate variable frequency driver that may individual temperature setting to the VFD - controllers of 
individually control and possibly adjust the cooling capacity 10 each of the refrigeration systems , and , in response to the 
of the respective condenser fan by control of the condenser individual temperature setting , each of the VFD - controllers 
air flow rate generated by the condenser fan . controls the cooling capacity of the respective at least one 

Each variable frequency driver may be located in any compressor to adjust the temperature of the airflow having 
suitable position in the housing suitably connected for power interacted with the corresponding at least one evaporator as 
supply of the required one or more condenser fans . 15 required . 

The preconditioned air unit may further comprise a vari - Further , each of the refrigeration systems may be config 
able frequency driver connected for electrical power supply u red for failure detection so that , in the event that one of the 
of the blower . Advantageously , the VFD controller is refrigeration systems fails , the failing cooling refrigeration 
capable of varying the output voltage and frequency of the system may transmit a failure signal to the central controller 
variable frequency driver in order to control the blower in 20 and may shut down if required . In response to the failure 
accordance with the current operational requirements , pri - signal , the central controller may operate to automatically 
marily the amount of air allowed to be received in the type adjust the required amount of cooling among the remaining 
of aircraft currently connected to preconditioned air unit . properly operating refrigeration systems of the precondi 
Preferably , the variable frequency driver keeps the ratio tioned air unit . 
between the output voltage and the frequency substantially 25 The central controller may be interfaced with some or all 
constant to maintain a high motor torque throughout the of the VFD - controllers and possibly other controlled 
entire output frequency range . The output frequency may devices , such as an SCR module controlling a heater in the 
range from 0 Hz to the maximum rated frequency of the flow duct , with a data and control bus , such as the CAN bus . 
blower . The preconditioned air unit may further have a rectifier 

The new preconditioned air unit may comprise a main 30 connected to the mains supply input of the preconditioned 
unit and one or more self - contained cooling modules air unit for generation of a power DC voltage supply for 
mounted in the main unit . The main unit includes the supplying the variable frequency drivers . 
housing having a plurality of compartments for receiving In order to suppress distortion and pollution of the mains 
and holding the self - contained cooling modules . Each of the supply , the rectifier circuit may comprise a 12 - pulse rectifier , 
self - contained cooling modules comprises at least one of the 35 or a 18 - pulse rectifier , or a 24 - pulse rectifier , etc . 
at least one refrigeration systems . The preconditioned air unit may share a mains power 

Each of the at least one refrigeration system operates in outlet with other equipment at the parked aircraft , such as , 
accordance with well - known refrigerator principles and with a ground power unit , a cable coil , vehicle chargers , etc . In 
a well - known refrigerant , such as R134a with low global order to lower the peak power requirement of the shared 
warming potential . 40 mains power outlet , the preconditioned air unit may com 

The at least one evaporator of the at least one refrigeration prise a power sharing control input for control of precondi 
system is mounted in the housing of the preconditioned air tioned air unit power consumption . The power sharing 
unit for interaction with the airflow in the flow duct for control input may for example be operated to lower the 
cooling of the air flow . For example , a cooling surface of the preconditioned air unit power consumption during high load 
at least one evaporator may be positioned inside the flow 45 operation of the ground power unit , e . g . by lowering the 
duct for direct contact across a large surface area with the cooling capacity provided by the preconditioned air unit 
airflow in the flow duct . when the ground power unit draws a high supply current . 
One or more VFD - controllers of the at least one refrig . The ground power unit typically only operates at maximum 

eration system may further perform data collection of load during a short period of time before push back from the 
parameter values sensed by sensors of the at least one 50 gate until it is disconnected from the air craft at which point 
refrigeration system , e . g . temperature sensors sensing tem - in time the aircraft ' s own air conditioning system takes over . 
peratures in the airflow upstream and downstream of the at Before then , the passenger cabin of the aircraft has already 
least one evaporator and of the at least one condenser , been cooled for some time and thus , again , lowering the 
pressure sensors sensing the pressure of the refrigerant in the cooling capacity for a short period of time before push back 
at least one refrigeration system , etc . 55 does not seriously diminish the overall performance of the 

