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Description

FIELD

[0001] The embodiments disclosed herein relate gen-
erally to a transport refrigeration system (TRS). More par-
ticularly, the embodiments relate to a bulkhead for a TRS
for use in a transport refrigeration unit (TRU).

BACKGROUND

[0002] Existing transport refrigeration systems are
used to cool containers, trailers, railcars or other similar
transport units (typically referred to as a "reefer"). Modern
reefers are commonly used to transport perishable items
such as produce and meat products. In such a case, the
transport refrigeration systems are used to condition the
air inside a cargo space of the transport unit, thereby
maintaining desired temperatures and humidities during
transportation or storage. Typically a TRU is attached to
the transport unit to facilitate a heat exchange between
the air inside the cargo space and the air outside of the
transport unit.
[0003] US 4,736,597 describes a transport refrigera-
tion system suitable for narrow post highway trailers. The
refrigeration system intrudes into the trailer cargo space
only to the extent necessary to direct trailer air into an
evaporator. The evaporator is completely serviceable ex-
ternal to the trailer, with its inlet surface being substan-
tially co-planar with the inside surface of the front wall of
the trailer. An air delivery unit is manufactured as an in-
tegral assembly and mounted in a main support frame
of the transport refrigeration system without requiring fur-
ther adjustment. Mounting of the air delivery unit com-
pletes a plenum chamber for the evaporator, placing an
axially narrow blower into an air flow path in which the
blower draws trailer air through the evaporator and forces
conditioned air back into the trailer. Mounting of the air
delivery unit also places a fan into an air flow path in
which outside air is directed upwardly through a condens-
er and laterally through an engine radiator. US 4,402,191
describes a container refrigeration unit comprising a re-
movable panel to access the evaporator.

SUMMARY

[0004] The embodiments described herein relate gen-
erally to a TRS. In particular, the embodiments described
herein are directed to a bulkhead for a TRS for use in a
TRU.
In particular, the embodiments described herein are di-
rected to a bulkhead for use in a TRU that is configured
to create optimal air flow on both a front side (e.g. the
side where the condenser unit is located) and a rear side
(e.g. the side where the evaporator unit is located) of the
bulkhead, provide structural support for various compo-
nents of the TRU, such as an air filter, a fuel filter, an
evaporator blower, condenser blowers, an evaporator

coil, condenser coils, etc., and provide a thermal barrier
between the front side (e.g. the side where the condenser
unit is located) and the rear side (e.g. the side where the
evaporator unit is located). Also, the bulkhead is config-
ured to include an access door and a service opening
that allows a user to access TRU components (the evap-
orator unit) located on the rear side of the bulkhead via
the front side of the bulkhead. Further, the rear side of
the bulkhead is configured to provide a removal support
shelf that can be used as a resting surface or a sliding
surface for removing components (e.g., components of
the evaporator unit) located on the rear side of the bulk-
head out of the TRU from the front side of the TRU via
the service opening by removing the access door.
[0005] With respect to the bulkhead, the contour of sur-
faces on an inner panel and an outer panel of the bulk-
head are configured to create optimal air flows on a front
side and a rear side of the bulkhead to facilitate optimal
air flow return to a condenser unit and an evaporator unit.
[0006] Also, the outer panel and the inner panel are
both made of materials that allow the bulkhead to provide
structural support for other TRU components. In some
embodiments, the outer and inner panels of the bulkhead
are made of a sheet molding compound (SMC) material
that can include long strands of glass fibers which impart
rigidity and strength to the SMC material so as to provide
sufficient strength to provide structural support for other
TRU components.
[0007] Further, the bulkhead is also configured to pro-
vide a thermal barrier between the front side of the bulk-
head and the rear side of the bulkhead, thereby providing
a thermal barrier between an evaporator unit and a con-
denser unit, thereby reducing energy loss in the TRU.
According to the invention, the bulkhead includes an in-
sulation layer between the outer and inner panels. The
insulation layer can help to form the thermal barrier. The
insulation layer can be made from two-part polyurethane
foam.
[0008] In addition, the bulkhead also includes a service
opening and an access door to close the service opening,
allowing an evaporator unit located at the rear side of the
bulkhead to be serviced from a front side of the bulkhead.
The service opening and access door also allow compo-
nents of the evaporator unit to be removed out from the
service opening or reinstalled through the service open-
ing.
[0009] Moreover, the bulkhead also includes a removal
shelf at a rear side of the bulkhead that allows compo-
nents located on the rear side of the bulkhead to rest or
slide thereon during removal or reinstallation of the com-
ponents of the TRU via the service opening.
[0010] With respect to the bulkhead, in some embod-
iments, a bulkhead includes a peripheral edge; and a
center portion surrounded by the peripheral edge, the
center portion being offset from a plane defined by the
peripheral edge, defining a receiving space between the
peripheral edge and a portion of the center portion that
is most offset from the peripheral edge, wherein the re-
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ceiving space is adapted to create optimal air flows on a
front side and a rear side of the bulkhead to facilitate
optimal air flow return to a condenser unit and an evap-
orator unit.
[0011] In some embodiments, a bulkhead includes an
inner panel made from an SMC material; an outer panel
made of the SMC material, where the outer panel gen-
erally tracks the contour of the inner panel. The SMC
outer panel and inner panel include long strand of glass
fibers which impart rigidity and strength to the SMC ma-
terial, thereby allowing the bulkhead to provide structural
support for other TRU components.
[0012] According to the invention, a bulkhead includes
an inner panel, and outer panel generally tracking the
contour of the inner panel, and an insulation layer posi-
tioned between the outer and inner panels. The insulation
layer can be formed by a two-part polyurethane foam.
The insulation layer helps form a thermal barrier between
an evaporator unit and a condenser unit, thereby pre-
venting energy loss in the TRU effectively.
[0013] In some embodiments, a method of making the
bulkhead for a TRU includes forming an inner panel made
from a SMC material; forming an outer panel made from
the SMC material, and injecting a two-part polyurethane
foam between the outer panel and the inner panel to form
an insulation layer, where the outer panel generally
tracks the contour of the inner panel.
[0014] With respect to the access door, in some em-
bodiments, a bulkhead includes a bulkhead body having
a peripheral edge, and a center portion surrounded by
the peripheral edge, where the center portion is offset
from a plane defined by the peripheral edge; a service
opening defined in the most offset portion of the center
portion; and an access door that closes the service open-
ing, wherein the access door is oriented parallel to the
plane defined by the peripheral edge. The service open-
ing and access door allows the evaporator unit located
at the rear side of the bulkhead to be serviced from a
front side of the bulkhead. The service opening also al-
lows components of the evaporator unit to be removed
out from the service opening or reinstalled through the
service opening.
[0015] In some embodiments, a method of servicing a
TRU includes removing an access door from a bulkhead
service opening to access an evaporator unit of the TRU.
[0016] With respect to the removal shelf, in some em-
bodiments, a bulkhead includes a bulkhead body having
a peripheral edge, and a center portion surrounded by
the peripheral edge, where the center portion is offset
from a plane defined by the peripheral edge; a service
opening defined in the most offset portion of the center
portion; and a removal shelf located adjacent a lower
edge of the service opening. The removal shelf allows
an evaporator blower and motor assembly to rest thereon
during removal or reinstallation of the evaporator blower
assembly.
[0017] Other aspects of the invention will become ap-
parent by consideration of the detailed description and

