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Abstract:

An engine unit (U1) containing an electricity generator (22), an electricity-generator
engine (21), and a console panel (29) is mounted in the lower part of a trailer. A
refrigeration equipment unit (U2) containing a converter (23), inverters (24, 25, 26), and a
refrigerant circuit (30) is mounted in the ceiling part of a refrigeration storage compartment
(C). The engine unit (Ul) and the refrigeration equipment unit (U2) are connected

together by electric wiring.
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TRAILER REFRIGERATION SYSTEM

TECHNICAL FIELD

[0001] In general, the present invention relates to a refrigeration system intended for use

In a transport trailer. More specifically, the present invention relates to a technology for

enhancing the maintainability of the trailer refrigeration system.

BACKGROUND ART

[0002]  In the past, refrigeration systems, which are installed in refrigeration vehicles for
ground transportation of frozen foods et cetera and used to provide cooling of the inside of
their freezing storage compartments, have been known in the art (see, for example,
Japanese Patent Document JP-A-HO05(1993)-38933). Such a refrigeration system includes

a sub engine separate from the drive engine of the refrigeration vehicle and an electric

compressor driven by the sub engine, and is installed in the cargo-carrying platform.

DISCLOSURE OF THE INVENTION
PROBLEMS THAT THE INVENTION SEEKS TO OVERCOME

[0003]  However, in the refrigeration system of the patent document, the sub engine and
the compressor motor are in direct connection with each other. This especially produces
the problem of poor maintainability of the sub engine. The frequency of maintenance of
the sub engine is higher than the other refrigeration equipment. Besides, the work of

maintenance of the sub engine is cumbersome and complicated because of the requirement

that either the sub engine must be detached from the motor or the entire refrigeration

system must be removed from the vehicle.

0004}  In view of these problems associated with the prior art, the present invention was
made. Accordingly, an object of the present invention is to enhance maintainability in a

refrigeration system which is provided with a compressor-driving engine separate from the

drive engine of the vehicle.

MEANS FOR OVERCOMING THE PROBLEMS
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[0005] The present invention provides, as a first aspect, a trailer refrigeration system for
providing cooling of the storage compartment of a trailer, the trailer refrigeration system
comprising an electricity generator (22), an electricity-generator engine (21) for driving the
electricity generator (22), and a refrigeration-cycle electric compressor (31) which is
driven by electric power generated from the electricity generator (22) as an electric power
source. The trailer refrigeration system comprises a first unit (U1l) containing the
electricity generator (22) and the electricity-generator engine (21) and a second unit (U2)

electrically connected to the first unit (U1) and containing the electric compressor (31).

[0006] In the first aspect of the present invention, the electricity generator (22) and the
electricity-generator engine (21) are contained in one unit while on the other hand the
electric compressor (31) is contained in another unit. These units (U1, U2) are connected
together by electric wiring or other suitable means. Accordingly, in performing
maintenance on the electricity generator (22) and the electricity-generator engine (21) both
of which require relatively frequent maintenance, it is possible to remove only the first unit

(U1) trom the vehicle by just detaching the electric wiring.

[0007] In addition, since the units (U1, U2) are connected together by the electric wiring,
this enhances the flexibility of the location of installation of each unit (U1, U2).

[0008]  The present invention provides, as a second aspect according to the first aspect, a
trailer refrigeration system in which the second unit (U2) is provided with a converter (23)
for converting electric power generated from the electricity generator (22) into dc electric
power and an inverter (24, 25, 26) for converting dc electric power from the converter (23)

Into ac electric power, and in which the electric compressor (31) is driven by the output of

the inverter (24, 25, 26).

[0009]  In the second aspect of the present invention, since the electricity generator (22)
and the converter (23) are electrically connected together, the units (Ul, U2) are
electrically connecting together. And, the converter (23) and the inverter (24, 25, 26)
which are electric power conversion devices are arranged between the electricity generator
(22) and the electric compressor (31) and as a result the electric compressor (31) is not
driven in conjunction with the rotation of the electricity-generator engine (21). In other

words, the speed of rotation of the electric compressor (31) is adjusted by controlling the
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inverter (24, 25, 26), regardless of the speed of rotation of the electricity-generator engine
(21).