Preferably , the preconditioned air unit has a central con preconditioned air unit . In general , lowering the cooling 
troller that is configured for controlling the operation of the capacity for short periods of time does not seriously dimin 
preconditioned air unit . The central controller may be con - ish the overall performance of the preconditioned air unit . 
nected to a user interface for reception of user commands The preconditioned air unit may be mounted underneath 
from a user and for outputting messages to the user . The 60 or on top of a passenger boarding bridge and move freely 
preconditioned air unit may comprise at least one of the with bridge actuation . Alternatively , the preconditioned air 
following : A user interface panel with input keys and a unit may be provided with pedestal legs for flexibility in 
display , a remote control , a computer interface , a network preconditioned air unit location at an apron or in a hangar . 
interface , a loudspeaker , etc . For example , one of the pri - A plurality of the new preconditioned air units may be 
mary user entries specifies the type of aircraft to be supplied 65 interconnected for supplying preconditioned air to a parked 
by the preconditioned air unit . This information may be aircraft in cooperation . Two of the new preconditioned air 
entered using entry keys of the user panel , or , using a remote units may for example be coupled in parallel in a master 
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slave configuration wherein the outputs of each of the through an easily replaceable filter 28 that is mounted across 
preconditioned air units supply a common hose that is the air inlet 22 . To prevent cooling losses , the outer walls 
connected to the parked aircraft and possibly split at the 14a , 145 , 140 , 14d , and the top wall of the flow duct are 
aircraft into two or more hoses for supplying possible provided with a 50 mm thick layer of heat insulation 
individual inputs of the aircraft for preconditioned air . The 5 material . At the bottom of the flow duct , heat insulation is 
master may control the slave in such a way that the two provided underneath a plate ( not shown ) for collection of 
preconditioned air units deliver substantially the same condensate . 
amounts of preconditioned air at substantially the same blower 30 is connected with the flow duct 20 for 
temperature to the parked aircraft . Other control principles generation of the required air flow from the air inlet 22 
may also be applied . For example , the CAN - bus of the 10 toward the air outlet 25 . In the illustrated preconditioned air 
cooperating preconditioned air units may be inter - connected unit 10 , the blower 30 is a highly efficient centrifugal fan . 
for flexibility of control sharing between cooperating units . The blower 30 is mounted with vibration dampers and 

attached with flexible connections to the flow duct 20 . The 
BRIEF DESCRIPTION OF THE DRAWINGS flow duct 20 is dimensioned for low air speed in order to 

15 prevent free moist carry - over . 
The above and other features and advantages of the An optional heater 32 is mounted in the flow duct 20 

present invention will become more apparent to those of allowing the preconditioned air unit 10 to heat ambient air 
ordinary skill in the art by describing in detail exemplary in case of low ambient air temperatures . 
embodiments thereof with reference to the attached draw - As most clearly shown in FIG . 2 , the illustrated precon 
ings in which : 20 ditioned air unit 10 has four similar compartments 34 for 

FIG . 1 shows a preconditioned air unit from above with receiving and holding four respective , identical self - con 
the top removed , tained cooling modules 36 . 

FIG . 2 shows a preconditioned air unit in perspective with As shown in FIG . 3 , each of the self - contained cooling 
two self - contained cooling modules withdrawn from their modules 36 comprises a refrigeration system including a 
respective compartments , 25 compressor 38 , a condenser 40 , an expansion valve 42 , and 

FIG . 3 shows a self - contained cooling module in perspec an evaporator 44 connected in series in a refrigerant flow 
tive , circuit containing a refrigerant selected in accordance with 

FIG . 4 illustrates handling of a self - contained cooling the expected high end ambient temperature of the airport in 
module with a fork lift truck , question , e . g . R134a selected for operation at high end 

FIG . 5 shows a preconditioned air unit in perspective 30 ambient temperatures around 40 . degree . C . The refrigerant 
ready for mounting , flow circuit forms a closed and sealed loop . Each of the 

FIG . 6 is a block diagram showing the electrical inter self - contained cooling modules 36 operates in accordance 
connections of various modules and subassemblies of the with well - known refrigerator principles . 
preconditioned air unit , Each of the self - contained cooling modules 36 can be 

FIG . 7 shows the user interface panel of the precondi - 35 installed in the housing 12 of the main unit without inter 
tioned air unit , fering with the refrigeration system of the module 36 so that 

FIG . 8 shows another preconditioned air unit from above assembly and possible disassembly of self - contained cool 
with the top removed , and ing modules 36 in the preconditioned air unit housing 12 can 