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Referring now to the drawings in which like ref-
erence numbers represent corresponding parts through-
out.

Fig. 1 illustrates a side perspective view of a condi-
tioned transport unit with a TRS, according to one
embodiment.
Fig. 2 illustrates a perspective view of an outer side
of a bulkhead with a condenser mounted on an out-
side surface of the bulkhead, according to one em-
bodiment.
Fig. 3 illustrates another perspective view of the out-
er side of the bulkhead of Fig. 2, without the con-
denser mounted thereto.
Fig. 4 illustrates a perspective view of an outer side
of the bulkhead of Fig. 2 with an access door being
disassembled.
Fig. 5 illustrates an exploded perspective view of the
outer side of the bulkhead of Fig. 2, with the access
door being removed.
Fig. 6 illustrates a perspective view of an inner side
of the bulkhead of Fig. 2, with an evaporator being
mounted on an inner surface of the bulkhead.
Fig. 7 illustrates a perspective view of the inner side
of the bulkhead of Fig. 2, with the cover for the evap-
orator blower being removed, exposing the blower.
Fig. 8 illustrates a perspective view of a bulkhead,
according to one embodiment.
Fig. 9 illustrates a cross section view of a portion of
the bulkhead of Fig. 8.
Fig. 10 illustrates an exploded perspective view of a
portion of the bulkhead of Fig. 2.
Fig. 11 illustrates a cross sectional perspective view
of the bulkhead of Fig. 8, with the evaporator blower
assembly mounted thereto.
Fig. 12 illustrates a perspective view of an access
door of a bulkhead, according to one embodiment.
Fig. 13 illustrates a cross sectional perspective view
of the access door of Fig. 12.

DETAILED DESCRIPTION

[0019] The embodiments described herein are direct-
ed to a TRS. More particularly, the embodiments relate
to a bulkhead in a TRS for use in a TRU.
[0020] The terms "above," "on," "under," "top," "bot-
tom," "up," "down," "upper," "lower," "horizontal," "verti-
cal," "front," "rear," "left," "right" and the like used herein
are in reference to the relative positions of the TRU com-
ponents, the bulkhead and its constituent parts, as ori-
ented in the specific figures being described. These
terms are not meant to be limiting in any way.
[0021] In particular, the embodiments described herein
are directed to a bulkhead for use in a TRU that is con-
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figured to create optimal air flow on both a front side (e.g.
the side where the condenser unit is located) and a rear
side (e.g. the side where the evaporator unit is located)
of the bulkhead, provide structural support for various
components of the TRU, such as an air filter, a fuel filter,
an evaporator blower, condenser blowers, an evaporator
coil, condenser coils, etc., and provide a thermal barrier
between the front side (e.g. the side where the condenser
unit is located) and the rear side (e.g. the side where the
evaporator unit is located). Also, the bulkhead is config-
ured to include an access door and a service opening
that allows a user to access TRU components (e.g. the
evaporator unit) located on the rear side of the bulkhead
via the front side of the bulkhead. Further, the rear side
of the bulkhead is configured to provide a removal sup-
port shelf that can be used as a resting surface or a sliding
surface for removing components (e.g., components of
the evaporator unit) located on the rear side of the bulk-
head out of the TRU from the front side of the TRU via
the service opening by removing the access door.
[0022] References are made to the accompanying
drawings that form a part hereof, and in which is shown
by way of illustration of the embodiments in which the
methods and systems described herein may be prac-
ticed. The term "reefer" generally refers to, for example,
a conditioned trailer, container, railcars or other type of
transport unit, etc. The term "transport refrigeration sys-
tem" or "TRS" refers to a refrigeration system for control-
ling the refrigeration of an in conditioned space of the
reefer. The term "bulkhead" refers to a partition in the
TRS system that has a specialized construction to permit
a conditioned cargo space to be separated from the por-
tion of the TRS that is located outside of a reefer, where
the bulkhead structure also provides a flow path for air
through the conditioned space within the reefer. The term
"conditioned air" refers to air that has been treated so as
to maintain a desired condition, for example, desired tem-
perature or desired moisture control. The term "condi-
tioned space" or "conditioned environment" refers to a
space, a zone or an environment that receives the treated
air.
[0023] It will be appreciated that the embodiments de-
scribed herein may be used in any suitable transport unit
such as a ship board container, an air cargo cabin, an
over the road truck cabin, etc.
[0024] Fig. 1 illustrates a side view of a reefer 10 that
includes a transport unit 11 and a transport refrigeration
system (TRS) 12 that includes a transport refrigeration
unit (TRU) 14 connected to a generator set (genset) 16.
The transport unit 11 includes a roof 18, a floor 20, a front
wall 22, a rear wall 24, and opposing sidewalls 26, 28.
The TRU 14 is positioned on the front wall 22 of the trans-
port unit 11. The TRS 12 is configured to transfer heat
between a conditioned cargo space 30 and the outside
environment.
[0025] As shown in Fig. 1, the TRU 14 is enclosed in
a housing 32. The TRU 14 is in communication with the
space 30 and controls the temperature in the space 30.

