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SELF-PRIMING CENTRIFUGAL PUMP 

BACKGROUND 

0001 1. Technical Field 
0002 The present disclosure relates to pumps and, in par 

ticular, to self-priming pumps with enhanced performance, 
efficiency and/or serviceability. 
0003 2. Description of the Related Art 
0004 Self-priming centrifugal pumps generally include a 
spinning impeller positioned inside an annular volute, which 
in turn is positioned within a pump casing. The volute forms 
an eye at the center where liquid enters the pump and is 
directed into the center of the impeller. Rotation of the impel 
ler accelerates the liquid outward to the perimeter of the 
impeller where it is collected in the volute and discharged 
from the pump casing at an elevated pressure. As the liquid is 
driven outward by the centrifugal force of the rotating impel 
ler, a vacuum formed at the eye is used to draw source fluid 
through the inlet and into the pump. 
0005. In a “wet prime’ type pump, a centrifugal pump is 
arranged in a casing designed to retain water when the pump 
is not operating. When the pump is started, the impeller in the 
pump casing starts to mix the retained water with the air in the 
case. Inside the casing, a “P-trap' is utilized to allow the air to 
be expelled from of the pump cavity via the pump outlet, 
while the water remains available to the impeller. This air 
expulsion continues until enough air has been removed from 
the piping connected to the pump Suction inlet so that the 
impeller eye becomes substantially flooded. This point, the 
pump achieves prime. 
0006. In Such wet prime pumps, the pump casing may 
include a partition to separate the Suction (i.e., inlet) side from 
the pressure (i.e., outlet) side so that the air/water mixture 
discharges exclusively toward the outlet side of the casing. In 
the outlet-side chamber of the casing during the self-priming 
operation, air is expelled via the outlet and is prevented from 
flowing back into the inlet-side chamber by the partition, 
while liquid water remains available to flow back to the suc 
tion side around the Submerged or partially Submerged pump 
impeller. 
0007 Self-priming centrifugal pumps are employed in 
applications where the source liquid may not be uniform. For 
example, so-called “trash pumps' may be self-priming cen 
trifugal pumps in which Solids suspended in the fluid are 
allowed to be cycled through the pump. Trash pumps are used 
for, e.g., wastewater treatment, lift stations for municipal 
sewage, and waste handling for food processing plants. 

SUMMARY 

0008. The present disclosure provides a self-priming cen 
trifugal pump with enhanced efficiency and performance 
characteristics and/or features which facilitate installation, 
inspection and maintenance of the pump. For efficiency and 
performance, the pump may include a Smooth fluid flow path 
which enhances pump output for a given input power, includ 
ing one or more of a specially shaped and directed volute 
discharge, a lack of internal stiffening ribs on the pump casing 
walls, a necked inlet and a rounded, flow-channeling outlet 
aperture. For maintenance and serviceability, the pump may 
include one or more of a coarse-threaded drive shaft and 
impeller with a concentricity feature, a combination port for 
both filling the casing and accessing the inlet flapper valve, 
and a drive disassembly system which facilitates attachment 
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or removal of the drive system from the pump. Any combi 
nation of the aforementioned features may be utilized in 
accordance with the present disclosure. 
0009. In one form thereof, the present disclosure provides 
a centrifugal pump including: a drive mechanism; an impeller 
drivingly connected to the drive mechanism; a casing having 
an inlet and an outlet. The casing includes: an inlet-side wall 
having an inlet aperture formed therein; an outlet-side wall 
joined to the inlet-side wall to form a cavity within the casing, 
the outlet-side wall having an outlet aperture; a volute dis 
posed in the casing and in fluid communication with the inlet 
aperture and the outlet aperture, the volute having a central 
opening sized to receive the impeller and a spiral-shaped fluid 
channel Such that the fluid channel progresses radially out 
wardly toward a volute discharge opening, the volute dis 
charge opening defining a longitudinal discharge axis which 
extends through the outlet aperture. The volute is adapted to 
receive fluid accelerated outwardly by the impeller, direct the 
fluid radially outwardly through the spiral-shaped fluid chan 
nel, and discharge the fluid along the longitudinal discharge 
axis toward the outlet aperture. 
0010. In another form thereof, the present disclosure pro 
vides a centrifugal pump including: a drive mechanism; an 
impeller drivingly connected to the drive mechanism; a flap 
per valve; a casing having an inlet and an outlet. The casing 
includes: an inlet-side wall having an inlet aperture formed 
therein, the flapper valve positioned at the inlet aperture to 
admit a flow offluid into the casing via the inlet aperture while 
preventing a flow of fluid out of the casing via the inlet 
aperture; an outlet-side wall joined to the inlet-side wall to 
form a cavity within the casing, the outlet-side wall having an 
outlet aperture; a partition wall interposed between the inlet 
side wall and the outlet-side wall to form an inlet pump 
chamber and an outlet pump chamber, the partition wall hav 
ing an inner drive aperture positioned to allow fluid commu 
nication between the inlet chamber and the outlet chamber via 
the inner drive aperture; a combination port formed in the 
casing near the flapper valve, the combination port sized and 
positioned to allow access to the flapper valve by a mainte 
nance person, and to allow fluid to be added to the inlet pump 
chamber; and a fill vent formed through the casing on an 
opposite side of the partition wall as the combination port, 
such that the fill vent allows fluid communication between the 
outlet pump chamber and the ambient environment, whereby 
liquid added to the inlet pump chamber is allowed to flow to 
the outlet pump chamber via the inner drive aperture while air 
contained in the outlet pump chamber vents to atmosphere via 
the fill vent. 

0011. In yet another form thereof, the present disclosure 
provides a centrifugal pump including: a drive shaft having a 
first coarse thread and a first centering feature; an impeller 
drivingly connected to the drive shaft, the impeller having a 
second coarse thread and a second centering feature, the 
second coarse thread engageable with the first coarse thread 
of the drive shaft to selectively rotatably fix the drive shaft to 
the impeller, and the second centering feature engageable 
with the first centering feature to concentrically align the 
impeller with the drive shaft. 
0012. In still another form thereof, the present disclosure 
provides a centrifugal pump comprising: a drive mechanism; 
an impeller drivingly connected to the drive mechanism; a 
casing having an inlet and an outlet, and a drive disassembly 
system. The casing includes: an inlet-side wall having an inlet 
aperture formed therein; an outlet-side wall joined to the 
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inlet-side wall to form a cavity within the casing, the outlet 
side wall having an outletaperture; abore extending inwardly 
from the exterior of the outlet-side wall whereby the bore is 
accessible to a user of the pump. The drive disassembly 
system includes: a guide rail sized to be Snugly received 
within the bore of the stiffener; and a rail guide having a 
bearing and a flange fixed to the bearing, the bearing sized to 
be slidingly received on the guide rail while the flange is fixed 
to the drive mechanism, such that the drive mechanism can be 
assembled into or removed from the casing while being Sup 
ported by the guide rail. 
0013. In still another form thereof, the present disclosure 
provides a method of disassembling a drive mechanism from 
a centrifugal pump, the method including: inserting a rail into 
a bore formed in a casing of the pump, Such that the rail fits 
Snugly within the bore; sliding a rail guide over the rail and 
into engagement with the pump; affixing the rail guide to the 
drive mechanism while maintaining the rail guide in sliding 
engagement with the rail; and disconnecting the drive mecha 
nism from the casing and sliding the drive mechanism away 
from the casing using the Support of the rail. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014. The above-mentioned and other features of the dis 
closure, and the manner of attaining them, will become more 
apparent and will be better understood by reference to the 
following description of embodiments of the disclosure taken 
in conjunction with the accompanying drawings. These 
above-mentioned and other features of the invention may be 
used in any combination or permutation. 
0.015 FIG. 1 is an elevation, cross-section view of a cen 
trifugal pump made in accordance with the present disclo 
sure, taken along the line I-I of FIG. 8 but with the drive 
disassembly system of FIG. 8 removed; 
0016 FIG. 2 is an enlarged view of a portion of FIG. 1, 
illustrating a drive shaft assembly connection to the pump 
impeller; 
0017 FIG. 3 is a perspective view of the pump shown in 
FIG. 1, illustrating a flapper access port and fill vent; 
0018 FIG.3A is a perspective view of an alternative pump 
casing in accordance with the present disclosure; 
0019 FIG. 3B is another perspective view of the alterna 
tive pump casing shown in FIG. 3A; 
0020 FIG. 4 is an elevation, cross-section view of the 
casing of the pump shown in FIG. 1, taken along the line 
IV-IV of FIG.1; 
0021 FIG. 5 is an elevation, cross-section view of the 
casing of the pump shown in FIG. 1, taken along the line V-V 
of FIG. 4; 
0022 FIG. 6 is a bottom plan, cross-section view of the 
casing of the pump shown in FIG. 1, taken along the line 
VI-VI of FIG.1; 
0023 FIG. 7 is an elevation, partial cross-section view of 
the pump shown in FIG. 1, taken along the line VII-VII of 
FIG. 8, illustrating the pump outlet; 
0024 FIG. 8 is a perspective view of the pump shown in 
FIG. 1, and including a drive disassembly system attached 
thereto; 
0025 FIG. 9 is another perspective view of the pump 
shown in FIG. 8, illustrating removal of the drive mechanism 
via the drive disassembly system; 
0026 FIG. 10 is a perspective view of the drive shaft and 
impeller shown in FIG. 1; 

Aug. 25, 2016 

0027 FIG. 11 is an exploded, partial cross-section view of 
the pump shown in FIG. 1, illustrating an impeller inspection 
port; 
0028 FIG. 12A is a perspective, cross-section view of the 
casing of the pump shown in FIG. 1; 
0029 FIG.12B is a perspective view of the pump shown in 
FIG. 1, illustrating features on the inlet side of the pump; and 
0030 FIG. 13 illustrates centralizing single-start Acme 
threads. 
0031 Corresponding reference characters indicate corre 
sponding parts throughout the several views. The exemplifi 
cations set outherein illustrate embodiments of the disclosure 
and Such exemplifications are not to be construed as limiting 
the scope of the invention in any manner. 

