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2,995,092
CENTRIFUGAL FIRE PUMP
David F. Thomas, West St. Paul, and Robert A. Hill,
Minneapolis, Minn., assignors to Waterous Company,
St, Panl, Minn., a corporation of Minnesota
Filed Feb. 2, 1956, Ser. No. 562,959
8 Claims. (Cl 103—106)

This invention relates to an improvement in centrifugal
fire pumps and deals particularly with a type of pump
which is adaptable to different installations and which
may be actuated by remote control.

In the manufacture of pumps used on fire trucks and
the like, it has been usual practice to produce a particular
pump for a particular installation. For example, such
pumps are usually designed to rest upon the frame of
the truck and to be driven by a power shaft located at a
particular vertical distance from the top of the support-
ing frame. With modernization of fire trucks, the eleva-
tion of the power drive shaft has in some instances been
changed. In view of the tremendous cost involved in
making patterns for pumps of this type, and in view of
the tremendous cost in the pumps themselves, it is uneco-
nomical to design an entirely new pump each time the
location of the drive shaft is changed. Accordingly, an
object of the present invention lies in the provision of a
pump, the main portion of which is cast in one piece
and in arranging the pump so that this main piece may
be inverted if desired. By inverting the position of the
main casting the height cf the impeller shaft may be varied
thereby permitting a different elevation in the drive shaft.

A feature of the present invention lies in the fact that
the pump includes a main pump casting, intake manifold
castings and discharge manifolds which may connect with
the main casting either in upright position or inverted
position. As a result the major portions of the pump are
identical regardless of the position of the main casting.

An added feature of the present invention resides in the
specific arrangement of flow passages in the pump and
the manner in which the fluid passes through the pump
either when the impellers are arranged in series or in
parallel. When the impellers are arranged in series, the
discharge from the first stage flows to the intake of the
second stage through a transfer valve. Check valves are
provided which are automatically coperated when the
second stage intake is subjected to discharge pressure from
the first stage. When the transfer valve is suitably oper-
ated, the discharge from both impellers communicate with
a common discharge manifold.

A feature of the present invention lies in the provision
of a pump having intake manifolds and discharge mani-
folds on a common horizontal plane. As a result when
the main pump casting is inverted, the manifold portions
externally of the main casting are in proper position for
attachment to the main casting.

A further feature of the present invention resides in
a novel method of operation of the transfer valve. The
transfer valve may be actuated by a vacuum cylinder
which is connected to the intake side of the priming
pump. When the transfer valve is to be moved, the
priming pump is actuated to provide a source of partial
vacuum which is communicated to the vacuum cylinder
for a length of time sufficient to move the transfer valve
from one position to the other. When the transfer valve
reaches its second position it automatically stops and
remains in this new position until it is desired to return
the valve to its first position.

A feature of the present invention resides in the pro-
vision of a power control for controlling the operation
of the transfer valve mechanism. This control acts to
operate the priming pump for the time necessary to move
the comtrol valve from one position to the other and
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then to automatically stop the operation of this priming
pump. In preferred form, indicator lights or other such
means are provided for indicating the position of the
transfer valve at a remote location so that the operator
may at all times know immediately the position of this
valve.

A feature of the present invention resides in the pro-
vision of a transfer valve vacuum operating means and
in providing a constant supply of partial vacuum for oper-
ating this valve actuating means. The intake manifold of
the internal combustion engine is the most common
source of partial vacuum supply used on vacuum actu-
ated devices. However, the vacuum source varies sub-
stantially depending upon whether the engine is operating
under load or unloaded. By using the priming pump as
a source of partia] vacuum, the source may be constant.

A further feature of the present invention resides in
the provision of a control device for shifting the trans-
mission of the apparatus from a position in which the
drive from the motor extends through the transmission
to the vehicle wheels to a second position in which the
motor drive operates the pump. This remote control
means is usually electrically operated and permits remote
control virtually instantaneously by the operator to
minimize the time required for the pump to get in
operation.

A further feature of the present invention resides in
the provision of a remote control for operating one or
more of the discharge valves of the pump. As a result
the operator can control the entire operation of the pump
from one predetermined position.

These and other objects and novel features of my inven-
tion will be more clearly and fully set forth in the fol-
lowing specification and claims.

In the drawings forming a part of the specification:

FIGURE 1 is a top plan view of the centrifugal pump
showing the general arrangement of parts therein.