The TRU 14 includes a closed refrigerant circuit (not
shown) powered by the genset 16, which regulates var-
ious operating conditions (e.g., temperature, humidity,
etc.) of the space 30 based on instructions received from
a TRS controller. According to the invention, the refrig-
eration circuit includes, for example, a compressor unit
(not shown), a condenser unit 40 having a condenser
coil 50 and a blower 52 as shown in Fig. 2, an evaporator
unit 42 having a evaporator coil 54, a blower assembly
44 including a blower 56 and a motor 58 for driving the
blower 56 (as shown in Figs. 6 and 7), and a refrigerant
receiver (not shown).
[0026] The TRU also includes a bulkhead 70, as shown
in Figs. 2-9, dividing the TRU into a front side 36 and a
rear side 38, as shown in Fig. 4. The bulkhead 70 sepa-
rates the condenser unit 40 from the conditioned space
30. The bulkhead 70 is located at the front of the transport
unit 11 and is mounted to the front wall behind the con-
denser unit 40.
[0027] With reference to Figs. 2-9, in some embodi-
ments, the bulkhead 70 includes a generally rectangular
body 72, a generally rectangular service opening 74 de-
fined in the body 72, a generally rectangular access door
76 that closes the service opening 74 and a removal shelf
78, as shown in Figs. 4 and 8, that allows the evaporator
blower assembly 44 to rest thereon during removal or
reinstallation of the evaporator blower assembly 44.
[0028] The surfaces and contours of the bulkhead body
72 are adapted to create optimal air flows on the front
side 36 and the rear side 38 of the bulkhead 70 to facilitate
optimal air flow return to the condenser unit 40 and the
evaporator unit 42. The bulkhead body 72 includes top
peripheral portion 73, a bottom peripheral portion 75, and
side peripheral portions 77, 79 extending substantially
along the side edges of the bulkhead body 72. A center
portion 71 surrounded by the peripheral portions 73, 75,
77, 79 angles outwardly as it extends from the peripheral
portions 73, 75, 77, 79. As a result, the center portion 71
is offset from the peripheral portions 73, 75, 77, 79. At
the most offset portion of the center portion 71, the serv-
ice opening 74 is defined. In one embodiment, the service
opening 74 is positioned in a plane parallel to the plane
defined by the peripheral portions 73, 75, 77, 79 of the
bulkhead body 72. The access door 76 is adapted to
close the service opening 74. In some embodiments, the
surfaces and contours of the bulkhead body 72 are con-
figured to provide air flows on both the front side 36 and
the rear side 38 of the bulkhead 70 at a rate of about
5606 m3/h (3300 cfm).
[0029] The offset of the center portion 71 of the bulk-
head body 72 allows a receiving space 100 to be formed
between the peripheral portions 73, 75, 77, 79 and the
access door 76 to receive the evaporator unit 42. The
receiving space 100 is adapted to be fitted around the
evaporator unit 42. By angling the bulkhead body 72 in
this manner, the conditioned space return air is more
efficiently returned to the evaporator unit 42. The manner
how the bulkhead 70 helps create optimal air flows on
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the front side 36 and the rear side 38 of the bulkhead 70
to facilitate optimal air flow return to the condenser unit
40 and the evaporator unit 42 will be discussed in further
detail below.
[0030] As shown in Fig. 3, apertures 230 are formed
at the peripheral portion 77 to allow refrigeration lines
(not shown) such as copper refrigeration tubes for high
and low pressure refrigerant to pass through. A rectan-
gular shaped opening 232 is formed at the peripheral
portion 79 to allow electrical cables to pass through. A
fuel filter mounting insert 238 is disposed below the serv-
ice opening 74. In addition, brass inserts are molded in
the bulkhead body 72 for attachment of components,
e.g., brass inserts 240 are disposed adjacent to the fuel
filter mounting insert 238 for attachment of components.
[0031] With reference to Figs. 5 and 8-9, the bulkhead
body 72 includes an inner panel 82, an outer panel 80
generally tracking the contour of the inner panel 82 and
an insulation layer 94 positioned between the inner panel
82 and the outer panel 80. Specifically, as shown in Figs.
6-9, the receiving space 100 surrounded by the inner
panel 82 includes an upper space 102 generally in a trap-
ezoidal shape, and a lower space 104 generally in a rec-
tangular shape. The upper space 102 has a top wall 106,
and two slanting side walls 108, 110 opposing to each
other. The width of the top wall is smaller than a distance
between the lower ends of the side walls 108, 110. The
side walls 108, 110 are angled inwardly when the the
side walls 108, 110 extend frontwardly toward the service
opening 74. Free edges of the top wall 106 and side walls
108 and 110 form top peripheral edge 81 and side pe-
ripheral edges 85, 87 of the service opening 74. A bracket
107 is secured to the top wall 106 to attach the evaporator
blower assembly 44 to the inner panel 82. As shown in
Fig. 6, the upper space 102 is adapted to receive the
evaporator blower 56 and its motor 58.
[0032] The lower space 104 includes a bottom wall
112, two side walls 114, 116 and a front wall 118. The
bottom wall 112 is generally parallel to the top wall 106,
with the width of the bottom wall 112 being greater than
that of the top wall 106. The division between the upper
space 102 and the lower space 104 is generally leveled
with a bottom edge 83 of the service opening 74.
[0033] As shown in Figs. 7 and 8, each side wall 114,
116 includes an upper panel 121 and a lower panel 123.
The upper panels 121 face slightly downward when they
extend frontwardly. The lower panels 123 extend from
the lower edges of the upper panels downwardly so that
the lower panels 123 are substantially perpendicular rel-
ative to the bottom wall 112. Free edges of the lower
panels 123 approach other when the lower panels extend
frontwardly toward the service opening 74. A step portion
125 is formed between the front edges of the lower panels
123 and the side edges of the front wall 104. The inner
panel 82 also includes two elongate ribs 127 along the
rear edges of the upper panels 121 and a protrusion 129
protruding upwardly from the bottom panel 112. The rib
127 and the protrusion 129 each includes installation ap-