DETAILED DESCRIPTION 

0032. The present disclosure provides a self-priming cen 
trifugal pump, shown as pump 10 in, e.g., FIGS. 1, 3 and 8. 
which includes various features providing increased pump 
efficiency and/or facilitating installation, inspection and 
maintenance, among other benefits. 
0033 For example, as shown in FIG. 1 and further 
described in detail below, centrifugal pump 10 includes 
Volute 34 having a geometry and configuration which tends to 
“aim' pressurized fluid toward outlet aperture 20 to aid in 
efficient fluid discharge. Outlet aperture 20 has a rounded, 
gradual transition area 102 leading to outlet adapter 98 to 
further facilitate discharge of pressurized fluid with minimal 
losses. Fastener bosses 104 are similarly rounded and shaped 
to minimize eddying and turbulence in the vicinity of outlet 
aperture 20 and direct the flow efficiently through outlet aper 
ture 20. 

0034) Further, both inlet pump chamber 30 and outlet 
pump chamber 32 are substantially free of stiffening ribs, 
which also promotes a Smooth and laminar fluid flow through 
chambers 30, 32 and minimizing turbulence. More particu 
larly, inlet and outlet pump chambers 30, 32 are each substan 
tially defined by respective inner Surfaces of casing 12, and by 
respective surfaces of partition wall 24 as shown in FIG.5 and 
further described below. These surfaces are substantially free 
of stiffening ribs such that no stiffening ribs are disposed 
within the fluid flow paths through chambers 30, 32. In order 
to provide strength to casing 12, stiffening ribs 100 are 
located at the outside Surface of the pump casing 12 as shown, 
e.g., in FIG.3. An alternative design of stiffening ribs 100A is 
shown in FIGS. 3A and 3B. 
0035) Still further efficiency and performance is realized 
by locating drain plugs 130, 134 (FIGS. 11 and 12B, respec 
tively) and their associated drain channels 132 (FIG. 11) and 
136 (FIG.12A) at locations outside the flow path of volute 34, 
in order to provide for gravitationally draining the pump 
casing 12 without introducing any features in the vicinity of 
volute 34 which can cause turbulence or eddying and thereby 
mitigating abrasive wear during pump operation. 
0036. With regard to serviceability, pump 10 includes 
combination port 82 (FIG. 3) which doubles as a flapper 
access portion and a fill port for adding liquid (e.g., water) to 
casing 12 for pump priming. Fill vent 92 facilitates this prim 
ing functionality, while combination port cover 84 provides a 
single integral unit for covering both port 82 and vent 92. 
Combination port 82 both reduces manufacturing cost and 
complexity by requiring only one aperture through casing 12 
for two functions, while also facilitating installation and 
maintenance of pump 10 as described below. 
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0037 Pump 10 may also be used in conjunction with drive 
disassembly system 50 (FIGS. 8 and 9) to facilitate removal 
of drive mechanism 40 from pump casing 12 for service or 
inspection. Reinstallation of drive mechanism 40 is also made 
easier by drive disassembly system 50, as described in detail 
below. 
0038. Within drive mechanism 40, drive shaft 46 couples 

to impeller 44 via coarse threads 72, 76 (FIG. 2), which 
promotes ease of installation and prevents cross-threading. In 
order to maintain a high level of concentricity between drive 
shaft 46 and impeller 44, the coarse threads are supplemented 
with a tight-tolerance fit between distal nubbin 70 formed on 
drive shaft 46 and bore 74 formed in impeller 44, as shown in 
FIG 2. 
0039 Pump 10 further includes provisions for inspecting 
and maintaining impeller 44 from the inlet side of casing 12. 
by removal of inspection cover 110 and inspection side wear 
plate 112, as shown in FIG. 11. 
0040 Various features of centrifugal pump 10 are 
described in turn below. The embodiment disclosed below is 
not intended to be exhaustive or limit the invention to the 
precise forms disclosed in the following detailed description. 
Rather, the embodiment is chosen and described so that others 
skilled in the art may utilize its teachings. Moreover, it is 
appreciated that a pump made in accordance with the present 
disclosure may include any one of the following features or 
any combination of the following features, and may exclude 
any number of the following features as required or desired 
for a particular application. 
0041 1. Smoothed Interior Surfaces 
0042 Centrifugal pump 10 includes several features 
related to pump casing 12 which, individually and in the 
aggregate, contribute to enhanced pump efficiency and per 
formance by minimizing turbulent flows and eddying of fluid 
as it passes from inlet aperture 18 to outlet aperture 20 via 
inlet pump chamber 30 and outlet pump chamber 32. 
0043. For example, beginning at inlet aperture 18 shown in 
FIG. 1, inlet adapter 90 may include a necked portion 91 with 
a gradually increasing flow area as fluid passes from inlet 
conduit 140 (FIG. 3) through adapter 90 and toward inlet 
aperture 18 in casing 12. For example and as shown in FIG. 1, 
the flow area may substantially constant through a cylindrical 
portion of adapter 90, and may then gradually increase 
through a tapered (e.g., frustoconical) necked portion 91 
which continuously increases the diameter of a circular flow 
area. This continuous and gradual increase provides a 
smooth, low-turbulence flow of fluid from inlet conduit 140 
through inlet aperture 18 and into inlet pump chamber 30, as 
necked portion 91 gradually relieves fluid pressure at inlet 
aperture 18 and allows fluid to more slowly and smoothly 
transition its flow direction downward through pump cham 
ber 30 toward impeller 44. 
0044) Moreover, providing necked portion 91 in inlet 
adapter 90 allows centrifugal pump 10 to be used with a 
variety of nominal sizes for inlet conduit 140 and outlet 
conduit 142 (FIG. 3) for given sizes of inlet and outlet aper 
tures 18, 20. For example, adapters 90 and 98 may allow a 
given size of centrifugal pump 10 (e.g., a 3-inch, 4-inch or 
6-inch pump, referring to the nominal size of outlet conduit 
142) to be used with various sizes of inlet and outlet conduits 
140, 142 by providing the appropriate set of adapters. For 
conduits 140 or 142 which do not match the size of apertures 
18 or 20 respectively, a necked portion (e.g., necked portion 
91) permits this size disparity while avoiding or minimizing a 
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fluid efficiency penalty from an abrupt change in flow area 
from conduit 140, 142 and aperture 18, 20 respectively. It is 
contemplated that either, both or neither of inlet and outlet 
adapters 90, 98 may include a necked portion to facilitate 
Smooth flow as required or desired for a particular applica 
tion. 
0045. In an exemplary embodiment, inlet and outlet con 
duits 140 and 142 are provided with the same nominal size 
while aperture 18 is larger than aperture 20. Necked portion 
91 provides a gradual “step up' of the flow path area through 
inlet adapter 90 to accommodate an inlet fluid conduit 140 of 
a smaller flow area than inlet aperture 18. At the same time, 
outlet adapter 98 may have a flow area substantially equal to 
outlet aperture 20, in order to receive pressurized flow from 
volute 34 without posing an impediment to smooth flow. 
Outlet adapter 98 therefore may not need a necked portion 
similar to necked portion 91 of inlet adapter 90. 
0046. After passing into inlet pump chamber 30, fluid is 
drawn into channels 45 of impeller 44, which rotates under 
power provided by drive shaft 46 to accelerate the fluid out 
wardly into fluid channel 36 of volute 34, as best seen in 
FIGS. 4 and 5. In the illustrative embodiment of FIGS. 1, 11, 
impeller 44 is a “double curvature' design including two fluid 
channels 45 defining a fluid flow path which spirals radially 
outwardly. Although the illustrated design of impeller 44 is 
well suited to a “trash pump' application for centrifugal 
pump 10 (e.g., where pump 10 accepts fluids with solids in 
Suspension or other non-uniform fluid characteristics), it is 
appreciated that other designs may be used for impeller 44 as 
required or desired for a particular application. 
0047 Pressurized fluid discharged from impeller 44 to 
volute 34 travels through the spiral-shaped volute fluid chan 
nel 36 to discharge opening 38, which defines discharge axis 
A “aimed to pass directly through outlet aperture 20 as 
further described below. The pressurized fluid is directed by 
discharge opening 38 along volute discharge axis A. Such 
that the fluid passes directly through outlet pump chamber 32 
and toward outlet aperture 20, as shown in FIGS. 4 and 5 and 
further described in detail below. 
0048. As the pressurized fluid approaches outlet aperture 
20, outlet transition area 102 and fastener bosses 104 provide 
rounded and Smooth transition Surfaces to facilitate Smooth 
fluid flow from outlet pump chamber 32 to outlet adapter 98 
and ultimately to outlet conduit 142 (FIG. 3). Specifically, 
referring to FIG. 5, the transition from the substantially hori 
Zontal top wall of outlet side wall 16 of casing 12 to the 
substantially vertical side wall of outlet adapter 98 (i.e., the 
“internal edge” of outlet aperture 20) is a radiused (also 
known as “filleted') transition in which the radius of the fillet 
is generally commensurate with the thickness of the adjacent 
portion of outlet side wall 16. In an exemplary embodiment, 
for example, the radius of the fillet varies from as little as 
equal to the minimum thickness of outlet side wall 16 to as 
much as 1.3 the minimum thickness. In the illustrated 
embodiment, for example, the radius of the fillet around outlet 
aperture 20 is 0.75 inches while the wall thickness is 0.57 
inches, though of course these nominal values will vary 
depending on the size and power of pump 10. In exemplary 
embodiments, the nominal fillet radius is at least 13.1% of the 
minimum wall thickness. 