FIG . 9 shows two preconditioned air units coupled in be performed by persons without specific skills in the field 
parallel in a master - slave configuration . 40 of refrigeration systems . The self - contained cooling mod 

ules 36 may be manufactured at one site particularly suitable 
DESCRIPTION for manufacturing of refrigeration systems for subsequent 

integration with housings 12 of the main unit at a separate 
The present invention will now be described more fully site particularly suitable for manufacturing of airport ground 

hereinafter with reference to the accompanying drawings , in 45 equipment in general thereby increasing manufacturing flex 
which exemplary embodiments of the invention are shown . ibility and decreasing manufacturing cost of the precondi 
The invention may , however , be embodied in different forms tioned air unit 10 . Further , the self - contained cooling module 
and should not be construed as limited to the embodiments 36 may be stored as a spare part including the refrigerant , 
set forth herein . Rather , these embodiments are provided so whereby repair of a preconditioned air unit without having 
that this disclosure will be thorough and complete , and will 50 to perform the cumbersome task of emptying the precondi 
fully convey the scope of the invention to those skilled in the tioned air unit for refrigerant is made possible . 
art . The power supply , control circuitry , and user interface of 

FIG . 1 shows a top view of an exemplified embodiment the preconditioned air unit 10 allows the preconditioned air 
of the new preconditioned air unit 10 for supplying precon - unit 10 to operate with any number of self - contained cooling 
ditioned air to an aircraft parked on the ground . The pre - 55 modules 36 installed , i . e . the illustrated preconditioned air 
conditioned air unit 10 has a main unit with a housing 12 unit 10 may operate with a single self - contained cooling 
with walls 14a , 145 , 140 , 140 , 160 , 166 , 18 , besides top and module 36 installed in an arbitrarily selected compartment 
bottom walls ( not shown ) defining a flow duct 20 . Ambient 34 ; or , with two self - contained cooling modules 36 installed 
air enters the flow duct 20 through an air inlet 22 in a side in respective arbitrarily selected compartments 34 ; or , with 
wall 24 of the housing 12 . The flow duct 20 is folded inside 60 three self - contained cooling modules 36 installed in respec 
the housing 12 so that walls 16a , 16b separate the flow duct tive arbitrarily selected compartments 34 ; or with four 
into two parts with air flowing in opposite directions during self - contained cooling modules 36 installed in respective 
operation of the preconditioned air unit 10 . The side wall compartments 34 . In this way , a product line of precondi 
also has an air outlet 25 for connection to the parked aircraft , tioned air units 10 is provided making four different pre 
e . g . with one or more hoses , for supplying the conditioned 65 conditioned air units 10 available with different cooling 
air to the parked aircraft . The direction of the air flow is capacities based on the same components . This lowers 
illustrated by arrows 26a , 266 , 260 , 260 , 26e . Air is aspirated manufacturing cost by lowering purchase cost per compo 
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nent , and storage and handling cost both per component and shown ) and integrated condensate pump ( not shown ) ensure 
per finished preconditioned air unit 10 . Further , a precon - that the condensation moisture is removed in a controlled 
ditioned air unit 10 already in use in an airport with less than way . 
four self - contained cooling modules 36 installed may be The cooling air leaves the illustrated preconditioned air 
upgraded on site by installing one or more self - contained 5 unit through one or two 14 " hoses . 
cooling modules 36 in empty compartments 34 . Each of the compressors 38 of the self - contained cooling 

Preferably the self - contained cooling modules 36 are modules 36 may be powered from a variable frequency 
removably installed in the housing 12 of the main unit driver 46 also located in the respective self - contained cool 

ing module 36 . In a conventional preconditioned air unit , the facilitating separation of an installed self - contained cooling 
module from the housing 12 , e . g . utilizing screws , nuts and 10 compressor is supplied from the mains supply , i . e . with an 

AC voltage of 50 Hz in Europe and 60 Hz in USA . Thus , the bolts for fastening each of the self - contained cooling mod capacity of the compressor is limited by the frequency of the ules 36 to the housing 12 and utilizing electrical connectors mains supply . This limitation does not exist in the new ( not shown ) to establish the required electrical interconnec preconditioned air unit 10 . Advantageously , the variable tions between the cooling module and the housing 12 when The housing 12 when 15 frequency driver the VFD - controller is capable of varying the cooling module 36 is inserted in the housing 12 of the the output voltage and frequency of the variable frequency 
main unit 10 . driver 46 in order to control the compressor 38 in accordance 

