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OIL PAN WITH INTEGRAL LUBE SUCTION AND STIFFENING
PASSAGE

TECHNICAL FIELD

[0001] The present disclosure relates generally to oil pan assemblies for use with internal

combustion engines.

BACKGROUND

[0002] Oil is used to lubricate the moving parts of an internal combustion engine. In many
implementations, oil is provided and collected in a reservoir at the bottom of a crankcase of an
engine, which is often referred to as an oil pan. An oil pump draws oil from the oil pan through a
suction tube. The oil pump pressurizes and pumps the oil through an oil filter to remove
contaminants. The oil is then provided to the crankshaft, connecting rod bearings, and other
engine components, and is also applied onto the cylinder walls. Eventually, the oil drips off of
the engine components and collects into the oil pan, from which it may be recirculated through

the engine.

SUMMARY

[0003] One embodiment relates to an oil pan assembly having an interior cavity defining a
sump and an elevated portion. The elevated portion is defined in part by a first floor portion. The
sump is defined in part by a second floor portion and by an intermediate wall extending between
the first and second floor portions. The first floor portion is elevated along a vertical axis relative
to the second floor portion. The oil pan assembly also includes a suction tube integral to the oil
pan and shaped so as to define stiffening ribs of the oil pan. The suction tube extends from an
inlet positioned in the sump to an outlet external to the interior cavity of the oil pan. The suction
tube includes first, second, and third sections. The first section is formed in the first floor portion

and defines the outlet. The second section is formed in the second floor portion and defines the
-1-
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inlet. The third section is formed in the intermediate wall and fluidly couples the first and second

sections.

[0004] Another embodiment relates to an oil pan assembly, including an oil pan and a plurality
of suction tubes formed integrally with the oil pan. Each of the plurality of suction tubes has an
inlet positioned in a sump of the oil pan and an outlet providing fluid communication between
the oil pan and an oil pump. The oil pan assembly also includes a plug fluidly blocking the outlet

of one of the suction tubes.

[0005] Another embodiment relates to a system including an internal combustion engine and
an oil pan coupled to the internal combustion engine. The oil pan includes a plurality of suction
tubes formed integrally therein. Each of the plurality of suction tubes has an inlet positioned in a
sump of the oil pan and an outlet providing fluid communication between the oil pan and an oil

pump. The suction tubes are shaped so as to define stiffening ribs of the oil pan.

[0006] These and other features, together with the organization and manner of operation
thereof, will become apparent from the following detailed description when taken in conjunction
with the accompanying drawings, wherein like elements have like numerals throughout the
several drawings described below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Fig. 1 is a perspective view of a conventional oil pan assembly.

[0008] Fig. 2 is a perspective view of an oil pan assembly, according to an embodiment.

[0009] Fig. 3 is perspective view of the oil pan assembly of Fig. 2 with the oil pan shown in

phantom view.

[0010] Figs. 4A and 4B are perspective views of the oil pan assembly of Figs. 2-3.
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[0011] Fig. 5A is a cross-sectional view of the oil pan assembly of Figs. 2-4B, taken along line
5-5 of Fig. 2.

[0012] Fig. 5B is a bottom view of the oil pan assembly of Figs. 2-5A.

DETAILED DESCRIPTION

[0013] Fig. 1 is a perspective view of a conventional oil pan assembly 100. The oil pan
assembly 100 includes an oil pan 102 having a flange 104 by which the oil pan assembly 100 is
mounted to a crankcase of an engine (not shown). A gasket 106 is positioned between the flange
104 and the crankcase to fluidly seal the oil pan assembly 100 to the engine. The oil pan 102 is
shaped so as to define a recessed cavity, commonly referred to as a sump 108. In operation, oil

collects in the sump 108 after lubricating the engine.