ertures (now shown) for installation of the evaporator coil
56. The side walls 121, 123 and the step portion 127 are
oriented to create an optimal air flow on the rear side 38
of the bulkhead 70 to facilitate optimal air flow return to
the evaporator coil 52. As shown in Fig. 6, the lower space
104 is adapted to fit around the evaporator coil 52.
[0034] With respect to Figs. 7 and 8, the inner panel
82 also includes a plurality of deflection surfaces to create
an optimal air flow on the rear side 38 of the bulkhead
70 to facilitate optimal air flow return to the evaporator
unit 42.
[0035] In the embodiment as shown in Figs. 6 and 7,
an evaporator blower cover 111 is used to cover the evap-
orator blower 56 and the motor 58. The cover 111 in-
cludes an air outlet opening 115. The blower 56 blows
conditioned air out through the air outlet opening 115 and
forces the conditioned air throughout the conditioned
space 30 to maintain the air temperature in the transport
unit 11 at a desired temperature. The lower space 104
of the receiving space 100 is adapted to fit around the
evaporator coil 54.
[0036] With reference to Figs. 2-5, the outer panel 80
generally tracks the contour of the inner panel 82 and
defines a top wall 92 extending outwardly from the top
peripheral portion 73 of the bulkhead. The top wall 92 is
designed to track the top wall 106 of the inner panel 82.
[0037] As shown in Fig. 3, the outer panel 80 includes
a generally L shaped transition member 200. The tran-
sition member 200 includes a top panel 210 and a side
panel 212. The side panel 212 is angled from the left side
peripheral portion 77 rearwardly toward the service open-
ing 74. A step 202 is formed between a peripheral edge
of the service opening 74 and the right edge of the side
panel 212. The step 202 is designed to fit around the
condenser coil 52 with a top section 204 protruding to-
ward the side panel 212. The top panel 210 is angled
slightly upward when it extends rightwardly and front-
wardly. The top panel 210 is then angled slightly down-
wardly when it passes the step portion 202 and extends
rightwardly and frontwardly toward the service opening
74. The condenser blower 52 is partially supported by
the top panel 210.
[0038] Likewise, in the embodiment as shown in Fig.
4, the outer panel 80 may also include another generally
L shaped transition member 206. The transition member
206 includes a top panel 214 and a side panel 216. The
side panel 216 is angled from the right side peripheral
portion 79 rearwardly toward the service opening 74. A
step 208 is formed between a peripheral edge of the serv-
ice opening 74 and the left edge of the side panel 216.
In an embodiment when the bulkhead 70 is designed to
support two condenser coils, the step 208 is designed to
fit around a right condenser coil (not shown) with a top
section 220 protruding toward the side panel 212. The
top panel 220 is angled slightly upward when it extends
rightwardly and frontwardly. The top panel 214 is then
angled slightly downwardly when it passes the step por-
tion 220 and extends rightwardly and frontwardly toward
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the service opening 74. As shown in Fig. 4, another con-
denser blower 52 is partially supported by the top panel
214.
[0039] The transition members 200, 206 are oriented
to create an optimal air flow on the front side 36 of the
bulkhead 70 to facilitate optimal air flow return to the con-
denser coil 50.
[0040] The outer and inner panels 80, 82 are made
from a sheet molding compound (SMC) material that has
an exceptional rigidity and strength; as a result, the bulk-
head 70 can provide effectively structural support for
components of the condenser unit 40 and the evaporator
unit 42. The SMC material comprises long strands of
chopped reinforcing glass fibers in a polyester resin base.
The polyester resin base is compounded with suitable
catalysts, such that it is stable in both high and low tem-
peratures. However, the polyester resin base becomes
moldable when the catalysts are activated. The SMC ma-
terial is thus particularly suitable for molding under cat-
alysts in a closed mold. Articles formed in this way are
found to have exceptionally high strength, in some cases
equaling to that of steel. This property allows the bulk-
head 70 to provide structural support for components of
the condenser unit 40 and the evaporator unit 42, for
example, it can support components with a total weight
of over about 100 pounds. In some embodiments, the
bulkhead 70 can provide structural support for the entire
condenser unit 40 and the entire evaporator unit 42.
[0041] The insulation layer 94 of the bulkhead body 72
helps form a thermal barrier between the evaporator unit
42 and the condenser unit 40, thereby preventing energy
loss in the TRU effectively. With reference to Fig. 9, the
insulation layer 94 is positioned between the outer panel
80 and the inner panel 82. The insulation layer 94 is
formed of a two-part polyurethane foam, which helps cre-
ate an effective thermal barrier or insulating barrier be-
tween the evaporator unit 42 and the condenser unit 40,
thereby preventing energy loss in the TRU. In one em-
bodiment, the two-part polyurethane includes a rigid ex-
panding foam for refrigeration applications. In addition,
the two-part polyurethane is adhesive in nature. As a
result, the insulation layer 94 made of the two-part poly-
urethane adheres to inner surfaces of both panels 80,
82. This allows formation of an integral bulkhead body
72, without any additional fastening mechanism. In one
embodiment, the two-part polyurethane is disposed be-
tween the outer and inner panels 80, 82 throughout the
bulkhead body 72. The thickness of the insulation layer
94 is preferably about 5,08 cm (2 inches) throughout the
bulkhead body 72.
[0042] With reference to Fig. 5, a first seal 101 is
formed between the peripheral of the outer panel 80 and
that of the inner panel 82, and a second seal 103 is formed
between the peripheral of the service opening 76 on the
outer panel 80 and that on the inner panel 82.
[0043] In some embodiments, to make the bulkhead
body 72, the composite of suitable SMC material is first
placed in a bottom portion of a suitable mold. A top mold