0049 Fastener bosses 104 may be provided at the interior 
Surfaces of casing 12 (i.e., within inlet and/or outlet pump 
chambers 30.32) adjacent inlet and/or outlet apertures 18, 20. 
Fastenerbosses 104 provide for sufficient material to be avail 
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able for threaded engagement of fasteners 105 with casing 12 
to connect adapters 90,98 to inlet and outlet side walls 14, 16 
respectively, as shown in FIG.1. Referring to the depiction of 
bosses 104 adjacent to outlet aperture 20 in FIGS. 5-7, it can 
be seen that bosses 104 have a rounded profile which facili 
tates smooth flow from outlet chamber 32 to outlet adapter 98 
via outlet aperture 20. 
0050. As best seen in FIGS. 1 and 7, fastener bosses 104 
provide a smoothly rounded, convex distal Surface at their 
respective ends, and transition to an annular concave Surface 
which forms the junction between the convex end surface and 
the adjacent inner surface of outlet side wall 16. This concave 
to-convex transition avoids abrupt corners or other sharp fea 
tures within the fluid flow path in outlet chamber 32, and 
particularly avoids such sharp features in the fluid flow path 
along volute discharge axis A. In this way, rounded bosses 
104 prevent or minimize turbulence in the fluid flow which 
might otherwise compromise pump efficiency and perfor 
aCC. 

0051 Although the lower-pressure space in inlet chamber 
30 is less Susceptible to adverse performance impacts relating 
to the shape of bosses 104 around inlet aperture 18 or any 
other threaded aperture in casing 12, the same rounded shape 
of bosses 104 is provided for maximum pump efficiency. 
0052 Referring now to the bottom plan view of fastener 
bosses 104 in FIG. 6, three fastener bosses 104 closest to the 
volute discharge opening 38 are illustrated. In the context of 
FIG. 6, the three bosses 104 in question are shown along right 
side portion of outlet aperture 20 and within outlet chamber 
32. As illustrated, these bosses 104 are contoured in a “tear 
drop' shape, in which a pointed end of the tear drop is point 
ing toward outlet aperture 20. This tear drop shape for fas 
tener bosses 104 promotes a substantially laminar flow over 
the outer surface ofbosses 104 as fluid discharged from volute 
34 advances toward outlet aperture 20. 
0053 Turning now to FIGS. 3 and 3A-3B, yet another 
flow-enhancing feature is illustrated in the form of exterior 
ribs 100 and 100A respectively, which are integrally and 
monolithically provided as a portion of the exterior of casings 
12 and 12A respectively. Ribs 100 and 100A both serve to 
strengthen and rigidify casing 12 in order to prevent or mini 
mize any potential bulging or flexing of the material of casing 
12 from the substantial pressures (positive or negative) which 
may be developed in pump chambers 30, 32. 
0054. In FIG. 3, a central vertical rib 100 extends from a 
lower base 106 upwardly to outlet aperture 20 and outlet 
adapter 98 on either side of casing 12. For purposes of the 
present discussion, the “bottom of pump 10 is base 106 
while outlet aperture 20 and adapter 98 is at the “top” of pump 
10. “Vertical' is the direction extending from bottom to top. 
In addition, a plurality of front-to-back stiffening ribs 100 
extend from the inlet side of casing 12, along inlet side wall 
14, and terminate at the central vertical rib 100. A further set 
offront-to back-ribs 100 extend from the drive side of casing 
12 along outlet side wall 16, and terminate at the vertical 
central rib 100 at Staggered vertical positions as compared to 
the inlet-side ribs 100 such that each of drive-side ribs 100 
intersect the central vertical rib 100 at a different vertical 
position than each of the inlet-side ribs 100, as shown in FIG. 
3. For purposes of the present discussion, the “front of pump 
10 is considered as the side from which drive shaft 46 
projects, and the “back” of pump 10 is the side including inlet 
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aperture 18 and adapter 90. The “front-to-back” direction is 
substantially perpendicular to the “vertical direction as illus 
trated in FIG. 3. 
0055. On the vertical face of outlet side wall 16, ribs 100 
all emanate radially outwardly from a common center, as best 
seen in FIG. 8. In particular, nine ribs 100 extend radially 
outwardly along the vertical face from outer drive aperture 22 
(FIG.9), round the corner at the junction between the vertical 
and side faces of outlet side wall 16, and extend back to 
vertical rib 100 as noted above. A similar radially outwardly 
extending set of six ribs 100 are formed on the vertical face of 
inlet side wall 14, as best seen in FIG. 12B. 
0056. An alternative casing 12A having a different 
arrangement of ribs 100A is shown in FIGS. 3A and 3B. For 
purposes of the present disclosure, casings 12, 12A having 
ribs 100, 100A respectively are interchangeable with the 
other components of pump 10. Accordingly, a reference to 
casing 12 herein is also a reference to casing 12A, unless 
otherwise specifically stated. Moreover, casing 12A is sub 
stantially similar to casing 12 described herein, with refer 
ence numerals of casing 12A corresponding to the reference 
numerals of casing 12, except with an 'A' appended thereto. 
Structures of casing 12 correspond to similar structures 
denoted by corresponding reference numerals of casing 12A, 
except as otherwise noted. 
0057. As best seen in FIG. 3A, five ribs 100A extend 
generally radially outwardly from a central area of outlet side 
wall 16, similar to the radially arranged ribs 100 described 
above. However, only the two lowermost ribs 100 extend 
horizontally from the rim around outer drive aperture 22, 
round the corner at the junction between the vertical and side 
faces of outlet side wall 16, and extend backwardly toward 
inlet side wall 14. An uppermost rib 100A extends vertically 
along the vertical face of outlet side wall 16 but, unlike the 
lowermost ribs 100A, does not join the rim around outer drive 
aperture 22. Two intermediate ribs 100A are disposed 
between the lowermost and uppermost ribs 100A, and extend 
radially outwardly from the central area of outlet side wall 16. 
Like the uppermost rib 100A, the intermediate ribs 100A do 
not join the rim around outer drive aperture 22. 
0058 As shown in FIGS. 3A and 3B and in contrast to 
casing 12 described above, casing 12A lacks a vertical rib and 
does not have any stiffening ribs on inlet side wall 14. In the 
illustrated embodiment, ribs 100A are provided only on the 
high-pressure (i.e., outlet) side of casing 12A, to which pro 
vides resistance to bulging or flexing of outlet side wall 16. 
However, the size, number and extent of ribs 100A are opti 
mized, as shown in FIG. 3A and described above, to provide 
this resistance with a minimum of added material and 
expense. The low-pressure (i.e., inlet) side of casing 12A has 
no ribs because, in the illustrated application, inlet side wall 
14 alone may be sufficient to avoid excessive material flex 
from the relatively lower (and negative) pressures experi 
enced in inlet pump chamber 30 (FIG. 5). 
0059. The disposition of ribs 100 and 100A only on the 
exterior Surface of casings 12 and 12A allows their strength 
ening function to be met without introduction of stiffening 
ribs inside pump chambers 30 and 32. More particularly, the 
portion of inlet pump chamber 30 extending from inlet aper 
ture 18 to impeller 44 is free of stiffening ribs along the 
interior surfaces of inlet side wall 14, as well as along the 
surface of partition wall 24 which cooperates with such inte 
rior surfaces to form inlet chamber 30. Similarly, the portion 
of outlet pump chamber 32 disposed generally between 
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volute discharge opening 38 and outletaperture 20 is also free 
of interior ribs along the interior surfaces of outlet side wall 
16 and the adjacent portion of partition wall 24 which coop 
erates with such interior surfaces to form outlet chamber 32. 
Accordingly, the portions of pump chambers 30 and 32 
directly disposed in the flow path of fluid passing through 
centrifugal pump 10 are free from any stiffening ribs or other 
features designed for selective strengthening of inlet side or 
outlet side walls 14, 16. 
0060 Advantageously, the lack of ribs or other stiffening 
features in the flow paths within casings 12 and 12A facili 
tates flow with a minimum of turbulence and eddying, which 
reduces wear from fluid and solids in Suspension while pre 
serving hydraulic efficiency. Meanwhile, the provision of 
external ribs 100, 100A as shown in FIGS. 3 and 3A-3B 
respectively (described in detail above) provide the strength 
and rigidity to casings 12, 12A associated with Such strength 
ening features. 
0061 2. Volute Discharge 
0062. In FIG. 4, volute discharge axis A is illustrated 
from the front, i.e., from a perspective facing a 'spin plane' of 
impeller 44 that is perpendicular to its axis of rotation. In FIG. 
5, volute discharge axis A is illustrated from the side, i.e., 
from a perspective facing a vertical center plane containing 
the axis of rotation of impeller 44. 
0063 FIG. 4 illustrates that the spiral-shaped pathway of 
Volute 34 does not terminate in a discharge opening defining 
a vertical discharge axis, but rather, continues its spiral 
shaped pathway to produce the illustrated axis A, which 
directs fluid flow from discharge opening 38 across the center 
plane of casing 12 and back toward outlet aperture 20, which 
resides on the opposite side of the centerplane. Channel 36 is 
a spiral-shaped structure as illustrated, and defines a corre 
spondingly spiral-shaped flow axis centrally located in chan 
nel 36 and extending through the entire extent of channel 36. 
As fluid flows through channel 36, it follows this spiral 
shaped flow axis until it is discharged at discharge opening 
38. 

