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(57) ABSTRACT

An o1l pump for an internal combustion engine includes a
pump body with a first gear chamber and a second gear
chamber, and a cover mounting to the pump body. The pump
also has a check valve and a pressure relief valve in fluid
communication with the gear chambers. The o1l pump has a
supply set of intermeshing involute spur gears in the first gear
chamber with nine involute teeth. A return set of intermeshing
involute spur gears with the same gear profile as the supply
gears 1s housed in the second gear chamber. Both sets of gears
are driven by a common drive shait so that the pump may be
retrofitted to existing engines. The profile of the gears pro-
vides for improved pump volume without increasing angular
velocity or gear diameter over gears of the prior art. The return
gears are deeper than the supply gears to provide an improved
supply to return flow ratio.

44 Claims, 6 Drawing Sheets




U.S. Patent May 31, 2011 Sheet 1 of 6 US RE42,408 E

FIG. 1
(PRIOR ART)
~ [\ & =\
% N
(/ \)
(/ \)
' »
C )
{ N
\ [}
Q /)
N e
Ny <
- \._/ -

200

w |/ J/

. 204
202
) 204
204 (I .
o ) Y

202 202
S

200



U.S. Patent May 31, 2011 Sheet 2 of 6 US RE42,408 E

FIG. S

210




U.S. Patent May 31, 2011 Sheet 3 of 6 US RE42,408 E




U.S. Patent May 31, 2011 Sheet 4 of 6 US RE42,408 E

FIG. 6

100

102

90

96

FIG. S



U.S. Patent May 31, 2011 Sheet 5 of 6 US RE42,408 E

(o
N

O

A
/ : ZAN
N/ =
’ %
' < TN

FIG. 9

FIG. 7



US RE42,408 E

Sheet 6 of 6

May 31, 2011

U.S. Patent

FIG. 8

26

80

82

128

124

96

84

96

142



US RE42,408 E

1
OIL PUMP AND GEARS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

10

The present invention relates to a motorcycle o1l pump, and
in particular, to an o1l pump having intermeshing gears with

an 1mproved tooth design that provides improved flow over

the prior art.
15

BACKGROUND OF THE INVENTION

Internal combustion engines such as those for motorcycles
typically have an o1l pump that1s a dry sump-type system with
two sets of intermeshing external rotary gears. The gears are 20
typically driven on a common drive shait with one gear set
supplying pressurized o1l to the engine for lubrication, with
the other gear set scavenging excess o1l from the crankcase to
the o1l tank. Oftentimes, the o1l pump does not provide sudifi-
cient o1l for the engine, especially through certain RPM 25
ranges. In other applications, performance modifications may
be made to the engine that require increased o1l flow to pro-
vide proper lubrication as the stock o1l pump does not have
suificient capacity.

In order to accommodate 1increased o1l flow, a simple solu- 30
tion1s to provide a larger capacity o1l pump. However, a larger
capacity pump requires additional space that may not be
available and prevents retrofitting to an existing engine.
Theretore, 1t 1s desirable to utilize an o1l pump having the
same space requirements as a stock pump. It 1s also desirable 35
to mount to the existing drive shaft to minimize the modifi-
cations required to mount to the engine. If an existing oil
pump 1s used, one modification that provides increased flow 1s
to widen the gear sets or increase the depth of the gears.
However, clearance constraints may prohibit widening of the 40
gears or may limit the depth of the gears. Another solution 1s
to increase the angular velocity of the gears. This method of
providing increased tlow 1s undesirable as 1t may increase the
wear of the current pump and require more maintenance. It
also requires increasing the angular velocity of the drive shaft 45
or adding a gear intermediate the drive shaft and the pump
gears.

Another alternative 1s to change the gear profile. A typical
stock o1l pump gear includes fourteen teeth, as shown 1n FIG.