FIG . 2 shows in perspective the preconditioned air unit of with the current cooling requirement . In the illustrated 
FIG . 1 with two self - contained cooling modules 36 with self - contained cooling modules 36 with preconditioned air unit , the variable frequency driver 46 
drawn from the housing 12 of the main unit 10 . FIG . 5 shows 20 keeps the ratio between the output voltage and the frequency 
in perspective the preconditioned air unit of FIGS . 1 and 2 substantially constant to maintain a high motor torque 
with the two self - contained cooling modules 36 inserted and throughout the entire output frequency range . 
installed in the housing 12 of the main unit 10 . The output voltage and frequency supplied by the variable 

The removability of the modules 36 enhances the service - frequency driver 46 is controlled by the VFD - controller in a 
ability of the preconditioned air unit 10 since a possible 25 way well - known in the art of variable frequency drivers . 
malfunctioning self - contained cooling module can be sepa - Preferably , the VFD - controller is capable of controlling the 
rated from the housing 12 of the main unit 10 and replaced variable frequency driver 46 to output a variable output 
with a functioning module 36 with a minimum of down time frequency , e . g . ranging from 0 Hz to the maximum rated 
of the preconditioned air unit 10 . One cooling module 36 can frequency of the compressor 38 whereby each of the com 
be replaced in approximately 20 minutes . In the event that 30 pressors 38 supplied from a respective variable frequency 
a functioning cooling module 36 is not available for substi driver 46 may be controlled for provision of variable cooling 
tution of the malfunctioning cooling module 36 , the precon - capacity . 
ditioned air unit 10 will continue operation with the remain - Each of the self - contained cooling modules has tempera 
ing cooling modules 36 , i . e . the preconditioned air unit 10 ture sensors ( 39 in FIG . 6 ) in electrical connection with the 
remains fully operational , however with a lowered cooling 35 VFD - controller of the module 36 and mounted for sensing 
capacity . Further , the malfunctioning module 36 can be temperatures in the air flow up - stream and down - stream of 
moved for repair at a separate site particularly suitable for the evaporator 44 and transmitting the sensed temperature 
repair of refrigeration systems . Also , the possible require values to the VFD - controller , and the VFD - controller con 
ment of dismounting and moving the entire preconditioned trols the cooling capacity of the compressor 38 in response 
air unit for repair of a cooling circuit is hereby reduced . 40 to the sensed temperatures . 
Preferably , the self - contained cooling module 36 has physi - Each of the self - contained cooling modules 36 operates 
cal dimensions suitable for movement by a fork lift truck 47 continuously , i . e . the output voltage and frequency of the 
as illustrated in FIG . 4 facilitating transportation of the variable frequency driver 46 are adjusted to levels required 
module 36 , e . g . for storage , assembly into a preconditioned by the compressor 38 in order for it to cool the airflow 
air unit 10 , and service . For example , a malfunctioning 45 having interacted with the evaporator 44 substantially to the 
module 36 can be removed from the housing 12 with a fork temperature setting . This increases the life time and 
lift truck 47 and a properly functioning module 36 can be decreases power consumption of the cooling modules 36 as 
installed in the housing 12 with a fork lift truck 47 . compared to on / off control of the compressors 38 . 

In the illustrated preconditioned air unit 10 , the evapora - The preconditioned air unit 10 further comprises two 
tor 44 of each self - contained cooling module 36 is posi - 50 condenser fans 48 mounted across apertures in the side wall 
tioned inside the flow duct 20 through a slot in the wall 14a , 50 for generation of condenser airflow causing ambient air 
146 , 140 , 14d when installed in the housing 12 of the main to enter the housing 12 through apertures in the self 
unit for optimum heat exchange with the air flow in the duct contained cooling modules 36 covered by the condensers 40 
20 . The evaporator 44 has a large number of channels for as indicated by arrows 52a - 52f for heat removal from the 
passage of the air flow in the duct 20 providing a large 55 heat exchanging surfaces of the condensers 40 . 
surface of heat exchange between the air flow and the The condenser fans 48 are powered from one variable 
refrigerant flowing inside the evaporator 44 as is well - frequency driver 54 . Advantageously , the VFD controller of 
known in the art of refrigeration systems . The slots in the the variable frequency driver 54 is capable of varying the 
walls 14a , 145 , 140 , 14d are sealed when the respective output voltage and frequency of the variable frequency 
self - contained cooling modules 36 are mounted in their 60 driver 54 in order to control the condenser fans 48 in 
operational positions in the compartments 34 . In absence of accordance with the current operational requirements , such 
a self - contained cooling module 36 , the slot is sealed with a as current pressure within the condenser ( s ) , efficiency , etc . 
cover plate . Preferably , the variable frequency driver 54 keeps the ratio 