0064. In the illustrated embodiment, discharge axis A is 
tangent to this spiral-shaped flow axis at discharge opening 
38, and is oriented or "aimed to pass directly through outlet 
aperture 20. In an exemplary embodiment, axis A is also 
perpendicular to a plane defined by discharge opening 38. 
This angled and aimed arrangement for axis A-directs pres 
surized fluid flowing from discharge opening 38 directly 
toward outlet aperture 20, thereby minimizing turbulence, 
deceleration or eddying of fluid along the side walls of outlet 
side wall 16 of casing 12 as the fluid flows toward and through 
outlet aperture 20. 
0065 Turning to the side view of FIG. 5, axis A is also 
shown to be forwardly angled with respect to a vertical direc 
tion, i.e., angled with respect to the Substantially vertical 
walls of inlet and outlet side walls 14 and 16, while also being 
non-perpendicular with the substantially horizontal base 106 
and opposing top portions of inlet and outlet side walls 14, 16. 
Moreover, axis A is generally aimed toward outlet aperture 
20, as viewed in the side section view of FIG. 5, to promote 
discharge from discharge opening 38 with a maximum Vol 
ume of fluid received at outlet aperture 20 and a minimum 
Volume of fluid traveling at high speed along partition wall 24 
disposed adjacent volute 34. Directing flow from discharge 
opening 38 along a path angled away from the adjacent par 
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tition wall 24 avoids frictional interaction between the fluid 
and partition wall 24, and thereby promotes efficient opera 
tion of centrifugal pump 10. 
0066 3. Drain Channels 
0067 Turning now to FIGS. 11, 12A and 12B, drain chan 
nels 132 (FIG. 11) and 136 (FIG. 12A) passing through 
selected locations within casing 12 are illustrated. Drain 
channels 132,136 are bothin direct fluid communication with 
respective lower portions of outlet pump chamber 32, such 
that drain plugs 130, 134 (FIG. 12B) respectively can be 
removed to allow fluid trapped in outlet pump chamber 32 to 
be drained from casing 12 by gravity and without inverting 
centrifugal pump 10. In particular, both drain channels 132, 
136 are in direct fluid communication with a sump region 138 
formed in a lower portion of casing 12. 
0068. In the illustrated embodiment, centrifugal pump 10 

is a self-priming “wet prime' pump design. In the illustrated 
self-priming pump design, casing 12 is designed to retain 
water or other liquid within sump region 138 when pump 10 
is not operating. Impeller 44 can draw fluid stored in Sump 
region 138 upon activation of pump 10, and can expel any 
entrapped air from the outlet aperture 20 while picking up 
additional liquid until a vacuum at inlet aperture 18 is created 
to draw additional liquid into casing 12 from the source. At 
this point, the pump is “primed” and ready for regular service. 
As described in detail below, the liquid in sump region 138 
may be initially introduced into casing 12 via a combination 
fill port and flapper access port 82 (FIG. 3). In the context of 
the present disclosure, the “air in the casing is the non 
pumpable fluid (i.e. gas) which resides in the casing during 
normal operation. 
0069. As best seen in FIG. 12A, sump region 138 has a 
central portion which is in direct fluid communication with 
impeller 44, while the remainder of the Sump region is sepa 
rated from impeller 44 by the wall forming volute 34. As 
illustrated in FIGS. 11 and 12A respectively, drain channels 
132, 136 are arranged outside the volute flow path and on 
opposite sides of volute 34 and impeller 44, and are therefore 
in indirect fluid communication with the central portion of 
Sump 138 accessed by impeller 44. That is, the draining of the 
central portion of sump 138 via drain channels 132 and/or 136 
would require the fluid to first migrate to the other portions of 
Sump region 138 (i.e., the portions not in direct fluid commu 
nication with impeller 44), and then enterchannel 132 or 136. 
0070. In this way, drain channels 132,136 do not formany 
apertures or other features which are in direct fluid commu 
nication with, or formany part of volute 34. Therefore, drain 
channels 132,136 do not interruptor otherwise affect the fluid 
mechanics of impeller 44. For purposes of the present disclo 
sure, two distinct fluid areas are in “direct fluid communi 
cation if fluid exchange between the two areas does not 
require the fluid flow path to change direction or otherwise 
“turn a corner.” By contrast, two distinct fluid areas are in 
“indirect' fluid communication if fluid exchange between the 
two areas does require the fluid flow path to change direction 
or otherwise “turn a corner.” 
(0071. 4. Combination Fill/Inspection Port 
0072 Turning now to FIG.3, port 82 is shown in an upper 
end of inlet side wall 14 of casing 12. Port 82 serves as a 
combination port, accomplishing two functions: access to 
flapper valve 80 and related structures for, e.g., installation, 
replacement or maintenance; and as a fill port for adding 
liquid to casing 12, and particularly for adding liquid to Sump 
region 138, shown in FIGS. 1 and 11 and described above. 
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0073 Turning to FIG. 1, flapper valve 80 is shown in its 
installed, seated position upon inlet adapter 90. In an exem 
plary embodiment, flapper valve 80 is formed as a resilient 
polymer or rubber material which bears against the annular 
inner surface of inlet adapter 90 (i.e., adjacent necked portion 
91) to prevent flow of fluid from inlet pump chamber 30 back 
through inlet aperture 18 and inlet adapter 90, while resil 
iently bending or "flapping away from its seated position 
about a living hinge 81 (FIG. 3) so that liquid can be freely 
admitted to inlet pump chamber 30 via inlet adapter 90 and 
inlet aperture 18. Living hinge 81 connects flapper valve 80 to 
a valve mount portion 83, which is attached to adapter 90 by 
fasteners 88 and retainers 86A, 86B as illustrated. 
0074. When centrifugal pump 10 is in service, inlet con 
duit 140 and outlet conduit 142 may both be rigidly affixed to 
adapters 90.98, respectively. In addition, base 106 of casing 
12 may be affixed to the underlying surface, such as by 
mounting bolts 107 shown in FIG. 3. For these and other 
reasons, disconnection of inlet adapter 90 to access flapper 
valve 80 and its associated structures may not be practical or 
time efficient. However, because flapper valve 80 may be 
made from a relatively soft and resilient material Such as 
polymer or rubber, relatively frequent inspection, mainte 
nance or repair may be necessary. Combination port 82 offers 
access to flapper valve 80 from the top portion of centrifugal 
pump 10, which is typically the most accessible portion to a 
service person when pump 10 is mounted in a service location 
and configuration. 
0075 To allow or prevent access to port 82, combination 
port cover 84 is provided. When cover 84 is affixed to casing 
12 by fasteners 114, fill port cover portion 94 provides a seal 
(in cooperation with an O-ring positioned about the periphery 
of port 82) around flapper access port 82, which fluidly iso 
lates inlet pump chamber 30 from the ambient environment 
and thereby allows vacuum or Suction pressure to develop 
therewithin for proper operation of pump 10. When removed, 
as shown in FIG.3, port 82 allows a service person to remove 
fasteners 88, retainers 86A and 86B, and flapper valve 80 for 
inspection, maintenance and/or repair. Additionally, because 
port 82 is offset along a front-to-back direction with respect to 
flapper valve 80 as shown in FIG.1, removal of port cover 84 
also allows for a visual inspection of flapper valve 80 and its 
associated structures without removal of the same from inlet 
adapter 90. 
0076 Turning again to FIG. 3, casing 12 includes fill vent 
92 which offers selective fluid communication between outlet 
pump chamber 32 and the ambient environment. Fill vent 92 
facilitates the use of combination port 82 as a fill port for 
admitting liquid into casing 12, and specifically to Sump 
region 138 from the inlet side, by allowing displaced air to 
vent to the ambient atmosphere from outlet pump chamber 32 
via vent 92 as water flows into Sump 138 from the inlet side. 
Combination port cover 84 also serves to fluidly isolate outlet 
pump chamber 32 from the ambient environment when cover 
84 is installed upon casing 12, by covering vent 92 with fill 
vent cover portion 96 (and an O-ring positioned about the 
periphery of vent 92). As best seen in FIG. 3, fill vent cover 
portion 96 is formed as a forward extension of fill port cover 
portion 94 in order to pass over partition wall 24 and onto fill 
vent 92. In the illustrated embodiment, fill port cover portion 
94 and fill vent cover portion 96 are integrally and monolithi 
cally formed as a single component. 
0077. In one exemplary embodiment, fasteners 114 used 

to connect combination port cover 84 to combination port 82 
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include an enlarged flat fastener head having a fasteneraper 
ture 116 formed therethrough. Forfield inspections and main 
tenance, field surface fasteners 114 facilitate removal and 
installation of combination port cover 84 by engagement with 
a service person’s hand, any wrench or clamp capable of 
engaging the flat head portion of fasteners 114. Alternatively 
as shown in FIG. 9, rod R may be passed through fastener 
aperture 116 to gain leverage. 

0078 5. Assembly and Alignment of Drive Shaft and 
Impeller 

007.9 FIGS. 1, 2 and 10 illustrate the connection between 
drive shaft 46 and impeller 44. As described in further detail 
below, this connection facilitates initial assembly and Subse 
quent reassembly by providing a coarse threaded engagement 
which is easy to thread and difficult to cross-thread. In order 
to maintain a desired concentricity between the rotational 
axis of impeller 44 and axis Adrive shaft 46, distal nubbin 70 
formed on drive shaft 46 defines a tight clearance fit with a 
corresponding bore 74 formed in impeller 44. 
0080 Referring to FIG. 1, drive shaft 46 protrudes from a 
front surface of casing 12 as part of drive mechanism 40 
attached thereto. In addition to drive shaft 46, drive mecha 
nism 40 includes a plurality of bearings 47 supported by drive 
shaft housing 42 and rotatably Supporting drive shaft 46. Such 
that drive shaft 46 can freely rotate with respect to housing 42. 
Drive side wear plate 48 is connected to drive shaft 46 and 
biased by a biasing element (illustrated as a compression 
spring) into firm engagement with drive shaft housing 42 and 
away from contact with impeller 44. Cover plate 49 connects 
to the front (i.e. outer) Surface of housing 42 to retain and 
protect bearings 47 (which may be, for example, a ball bear 
ing or roller bearing). Impeller 44 is fixed to drive shaft 46 (as 
described further below) and forms the final component of 
drive mechanism 40. 

