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INTEGRATED RECIPROCATING PRIMER DRIVE ARRANGEMENT
Background

[o1] Priming systems are used to prime centrifugal fire pumps so as to reduce air pressure
within an interior of the centrifugal pump. During priming, water is pushed by atmospheric
pressure from a water source to the pump. Once water reaches the pump, the pump is able to
provide continuous water flow and increase the pressure of the water without the aid of the
priming system. In particular, the pump includes an impeller drivenl by a rotatable impeller

shaft to deliver water from a pump intake to a pump discharge.

[02] Current priming systems for centrifugal fire pumps include vane primers, piston
primers, diaphragm primers and water ring primers. In some current implementations, the
priming system draws power from the impeller shaft to prime the pump. In particular, an
eccentric drive converts rotational motion from the impeller shaft to linear motion so as to
increase water within the pump. To this end, a mechanism is utilized to engage and
disengage priming systems from the impeller shaft. In one approach, a pump discharge
pressure is monitored to physically engage and disengage the priming system based on water
pressure within the discharge of the pump. Another approach involves housing the priming
system remotely from the pump and driving the priming system by a belt or other suitable
mechanical connection mechanism. Using this approach, the connection mechanism from the
impeller shaft to the remote priming system is engaged and disengaged either by a clutch or

by physically moving the priming system with respect to the connection mechanism.

[03] For priming systems that rely on pump discharge pressure to engage/disengage the;
centrifugal pump, leakage through the priming system after the pump is primed can occur.
To prevent leakage, an auxiliary mechanism is provided in order to control flow from the
pump discharge to the priming system. The auxiliary mechanism increases cost and

complexity to the priming system.

[04] For priming systems that are remotely mounted and coupled to the pump, a separate
housing for the priming system occupies space and increases complexity as the priming

system needs separate accommodations within the truck. Additionally, the drive mechanism
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‘connecting the priming system with the centrifugal pump can generate noise and require

guarding.

Summary of the Invention

A pump assembly includes a centrifugal pump, a priming system and a drive
assembly. The centrifugal pump includes an intake, a discharge, a pump chamber and an
impeller to deliver water from the intake to the discharge. A priming system is fluidly
codpled to the pump chalhber to remove air from the pump chamber so as to prime the pump.
The drive assembly includes an impeller shaft coupled to the impeller to rotate therewith and

a drive shaft positioned around the impeller shaft to drive the priming system.

A method of priming a centrifugal pump includes providing a drive assembly
including an impeller shaft, a drive shaft and a clutch assembly. The impeller shaft is rotated

-and the clutch assembly is engaged such that the drive shaft rotates with the impeller shaft. A

priming system coupled with the drive shaft is operated to remove air from the centrifugal

pump.

Brief Description of the Drawings

Fig. 1 is a front isometric view of a pump assembly.

Fig. 2 is a rear isometric view of the pump assembly illustrated in Fig. 1.
Fig. 3 is a side .sectional view of the pump assembly illustrated in Fig. 1.
Fig. 4 is a top sectional view of the pump assembly illustrated in Fig. 1.
Fig. 5 is a rear sectional view of the pump assembly illustrated in Fig. 1.

Fig. 6 is an exploded view of a priming system and a drive assembly of the pump

assembly illustrated in Fi g 1.
Fig. 7 is a close-up exploded view of a pedestal body illustrated in Fig. 6.

Fig. 8A is a close-up exploded view of a first piston assembly illustrated in Fig. 6.
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Fig. 8B is a close-up exploded view of a second piston assembly illustrated in Fig. 6.

Figs. 9A-9C are close-up exploded views of alternative connection mechanisms to

connect the piston assemblies illustrated in Figs. 8A and 8B.
Fig. 10 is a close-up exploded view of a drive assembly illustrated in Fig. 6.

Figs. 11-14 are different views of a reinforcement element coupled to a volute

housing of a centrifugal pump.

Figs. 15-17 are different views of a drain port positioned within a volute housing of a

centrifugal pump.

Detailed Description

Figs. 1 and 2 are isometric views of a pump assembly 10 including a centrifugal pump
(generally indicated at 12), a priming system (generally indicated at 14) and a drive assembly
(generally indicated at 16). The priming system 14 is fluidly coupled to the pump 12 so as to
prime pump 12 by removing air fron; the pump 12. Drive assembly 16 is coupleable to both
the pump 12 and priming system 14 to provide rotational power thereto. As discussed in
more detail below, the drive assembly. 16 provides rotational power to the pump 12 so as to
deliver water from a pump intake 20 to a pump discharge 22. Additionally, drive assembly
16 is selectively coupleable to the priming system 14 through a clutch assembly such that,
when the drive assembly 16 is coupled to the priming system 14, air within the pump 12 is
replaced with water so as to prime the pump 12. Once pump i2 is primed, the drive assembly

16 can be disengaged from the priming system 14 and continue to operate pump 12.