1. An improved gear tooth profile may provide for pumpinga 50
larger volume of o1l and maintaiming a higher o1l pressure,
overcoming the pressure problems associated with some
engines. An improved gear tooth profile could provide for
utilizing gears that may replace the stock gears and provide
improved flow with an 1dentical outer radius and RPM. 55

Another problem with existing o1l pumps 1s that the ratio
between o1l supply volume and o1l return volume 1s not opti-
mized. Under some operating conditions, the engine may be
overwhelmed by oi1l. The crankcase then becomes filled,
resulting in o1l carryover, wherein excessive o1l 1s blown out 60
ol the crankcase breather.

It can be seen that a new pump i1s needed that provides
improved tlow over existing designs. Such an o1l pump should
provide increased o1l flow without requiring additional space
tor the o1l pump. Such a design should provide for retrofitting 65
existing o1l pumps with an improved gear tooth profile, result-
ing 1n increased oil pumping volume. Such a system should

2

provide for optimization of the pump flow for the supply as
well as the pump flow ratio between the supply and the return.
The present invention addresses these as well as other prob-
lems related to o1l pumps for internal combustion engines.

SUMMARY OF THE INVENTION

The present 1invention 1s directed to a dry sump type o1l
pump system that utilizes intermeshing spur gears having an
improved tooth profile for improved pumping and volume.

A motorcycle engine o1l pump 1includes a pump body and a
cover. The pump body includes two sets of gears, intermesh-
ing supply gears and intermeshing return gears. The gears are
spur gears having nine teeth with an improved involute tooth
profile. The profile of the gears and greater intermeshing
provide improved flow over the prior art. The present inven-
tion provides for retrofitting to existing engines as the gears
can be fitted 1 a body and cover having the same outer
dimensions. The gear chambers are modified slightly to
accommodate the different distance between the gear centers
due to the greater tooth overlap from greater intermeshing.
However, the driven supply gear and return gear are coaxial
with the existing drive shait to provide for retrofitting. In
addition, the depth of the supply gears and return gears 1s
increased over the prior art so that improved flow 1s achieved
without greater angular velocity and without a greater diam-
eter.

The o1l pump also includes various passages for directing
o1l to the various components to be lubricated and for reclaim-
ing o1l from the o1l tank and sump. The o1l pump also includes
a check valve and a pressure relief valve that are set to accom-
modate the increased flow over the prior art. With the opti-
mized placement of various passages and levels, as pressure
increases and the plunger of the relief valve and ball of the
check valve are moved, o1l 1s directed to different components
at the various pressures, thereby providing lubrication to
components as the need arises.

With the improved gear design, pump volume for the sup-
ply gears 1s increased by thirty eight percent over a compa-
rable pump of the prior art while the return gears increase
pump volume by sixty one percent as compared to the prior
art. This 1s achueved without increasing gear angular velocity,
gear diameter, or the width of the pump body and cover
assembly and utilizing existing geometry that are compatible
with existing engines.

These features of novelty and various other advantages that
characterize the invention are pointed out with particularity in
the claims annexed hereto and forming a part hereotf. How-
ever, for a better understanding of the 1mvention, 1ts advan-
tages, and the objects obtained by 1ts use, reference should be
made to the drawings which form a further part hereof, and to

the accompanying descriptive matter, in which there 1s 1llus-
trated and described a preferred embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings wherein like reference numerals and letters
indicate corresponding structure throughout the several
VIEWS:

FIG. 1 1s a side view of a set of prior art gears;

FIG. 2 15 a side view of a set of o1l pump gears according to
the principles of the present invention;

FIG. 3 1s a sectional view taken along line 3—3 of FIG. 2;

FIG. 4 1s an exploded perspective view of an o1l pump
according to the principles of the present invention with gears
having the profile shown 1n FIG. 2;
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FIG. 5 1s a perspective view of a housing for the oil pump
shown 1n FIG. 4;

FIG. 6 1s an opposite side perspective view of the housing
shown 1n FIG. 5:

FIG. 7 1s an 1mner perspective view of a housing cover for
the o1l pump shown in FIG. 4;

FIG. 8 1s an elevational view of the inner side of the housing,
cover shown 1n FIG. 7;

FIG. 9 1s an outer perspective view of the housing cover
shown 1n FIG. 7.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawings, and 1n particular to FIG. 1,
there 1s shown a prior art set of gears for an o1l pump. The gear
set 1s typical of both o1l supply gears and return gears. Each of
the gears has fourteen teeth that mtermesh to feed o1l for
lubrication of various engine components or to aid in return of
o1l flowing from the components. The intermeshing teeth of
the prior art are relatively shallow with a profile that cannot
provide sufficient flow and lubrication under some engine
operating conditions. In order to improve tlow while provid-
ing for use with existing engines, the maximum diameter of
the gears 1s limited.