I0081. When drive mechanism 40 is initially assembled or 
reassembled (e.g., after inspection or maintenance) as illus 
trated in FIG. 10, male threads 72 of drive shaft 46 are 
engaged with the correspondingly formed female threads 76 
of impeller 44 to affix drive shaft 46 to impeller 44, as best 
seen in FIG. 2. In the illustrated embodiment, threads 72 and 
76 are coarse threads which promote easy initial thread align 
ment and engagement and correspondingly deter cross 
threading or other mis-engagement of male threads 72 with 
female threads 76. In one exemplary embodiment, best seen 
in FIG. 2, threads 72 and 76 are trapezoidal thread forms, 
sometimes referred to as “acme' threads, which provide a 
relatively loose thread engagement and a robust resistance to 
cross-threading. An exemplary embodiment of “coarse' trap 
ezoidal threads useable in connection with the present disclo 
sure are Acme “Centralizing Screw Threads” of tolerance 
class 4C as defined in ANSI/ASME B1.5-1997, the entire 
disclosure of which is hereby expressly incorporated by ref 
erence herein. The use of such coarse trapezoidal threads 72, 
76 ensure that when drive shaft 46 is inserted through the 
other components of drive mechanism 40 and initially 
engaged with impeller 44, rotation of drive shaft 46 with 
respect to impeller 44 in the tightening direction causes a 
reliably proper thread engagement. 
I0082 Further detail regarding class 4C centralizing 
threads in accordance with the present disclosure is provided 
in Tables 7a, 7b and 8-11 below and FIG. 13. 
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TABLE 7a 

American National Standard Centralizing Acme Single-Start 
Screw Threads - Formulas for Determining Diameters (ASME ANSI B1.5-1988) 

D = Nominal Size or Diameter in Inches 
P = Pitch = 1 + Number of Threads per Inch 

No. 

Classes 2C, 3C, and 4C External Threads (Screws) 

: 
9, cols. 3, 4, or 5. 

4 Pitch Diam., Min = Ext. Pitch Diam., Max (Formula 3) minus tolerance from Table 
10. 

5 Minor Diam. Max = D minus P minus allowance from Table 11, col. 3. 

Major Diam., Max = D (Basic). 
Major Diam., Min = D minus tolerance from Table 11, cols. 7, 8, or 10. 

3 Pitch Diam., Max = Int. Pitch Diam., Min (Formula 9) minus allowance from Table 

6 Minor Diam., Min = Ext. Minor Diam., Max (Formula 5) minus 1.5 x Pitch Diam. 
tolerance from Table 10. 
Classes 2C, 3C, and 4C Internal Threads (Nuts) 

7 Major Diam., Min = D plus allowance from Table 11, col. 4. 
8 Major Diam., Max = Int. Major Diam., Min (Formula 7) plus tolerance from Table 

11, cols. 7, 9, or 11. 
9 Pitch Diam., Min = D Minus P2 (Basic). 
10 Pitch Diam., Max = Int. Pitch Diam., Min (Formula 9) plus tolerance from Table 

10. 

11 Minor Diam. Min = D minus 0.9P. 
12 Minor Diam., Max = Int. Minor Diam., Min (Formula 11) plus tolerance from Table 

11, col. 6. 

TABLE 7b 
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Limiting Dimensions of American National Standard Centralizing Acme Single 
Start Screw Threads, Classes 2C, 3C, and 4C (ASME/ANSI B1.5-1988) 

Limiting Diameters 

Classes 2C, 3C, and 4C, 
Major Diameter 
Class 2C, Major Diameter 
Class 3C, Major Diameter 
Class 4C, Major Diameter 
Classes 2C, 3C, and 4C, 
Minor Diameter 
Class 2C, Minor Diameter 
Class 3C, Minor Diameter 
Class 4C, Minor Diameter 

Class 2C, Pitch Diameter 

Class 3C, Pitch Diameter 

Class 4C, Pitch Diameter 

Classes 2C, 3C, and 4C, 
Major Diameter 
Classes 2C and 3C, Major 
Diameter 
Class 4C, Major Diameter 
Classes 2C, 3C, and 4C, 
Minor Diameter 

Class 2C, Pitch Diameter 

{ Max 
Min 

Min 

A. 

10 

OSOOO 

O4975 
O4989 
O4993 
O.3800 

O.3594 
O.3704 
O.3731 
O4443 

O4306 
O4458 

O4394 
O4472 

O4426 

0.5007 

OSO32 

5/8 

8 6 

External Threads 

O.62SO O.7SOO 

O.6222 O.7470 
O.6238 0.7487 
O-6242 O.7491 
O48OO O.S633 

0.457O 0.5371 
O4693 O.SS11 
O.4723 O.SS46 
O.SS62 0.6598 

O5408 O.6424 
O.SS78 O.6615 

O.SSO6 O.6534 
0.5593 O6632 

O.SS42 0.6574 
Internal Threads 

O.6258 0.7509 

O.6286 0.7539 

O.6274 0.7526 
0.5125 O.6OOO 
O.S187 0.6083 
O.S625 O.66.67 

3/4 

Nominal Diameter, D 

/8 
Threads per Inch 

6 5 

O.87SO 1.OOOO 

O.8717 O.996S 
O.8736 0.9985 
O.8741 0.9990 
O.6883 0.78OO 

O.6615 0.7509 
O.6758 0.7664 
O.6794 O.7703 
O.7842 0.892O 

O.7663 O.8726 
O.7861 O.8940 

O.7778 O.8849 
O.788O O.8960 

O.782O O.8895 

O.8759 10010 

O.8792 1.OO45 

O.8778 1.OO3O 
O.72SO 0.82OO 
O.7333 O.83OO 
O.7917 O.9OOO 

1 1/8 

1.12SO 

11213 
1.1234 
1.1239 
O.90SO 

0.8753 
O.8912 
O.8951 
1.016S 

O.9967 
1.0186 

1.0094 
1.0208 

1.O142 

1.1261 

1.1298 

O.1282 
O.9450 
0.95.50 
1.O2SO 

1/4 

2SOO 

2461 
2483 
2489 
O3OO 

.9998 
O159 
O199 
.1411 

1210 
1433 

1339 
.1455 

1388 

2550 

2533 
O700 
O800 
1SOO 

13/8 

3750 

3709 
3732 
3738 
1OSO 

2186 
243O 

2327 
2453 

238O 

3762 

3803 

3785 
1SOO 
1625 
2SOO 

1/3 

SOOO 

4957 
4982 
4988 
2300 

1965 
.2144 
2188 
3652 

3429 
3677 

3573 
3701 

3627 

SO12 

5055 

SO36 
2750 
2875 
3750 
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TABLE 7b-continued 

Limiting Dimensions of American National Standard Centralizing Acme Single 
Start Screw Threads, Classes 2C, 3C, and 4C (ASME/ANSI B1.5-1988) 

Max O4637 O.S779 0.6841 O.8096 O.91.94 1.0448 1.1701 1272O 1.3973 

Min O4SOO O.S625 O.66.67 O.7917 O.9OOO 1.O2SO 1.1SOO 1.2SOO 1.37SO 

Class 3C, Pitch Diameter { 
Max O4564 O.S697 0.6748 O.8000 O9091 1.0342 1.1594 12603 1.3854 

Min O4SOO O.S625 O.66.67 O.7917 O.9OOO 1.O2SO 1.1SOO 1.2SOO 1.37SO 

Class 4C, Pitch Diameter { 
Max O4546 O.S676 O.6725 0.7977 0.9065 1.0316 1.1567 1.2573 1.3824 

Nominal Diameter, D 

13/4 2 2/4 2/2 2A 3 3/2 4 4/2 5 

Threads per Inch 

Limiting Diameters 4 4 3 3 3 2 2 2 2 2 

External Threads 

Classes 2C, 3C, and 4C, Max 7SOO 2.OOOO 2.2SOO 2SOOO 2.7SOO 3.OOOO 3.SOOO 4.OOOO 4SOOO S.OOOO 

Major Diameter 
Class 2C, Major Diameter Min 7454. 19951 22448 2.494-5 2.7442 2.99.39 3.4935 3.993O 44926 4.9922 
Class 3C, Major Diameter Min .748O .9979 2.2478 24976 2.747S 2.9974 3.4972 3.997O 44968 4.9966 

Class 4C, Major Diameter Min .7487 .9986 2.2485 2.4984 2.7483 2.9983 3.4981 39980 4.4979 4.99.78 

Classes 2C, 3C, and 4C, Max 48OO .73OO 18967 2.1467 2.3967 2.4800 2.98OO 3.4800 3.98OO 4.4800 
Minor Diameter 

Class 2C, Minor Diameter Min 4456 6948 18572 2.106S 2.3558 2.4326 2.93.14 3.43O2 3.9291 44281 

Class 3C, Minor Diameter Min 4640 .7136 1.8783 2.1279 2.3776 2.4579 2.95.74 3.4568 3.9563 4.4558 

Class 4C, Minor Diameter Min 4685 .7183. 1.8835 2.1333 2.3831 2.4642 2.9638 3.4634 3.9631 4.4627 
Max 6145 8637 2.0713 2.32O7 2.5700 2.736O 3.23SO 3.7340 4.233O 4.7319 

Class 2C, Pitch Diameter { 
Min S916 .84O2 2.0450 2.2939 2.5427 2.7044 3.2026 3.7008 4.1991 4.6973 

Max 6171 866S 2.0743 2.3238 2.5734 2.739S 3.2388 3.7380 4.2373 4.7364 

Class 3C, Pitch Diameter { 
Min 6064 1.855S 2.0620 2.3113 2.56O7 2.7248 3.2237 3.7225 4.221S 4.72O2 

Max 6198 8693 2.0773 2.3270 2.5767 2.7430 3.242S 3.742O 4.241S 4.7409 

Class 4C, Pitch Diameter { 
Min 6122 861S 2.068S 2.3181 2.5676 2.732S 3.2317 3.7309 42302 4.7294 

