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DESCRIPTION

Air Start Unit for Starting and Servicing Jet Engines in Aircraft

The present invention concerns an air start unit for starting and servicing jet engines of aircraft
and other flying machines and at least for temporary air conditioning of flying machines. Such

an air start unit is required to supply compressed air for starting the turbines or jet engines.

A et engine must be accelerated to a certain revolution rate for starting before the self-propul-
sion of the jet engine can begin. In the normal case, the jet engine must be accelerated to a
revolution rate of about 15 to 20% of the maximum revolution rate for this. Such an acceleration
usually occurs with the aid of an on-board starter (Auxiliary Power Unit, APU). However, if said
starter fails or is unusable or disadvantageous for ecological and/or economic reasons, a So-
called external, mobile air start unit (Air Start Unit, ASU) can be used to enable the jet engine
to start. Moreover, air start units are used in part to save or reduce servicing costs of on-board

starters.

Previous ASUs consist of a fuel-powered gas turbine or of a compressor driven by a diesel
engine which provide compressed air by removing part of the compressed air flow so that the
jet engine can be started. As well as for starting the engine, such an air start unit may also be

required for servicing an engine and/or for air conditioning an aircratt.

Because of stricter legislation in the area of emissions, heat and energy consumption, it is
necessary to develop such existing air start units correspondingly for lower emissions, to be

quieter and with low energy consumption.

It is already known to supply the air start unit with electrical energy for this purpose and to
produce the compressed air with the electrical energy. Such an air start unit is known from DE
20 2008 015 623 U1, for example. In this case, compressors are operated with a fuel cell that
provides electrical energy to drive the compressors.



N DK/EP 3523199 T3

However, as battery and accumulator technology has advanced so much in the meantime that
compressors can even be driven without fuel, it is the object of the present invention to enable
an air start unit that 1s directly powered by electrical energy, which has low emissions, noise

protection and low energy consumption.

This object is achieved by the features of the main claim, i.e. that the air start unit is equipped
with at least one compressor for producing compressed air and a voltage supply for supplying
electrical power consumers, in particular the electrical power consumers of the air start unit.
Furthermore, the compressor Is driven by at least one electric motor, which 1s supplied with
operating energy from a high voltage battery.

The direct voltage supplied by the high voltage battery can be converted into a single-phase
or multi-phase alternating voltage by means of at least one inverter and the electric motors are
operated thereby. Thus, d.c. motors or a.c./three-phase motors can be used as electric motors.
In this case, the inverter can set the revolution rate of the electric motor by adjusting the fre-
guency of the voltage.

This type of air start unit has the advantage that the electric motors for operating the compres-
sors are powered directly with electrical energy and thus no fuel is required for producing the
electrical energy. Owing to the electrical energy, the present air start unit has low emissions
and the energy consumption is low, because the electrical energy is used directly for operating

the compressors.

Because the technology for storing electrical energy in terms of batteries and accumulators as
energy storage i1s now so far advanced that the energy can be stored well and high efficiency
energy storage Is provided, the electrical energy can be stored Iin a high voltage battery.

The high voltage battery is preferably is implemented as a lithium-ion battery in order to be
able to briefly draw high power for operating the compressor. Starting and servicing the jet
engine only lasts a short time, so that the high power is required only briefly. For example,
drawing energy of 320 kW for a period of 2 min is necessary. However, this requirement differs
depending on the jet engine.

In a particular embodiment, furthermore a charging controller is associated with the air start
unit that controls the charging process for the high voltage battery. Electrical energy can be
supplied to said charging controller and the supplied electrical energy will then be supplied to
the high voltage battery, so that the battery stores the electrical energy. The charging controller
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IS Implemented to be able to supply the battery with different types of voltage, i.e. direct voltage
and also alternating voltage. The charging controller can also be designed so that it can be
supplied with three-phase electricity. The charging controller ensures that the supplied electri-
cal energy is transformed to a suitable voltage for the high voltage battery and the high voltage
battery is then supplied with the transformed voltage. Depending on the configuration of the
motors and the inverter, a voltage can be used for this that therefore exceeds the low voltage

limit, 1.e. exceeds 120 V.

The charging controller also ensures limiting of the charging current and monitoring of the
charge capacity of the high voltage battery. In this way the charging controller prevents too
much current from being delivered to the high voltage battery and said battery from being dam-
aged as a result. The charging controller also ensures that a fully charged battery is not
charged further and the charging current is switched off when the high voltage battery is fully
charged.

The high voltage battery supplies a high voltage (HV), by means of which the electric motors
are driven. According to the invention, at least one electric motor and at least one compressor,
which is connected downstream of the electric motor, are provided. However, more electric

motors or compressors can also be used.