(0010] In addition, the present invention provides, as a third aspect according to either
the first or the second aspect, a trailer refrigeration system in which the first unit (U1) 1s

mounted in the lower part of the trailer.

[0011] In the third aspect of the present invention, the electricity generator (22) and the
electricity-generator engine (21), both of which produce a relatively louder noise than the
refrigeration equipment such as the electric compressor (31) et cetera, are mounted in the
lower part of the trailer (for example, on the bottom surface). Accordingly, noise caused

by the refrigeration system (10) 1s controlled.

[0012] The present invention provides, as a fourth aspect according to either the first or
the second aspect, a trailer refrigeration system in which the second unit (U2) 1s mounted

in the roof part of the trailer.

[0013] In the fourth aspect of the present invention, the refrigerant circuit provided with
the electric compressor (31) is arranged 1n place in the middie of the roof part of the trailer,
in a corner of the roof part of the trailer, or other suitable position. Accordingly, air cooled

by the evaporator is uniformly supplied throughout the refrigeration storage compartment.

[0014] The present invention provides, as a fifth aspect according to the third aspect, a
traller refrigeration system in which the first unit (U1) contains a console panel (29) for the

refrigeration system.

[0015] In the fifth aspect of the present invention, the console panel (29) 1s arranged in
place in the lower part of the trailer. The console panel (29) has an operation part for
storage-compartment temperature setting, operation mode setting et cetera and a display
part for storage-compartment preset temperature display et cetera. This allows the operator

(driver) to easily operate the console panel (29).
ADVANTAGEOUS EFFECTS OF THE INVENTION

[0016] Theretore, 1n accordance with the present invention, the electricity generator (22)

and the electricity-generator engine (21) are contained in one unit while on the other hand
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the electric compressor (31) is contained in another unit, and the unmits (Ul, U2) are
electrically connected together and as a result it is possible to easily remove only the unit
(U1) containing the electricity generator (22) and the electricity-generator engine (21) from
the vehicle. This enhances the maintainability of the electricity-generator engine (21) et

cetera.

[0017] In addition, since the units (U1, U2) are electrically connected together, each unit
is freed from the constraint imposed by the other unit. That is, it is possible to enhance the
flexibility of the location of installation of each unit (U1, U2). Accordingly, if the units
(U1, U2) are arranged such that they are spaced apart as much as possible, the refrigerant
circuit in which the electric compressor (31) is disposed is not subjected to the influence of
heat generated by the electricity-generator engine (21) et cetera. This therefore

accomplishes the energy saving of the refrigeration operation.

[0018] In addition, in accordance with the second aspect of the present invention, the
converter (23) and the inverter (24, 25, 26) are connected to between the electricity
generator (22) and the electric compressor (31), thereby making it possible to individually
control the speed of rotation of the electricity-generator engine (21) and the speed of
rotation of the electric compressor (31). Accordingly, there 1s no need that, being
constrained by the allowable speed of rotation of the electric compressor (31), the
clectricity-generator engine (21) be driven at, for example, low speed/high torque
conditions. This therefore eliminates the need that the displacement of the electricity-
generator engine (21) be increased more than is necessary. As a result, it becomes possible

to reduce the electricity-generator engine (21) 1n size and weight.

[0019] In addition, in accordance with the third aspect of the present invention, the
electricity generator (22) and the electricity-generator engine (21) are arranged in the lower
part of the trailer, thereby making 1t possible to control noise from the electricity generator
(22) and the electricity-generator engine (21). In addition, the electricity generator (22)
and the electricity-generator engine (21) vibrate relatively strongly. However, such

vibration 1s controlled not to affect the electric compressor (31) et cetera.

[0020]  Additionally, 1n accordance with the fourth aspect of the present invention, the

refrigerant circuit in which the electric compressor (31) is disposed is arranged either on
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the roof part of the trailer or in a corner of the roof part of the trailer, thereby making it
possible to uniformly supply air cooled in the evaporator throughout the refrigeration

storage compartment. Accordingly, the efficiency of refrigeration is enhanced.