Internal Threads 

Classes 2C, 3C, and 4C, Min .7513 2.OO14 2.2515 2SO16 2.7517 3.0017 3. SO19 4.0020 4.5021 S.0022 

Major Diameter 
Classes 2C and 3C, Major Max .7559 2.OO63 2.2567 2SO71 2.757S 3.0078. 3...SO84 4.OO90 4.5095 S.O1 OO 
Diameter 

Class 4C, Major Diameter Max .7539 2.OO42 2.2545 2SO48 2.7SSO 3.OOS2 3...SOS6 4.006O 4.5063 S.OO67 
Classes 2C, 3C, and 4C, Min S2SO 1.77SO 1.9SOO 2.2OOO 2.4500 2.SSOO 3.OSOO 3.SSOO 4.OSOO 4.SSOO 
Minor Diameter Max 5375 17875 1.9667 2.2167 2.4667 2.5750 3.0750 3.5750 4.0750 4.5750 

Min .62SO 1.87SO 2.0833 2.3333 2.5833 2.7SOO 3.2SOO 3.7SOO 4.2SOO 4.7SOO 

Class 2C, Pitch Diameter { 
Max 6479 18985 2.1096 2.36O1 2.6106 2.7816 3.2824 3.7832 4.2839 4.7846 

Min .62SO 1.87SO 2.0833 2.3333 2.5833 2.7SOO 3.2SOO 3.7SOO 4.2SOO 4.7SOO 

Class 3C, Pitch Diameter { 
Max 6357 1.886O 2.0956 2.3458 2.596O 2.7647 3.2651 3.76SS 4.2658 4.7662 

Min .62SO 1.87SO 2.0833 2.3333 2.5833 2.7SOO 3.2SOO 3.7SOO 4.2SOO 4.7SOO 

Class 4C Pitch Diameter { 
Max .6326 18828 2.0921 2.3422 2.5924 2.76OS 3.2608 3.7611 4.2613 4.7615 

*All other dimensions are in inches. The selection of threads per inch is arbitrary and for the purpose of establishing a standard. 
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TABLE 1 1-continued 

American National Standard Centralizing Acme Single-Start Screw Threads - Tolerances 
and Allowances for Maior and Minor Diameters** (ASMEANSI B1.5-1988 

Allowance From Basic Major and Toler. Tolerance on Major Diameter Plus 
Minor-Diameters (All Classes on Minor on Internal, Minus on External Threads 

Minor Dian.*** Class 2C 
Diam. Internal Thread All External 

All Major Minor Internal and Class 3C Class 4C 

Thds* External Diam. Diam. Threads, Internal External Internal External Internal 
Size per Threads (Plus (Plus (Plus Threads, Thread, Thread, Thread, Thread, 
(Nom.) Inch (Minus) 0.001OVD) 0.1P) 0.05P) 0.0035VD 0.0015VD 0.0035VD 0.0010VD 0.0020VD 
4 2 O.O2O O.OO2O O.OSOO O.O2SO O.OO70 O.OO3O O.OO70 O.OO2O O.OO40 
4/2 2 O.O2O O.OO21 O.OSOO O.O2SO O.OO74 O.OO32 O.OO74 O.OO21 O.OO42 
5 2 O.O2O O.OO22 O.OSOO O.O2SO O.OO78 O.OO34 O.OO78 O.OO22 O.OO45 

*All other dimensions are given in inches. Intermediate pitches take the values of the next coarser pitch listed. 
**Values for intermediate diameters should be calculated from the formulas in column headings, but ordinarily may be interpolated. 
***To avoid a complicated formula and still provide an adequate tolerance, the pitch factor is used as a basis, with the minimum tolerance set at 0.005 in. 
The minimum clearance at the minor diameter between the internal and external thread is the sum of the values in columns 3 and 5. 
The minimum clearance at the major diameter between the internal and external thread is equal to col. 4. 

Tolerance on minor diameter of all external threads is 1.5 x pitch diameter tolerance. 

I0083. When threads 72, 76 are fully engaged, impeller 44 
becomes rotatably fixed in the drive direction to the distal end 
of drive shaft 46. That is to say, when impeller is rotated in the 
fluid-accelerating direction by drive shaft 46, the engagement 
of threads 72, 76 tends to be tightened and the full engage 
ment of threads 72, 76 is maintained. When impeller 44 is 
rotated in the opposite (i.e., non-functional) direction, threads 
72, 76 will tend to disengage. Thus, to connect drive shaft 46 
to impeller 44, impeller 44 is immobilized and drive shaft 46 
is rotated in the tightening direction until threads 72, 76 are 
engaged. Subsequent operation of pump 10 will ensure that 
this engagement is maintained, and therefore drive shaft 46 is 
selectively rotatably fixed to impeller 44. To disconnect drive 
shaft 46 from impeller 44, impeller 44 is immobilized and 
drive shaft 46 is rotated in the opposite direction to disengage 
threads 72, 76. 

trast, when nubbin 70 and bore 74 are engaged in addition to 
threads 72, 76 Such that impeller 44 is tightened fully against 
the adjacent shoulder of drive shaft 46, this radial play is 
eliminated and drive shaft axis A, becomes Substantially 
concentric with the rotational axis of impeller 44. 
I0086 Although drive shaft 46 includes the male features 
used to connect drive shaft 46 to impeller 44 (i.e., male 
threads 72 and nubbin 70) and impeller 44 includes the female 
features (i.e., female threads 76 and bore 74), it is contem 
plated that this arrangement can be reversed as required or 
desired for a particular design. That is, either component can 
be provided with male threads 72 and the other component 
can be provided with the corresponding female threads 76. 
Similarly, either component can be provided with a male 
centering feature such as nubbin 70, and the other component 
can be provided with the corresponding female feature such 

0084 As male threads 72 and female threads 76 approach as bore 74. 
full engagement as shown in FIG. 2, distal nubbin 70 formed I0087 6. Drive Disassembly System 
at the end of drive shaft 46 encounters a correspondingly - I0088 Turning now to FIGS. 8 and 9, drive disassembly formed bore 74 formed in impeller 44. Both nubbin 70 and 
bore 74 may be machined to a tight tolerance in order to 
concentrically align drive shaft 46 and impeller 44 with a 
precise and close-tolerance fit upon final assembly. In one 
exemplary embodiment, the total radial clearance between 
distal nubbin 70 and bore 74 is less than 0.004 inches, such as 
between 0.001 inches and 0.003 inches. Advantageously, the 
interaction between nubbin 70 and bore 74 reduces or elimi 
nates any non-concentricity between drive shaft axis A and 
the intended rotational axis of impeller 44. In an exemplary 
embodiment, the threaded connection formed by threads 72, 
76 allows for a relatively large radial play of drive shaft axis 
A relative to the rotational axis of impeller 44. That is, when 
drive shaft 46 is connected to by threads 72, 76 and not by 
nubbin 70 and bore 74, the opposite end of drive shaft 46 is 
allowed to move radially such that drive shaft axis A, 
becomes angled with respect to the rotational axis of impeller 
44. 

0085. In one exemplary embodiment, this radial play may 
be between 0.001 inches and 0.003 inches, as defined in 
ANSI/ASME B1.5-1997, the entire disclosure of which is 
hereby expressly incorporated by reference herein. By con 

system 50 used for disconnecting and connecting drive 
mechanism 40 from casing 12 and the remainder of pump 10 
is illustrated. As described below, the components of drive 
disassembly system 50 may be connected to pump 10 when to 
facilitate removal and/or installation of drive mechanism 40, 
and can be disconnected from pump 10 during regular opera 
tion. 

I0089 Drive disassembly system 50 includes guide rail 52 
selectively received within blind bore 66 (FIG. 1) formed in a 
central stiffener 28. Stiffener 28 extends along a front-to-back 
direction from the vertical portion of outlet side wall 16 to 
partition wall 24, and provides a structural Support which 
inhibits bulging or deflection of outlet side wall 16 under the 
high pressures developed within outlet pump chamber 32. 
The strength and structural integrity afforded by stiffener 28 
and its associated structures also firmly Supports guide rail 52 
within bore 66. 

0090. In an exemplary embodiment, guide rail 52 is snugly 
received in bore 66. For example, the total radial clearance 
between guide rail 52 and bore 66 may be between 0.0015 
inches and 0.0055 inches. When so snugly received, guide rail 
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52 has minimal radial play and therefore firmly supports drive 
mechanism 40 during assembly and disassembly procedures 
as described further below. 
0091. In order to axially fix guide rail 52 in its fully 
received position in bore 66, rail keeper 56 may be used to 
engage notch 54 formed in guide rail 52 (FIG.9). Rail keeper 
56 may then be fastened to casing 12 in order to axially fix rail 
keeper 56 and guide rail 52 to casing 12. 
0092 Rail guide 58 includes bearing 60 sized to be slid 
ingly received over guide rail 52, and flange 62 is fixed to 
bearing 60 (e.g., by welding). 
0093. When drive disassembly system 50 is used to 
remove drive mechanism 40 from casing 12, guide rail is first 
installed as described above. A portion of the standard instal 
lation fasteners 43 holding drive mechanism 40 in place (FIG. 
1) are removed, such as the four fasteners 43 closest to guide 
rail 52. Bearing 60 is then slid onto the previously installed 
guide rail 52 until flange 62 of rail guide 58 abuts casing 12, 
as shown in FIG.8. Fasteners 65 are passed through apertures 
64 (not shown) formed in of flange 62 to bolt rail guide 58 to 
drive mechanism 40 at the locations where standard fasteners 
43 were removed. In an exemplary embodiment, apertures 64 
through flange 62 are oversized relative to fasteners 65, which 
allows fasteners 65 to move slightly within apertures 64 such 
that alignment of drive disassembly system 50 relative to 
casing 12 can be controlled by interaction between guide rail 
52 and bearing 60, rather than between flange 62 and casing 
12. 