[0014] The oil pan assembly 100 also includes a suction tube 110 fixedly coupled to the oil pan
102. The suction tube 110 is defined by an inlet (not shown) disposed within the sump 108, and
an outlet 112 opposite the inlet. The outlet 112 is operably coupled to an oil pump (not shown) to
draw oil from within the sump 108 and convey the oil to various parts of the engine. As
illustrated in Fig. 1, the suction tube 110 is fixedly coupled to the oil pan 102 via mounting
brackets 114. In other example implementations, the suction tube 110 may be coupled to the oil
pan 102 in other ways, such as via welding, or otherwise coupling the suction tube 110 to the oil
pan 102 using any of various types of fasteners and/or adhesives. In addition, conventional
suction tubes, such as the suction tube 110, are typically designed for a single orientation of the
oil pan assembly 100. Therefore, different suction tubes must be utilized if the orientation of the

oil pan assembly 100 is changed (e.g., across different vehicle models or design configurations).

[0015] In operation, vibration can cause component failures or otherwise undesirable
performance (e.g., leaking, decreased fluid flow, noise, etc.) of the oil pan assembly 100. Such
failures may result in high warranty costs and decreased customer satisfaction. The oil pan
assembly 100 is susceptible to vibration from various sources, such as from the engine, from
vehicle operation (e.g., inertial loading), from fluid flow within the oil pan assembly 100, etc.

-3-
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Such vibrations may cause failure of the suction tube 110 and/or the oil pan 102. For example,
the suction tube 110 may crack, the couplings (e.g., mounting hardware, welds, etc.) may break
or loosen, the mounting brackets 114 may break, or gaskets (not shown) coupled to the suction
tube 110 may degrade or otherwise fail. In addition to failures of the suction tube 110, the oil pan
102 itself may crack, the mounting hardware (e.g., fasteners that couple the oil pan assembly 100
to the engine) may break or loosen, or the gasket 106 may degrade or otherwise fail. In some
conventional systems, mounting brackets (e.g., the mounting brackets 114) are utilized to
increase the stiffness of the suction tube 110. However, the mounting brackets 114 add
component cost, weight, and manufacturing complexity to the oil pan assembly 100. Moreover,

the mounting brackets 114 alone may not sufficiently cure all vibration-related issues.

[0016] The present disclosure is directed to an oil pan assembly having an oil pan with an
integrally formed suction tube. Integrally forming the suction tube with the oil pan results in a
one-piece oil pan assembly, thereby eliminating separate components and manufacturing
processes corresponding with a separate suction tube. The suction tube may define stiffening ribs
in the oil pan. The stiffening ribs increase the stiffness and structural strength of the oil pan
assembly (e.g., to shift the resonant frequency above the operating frequency of the engine),
thereby reducing or eliminating vibration-induced component failures. According to various
embodiments, the suction tube may include a plurality of suction tube passages. The plurality of
suction tube passages allows the oil pan assembly to be configurable for various applications
(e.g., across several different vehicle platforms). According to various embodiments, the suction
tube may be cast-in-place using sand casting or investment casting techniques, or may be formed
using other manufacturing techniques, such as insert molding or multi-part stamping, for

example.

[0017] Fig. 2 is a perspective view of an oil pan assembly 200, according to an embodiment.
The oil pan assembly 200 includes an oil pan 202 having a flange 204 defining mounting holes
206 sized to receive fasteners (e.g., bolts) to mount the oil pan assembly 200 to a crankcase of an
engine (not shown). The oil pan 202 is shaped so as to define an interior cavity 208 including a

sump 212 and an elevated portion 210 (relative to the sump). The elevated portion 210 is defined
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in part by a first floor portion 214. The sump 212 is defined in part by a second floor portion 216

and by an intermediate wall 218 that connects the first and second floor portions 214, 216.