is then lowered onto the lower mold and the article is
molded under pressure to form the final shape. The article
is then removed from the mold and cooled. Any remaining
flash is then trimmed. The inner and outer panels of the
bulkhead 70 are then assembled and placed in a foaming
fixture. A two-part polyurethane foam is then injected into
a space between the outer and inner panels 80, 82 where
it cures in place between the outer and inner panels 80,
82, adhering to inner surfaces of both panels 80, 82. As
a result, a single homogeneous integral article is formed.
[0044] The SMC bulkhead 70 helps effectively reduce
the assembly time and cost. It allows components to be
directly mounted to the bulkhead body 72. This allows
the number of parts and cost for making the bulkhead to
be significantly reduced. In addition, the SMC material is
a corrosion free material and thus allows an extended
life of the bulkhead.
[0045] Referring back to Figs. 1 and 3, installation ap-
ertures 86 are provided along the free edges of the bulk-
head body 72, for installation of the bulkhead 70 against
the front wall 22of the transport unit 11. Also, the periph-
eral edge of the bulkhead body 72 provides a surface
area necessary to form the seal between the bulkhead
70 and front wall 22 of the transport unit 11, when the
bulkhead is in use. The bulkhead 70 is attached to the
front wall 22 by way of a plurality of fasteners (not shown)
passing through the installation apertures 86. Screws,
bolts, rivets or studs are suitable fasteners for attaching
the bulkhead 5 securely to the front wall 22. In addition,
a gasket (not shown) can be used between the front wall
22 and the bulkhead 70.
[0046] In operation, air from the environment is pulled
and directed through the condenser coil 50. At substan-
tially the same time, the compressor compresses a gas-
eous refrigerant and directs the compressed refrigerant
through the condenser coil 50. The condenser blower 52
direct the airflow over the condenser coil 50 to cool and
condense the compressed refrigerant into a liquid refrig-
erant that is directed to and temporarily stored in the cor-
responding refrigerant receiver. After passing over the
condenser coil 50, the air is forced through the condenser
blower 52 and discharged back into the environment.
[0047] Meanwhile, the liquid refrigerant flows out of the
receiver and is directed to the evaporator unit 42. The
liquid refrigerant is forced through an expansion valve
117 that converts the refrigerant into a two-phase fluid,
as show in Fig. 6. The expansion valves 117 are generally
located with the evaporator unit 42 on the inner side of
the bulkhead 70, although the expansion valves 117 may
alternatively be positioned in other locations, as desired.
As shown in Fig. 6-7 and 11, the evaporator blower 56
draws warm air from the conditioned space 30 into the
evaporator coil 54. The warm air flow 119 enters through
the bulkhead 70 where the two-phase refrigerant absorbs
heat from air. The refrigerant generally leaves the evap-
orator unit 42 in a heated condition and is routed back to
the compressors unit 40 for recycling. The cooled air ex-
iting the air outlet opening is directed back into the con-
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ditioned space 30, where it will remove heat from the
cargo and maintain the cargo at the desired temperature.
[0048] Now turning to the service opening 74, as
shown in Figs. 4 and 8, the service opening 74 allows
access to the evaporator unit 42 from the front side 36
of the bulkhead 70. The access door also allows compo-
nents of the evaporator unit 42, e.g., the evaporator blow-
er 56 or its motor 58, to be removed out from the service
opening 74 or reinstalled through the service opening 74.
In one embodiment, the entire evaporator blower assem-
bly 44 can be removed out of the service opening 74. In
a conventional TRU, access to an evaporator unit is only
available from the rear side 38 of the bulkhead. Thus, to
access the evaporation unit, a person must enter the
transport unit, or the bulkhead must be disassembled
from its fixed position on the front wall of the transport
unit. Accessing and entering the TRU, and removal of
the bulkhead can be extremely complex and time con-
suming. Additionally, the regular removal and reattch-
ment of the bulkhead to the front wall of the transport unit
can reduce the integrity of seals between the bulkhead
and the front wall and can weaken the bulkhead or result
in cracks developing in the bulkhead.
[0049] As shown in Figs. 4, 8 and 9, the service opening
78 includes a top edge 81, a bottom edge 83 and oppos-
ing side edges 85, 87. In this embodiment, the upper
corners 89 and lower corners 91 of the service opening
76 are curved corners. The upper corners 89 have a
greater curvature than that of the lower corners 91. In-
stallation apertures 144 are formed on the peripheral
edges 81, 83, 85, 87 of the service opening 74.
[0050] With reference to Figs. 2-3, 6 and 10-12, the
access door 76 cooperates with the service opening 74
to facilitate service of the evaporator unit 42, for example,
repair, installation or removal of components of the evap-
orator unit 42. The access door 76 includes an outer pan-
el 130, an inner panel 132 and an insulation layer 133
positioned between the outer and inner panels 130, 132.
The access door 130 includes a peripheral edge 134 and
a center portion 136 surrounded by the peripheral edge
134. The center portion 136 has a greater thickness than
that of the peripheral edge 134, allowing the insulation
layer 133 to be formed between the outer panel 130 and
the inner panel 132 throughout the center portion 136.
[0051] With reference to Fig. 10, the outer panel 130
is a generally rectangular plate, including a peripheral
portion 135 and a center portion 141 surrounded by the
peripheral portion 135, a peripheral rim 137 extending
from the peripheral portion 135 toward the rear side 38
to cooperate with the inner panel 132, and a stepped
portion 139 formed between the peripheral portion 135
and the center portion 141, protruding frontwardly toward
the front side 36, thereby allowing a greater thickness of
the insulation layer 133 to be obtained.
[0052] Likewise, the inner panel 132 is also in a gen-
erally rectangular shape. The inner panel 132 includes
a peripheral portion 138 and a center portion 140 sur-
rounded by the peripheral edge 138. The peripheral por-