0094) Fasteners 65 used in connection with drive disas 
sembly system 50 are larger than standard fasteners 43 used to 
secure drive shaft housing 42 to casing 12 (FIG. 1). In this 
way, fasteners 43 are allowed pass through the threaded aper 
tures 64 in the flange of drive shaft housing 42 (i.e., without 
threadably engaging threaded apertures 64), but fasteners 65 
threadably connect to apertures 64. In this way, drive mecha 
nism 40 is fixed to casing 12 by fasteners 43, while rail guide 
58 is fixed to housing 42 by the larger threaded fasteners 65. 
0095. With rail guide 58 affixed to drive shaft housing 42 
and slidingly received upon guide rail 52, drive mechanism 
40 is ready to be removed from outer drive aperture 22 formed 
in outlet side wall 16 of casing 12, as illustrated in FIG.9. Any 
remaining fasteners 43 affixing drive shaft housing 42 to 
casing 12 are removed to free drive mechanism 40 from the 
remainder of pump 10. 
0096 Turning to FIG.9, drive mechanism 4.0 may then be 
pulled free of casing 12 using guide rail 52 for support of drive 
mechanism 4.0. Advantageously, guide rail 52 accepts the 
weight of drive mechanism 40, allowing the service person to 
focus on guiding drive mechanism 40 safely free of casing 12 
without having to also support the weight manually. In addi 
tion, caster 68 may be affixed to a lower portion of drive shaft 
housing 42. Such as by caster bracket 69, in order to cooperate 
with guide rail 52 to provide support for the weight of drive 
mechanism 40 during removal or installation in casing 12. In 
the illustrated embodiment, standard fasteners 43 may be 
removed along the bottom portion of housing 42 to expose 
threaded apertures 64 (not shown), such that fasteners 65 can 
be threadably engaged with apertures 64 to affix bracket 69 to 
housing 42 in a similar fashion to rail guide 58 described 
above. 

0097. For installation or reinstallation of drive mechanism 
40 via drive disassembly system 50, the steps of removal are 
simply repeated in reverse. During final alignment of drive 
mechanism 40, after it is received in outer drive aperture 22 
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and through inner drive aperture 26 (FIG. 5), fasteners 65 may 
be loosened as needed to allow for any needed readjustment. 
(0098 7. Impeller Inspection 
(0099 Turning now to FIG. 11, inspection cover 110 and 
inspection side wear plate 112 are shown removed from their 
seated positions within casing 12 to expose outer inspection 
aperture 124 leading to inlet pump chamber 30, as well as 
inner inspection aperture 126 leading to volute 34, fluid chan 
nel 36 and impeller 44 seated in the central bore of volute 34. 
0100. In an exemplary embodiment, inspection side wear 
plate 112 is fixed to inspection cover 110, such as by fasten 
ers. When so fixed, removal of inspection cover 110 also 
removes inspection side wear plate 112 as a single unit to 
allow access to inlet pump chamber 30, volute 34 and impel 
ler 44 for inspection, maintenance or repair. When inspection 
cover 110 and wear plate 112 are reinstalled to casing 12 
through outer inspection aperture 124, the previous spacing 
and configuration between the wear surface of wear plate 112 
and the adjacent bearing Surface of impeller 44 is maintained. 
0101. In order to set and maintain Such proper spacing, 
fastener 114 may be used to affix inspection cover 110 and 
inspection side wear plate 112 to casing 12 via cannulated 
bolt 118 and bolt fixation plate 120. Only one of this fastener 
arrangement is illustrated in FIG. 11 for clarity, it being 
understood that the illustrative embodiment uses four such 
fastener arrangements for each of fastener apertures 116 
formed in inspection cover 110. 
0102 Fastener apertures 116 are threaded to receive the 
correspondingly threaded shaft of cannulated bolt 118. The 
length of the threaded portion of cannulated bolt 118 is such 
that each bolt 118 may protrude beyond the distal end of 
aperture 116 to bear against the adjacent face of casing 12. 
which prevents inspection cover 110 from fully seating 
against casing 12 because the distal end of bolts 118 contact 
casing 12 before cover 110. In this way, the spacing of inspec 
tion side wear plate 112 from impeller 44 can be controlled by 
adjusting cannulated bolts 118 to protrude more or less 
beyond the distal end of fastenerapertures 116. 
0103) In order to rotationally fix cannulated bolts 118 in a 
desired position corresponding to proper axial spacing 
between wear plate 112 and impeller 44, fixation plate 120 
and fastener 122 are provided. Fixation plate 120 includes a 
bolt head receiving aperture 121 which is generally polygonal 
in order to rotationally fix cannulated bolt 118 to fixation plate 
120 when the hexagonal head of bolt 118 is received within 
aperture 121. In an exemplary embodiment, aperture 121 is a 
“twelve point' style of the type commonly used in wrenches 
and sockets and designed to rotatably fix to hex bolt heads. 
Aperture 121 is placed over the head of bolt 118, such that 
fastener slot 123 aligns with fixation aperture 117 formed in 
inspection cover 110. Fastener 122 is then passed through slot 
123 and into threaded engagement with aperture 117, rota 
tionally and axially fixing bolt fixation plate 120 to inspection 
cover 110, and therefore fixing the rotational orientation and 
axial adjustment of cannulated bolt 118. Fastener 114 (de 
scribed in detail above) is then passed through the central bore 
of cannulated bolt 118 and threadably engaged with the adja 
cent threaded aperture of casing 12 to affix inspection cover 
110 thereto. 
0104. While this invention has been described as having 
an exemplary design, the present invention can be further 
modified within the spirit and scope of this disclosure. This 
application is therefore intended to cover any variations, uses, 
or adaptations of the invention using its general principles. 
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Further, this application is intended to cover Such departures 
from the present disclosure as come within known or custom 
ary practice in the art to which this invention pertains and 
which fall within the limits of the appended claims. 
What is claimed is: 
1. A centrifugal pump comprising: 
a drive mechanism; 
an impeller drivingly connected to the drive mechanism; 
a casing having an inlet and an outlet, the casing compris 

1ng: 

an inlet-side wall having an inlet aperture formed 
therein; 

an outlet-side wall joined to the inlet-side wall to form a 
cavity within the casing, the outlet-side wall having 
an outlet aperture; 

a volute disposed in the casing and in fluid communica 
tion with the inlet aperture and the outlet aperture, the 
Volute having a central opening sized to receive the 
impeller and a spiral-shaped fluid channel Such that 
the fluid channel progresses radially outwardly 
toward a volute discharge opening, the volute dis 
charge opening defining alongitudinal discharge axis 
which extends through the outlet aperture, 

whereby the volute is adapted to receive fluid accelerated 
outwardly by the impeller, direct the fluid radially out 
wardly through the spiral-shaped fluid channel, and dis 
charge the fluid along the longitudinal discharge axis 
toward the outlet aperture. 

2. The centrifugal pump of claim 1, wherein the casing 
defines a vertical centerplane containing an axis of rotation of 
the impeller, and the longitudinal discharge axis is oriented to 
cross the vertical center plane. 

3. The centrifugal pump of claim 1, wherein the impeller 
defines a spin plane perpendicular to the axis of impeller 
rotation, the discharge axis is angled with respect to the spin 
plane. 

4. The centrifugal pump of claim 3, wherein the casing 
further comprises a partition wall interposed between the 
inlet-side wall and the outlet-side wall to form an inlet pump 
chamber and an outlet pump chamber, the partition wall hav 
ing an inner drive aperture positioned to allow fluid commu 
nication between the inlet pump chamber and the outlet pump 
chamber via the inner drive aperture. 

5. The centrifugal pump of claim 4, wherein the discharge 
axis is angled away from the partition wall. 

6. The centrifugal pump of claim 4, wherein the casing 
further comprises a plurality of fastener bosses disposed 
within the outlet pump chamber and adjacent the outlet aper 
ture, the fastener bosses each having a smooth, rounded outer 
Surface. 

7. The centrifugal pump of claim 6, wherein the fastener 
bosses each have a convex distal Surface and a concave Sur 
face at the junction between the convex distal surface and the 
adjacent inner Surface of the outlet pump chamber. 

8. The centrifugal pump of claim 6, wherein the fastener 
bosses define a tear drop shape with a pointed end of the tear 
drop shape pointing toward the outlet aperture, whereby the 
fastener bosses promote laminar flow of fluid discharged 
from the volute and advanced toward the outlet aperture. 

9. The centrifugal pump of claim 4, wherein the casing of 
the pump comprises a Sump region formed in a lower region 
of the outlet pump chamber, the Sump region including a 
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central portion in direct fluid communication with the impel 
ler and a peripheral portion in indirect fluid communication 
with the impeller, 

the casing further comprising at least one drain channel in 
direct fluid communication with the peripheral portion 
of the Sump region and in indirect fluid communication 
with the central portion of the Sump region, whereby the 
at least one drain channel does not form any part of the 
volute. 

10. The centrifugal pump of claim 9, wherein the casing 
comprises a first drain channel and a second drain channel, 
the first and second drain channels positioned on opposite 
side of the volute. 

11. The centrifugal pump of claim 1, wherein the pump 
further comprises an inlet adapter connected to the inlet aper 
ture, the inlet adapter including a necked portion in which a 
flow area through the inlet adapter gradually increases along 
a flow direction toward the inlet aperture. 

12. The centrifugal pump of claim 11, wherein: 
the pump further comprises an outlet adapter connected to 

the outlet aperture, the outlet adapter having a substan 
tially cylindrical fluid passage, and 

the inlet and outlet adapters configured to receive a com 
mon nominal size offluid conduit and the necked portion 
of the inlet adapter leading to the inlet aperture having 
larger area than the outlet aperture. 

13. The centrifugal pump of claim 1, wherein the outlet 
aperture comprises an outlet transition area having a radiused 
internal edge operable to facilitate smooth flow therethrough, 
the outlet transition area defining a nominal radius at least 
equal to a minimum thickness of the outlet-side wall. 