Cooling in multiple steps as provided by a plurality of between the output voltage and the frequency substantially 
self - contained cooling modules 36 efficiently condenses the 65 constant to maintain a high motor torque throughout the 
air humidity and protects the last downstream evaporator 44 entire output frequency range . The output frequency may 
from freezing over . A stainless steel condensate pan ( not range from 0 Hz to the maximum rated frequency of the 

Dabico 
Exhibit 1001 

Page 015



US 9 , 771 , 169 B2 
10 

condenser fans . The preconditioned air unit 10 further variable frequency drivers 46 of the self - contained modules 
comprises a variable frequency driver 56 connected for 36 when installed in the respective compartments 34 . 
electrical power supply of the blower 30 . Advantageously . The filtered power DC voltage supply is further routed to 
the VFD controller of the variable frequency driver 56 is variable frequency driver 56 for power supply of the blower 
capable of varying the output voltage and frequency of the 5 30 and to variable frequency driver 54 for power supply of 
variable frequency driver 56 in order to control the blower the two condenser fans 48 . 
in accordance with the current operational requirements , The central controller 60 is based on a micro - controller 
primarily the amount of air allowed to be received in the and a digital signal processor that cooperate to regulate , 
type of aircraft currently connected to preconditioned air supervise and diagnose possible external and internal fail 
unit . Preferably , the variable frequency driver 56 keeps the 10 ures . In addition , each variable frequency driver 46 , 54 , 56 

comprises a micro - controller to perform individual control ratio between the output voltage and the frequency substan of devices connected to the variable frequency driver in tially constant to maintain a high motor torque throughout question . Further , the VFD - controller of each of the self the entire output frequency range . Preferably , the controller containing cooling modules 36 monitors the respective of the variable frequency driver 56 is capable of controlling 15 refrigeration of the variable frequency driver 50 is capable of controlling 15 refrigeration system and decreases the cooling capacity or 
the variable frequency driver 56 to output a variable output stops cooling if the refrigerant pressure is too low or too 
frequency , e . g . ranging from 0 Hz to the maximum rated high . 
frequency of the blower whereby the blower 30 supplied The central controller 60 automatically adjusts the cooling 
from the variable frequency driver 56 may be controlled for performed by the preconditioned air unit 10 to the selected 
provision of variable flow rate of the air flow in the flow duct 20 type of aircraft , the ambient temperature , the humidity , the 
20 , e . g . in response to a user control command , e . g . the type cabin temperature , the outgoing airflow from the precondi 
of aircraft . tioned air unit 10 , etc . 

The preconditioned air unit 10 has a central controller 60 The central controller 60 and the variable frequency 
that is configured for controlling the operation of the pre - drivers 46 , 54 , 56 , and the SCR module 70 controlling the 
conditioned air unit 10 . The central controller 60 is con - 25 heater 32 are interfaced with a data and control bus , which 
nected with the user interface panel 58 for reception of user in the illustrated example is the CAN bus . 
commands and for outputting messages to the user , e . g . on The preconditioned air unit 10 may share a mains power 
a display of the user interface panel 58 , by a loudspeaker of outlet with other equipment at the parked aircraft , such as a 
the user interface , etc . ground power unit , a cable coil , vehicle battery chargers , etc . 

The central controller 60 is connected with all of the 30 In order to lower the peak power requirement of the shared 
VFD - controllers of the preconditioned air unit 10 for indi - mains power outlet , the preconditioned air unit 10 comprises 
vidual control of the VFD - controllers . For example , the a power sharing control input ( not shown ) for control of 
central controller outputs an individual temperature setting preconditioned air unit 10 power consumption . The power 
to each of the VFD - controllers of the preconditioned air unit sharing control input may for example be operated to lower 
10 , and , in response to the individual temperature setting , 35 the preconditioned air unit 10 power consumption during 
each of the VFD - controllers controls the cooling capacity of high load operation of the ground power unit , e . g . by 
the respective compressor 38 to adjust the temperature of the lowering the cooling capacity provided by the precondi 
airflow having interacted with the corresponding evaporator tioned air unit 10 during high load ground power unit 
44 as required . Further , in the event that one of the installed operation The ground power unit typically only operates at 
self - contained cooling modules 36 fails , the failing cooling 40 maximum load during a short period of time before push 
module transmits a failure signal to the central controller 60 back from the gate until it is disconnected from the air craft 
and shuts down if required . In response to the failure signal , at which point in time the aircraft ' s own air conditioning 
the central controller 60 operates to automatically adjust the system takes over . Before then , the passenger cabin of the 
required amount of cooling among the remaining properly aircraft has already been cooled for some time and thus , 
operating self - contained cooling modules 36 of the precon - 45 lowering the cooling capacity for a short period of time 
ditioned air unit 10 . before push back does not seriously diminish the overall 