With additional reference to sectional views of pump assembly 10 in Figs. 3-5, pump
12 includes an intake housing 30, a volute housing 32 and an impeller support housing 34.
Collectively, the intake housing 30, volute housing 32 and impeller support housing 34 define
a pump chamber 36. As shown in Fig. 3, the volute housing 32 also defines a drain port 37
and an associated cap 39 to allow pump chamber 36 to be drained. Additionally, pump 12
includes a shroud 38 mounted to the intake housing 30 and a collar 40 mounted to the
impeller support housing 32. In order to deliver water from the intake 20 to the discharge 22,
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an impeller 42 is positioned within the pump chamber 36 and mounted to an impeller shaft 44
of drive assembly 16 with a suitable fastener 46.(herein embodied as a nut). Collar 40
includes a mechanical seal assembly that prevents leakage from the pump interior past the
rotatable impeller shaft 44 relative to the stationary impeller support housing 34. During
_oi)eration of the drive assembly 16, impeller shaft 44 and impeller 46 rotate such that impeller
46 delivers water ﬁdm intake 20 to discharge 22.

[22] Priming system 14, as best illustrated in Fig. 3, includes a passageway 50 fluidly
coupled with the pump chamber 36. During operation, primipg systefn 14 delivers air from
the pump chamber 36 through passageway 50 and to a priming valve 52. When priming
valve 52 is in an open cénﬁguration due to a valve assembly 53 being in an open position (as
illustrated in Fig. 3), air is allowed to pass from pump chamber 36 to passageway 50, through
priming valve 52 and into a T-shaped conduit 54. Once prime of pump 12 has occurred,
priming valve 52 can transition to a closed configuration (not shown), wherein passageway

50 is fluidly isolated from conduit 54.

[23] In one embodiment, one example priming valve 52 is described in U.S. Patent
Application Seriél No. 13/599,646, entitled “Priming Valve System for Pre-Priming
Centrifugal Pump Intakes,” filed August 30, 2012, the contents of which are attached hereto.
In this embodiment, a solenoid valve 55 can open to atmospheric pressure such that air above
valve assembly 53 is at atmospheric pressure. Due to a pressure differential between
atmospheric pressure and vacuum pressure in conduit 54 created by operation of the priming-
system 14, this differential provides suitable pressure to open valve assembly 53 within
priming valve 52 such that air can pass from passageway 50 to conduit 54. In other
embodiments, solenoid valve 55 can be eliminated such that air above valve assembly
remains at atmospheric pressure. In any event, passageway 50 is vertically displaced (i.e.,
lower) than valve 52 and conduit 54. As such, gravity assists in preventing water from

entering priming systern 14 through passageway 50 and valve 52.

[24] As best illustrated in Fig. 5, conduit 54 is in turn fluidly coupled with piston
assemblies 56 and 58, which operate to discharge air through respective outlets 60 and 62, as
discussed in more detail below. In discharging air through outlets 60 and 62, water is
delivered from a water source (e.g., a tank, a pond) to the intake 20 and into the pump

-4-
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chamber 36. Once water is positioned within the pump 12 so as to achieve a desired pressure
at discharge 22, the pump 12 is primed and operation of pump 12 can continuously deliver
water without the aid of priming system 14. To this end, one or more pressure sensors 64 can
be coupled to discharge 22 (or alternatively other positions within pump 12) to provide an
indication that water pressure in pump 12 has reached a desired level and that pump 12 is
primed. This indication provided by the pressure sensor 64 can be used to disengage clutch
assembly 74. It should further be noted that in the event water enters piston assemblies 56
and 58 through conduit 54, the water can also be discharged through outlets 60 and 62 with
assistance of gravity since the outlets 60 and 62 are positioned lower than the conduit 54.

[25] Drive assembly 16 includes a drive input member 66 directly coupled to a motor (not
shown) such as a fire truck engine to provide rotational power thereto. In turn, the drive
input member 66 is directly coupled to the impeller shaft 44 through a fastener 68 and square
key 70. Additionally, the impeller shaft 44 is selectively coupled to an eccentric drive shaft
72 for rotation with the impeller shaft 44 through a clutch assembly 74. In particular, the
impeller shaft 44 is selectively coupleable to the eccentric dﬁ\"e shaft 72 to operate priming
system 14 in order to evacuate air from the pump chamber 36. During operation of the
_priming system 14, the clutch assembly 74 is engaged such that the eccentric drive shaft 72
rotates with tﬁe impeller drive shaft 44. During rotation of eccentric drive shaft 72, the
eccentric drive shaft 72 engages each of the piston assemblies 56 and 58, which operate to
deliver air from the pump chamber 36, through passageway 50, conduit 54 and out the outlets
60 and 62. The piston assemblies 56 and 58 are coupled to one another about the drive shaft
72 to operate in a reciprocating manner. Due to the reciprocating movement, one of the
piston assemblies is in an extended position (i.e., expelling air through its respective outlet)
while the other piston assembly is in a retracted position (i.e., drawing air from conduit 54).
Once pump 12 is primed, the cutch assembly 74 is disengaged such that rotation of drive
shaft 72 is stopped (and thus stopping operation of priming system 14) whereas rotation of
impeller 42 continues independent of rotation of drive shaft 72.