14. The centrifugal pump of claim 13, wherein the nominal 
radius of the outlet transition area is at least 13.1% of the 
minimum thickness of the outlet-side wall. 

15. The centrifugal pump of claim 1, further comprising a 
plurality of stiffening ribs extending along and integrally 
formed with the inlet-side wall and the outlet-side wall of the 
casing, the stiffening ribs disposed only on an exterior Surface 
of the casing. 

16. The centrifugal pump of claim 15, wherein a plurality 
of ribs on the outlet-side wall extend along a substantially 
vertical face of the outlet-side wall, round a corner at the 
junction between the vertical face a side face of the outlet-side 
wall, and extend along a front-to-back direction on the side 
face. 

17. The centrifugal pump of claim 16, wherein the plurality 
of extend radially outwardly along the vertical face from a 
central area of the vertical face. 

18. The centrifugal pump of claim 1, wherein the outlet 
side wall of the casing comprises an outer drive aperture sized 
to receive the drive mechanism. 

19. A centrifugal pump comprising: 
a drive mechanism; 
an impeller drivingly connected to the drive mechanism; 
a flapper valve; 
a casing having an inlet and an outlet, the casing compris 

1ng: 
an inlet-side wall having an inlet aperture formed 

therein, the flapper valve positioned at the inlet aper 
ture to admit a flow of fluid into the casing via the inlet 
aperture while preventing a flow of fluid out of the 
casing via the inlet aperture; 



US 2016/0245291 A1 

an outlet-side wall joined to the inlet-side wall to form a 
cavity within the casing, the outlet-side wall having 
an outlet aperture; 

a partition wall interposed between the inlet-side wall 
and the outlet-side wall to form an inlet pump cham 
ber and an outlet pump chamber, the partition wall 
having an inner drive aperture positioned to allow 
fluid communication between the inlet pump cham 
ber and the outlet pump chamber via the inner drive 
aperture; 

a combination port formed in the casing near the flapper 
valve, the combination port sized and positioned to 
allow access to the flapper valve by a maintenance 
person, and to allow fluid to be added to the inlet pump 
chamber, and 

a fill vent formed through the casing on an opposite side 
of the partition wall as the combination port, such that 
the fill vent allows fluid communication between the 
outlet pump chamber and the ambient environment, 
whereby liquid added to the inlet pump chamber is 
allowed to flow to the outlet pump chamber via the 
inner drive aperture while air contained in the outlet 
pump chamber vents to atmosphere via the fill vent. 

20. The centrifugal pump of claim 19, further comprising a 
combination port cover comprising: 

a fill port cover portion sized to be received over the com 
bination port to fluidly isolate the combination port from 
the ambient environment; and 

a fill vent cover portion sized to be received over the fill 
vent to fluidly isolate the fill vent from the ambient 
environment. 

21. The centrifugal pump of claim 20, wherein the fill vent 
cover portion is formed as a forward extension of the fill port 
cover portion in order to pass over the partition wall onto the 
fill vent. 

22. The centrifugal pump of claim 20, wherein the fill port 
cover portion and the fill vent cover portion are integrally, 
monolithically formed as a single component. 

23. The centrifugal pump of claim 19, wherein the outlet 
side wall of the casing comprises an outer drive aperture 
formed therein, the outer drive aperture sized to receive the 
drive mechanism. 

24. A centrifugal pump comprising: 
a drive shaft having a first coarse thread and a first centering 

feature; 
an impeller drivingly connected to the drive shaft, the 

impeller having a second coarse thread and a second 
centering feature, the second coarse thread engageable 
with the first coarse thread of the drive shaft to selec 
tively rotatably fix the drive shaft to the impeller, and the 
second centering feature engageable with the first cen 
tering feature to concentrically align the impeller with 
the drive shaft. 

25. The centrifugal pump of claim 24, wherein the first 
coarse thread of the impeller is a female thread and the second 
coarse thread of the drive shaft is a male thread. 

26. The centrifugal pump of claim 24, wherein the first and 
second coarse threads are trapezoidal threads. 

27. The centrifugal pump of claim 24, wherein the first 
centering feature is a bore formed in the impeller and the 
second centering feature is a nubbinformed at a distal end of 
the drive shaft. 
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28. The centrifugal pump of claim 27, wherein the nubbin 
and the bore fit together with a radial clearance of less than 
0.004 inches. 

29. The centrifugal pump of claim 24, wherein the drive 
shaft is part of a drive mechanism further comprising: 

a casing having an inlet and an outlet, the casing compris 
1ng: 
an inlet-side wall having an inlet aperture formed 

therein; 
an outlet-side wall joined to the inlet-side wall to form a 

cavity within the casing, the outlet-side wall having 
an outlet aperture; 

a drive shaft housing affixed to the casing, the drive shaft 
rotatably received in the drive shaft housing: 

at least one bearing Supported by the drive shaft housing 
and rotatably Supporting the drive shaft; 

a drive side wear plate connected to the drive shaft; and 
a biasing element between the drive side wear plate and the 

impeller which biases the drive side wear plate toward 
the drive shaft housing and away from the impeller. 

30. The centrifugal pump of claim 29, wherein: 
the first centering feature of the drive shaft comprises a 

locating nubbin at a distal end thereof; 
the second centering feature of the impeller includes a 

locating bore sized to receive the locating nubbin; 
the drive shaft is operably connected to the impeller by 

engagement of the first coarse thread with the second 
coarse thread, thereby allowing for a radial play in the 
drive shaft, and 

the drive shaft is concentrically located with respect to the 
impeller by a close-tolerance interaction between the 
locating nubbin and the locating bore Such that the radial 
play is eliminated. 

31. The centrifugal pump of claim 30, wherein the radial 
play is less than 0.004 inches. 

32. The centrifugal pump of claim 29, wherein the outlet 
side wall includes an outer drive aperture formed therein, the 
outer drive aperture sized to receive the impeller, the casing 
further comprising: 

a partition wall interposed between the inlet-side wall and 
the outlet-side wall to form an inlet pump chamber and 
an outlet pump chamber, the partition wall having an 
inner drive aperture positioned to allow fluid communi 
cation between the inlet pump chamber and the outlet 
pump chamber via the inner drive aperture. 

33. A centrifugal pump comprising: 
a drive mechanism; 
an impeller drivingly connected to the drive mechanism; 
a casing having an inlet and an outlet, the casing compris 

1ng: 
an inlet-side wall having an inlet aperture formed 

therein; 
an outlet-side wall joined to the inlet-side wall to form a 

cavity within the casing, the outlet-side wall having 
an outlet aperture; 

abore extending inwardly from the exterior of the outlet 
side wall whereby the bore is accessible to a user of 
the pump; 

a drive disassembly system comprising: 
a guide rail sized to be snugly received within the bore; 
and 

a rail guide having a bearing and a flange fixed to the 
bearing, the bearing sized to be slidingly received on 
the guide rail while the flange is fixed to the drive 
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mechanism, Such that the drive mechanism can be 
assembled into or removed from the casing while 
being Supported by the guide rail. 

34. The centrifugal pump of claim 33, wherein the casing 
further comprises: 

a partition wall interposed between the inlet-side wall and 
the outlet-side wall to form an inlet pump chamber and 
an outlet pump chamber, the partition wall having an 
inner drive aperture positioned to allow fluid communi 
cation between the inlet pump chamber and the outlet 
pump chamber via the inner drive aperture; and 

a stiffener extending through the outlet pump chamber 
from the outlet-side wall to the partition wall, the stiff 
ener having the bore formed therein as a blind bore. 

35. The centrifugal pump of claim 33, wherein: 
the drive mechanism includes a housing secured to the 

casing by a plurality of first fasteners passing through a 
corresponding plurality of annularly arranged apertures 
formed in the housing, the first fasteners threadably 
received in the casing; and 

the flange of the rail guide is secured to the casing by a 
plurality of second fasteners threadably received in a 
plurality of annularly arranged apertures formed in the 
flange, 

the plurality of annularly arranged apertures formed in the 
flange of the rail guide oversized relative to the size of 
the plurality of second fasteners, whereby alignment of 
the drive disassembly system relative to the casing is a 
function of interaction between the guide rail and the 
bearing rather than between the flange and the casing. 

36. The centrifugal pump of claim 33, wherein an outer 
Surface of the guide rail includes a notch positioned to be 
adjacent the exterior of the outlet-side wall when the guide 
rail is fully received in the bore, the drive disassembly system 
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further comprises a rail keeper shaped to engage the notch and 
thereafter be secured to the casing such that the rail keeper 
and the casing cooperate to axially fix the guide rail with 
respect to the casing. 

37. The centrifugal pump of claim 36, wherein the drive 
disassembly system further comprises a caster selectively 
fixed to the drive mechanism, the caster positioned to coop 
erate with the guide rail to support the drive mechanism while 
the drive mechanism is assembled into or removed from the 
casing. 

38. A method of disassembling a drive mechanism from a 
centrifugal pump, the method comprising: 

inserting a rail into a bore formed in a casing of the pump, 
such that the rail fits snugly within the bore; 

sliding a rail guide over the rail and into engagement with 
the pump; 

affixing the rail guide to the drive mechanism while main 
taining the rail guide in sliding engagement with the rail; 
and 

disconnecting the drive mechanism from the casing and 
sliding the drive mechanism away from the casing using 
the support of the rail. 

39. The method of claim 38, further comprising affixing a 
caster to a lower portion of the drive mechanism, the step of 
disconnecting including rolling the caster on a Support Sur 
face. 

40. The method of claim 38, further comprising reconnect 
ing the drive mechanism to the casing using the Support of the 
rail. 

41. The method of claim 38, further comprising, after the 
step of inserting the rail into the bore, of connecting a rail 
keeper to the casing, the rail keeper engaging a notch formed 
in the rail to axially fix the rail relative to the casing. 
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