[0018] As discussed in further detail below, the oil pan assembly 200 includes one or more
suction tubes 220 which are integral to the oil pan 202. Each of the suction tubes 220 extends
from an inlet in fluid communication with a strainer bowl 222 defined by the second floor
portion 216 to an outlet external to the interior cavity 208 of the oil pan 202. According to
various embodiments, the oil pan 202 may include one or more suction tubes 220. The suction
tubes 220 define stiffening ribs which increase the stiffness and structural strength of the oil pan
assembly 200, thereby increasing the resonant frequency of the modes of vibration of the oil pan
assembly 200 (e.g., to shift the resonant frequency above the operating frequency of the engine).
Further, by integrally forming the suction tubes with the oil pan 202, separate suction tube

components and associated mounting features are eliminated.

[0019] Fig. 3 is perspective view of the oil pan assembly 200 of Fig. 2 with the oil pan 202
shown in phantom view to illustrate the suction tubes 220 formed integrally with the oil pan 202.
As illustrated in Fig. 3, the oil pan 202 includes a front end 224 and a rear end 226 opposite the
front end 224. The elevated portion 210 is proximate the front end 224 and the sump 212 is
proximate the rear end 226. The oil pan 202 also includes a length 228 extending between the
front and rear ends 224, 226, and a height 230 extending between the second floor portion 216
and the flange 204.

[0020] As illustrated in Fig. 3, the oil pan assembly 200 includes several suction tubes 220.
Each of the suction tubes 220 extends from an inlet (e.g., a first inlet 232) in fluid
communication with the strainer bowl 222 to an outlet external to the interior cavity 208 of the
oil pan 202. The strainer bowl 222 is defined by the second floor portion 216 and includes a
recessed cavity 234. A strainer 236 (Fig. 2) is disposed over the recessed cavity 234 of the
strainer bowl 222. In an embodiment, the strainer 236 is a dome-shaped perforated plate that
allows fluid communication between the interior cavity 208 of the oil pan 202 and the strainer

bowl 222, while preventing debris from entering the strainer bowl 222. The dome shape of the
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strainer 236 operates to minimize debris from collecting on top of the strainer 236 and clogging

the strainer 236. In effect, the strainer 236 operates as an initial (e.g., coarse) oil filter.

[0021] The suction tubes 220 include longitudinal suction tubes 238 that extend generally
along the length 228 of the oil pan 202. The longitudinal suction tubes 238 include a first section
240 formed in the first floor portion 214 and defining a first outlet 242 external to the interior
cavity 208 at the front end 224 of the oil pan assembly 200. The longitudinal suction tubes 238
also include a second section 244 formed in the second floor portion 216 and defining the first
inlet 232. The first inlet 232 is in fluid communication with the strainer bowl 222 defined by the
second floor portion 216. The longitudinal suction tubes 238 further include a third section 246
formed in the intermediate wall 218 and extending between the first and second sections 240,
244 to fluidly couple the first and second sections 240, 244. According to various embodiments,
the oil pan assembly 200 may include several longitudinal suction tubes 238. For example, as
illustrated in Fig. 3, the longitudinal suction tubes 238 include three longitudinal suction tubes
238, which are parallel to and offset from each other. Other embodiments may include more or

fewer longitudinal suction tubes 238 than included in the embodiment illustrated in Fig. 3.

[0022] As illustrated in Fig. 3, the oil pan assembly 200 may include other suction tubes 220 in
addition to the longitudinal suction tubes 238. For example, as illustrated in Fig. 3, front
transverse suction tubes 248 extend transverse to the length 228 of the oil pan 202 (e.g.,
transverse to the longitudinal suction tubes 238) proximate the front end 224. The front
transverse suction tubes 248 are fluidly coupled to the longitudinal suction tubes 238. Rear
transverse suction tubes 250 extend transverse to the length 228 of the oil pan 202 proximate the
rear end 226. The rear transverse suction tubes 250 are fluidly coupled to the strainer bowl 222.
Side vertical suction tubes 252 are fluidly coupled to the rear transverse suction tubes 250, and
extend from the second floor portion 216 towards the flange 204. A rear segment 251 is fluidly
coupled to the strainer bowl 222 and extends therefrom towards the rear end 226. Rear vertical

suction tubes 253 extend from the second floor portion 216 towards the flange 204.
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[0023] In general, each of the suction tubes 220 define passages that are formed in the oil pan
202 to allow fluid (e.g., oil) to flow from the sump 212 to the first outlet 242 and/or to other
outlets. The passages may be any shape. In some implementations, as illustrated in Fig. 3, the
passages have square (e.g., with rounded edges) and circular cross-sections. However, in other
implementations, the passages may have different shapes and need not have a constant cross-

sectional area.