[26] With additional reference to Figs. 6-10, pump 12, priming systém 14 and drive
assembly 16 are coupled together through a main pedestal body 80, a close-up of which is
illustrated in Fig. 7. The pedestal body 80 defines first and second front mounting flanges 82
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and 84 for mounting the pump 12 thereto with fasteners 86 (see Figs. 2 arid 5), as well as first
and second lower legs 88 and 90 for mounting pump assembly 10 to a fire truck, for example
with a plurality of vibration mounting fastener assemblies 92. Additionally, body 80 defines
an upper recess 94 for receiving priming valve 52, front and rear apertures 96 and 98 for
receiving and supporting rotation of irnpeﬂer shaft 44 and side apertures 100 and 102 for
receiving piston assemblies 56 and 58, respectively. Close-up illustrations of piston
assemblies .56 and 58 are shown in Figs. 8A and 8B, respectively. Alternative connection
mechanisms are illustrated in Figs. 9A-9C to connect piston assembly 56 to piston assem‘blyv
58. Drive assembly 16, as discussed below in relation to Fig.-10, is positioned within the
front and rear apertures 96 and 98. A rotational sensor (e.g., a magnetic pick-up) 101 is
mounted to pedestal body 80 and is further positioned so as to sense a rotational speed of
drive shaft 72 (see Fig. 3) and provide a signal indicative of the speed. A cover plate 103 is
further mounted to a bottom of the pédestal body 80 so as to prevent unwanted contaminants

front entering an interior of the body 80.

[27] : With reference to Figs. 6 and 8A, piston assembly 56 includes a cylinder 104
| positioned within side dperture 100 of pedestal body 80. First and second H rods 106 and
108 are further positioned within body 80 and provide support to the piston assemblies 56
and 58. In particular, the H rods 106 and 108 tie the piston assemblies 56 and 58 together to
provide reciprocating movement of the piston assemblies 56 and 58 during operation of the
priming system 14. Piston assembly 56 furthér includes a pisfon body 110, a piston seal 112
and a piston head 114. Fasteners 116 (two are shown, whereas four are used in this
embodiment) secure the piston head 114, piston seal 112 and piston body 110 to the H rods
106 and 108. A wear band 118 is further coupled to the piston head 114. Additionally, a
bearing interface assembly 120 is coupled with the piston body 110 to interface with the _
eccentric drive shaft 72.

[28]) As illustrated in Fig. 8A, the bearing interface assembly 120 includes a shaft 122 that
supports first and second bearings 124 and 126 relative to a mounting bracket 128 positioned
on a side of the piston body 110. The bearingvinterface assembly 120 further includes spacers _
130 for providing separation of the bearings 124 and 126 from one another and from the
bracket 128. In one embodiment, bearings 124 and 126 can be formed of at least partially (or
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completely) a suitably resilient elastomer such as polyurethane to provide damping of impact
between the bearings 124, 126 and drive shaft 72. In one embodiment, bearings 124, 126 are
coated with polyurethane. Alternatively, or in addition, spacers 130 can be at least partially
(or completely) formed of an elastomer (e.g., polyurethane) and include an outer diameter
that is slightly larger than an outer diameter of the bearings 124, 126 so as to also ‘dampen the

impact between drive shaft 72 and the bearing interface assembly 120.

[29] Piston assembly 56 further includes a piston cover 132 secured to body 80 through a
plurality of fasteners 134 (one shown in Fig. 8A, four in total). Piston cover 132 defines an
inlet passageway 136, an annular cavity 138 and an outlet passageway 140. An o-ring 142 is
provided to seal piston cover 132 against pedestal body 80 and cylinder 104. Additionally,
secured to the piston cover 132 with a fastener 144 and washer 146 include a small
diaphragm 148, a diaphragm retainer 150, a large diaphragm 152 and a spacer 154. Retainer
150 includes a plurality of passages 160 positioned therein to allow air to flow from inlet

passageway 136 to annular cavity 138.

{30] Upon coupling of the piston assembly 56 to the pedestal body 80 and as illustrated in
Fig. 5, a piston cavity 162 is formed between piston head 114 and large diaphragm 152.
During operation of piston assembly 56, as piston head 114 moves away from large'
diaphragm 152 (as illustrated in Fig. 5) air flows from passageway 136, through passages 160
and into piston cavity 162, due to deflection of small diaphragm 148 caused by pressure
differential between inlet passageway 136 and piston cavity 162. As piston head 114 moves
toward large diaphragm 152, diaphragm 152 deflects such that air can move from piston
cavity 162 to outlet passageway 140, ultimately exiting air outlet 60. As such, an air flow
path through piston assembly 56 is provided on a single side of the piston head 114.