FIG . 6 is a block diagram showing the electrical inter performance of the preconditioned air unit 10 . In general , 
connections of various modules and subassemblies of the lowering the cooling capacity for short periods of time does 
preconditioned air unit 10 . not seriously diminish the overall performance of the pre 

The illustrated preconditioned air unit 10 has a 12 - pulse 50 conditioned air unit 10 . 
rectifier 62 connected to a mains supply input 64 of the FIG . 7 shows the user interface panel 58 of the precon 
preconditioned air unit 10 for generation of a power DC ditioned air unit 10 . The user interface panel 58 includes an 
voltage supply . Using variable frequency drivers may gen - LCD display 72 viewable in all weather conditions and 
erate harmonic distortion of the mains input . To minimize displaying all relevant operational data . The display pro 
distortion of the mains input , the three phases of the mains 55 vides information at different levels : In a default mode , the 
are transformed into six phases which are rectified in the display shows the status of the preconditioned air unit 10 , 
non - regulated 12 - pulse full bridge rectifier 62 . The combi such as aircraft type , cabin temperature , etc . In an alarm 
nation of the 12 - pulse rectifier 62 , the related transformer 66 mode , the display shows type of alarm and alarm history . In 
and the input filter 68 reduce harmonic feedback into the a setup mode , the display shows various parameters that may 
mains to a minimum . Further , the 12 - pulse rectifier 62 60 be adjusted . 
includes soft start circuitry that limits the inrush current . Still The preconditioned air unit includes digital input / output 
further , utilization of the 12 - pulse rectifier 62 results in a ports , such as galvanic isolated RS485 port , TCP / IP Ethernet 
high input power factor , i . e . a power factor that is larger than port , etc , for remote control of the preconditioned air unit 10 
0 . 8 ; for example 0 . 96 , which in turn results in a reduced and monitoring including data dump for service tasks . 
input mains current . 65 The preconditioned air unit 10 may be mounted under 

The filtered power DC voltage supply is routed to each of neath or on top of an apron drive bridge and move freely 
the compartments 34 for power supply of each of the with bridge actuation . Alternatively , the preconditioned air 
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unit 10 may be provided with pedestal legs for flexibility in hoses 76 , 78 for supplying corresponding individual inputs 
preconditioned air unit location for fixed bridge and hangar of the aircraft for preconditioned air . The master 10a may 
applications . control the slave 106 in such a way that the two precondi 

Other preconditioned air units may be provided within the tioned air units deliver substantially the same amounts of 
scope of the appended claims . For example , other precon - 5 preconditioned air at substantially the same temperature to 
ditioned air units may be provided that are not modular . the parked aircraft . 
Also , preconditioned air units may be provided with differ - The invention claimed is : 
ent numbers of refrigeration systems , such as 1 , 2 , 3 , 4 , 5 , 6 , 1 . A preconditioned air unit for supplying preconditioned 
7 , 8 , 9 , 10 , etc . , refrigeration systems . air to an aircraft parked on the ground , the preconditioned air 

In the example illustrated in FIGS . 1 , 2 , 4 , 5 , and 6 , the 10 unit comprising a housing accommodating a flow duct with 
refrigeration systems operate in a series . Other precondi an air inlet for ambient air and an air outlet for connection 
tioned air units may be provided with refrigeration systems to the parked aircraft , a blower connected with the flow duct 
operating in parallel ; or with refrigeration systems operating for generation of an air flow from the air inlet toward the air 
both in parallel and in series . outlet , 

For example , FIG . 8 shows a top view of a new precon - 15 a plurality of refrigeration systems , each of which 
ditioned air unit 10 with two sets of self - contained cooling includes 
modules 36a , 36b , and 36c , 36d . Within each set , the at least one compressor , 
self - contained cooling modules operate in parallel , and the at least one condenser , 
two sets of self - contained cooling modules operate in series at least one expansion valve , 
for supplying preconditioned air to an aircraft parked on the 20 at least one evaporator connected in a flow circuit con 
ground . taining a refrigerant , and wherein the at least one 