tion 138 is sized to be fastened with the peripheral portion
135 of the outer panel 130 by a suitable fastening mech-
anism, for example, by welding. The rim 137 extends
over the periphery of the peripheral portion 138. The cent-
er portion 140 of the inner panel 132 protrudes rearwardly
when the access door 76 is installed to close the service
opening 74. As shown in Figs. 11-13, a guide ramp 150
is formed at a peripheral portion of the center portion 140
to guide the center portion 140 to advance into the service
opening 74. The center portion 140 of the inner panel
132 is shaped to track the curvature of the inner panel
82 of bulkhead body 72 to allow proper and smoother
airflow 146 to be formed. As a result, the center portion
140 of the inner panel 132 of the access door 76 protrudes
outwardly when it extends toward to its center. The guide
ramp 150 extends further inwardly at its lower portion
152 of the center portion 140 than at its upper portion
154 such that a larger room is formed at the lower portion
152 than that formed at the upper portion 154. A cavity
156 is formed at the lower portion 154 of the center portion
140 to receive a front end of the removal shelf 78. The
peripheral edge 134 of the access door 76 includes a
plurality of installation apertures 142 that can cooperate
with the installation apertures 144 on the peripheral edg-
es 81, 83, 85, 87 of the service opening 74 to allow the
access door 76 to be fastened to the service opening 74.
In one embodiment, the access door 76 is mounted to
the outer panel 80 by a plurality of fasteners, e.g., by
screws or rivets. In one embodiment, the access door 76
is mounted to the bulkhead body 72 by M6 screws. A
gasket 143 can be used to attach between the inner panel
132 of the access door 76 and the outer panel 80 of the
bulkhead body 72 to provide an air tight seal between
the access door 76 and the bulkhead body 72.
[0053] Likewise, according to the invention, the outer
and inner panels 130, 132 of the access door 76 are
made of SMC material, which may be cut into a designed
shape. The two-part polyurethane foam is injected into
a space between the outer and inner panels 80, 82 where
it cures in place between the outer and inner panels 130,
132 to form the insulation layer 133, adhering to inner
surfaces of both panels 130, 132. As a result, a single
homogeneous integral article is formed. The thickness
of the insulation layer 133 is preferably about 5,08 cm (2
inches) throughout the center portion 136 of the access
door 76.
[0054] In operation, the access door 76 provide a quick
access functionality which permits the access door 76 to
be easily removed from and reinstalled on the bulkhead
body 72. That, in turn, permits a user to quickly and effi-
ciently clean or repair the components of the evaporator
unit 42. When it is necessary to service or repair the com-
ponents of the evaporator unit 42, fasteners, e.g., rivets
only need to be removed from the peripheral edge of the
access door 76, and then once the fasteners are removed
the access door 76 can simply be moved away from the
service opening 74, making it easy for a service techni-
cian to access the components of the evaporator unit 42
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that require servicing such as the evaporator blower 56.
[0055] Now turning to the removal shelf 78, as shown
in Figs. 4, 9 and 10, the removal shelf 78 is formed ad-
jacent the bottom edge 83 of the service opening 74 to
provides a support for the evaporator blower assembly
44, allowing the assembly 44 to rest on the shelf during
removal or reinstallation of the assembly.
[0056] The removal shelf 78 is in a generally elongate
shape, extending rearwardly from the bottom edge 83 of
the service opening 74 toward an internal space of the
transport unit 11. The removal shelf 78 is tapered when
it extends to its rear end 160. The removal shelf 78 in-
cludes a top wall 162, two opposing side walls 164, 166,
a bottom wall 168 and a rear wall 169. The two side walls
164, 166 extend sideway toward the two opposing side
edges 85, 87 of the service opening 74 and form two side
shelves 170, 172 at the front portion of the removal shelf
78. At the rear portion of the removal shelf 78, the side
walls and the rear wall 169 of the removal shelf 78 extend
downwardly to meet the inner panel 82 of the bulkhead
body 72. The bottom wall 168 is generally parallel with
respect to the top wall 162. At the front portion of the
removal shelf 78, the bottom wall 168 is formed by the
inner panel 82 adjacent the bottom edge 83 of the service
opening 74. The bottom wall 168 extends all the way
back to meet the rear wall 169 of the removal shelf 78,
forming a step 174. The step 174 is formed where the
bottom wall 168 meets the side walls 164, 166 and the
rear wall 169 in the rear portion of the removal shelf 78.
An installation aperture 176 is formed in the top wall 162
and a similar aperture 178 is formed at a corresponding
location in the bottom wall 168 in the front portion of the
removal shelf 78. Another installation aperture 180 is
formed in the rear wall 169 between the step 174 and a
lower end of the rear wall 169 at which the rear wall 169
meets the inner panel 82 of the bulkhead body 72. The
installation aperture 180 is used for retain the evaporator
coil 54 to the bulkhead body 72.
[0057] With regard to the foregoing description, it is to
be understood that changes may be made in detail, es-
pecially in matters of the construction materials employed
and the shape, size and arrangement of the parts without
departing from the scope of the present invention. It is
intended that the specification and depicted embodiment
to be considered exemplary only, with a true scope of
the invention being indicated by the meaning of the
claims.

Claims

1. A bulkhead (70) for a transport refrigeration unit
(TRU) (14), comprising:

a bulkhead body (72) including an inner panel
(82), an outer panel (80) generally tracking a
contour of the inner panel (82), an insulation lay-
er (94) positioned between the inner and outer

panels (82, 80), a peripheral edge, and a center
portion (71) surrounded by the peripheral edge,
the center portion (71) being offset from a plane
defined by the peripheral edge;
a service opening (74) defined in an offset por-
tion of the center portion (71); and
a removable access door (76) that closes the
service opening (74),
wherein the removable access door (76) is ori-
ented parallel to a plane defined by the periph-
eral edge;
wherein the service opening (74) is configured
to provide access to an evaporator unit (42) of
a TRU (14) from a front side (36) of the bulkhead
(70);
characterized in that the removable access
door (76) includes an inner panel (132) made
from a sheet moulding compound (SMC) mate-
rial and an outer panel (130) made from the
sheet molding compound (SMC) material, a
center portion (140) of the inner panel (132) pro-
trudes toward the outer panel (130) of the re-
movable access door (76), and the inner panel
(132) of the removable access door (76) is
shaped to track the curvature of the inner panel
(82) of bulkhead body (72) to allow airflow to be
formed.

2. The bulkhead (70) of claim 1, wherein the service
opening (74) allows access to an evaporator unit (42)
of the TRU (14) provided at an inner side of the bulk-
head (70) from an outer side of the bulkhead (70).

3. The bulkhead (70) of any of claims 1 or 2, wherein
the removable access door (76) includes:
a two-part polyurethane foam (133) positioned be-
tween the outer panel (130) and the inner panel
(132).

4. The bulkhead (70) of any of claims 1 to 3, further
comprising a removal shelf (78) located adjacent a
lower edge of the service opening (74), allowing an
evaporator blower and motor assembly (44) to rest
thereon, allowing the assembly (44) to be slid out or
into the service opening (74).

5. The bulkhead (70) of claim 1, wherein the bulkhead
(70) is adapted to provide structural support to a con-
denser unit (40) and an evaporator unit (42) of the
TRU (14).

6. The bulkhead (70) of claim 1, wherein the SMC ma-
terial is manufactured by dispersing long strands of
chopped glass fibers on a bath of polyester resin.

7. The bulkhead (70) of claim 1, wherein the insulation
layer (94) is made from two-part polyurethane foam
(94), and the two-part polyurethane foam (94) has a
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thickness of about 5.08 cm (2 inches) throughout the
bulkhead body (72).

