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(57) A transport conditioning system (100) compris-
ing: a transport conditioning unit (40) for controlling the
temperature within an inner space of a cargo storage
compartment mounted on a transport vehicle, the trans-
port conditioning unit (40) comprising a compressor (12),
a condenser (41) and a condenser fan (13) associated
with the condenser (12) for providing air flow thereover,
an evaporator (43), an evaporator fan (11) associated
with the evaporator (43) for providing air flow thereover,
and a plurality of electricals loads (12’, 15, 15’, 14) com-
prising an electric compressor motor (12’) for driving the
compressor (12) and a first electric fan motor (15) for
driving the condenser fan (13), an electric AC generator

(16) driven by an internal combustion engine (10), and
an electric power distribution assembly (30) for powering
at least one electrical load of the plurality of electrical
loads (12’, 15, 15, 14), the assembly comprising an
AC-DC voltage converter (20) electrically coupled as in-
put to the electric AC generator (16) for receiving AC
power and configured to convert the AC power to DC
power so as to supply DC voltage as output, and a DC
power distribution bus (24) electrically coupled as input
to the AC-DC voltage converter (20) and configured to
carry the DC voltage, wherein the least one electric load
is powered by the DC power distribution bus (24), said
least one electric load being the compressor motor (12°).
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Description
Technical field

[0001] The presentinvention relatesto atransport con-
ditioning system including a conditioning unit for control-
ling the temperature within an inner space of a cargo
storage compartment mounted on a transport vehicle. In
particular, the present invention concerns a transport
conditioning system comprising a power distribution as-
sembly for powering the electrical loads of the condition-
ing unit.

Background art

[0002] Transport vehicles such as trucks, vans and
(semi-)trailers can be used for carrying cargo that need
to be maintained at a controlled temperature, in particular
perishable items such as fresh or frozen food or cut flow-
ers, in order to avoid deterioration during transportation.
Such vehicles comprise a thermally isolated storage
compartment that is maintained at a predetermined tem-
perature different (lower or higher) than the external am-
bient conditions by a transport conditioning system
mounted on the vehicle and operatively associated with
the inner space of the storage compartment. Even though
the temperature-controlled storage compartment can be
set or maintained at a temperature higher than the ex-
ternal ambient temperature, for example in cold climates,
these vehicles are generally referred to as refrigerated
transport vehicles.

[0003] Typically, transport conditioning systems com-
prise a conditioning unit comprising a compressor, an
air-cooled condenser, one or more fans, a filter-drier or
evaporator and a plurality of connecting conduits to form
a closed loop refrigerant circuit. In the compressor, a re-
frigerant gas is compressed to a higher temperature and
pressure. The compressed gas then moves to the air-
cooled condenser where air flowing across condenser
coil fins cools the gas flowing in tubes. By removing latent
heat, the gas condenses to a high pressure/low temper-
ature liquid, which then flows toward an expansion valve
and an evaporator positioned at the storage compart-
ment. Upstream the expansion valve, a filter-drier may
be placed in the refrigerant circuit for keeping the refrig-
erant clean and dry. As the condensed liquid passes
through the expansion valve, some of it vaporizes into a
gas and flows in the evaporator. Air from the cargo box
flows over the evaporator and the remaining condensed
liquid absorbs heat from the flowing air and is vaporized.
Evaporator fans energize the air flowing over the evap-
orator and introduce the conditioned air into the inner
space of the storage compartment.

[0004] Diesel engines used as prime movers on trans-
port refrigeration systems may have two operating
speeds, that is a high speed, such as 2200 rpm, and a
low speed, such as 1400 rpm. In operation, the diesel
engineis operated at high speed during temperature pull-
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down and at low speed during the temperature mainte-
nance mode. During standstill, the diesel engine is typi-
cally idling at low speed. The diesel engine is generally
designed to meet the power needs during operation at
maximum capacity with efficient fuel consumption.
Therefore, during the temperature maintenance mode
and standstill mode, the diesel engine is operating at low-
er efficiency and with increased fuel consumption. US
2014/0026599 describes a method for operating a refrig-
eration system having a refrigeration unit for providing
temperature conditioned air to a temperature controlled
space, an engine and an electric generation device, the
method comprising: providing a battery system having a
least one battery unit supplying electric power; during a
high cooling demand mode, operating the engine to drive
the electric generation device for supplying electric power
and simultaneously employing the battery system for
supplying electric power to jointly power the plurality of
power demand loads of the refrigerant unit. The docu-
ment states that in this way the engine can be used less,
thereby saving fuel and reducing emissions.

[0005] Transport refrigeration units generally employ
an internal combustion engine and a generator to pro-
duce electrical power, typically AC power, to drive the
compressor and fans. Existing sources of AC power pro-
duce unregulated AC power that can vary in voltage and
frequency. US 2016/0311294 remarks that, when the
need arises to power auxiliary devices, the AC power
from the generator often cannot be used due to its un-
regulated nature. The patent publication concerns a
transport refrigeration unit including a source of unregu-
lated AC power; a compressor; a power conditioning
module to convertthe unregulated AC power to regulated
power; and a switch having a first position to connect the
source of unregulated AC power to the compressor and
a second position to connect the source of unregulated
AC power to the power conditioning module. A power
conditioning module can be an AC/DC converter con-
nected to one or more DC power connections, to which
an operator can connect a DC load, such as soft drinks
pumps or lift gate.

[0006] EP 1046543 A2 discloses a transport refriger-
ation unit comprising a structural support framework con-
figured to be attached to the front wall of the transport
trailer, and the following components, all supported by
the framework: a compressor having an electric drive mo-
tor for running the compressor; a condenser heat ex-
changer unit operatively coupled to said compressor dis-
charge port; an evaporator heat exchanger unit opera-
tively coupled to said compressor; at least one fan as-
sembly having fan motors; and an integrally mounted uni-
tary engine driven generator assembly configured to se-
lectively produce at least one AC voltage at one or more
frequencies, wherein said generator assembly is config-
ured to produce sufficient electric power to operate said
compressor drive motor and the fan motors. In the de-
scribed embodiments, the generator is a permanent
magnet synchronous generator configured to have an
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output frequency of 65 Hz at an engine speed of 1950
rpm. and an output frequency of 45 Hz atan engine speed
of 1350 rpm. All of the evaporator and condenser fan
motors and compressor drive motor are selected such
that they operate at the synchronous generator output
frequencies and voltages.

Summary of the invention

[0007] During a daily operating cycle, a refrigerated
vehicle requires a widely variable capacity depending on
several factors. For example, a high power generating
capacity is necessary during temperature pulldown in-
side the compartment, frequent door openings and in the
presence of high ambient temperatures, whereas a sig-
nificantly smaller capacity is requested at low ambient
temperatures, with few door openings and when the tem-
perature in the compartmentis near the programmed set-
point.

[0008] In order to reduce capacity and consequently
fuel consumption, a low engine speed for powering the
generator may be used. According to the system de-
scribed in EP 1046543, this would however result in a
voltage output unsuitable for powering the electrical
loads such as compressor and fans.

[0009] Recently, restrictions or even bans for diesel
vehicles in city centres have been introduced to tackle
air pollution and noise. Such regulations may extend to
idling vehicles with running motors and impose the
switching off of the diesel engines. Therefore, during
standstill, for example when the cargo is unloaded from
the vehicle, or while the refrigerated vehicle travels in a
restricted area, it would be necessary or atleastdesirable
to operate the refrigeration unit with the engine off.
[0010] Renewable energy sources to power the refrig-
eration unit, such as solar panels or wind turbines, which
can be installed on the vehicle, would be advantageous
as an auxiliary source for either directly powering the
refrigeration unit or for storage of electric energy in bat-
teries. However, the Applicant has noted that solar pan-
els supply a variable DC voltage, which is generally un-
suitable for powering the electrical loads.