The use of a three-phase motor as the electric motor is proposed, because this can be pro-
cured quite advantageously and has reasonable efficiency. However, a d.c. motor taking elec-

trical energy directly from the battery can also be used as the electric motor.

If three-phase motors are used as electric motors, in a particular exemplary embodiment the
use of inverters is provided. The inverters are disposed between the high voltage battery and
the electric motors, so that they convert the direct voltage from the high voltage batteries ac-
cording to the required alternating voltage for the electric motors. Thus for example, an inverter
can be provided that produces three-phase electricity with a 400 Volt alternating voltage from
a high voltage of 666 Volts direct voltage.

The electric motors In turn drive at least one compressor that produces the required com-
pressed air. At least one compressor is provided for producing the compressed air. However,
a plurality of compressors can also be used. If a plurality of compressors is used, these can be
operated in parallel order to produce a greater volume of compressed air. They can however
also be connected in series in order to ensure a higher pressure of the compressed air. It has
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proved to be particularly advantageous if the compressors are implemented as radial compres-

SOIS.

Besides providing compressed air for starting and servicing turbines and jet engines, air start
units according to the invention can also be used for the electrical supply of aircraft and other
flying machines. However, because the high voltage provided from the high voltage battery is
too high for the on-board power supply of an aircraft or another flying machine, for the volt-
age/electrical energy to be used by the aircraft or other flying machines the voltage/electrical
energy must first be controlled to a usable low voltage. For this purpose, in a particular exem-
plary embodiment a voltage converter is provided that converts the high voltage from the high
voltage battery to a low voltage. Said low voltage can be implemented as a direct or alternating
voltage. For example, the aforementioned high voltage could be converted from 666 Volts di-
rect voltage to 115 Volts alternating voltage at 400 Hz or even 28 V direct voltage and thereby
additionally/in parallel to embody the function of a GPU (ground power unit) with low emissions,

quieter and with low energy consumption.

The low voltage (LV) that Is provided In this way can be stored In a low voltage battery in a
particular embodiment. It Is proposed to connect a voltage supply to said battery that ensures
the supply of the aircraft and other flying machines with the low voltage. The electrical power
consumers of the air start unit are also supplied with low voltage by said voltage supply. Owing
to said design, the low voltage battery can either be charged with low voltage by the voltage
supply or even by the high voltage battery and the aforementioned voltage converter. The

voltage supply can thus either be used as an input or an output of the low voltage supply.

According to the invention, at least one compressor comprises an air inlet and at least one
compressor comprises an air outlet. If only one compressor is used it comprises an air inlet
and an air outlet. The air inlet ensures that air is fed to the compressor and the compressor
converts this into compressed air according to the invention. Said compressed air produced In
this way Is then output at the air outlet. The compressed air that Is output at the air outlet can
then be used for starting and servicing jet engines of aircraft and other flying machines.

In a particular embodiment when using a plurality of compressors, said compressors can pro-
duce compressed air in multiple stages, in which the air inlet is only fed to one compressor and
the air is then first compressed by the first compressor so that said compressed air is produced
with a defined pressure. Said produced compressed air is then fed to the next connected com-
pressor, which again compresses the already compressed air. Thus, higher pressures can be
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produced. Also, more than two compressors can be connected in series. The air outlet is then

only disposed on the last compressor of the successively connected compressors.

According to the invention, the aforementioned components can be mounted on a mounting
panel and a suitable housing can be used that encloses the entire device. The housing Is
preferably provided with sound insulation elements, so that noise from the interior of the hous-
INg Is only output to the exterior of the housing in an attenuated form. Thus, sound protection
IS Implemented. Moreover, the housing is also used for thermal isolation against high external
temperatures, radiated heat and other ambient influences such as rain and dust. Moreover, it
IS also an object of the housing to shield the operator against components carrying high volt-

ages.

The high voltage batteries can advantageously be accommodated in module frames that can
be air conditioned and preferably connected to the mounting panel in a modular manner by

means of quick release devices.

The requirements on the operating duration of the system can thus be varied customer-specit-

ically by the number of battery modules fitted.

For frictionless operation of the proposed air start unit, furthermore an air conditioning system
IS proposed that Is associated with the air start unit. Because In particular the inverter and the
high voltage battery provide the full power or capacity thereof only in a certain temperature
range, the air conditioning system ensures that the high voltage battery and the inverter can
operate In said temperature range. Thus, the proposed air conditioning system can cool but
also heat the high voltage battery and inverter components. The result is that at very low ex-
ternal temperatures the components can be correspondingly heated in order to ensure optimal
operation. Likewise, at very high ambient temperatures the components can be cooled down.