[0021] In addition, in accordance with the fifth aspect of the present invention, it is
designed such that the console panel (29) is positioned in the lower part of the trailer,

thereby making it possible to enhance the operability of the refrigeration system (10).
BRIEF DESCRIPTION OF THE DRAWINGS

10022] In the drawings:

Figure 1 1s a left-hand side view of a refrigeration vehicle into which a refrigeration system

according to an embodiment of the present invention is incorporated;

Figure 2 is a schematic system diagram illustrating the entire refrigeration system of the

embodiment;

Figure 3 1s a plumbing diagram illustrating a refrigerant circuit of the refrigeration system;

Figure 4 1s a view illustrating the entire right-hand side of a trailer according to the

embodiment; and

Figure S 1s a view illustrating the entire right-hand side of a trailer according to a variation

of the embodiment.

INDEX OF REFERENCE SIGNS IN THE DRAWINGS
[0023]

10: refrigeration system

21: electricity-generator engine

22: electricity generator

23: converter

24-26: first to third inverters

29: console panel
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30: refrigerant circuit

31: electric compressor

U1: engine unit (first unit)

U2: refrigeration equipment unit (second unit)

BEST MODE FOR CARRYING OUT THE INVENTION

[0024] Referring to the drawings, an embodiment of the present invention is described in

detail below.

[0025] Referring to Figure 1, there is shown a large refrigeration vehicle used for ground
transportation of frozen foods, fresh foods et cetera, and a refrigeration system (10) of the
present embodiment is incorporated into the refrigeration vehicle. The refrigeration
vehicle includes a powered vehicle (trailer head) having a driver’s cabin and a drive engine,
and a cargo-carrying platform vehicle (trailer) having a refrigeration storage compartment
(C). The trailer head and the trailer are detachably connected together. The refrigeration
system (10) of the present embodiment is installed in the cargo-carrying platform vehicle

(trailer) and provides cooling of the inside of the refrigeration storage compartment (C).

[0026] As shown in Figures 2 and 3, the refrigeration system (10) includes an
electricity-generator engine (21), an electricity generator (22), a converter (23), three

inverters (24, 25, 26), a refrigerant circuit (30), and a console panel (29).

[0027] The electricity generator (22) is mechanically connected, for example, through a
pulley or a belt, to the electricity-generator engine (21). The electricity generator (22)
generates electricity by the use of power from the electricity-generator engine (21). The
electricity-generator engine (21) is provided separately from the drive engine of the
powered vehicle and is for dedicated use by the refrigeration system (10). And, the
operation speed of rotation of the electricity-generator engine (21) is controlled by

regulating the amount of fuel supply by electronic governor control.

10028] The converter (23) is connected by electric wiring to the electricity generator
(22). The converter (23) converts ac electric power generated by the electricity generator

(22) into dc electric power. Each of the three inverters (24, 25, 26) 1s connected 1n parallel
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to the converter (23) by electric wiring, and converts dc electric power from the converter

(23) into ac electric power.

[0029]  More specifically, the first inverter (24) is connected by electric wiring to the
motor of the electric compressor (31) in the refrigerant circuit (30). The first inverter (24)
1s configured such that it outputs ac electric power to drive the electric compressor (31).
The second inverter (25) is connected by electric wiring to the motor of a condenser fan
(35) (described later) in the refrigerant circuit (30). The second inverter (25) is configured
such that it outputs ac electric power to drive the condenser fan (35). The third inverter
(26) 1s connected by electric wiring to the motor of an evaporator fan (36) (described later)
in the refrigerant circuit (30). The third inverter (26) is configured such that it outputs ac

electric power to drive the evaporator fan (36).

[0030]  To sum up, in the present embodiment, the converter (23) and the inverters (24,

235, 26) together constitute an electric-power converting system.

[0031]  The retrigerant circuit (30) includes in addition to the electric compressor (31) a
condenser (32), an electronic expansion valve (33), and an evaporator (34) all of which are
connected 1n series by piping. The condenser fan (35) is arranged in the vicinity of the

condenser (32) and the evaporator fan (36) in the vicinity of the evaporator (34).