[0011] The Applicant has recognised that provision of
an AC-DC voltage converter coupled to an AC electric
generator and of a high voltage DC power distribution
bus electrically connected to the AC-DC voltage convert-
er provides for a powering of the electrical loads which
is largely independent of the technical specifications of
the power supplies used for the loads in the transport
conditioning unit.

[0012] The Applicant has also realised that a DC high-
voltage source created downstream the AC electric gen-
erator and configured to distribute power to at least one
of the electrical loads of the conditioning unit allows the
use of other power sources in addition to or instead of
the electric generator.

[0013] Consistently, the present invention relates to a
transport conditioning system comprising:
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- atransport conditioning unit for controlling the tem-
perature within an inner space of a cargo storage
compartment mounted on a transport vehicle, the
transport conditioning unit comprising a compressor,
a condenser and a condenser fan associated with
the condenser for providing air flow thereover, an
evaporator, an evaporator fan associated with the
evaporator for providing air flow thereover, and a plu-
rality of electricals loads comprising an electric com-
pressor motor for driving the compressor and a first
electric fan motor for driving the condenser fan,

- an electric AC generator driven by an internal com-
bustion engine, and

- an electric power distribution assembly for powering
at least one electrical load of the plurality of electrical
loads, the assembly comprising
an AC-DC voltage converter electrically coupled as
input to the electric AC generator for receiving AC
power and configured to convert the AC power to
DC power so as to supply DC voltage as output, and
a DC power distribution bus electrically coupled as
input to the AC-DC voltage converter and configured
to carry the DC voltage,

wherein the least one electric load is powered by the DC
power distribution bus, said least one electric load being
the compressor motor.

[0014] In a typical configuration, the compressor has
aflow inletand a flow outlet, the condenser is operatively
coupledto the flow outlet of the compressor and the evap-
orator is operatively coupled to the flow inlet of the com-
pressor and to a flow outlet of the condenser.

[0015] Preferably, the power distribution assembly
comprises only a single DC power distribution bus elec-
trically coupled to the AC-DC voltage converter.

[0016] The AC-DC voltage converter is designed to
output a high DC voltage, preferably of from DC 400V to
DC 800V, more preferably of from 500V to 700V.
[0017] Preferably, the electric AC generator is a syn-
chronous generator designed to output a three-phase
voltage to be received by the AC-DC voltage converter,
the three-phase output voltage being preferably com-
prised between AC 280V and AC 550V.

[0018] The Applicant has observed that especially
when a high-voltage power supply is provided as a DC
power to the electrical loads of the conditioning unit, volt-
age stability is particularly desired.

[0019] Preferably, the power AC-DC converter is con-
figured to output a substantially constant output DC volt-
age while accepting a relatively wide range of input AC
voltage values. A suitable voltage value or average value
within a controlled range of values can be selected de-
pending on the overall load of the conditioning unit.
[0020] Preferably, the AC-DC voltage converter is a
full bridge converter, more preferably a three-phase full
bridge converter.
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[0021] In the present description and claims and ac-
cording to some preferred embodiments, with a substan-
tially constant DC voltage is meant the converter voltage
values output lies within a range of tolerance of values,
which ensures, for a given specific configuration of the
electrical loads and power sources, a desired voltage
stability. Generally speaking, the voltage stability in the
DC power distribution bus mainly depends on the bal-
ance between the power absorbed by the electrical loads
and the power generated by the sources.

[0022] In a preferred embodiment, the output DC volt-
age is a substantially constant value of from DC 580 V
to 620 V about the midpoint voltage of DC 600 V. In a
preferred embodiment, the DC voltage output is of 580V
resulting from the rectification a standard three-phase
400V AC voltage.

[0023] Within the present description and claims, the
electrical components which need to be powered for op-
eration, in particular those of the conditioning unit such
as the compressor motor and the fan motor(s), are col-
lectively indicated as electrical loads.

[0024] Preferably, each of the plurality of electrical
loads is powered by the DC power distribution bus, the
compressor motor and the first electric fan motor being
electrically coupled to the power distribution bus.
[0025] Preferably, each electrical load of the plurality
of electrical loads is electrically coupled in parallel to the
common DC power distribution bus.

[0026] The nature of the electrical loads of the condi-
tioning unit can vary, and may for instance comprise al-
ternating current (AC) motors and/or comprise of DC mo-
tors operating at a different DC voltage from that running
in the high-voltage distribution bus. In some embodi-
ments, one or more electrical loads is connected to the
DC power distribution bus through a voltage conversion
device, in the description and claims generally indicated
as load voltage conversion device, which takes the cur-
rent running on high voltage in the DC distribution bus
as input and generates a suitable specific output AC or
DC voltage required by the relevant electrical load.
[0027] Preferably, the electric power distribution as-
sembly comprises a first load voltage conversion device
electrically coupled as input to the DC power distribution
bus and delivering voltage to an electrical load of the
plurality of electrical loads, said electrical load being elec-
trically coupled to the DC power distribution bus via the
first load voltage conversion device.

[0028] Preferably, the first load voltage conversion de-
vice is a DC-AC inverter electrically coupled as input to
the DC power distribution bus and as output to the com-
pressor motor and being configured to convert the DC
voltage received from the DC power distribution bus into
a AC voltage to be supplied to the compressor motor.
[0029] Preferably, the electric power distribution as-
sembly comprises a second load voltage conversion de-
vice, the second load voltage conversion device being a
DC-DC voltage converter electrically coupled as input to
the DC power distribution bus and as output to the first
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fan motor, the DC-DC voltage converter configured to
convert the DC voltage received from the DC power dis-
tribution bus into a different DC voltage to be supplied to
the first fan motor.

[0030] Preferably, the converted DC voltage output
from the DC-DC voltage converter is of from 10 V to 150
V.

[0031] Preferably, the plurality of electrical loads com-
prises a second electric fan motor for driving the evapo-
rator fan, the second electric fan motor being powered
by the DC power distribution bus. The second electric
fan motor is electrically coupled to the DC power distri-
bution bus.

[0032] Preferably, a load voltage conversion device is
electrically coupled as input to the power distribution bus
and as output to the second electric fan motor, to convert
the DC voltage received from the DC power distribution
bus into a different DC voltage to be supplied to the sec-
ond electric fan motor.

[0033] Inapreferred embodiment, thefirstload voltage
conversion device is a multi-output DC-DC voltage com-
prising an input DC voltage terminal and a plurality of
output DC voltage terminals, wherein the input DC volt-
age terminal is electrically coupled to the power distribu-
tion bus and a first output terminal of the plurality of output
DC voltage terminals is electrically coupled to the first
electric fan motor and a second output terminal is elec-
trically coupled to the second fan motor.

[0034] Preferably, the load power conversion devices
are connected individually to the DC distribution bus.
[0035] Preferably, the transport conditioning unit and,
preferably, the transport conditioning system, is config-
ured to be powered by shore power, for example at AC
400V 50Hz voltage, according to the "standard" used in
Western Europe. The unity grid AC power can be fed into
the AC-DC voltage converter to transform the input AC
voltage into a high DC voltage then distributed to the
electrical loads by means of the DC power distribution
bus.