[0024] Each of the suction tubes 220 include outlets extending through the oil pan 202 to an
opening external to the interior cavity 208 of the oil pan 202. The outlets provide fluid
communication between the interior cavity 208 of the oil pan 202 and an oil supply line (not
shown) through which the oil is transferred by an oil pump (not shown) to lubricate the engine.
For example, the longitudinal suction tubes 238 include the first outlet 242 and the front
transverse suction tubes 248 include a second outlet 254. Because the oil pan assembly 200
includes multiple outlets, the oil pan assembly 200 is highly configurable for different
applications. One or more of the outlets corresponding to any of the suction tubes 220 may be
plugged, for example, with a threaded plug. Therefore, the oil pan assembly 200 provides
substantial flexibility in choosing which of the outlets to plug and which to utilize. Accordingly,
the oil pan assembly 200 may utilize a single design for several different applications. For
example, instead of requiring different oil pan designs and/or different suction tube designs for
different applications (e.g., front-mount and rear-mount applications), a single oil pan assembly
200 may be utilized with different outlets being plugged depending on the requirements for each
application. Furthermore, the oil pan assembly 200 provides additional flexibility by allowing
multiple outlets to be utilized. In some implementations, the pattern of the mounting holes 206
(Fig. 2) on the flange 204 may be changed depending on the orientation. However, this process is
relatively simple and may be performed by simply drilling a different hole pattern on the same

oil pan assembly 200 component.

[0025] Figs. 4A and 4B are perspective views of the oil pan assembly 200 of Figs. 2-3,
illustrating the ribs defined by the suction tubes 220. As illustrated in Fig. 4A, the oil pan 202

includes an exterior surface 256. The suction tubes 220 define an outer rib 258 projecting
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outward (e.g., in a direction opposite the interior cavity) from the exterior surface 256. Similarly,
as illustrated in Fig. 4B, the oil pan assembly includes an interior surface 260. The suction tubes
220 define an inner rib 262 extending inward (e.g., into the interior cavity 208) from the interior
surface 260. The outer and inner ribs 258, 260 may project from the respective exterior and
interior surfaces 256, 260 by the same lengths or by different lengths. In other words, each of the
outer and inner ribs 258, 260 may vary in size. In the embodiment illustrated in Fig. 4B, the oil
pan 202 includes a shelf 264 that extends from the front transverse suction tubes 248 towards the
front 232 of the oil pan 202 to prevent oil from collecting in a pocket adjacent the front

transverse suction tubes 248.

[0026] The oil pan assembly 200 may be manufactured using several manufacturing methods.
In one embodiment, the oil pan assembly 200 is formed using a sand-casting or investment
casting process. In other embodiments, the oil pan assembly 200 is formed using a lost-wax or
lost-foam casting process. Each of the suction tubes 220 may be formed using a removable core
molded of any of several types of suitable materials such as sand, wax, salt, etc. The core is
formed and positioned in an outer mold. The core may be formed as a unitary structure or the
core may be formed in multiple segments which may be joined together before positioning the
core in the outer mold. The oil pan assembly 200 is formed by casting a metal (e.g., aluminum or
steel) in the outer mold and around the core. After casting the oil pan assembly 200, the core is
removed by breaking up the sand and removing the sand through each of the outlets. One or
more of the outlets may subsequently be plugged (e.g., using a threaded fitting. By utilizing

several suction tubes 220, the core may be securely supported during the casting process.