[0032]  The electric compressor (31) is provided with a compression mechanism of the
reciprocating type and is of a so-called reciprocating type. Air outside the storage
compartment 1s taken into the condenser (32) by the condenser fan (35) while air inside the
storage compartment 1s taken into the evaporator (34) by the evaporator fan (36). The
refrigerant circuit (30) is configured such that refrigerant is circulated to operate a vapor
compression refrigeration cycle. In other words, liquid refrigerant condensed in the

condenser (32) is decompressed in the electronic expansion valve (33) and evaporates by

heat exchange with air in the storage compartment whereby the air in the storage

compartment is cooled.

[0033] Various sensors (not shown) such as temperature sensors, pressure Sensors,

pressure switches et cetera are connected in the piping of the refrigerant circuit (30).
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[0034] A selector switch (27) 1s disposed along electric wiring which connects the
electricity generator (22) and the converter (23). The selector switch (27) 1s configured
such that it provides switching between a first state in which the converter (23) is
connected to the electricity generator (22) and a second state in which the converter (23) is
connected to the commercial power supply. For example, in the case where the
refrigeration vehicle remains parked for many hours, the electricity-generator engine (21)
1s stopped and the selector switch (27) 1s switched to the second state so that the converter

(23) can be connected to the commercial power supply.

[0035]  The console panel (29) has an operation part, a display part, a recording part et
cetera (not shown). The operation part is for turning on/off various power sources and for
setting the temperature of the storage compartment, the mode of operation et cetera. The
display part 1s for displaying the preset temperature of the storage compartment, the current
temperature of the storage compartment, the failure code, the preventive maintenance
alarm sign, the mode of operation et cetera. The recording part is for recording the
temperature data for the past several days, the operating data of each equipment (such as
the speed of rotation of the electric compressor (31), the speed of rotation of the electricity-

generator engine (21) et cetera), and other data.

[0036] In the retrigeration system (10), the electricity-generator engine (21), the electric
compressor (31), the fan (35), and the fan (36) are individually controlled. That is, in order
that the operation speed of rotation of the electric compressor (31) and the operation speed
of rotation of each fan (35, 36) may be regulated based on the required refrigeration
capacity, the output electric power of each inverter (24, 25, 26) is individually controlled.
In addition, the electricity-generator engine (21) is controlled such that it is driven at the

operation speed of rotation that achieves optimal efficiency, regardless of the operation

speed of rotation of the electric compressor (31) et cetera.

[0037] As shown 1n Figure 4, as a feature of the present invention, the refrigeration
system (10) 1s divided into two units, namely an engine unit (U1l) and a refrigeration

equipment unit (U2) each of which is provided with respective equipment.

[0038] The engine unit (U1) has the electricity-generator engine (21), the electricity

generator (22), and the console panel (29). In addition, devices associated with the
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electricity-generator engine (21), such as a radiator, a radiator fan, a carbureter, an

alternator, a buttery, a governor, a muffler et cetera, are also arranged in the engine unit

(U1).

[0039] The converter (23), the inverters (24, 25, 26), and the refrigerant circuit (30) are
provided in the refrigeration equipment unit (U2). In addition, a control board (not shown)

is also provided in the refrigeration equipment unit (U2).

[0040]  The engine unit (Ul) and the refrigeration equipment unit (U2) are connected

together by electric wiring. The selector switch (27) 1s disposed along the electric wiring.

[0041] The engine unit (U1) is positioned slightly to the front in the bottom (lower) part
of the trailer. That 1s, the electricity-generator engine (21) and the electricity-generator
engine (21), both of which emit a relatively loud noise, are situated in the bottom part of
the trailer, thereby controlling noise emitted therefrom. In addition, the console panel (29)
is arranged at the height level that allows the operator to operate it with ease. Also note
that in Figure 4 the front indicates the side ot the powered vehicle. This is the same as 1n

Figure S (described later).