[31] Tuming to Figs. 6 and 8B, piston assembly 58 is similarly configured to piston
assemialy 56 and includes a cylinder 170 positioned within aperture 102, a pistori body 172, a
piston seal 174, a piston head 176 and wear band 178. Moreover, piston assembly 58
includes fasteners 180 (one of which is shown, four in total) to secure the piston body 172,
piston seal 174 and piston head 176 to the H rods 106 and 108. Piston assembly 58 also
includes a bearing interface assembly 182 configured to interface with the eccentric drive

shaft 72 and similar in construction to bearing interface assembly 120. As discussed above,

.-7-
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components of the bearing interface assembly 182 may include polyurethane to dampen
impact between assembly 182 and drive shaft 72. Piston assembly 58 further includes a
piston cover 184 defining an inlet passageway 186, an annular cavity 188 (Fig. 5) and an
outlet passageway 190. The piston cover 184 is secured to pedestal body 80 with a plurality
of fasteners 192 (one shown in Fig. 8B, four in total). Similar to piston assembly 56, piston
assembly 58 also includes a fastener 194 and washer 196 that secure a small diaphragm 198,
a diaphragm retaingr 200, a large diaphragm 202 and a spacer 204 to the piston cover 184,
An o-ring 206 provides a seal between piston cover 184 and pedestal body 80. A plurality of
passages 208 are provided within diaphragm retainer 200.

[32] Upon coupling of the piston assembiy 58 to the pedestal body 80 and as illustrated in
Fig. 5, a piston cavity 209 is formed between the piston head 176 and the large diaphragm

202. During operation of piston assembly 58, as piston head 176 moves away from large
diaphragm 202, air flows from passageway 186 through passages 208 and into piston cavity

209 upon deflection of small diaphragm 198. When piston head 176 is forced in a direction
toward large diaphragm 202 (as illustrated in Fig. 5), large diaphragm 202 deflects, allowing

_air to pass from piston cavity 209 to outlet passageway 190 and exit outlet 62. As such, an

“air flow path through piston assembly 58 is provided on a single side of the piston head 176.

[33] wrl Figs. 9A-9C i]luétrate alternative connection mechanisms for use in connecting piston
assemblies 56 and 58. These connection mechanisms can be useful in damping forces and
reducihg‘ noise caused.by drive shaft 72 contacting the piston assemblies 56 and 58. As
illustrated in Fig. 9A, tie rods 400-403 replace H-rods 106 and 108 to provide direct
connection between piston body 110 and piston body 172. The tie rods 400-403 are secured

" to the piston bodies 110, 172 through fasteners 116 and 180. A planetary drive 404 surrounds
drive shaft 72 and is positioned to dampen forces and reduce noise between drive shaft 72
and piston bodies 110 and.172. Planetary drive 404 includes two planetary blocks 406 and
408 positioned on either side of shaft 72. The blocks 406 and 408 are connected together
with corresponding brackets 410 and fasteners 412. Each block 406, 408 maintains two
bearing assemblies 414 that directly engage the drive shaft 72. Each bearing assembly 414
includes a pin 416, a bearing 418 and washers 420 positioned on either side of the bearing

418. Set screws 422 hold pin 416 in place within the blocks 406, 408. Upon final assembly,
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planetary drive 404 directly contacts bearing interface assemblies 120 and 182 (e.g., in
particular bearings 124 and 126 of assembly 120). As drive shaft 72 rotates during operation,
planetary drive 404 travels in a circular path (when viewed along a rotational axis of drive
shaft 72). An exterior face (e.g., face 424 of block 406) moves in a vertical manner along
bearings 124 and 126. Eccentric output of drive shaft 72 imparts a linear force on piston
body 110. Block 408 operates in a similar manner. In an alternative embodiment, planetary
drive 404 can be formed of a single block.

[34] In an alternative approach to connection piston assemblies 56 and 58, Fig. 9B
illustrates follower blocks 430 and 432 that can be coupled to either piston body 110 or piston
body 172 in order two dampen forces and reduce noise due to contact of draft shaft 72 with
bearing interface assembly 120 (or assembly 182). Follower blocks 430 and 432 receive the
bearing interface assembly 120 and in particular include apertures 434 and 436, respectively,
to receive pin 122 of bearing interface assembly 120. Blocks 430 and 432 are mounted to
piston body 110 using a plurality of shoulder bolts 438. Shoulder bolts 438 allow for limited
relative movement between the blocks 430, 432 and piston body 110. Additionally, each of
the blocks includes a compression spring 440 positioned between the respective block and the
piston body 110. The compression springs 440 bias the blocks 430 and 432 away from piston
body 110 such that bearing interface assembly 120 can maintain contact with drive shaft 72
during a complete rotation of drive shaft 72.