Referring to FIGS. 2 and 3, gears 200 according to the
present mvention are shown. Intermeshing involute spur
gears 200 provide improved tlow and performance as com-
pared to the prior art gears. As explained hereinaftter, the gears
200 are typical of erther supply or return gears as each of the
gears has the same profile and the description of the gears 200
applies to all gears. Each gear includes nine involute teeth 202
with a root 204. In one embodiment, the gears 200 have a
pitch circle with a diameter of 0.811 1nches and a root diam-
cter o1 0.585 inches. The gears 200 may include a keyway 210
for recerving a drive shaft key. The diametral pitch, which 1s
the number of teeth per inch of pitch circle diameter1s 12. The
pressure angle, which 1s the angle between a line of action and
the common tangent to the pitch circle at the pltch point, for
the gears 200 1s twenty degrees. The pitch point 1s the point of
contact between pitch circles of two gear 1n mesh. The pitch
circle 1s the circle representing the original cylinder that trans-
mitted motion by friction of a gear. It has been found that the
gears having the number of teeth with the dimensions and
profiles as shown, provides the improved performance
desired. In the embodiment shown, the depth D of the gears
200 1s 0.55 1nches for supply gears and 0.8 inches for return
gears, thereby improving pumping ratios and decreasing o1l
carryover. These depths may be varied depending on the
engine application, whether supply or return.

Referring now to FIG. 4, there 1s shown an o1l pump for an
internal combustion engine such as 1s used 1n a motorcycle,
generally designated 22. The pump includes a body 24 and
cover 26 mounting to the body 24. A supply driven gear 32
and supply 1dler gear 34 interact to supply o1l to the various
components of the engine. The gears 32 and 34 have the same
profile as shown 1n FIGS. 2 and 3. Return driven gear 36 and
return 1dler gear 38 intermesh provide return o1l flow. The
gears 36 and 38 have the same profile as shown for the gears
200 1n FIGS. 2 and 3. The supply gears 32 and 34 mount 1n
chamber 100 while the return gears 36 and 38 mount 1n a
return gear chamber 110 on an opposite side of the pump body
24. In the embodiment shown, the supply gears 32 and 34
have a depth that 1s less than that of the return gears 36 and 38
to optimize flow. Both sets of gears are driven off of a single
drive shaft 70. The 1dler gears 34 and 38 rotate about an 1dler
shaft 74. The drive shaft 70 extends through an orifice 102 1n
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the chambers 100 and 110 while the idler shait 74 extends
through an orifice 104. Keys 76 extend into the keyway
(shown as 210 1n FIGS. 2 and 3) of the driven gears 32 and 36,
as shown 1n FIG. 4. The gear sets 32, 34 and 36, 38 include
snap rings 78A and 78B to retain the drive shaft 70 and a drive
shaft seal 72 to eliminate leakage through the orifices 1n the
gears around the drive shaft 70. The drive shaft 70 mounts to
a drive gear 44 and utilizes a key 76. The drive gear 44 1s 1n
turn driven by pinion shatt pump drive gears 46. Other drive
gear arrangements of other engine configurations may also be
used. Pump body gasket 42 mounts to one side of the pump
body 24 while pump cover gasket 40 mounts between the
pump body 24 and the cover 26.

To accommodate mounting, orifices 96 receive hardware
94 for attaching the pump cover 26 to the pump body 24 as
well as mounting the pump 22 to the engine. Connections to
the lubricated components are made through {fittings, gener-
ally designated 92 and attaching to various openings, as
explained hereinatter.