FIGURE 2 is a side elevational view of the same.

FIGURE 3 is an end elevational view of the same.

FIGURE 4 is a top plan view of the pump with the
main pump section inverted.

FIGURE 5 is a side elevational view of the arrange-
ment shown in FIGURE 4;

FIGURE 6 is an end elevational view of the pump
shown in FIGURES 4 and 5;

FIGURE 7 is a sectional view through the pump
shown in FIGURES 1 to 3, the position of the section
being indicated by the line 7—7 of FIGURE 2;

FIGURE 8 is a horizontal section through the trans-
mission and priming pump, the position of the section
being indicated by the line 8—8 of FIGURE 3;

FIGURE 9 is a section through the priming pump,
the position of the section being indicated by the line
9—9 of FIGURE 8;

FIGURE 10 is a diagrammatical view of the pump
showing the manner in which fluid flows therethrough
when the impellers are arranged in parallel;

FIGURE 11 is a similar view to FIGURE 10 showing
the flow diagram when the impellers are arranged in
series;

FIGURE 12 is a diagrammatical view showing the
priming pump vacuum actuated transfer valve system;

FIGURE 13 is a diagrammatic view showing the man-
ner in which the electric shift operating mechanism may
operate;

FIGURE 14 is a diagrammatical view showing the
manner in which the power operated discharge valves
may be operated; and

FIGURE 15 is a sectional view through a portion of
the pump housing.

With reference now to FIGURES 1, 2 and 3 of the
drawings, it will be noted that the pump includes a main
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casting indicated in general by the numeral 10. This
casting includes an intake manifold portion 11, a sec-
ond intake manifold portion 12 and a discharge manifold
portion 13 which are generally parallel and have their
axes on a substantially horizontally common plane. As
indicated in FIGURE 7 of the drawings, the discharge
manifold 13 is curved upwardly at its center portion
to pass over the impeller shaft and to form a connec-
tion between the ends of this manifold which are on the
same plane as the intake manifolds 11 and 12.

The main casting is provided with an impeller cover
casting 14 which is bolted or otherwise connected there-
to along a parting line which extends on a horizontal
plane through the axis of the impeller shaft 15. The
main casting 1¢ and the cover section 14. are shaped to
provide volutes 16 and 17 in parallel spaced relation
separated by a partition wall 19, Center sealing mem-
ber 28 is provided inwardly of the partition wall I9
to form a seal about the shaft 15 and to form a con-
tinuation of the partition wall 19. Impellers 21 and 22
are mounted upon the shaft 15 within the volutes 16 and
17. These impellers may be of any desired shape having
intake ends 23 and 24 communicating with the intake
manifolds 11 and 12, respectively. These intake ends
work with a running fit with outer sealing rings 25 and
26 and inner sealing hubs 27 and 29, respectively, which
are also mounted about the impeller shaft 15.

On either side of the intake manifolds 11 and 12, the
casing 16 and the cover 14 extend about the shaft i3
but in spaced relation thereto to form a stuffing box at
each end of the housing, one such stuffing box being
indicated at 30 and the other being indicated at 32.
Lantern rings 33 and 34 are integral with the inner seal-
ing members 27 and 29 and packing rings 35 and 36
are positicned outwardly of the lantern rings. A packing
gland 37 is provided against the sealing rings 35 and a
similar packing gland 39 is provided against the packing
rings 36 to form a tight seal about the shaft 15.

Each end of the pump housing is provided with an
outboard support, these supports being indicated at 40
and 41 and having circular apertures 42 and 43 therein
concentric with the shaft 15. A bearing support 44 is
bolted or otherwise secured in one such aperture 43,
this bearing support including a peripheral flange 45 and
a cup-shaped closure 46 integral therewith and designed
to enclose an end of the shaft 15. A bearing 47 is sup-
ported by the bearing support 44 and encircles the small
diameter end portion 49 of the impeller shaft 15 to
form a bearing therefor. It should be noted that the
bearing support 44 may fit either in the aperture 43
at one end of the housing or the aperture 42 at the
opposite end thereof. This arrangement is made so
that the transmission housing, which will be later de-
scribed, may be located on either side of the pump
housing.

A passage 48 extends through a portion of the volute
cover 14 into the volute chamber at a point subject to
fluid pressure from the volute. This passage communi-
cates with an angular passage 49 extending through the
cover 14 to communicate with the stuffing box 38 in the
area of the lantern ring 33. The passage 48 is also
connected by suitable fittings 50 and 51 connected by a
conduit 52 to a passage 53 through the volute cover 14
to communicate with the stuffing box 32 in the area of
the lantern ring 34.