[0036] Preferably, the electric AC generator comprises
output AC terminals and the electric AC-DC voltage con-
verter comprises firstinput terminals electrically connect-
ed to the output AC terminals and second input terminals
connectable to a utility power grid supplying AC voltage.
[0037] The Applicant has noted that, although the AC-
DC converter is preferably designed to provide a sub-
stantially constant DC voltage output across a range of
AC amplitude and frequency values, in some circum-
stances, for example due to an unbalance to power gen-
erated by the engine-driven generator and power re-
quested by the loads, the pre-set midpoint voltage value
may have the tendency to be unstable during operation.
Preferably, an electronic automatic control of the DC volt-
age output from the energy chain is implemented to en-
sure stable operation of the power distribution system
about the desired a desired mean voltage value.

[0038] The presentdisclosure relates also to a method
for controlling the voltage output of a power distribution
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system for powering a plurality of electrical loads of a
transport conditioning unit, the transport conditioning unit
comprising an internal combustion engine, an electric AC
generator driven by the internal combustion engine, a
compressor, a condenser, and a condenser fan associ-
ated with the condenser for providing air flow thereover,
and a plurality of electrical loads comprising an electric
compressor motor for driving the compressor and a first
electric fan motor for driving the condenser fan, and

a power distribution system comprising an AC-DC volt-
age converter electrically coupled as input to the AC gen-
erator and as a output to a DC power distribution bus
configured to carry DC voltage, the DC power distribution
bus being electrically coupled to at least one of the plu-
rality of electrical loads,

the method comprising:

a) measuring an instantaneous DC voltage value,
Vpc(t), and an instantaneous direct current value,
Ipc(t), at the output of the AC-DC voltage converter;
b) computing an instantaneous DC power value,
Ppc(t), based on the measured values Ipc(t) and
Voc(®);

c) determining an engine horsepower value, P!, of
the internal combustion engine, the horsepower val-
ue, Pmt, being associated with the instantaneous DC
power value;

d) computing a nominal running speed value of the
internal combustion engine corresponding to the en-
gine horsepower value, Pmt, based on an equation
or on a lookup table describing a numerical relation-
ship between engine horsepower values and run-
ning speed values associated with the internal com-
bustion engine; and

e) running the engine at the nominal running speed
value.

[0039] Typically, the running speed of the engine is
represented by a RPM value.

[0040] Preferably, determining an engine horsepower
value, Pt comprises computing the Pt value by con-
verting the instantaneous value Poc(t) into an engine
horsepower value, Pmt, by means of a conversion factor
associated with an energy conversion efficiency. In an-
other embodiment, determining the Pmt value comprises
performing a read of a lookup table describing a numer-
ical relationship between engine horsepower of the en-
gine and electrical DC power output from the AC-DC con-
verter.

[0041] Preferably, the method further comprises re-
peating steps a) to e).

[0042] The Applicanthas observed that being the pow-
er distribution system able to accept a relatively wide
range of input AC voltages and frequencies, it would be
advantageous to operate the engine at relatively low fuel
consumption while satisfying the power demand of the
electrical loads. The Applicant has understood that it is
possible, for a given power supply to the electrical loads
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to select an operating point of the internal combustion
engine that has a reduced or the least fuel consumption.
[0043] Preferably, the method comprises:

- storingalookup table implementing a plurality of data
tables, each data table describing a numerical rela-
tionship between engine horsepower values and
running speed values at a constant value of fuel con-
sumption, each data table being associated with a
value of fuel consumption so as a respective plurality
of values of fuel consumption is associated with the
plurality of data tables,

wherein step e) comprises computing a respective run-
ning speed value corresponding to the engine horsepow-
er value Pt from each data table of the lookup table and
selecting a running speed value from the data table hav-
ing the lowest value of fuel consumption of the plurality
of fuel consumption values, the selected running speed
value being the nominal running speed value.

[0044] Preferably, the internal combustion engine is
provided with an engine intake throttle and the method
comprises:

- determining an instantaneous running speed value
of the engine,

wherein step e) comprises, after computing a nominal
running speed value:

- comparing the instantaneous running speed value
with the nominal running speed value,

- if a difference between the nominal running speed
value and the instantaneous running speed value
larger than a pre-set running speed difference value,
adjusting the throttle position to the nominal running
value so as to run the engine at that speed value, and

- ifthe difference between the nominal running speed
value and the instantaneous running speed value is
zero or within the pre-set running speed difference
value, taking no action so as to maintain the running
speed to the nominal running speed value.

[0045] Preferably, the instantaneous running speed is
determined from a measurement simultaneous to the
measurements of Vpc(t) and Ipc(t).

[0046] The disclosed solution allows multiple and/or
different power sources having different electrical output
characteristics to be connected to the electrical loads.
[0047] Such high voltage bus provides wide flexibility
in the power flow. For example, in road mode, electric
power can flow from the photovoltaic panels to the com-
pressor and fan motors to harvest renewable energy. If
the solar energy is not enough to power the electric loads
of the conditioning unit, additional power can flow into
the DC distribution bus from the generator set. On the
other hand, if there is an excess of solar power, such
excess quota can flow towards the batteries to recharge
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them.

[0048] During standstill of the vehicle, such as when
the vehicle is in parking mode, power originating from
the utility grid can be provided to the compressor motor
and fan motors, and preferably also to electric heaters
for operation of the conditioning unit and/or to recharge
the batteries of the transport conditioning system, such
as the starting battery of the internal combustion engine
or the battery accumulating energy from photovoltaic
module.

Brief description of the drawings

[0049] The present invention will be now described
more in detail hereinafter with reference to the accom-
panying drawings, in which some, but not all embodi-
ments of the invention are shown.

[0050] For the purpose of the present description and
of the appended claims, use of the "a" or "an" are em-
ployed to describe elements and components of the in-
vention. This is done merely for convenience and to give
a general sense of the invention. This description should
be read to include one or at least one and the singular
alsoincludes the plural unless itis obvious that itis meant
otherwise.

[0051] For the purpose of the present description and
of the appended claims, except where otherwise indicat-
ed, all numbers expressing amounts, quantities, percent-
ages, and so forth, are to be understood as being mod-
ified in all instances by the term "about". Also, all ranges
include the maximum and minimum points disclosed and
include any intermediate ranges therein, which may or
may not be specifically enumerated herein.

- FIG. 1is a schematic illustration of a transport con-
ditioning system according to a preferred embodi-
ment of the present disclosure,

- FIG.2isablock diagram of the transport conditioning
system of FIG. 1 showing more details of the electric
power distribution assembly and of the control sys-
tem, and

- FIG. 3 is a high-level block diagram of a control sys-
tem of the DC voltage output of the power distribution
system, according to a preferred embodiment of the
present invention.

Detailed description

[0052] Antransportconditioning system 100 according
to a preferred embodiment of the present disclosure is
illustrated in Figs. 1 and 2. Whereas Fig. 1 is a schematic
illustration of the transport conditioning system 100 com-
prising the conditioning unit 40 (shown only in part and
diagrammatically in Fig. 2) and the power distribution as-
sembly 30 with indication of the power lines, Fig. 2 shows
more details on the power control of the motor-driven
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components/devices of the transport conditioning sys-
tem.

[0053] The transportconditioning system 100 compris-
es a transport conditioning unit 40 for providing temper-
ature-controlled air and an electric power distribution as-
sembly 30 for supplying power to the electrical compo-
nents of the conditioning unit 40. The transport condition-
ing unit 40, of a conventional type, comprises a compres-
sor 12 operated by an electric motor 12’, referred to as
the compressor motor, the compressor receiving a re-
frigerantfluid forincreasingits pressure and temperature.
The compressed refrigerant fluid flows through a con-
denser 41 that removes heat from the fluid, typically by
air cooling. One or more condenser fans 13 are associ-
ated with the condenser 41, in particular directly facing
the condenser 41, for air cooling of the refrigerant fluid
passing through the condenser. The fluid than passes
through an expansion valve 42 for lowering the pressure
of the fluid and expanding the fluid in a gas (at least par-
tially) and then through an evaporator 43 for absorbing
heat from the fluid and transferring cooled air to the am-
bient. Transfer of air flow is enhanced by one or more
evaporator fans 11 associated with the evaporator 43, in
particular directly facing it. The condenser 41, the com-
pressor 12, the expansion valve 42 and the evaporator
43 are fluidly connected via fluid lines 45 in a closed loop
refrigerant circuit.