[0027] In other embodiments, the oil pan assembly 200 may be formed of an injection-molded
thermosetting polymer, such as polyamide (e.g., nylon), poly(methyl methacrylate),
polypropylene, polypropylene, polyethylene (e.g., high or low-density polyethylene) which may
be reinforced with fibers (e.g., glass, carbon, etc.). In such embodiments, the suction tubes 220
may be formed in a first process (e.g., from metal tubing) and insert molded into the oil pan
assembly 200. In further embodiments, the oil pan assembly 200 may be formed using a two-part

or multi-part stamping, which may be bonded using various techniques such as welding (e.g.,
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arc, TIG (tungsten, inert gas), MIG (metal, inert gas), resistance, friction, etc.) to form the oil pan

assembly 200.

[0028] Fig. 5A is a cross-sectional view of the oil pan assembly 200 of Figs. 2-4B, taken along
line 5-5 of Fig. 2. As shown in Fig. 2, line 5-5 extends through the center longitudinal suction
tube 238. Fig. 5B is a bottom view of the oil pan assembly 200 of Figs. 2-5A. As illustrated in
Fig. 5A, the oil pan assembly 200 may be mounted to an engine 266. An oil passage 268 is
fluidly coupled to an outlet (e.g., the first outlet 242) of the oil pan assembly 200. An oil pump
270 is operably coupled to the oil passage 268. In operation, the oil pump 270 draws oil from the
interior cavity 208 of the oil pan 202 through the suction tubes 220, and through the oil passage
268. The oil is pressurized by the oil pump 270 and is conveyed to the engine 266, where it
operates to lubricate various components within the engine 266. In some embodiments, multiple

oil passages 268 may be coupled to multiple outlets of the oil pan assembly 200.

[0029] Figs. SA and 5B further illustrate the multiple outlets that are available with the oil pan
assembly 200. As illustrated in Fig. SA, the longitudinal suction tubes 238 define the first outlet
242 proximate the front end 224 of the oil pan assembly 200. As shown in Fig. 5B, the oil pan
assembly 200 includes first outlets 242 defined by each of the longitudinal suction tubes 238.
The oil pan assembly 200 also includes second outlets 254 defined by each of the front
transverse suction tubes 248. The oil pan assembly 200 further includes third outlets 272
extending downwards (i.c., away from the flange 204) and defined by the third section 246 of the
longitudinal suction tubes 238. Still further, the oil pan assembly 200 includes fourth outlets 274
extending downwards and defined by at least one of the rear transverse suction tubes 250 and the
side vertical suction tubes 252. Further yet, the oil pan assembly 200 includes fifth outlets 276
extending outwardly (i.c., transverse to the length 228 of the oil pan assembly 200) proximate the
second floor portion 216 and defined by at least one of the rear transverse suction tubes 250 and
the side vertical suction tubes 252. In addition, the oil pan assembly 200 includes sixth outlets
278 extending outwardly proximate the flange 204 and defined by the side vertical suction tubes
252. The sixth outlets 278 are elevated along a vertical axis relative to the rear transverse suction

tubes 250. Further yet, the oil pan assembly includes seventh outlets 280 extending outwardly
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proximate the second floor portion 216 and defined by at least one of the rear section 251 and the
rear vertical suction tubes 253. Still further, the oil pan assembly 280 includes eighth outlets 282
extending outwardly proximate the rear end 226 defined by the rear vertical suction tubes 253.
As mentioned above, one or more of the first, second, third, fourth, fifth, sixth, seventh, and
cighth outlets 242, 254, 272, 274, 276, 278, 280, 282 may be plugged (e.g., using a threaded
insert), and the unplugged outlets may provide fluid communication to an oil pump (not shown).
In addition, each of the first, second, third, fourth, fifth, sixth, seventh, and ecighth outlets 242,
254, 272,274,276, 278, 280, 282 may be positioned at a distal end of the respective suction
tubes 220, or they may be positioned anywhere along the length of the respective suction tubes
220.