[35] Fig. 9C illustrates a similar arrangement to Fig. 9B and includes a hinged block 450
positioned between shaft 72 and piston body 110. Block 450 includes a projection 452 that is
coupled with a corresponding bracket 454 on piston body 110. In particular, a bolt 456
couples the projection 452 with the bracket 454 on piston body.110. Lower shoulder bolts
458 are configured to secure block 450 to the piston head 110 opposite the projection 452 and
allow limited relevant movement of the block 450 with respect to the piston body 110.
Compression springs 460 are positioned to dampen forces placed on bearing assembly 120
and block 450 from drive shaft 72. '

[36] Fig. 10 illustrates components of drive assembly 16 coupled to pedestal body 80.
With additional reference to Fig. 6, a bearing housing 210 is secured to the body 80 using a
plurality of fasteners 212 to support the drive assembly 16. A front bearing 214 is positioned

-9.
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within aperture 96 to support the impeller shaft 44 and allow rotation of impelier shaft 44
with respect to the body 80. A first retaining ring 216 retains impeller shaft 44 relative to the
bearing 214, which abuts a shoulder 226 on impeller shaft 44. Additionally, a second
retaining ring 218 positions bearing 214 within aperture 96 as further illustrated in Fig. 4.
First and second intermediate bearings 220 and 222 are pdsitioned around the impeller shaft
44 and allow rotation of the impeller shaft 44 with respect to eccentric drive shaft 72. Drive
shaft 72 includes a central eccentric portion 223 (e.g., elliptically shaped) to engage bearing
interface assemblies 120 and 182. Additionally, a wave spring 224 is positioned between
shoulder 226 on the impeller shaft 44 and bearing 220 to locate the bearing 220. A cover
plate 228 is secured to eccentric drive shaft 72 with a plurality of fasteners 230, which secure
bearing 222 and a spacer 232 to eccentric drive shaft 72. In turn, a clutch armature disc 234
is secured to the cover plate 228 with a plurality of fasteners 236.

[37] Clutch assembly 74 includes a clutch rotor hub 240 coupled to the impeller shaft 44
through a square key 242 such that the rotor hub 240 rotates with impeller shaft 44. Clutch
assembly 74 further includes an electromagnetic clutch coil carrier 244 that includes an input
246. Although clutch assembly 74 is illustrated as being electromagnetic, other types of
clutches can further be utilized. To engage clutch assembly 74, input 246 carries a signal to
energize clutch coil carrier 244. Once carrier 244 is energized, disc 234 is brought into
engagement with rotor hub 240 through electromagnetic force such that disc 234 (and thus
drive shaft 72) rotates with hub 240 and impeller shaft 44. When clutch assembly 74
disengages (due to input 246 no longer energizing coil 244), disc 234 separates from hub 240
and impeller shaft 44 rotates independent of drive shaft 72.

138) Rotation of drive input member 66 is supported through a bearing 250 positioned
within bearing housing 210. A spacer 252 and retaining ring 254 help to locate bearing 250
within bearing housing 210. In addition, a rotational sensor (e.g., a tachometer) 256 is
mounted to the bearing support housing 210 so as to sense a rotational speed of drive member

66 (and thus impeller shaft 44) and provide a signal indicative of the speed.

[39] During operation of pump assembly 10, pump 12 is primed by priming system 14 in
order to bring water into the pump chamber 36. To operate priming system 14, a signal is

_sent through input 246 to engage clutch assembly 74 by energizing coil 244. At this time,

-10-
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rotational power is provided to drive input member 66 and impeller shaft 44 so as to rotate
impeller 42. Additionally, as clutch assembly 74 is engaged, eccentric drive shaft 72 rotates
so as to provide reciprocal movement of piston heads 114 and 176 due to rotation of eccentric
portion 223 contacting and driving respective bearing interface assemblies 120 and 182. As
best illustrated in Figs. 4 and 5, the eccentric portion 223 of drive shaft 72 engages the
bearing interface assemblies 120 and 182 so as to extend and retract the piston heads 114 and
172. Additionall};, direct connection of the piston heads 114 and 176 through H rods 106 and
108 (or tie rods 400-403) can provide stability and direct reciprocal movement.

[40] In Figs. 4 and 5, piston head 114 is illustrated in a retracted position, whereas piston
head 176 is illustrated in an extended position. As such, piston cavity 162 is shown to hold a
larger volume of air compared>to piston cavity 209. In the retracted position of piston head
114, air is allowed to transfer from inlet passageway 136 to piston cavity 162. Alternatively,
in the extended position of piston head 176, air is forced out of piston cavity 209 to outlet
passageway 190 and ultimately to outlet 62. Upon rotation 180° of eccentric portion 233,
piston head 114 is forced to the extended position, whereas piston head 176 is forced to the
retracted position. As a result, upon extension and retraction of piston heads 114 and 176,
priming system 14 operates to reduce pressure in conduit 54 (i.e., creating a vacuum), which
opens priming valve 52 and serves to transfer air from the pump chamber 36 through conduit
54 and out the outlets 60 and 62. Once pressure in the pump chamber 36 reaches a desired
level (e.g., as sensed by pressure sensor 64) clutch assembly 74 can be disengaged such that

pump 12 can operate without the assistance of priming system 14.