The purpose of this arrangement will be evident when
it is understood that the impeller 21 is the first stage
impeller and discharge pressure therefrom may com-
municate with the stuffing box 3¢ to deliver water there-
to to lubricate the joint. Due to the fact that the intake
11 is subject to partial vacuum in operation of the pump
there is a tendency to draw air through the stuffing box
30 from oufer atmosphere and the passages mentioned
permit liquid under pressure to act as a sealing lubricant.
The other connection including the fittings 50 and 51,
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the conduit 52 and the passage 53, act to similarly lubri-
cate the stuffing box 32 when the impeller discharges are
connected in parallel. When the impellers are connected
in series, the pressure in the area of the lantern ring bal-
ances with pressure in the intake manifold 12.

The transmission. housing is best shown in FIGURE 7
of the drawings. It includes a hollow body portion which
is elongated in a vertical direction and includes means
for supporting three shafts in parallel relation. The first
shaft comprises the projecting end of the impeller shaft
15. An idler shaft 54 is supported in parallel relation
to the impeller shaft 15. A drive shaft 55 and an aligned
driven shaft 56 are supported in parallel relation to the
first mentioned shafts.

A bearing support 57 encircles the projecting end of
the impeller shaft 15 and supports a pair of spaced bear-
ings 59 and 60 having a pinion 61 secured on the shaft
15 therebetween. The end of the bearing support 57
extends info the aperture 42 in the outboard support 40.
This bearing support 57 fits between the body portion 62
of the transmission housing and the removable top por-
tion 63 thereof. This top portion 63 is connected to the
body portion 62 of the housing along a horizontal parting
line on a plane through the axis of the shaft 15.

Aligned apertures 64 and 65 are provided in the gear
housing 62 for accommodation of bearings 66 and 67
encircling the idler shaft 54. Cover plates 69 and 70
overlie the apertures 64 and 65 to close the ends thereof.
A closure plate 71 also closes the outer side of the bear-
ing support 57 and a seal 72 encircles the shaft 15 in-
wardly of the bearing 59 to form a closure for the portion
of the gear housing through which the shaft 15 extends.

An idler gear 73 is mounted upon the shaft 54 to mesh
with the pinion 61 and also with the gear 74. This gear
74 is mounted upon a sleeve or hub 75 rotatably sup-
ported for pivotal movement about the drive shaft 55.
Bearings 76 are interposed between the drive shaft 55 and
the hub 75 so that the two parts may be freely rotatable.

The drive shaft 55 extends through an aperture 77 in a
closure plate 79 secured to close the opening 80 in one
side of the transmission housing. A bearing 81 is sup-
ported by the closure 79 to support one end of the shaft
55. A closure plate 82 is designed to close an opening
83 in the housing 62 opposite the aperture 88. The
closure plate 82 includes a cup-shaped projection 84
which supports spaced bearings 85 which rotatably sup-
port the shaft 56. The shaft 56 extends through an aper-
ture 86 and a seal 87 is provided for closing the housing
at this point.

The end of the shaft 56 is provided with a peripheral
flange 89 connecting the shaft with an externally splined
sleeve 90. The shaft 55 is provided with a splined or
toothed end 91 of the same diameter as the sleeve 99,
The hub 75 is likewise toothed or splined at 92. An in-
ternally splined sleeve 93 is slidable over the gear or
splined part 91 and is selectively engageable with either
the sleeve 90 or the end 92 of hub 75. As a result when
the sleeve 93 is in the position shown in FIGURE 7, the
drive gear 53 is rotatably connected to the driven shaft
56. When this sleeve 93 is moved to the left from the
position shown, it may rotatably connect the members
91 and 92 to rotate the hub 75 in unison with the drive
shaft 5§5. Rotation of the gear 74 on the hub 75 acts
through the idler gear 73 and the pinion 61 to rotate
the impeller shaft 15. To hold the shafts 55 and 56 in
axial alignment, the reduced diameter end 94 of the drive
shaft 55 is supported by a bearing 95 within the external-
1y splined sleeve 9.