[0054] The compressor has a flow inlet, e.g. a suction
port, and a flow outlet, e.g. a discharge port. The con-
denser 41, in particular the flow inlet thereof, is fluidly
connected to the flow outlet of the compressor 12, where-
as the evaporator 43, in particular the flow outlet thereof,
is fluidly connected with the flow inlet of the compressor
12.

[0055] Inanembodiment, the compressor 12is a scroll
compressor having an integral electric motor 12’ placed
inside the compressor body. Typically, the compressor
motor 12" is an AC motor. Preferably, the compressor
motor is a variable-speed motor, operating at a speed
thatis synchronous to the frequency of the power supply.
For speed variation, a variable-frequency driving circuit
(known per se) configured to output three-phase AC pow-
er at variable frequencies is used to operate the com-
pressor motor.

[0056] The conditioning unit40 may also comprise one
or more electrical heaters 14 typically arranged in the
proximity of the evaporator 43. The heaters 14 are pro-
vided with a heating regulator circuit 14’ as driver for reg-
ulating the temperature of the heaters, for example by
means of a PWM technique.

[0057] The one or more condenser fans 13 is driven
by a respective motor 15, referred to as the first fan motor,
typically integral with the fan. Preferably, the first fan mo-
toris an electric motor equipped with an electronic driver
for controlling its operation. The driver is configured to
receive an external control signal via electric control line
27a from an electronic conditioning unit controller 18 to
drive the first fan motor in accordance with the control
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signal.

[0058] More preferably, the firstfan motor 15is a brush-
less DC (DLDC) motor, for example a permanent magnet
DLDC motor. In this embodiment and in a conventional
manner, the driver is provided with an electronic integral
inverter circuit with DC voltage input and AC voltage out-
put and an electronic driving circuit for controlling the
inverted AC signal and driving the fan motor 15 according
to a standard electronic speed control, for example by
means of a pulse width modulation (PWM) technique.
[0059] The one or more evaporator fans 11 are driven
by a respective fan motor 15, typically integral with the
fan and referred to as the second fan motor. Preferably,
the fan motor 15’ is an electric motor equipped with an
electronic driver for controlling its operation. The elec-
tronic driver is configured to receive an external control
signal via electric control line 27b, such as a pulse width
modulation (PWM) signal, and to drive the fan motor in
accordance with the control signal. More preferably, the
fan motor 15’ is a brushless DC motor, for example a
permanent magnet DLDC motor.

[0060] For example, typical values of the DC voltage
input for operation of the fan motors 15 and 15’ are 24V
or 110V.

[0061] The compressor 12, the condenser fan(s) 13
and the evaporator fan(s) 11 operate at the same time,
while the electrical heaters 14 operate during heating or
defrost mode.

[0062] Preferably, the transport conditioning system
100 is an onboard system.

[0063] The power supply of the transport conditioning
system 100 comprises an electrical generator 16 driven
by an internal combustion engine 10, typically a diesel
engine. In particular, the electrical generator 16 can be
driven by the engine drive shaft by direct mechanical cou-
pling, by coupling through a transmission gear reducer
or multiplier, or by a belt drive. In an embodiment, the
transmission shaft of the internal combustion engine 10
is the drive shaft of the electrical generator 16, so as to
avoid provision of further mechanical transmission
means.

[0064] Theinternal combustion engine 10 canbe either
a dedicated engine for the powering of the transport con-
ditioning unit 40, or the vehicle engine used for traction.
[0065] A starting battery 46, for example a 12V lead
battery, is electrically connected to the internal combus-
tion engine 10 for the switching on and off of the engine.
[0066] In a known manner, the engine 10 is provided
with an engine intake throttle, for example a butterfly
valve, for adjusting the intake fuel/air flow and a throttle
position sensor for sensing in real time the throttle posi-
tion (not shown in the figures). For operation of the intake
throttle, an electric motor connected thereto is provided.
The engine intake throttle can be a linear throttle. In a
conventional manner, the intake throttle can be a DC
motor driven control valve and the throttle positioning
sensor can be a variable resistor.

[0067] The throttle positioning sensor is in communi-

10

15

20

25

30

35

40

45

50

55

cation with an electronic engine controller 17 via an elec-
tric control line 27. Electric control lines 27, 27a, 27b, 27¢c
to/from electronic drivers for their actuation are repre-
sented in Fig. 2 with dashed lines.

[0068] The electronic engine controller 17 is apt to re-
ceive/transmits control signals and to be programmed
for execution of closed/open loop speed controls and/or
other electronic controls. To this end and in a conven-
tional manner, the engine controller 17 comprises a mi-
croprocessor and an associated memory. The throttle
sensor is configured to produce a sensing electric signal
to be transmitted to the electronic engine controller 17.
The electronic engine controller 17 is configured to re-
ceive the sensing electric signal indicative of an instan-
taneous throttle position value and to correlate that throt-
tle position value to a value of running speed, typically
represented by an RPM value, for example by using a
lookup table stored in the memory of the engine controller
17, so as to determine the instantaneous engine running
speed and produce an engine speed signal as an output
control signal to be sent to the engine controller 17.
[0069] The electrical generator 16 is a synchronous
generator having a power output connected to a power
line 29 so as to supply AC power. In a preferred embod-
iment, the AC generator 16 is designed to output a three-
phase voltage with variable frequency and amplitudes
owed by the engine 10 running at different running
speeds. The electrical power output from the generator
can be varied from a minimum (voltage) amplitude level
to a maximum amplitude level, corresponding, respec-
tively, to a minimum RPM value to a maximum RPM value
of the diesel engine 10. In a preferred embodiment, the
electrical generator 16 is a permanent magnet synchro-
nous generator. Preferably, the output voltage varies
within the range from AC 280V and AC 550V.

[0070] The transportconditioning system 100 compris-
es a power distribution assembly 30 comprising an AC-
DC voltage converter 20 electrically coupled as input to
the AC generator 16. In particular, the AC-DC converter
20 is electrically connected as input to the output power
line 29. The AC-DC voltage converter 20 comprises a
rectifier circuit for converting the AC power into DC pow-
er. The AC-DC voltage converter 20 is designed to output
a high DC voltage, preferably of from DC 400V to DC
800V, more preferably of from DC 500V to DC 700V. In
apreferred embodiment, the DC voltage outputis of 580V
resulting from the rectification a standard three-phase
400V AC voltage.

[0071] The Applicant has noted that a high voltage pro-
vide flexibility in the power flow to the electrical loads.
[0072] Preferably, the AC-DC voltage converter 20 is
designed to output a substantially constant DC voltage.
[0073] Ina preferred embodiment, the AC-DC convert-
er 20 is a three-phase full bridge converter. Preferably,
the AC-DC converter operates as boost converter. In a
preferred embodiment, the converter comprises an input
three-phases diode bridge, a diode bridge rectifier circuit
at the output and switching devices at the input bridge
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controlled through a duty cycle. The duty cycle that con-
trols commutation of the switching devices is obtained
by a control loop including two cascade loops: a current
control loop cascaded to a voltage control loop. The con-
trol loop of the duty cycle adjusts the duty cycle in re-
sponse to the input three-phase signal from the AC gen-
erator. Preferably, the duty cycle is of from 10% to 90%.
An output one-level or two-level filter is preferably ar-
ranged to reduce the ripple in the output DC voltage.
[0074] In this embodiment, the AC generator 16 is de-
signed to output a three-phase voltage output to be re-
ceived by the three-phase diode bridge. The AC gener-
ator has three output AC terminals to be connected, re-
spectively, to three input AC terminals of the AC-DC volt-
age converter, the inputterminal being directly connected
to the output power line 29 (in fact three power lines) of
the AC generator 16.