8. A method of manufacturing a bulkhead (70) accord-
ing to claim 1 for a transport refrigeration unit (TRU)
(14), comprising:

forming an inner panel (82) of a bulkhead body
(72) made from a sheet molding compound
(SMC) material;
forming an outer panel (80) generally of the bulk-
head body (72) tracking the contour of the inner
panel (82), the outer panel (80) being made of
the SMC material;
injecting a two-part polyurethane foam (94) be-
tween the outer panel (80) and the inner panel
(82);
forming a removable access door (76) including
an inner panel (132) made from the SMC mate-
rial and an outer panel (130) made from the SMC
material; and
forming the inner panel (132) of the removable
access door (76) such that a center portion (140)
of the inner panel (132) protrudes toward the
outer panel (130) of the removable access door
(76), and the inner panel (132) of the removable
access door (76) is shaped to track the curvature
of the inner panel (82) of bulkhead body (72) to
allow airflow to be formed.

9. A method of servicing a transport refrigeration unit
(TRU) (14) comprising a bulkhead (70) according to
claim 1, comprising:

removing a removable access door (76) from a
bulkhead service opening (74) to access an
evaporator unit (42) of the TRU (14);
cleaning or repairing components of the evapo-
rator unit (42); and
re-installing the access door (76) to close the
service opening (74).

10. The method of servicing a TRU (14) of claim 9,
wherein the service opening (74) allows removal and
reinstallation of an evaporator blower (56) and a mo-
tor (58) of the evaporator unit (42).

Patentansprüche

1. Schott (70) für eine Transportkühleinheit (TRU) (14),
der Folgendes umfasst:

einen Schottkörper (72), der eine innere Platte
(82), eine äußere Platte (80), die allgemein einer
Kontur der inneren Platte (82) folgt, eine Isola-
tionsschicht (94), die zwischen der inneren und
der äußeren Platte (82, 80) positioniert ist, einen

Umfangsrand und einen mittigen Abschnitt (71),
der von dem Umfangsrand umgeben wird, um-
fasst, wobei der mittige Abschnitt (71) von einer
durch den Umfangsrand definierten Ebene ver-
setzt ist;
eine Wartungsöffnung (74), die in einem ver-
setzten Abschnitt des mittigen Abschnitts (71)
definiert ist; und
eine entfernbare Zugangsklappe (76), die die
Wartungsöffnung (74) verschließt,
wobei die entfernbare Zugangsklappe (76) pa-
rallel zu einer Ebene, die von dem Umfangsrand
definiert wird, ausgerichtet ist;
wobei die Wartungsöffnung (74) dazu konfigu-
riert ist, Zugang zu einer Verdampfereinheit (42)
einer TRU (14) von einer vorderen Seite (36)
des Schotts (70) bereitzustellen;
dadurch gekennzeichnet, dass die entfernba-
re Zugangsklappe (76) eine innere Platte (132),
die aus einem SMC(Sheet Molding Com-
pound)-Material hergestellt ist, und eine äußere
Platte (130), die aus dem SMC-Material herge-
stellt ist, umfasst, ein mittiger Abschnitt (140)
der inneren Platte (132) zur äußeren Platte (130)
der entfernbaren Zugangsklappe (76) vorragt
und die innere Platte (132) der entfernbaren Zu-
gangsklappe (76) so geformt ist, dass sie der
Krümmung der inneren Platte (82) des Schott-
körpers (72) zum Gestatten einer Luftstrombil-
dung folgt.

2. Schott (70) nach Anspruch 1, wobei die Wartungs-
öffnung (74) Zugang zu einer Verdampfereinheit
(42) der TRU (14), die an einer Innenseite des
Schotts (70) vorgesehen ist, von einer Außenseite
des Schotts (70) aus gestattet.

3. Schott (70) nach einem der Ansprüche 1 oder 2, wo-
bei die entfernbare Zugangsklappe (76) Folgendes
umfasst:
einen zweiteiligen Polyurethanschaum (133), der
zwischen der äußeren Platte (130) und der inneren
Platte (132) positioniert ist.

4. Schott (70) nach einem der Ansprüche 1-3, der fer-
ner eine Entfernungsablage (78) umfasst, die neben
einem unteren Rand der Wartungsöffnung (74) po-
sitioniert ist und gestattet, dass ein Verdampfer-
gebläse und eine Motoranordnung (44) darauf auf-
liegen, und gestattet, dass die Anordnung (44) aus
der oder in die Wartungsöffnung (74) geschoben
wird.

5. Schott (70) nach Anspruch 1, wobei der Schott (70)
dazu ausgeführt ist, strukturelle Stützung für eine
Kondensatoreinheit (40) und eine Verdampferein-
heit (42) der TRU (14) bereitzustellen.
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6. Schott (70) nach Anspruch 1, wobei das SMC-Ma-
terial durch Verteilen langer Stränge aus Glaskurz-
fasern auf einem Polyesterharzbad hergestellt wird.

7. Schott (70) nach Anspruch 1, wobei die Isolations-
schicht (94) aus zweiteiligem Polyurethanschaum
(94) hergestellt ist und der zweiteilige Polyurethan-
schaum (94) eine Dicke von etwa 5,08 cm (2 Inch)
über den Schottkörper (72) hinweg aufweist.

8. Verfahren zur Herstellung eines Schotts (70) nach
Anspruch 1 für eine Transportkühleinheit (TRU) (14),
das Folgendes umfasst:

Ausbilden einer inneren Platte (82) eines
Schottkörpers (72), die aus einem SMC-Mate-
rial hergestellt ist;
Ausbilden einer äußeren Platte (80) des Schott-
körpers (72), die allgemein der Kontur der inne-
ren Platte (82) folgt, wobei die äußere Platte (80)
aus dem SMC-Material hergestellt ist;
Einspritzen eines zweiteiligen Polyurethan-
schaums (94) zwischen die äußere Platte (80)
und die innere Platte (82);
Ausbilden einer entfernbaren Zugangsklappe
(76), die eine innere Platte (132), die aus dem
SMC-Material hergestellt ist, und eine äußere
Platte (130), die aus dem SMC-Material herge-
stellt ist, umfasst; und
derartiges Ausbilden der inneren Platte (132)
der entfernbaren Zugangsklappe (76), dass ein
mittiger Abschnitt (140) der inneren Platte (132)
zu der äußeren Platte (130) der entfernbaren
Zugangsklappe (76) vorragt und die innere Plat-
te (132) der entfernbaren Zugangsklappe (76)
so geformt ist, dass sie der Krümmung der in-
neren Platte (82) des Schottkörpers (72) zum
Gestatten einer Luftstrombildung folgt.