From an examination of FIGURES 7, 8 and 9 of the
drawings it will be noted that the hub 75 also supports
a gear 96 for rotation therewith. This gear 96 meshes
with a gear 27 mounted upon a shaft 99 which is laterally
spaced from the gear 96. The transmission housing 62
is provided with an opening 106 therein which is normally
closed by a closure plate 101 forming the mounting plate
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of a priming pump housing 102. The priming pump
housing includes a pair of spaced plates 103 and 104
which are connected by a pump chamber forming ring
105. The plates 103 and 164 are provided with opposed
bosses 186 and 197 designed to accommodate bearing
sleeves 169 and 116 to support a pump rotor shaft 111.
A pump rotor 112 on the shaft 111 is in mesh with a
cooperable rotor 113 on a parallel shaft which is an ex-
tension of the shaft 99. This shaft 99 is supported by
a bearing sleeve 114 in a boss 115 in the plate 104 and a
similar sleeve 116 in the mounting plate 161.

The shaft 99 is provided with a reduced diameter end
117 extending through a bearing 119 inwardly of the
gear 97. Alternate clutch plates of the disc clutch 128
are connected to a hub 121 on the gear 97 and the re-
maining plates are connected to the shaft 99. A sleeve
4122 having a peripheral groove 123 therein is provided
to apply pressure against the plates 120 to cause the
shaft 99 to rotate in unison with the gear 97 when it is
80 desired.

As is indicated in FIGURE 9 of the drawings, a shift-
ing fork 124 is pivoted at 125 to a fixed support 126 and
includes rollers 127 engageable in the groove 123 of the
sleeve 122. The end of the shifting fork opposite the
pivotal connection 125 is pivoted at 129 to an operating
rod 139 which extends through an aperture 134 in the
plate 161, Means later described in detail are provided
for actuating the operating rod 130. The clutch 120 is
normally held in operative position by a spring 135 en-
circling the operating rod 136.

FIGURES 8 and 9 also indicate the manner in which
the transmission is shifted. The sleeve -93 which is
splined to sclectively engage the drive shaft either with
the driven shaft or the pump impeller shaft is externally
grooved as indicated at 136 to accommodate the shoes
137 of a shifting fork 139. The shifting fork 139 is
connected to a shaft 140 which extends through an aper-
ture 141 in the trapsmission housing. Pivotal move-
ment of the shaft 140 acts to slide the sleeve 93 to a se-
lected position.

From FIGURE 7 of the drawings, it will be evident
that the transmission may be secured to either side of :che
centrifugal pump during the assembly thereof. It is im-
portant to note that the pump is so constructed tha’g the
body of the pump may be inverted where it is desired.
This provides a variation in the distance betwegn the Sup-
porting portion of the vehicle frame and the aligned drive
shaft and driven shaft. For the purpose of exam_ple, the
supporting frame members are indicated at 142 in FI.G-
URE 2 of the drawings and it will be noted that the drive
shaft is in this arrangement slightly below the lower edges
of these frame members. FIGURE 5 shows these same
frame members but shows the body of the pump in in-
verted position. It will be noted that in this case the
axis of the drive shaft is considerably above thq lower
edges of the frame members 142. In actual practice, the
distance between the tops of the frame members and the
axis of the drive shaft is approximately cut in two by
the inversion of the pump body.

With reference now to FIGURES 1, 2 and 3 of thp
drawings, it will be noted that the body of the pump is
provided at opposite ends with attachment ﬂanges. 143
and 144 which define the ends of the intake manifold
passages 11 and 12 as well as the discharge. passage 13.
A generaily Y-shaped section 145 and 145’ is con_nected
to each end of the pump body, one flange 146 of this cast-
ing being bolted or otherwise secured against a corre-
sponding flange 143 or 144. FEach of the Y-shaped cast-
ings 145 and 145’ is designed to connect the ends of the
intake passages 11 and 12 to a common passage. Each
of the castings 145 and 145" is provided with an end
flange 147 which is bolted or otherwise affixed to a cor-
responding flange 149 of an end section 150 of the intake
housing. The outer extremities of the sections 150 are
threaded at 151 for connection with a conduit leading
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to the supply source. A cap 152 is shown closing each
end of the intake manifold structure, it being understood
that one such cap is removed for connection with the
suction conduit.

The flanges 143 and 144 are also bolted or otherwise
connected to discharge manifold castings 153 and 153/,
respectively. The discharge manifold 153 is of Y-shape
with each passage end being flanged as indicated at 154.
Discharge valves 155 are bolted or otherwise connected
to the flanges 154, these valves being provided with oper-
ating handles 156 by means of which the valves may be
individually operated. The handles 156 may also be
automatically operated by remote control as will be later
described in detail.