[41] Alternatively, or in addition to, the relative rotational speeds of drive input member
66 and drive shaft 72 can be monitored via tachometer 256 and magnetic pickup 101 so as to
determine whether pump 12 is primed. For example, if drive shaft 72 is rotating at a speed
slower than drive input member 66, this slower speed can indicate that drive shaft 72 is
pumping water rather than air, due to the increased power required to pump water. Upon
deterniining that drive shaft 72 is rotating at a slower speed than drive member 66 based on
signals provided by pickup 101 and tachometer 256, clutch assembly 74 can be disengaged.

As such, excessive wear of the clutch assembly 74 can be avoided. At this point, priming

-11-
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valve 52 transitions to a closed configuration such that water is prevented from entering

conduit 54.

[42] A control system (not shown) can be coupled to the pickup 101 and tachometer 256 to
monitor the respective speeds of the impeller shaft 44 and drivé shaft 72 to determine if pump
12 is primed. The control system can further be configured to control rotation of the drive
assembly 16 (for example through connection to the fire engine motor), the priming valve 52
and/or the clutch assembly 74. One example control system is described in U. S. Patent
Application Serial No. 13/673,524, filed November 9, 2012, and entitled, “Proportional
Dynamic Ratio Control For Compressed Air Foam Delivery”, the contents of which are -
attached hereto.

[43] Another feature that can be provided within pump assembly 10 is a purging system
that operates to remove residual water from priming system 10. One mechanism to remove
water from priming system 14 is to fluidly connect the priming system 14 to atmosphere
(rather than to passageway 50) and operate the priming system 14 for a period of time to
remove any residual water from within the priming system 14. In one example, conduit 54
can be coupled to a purge valve or auxiliary valve (not shown) that is similar in construction
to priming valve 52. Instead of being selectively coupled to passageway 50, the purge valve
can selectively c'ouple conduit 54 to atmosphere (e.g., through use of a valve assembly and a
solenoid valve similar to valve assembly 53 and solenoid valve 55 discussed above) during

operation of the priming system 14.

[44] Priming system 14 can be operated for a period of time such that air from atmosphere
can pass through conduit 54, into the piston assemblies 56, 58 and out the outlets 60, 62,
causing any residual water to further be removed from priming system 14. When not in
operation, the purge valve transitions to a closed configuration such that air does not pass
through the purge valve to the priming system 14. Alternatively, the purge valve can only
include a solenoid valve directly coupled to ﬁonduit 54 so as to couple the conduit to
atmosphere. " In another embodiment, priming system 14 can be coupled to a source of
compressed air to force any water out of the outlets 60 and 62. Regardless of its exact
configuration, a purge system can remove residual water from priming system 14 in order to

reduce corrosion and enhance performance of the priming system 14.
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[45] Yet another feature useful with pump assembly 10 is a stripping edge (also known as
a cutwater) reinforcement for the pump 12. As is known, the stripping edge is a portion of a
centrifugal pump that diverts water expelled by the impeller to the discharge of the pump and,
as such, is subject to suitable wear. Figs. 11-14 illustrate different views of volute housing 32
with an exemplary reinforcement element 300 that serves as the stripping edge. As
illustrated, the reinforcement element 300 is positioned within the volute housing 32 and
secured to housing 32 with a suitable fastener 302. As illustrated in Fig. 11, volute housing
32 includes an elongated aperture 304 that receives the reinforcement element 300. Figs. 12-

14 illustrate reinforcement element 300 secured within the volute housing 32. .

[46] Although the reinforcement element 300 is herein embodied as a cylindrical pin,
element 300 can take various forms. For example, the element 300 may be triangular in cross .
section, elliptical in cross section, square in cross section or other shapes as desired.
Additionally, the element 300 need not be formed of a unitary piece of material and thus be
formed of multiple pieces. The reinforcement element 300 can further be formed of a variety
of different materials as desired. In one embodiment, the material selected for element 300
exhibits high strength and is resistant to corrosion, abrasion, erosion and/or combinations
thereof. Example materials include stainless steel, titanium, stellite, or materials that exhibit
one or more similar properties. Reinforcement element 300 can be used to reduce damage to
the volute housing 32 and thus lead to a longer life of pump 12. Additionally, reinfdrcement
member 300 is replaceable such that element 300 may be replaced after wear as necessary.

[47] Yet another feature useful with pump assembly 10 is a configuration of drain port 37
on the volute housing 32. Figs. 15-17 illustrate one exemplary configuration of drain port 37.
Fig. 15 is a cross sectional view of volute housing 32 taken in a direction of water flow (as
indicated by arrow 310). Impeller 42 rotates so as to create a centrifugal force of water
against an outer periphery 312 of a volute passageway 314 of volute housing 32. As
illustrated, drain port 37 includes a leading edge 320 substantially perpendicular to water
flow direction 310, a cylindrical outlet 321 and a trailing edge 322 angled with respect to the
water flow direction 310. Leading edge 320, in other embodiments, can be tapered with
respect to the water ﬂqw direction. As illustrated, the angled trailing edge 322 gradually
tapers from the outlet 321 of the drain port 37 to the outer periphery 312 of the volute