[0042] The refrigeration equipment unit (U2) is positioned in the middle of the roof part
of the trailer, i.e., in the middle of the ceiling part of the refrigeration storage compartment
(C). This means that each of the units (U1, U2) is so positioned as to be spaced relatively
apart from the other. Although the electricity-generator engine (21) and the electricity
generator (22) heat up to high temperature, the resulting heat hardly reaches the refrigerant
circuit (30). This enhances the efficiency of refrigeration of the refrigerant circuit (30). In
addition, although the electricity-generator engine (21) and the electricity generator (22)

vibrate relatively strongly, the refrigerant circuit (30) is freed from the resulting vibration.

[0043] In performing maintenance, for example, on the electricity-generator engine (21),
the engine unit (U1) can be easily removed from the vehicle by just detaching the electric
wiring between the units (U1, U2). Stated another way, unlike the prior art, neither the
detaching of the electricity-generator engine (21) from the electricity generator (22) nor the

removing of the entire system from the vehicle 1s required.

RUNNING OPERATION
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[0044 ] Next, the running operation of the refrigeration system (10) of the present

embodiment is described below.

[0045] In the first place, when the electricity-generator engine (21) is activated, the
electricity generator (22) generates electric power by the use of mechanical power from the
electricity-generator engine (21). AC electric power generated is converted by the
converter (23) into dc electric power which is then output to each of the inverters (24, 25,
26). In each inverter (24, 25, 26), the input dc electric power is reconverted to ac electric
power. The first inverter (24) outputs ac electric power to the electric compressor (31), the
second inverter (25) to the fan (35), and the third inverter (26) to the fan (36).
Consequently, the electric compressor (31) and the fans (35, 36) are driven and the
refrigerant circuit (30) operates a vapor compression refrigeration cycle. Since the
refrigeration equipment unit (U2) is positioned in the middle of the ceiling part of the
refrigeration storage compartment (C), air cooled in the evaporator (34) is uniformly

supplied throughout the refrigeration storage compartment (C).

(0046} In the above-described running state, each inverter (24, 25, 26) is controlled
individually from the other inverters whereby the electric compressor (31) and each fan (35,
36) are controlled in their speed of rotation. On the other hand, the speed of rotation of the
electricity-generator engine (21) is controlled, independently of the operation speed of
rotation of the electric compressor (31) and of the operation speed of rotation of each fan
(35, 36). Accordingly, since the rated speed of rotation of the electricity-generator engine
(21) 1s not required to match the allowable speed of rotation of the electric compressor (31),
there 1s no need that the electricity-generator engine (21) should exert high torque in the

region of low rotation speed. This prevents the electricity-generator engine (21) from

growing in size.
ADVANTAGEOUS EFFECTS OF THE EMBODIMENT

[0047]  As described above, in accordance with the present embodiment, the electricity
generator (22) and the electricity-generator engine (21) are contained in one unit while on
the other hand the refrigerant circuit (30) is contained in another unit, and the units (U1,
U2) are electrically connected together. Accordingly, for example, in performing

maintenance on the electricity-generator engine (21), the engine unit (U1) can be easily
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removed from the vehicle by just detaching the electrical wiring. That is to say, neither the
detaching of the electricity-generator engine (21) from the electricity generator (22)
mechanically connected thereto nor the removing of the entire system from the vehicle is
required. This makes it possible to enhance the maintainability of the electricity-generator
engine (21). This point is the same as for the maintainability of the other equipment such

as the electricity generator (22), the electric compressor (31) et cetera.

[0048]  In addition, the converter (23) and the inverters (24, 25, 26) are connected to
between the electricity generator (22) and the electric compressor (31), thereby making it
possible to individually control the speed of rotation of the electricity-generator engine
(21) and the speed of rotation of the electric compressor (31). Accordingly, there is no
need that, being constrained by the allowable speed of rotation of the electric compressor
(31), the electricity-generator engine (21) be driven at, for example, low speed/high torque
conditions. This therefore eliminates the need that the displacement of the electricity-
generator engine (21) be increased more than 1s necessary. As a result, it becomes possible

to reduce the electricity-generator engine (21) in size and weight.

[0049] In addition, the electricity generator (22) and the electricity-generator engine (21)
are arranged 1n the bottom part of the trailer, thereby making it possible to control noise
from the electricity generator (22) and the electricity-generator engine (21). In addition,
the electricity generator (22) and the electricity-generator engine (21) vibrate relatively

strongly. However, such vibration is controlled not to affect the refrigerant circuit (30).