[0075] Details are not shown in Fig. 2, which schemat-
ically represent power lines 29 and 24 as single lines with
no representation of the input/output terminals.

[0076] The AC-DC voltage converter 20 has at least
one DC power output terminal electrically connected to
a DC power distribution bus 24. Preferably, the DC power
distribution bus is directly connected to the at least one
output DC terminal of the AC-DC voltage converter.
[0077] Preferably,the AC-DC converter20 hastwo DC
power output terminals, in particular a positive terminal
and a negative terminal, connected to the DC distribution
bus 24, which may be implemented with a 2-phase high-
voltage busbar comprising two (positive and negative)
conductors carrying a high DC voltage.

[0078] The electrical components of the conditioning
unit 40, which need to be powered for operation and thus
absorb power from the power distribution assembly 30,
are collectively indicated as electrical loads. The trans-
port conditioning unit40 comprises a plurality of electrical
loads. In the embodiment shown in the figures, the elec-
trical loads comprise the compressor motor 12’, the first
fan motor 15, the second fan motor 15’ and the electrical
resistance heater 14.

[0079] According to a main feature of the present in-
vention, acommon DC distribution bus supplies DC pow-
er to at least one and preferably to a plurality of loads of
the conditioning unit 40.

[0080] In a preferred embodiment, such as that shown
in Figs. 1 and 2, each the plurality of loads is electrically
coupled to the DC distribution bus 24, for example con-
nected to the bus via supply power lines 25, 28, 25’, 48,
28a, 28b, 28c, 28d. Preferably, the DC distribution bus
24 powers all the electrical loads of the transport condi-
tioning unit 40. More preferably, the DC distribution bus
24 powers also the electronic control components such
asthe electronic controllers 17, 18 and the electric control
lines for actuation of the loads and/or a CAN bus 26 for
control communication signals from/to the controllers.
[0081] Preferably, the power distribution assembly 30
comprises only a single DC power distribution bus 24
electrically coupled to the AC-DC voltage converter 20.
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[0082] Preferably, each electrical load is electrically
coupled in parallel to the common DC power distribution
bus 24 by means of supply power lines 25, 25’, 28a-28d
supplying said loads.

[0083] As most of the power consuming components
of the conditioning unit 40 are commonly set to operate
with low voltage (AC or DC) where necessary, an elec-
trical load is connected to the DC distribution bus 24
through a voltage conversion device, in the description
and claims generally indicated as load voltage conver-
sion device, which takes the current running on high volt-
age in the DC distribution bus 24 as input and generates
a suitable specific output AC or DC voltage required by
the relevant electrical load.

[0084] Withreference tothe embodimentofthe figures,
first and second fan motors 15, 15’ are electrically con-
nected to the DC distribution bus 24 through a load volt-
age conversion device 32, which is a DC-DC voltage con-
verter configured to convert the high voltage level con-
veyed by the bus 24 to a lower voltage level. The DC-
DC voltage converter 32 is electrically coupled, prefera-
bly directly connected, to the DC distribution bus 24 via
supply power line 25. The DC-DC voltage converter 32
comprises an input power terminal, which is a DC termi-
nal, configured to receive high voltage, for example DC
600V, from the bus 24 and a plurality of output power
terminals at lower voltage levels. Preferably, the load
voltage converter 32 is a multi-output DC/DC converter
with multiple output terminals, each output terminal sup-
plying single-phase power at a voltage level to a respec-
tive electrical load. Output DC voltage levels can be dif-
ferent from one another. In ways per se known, the multi-
output DC-DC voltage converter 32 comprises a plurality
of DC-DC conversion modules in parallel. The load volt-
age converter 32 shown in the figures comprises three
output DC terminals.

[0085] The output power terminals of the DC/DC volt-
age converter 32 are connected to the relevant loads
through respective DC power lines. First and second fan
motors 15, 15’ are electrically coupled to the DC/DC volt-
age converter 32 via respective supply power lines 28a,
28b.

[0086] Preferably, the starting battery 46 for the inter-
nal combustion engine 10 is powered by the power dis-
tribution bus 24. As starting batteries for diesel engines
commonly employed in transport refrigeration systems
operate at low voltage, a power conversion of the input
high voltage is typically needed. In Fig. 2, an output ter-
minal of the multi-output DC/DC voltage converter 32 is
connected to the starting battery 46 via supply power line
48.

[0087] For example, the multi-output DC/DC voltage
converter 32 comprises an output power terminal at 24
DCV for powering the condenser fan(s) 13, an output
power terminal at 110 DCV for powering the evaporator
fan(s) 11 and an output power terminal at 12 DCV for the
powering of the starting battery 46.

[0088] Inthepresentembodiment, the electrical heater
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14, typically a plurality of heaters, are DC resistance heat-
ers accepting a pick-up voltage in a high-voltage range,
e.g. DC 600 V, and therefore do not need power conver-
sion of the bus voltage. Electrical heaters 14 are directly
connected to the power distribution bus 24 via a supply
power line 28c, in particular to the temperature regulating
driver 14’.

[0089] In another embodiment, not shown in the fig-
ures, power conversion from the DC distribution bus 24
to the loads accepting a DC low voltage relative to the
high voltage carried by the power distribution bus 24 is
achieved by a respective DC-DC converter, each being
electrically coupled as input to the power distribution bus
24 and as output to the relevant load, in particular fan
motors 15, 15’ and, optionally, to the starting battery 46.
[0090] In some embodiments, such as the preferred
embodiment shown in Fig. 2, the compressor 12 is run
by an AC compressor motor 12’ driven by a compressor
driver (not indicated in the figure), preferably a variable
speed driver for adjusting the motor speed to the cooling
demand. Preferably, the compressor motor 12’isaDLDC
motor. A load power conversion device 33, which is a
DC-AC power inverter, receives the high-voltage DC sig-
nal from the power distribution bus 24, and generates an
AC power supply for the compressor motor. In particular,
the DC-AC power inverter 33 is electrically coupled as
inputto the power distribution bus 24 and electrically cou-
pled as output to the compressor motor 12’. In an em-
bodiment, the DC-AC power inverter 33 is configured to
convert the input high DC voltage to a three-phase volt-
age varying in amplitude or in frequency by the variable
speed driver to control motor speed from 1200 RPM to
6000 RPM.

[0091] Inways perse known, the transport conditioning
system 100 is provided with a temperature control system
for controlling the temperature of the inner space of the
cargo storage compartment by using a plurality of tem-
perature and/or pressures sensors placed in the inner
space and in communication with the electronic refriger-
ation controller 18. The refrigeration controller 18 is apt
to receive/transmits control signals and to be pro-
grammed for execution of closed/open loop speed con-
trols and/or other electronic controls. To this end and in
a conventional manner, the refrigeration controller 18
comprises a microprocessor and an associated memory.
[0092] Bi-directional transmission of control signals to
the electronic controllers 17 and 18 are on a controller
area network (CAN bus) 26, which comprises CAN bus
lines 26°, 26" carrying communication signals and con-
necting the AC-DC voltage converter 20 to at least one
electronic controller 17, 18 and connecting the controllers
one to another. In particular, the CAN bus lines connect
all load voltage conversion devices, to at least one con-
troller.