-13-



WO 2013/155308 PCT/US2013/036178

passageway 314. In one embodiment, the angle of the trailing edge 322 with respect to the
water flow direction 310 is approximately 15-35°, and in one particular embodiment is 25°.
As illustrated in Figs. 16 and 17, trailing edge 322 includes opposed side edges 324 that taper
together along the trailing edge 322. Drain port 37 furtﬁer includes a tapered top surface 330
that angles inwardly from the outlet 321 so as to define an elongated opening 332 between
passageway 314 and the outlet 321. As illustrated, the opening 332 is of a smaller width (as
viewed in cross section perpendicular 310) with respect to flow direction 310 than the drain
port outlet 321. Due to the configuration of the drain port 37 as illustrated in Figs. 15-17, an
enlarged drain port outlet 321 can be provided ‘while minimizing disruption of water flow

within the volute housing 32 along the passageway 314.

(48] Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes can be made in form and

detail without departing from the spirit and scope of the present invention.
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What is claimed is:

1. A pump assembly, comprising:

a centrifugal pump having an intake, a discharge, a pump chamber, and an impeller
disposed within the pump chamber;

a priming system including a passageway fluidly coupled to the pump chamber and an
air outlet; and

a drive assembly including an impeller shaft coupled to the impeller, a drive shaft
coupled to the priming system and a clutch assembly coupled to the impeller
shaft, the clutch assembly configured to selectively rotationally couple the
drive shaft and the impeller shaft, wherein the drive shaft is coaxial with the
impeller shaft.

2. The pump assembly of claim 1 wherein the priming system includes two piston
assemblies positioned on opposité sides of the drive shaft and the drive shaft includes an
eccentric portion engaging the piston assemblies to provide reciprocating motion of the piston

assemblies upon rotation of the drive shaft.

3. The pump assembly of claim 2 wherein each piston assembly includes a piston head
movable with respect to a piston cover, each respective piston head being directly connected

to the other pisfon head such that the piston heads move together.

4. The pump assembly of claim 3, further comprising a planetary drive surrounding the

eccentric portion and positioned between the two piston assemblies and the eccentric portion.

5. The pump assembly of claim 3, further comprising a block coupled to one of the two
piston assemblies and a compression spring positioned between the block and said one piston

* assembly, the block positioned to contact the eccentric portion of the drive shaft during -
rotation of the drive shafft.

6. The pump assembly of claim 3 wherein an exit flow path through each piston

assembly is on a single side of the respective piston head.
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7. The pump assembly of claim 2 wherein the priming system includes a priming valve
fluidly coupled to the passageway and a conduit fluidly coupled to the piston assemblies, the
priming valve operable between an open configuration, wherein the passageway is fluidly
coupled to the conduit, and a closed configuration, wherein the passageway is fluidly isolated

from the conduit.

8. The pump assembly of claim 7 and further comprising an auxiliary valve selectively
fluidly coupleable to atmosphere and fluidly coupled to the conduit, where in the priming
system is operable to remove water from the priming system while the auxiliary valve is

fluidly coupled to atmosphere.

9. The pump assembly of claim 1 and further comprising a pressure sensor coupled to

the pump, the pressure sensor providing a signal indicative of the pump being primed.

10. The pump assembly of claim 1 and further comprising a first sensor providing a signal
indicative of a rotational speed of the drive shaft and a second sensor providing a signal

- indicative of a rotational speed of the impeller shaft.

11. The pump assembly of claim 1 and further comprising a control system coupled to the
first sensor and the second sensor, the control system monitoring r¢lative speeds of the drive
shaft and - the impeller shaft during priming of the centrifugal pump and configured to ‘
disengage the clutch assembly if the drive shaft is rotating at a different speed than the
impeller shatft.

12. The pump assembly of claim 1 and further comprising a purge system configured to

remove water from the priming system using at least one of a purge valve and compressed

air.
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13.  The pump assembly of claim 1, wherein the centrifugal pump includes a volute
housing defining an elongate aperture and a cutwater formed of a replaceable reinforcement

element positioned in the aperture.

14. The pump assembly of claim 1, wherein the centrifugal pump includes a volute
housing déﬁning a passageway and a drain port, the drain port having a leading edge
substantially perpendicular to a direction of water flow in the passageway and a trailing edge

tapered at an angle with respect to the direction of water flow.

15. The pump assembly of claim 14, wherein the -drain part further includes an outlet and
an elongated opening positioned between the passageway and the outlet, wherein the elongate
opening has a smaller width than the outlet when viewed in cross section in a direction

perpendicular to the water flow.

16. A method of priming a centrifugal pump, comprising:
providing a drive assembly including an impellér shaft, a drive shaft and a clutch
assembly, the drive shaft being coaxial with the impeller shaft;
rotating the impeller shaft;
engaging the clutch assembly such that the drive shaft rotates with the impeller shaft;
and .
operating a primary system coupled with the drive shaft to remove air from the

centrifugal pump.