Furthermore, it Is proposed to assign an oil module to the air start unit that lubricates the mov-
able parts of the compressors. For this purpose, the oil module ensures that there is a film of
oll in the compressors, which ensures that the movable parts of the compressors, for example
the radial shafts, run with the minimum possible friction. The oil module comprises an oll res-
ervoir and a pressure system for this in order to be able to deliver oil from the oll reservoir to
the compressors. In terms of design, it must be ensured that the compressed air that is pro-
duced is delivered free of oil to the connected load. This can be done by sealing the com-
pressed air supply, for example.
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Further features of the present invention arise from the drawings. In the figures:

Figure 1: shows a perspective representation of an air start unit according to the invention,

Figure 2: shows a block diagram of an air start unit according to the invention.

In figure 1, all components of an air start unit according to the invention are shown as a per-

spective representation. For this the components are mounted on a mounting panel.

Two compressors 1 for producing compressed air are mounted on the mounting panel. An

electric motor 2 I1s associated with the compressors 1 in order to drive the compressors 1.

The electric motors 2 shown are implemented here as three-phase motors, for which reason
they are supplied with electrical energy by means of inverters 3. The inverters 3 in turn draw
the electrical energy thereof from a high voltage battery 5 that is embedded in the mounting
panel. The high voltage battery 5 now supplies the inverters 3 with high voltage (HV), for ex-
ample a direct voltage of 600 Volts. For the description of the present invention, any voltage

above the low voltage level is referred to as a high voltage.

The high voltage supplied to the inverters 3 from the high voltage battery 5 is now converted
by the inverters 3 into three-phase electricity and supplied to the electric motors 2. The electric
motors 2 in turn drive the compressors 1. A belt drive has proved advantageous here, so that

the compressors 1 are each driven by the motors 2 by means of a respective belt drive.

In order to be able to charge the high voltage battery 5, a charging controller 4 is shown that
comprises electrical connectors in order to supply said connectors with electrical energy from

outside the air start unit for charging the high voltage battery 5.

So that the compressors 1 operate frictionlessly, an oil module 7 is provided that supplies the
movable parts of the compressors 1 with oil. Also shown is an air conditioning system 6 that
controls the air start unit within certain temperature limits. The air conditioning system 6 thus
ensures that the air within the air start unit and also the components do not fall below or exceed
certain temperature ranges. For this purpose, the air conditioning system 6 Is designed to be

able to cool and/or heat the air in the air start unit.

Figure 2 illustrates once again the working principle of the proposed air start unit as a block
diagram. The air start unit comprises a high voltage battery 5 that supplies high voltage (HV).
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The high voltage battery 5 can be charged by a charging controller 4. In this exemplary em-
bodiment, the high voltage that is output is supplied to two inverters 3, which can convert three-
phase voltages for two electric motors 2 from the high voltage battery 5. The use of inverters
3 has the further advantage that the starting and stopping process of the electric motors 2 can
be optimally controlled by suitable starting up and stopping ramps. For this purpose, the In-
verter 3 controls the frequencies according to a mathematical function when starting up and

stopping the electric motors 2.

Two compressors 1 connected in series are driven by means of the electric motors 2 that are
driven in this way, advantageously by means of a belt drive. In this exemplary embodiment the
compressors 1 are connected in series in order to enable higher pressures of the compressed
air. Normal air is thus supplied via an air inlet 11 to the first compressor 1, which produces
compressed air in two stages from the supplied air. The second compressor stage is associ-
ated with an air outlet 12, so that the compressed air can be taken from the compressor 1. Jet
engines or turbines of aircraft and other flying machines are then driven with said extracted
compressed air for starting and servicing.

With universally applicable air start units, it has proved advantageous to first operate two com-
pressors in parallel and to connect a further third compressor downstream (not shown). With
this operating principle, the system is fitted with two air outlets 12 in order to be able to transfer
the required air flow, for example for starting the one engine with acceptable flow losses. More-
over, for this reason most aircraft are equipped with a plurality of air inlet ports so that the air

can be supplied via a plurality of hoses.

Likewise, figure 2 shows a voltage converter 8 that converts between the high voltage HV and
a low voltage LV. In this exemplary embodiment, the low voltage Is implemented as a direct
voltage. Furthermore, a low voltage battery 9 that can store the low voltage Is provided at the
low voltage. A voltage supply 10 is provided for supplying and drawing the low voltage. This
enables either the low voltage battery 9 to be charged or low voltage to be taken from the air
start unit for operating electrical power consumers in aircraft or other flying machines. The
voltage taken is then supplied from the low voltage battery 9 and/or the high voltage battery 5
with the voltage converter 8 connected between. The electrical power consumers of the air

start unit are also supplied with the low voltage.