[0093] The power supply assembly 30 consistent with
the present disclosure allows employment of a plurality
of different power sources. The internal combustion en-
gine 10 and the electric generator 16 driven by the engine
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constitutes the primary power source for the electrical
loads of the transport conditioning unit 40. Preferably,
the AC-DC voltage converter 20 is electrically connect-
able to a utility power grid 34 as alternative electrical pow-
er source, for example during standstill of the vehicle.
When the power is provided by the utility power grid 34,
the internal combustion engine 10 and typically also the
electric AC generator 16 are off. The AC-DC voltage con-
verter 20 comprises, further to the input terminal(s) of the
AC-DC converter electrically coupled to the AC generator
16, second input terminals (in particular three-phase AC
input terminals) that can be connected to one end of an
electrical cable 29’ provided, at the opposite end, with an
AC plug 22, connectable to the utility grid 34 via a socket.
[0094] For example, the AC plug 22 is a AC 400V 50
Hz male plug. Once the AC-DC voltage converter 20 is
connected to the utility grid 34, it supplies a high voltage
DC power output to be distributed to the electrical loads
by means of the DC power distribution bus 24. Preferably,
the power supply assembly 30 further comprises an AC
power filter 23, such as a passive power filter, for filtering
high-order harmonics or other voltage distortions.
[0095] The transport conditioning system 100 prefer-
ably comprises a human machine interface (HMI) 19 log-
ically connected, in particular via CAN bus 26, to the elec-
tronic equipment of the system. In an embodiment, the
HMI provides a visual representation of the control sys-
tem and of the operating parameters of the electrical
loads and components, and allows real time data acqui-
sition input by an operator, including on/off of the starting
battery 46, which turns on the electronic equipment for
the starting of the engine 10.

[0096] In some embodiments, the transport condition-
ing system 100 comprises a solar-powered battery as-
sembly 50 providing temporary supplemental power to
the electrical loads. For example, use of the battery as-
sembly 50 can be desired when the engine 10 is a ded-
icated engine, often not compliant with the emission
standards in urban areas, and it must be turned off. The
solar-powered battery assembly 50 comprises a photo-
voltaic panel module 49, which typically generates a var-
iable DC voltage output, which is dependent on several
factors, chiefly the incident solar radiation. An output of
the photovoltaic module 49 is connected to a standard
battery pack 44, such as a Li-lon battery, equipped with
a battery charger, via a DC-DC voltage converter 21. An
output of the DC-DC voltage converter 21 is connected
to the DC power distribution bus 24. The DC-DC voltage
converter 21 is designed to convert the DC voltage output
from the photovoltaic power module 49 to a high DC volt-
age level within the range of values provided by the AC-
DC voltage converter 20.

[0097] In another embodiment (not shown in the fig-
ures), a battery pack is directly connected to the DC pow-
er distribution bus 24 to be charged either from the utility
power grid 34 or from the engine 10 driving the AC gen-
erator 16.

[0098] When the plurality of loads is powered by the
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battery pack 44, which has a relatively low DC output,
for example DC 48V, the DC-DC voltage converter 21
transforms the output DC voltage from the battery pack
into a high DC voltage, for example DC 600V. When the
battery 44 is charged by another power source, such as
the AC generator 16 or the utility grid 34, through the high
voltage power distribution bus 24, the DC-DC converter
21 transforms the high DC voltage into a low DC voltage.
[0099] The Applicant has noted that, although the AC-
DC converter is preferably designed to provide a sub-
stantially constant DC voltage output across a range of
AC amplitude and frequency values, in some circum-
stances, for example due to an unbalance to power gen-
erated by the engine-driven generator and power re-
quested by the loads, the pre-set midpoint voltage value
may have the tendency to be unstable during operation.
Preferably, a control system of the DC voltage output
from the energy chain is implemented to ensure stable
operation of the power distribution system within a con-
trolled range of DC voltage values supplied to the DC
power distribution bus. Figure 3 shows a high-level block
diagram of a control system of the DC voltage output of
the power distribution system, according to a preferred
embodiment of the presentinvention. The control system
60 is adapted to execute the control of DC voltage output
from the AC-DC converter 20 of the power distribution
system 30 of the transport conditioning system 100 de-
scribed with reference to Figs. 1 and 2. The control sys-
tem is a closed loop control system.

[0100] More generally, the method is a computer-im-
plemented method running on an electronic controller.
In particular, the method is executed in a microprocessor
of the controller while lookup tables and/or preset oper-
ating values are stored in a memory associated with the
microprocessor. Preferably, the control algorithms imple-
menting the method run on the electronic refrigeration
controller 18. The CAN bus 26 provides for the bi-direc-
tional transmission of the control signals. For example,
measured instantaneous voltage and current values,
Vipc(t) and I pc(t) are transmitted to the refrigeration
controller 18 via the CAN bus 26.

[0101] An instantaneous DC output power conveyed
at the output of the AC-DC converter 20 is determined
based on an instantaneous DC voltage value Vpc(t)
measured at the output of the AC-DC converter 20 and
on an instantaneous direct current Ip(t) measured at the
output of the AC-DC converter, measured at the same
time t. For example, Vo (t) and Ipc(t) are separately and
simultaneously measured by a volt meter and an ampere
meter (notindicated in the figure), respectively, arranged
at an output terminal of the AC-DC converter 20. At cal-
culation block 66, the instantaneous power value, Ppc(T)
= Vpc(t)-Ipc(t), is computed.

[0102] The computed instantaneous power value P(t)
is fed into a controller block 61, in particular a proportion-
al-integral (Pl) controller block, which takes the electric
power Ppc(t) as input to convert it into a engine horse-
power value Pt for the engine 10. In an embodiment,
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the conversion between electrical power and engine
horsepower is computed by using a preset equation
stored in the controller block 61. In particular, the horse-
power is proportional to the electric power by means of
aconversion factor determined by the energy conversion
efficiency and characteristics of the electric chain for the
DC voltage generation. The conversion factor, which can
be empirically determined, can be a single scalar value
for the operative range of electric powers Pp or a plu-
rality of scalar values corresponding to different energy
conversion efficiencies valid for different running speeds
and/or emitted power.

[0103] In another embodiment, determining the Pt
value comprises performing a read of a lookup table de-
scribing a numerical relationship between engine horse-
power of the engine and electrical DC power output from
the AC-DC converter.

[0104] In an embodiment, the logic of the PI controller
block 61 is included in the microprocessor of the engine
controller 17 whereas equations, preset values, such as
the energy conversion values, and lookup tables are
stored in the memory associated with the microcontroller
or data can be stored in the memory associated with the
microprocessor of the refrigeration controller 18 logically
connected with the engine controller 17.

[0105] At the controller block 61, a nominal running
speed value corresponding to the horsepower value P!
is determined based on an equation or a lookup table
describing a numerical relationship between engine
horsepower values and running speed values, which can
be represented by a curve power [kW] vs. running speed
[RPM]. The engine controller 17 then commands the en-
gine 10 to run at the nominal RPM value and thus to drive
the AC generator 16 accordingly.

[0106] The closed loop-control system recursively
computes a nominal RPM value associated to an instan-
taneous DC power value Pp at times subsequent to the
time t and feeds that value to the engine 10.