The pump 22 includes a check valve assembly 50 mounting
through an opening 90 extending downward from the top of
the valve body 24. Check valve assembly 50 includes a ball 52
biased by spring 54. Gasket 56 and plugs 38 retain the spring
and ball. The operation of the check valve 50 and its relation-
ship to o1l flow 1s explained hereinafter.

A pressure relief valve 60 mounts into relief valve opening
88 extending downward from the top most portion of the
pump body 24. A spring biases the plunger downward
through the valve opening 88 and 1s retained by gasket 66 and
plug 68. The operation of the pressure relief valve 60 and its
relationship to o1l tlow 1s explained hereinaftter.

Referring now to FIGS. 5 and 6, the various passages and
chambers of the valve body 24 are shown. Mounting holes 96
receive hardware to connect the cover 26 as well as to mount
the pump 22. As shown in FIG. 5, the supply gear chamber

100 1includes onfices 104 and 102 that extend through to
chamber 110, shown 1n FIG. 6. Orifice 102 receives the drive
shaft 70 shown in FIG. 4 while orifice 104 receives the idler
shaft 74, also shown 1n FIG. 4.

It can be appreciated that the profile of the gears 200
provides for a greater degree of intermeshing for increased
flow and pumping from greater volume 1n the space between
the intermeshing gear teeth. However, with the greater degree
ol intermeshing, the rotational centers of the gears are moved
closer to one another 1f the outer diameter of the gears 1s
maintained. Therefore, the orifices 102 and 104 are moved
closer together as compared to pumps 1n the prior art. In order
to accommodate mounting to a drive shait for retrofitting of a
pump on the present mvention to an existing motorcycle
engine, the position of orifice 102 must not be moved in the
pump body 24 to mount to the drive shait 70. Therefore, the
chamber 100 1s modified and orifice 104 1s moved closer to
orifice 102. The chamber 100 1s also slightly narrower than a
comparable chamber of the prior art. Moreover, the depth of
the supply gear chamber 100 1s slightly deeper to accommo-
date the greater depth of the gears 32 and 34.

Likewise, the return gears 36 and 38, have a gear profile as
shown 1n FIGS. 2 and 3 for the gear 200. With a greater degree
of intermeshing, the orifices 102 and 104 are moved the same
degree to accommodate the return gears and align them with
the supply gears. It can be appreciated that the shape and size
of the pump body 24 does not need to be increased to accom-
modate the gear sets 32 and 34, and 36 and 38. Therefore, the
pump body 24 may be retrofitted to an existing engine within
the space constraints of the prior pump, while maintaining
alignment for actuating the pump 22, with the existing drive
shaft 70. The depth of the return gears 36 and 38 1s increased
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over the gears of the prior art and 1s greater than the depth of
the supply gears 32 and 34 to optimize flow.

Regarding o1l flow, o1l to the pump can enter from the o1l
tank through upper and lower openings 82 and 132, as well as
a middle o1l supply hole 84 1n the cover 26, shown most
clearly 1n FIGS. 8 and 9. O1l flows to supply pump gears feed
passage 122 in the cover 26 to the suction side of the supply
gear set ata lower lobe ofthe supply gear chamber 100. At the
upward extending lobe from the supply gear chamber 100, o1l
1s pressurized and engages the ball 52 and check valve assem-
bly 50. The check valve assembly 50 prevents o1l from enter-
ing the engine when the engine 1s not running.