17. The method of claim 16, further comprising:
positioning two piston assemblies on opposite sides of the drive shaft, the drive shaft
including an eccentric portion engaging the piston assemblies to provide

reciprocating motion of the piston assemblies upon rotating of the drive shaft.
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18.

19.

20.

The method of claim 1-6, further comprising:
connecting the two pistons assemblies together with at least one rod such that the two

piston assemblies move together as the drive shaft rotates.

The method of claim 16, further comprising:
operating a priming valve to fluidly couple a pump chamber of the centrifugal pump
with the priming system.

The method of claim 16, further comprising:

monitoring relative speed of rotation of the impeller shaft and the drive shaft; and

disengaging the clutch assembly based on the monitoring.

-18 -



WO 2013/155308 PCT/US2013/036178

SUBSTITUTE SHEET (RULE 26)



WO 2013/155308 PCT/US2013/036178

2/19

ey ~g | o~
8 ’

1~ =T \\@ % =0

=S \\\“\
l
l

N e

; § II‘
i &

IIIII//

(o]

-

1 2661

08

Fig. 3

ml

o5

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/036178

WO 2013/155308

3/19

\HHHHMHHY\W 7 w N.m\

N = % ¢ WM 12

72 (Lo mml

] A

iz \ /Aﬂwmmm v
[ N
1

Qs o e ;ﬂ..u/,“w ) 1 7 _
S Rl ey (NG RES S

rie 96 WWWWMNNV 22z %NSN///M?

N A7 /ww

Z = “\\\\\

=1

. A | SN

=

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/036178

WO 2013/155308

4/19

98 08 g8 o
26
wa_ . |
rAY T =1 -
06i . St i ¥ T~ -
T 1 (T =l g0} 00L N
Lt ||, @Wwﬂ 1
S N7 I8
007 S AN 1 m—) i 701
PO LB -7 TN 031
a1 i KA :
o m& S _ mﬁ,,, mm,mw
9’ )= TN 3 D Mv
& ok aleiy 2 TS P mmmw
L L g A
781 ; 7 mmm\mw il [ %/4% :
1]} ol T B 126U
| #5-1 \ T
FIT N T
TTLT
o | £
®
¥ _ ©

03
0%i

=
=

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/036178

WO 2013/155308

5/19

9 "S1q

i

e
el

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/036178

WO 2013/155308

6/19

SUBSTITUTE SHEET (RULE 26)



WO 2013/155308 PCT/US2013/036178

719

SUBSTITUTE SHEET (RULE 26)



WO 2013/155308 PCT/US2013/036178

8/19

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/036178

WO 2013/155308

9/19

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/036178

WO 2013/155308

10/19

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/036178

WO 2013/155308

11/19

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/036178

WO 2013/155308

12/19

SUBSTITUTE SHEET (RULE 26)






000000000000

14/19

SUBSTITUTE SHEET (RULE 26)

Fig. 12



WO 2013/155308 PCT/US2013/036178

15/19

Fig. 13

SUBSTITUTE SHEET (RULE 26)



WO 2013/155308

PCT/US2013/036178

16/19

e
| L]
o0
> My e [\ 3
j .
|8 oy

SUBSTITUTE SHEET (RULE 26)



WO 2013/155308 PCT/US2013/036178

17/19
O
> S
Lyl
% T
o]
5 2
5 < e
e = L.
fom]
: AN
g
3 b
5 Lo
< 8§08
=
ol

SUBSTITUTE SHEET (RULE 26)



WO 2013/155308 PCT/US2013/036178

18/19

32
330
324

3

B
O

LIy .“\___‘_..

Hig. 16

322

312
332
324

K.m
|
0/

SUBSTITUTE SHEET (RULE 26)






INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/036178

A. CLASSIFICATION OF SUBJECT MATTER

INV. FO4D9/04
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

FO4D

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X GB 29261 A A.D. 1909 (PULSOMETER ENG CO;
JOERGEN BJOERNSTAD)

27 October 1910 (1910-10-27)

Y the whole document

claim 1

figure 1

Y DE 38 25 651 Al (ROSENBAUER INT GMBH [AT])
16 February 1989 (1989-02-16)

the whole document

figure 5

X DE 12 76 449 B (ROSENBAUER KG KONRAD)

29 August 1968 (1968-08-29)

the whole document

1,5-20

2,3

2,3

1,16

D Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X* document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "v* document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

16 July 2013 22/07/2013

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,

Name and mailing address of the ISA/ Authorized officer

Fax: (+31-70) 340-3016 Ingelbrecht, Peter

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No
Information on patent family members

PCT/US2013/036178
Patent document Publication Patent family Publication
cited in search report date member(s) date
GB 190929261 A 27-10-1910  NONE
DE 3825651 Al 16-02-1989 AT 401616 B 25-10-1996
BE 1006027 A5 26-04-1994
CH 677008 A5 28-03-1991
DE 3825651 Al 16-02-1989
IT 1226720 B 05-02-1991

Form PCT/ISA/210 (patent family annex) (April 2005)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - wo-search-report
	Page 41 - wo-search-report