[0107] According to some preferred embodiments, a
method is provided for controlling the DC voltage output
from the power distribution system 30 for powering the
plurality of electrical loads, the method comprising:

a) measuring an instantaneous DC voltage value
Vpc(t) and an instantaneous direct current Ipc(t) at
the output of the AC-DC converter 20;

b) computing a value of instantaneous DC power,
Ppc(t), based on the measured values Ip¢(t) and
Voc(t);

¢) determining an engine horsepower value Pt as-
sociated with the instantaneous DC power by con-
verting the instantaneous value Pp(T) into an en-
gine horsepower value P_,tby means of a conversion
factor associated with an energy conversion efficien-
cy;

d) computing a nominal RPM value corresponding
to the engine horsepower value P! based on an
equation or on a lookup table describing a numerical
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relationship between engine horsepower values and
the RPM values; and
e) running the engine at the nominal RPM value.

[0108] After step e), the method comprises repeating
steps a) to e).

[0109] In another embodiment, step c) of determining
the Pt value comprises performing a read of a lookup
table describing a numerical relationship between engine
horsepower values and electrical DC power values as-
sociated with the AC-DC converter 20.

[0110] In ways per se known, the instantaneous DC
voltage value Vp(t) and the instantaneous direct current
value Ip¢(t) at the output of the AC-DC converter 20 can
be carried out, respectively, by a volt meter and an am-
pere meter (not shown in the figures) electrically coupled
to the output terminals of the AC-DC converter or to the
DC power distribution bus 24, preferably upstream any
connection point of the bus 24 with the supply power lines
conveying power to the loads.

[0111] Preferably, before setting the diesel engine 10
to run at the nominal RPM value, the method comprises
a secondary control loop, indicated with arrow 63 in Fig.
3, nested inside the primary control loop comprising steps
a) to d), to determine an actual instantaneous engine
speed, in particular the instantaneous RPM value at time
t, RPM(t), simultaneously to the measurements Vp(t),
Ipc(t). In ways per se known, the instantaneous RPM
value can measured by a RPM sensor (not indicated in
the figure) designed for sensing the revolutions of the
driving shaft of the engine.

[0112] Preferably, the instantaneous RPM value is de-
termined by measuring the frequency and the voltage at
the output of the AC generator 16. This can be advanta-
geous in terms of reliability and costs.

[0113] Preferably, the method comprises:

- determining an actual instantaneous RPM value of
the engine, wherein step d) comprises, after com-
puting a nominal RPM value:

- comparing the instantaneous RPM value with the
nominal RPM value,

-  if a difference between the nominal RPM value and
the instantaneous RPM value larger than a preset
RPM difference value, adjusting the throttle position
to the nominal RPM value so as to run the engine at
that speed value, and

-  ifthedifference between the nominal RPM value and
the instantaneous RPM value is zero or within the
preset RPM difference value, taking no action so as
to maintain the running speed to the nominal RPM
value.

[0114] The algorithm determines whether to take or
not take action depending on the difference between the
instantaneous RPM value and the nominal RPM value.
For example, the preset RPM difference value can be a
percentage difference of 1%.
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[0115] Each electrical load of the plurality of electrical
loads draws current from the DC bus resulting in electric
power absorption. As power demand can change during
operation of the conditioning unit, for example tempera-
ture pulldown vs. temperature maintenance, the current
drawn from the DC bus by one ormore loads, may change
and this can result in a voltage drop in the DC bus or
more generally in fluctuations of the DC voltage carried
in the bus.

[0116] In some preferred embodiments, an instanta-
neous value of the power absorbed by the plurality of
loads is determined simultaneously to the determination
of the instantaneous power at the output of the AC-DC
power converter 20, Pp(t). To this end and in ways per
se known, the "local" instantaneous DC voltage and cur-
rent, V| pc(t) and | pc(t), of each load are measured, re-
spectively, by a volt meter and an ampere meter (not
indicated in the figures) electrically coupled to the rele-
vant supply power line 25, 25’, 28a-28d, connecting the
load to the DC power distribution bus 24. In case a load
voltage conversion device is arranged in the supply pow-
er line, the meters are placed in the portion of the supply
line 25, 25’ connecting the voltage conversion device to
the DC bus 24. From the measurement of V| ps(t) and
I_pc(t) for each load (block 65), an instantaneous load
power value P (t) is calculated. The sum of the plurality
of load power values calculated for each load provides
an estimate ofthe instantaneous electric power absorbed
by the transport conditioning unit 40 and it is referred to
as the instantaneous total absorbed power value, P, 4(t).
The P4,5(t) value can be compared with the value Pp(T)
to determine if there exists a significant discrepancy be-
tween the two values, indicative of power losses along
the DC bus and/or unbalanced loads. This information
can be displayed on the HMI 19 for a user to control the
operation of the conditioning unit 40.

[0117] In an embodiment, the controller 18 is config-
ured to receive a plurality of pair of instantaneous voltage
and current values, V| pc(t) and I p¢(t), associated to

each load of the plurality, to compute a corresponding
instantaneous load power value P (t). An instantaneous

total absorbed power value, P44(t), is computed as the
sum of the plurality of instantaneous load power values,

= Z? l:,L (t)II .

PL(t), Paps(t) with n the number of elec-
tric loads of the conditioning unit 40.

[0118] Preferably, the instantaneous current I pc(t) is
measured at the respective supply power line of each
load. For example, the current is measured by means of
a respective current meter connected in series to each
load in a portion of the supply power line between the
converter and the load, at the proximity of the DC bus.
[0119] The Applicant has observed that it would be ad-
vantageous to operate the engine so as to maintain fuel
consumption and noise at the minimum level while sat-
isfying the power demand of the electrical loads. The
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Applicant has observed that being the power distribution
system able to accept a relatively wide range of input AC
voltages and frequencies, it is possible to operate the
engine across a range of running speeds and to select
a suitable running speed providing the desired electric
DC power at the output of the AC-DC converter 20 while
keeping fuel consumption low. According to some pre-
ferred embodiments, the Pl controller block 61 stores in
anon-volatile memory a lookup table implementing a plu-
rality of data tables (data table array), each data table
mapping a numerical relationship between engine horse-
power and running speed at a constant fuel consumption.
Each data table stores a plurality of horsepower values,
e.g.inkW, and a corresponding plurality of running speed
values, e.g. in RPM, for a given fuel consumption value,
expressed for example in g/lkWh. Therefore, the data ta-
bles of the array implemented by the lookup table are
each associated with a respective value of fuel consump-
tion, the values of fuel consumption being different from
one another.

[0120] In a two-dimensional graph horsepower-RPM,
values forming each data table of the array of data tables
canberepresented by a respective curve associated with
avalue of fuel consumption. Data tables can be received
and stored by the PI controller block 61 as input data
information, for example originating from horsepower-
RPM curves empirically determined.

[0121] Preferably, the method of controlling the DC
voltage output from the power distribution system 30
comprises, preferably before step e):

- storing alookup table implementing a plurality of data
tables, each data table describing a numerical rela-
tionship between engine horsepower values and
running speed values at a constant value of fuel con-
sumption, each data table being associated with a
value of fuel consumption so as a respective plurality
of values of fuel consumption is associated with the
plurality of data tables,

wherein step e) comprises computing a respective run-
ning speed value corresponding to the engine horsepow-
er value P, from each data table of the lookup table and
selecting a running speed value from the data table hav-
ing the lowest value of fuel consumption of the plurality
of fuel consumption values, the selected running speed
value being the nominal running speed value.

[0122] Where applicable, method steps described
herein may be embodied or executed as instructions
stored on a non-transitory computer-readable memory
medium or media, such as the memory of the electronic
engine controller 17 and/or of the electronic refrigeration
controller 18. Although, in the present description, refer-
ence may be made to a specific controller as embodying
instructions for executing a control algorithm or part of it,
it should be understood that the method steps can be
implemented in any electronic controller of the transport
or in a plurality of controllers being logically linked to one
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another.