As shown 1n FIG. 6, when the o1l reaches the bypass 134,
due to increased pressure, the check valve 50 1s actuated and
o1l 1s channeled to a crankcase passage 136 above the bypass
134. This passage 136 directs o1l to the top end elements,
including lifters, push rods, rocker arms, valve guides and
piston oilers of the engine, which require continuous pressur-
1zed flow of oi1l. This 1s also where the o1l pressure 1s 1ndi-
cated. The o1l flows downward to a lower access passage 138
tor the reliet valve 60. The o1l pressure raises the plunger 62
that uncovers various passages including a lower end crank-
case passage 140 that directs o1l to the crankshaft and con-
necting rods of the engine. The pressure relief valve 60 raises
so that this passage 140 1s uncovered at about 10 psi.
Increased pressure raises the plunger 62 further allowing o1l
to flow through excess o1l passageway 86 acting as a pressure
relief passage at about 30 psi. O1l 1s channeled to a relief
passage 128 leading back to the supply gears. The pressure
reliel passage 128 ensures that the motor does not have exces-
stve o1l pressure and prevents over oiling the engine or rupture
of the various gaskets. The lower end crankcase passage 140
1s moved slightly upward and the excess o1l passage 86 is
moved slightly downward as compared to the prior art, to take
advantage of the higher o1l pressure associated with the new
pump from the higher dynamic o1l pressure due to the higher
flow achieved by the improved gears 32 and 34 of the present
invention. The relief valve 60 also imncludes a pressure relief
drain passage 114. The pressure relief drain passage 114
provides for directing small quantities of o1l that may slip by
the plunger 62 and prevents hydraulic lock.

Oil flow for the return side of the pump 22 includes a
passage leading to the lower lobe for the return gear chamber
110 under suction from the crankcase. Oil 1s pumped through
the return gear set 36 and 38 and 1s directed through a return
passage 108 directing the o1l back to the cover and passage
124. O1l 1s routed to either an upper o1l return hole 80 or lower
o1l return hole 142 1n the cover 26.

The external spur gear sets 32 and 34, and 36 and 38 of the
present invention are driven oif a common drive shait 70 to
accommodate the prior art geometry. The present invention
uses an improved spur gear with an ivolute tooth profile to
increase the o1l pumping volume by 26% due to the improved
profile of the gears. The depth of the gears 1s increased so that
the volume of the supply side 1s increased by 38% over the
prior art, while volume on the return side 1s increased by 61%.
These increases are achieved without increasing the diameter
of the gears and allows for utilizing an improved pump that
can be retrofitted to existing engines. In addition, the angular
Velocﬂy ol the gears 1s not increased over the prior art so that
there 1s no adverse elfect from increased wear. The body of
the pump 1s easily modified to accommodate the gears 32, 34,
36 and 38 without increasing the size of the pump body
Moreover, the present invention improves the return to supply
ratio by changing the gear depth so that the engine 1s not
overwhelmed with o1l that would fill the crankcase resulting
in excessive o1l being blown out of the crankcase breather. It
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can be appreciated that the improved o1l pumping gears of the
present 1nvention provide improved performance while
allowing for retrofitting to existing engines without modify-
ing the engine, pump mounting or attachment to the o1l pump
drive shatft.

It 1s to be understood, however, that even though numerous
characteristics and advantages of the present invention have
been set forth in the foregoing description, together with
details of the structure and function of the invention, the
disclosure 1s 1llustrative only, and changes may be made 1n
detail, especially in matters of shape, size and arrangement of
parts within the principles of the invention to the full extent
indicated by the broad general meaning of the terms 1n which
the appended claims are expressed.

What 1s claimed 1s:

1. An internal combustion engine o1l pump, comprising:

a pump body, including a first gear chamber and a second

gear chamber;

a cover mounted to the pump body;

a drive shait extending into the first gear chamber and the
second gear chamber;

a first set of intermeshing imvolute spur gears 1n the first
gear chamber, wherein each of the first set of gears has
nine or fewer teeth, wherein each tooth has an involute
profile];], and wherein one of the first set of gears is
driven by the drive shait; and

a second set of intermeshing involute spur gears in the
second gear chamber, wherein one of the second set of
gears is driven by the drive shaft]; and],

wherein [the] a ratio of [the] a depth of the first set of gears
to [the] @ depth of the second set of gears is about 11/16;

wherein at least one of the gears in the first and second sets
has an orifice for receiving the drive shaft; and

a snap ving retaining the drive shaft, the snap ving being
recessed in the orifice to eliminate leakage around the
drive shaft.

2. An o1l pump according to claim 1, further comprising a
check valve 1n fluid communication with one of the first and
second gear chambers.

3. An o1l pump according to claim 1, further comprising a
pressure relief valve in fluid communication with the one of
the first and second gear chambers.