From the foregoing description it will be seen that
the ends of the pump sections are similarly constructed
so that the entire body portion of the pump may be in-
verted. If a considerable distance is desired between
the upper surface of the frame members 142 and the
drive shaft 55, the main pump housing 10 with its cover
portion i4 are mounted as shown in FIGURE 1 of the
drawings. On the other hand, if a lesser vertical distance
between the upper ends of the frame members 142 and
the drive shaft 55 is desired, these two parts 10 and 14
with the structure carried thereby are inverted and re-
versed end to end. In this relation the axis of the im-
peller shaft, which is at the elevation indicated by the
numeral 157, is even with the upper surfaces of the
intake manifolds while the center line 157 is even with
the lower surfaces of the intake manifolds when the
pump is mounted as is shown in FIGURE 2.

As is indicated in FIGURES 2 and 5 of the drawings,
the castings 145 and 145" are provided with mounting
pads 159 and 159’ forming a part thereof. These pads
159 and 159’ are designed to rest upon the frame mem-
bers 142 in either position of the pump to support the
same. .

The discharge casting 153 is provided with a circular
flange 160 at its end which is secured to the flange 143
with bolts 161. These bolts are evenly spaced about the
center of the flange 160. Accordingly, the angular
position of casting 153 can be varied if desired. In the
particular arrangement illustrated, the discharge valves
155 are on the same horizontal plane. If preferred, the
casting 153 may be attached in a different angular rela-
tion so that the two valves 155 at this end of the pump
may be one above the other.

The discharge casting 153’ is provided at its inner end
with a flange 160’ which may be bolted to the flange
144 by bolts 161’. This casting 153’ is also of Y-forma-
tion, one branch thereof being connected to a discharge
valve 155. The other branch 158 of the Y forms a part
of a by-pass to the intake housing end section 150, this
by-pass including a relief valve which will be later de-
scribed in detail.

The flow diagram showing the manner in which fluid
flows through the pump is in FIGURES 10 and 11 of the
drawings. These diagrams show the flow through the
main pump section as it would appear in plane with the
pump mounted as in FIGURES 4 through 6 or as it
would appear from below the pump as it would appear
mounted as in FIGURES 1 through 3. The diagram
also shows the flow as though both of the suction pas-
sages and both ends of the outlet or discharge valves
were open.

When the pump is to operate with the volutes in par-
allel, the fluid enters the intake manifold structure and
flows through the manifolds 11 and 12 to the intake of
the volutes. The first stage impeller 21 directs the flow
through the volute 16 to a transverse passage 162 which
leads to the transfer valve 163. With the transfer valve
in the position shown in FIGURE 10, the discharge from
the transfer valve is conducted to a passage 164 leading
10 the discharge manifold 13.. From the manifold 13 the
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fluid may flow in either direction through the desired
casting or castings 153 and 153’ as previously described.

The discharge from the second stage impeller 22 flows
through a passage 165 to a transverse passage 166 com-
municating with the discharge manifold 13. In this ar-
rangement the suction side of both impellers are in com-
munication with the water supply source through the
manifolds 11 and 12.

When the pump is in series, as is indicated in FIGURE
11 of the drawings, the transfer valve 163 is turned
to its second extreme position. In this position the fluid
enters the manifold 11 and passes into the impeller 21.
The fluid flows through the volute 16 and into the trans-
verse passage 162. The fluid flows through the transfer
valve 163 and into the intake manifold 12 leading to
the second stage impeller 22. This causes an increase
in pressure in the manifold 12 and in the adjoining intake
passages 167 and 169 in the Y-shaped castings 145. This
unbalanced pressure causes the flap valves or check valves
170 and 171 to swing into closed position so that the
discharge from the first impeller 21 flows into the intake
of the second impeller 22. The discharge from the
second impeller passes through the passage 165 to the
iransverse passage 166 communicating with the discharge
manifold 13.