9. Verfahren zur Wartung einer Transportkühleinheit
(TRU) (14), die einen Schott (70) nach Anspruch 1
umfasst, das Folgendes umfasst:

Entfernen einer entfernbaren Zugangsklappe
(76) von einer Schottwartungsöffnung (74) zum
Erhalten von Zugang zu einer Verdampferein-
heit (42) der TRU (14) ;
Reinigen oder Reparieren von Komponenten
der Verdampfereinheit (42); und
Wiedereinbauen der Zugangsklappe (76) zum
Verschließen der Wartungsöffnung (74).

10. Verfahren zur Wartung einer TRU (14) nach An-
spruch 9, wobei die Wartungsöffnung (74) das Ent-
fernen und Wiedereinbauen eines Verdampfer-
gebläses (56) und eines Motors (58) der Verdamp-
fereinheit (42) gestattet.

Revendications

1. Cloison (70) pour une unité de réfrigération de trans-
port (TRU) (14), comprenant :

un corps de cloison (72) comportant un panneau
intérieur (82), un panneau extérieur (80) suivant
généralement un contour du panneau intérieur
(82), une couche isolante (94) positionnée entre
les panneaux intérieur et extérieur (82, 80), un
bord périphérique et une portion centrale (71)
entourée par le bord périphérique, la portion
centrale (71) étant décalée par rapport à un plan
défini par le bord périphérique ;
une ouverture de service (74) définie dans une
portion décalée de la portion centrale (71) ; et
une porte d’accès amovible (76) qui ferme
l’ouverture de service (74),
la porte d’accès amovible (76) étant orientée pa-
rallèlement à un plan défini par le bord
périphérique ;
l’ouverture de service (74) étant configurée pour
fournir l’accès à une unité d’évaporateur (42)
d’une TRU (14) depuis un côté avant (36) de la
cloison (70) ;
caractérisée en ce que la porte d’accès amo-
vible (76) comporte un panneau intérieur (132)
fabriqué à partir d’un matériau composé de mou-
lage en feuille (SMC) et un panneau extérieur
(130) fabriqué à partir du matériau composé de
moulage en feuille (SMC), une portion centrale
(140) du panneau intérieur (132) fait saillie vers
le panneau extérieur (130) de la porte d’accès
amovible (76), et le panneau intérieur (132) de
la porte d’accès amovible (76) est formé de ma-
nière à suivre la courbure du panneau intérieur
(82) du corps de cloison (72) pour permettre la
formation d’un flux d’air.

2. Cloison (70) selon la revendication 1, dans laquelle
l’ouverture de service (74) permet l’accès à une unité
d’évaporateur (42) de la TRU (14) prévue au niveau
d’un côté intérieur de la cloison (70) depuis un côté
extérieur de la cloison (70).

3. Cloison (70) selon l’une quelconque des revendica-
tions 1 et 2, dans laquelle la porte d’accès amovible
(76) comporte :
une mousse de polyuréthane à deux composants
(133) positionnée entre le panneau extérieur (130)
et le panneau intérieur (132).

4. Cloison (70) selon l’une quelconque des revendica-
tions 1 à 3, comprenant en outre une étagère d’en-
lèvement (78) située à côté d’un bord inférieur de
l’ouverture de service (74), permettant de supporter
un assemblage de soufflante d’évaporateur et de
moteur (44), permettant à l’assemblage (44) d’être
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glissé dans ou hors de l’ouverture de service (74).

5. Cloison (70) selon la revendication 1, la cloison (70)
étant prévue pour fournir un support structural à une
unité de condenseur (40) et à une unité d’évapora-
teur (42) de la TRU (14).

6. Cloison (70) selon la revendication 1, dans laquelle
le matériau SMC est fabriqué en dispersant de longs
filaments de fibres de verre hachées sur un lit de
résine de polyester.

7. Cloison (70) selon la revendication 1, dans laquelle
la couche isolante (94) est fabriquée à partir de
mousse de polyuréthane à deux composants (94),
et la mousse de polyuréthane à deux composants
(94) présente une épaisseur d’environ 5,08 cm (2
pouces) sur tout le corps de cloison (72) .

8. Procédé de fabrication d’une cloison (70) selon la
revendication 1 pour une unité de réfrigération de
transport (TRU) (14), comprenant :

la formation d’un panneau intérieur (82) d’un
corps de cloison (72) fabriqué à partir d’un ma-
tériau composé de moulage en feuille (SMC) ;
la formation d’un panneau extérieur (80) du
corps de cloison (72) suivant généralement le
contour du panneau intérieur (82), le panneau
extérieur (80) étant fabriqué à partir du matériau
SMC ;
l’injection d’une mousse de polyuréthane à deux
composants (94) entre le panneau extérieur (80)
et le panneau intérieur (82) ;
la formation d’une porte d’accès amovible (76)
comportant un panneau intérieur (132) fabriqué
à partir du matériau SMC et un panneau exté-
rieur (130) fabriqué à partir du matériau SMC ; et
la formation du panneau intérieur (132) de la
porte d’accès amovible (76) de telle sorte qu’une
portion centrale (140) du panneau intérieur
(132) fasse saillie vers le panneau extérieur
(130) de la porte d’accès amovible (76), et que
le panneau intérieur (132) de la porte d’accès
amovible (76) soit formé pour suivre la courbure
du panneau intérieur (82) du corps de cloison
(72) pour permettre la formation d’un flux d’air.

9. Procédé de mise en service d’une unité de réfrigé-
ration de transport (TRU) (14) comprenant une cloi-
son (70) selon la revendication 1, comprenant :

l’enlèvement d’une porte d’accès amovible (76)
d’une ouverture de service (74) de cloison pour
accéder à une unité d’évaporateur (42) de la
TRU (14) ;
le nettoyage ou la réparation de composants de
l’unité d’évaporateur (42) ; et

la réinstallation de la porte d’accès (76) pour fer-
mer l’ouverture de service (74).

10. Procédé de mise en service d’une TRU (14) selon
la revendication 9, dans lequel l’ouverture de service
(74) permet l’enlèvement et la réinstallation d’une
soufflante d’évaporateur (56) et d’un moteur (58) de
l’unité d’évaporateur (42).
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