4. An o1l pump according to claim 1, wherein each of the
second set of gears has nine or fewer teeth, and wherein each
tooth has an 1volute profile.

5. An oil pump according to claim 1, wherein [the] a
diametral pitch of the first set of gears 1s 12.

6. An oil pump according to claim 1, wherein [the] a
pressure angle of the first set of gears 1s about 20 degrees.

7. A method of increasing o1l tlow 1n an internal combus-
tion engine, comprising:

providing the internal combustion engine, the engine hav-
ing a first o1l pump, the first oil pump having a first body,
a first cover, a first set of mtermeshing supply gears and
a first set of intermeshing return gears driven oif a com-
mon [drift] drive shaft], the method comprising the steps
of:];

replacing the first [set of supply gears with] oil pump with
a second oil pump fitting into a same dimensional space
but that provides increased oil flow, the second oil pump
including a second body, a second set of supply spur
gears and a second set of veturn gears, wherein each of
the second set of supply gears has nine involute teeth]:],
and

[replacing the first set of return gears with a second set of
return spur gears,] wherein each of the second set of
return gears has nine involute teeth];],
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wherein a distance between the axes of the second set of
supply gears is less than [the] a distance between the
axes ol the first set of supply gears, and wherein a
distance between the axes of the second set of return
gears is less than [the] a distance between the axes of the
first set of return gears;
the first and second bodies each including an identical
pattern of mounting apertures for attachment to the
engine and having identical bore locations for receiving
the drive shaft.
8. A method according to claim 7, wherein the second set of
return gears has a greater depth than the second set of supply
gears.

10

9. A method according to claim 8, wherein [the] a ratio of

[the] a depth of the second set of supply gears to [the] a depth
of the second set of return gears 1s about 11/16.

10. An o1l pump for an internal combustion engine, com-
prising:

a pump body, including a first gear chamber and a second

gear chamber;

a cover mounted to the pump body;

a check valve 1n fluid communication with one of the first
and second gear chambers, the check valve being oper-
ably connected to the one chamber and configured to
prevent oil from flowing through the one chamber when
the engine is not running but configured to actuate and
release oil to a crankcase passage when actuated with a
predetermined oil pressure;

a pressure relief valve 1 fluid communication with the one
of the first and second gear chambers, the pressure velief
valve being operably connected to the one chamber and
configured to uncover a lower end crankcase passage-
way at about 10 psi and to uncover an excess oil pas-
sageway at about 30 psi;

a drive shaft extending into the first gear chamber and the
second gear chamber;

a first set of intermeshing involute spur gears in the first
gear chamber, wherein each of the first set of gears has
nine or fewer teeth, wherein each tooth has an involute
profile];], and wherein one of the first set of gears is
driven by the drive shaft;

a second set of intermeshing involute spur gears 1n the
second gear chamber, wherein one of the second set of
gears is driven by the drive shaft]; and],

wherein [the] a ratio of [the] a depth of the first set of gears
to [the] a depth of the second set of gears is about 11/16
such that a greater volume of oil is pumped for return
than for supply, since the oil being pumped for return
includes movre aiv than the oil being pumped for supply.

11. An o1l pump according to claim 10, wherein each of the
second set of gears has nine or fewer teeth.

12. An o1l pump according to claim 11, wherein the teeth
comprise mvolute gear teeth.

13. An o1l pump according to claim 10, wherein the diame-
tral pitch of the first gears 1s 12.

14. An o1l pump according to claim 10, wherein the pres-
sure angle of the gears 1s about 20 degrees.

13. A vetrofit engine oil pump designed to fit onto an inter-
nal combustion engine and to veplace an existing oil pump of
the internal combustion engine, the engine defining a pattern
including mounting holes and a drvive-shaft-veceiving aper-
ture, and the existing pump including a first body with first
attachment holes matching the pattern, a first drive shaft
aligned with the drive-shaft-rveceiving aperture, and existing
sets of intermeshing gears having votational centers defining
a known distance, the retvofit engine oil pump comprising.