A relief valve is provided in a by-pass line between the
intake and casting 158’ and the branch 158 of the dis-
charge casting 153’. This is shown in general in FIG-
URE 4 of the drawings and is designated generally by the
numeral 172. The valve is more completely shown in
section in FIGURE 15. The by-pass includes a T-shaped
casting having an externally flanged passage portion 173
bolted to the intake end casting 150’ and communicating
with the interior thereof. One end 174 of the cross mem-
ber portion of the T-shaped casting is externally flanged
for connection with the branch 158 of the discharge cast-
ing 153’. The other end 175 of the valve casting slid-
ably supports a hollow piston valve 176. An end closure
plate 177 on the casting end 175 supports a guide sleeve
178 extending into the piston 176 to guide the movement
thereof. A spring 179 interposed between the end of the
hollow piston valve and the closure plate 177 urges the
piston valve against its valve seat 180 at the entrance of
the valve casting end 174 connected to the discharge
casting 153’.

A relief valve control illustrated in general by numeral
181 is shown in FIGURE 15. This control 181 is ac-
tually mounted on the pump control panel. However, to
describe the operation thereof, the connecting lines have
been shortened so that both parts can be conveniently
shown in the same figure of the drawings.

The valve control 181 includes a sleeve 361 connected
at one end to an end plate 302 and at its opposite end to
a diaphragm valve housing 383. This housing includes
an axial diaphragm chamber 394 across which a dia-
phragm 305 extends. A valve rod 386 extends through
the diaphragm and is secured thereto by shoulder mem-
bers 397 and 36% clamped together by a clamping nut
310. The valve rod 386 forms in effect a movable valve
engageable with a valve seat 311 against which the rod
engages.

The valve housing 303 includes three ports, the first
of which is designated by the numeral 312 and which is
normally connected by a conduit 313 to the four way
valve 314 having a connection 315 leading to the pump
discharge 13 at any suitable point. A second port 316 is
connected through the valve 314 to a connection 317
leading to the relief valve chamber between the valve pis-
ton 176 and the end closure plate 177. A drain line 319
is normally closed by a valve 328. The third valve port
321 in valve housing 383 is connected through a conduit
322 to the pump intake. \

The port 312 communicates with the diaphragm cham-
ber 304 to exert a pressure against the diaphragm 3(¢5.
This. port 312 also communicates with the second port
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316, and through valve 314 and conduit 317 to the in-
terior of the relief valve chamber. Thus discharge pres-
sure is exerted both against the relatively small diameter
of the valve piston end 323 and against the opposite larger
diameter valve piston end 324, this last force acting in
the same direction as the spring 179 to close the valve.

A spring 325 is arranged to oppose the force against
the diaphragm 305. A rotatable shaft 326 extends
through the end plate 382 and is provided on its outer end
with a handle or crank 327 by means of which it may be
rotated. Rotation of the shaft 326 acts to move a nut
329 toward or away from the diaphragm. The spring
325 is interposed between the nut 329 and the clamping
member 309. By this means the compression of spring
325 may be regulated, increasing or decreasing the force
of the spring upon the diaphragm.

When the pump is in operation, the spring 325 normally
holds the valve rod 366 in engagement with the valve seat
311. The discharge pressure is thus exerted on opposite
sides of the relief valve piston 176, holding this valve
closed. If an abnormal pressure builds up in the pump
discharge, the spring 325 is compressed, moving the valve
rod 386 from its seat 311. Port 316 is then connected
to intake pressure, relieving the pressure against the end
324 of the valve piston 176 and allowing pressure on the
opposite end 323 of the valve to open this valve. The
comnection between the ports 312 and 316 comprises a
narrow ring-shaped passage encircling the valve rod 306,
so that the fluid under pressure may escape through the
port 321 faster than it can enter from port 312. A spring
urged ball 33¢ is engageable in spaced notches 331 in a
collar 332 on the shaft 326 to hold the shaft in adjusted
position. If desired, valve 314 may be rotated to con-
nect conduits 315 and 317, and also conduct 313 to the
conduit leading to port 3i6. Thus discharge pressure
may be exerted directly against piston 324 regardless of
movement of rod 306, and the relief valve rendered in-
operative.

The circuit for operating the electric shift unit is dia-
grammatically illustrated in FIGURE 13 of the drawings.
This apparatus comprises a motor driven device indicated
in general by the numeral 182 and mounted upon the gear
case housing 62 in the manner illustrated in FIGURE 8
of the drawings.