The present invention is not limited to the aforementioned features. Rather, further embodi-
ments are conceivable. Thus, instead of three-phase motors, d.c. motors could also be used
as electric motors. In this case, the use of the inverter is dispensed with. It is also possible to
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use a plurality of high voltage batteries in order to increase either the capacity of the high
voltage battery or the voltage that is drawn from the high voltage battery. Furthermore, it is
possible to drive the compressors not by means of a belt drive between the electric motor and
the compressors, but for example by means of direct drive, with which the compressor is con-
nected to the shaft of the electric motor. In this case, it is also possible to control the revolution
rate by means of a gearbox. The high voltage battery and also the compressors are of a mod-
ular design, so that depending on the power requirement suitable compressors and high volt-
age batteries can be used In the air start unit and may be replaced.
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PATENTKRAYV

1. Startaggregat til at starte og vedligeholde reaktionsmotorer i flyvemaskiner og andre
luftfartojer, med mindst en kompressor (1) til at frembringe trykluft og en spaendings-
forsyning (10) til at forsyne elektriske forbrugere, hvor kompressoren (1) drives af mindst
en elektromotor (2), kendetegnet ved, at startaggregatet omfatter mindst et
hajspandingsbatteri (5), og at den elektriske energi til at drive elektromotoren (2) fodes
fra det mindst ene hgjspandingsbatteri, hvor hgjspandingen i hgjspandingsbatteriet (5)

ligger over 120 V.

2. Startaggregat ifolge krav 1, kendetegnet ved, at den elektiriske energi til

elektromotoren (2) omdannes til trefasestroam ved hjaelp af mindst en vekselretter (3).

3. Startaggregat ifalge krav 1 eller 2, kendetegnet ved, at der er tilvejebragt en
spaendingstransformer (8) | startaggregatet, som omdanner hgjspaending til lavspaending,
hvor denne lavspaending kan veere udfgrt som jeevnspaending pa f.eks. 28 V eller
vekselspaending pa f.eks. 115V med 400 Hz.

4.  Startaggregat ifglge krav 3, kendetegnet ved, at der er tilvejebragt et
lavspaendingsbatteri (9) 1 startaggregatet, som ligger nedstroms fra spaendingstrans-

formeren (8).

5.  Startaggregat ifglge et af kravene 3 eller 4, kendetegnet ved, at spandings-
forsyningen (10) far elektrisk energi fra lavspaendingsbatteriet (9) og/eller spaendings-

transformeren (8).

6. Startaggregat ifglge et af kravene 1 til 5, kendetegnet ved, at der | startaggregatet
er tilvejebragt en laderegulator (4), som reqgulerer ladeprocessen for hgjspaendings-
batteriet (5).

/. Startaggregat ifolge et af kravene 1 til 6, kendetegnet ved, at den mindst ene
kompressor (1) omfatter et luftindlgb (11) og mindst et luftudlgb (12).
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8.  Startaggregat ifglge et af kravene 2 til 7, kendetegnet ved, at der er tilvejebragt et
klimasystem (6) | startaggregatet, som kan opvarme og/eller aftkale vekselsretteren og

hgjspaendingsbatteriet (5) samt elektromotoren (2).

9.  Startaggregat ifglge et af kravene 1 til 8, kendetegnet ved, at der er tilvejebragt et
oliemodul (7) 1 startaggregatet, som sikrer olieforsyningen til elementer med smgarings-

behov, sasom kompressor (1) eller elektromotor (2).

10. Startaggregat ifolge et af kravene 1 til 9, kendetegnet ved, at den mindst ene

kompressor (1) drives af elektromotoren (2) via et remtraek.

11. Startaggregat ifalge et af kravene 1 til 10, kendetegnet ved, at den mindst ene

kompressor (1) er udfart som radialkompressor.

12. Startaggregat ifalge et af kravene 1 til 11, kendetegnet ved, at der anvendes

mindst to kompressorer (1), som frembringer trykluften i flere trin.

13. Startaggregat ifalge et af kravene 1 til 12, kendetegnet ved, at der er anbragt et
hus omkring startaggregatet, som er udstyret med lydisolerende og/ eller termisk

Isolerende midler.

14. Startaggregat ifalge et af kravene 1 til 13, kendetegnet ved, at der er tilvejebragt

en monteringsplade, hvorpa startaggregatet er opbygget.

15. Startaggregat ifglge et af kravene 9 til 14, kendetegnet ved, at kompressor (1),
elektromotor (2), vekselretter (3), laderegulator (4), hgjspaendingsbatteri (5), klimasystem
(6), oliemodul (7), spaendingstransformer (8), lavspandingsbatteri (9) og spandings-
forsyning (10) er opbygget modulaert og folgelig kan konfigureres udskifteligt |

startaggregatet samt kundespecifikt.
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