[0123] Those skilled in the art will recognize that it is
possible to combine the various features of the embod-
iments described above in order to obtain further embod-
iments, all of which are in any case encompassed by the
present invention as defined by the following claims.

Claims
1. A transport conditioning system (100) comprising:

- atransport conditioning unit (40) for controlling
the temperature within an inner space of a cargo
storage compartment mounted on a transport
vehicle, the transport conditioning unit (40) com-
prising a compressor (12), acondenser (41)and
a condenser fan (13) associated with the con-
denser (12) for providing air flow thereover, an
evaporator (43), an evaporator fan (11) associ-
ated with the evaporator (43) for providing air
flow thereover, and a plurality of electricals loads
(12',15,15’,14) comprising an electric compres-
sor motor (12’) for driving the compressor (12)
and a first electric fan motor (15) for driving the
condenser fan (13),

- an electric AC generator (16) driven by an in-
ternal combustion engine (10), and

- an electric power distribution assembly (30) for
powering at least one electrical load of the plu-
rality of electrical loads (12’, 15, 15’, 14), the
assembly comprising

an AC-DC voltage converter (20) electrically
coupled as input to the electric AC generator
(16) for receiving AC power and configured to
convert the AC power to DC power so as to sup-
ply DC voltage as output, and

a DC power distribution bus (24) electrically cou-
pled as input to the AC-DC voltage converter
(20) and configured to carry the DC voltage,

wherein the least one electric load is powered by the
DC power distribution bus (24), said least one elec-
tric load being the compressor motor (12’).

2. The transport conditioning system (100) of claim 1,
wherein the AC-DC voltage converter (20) is config-
ured to convert the AC power to DC power at a high
DC voltage of from DC 400 V to DC 800V on the DC
power distribution bus (24).

3. The transport conditioning system (100) of claim 1

or 2, wherein the electric AC generator (16) is a syn-
chronous generator designed to output a three-
phase voltage to be received by the AC-DC voltage
converter (20), the three-phase output voltage being
comprised between AC 280V and AC 550V.
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The transport conditioning system (100) of one or
more of the preceding claims, wherein the AC-DC
voltage converter (20) is a full bridge converter.

The transport conditioning system (100) of one or
more of the preceding claims, wherein each of the
plurality of electricalloads is powered by the DC pow-
er distribution bus (24), the compressor motor (12’)
and the first electric fan motor (15) being electrically
coupled to the power distribution bus (24).

The transport conditioning system (100) of one or
more of the preceding claims, wherein the electric
power distribution assembly (30) comprises a first
load voltage conversion device (32, 33) electrically
coupled as input to the DC power distribution bus
(24) and delivering voltage to an electrical load of
the plurality of electrical loads (12°, 15, 15, 14), said
electrical load being electrically coupled to the DC
power distribution bus (24) via the first load voltage
conversion device (32, 33).

The transport conditioning system (100) of claim 6,
wherein the first load voltage conversion device is a
DC-AC inverter (33) electrically coupled as input to
the DC power distribution bus (24) and as output to
the compressor motor (12’) and being configured to
convert the DC voltage received from the DC power
distribution bus (24) into a AC voltage to be supplied
to the compressor motor (12’).

The transport conditioning system (100) of claim 6
or7,whendependentonclaim 5, wherein the electric
power distribution assembly (30) comprises a sec-
ond load voltage conversion device (32), the second
load voltage conversion device being a DC-DC volt-
age converter (32) electrically coupled as input to
the DC power distribution bus (24) and as output to
the first fan motor (15), the DC-DC voltage converter
(32) configured to convert the DC voltage received
from the DC power distribution bus (24) into a differ-
ent DC voltage to be supplied to the first fan motor
(15).

The transport conditioning system (100) of one or
more of the preceding claims, wherein the plurality
of electrical loads comprises a second electric fan
motor (15’) for driving the evaporator fan (11), the
second electric fan motor being powered by the DC
power distribution bus (24).

The transport conditioning (100) system of one or
more of the preceding claims, wherein aload voltage
conversion device is electrically coupled as input to
the power distribution bus (24) and as output to the
second electric fan motor (15’), to convert the DC
voltage received from the DC power distribution bus
(24) into a different DC voltage to be supplied to the
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second electric fan motor (15’).

The transport conditioning system of one or more of
the preceding claims, wherein the electric AC gen-
erator (16) comprises output AC terminals and the
electric AC-DC voltage converter (20) comprises first
input terminals electrically connected to the output
AC terminals and second input terminals connecta-
ble to a utility power grid (34) supplying AC voltage.

A method for controlling the voltage output of a power
distribution system for powering a plurality of elec-
trical loads of a transport conditioning unit, the trans-
port conditioning unit comprising an internal com-
bustion engine, an electri AC generator (16) driven
by the internal combustion engine, a compressor
(12), a condenser (41), and a condenser fan (13)
associated with the condenser (12) for providing air
flow thereover, and a plurality of electrical loads (12,
15, 15°, 14) comprising an electric compressor motor
(12’) for driving the compressor (12) and a first elec-
tric fan motor (15) for driving the condenser fan (13),
and

a power distribution system comprising an AC-DC
voltage converter (20) electrically coupled as input
to the AC generator (16) and as a output to a DC
power distribution bus (24) configured to carry DC
voltage, the DC power distribution bus being electri-
cally coupled to at least one of the plurality of elec-
trical loads,

the method comprising:

a) measuring an instantaneous DC voltage val-
ue, Vpc(t), and an instantaneous direct current
value, Ipq(t), at the output of the AC-DC voltage
converter (20);

b) computing an instantaneous DC power value,
Ppc(t), based on the measured values Ip¢(t) and
Voc(t);

c) determining an engine horsepower value,
Pt of the internal combustion engine (10), the
horsepower value, Pmt, being associated with
the instantaneous DC power value;

d) computing a nominal running speed value of
the internal combustion engine (10) correspond-
ing to the engine horsepower value, P!, based
on an equation or on a lookup table describing
a numerical relationship between engine horse-
power values and running speed values asso-
ciated with the internal combustion engine; and
e) running the engine at the nominal running
speed value.

The method of claim 12, further comprising repeating
steps a) to e).

14. The method of claims 12 or 13, comprising:
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- storing a lookup table implementing a plurality
of data tables, each data table describing a nu-
merical relationship between engine horsepow-
er values and running speed values at a con-
stant value of fuel consumption, each data table
being associated with a value of fuel consump-
tion so as a respective plurality of values of fuel
consumption is associated with the plurality of
data tables,

wherein step e) comprises computing a respective
running speed value corresponding to the engine
horsepower value Pt from each data table of the
lookup table and selecting a running speed value
from the data table having the lowest value of fuel
consumption of the plurality of fuel consumption val-
ues, the selected running speed value being the
nominal running speed value.

The method of any of claims 12 to 14, wherein the
internal combustion engine (10) is provided with an
engine intake throttle, the method comprising:

- determining an instantaneous running speed
value of the engine,

wherein step e) comprises, after computing a nom-
inal running speed value:

- comparing the instantaneous running speed
value with the nominal running speed value,

- if a difference between the nominal running
speed value and the instantaneous running
speed value larger than a pre-setrunning speed
difference value, adjusting the throttle position
to the nominal running value so as to run the
engine at that speed value, and

- if the difference between the nominal running
speed value and the instantaneous running
speed value is zero or within the pre-set running
speed difference value, taking no action so as
to maintain the running speed to the nominal
running speed value.
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