20

25

30

35

8

a vetrofit pump body including first and second gear cham-
bers and also second attachment holes matching the
pattern and also drive-shaft-supporting structure
aligned with the drive-shaft-receiving aperture; such
that the second pump is mountable in place of the exist-
ing oil pump;

a cover mounted to the vetrofit pump body, the cover clos-
ing one side of the first gear chamber of the vetrvofit pump
body;

the retrofit pump body being configurved and adapted so
that, when mounted, the engine closes a side of the
second gear chamber of the retrvofit pump body;

a retrofit drive shaft supported by the drive-shaft-support-
ing structure and extending into the first geav chamber
and the second gear chamber;

a first set of intermeshing gears in the first gear chamber,
wherein one of the first set of gears is driven by the
rvetrofit drive shaft; and

a second set of intermeshing gears in the second gear
chamber, wherein one of the second set of gears is dviven
by the retrofit drive shaft,

wherein a first distance between rotational centers of the
first set of intermeshing gears in the first gear chamber
equals a second distance between rvotational centers of
the second set of intermeshing gears in the second gear
chamber. and

wherein the first distance and the second distance are less
than the known distance between the votational centers
of corresponding gears in the existing oil pump.

16. An oil pump according to claim 15, wherein a ratio of

a depth of the first set of gears to a depth of the second set of

gears is about 11/16.

17. An oil pump accorvding to claim 15, further comprising
a check valve in fluid communication with one of the first and
second gear chambers.

18. An oil pump accorvding to claim 15, further comprising
a pressure relief valve in fluid communication with the one of
the first and second gear chambers.

19. An oil pump according to claim 15, whervein a diametral
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20. An oil pump according to claim 1, wherein a pressure
angle of the first set of gears is about 20 degrees.

21. An oil pump accovding to claim 15, wherein the first set
of intermeshing gears comprise involute spur gears having
nine or fewer teeth.

22. An oil pump according to claim 15, whevein the second
set of intermeshing gears comprise involute spur gears hav-
ing nine or fewer teeth.

23. An oil pump according to claim 15, wherein the retrofit
oil pump comprises an external gear votary oil pump.

24. An oil pump according to claim 15, wherein the first set
of intermeshing gears and the second set of intermeshing

gears have a pitch circle diameter of 0.811 inches.

25. A method of providing increased oil flow in an engine
comprising steps of:

providing a motorcycle engine including a first oil pump
with a first pump body and first intermeshing supply
gears with centers defining a first distance and first
intermeshing return gears with centers also defining the
first distance; the first pump body defining a first set of
attachment ovifices arranged in a fivst pattern for align-
ing with existing mounting structure on the engine for
attachment;

constructing a second oil pump with a second pump body
and second intermeshing supply gears with centers
defining a second distance and second intermeshing
return gears also with centers defining the second dis-
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tance; the second distance being less than the first dis-
tance; the second pump body defining a second set of
attachment orifices arranged in the first pattern for
aligning with the existing mounting structure on the
engine for attachment; the first intermeshing supply and
return gears providing an increased rate of oil flow than
the second intermeshing supply and veturn gears; the
second pump body being configured to fit within a same
space on the engine as the first pump body; and
replacing the first pump by detaching the first pump and
then attaching the second pump, including using the
existing mounting structure on the engine and including
fitting into the same space on the engine.
26. The method defined in claim 25, wherein the step Of
constructing the second pump includes providing the second
intermeshing supply and veturn gears with an involute spur

tooth profile shaped to increase oil pump volume at a same
rpm by at least 26%.

27. The method defined in claim 26, wherein the step of
constructing the second pump includes providing the second *
intermeshing supply gears with an involute spur tooth profile
to increase oil pump volume at a same rpm on a supply side by
at least supply 358%.

28. The method defined in claim 26, wherein the step of
constructing the second pump includes providing the second
intermeshing veturn gears with an involute spur tooth profile

and depth to increase oil pump volume at a same rpm on a
return side by at least supply 61%.

29. The method defined in claim 25, wherein the step Of
constructing the second pump includes providing on the sec-
ond pump body a relief valve opening and a pressure velief
valve mounted to the relief valve opening, and opening the
relief valve at an oil pressure of at least about 10 psi to provide
oil to selected components of the engine.