[0050]  In addition, the units (U1, U2) are connected together by electric wiring, thereby

making 1t possible to arrange, as in the present embodiment, the units (U1, U2) such that

they are spaced relatively apart from each other. In other words, the flexibility of the
location of 1nstallation of each unit (U1, U2) is enhanced. Accordingly, by the spacing
apart of the units (U1, U2), the refrigerant circuit (30) is not subjected to the influence of

heat 'generated by the electricity-generator engine (21). This therefore accomplishes the

energy saving of the refrigeration operation.

[0051]  In addition, since the refrigerant circuit (30) is arranged in the middle of the roof

part of the trailer, i.e., in the middle of the upper surface wall of the trailer, this makes it

possible to uniformly supply air cooled in the evaporator throughout the refrigeration
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storage compartment. Accordingly, the efficiency of refrigeration is enhanced, thereby

accomplishing the energy saving of the refrigeration operation.

[0052] In addition, since the console panel (29) is arranged in the bottom part of the

trailer, this makes it possible to enhance the operability of the refrigeration system (10).
VARIATIONS OF THE EMBODIMENT

[0053] Referring to Figure 5, there is illustrated a variation of the embodiment described
above. In this variation, the engine unit (U1) and the refrigeration equipment unit (U2) are
installed in different positions from those in the embodiment. More specifically, the
engine unit (U1) is positioned in the lower part of the front wall of the trainer while on the
other hand the refrigeration equipment unit (U2) is positioned on the forward side of the
trailer roof part, i.e., in the corner of the trailer roof part. That 1s, a part of the refrigeration
equipment unit (U2) is located within the refrigeration storage compartment (C) and the

rest is located outside the refrigeration storage compartment (C).

[0054]  In addition, there is another variation (not shown) of the embodiment. In this
variation, the refrigeration equipment unit (U2) is positioned in the upper part of the front
wall of the trailer. That is, the entire refrigeration equipment unit (U2) 1s located outside
the refrigeration storage compartment (C) of the trailer. It may be arranged 1n this case
such that the front wall of the trailer is provided with an opening for the mounting of the
refrigeration equipment unit (U2) and the opening 1s closed when the refrigeration
equipment unit (U2) 1s mounted thereover. In other words, the refrigeration equipment

unit (U2) serves also as a part of the front wall of the trailer.

[0055] It should be noted that the above-described embodiment and its variations are
essentially preferable exemplifications that are not intended 1in any sense to limit the scope

of the present invention, its application, or its application range.

INDUSTRIAL APPLICABILITY

[0056]  As has been described above, the present invention 1s useful as a refrigeration

system 1ncorporated 1nto a trailer (cargo-carrying vehicle).
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Claims:
What is claimed is:
1. A trailer refrigeration system for providing cooling of the storage compartment of a

trailer, the trailer refrigeration system comprising an electricity generator (22), an
electricity-generator engine (21) for driving the electricity generator (22), and a
refrigeration-cycle electric compressor (31) which 1s driven by electric power generated

from the electricity generator (22) as an electric power source,

wherein the trailer refrigeration system comprises a first unit (U1) containing the electricity
generator (22) and the electricity-generator engine (21) and a second unit (U2) electrically

connected to the first unit (U1) and containing the electric compressor (31).
2. The trailer refrigeration system of claim 1,

wherein the second unit (U2) is provided with a converter (23) for converting electric
power generated from the electricity generator (22) into dc electric power and an inverter

(24, 25, 26) for converting dc electric power from the converter (23) into ac electric power,

and
wherein the electric compressor (31) 1s driven by the output of the inverter (24, 25, 26).

3. The trailer refrigeration system of claim 1, wherein the first unit (U1) 1s mounted in

the lower part of the trailer.

4. The trailer refrigeration system of claim 1, wherein the second unit (U2) is mounted

in the roof part of the trailer.

5. The trailer refrigeration system of claim 3, wherein the first unit (U1) contains a

console panel (29) for the refrigeration system.
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