The preconditioned air unit 10 shown in FIG . 8 has a main evaporator interacts with the air flow in the flow duct , 
unit with a housing 12 with walls 14a , 146 , 140 , 14d , 18a , 
18b besides top and bottom walls ( not shown ) defining a at least one variable frequency driver for power supply of 
flow duct 20 . Ambient air enters through an air inlet 22 in a 25 the at least one compressor , and a central controller that 
side wall 24 of the housing 12 . Air is aspirated through an is configured for controlling the operation of the pre 
easily replaceable filter 28 that is mounted across the air inlet conditioned air unit including variable frequency driv 
22 . An optional heater 32 is mounted at the air inlet 22 ers of the plurality of refrigeration systems , 
allowing the preconditioned air unit 10 to heat ambient air wherein the central controller has a power sharing control 
in case of low ambient air temperatures . 30 input for control of the preconditioned air unit power 

A blower 30 is connected with the flow duct 20 for consumption . 
generation of the required air flow from the air inlet 22 2 . A preconditioned air unit for supplying preconditioned 
toward the air outlet 25 . In the illustrated preconditioned air air to an aircraft parked on the ground , the preconditioned air 
unit 10 , the blower 30 is a highly efficient centrifugal fan . unit comprising a housing accommodating 
The blower 30 is mounted with vibration dampers and 35 a flow duct with an air inlet for ambient air and an air 
attached with flexible connections to the flow duct 20 . The outlet for connection to the parked aircraft , 
flow duct 20 is dimensioned for low air speed in order to a blower connected with the flow duct for generation of an 
prevent free moist carry - over . air flow from the air inlet toward the air outlet , 

The flow duct 20 has a manifold 21 for expanding the a plurality of refrigeration systems , each of which 
airflow for passage of the condensers 40 operating in par - 40 includes 
allel . The direction of the air flow is illustrated by arrows at least one compressor , 
26a , 266 , 260 , 260 , 26e . To prevent cooling losses , the outer at least one condenser , 
walls 14a , 145 , 14c , 14d , 18a , 18b including the top wall of at least one expansion valve , 
the flow duct are provided with a 50 mm thick layer of heat at least one evaporator connected in a flow circuit 
insulation material . At the bottom of the flow duct , heat 45 containing a refrigerant , and wherein the at least one 
insulation is provided underneath a plate ( not shown ) for evaporator interacts with the air flow in the flow 
collection of condensate . duct , and 

The illustrated preconditioned air unit 10 has four similar at least one variable frequency driver for power supply 
compartments 34 for receiving and holding four respective of the at least one compressor , and 
self - contained cooling modules 36 . It should be noted that 50 a central controller that is configured for controlling the 
parallel self - contained cooling modules to the left and right operation of the preconditioned air unit including vari 
in FIG . 8 have different lay - outs with corresponding com able frequency drivers of the plurality of refrigeration 
ponents positioned differently with respect to each other in systems , 
order to obtain the resulting configuration illustrated in FIG . wherein the central controller automatically adjusts the 
8 . Evaporator geometries of parallel operating self - con - 55 cooling performed by the preconditioned air unit 
tained modules also differ since the air flow passes the according to at least one of : the selected type of 
respective evaporators in opposite directions with respect to aircraft , the ambient temperature , the humidity , the 
the refrigeration circuit . cabin temperature , or the outgoing airflow from the 

The remaining components and the operation of the preconditioned air unit . 
preconditioned air unit 10 illustrated in FIG . 8 are already 60 3 . A preconditioned air unit according to claim 2 , wherein 
explained in connection with the preconditioned air unit the housing further accommodates at least one condenser fan 
illustrated in the previous Figures and are not repeated here . positioned for generation of an airflow interacting with at 

FIG . 9 shows two of the new preconditioned air units 10a , least one of the condensers of the plurality of refrigeration 
10b coupled in parallel in a master - slave configuration . The systems . 
air outlets 25a , 25b of each of the preconditioned air units 65 4 . A preconditioned air unit according to claim 2 , wherein 
10a , 10b are connected with a common hose 74 . Proximate the housing further accommodates at least one variable 
the parked aircraft , the common hose 74 is split into two frequency driver connected for power supply of at least one 
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condenser fan for generation of an airflow interacting with the central controller is further configured to automati 
at least one of the condensers of the plurality of refrigeration cally adjust the required amount of cooling among the 
systems . remaining properly operating refrigeration systems of 

5 . A preconditioned air unit according to claim 2 , wherein the plurality of refrigeration systems in response to the 
the housing further accommodates a variable frequency 5 failure signal . 
driver connected for electrical power supply of the blower . 16 . A preconditioned air unit for supplying preconditioned 