30. The method definedin claim 235, including further open-
ing the relief valve at an oil pressure of at least about 30 psi
to flow excess oil through an excess oil passageway acting as

pressure velief passage to prevent both over pressure and over
oiling.

31. The method defined in claim 25, wherein the step Of
constructing includes forming a keyway channel in one of the
gears that aligns with a base of a tooth in the one gear.

32. The method defined in claim 25, wherein the step of
constructing includes forming a rvecess for a snap ving within
a drive-shaft-receiving orifice in one of the gears, and includ-
ing placing the snap ving within the one gear in the recess.

33. Theoil pump accovding to claim 25, wherein the first set
of intermeshing gears and the second set of intermeshing
gears have a pitch civcle diameter of 0.811 inches.

34. The oil pump according to claim 33, wherein a diame-
tral pitch of the first set of gears is 12.

35. The oil pump accorvding to claim 34, wherein a pressure
angle of the first set of gears is about 20 degrees.

36. An apparatus comprising.

a vehicle engine having limited space for pumping oil;

a first oil pump with a first pump body and first intermesh-
ing supply and rveturn gears with rotational centers
defining a first distance; the first pump body defining first
attachment orifices arranged in a first pattern for attach-
ing to the engine in the limited space;

a second oil pump with a second pump body and second
intermeshing supply and return gears with rotational
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centers defining a second distance less than the first
distance, the second pump body defining a second set of
attachment orifices arranged in the first pattern for
attaching to the engine; the second intermeshing supply
and rveturn gears providing an increased oil flow of at
least 26% over the first intevmeshing supply and veturn
gears; and

whereby the first pump can be veplaced by detaching the

first pump and then attaching the second pump without
further modification or change of style of the vehicle
engine.

37. The apparatus defined in claim 36, including a keyway
in one of the gears in the second oil pump that aligns with a
base of one tooth and that is adapted to matingly engage a
drive shaft extending through the one gear.

38. The apparatus defined in claim 36, including a recess in
one of the gears in the second oil pump and a snap ving in the
recess within the one gear that vetains a drive shaft and that
limits leakage arvound the drvive shaft.

39. A method of improving distribution and flow of oil in an
mtemal combustion engine, comprising:

providing a motorcycle engine including a pattern of exist-

ing oil-pump-mounting structurve and confined space
around the oil-pump-mounting structure;

removing a stock oil pump having a first pump body with

fivst intermeshing gears; and

attaching a second oil pump to the existing oil-pump-

mounting structure, the second oil pump including a
second pump body of equal size to the first pump body,
first and second gear chambers, intermeshing supply
and return gears providing an increased oil flow but
having rotational centers closer together than the first
intermeshing gears,; a check valve in fluid communica-
tion with one of the first and second gear chambers, the
check valve being opervably connected to the one cham-
ber and configured to prevent oil from flowing through
the one chamber when the engine is not running but
configured to actuate and rvelease oil to a crankcase
passageway when actuated with a predetermined oil
pressure, and a pressure velief valve in fluid communi-
cation with the one of the first and second gear cham-
bers, the pressure velief valve being operably connected
to the one chamber and configured to uncover a lower
end crankcase passageway at less than 10 psi and to
uncover an excess oil passageway at more than 30 psi.

40. The method defined in claim 39, including operating
the motorcycle engine to cause oil pressure fluctuations of
greater than 10 psi but less than 30 psi, and also to cause oil
pressure fluctuations of greater than 30 psi.

41. The method defined in claim 7, including forming a
keyway in one of the gears for engaging the drive shaft,
including aligning the keyway with a base of one tooth.

42. The method defined in claim 7, including forming a
recess in one of the gears for receiving a snap ving to retain
the drive shaft and to prevent leakage around the drvive shaft.

43. The oil pump defined in claim 15, including a keyway in
one of the gears for engaging the drive shaft, the keyway being
aligned with a base of one tooth of one of the gears.

44. The oil pump defined in claim 15, including a vecess in
one of the gears for rveceiving a snap ving to rvetain the drive
shaft and to prevent leakage around the drive shaft.
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