[0030] It should be noted that any use of the term “exemplary” herein to describe various
embodiments is intended to indicate that such embodiments are possible examples,
representations, and/or illustrations of possible embodiments (and such term is not intended to

connote that such embodiments are necessarily extraordinary or superlative examples).

[0031] The terms “coupled,” “connected,” and the like as used herein mean the joining of two
members directly or indirectly to one another. Such joining may be stationary (e.g., permanent)
or moveable (e.g., removable or releasable). Such joining may be achieved with the two
members or the two members and any additional intermediate members being integrally formed
as a single unitary body with one another or with the two members or the two members and any
additional intermediate members being attached to one another. It should be also be understood
that, where the terms “approximately” and “about” are used, the identified dimensions and/or
ranges are intended to cover slight variations that may result due to standard manufacturing

and/or assembly tolerances as understood in the art.

[0032] References herein to the positions of elements (e.g., “top,” “bottom,” “front,
“rear,” etc.) are merely used to describe the orientation of various elements in the figures. It
should be noted that the orientation of various elements may differ according to other exemplary

embodiments, and that such variations are intended to be encompassed by the present disclosure.
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[0033] It is important to note that the construction and arrangement of the various exemplary
embodiments are illustrative only. Although only a few embodiments have been described in
detail in this disclosure, those skilled in the art who review this disclosure will readily appreciate
that many modifications are possible (e.g., variations in sizes, dimensions, structures, shapes and
proportions of the various elements, values of parameters, mounting arrangements, use of
materials, colors, orientations, etc.) without materially departing from the novel teachings and
advantages of the subject matter described herein. For example, the nature or number of discrete
elements or positions may be altered or varied. The order or sequence of any process or method
steps may be varied or re-sequenced according to alternative embodiments. Other substitutions,
modifications, changes and omissions may also be made in the design, operating conditions and
arrangement of the various exemplary embodiments without departing from the scope of the

present invention.

[0034] While various embodiments of the disclosure have been shown and described, it is
understood that these embodiments are not limited thereto. The embodiments may be changed,
modified and further applied by those skilled in the art. Therefore, these embodiments are not
limited to the detail shown and described previously, but also include all such changes and

modifications.
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WHAT IS CLAIMED IS:

1. An oil pan assembly, comprising:
an oil pan having an interior cavity defining a sump and an elevated portion, the
elevated portion defined in part by a first floor portion and the sump defined in part by a second
floor portion and by an intermediate wall extending between the first and second floor portions,
the first floor portion elevated along a vertical axis relative to the second floor portion; and
a suction tube integral to the oil pan and shaped so as to define stiffening ribs of
the oil pan, the suction tube extending from an inlet positioned in the sump to an outlet external
to the interior cavity of the oil pan, the suction tube including:
a first section formed in the first floor portion and defining the outlet,
a second section formed in the second floor portion and defining the inlet,
and
a third section formed in the intermediate wall and fluidly coupling the

first and second sections.

2. The oil pan assembly of claim 1, wherein the stiffening ribs defined by the suction
tube include an inner rib projecting from an interior surface of the oil pan into the interior cavity
and an outer rib projecting from an exterior surface of the oil pan in a direction opposite the

interior cavity.

3. The oil pan assembly of claim 2, wherein the inner rib projects from the interior
surface to a first projection length and the outer rib projects from the exterior surface to a second
projection length, one of the first and second projection lengths being longer than the other of the

first and second projection lengths.

4. The oil pan assembly of claim 1, wherein the suction tube is a first suction tube,

and further comprising a second suction tube parallel to and offset from the first suction tube.

5. The oil pan assembly of claim 4, further comprising a third suction tube parallel
to and offset from each of the first and second suction tubes.

12 -
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6. The oil pan assembly of claim 1, wherein the suction tube is a longitudinal suction
tube, and further comprising a front transverse suction tube fluidly coupled to the longitudinal
suction tube and extending transverse to the longitudinal suction tube to second outlets external

to the interior cavity of the oil pan.