6 . A preconditioned air unit according to claim 2 , wherein air to an aircraft parked on the ground , the preconditioned air 
at least one variable frequency driver has a controller that is unit comprising a housing accommodating 
configured for variation of the output frequency of the at a flow duct with an air inlet for ambient air and an air 

10 outlet for connection to the parked aircraft , least one variable frequency driver . 
7 . A preconditioned air unit according to claim 6 , wherein a blower connected with the flow duct for generation of an 

the controller is configured for variation of the output air flow from the air inlet toward the air outlet , 
frequency of the at least one variable frequency driver above a plurality of refrigeration systems , each of which 
the frequency of the mains supply of the preconditioned air includes 
unit . 15 at least one compressor , 

8 . A preconditioned air unit according to claim 6 , wherein at least one condenser , 
the controller is configured for variation of the output at least one expansion valve , 
frequency of the at least one variable frequency driver above at least one evaporator connected in a flow circuit 
the frequency of the mains supply of the preconditioned air containing a refrigerant , and wherein the at least one 

unit . evaporator interacts with the air flow in the flow 
duct , and 9 . A preconditioned air unit according to claim 2 , wherein at least one variable frequency driver for power supply the housing further accommodates a rectifier connected to a 

mains supply input of the air unit for generation of a power of the at least one compressor , and 
DC voltage supply . a central controller that is configured for controlling the 

10 . A preconditioned air unit according to claim 9 , 25 operation of the preconditioned air unit including vari 
wherein the rectifier is selected from the group consisting of able frequency drivers of the plurality of refrigeration 
a 12 - pulse rectifier , an 18 - pulse rectifier , and a 24 - pulse systems , 
rectifier . wherein each refrigeration system of the plurality of 

11 . A preconditioned air unit according to claim 2 , further refrigeration systems is configured for failure detec 
comprising at least one of : a user interface panel with input 30 tion so that , in the event that one of the refrigeration 
keys and a display , a remote control , a computer interface , systems fails , the failing refrigeration system trans 

a network interface , or a loudspeaker . mits a failure signal to the central controller . 
12 . A preconditioned air unit according to claim 2 , further 17 . A preconditioned air unit according to claim 16 , 

comprising a heater in the flow duct . wherein the central controller is further configured to auto 
13 . A preconditioned air unit according to claim 2 . 35 matically adjust the required amount of cooling among the 

wherein the central controller has a power sharing control otro? remaining properly operating refrigeration systems of the 
input for control of the preconditioned air unit power plurality of refrigeration systems in response to the failure 
consumption . signal . 

14 . A preconditioned air unit according to claim 2 , 18 . A preconditioned air unit according to claim 16 , 
wherein each refrigeration system of the plurality of refrig - 40 40 wherein at least one variable frequency driver has a con 
eration systems is configured for failure detection so that , in troller that is configured for variation of the output fre 
the event that one of the refrigeration systems fails , the quency of the at least one variable frequency driver . 
failing refrigeration system transmits a failure signal to the 19 . A preconditioned air unit according to claim 18 , 
central controller . wherein the controller of the variable frequency driver is 

15 . A preconditioned air unit according to claim 2 . 45 further configured for adjustment of the output frequency in 
wherein : response to a sensor output connected to the controller . 

at least one variable frequency driver has a controller that 20 . A preconditioned air unit according to claim 18 , 
is configured for variation of the output frequency of wherein the central controller is connected to at least one 
the at least one variable frequency driver ; controller of at least one voltage frequency driver . 

the controller is configured for variation of the output 50 50 21 . A preconditioned air unit according to claim 16 , 
wherein at least one variable frequency driver keeps the ratio frequency of the at least one variable frequency driver 

above the frequency of the mains supply of the pre between the output voltage and the frequency substantially 
conditioned air unit ; constant to maintain a high motor torque throughout the 

at least one variable frequency driver is configured to entire output frequency range . 
keep the ratio between the output voltage and the 55 the 55 22 . A preconditioned air unit according to claim 16 , 

wherein the central controller is further configured to auto frequency substantially constant ; 
each refrigeration system of the plurality of refrigeration matically adjust the required amount of cooling among the 

systems is configured for failure detection so that , in the remaining properly operating refrigeration systems of the 
event that one of the refrigeration systems fails . the plurality of refrigeration systems in response to the failure 
failing refrigeration system transmits a failure signal to 60 sig 
the central controller ; and * * * 
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