7. The oil pan assembly of claim 1, further comprising a strainer bowl integral to the
second floor portion, the strainer bowl having a top opening in fluid communication with the

sump.

8. The oil pan assembly of claim 7, wherein the inlet of the suction tube is fluidly

coupled to the strainer bowl.

9. The oil pan assembly of claim 7, further comprising a strainer disposed over the

top opening of the strainer bowl, the strainer comprising a dome-shaped perforated plate.

10. The oil pan assembly of claim 9, wherein the suction tube is a longitudinal suction
tube, and further comprising rear transverse suction tubes fluidly coupled to the strainer bowl,
the rear transverse suction tubes extending transverse to the longitudinal suction tubes, and

defining third outlets external to the interior cavity of the oil pan.

11.  The oil pan assembly of claim 10, further comprising side vertical suction tubes
fluidly coupled to and extending vertically from the rear transverse suction tubes, the side
vertical suction tubes defining fourth outlets external to the interior cavity of the oil pan, the

fourth outlets being eclevated along a vertical axis relative to the third passages.

12.  The oil pan assembly of claim 11, further comprising at least one plug to fluidly
block at least one of the third and fourth outlets.

13. The oil pan assembly of claim 1, wherein the oil pan assembly is formed of at

least one of cast steel or cast aluminum.
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14.  The oil pan assembly of claim 13, wherein the outlet defines a path for removing

a sand core utilized during a casting process.

15.  An oil pan assembly, comprising:
an oil pan, the oil pan including a plurality of suction tubes formed integrally
therein, each of the plurality of suction tubes having an inlet positioned in a sump of the oil pan
and an outlet providing fluid communication between the oil pan and an oil pump; and

a plug fluidly blocking the outlet of one of the suction tubes.

16.  The oil pan assembly of claim 15, wherein the plug is a first plug, and further

comprising a second plug fluidly blocking the outlet of a second one of the suction tubes.

17.  The oil pan assembly of claim 15, wherein the plug is removably coupled to the
one of the suction tubes, and wherein the oil pan assembly is configurable between a first
configuration in which the plug is coupled to a first one of the suction tubes, and a second

configuration in which the plug is coupled to a second one of the suction tubes.

18.  The oil pan assembly of claim 15, wherein each of the plurality of suction tubes is

shaped so as to define stiffening ribs in the oil pan.

19. The oil pan assembly of claim 18, wherein the stiffening ribs include an inner rib
projecting from an interior surface of the oil pan into an interior cavity of the oil pan and an outer

rib projecting from an exterior surface of the oil pan in a direction opposite the interior cavity.

20.  The oil pan assembly of claim 15, wherein the inlet is positioned proximate a rear
end of the oil pan, the oil pan having a front end opposite the rear end, and wherein the plurality
of suction tubes includes longitudinal suction tubes having a first outlet proximate the front end

of the oil pan.

21.  The oil pan assembly of claim 20, further comprising at least one transverse

suction tube extending transverse to the longitudinal suction tubes.

- 14 -



WO 2016/140672 PCT/US2015/018901

22. A system, comprising:
an internal combustion engine; and
an oil pan coupled to the internal combustion engine, the oil pan including a
plurality of suction tubes formed integrally therein, each of the plurality of suction tubes having
an inlet positioned in a sump of the oil pan and an outlet providing fluid communication between
the oil pan and an oil pump, the suction tubes being shaped so as to define stiffening ribs of the

oil pan.

23.  The system of claim 22, wherein the stiffening ribs defined by the suction tubes
include an inner rib projecting from an interior surface of the oil pan into an interior cavity of the
oil pan and an outer rib projecting from an exterior surface of the oil pan in a direction opposite

the interior cavity.

24.  The system of claim 22, further comprising a plug fluidly blocking the outlet of

one of the suction tubes.
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