As is indicated in FIGURES 8 and 9 of the drawings,
the transmission is shifted by means of a shifting fork
13% mounted upon a shaft 140. The shaft 140 is
equipped with a lever arm 183 pinned thereto at 183’ by
means of which the shaft may be manually rotated to shift
the gears. This fork 139 is provided with an extension
184" which extends through an opening in the rear of the
gear case and is sloited at its extremity as indicated at
184. The motor driven device 182 includes a housing
which is bolted to close the gear case opening. This
motor driven shifting device includes a driven pin 185
engaged in the notch 184 to rock the shift lever 139,
thereby moving the clutch into position to connect the
engine either to the pump or to the truck drive wheels.

As seen in FIGURE 13, the shifting unit is reversible,
and moves the shifting lever from one extreme position in
which the truck drive wheels are connected to the engine
to its other extreme position in which the pump is con-
nected to the truck engine. Between these positions, the
clutch is disengaged.

The shifting unit is reversible, and one terminal of
the reversible motor is grounded at 186. The truck
battery 187 is grounded at 188, and the other battery ter-
minal is connected by a conductor 199 through the igni-
tion switch 191 and the circuit breaker 192 to the arma-
ture 193 of a single pole double throw switch. The two
switch contacts are connected by conductors 194 and 195
to the two motor terminals of the unit £82. When the
circuit is closed through one of these conductors, the unit
182, and shift lever 139, are moved in one direction.
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When the other circuit is closed, the unit and shift lever
move in the opposite direction.

In FIGURE 4 of the drawings is disclosed diagram-
matically an actuating device 201 which is used to oper-
ate the transfer valve. The transfer valve is provided
with an operating shaft 202 which projects from the pump
housing and is provided with an operating lever 203 by
means of which the transfer valve may be rotated. The
device 201 comprises an expandable and contractable ele-
ment which is pivotally connected at 204 to the pump
housing and pivotally connected at 265 to the transfer
valve lever arm 203. Upon expansion of the device 2¢1
or elongation thereof, the transfer valve is operated in a
counter-clockwise direction to its other extreme position.
The device may operate in both directions or is reversible.

FIGURE 12 of the drawings diagrammatically illus-
trates the operation of this apparatus, This figure illus-
trates the vacuum actuated device 261 which is shown as
including a cylinder 286 having a piston 207 therein
which is reciprocable between two extreme positions. A
conduit 209 connects the valve element of the device 201
through a check valve 210 with the intake side of the
priming pump 102. Thus, under certain conditions when
the priming pump 102 is in operation, a source of partial
vacuum is provided.

As is indicated in FIGURE 8 of the drawings, the prim-
ing pump closure plate 164 may include as an extension
of the boss 107 a mounting flange 211 to which may be
secured an electric motor 212, The shaft 213 may be
coupled to the rotor shaft 111 by a suitable coupling
member 214. This motor 212 may be operated to actu-
ate the priming pump when desired so that this pump may
be selectively operated either electrically or mechanically
through the gear train and transmission.

The intake of the priming pump 102 is connected by
a portion of the conduit 209 and a connecting conduit
213 to a priming valve 214. This priming valve 214 in-
cludes a connection 215 communicating with the pump
discharge. It also includes connections 216 leading to the
suction eyes of the first and second stage of the pump.
The valve 214 is actuated by a solenoid 217 which is ar-
ranged in a circuit which will be later described.

When the pump ds to be primed, air is drawn from the
suction eyes of the impellers through the passages 216,
the valve 214 and the conduits 213 and 209 to the intake
of the priming pump 162. The discharge of the priming
pump is indicated at 219 and leads to atmosphere. The
valve 214, is operated by an internal spring to close the
inlet conduit 213 when pressure of water is available in
the pump discharge and the conduit 215 by releasing push
button switch 229. Thus when the pump is primed, the
valve 214 is closed to prevent fluid under pressure from
by-passing to the suction eyes and leaking out to atmos-
phere through priming pump 102. The check valve 216
permits air to be drawn from the priming pump 102 to
the valve 220 of the device 201 but will not permit a
reverse flow.

When it is desired to prime the pump through the use
of the priming motor 212, the switch 229 is closed. As
was previously described, one terminal 189 of the vehicle
battery 187 is grounded, while the other leads through
the ignition switch 191 to the circuit breaker 192. A
connection 221 leads from the baftery terminal 191 to a
relay contact 222 which is normally in spaced relation to
a cooperable contact 223. The contact 223 is connected
by a conductor 224 to one terminal of the priming pump
motor 212. The other terminal of this motor is ground-
ed as indicated at 225.

The relay coil 231 is connected by a conductor 226 to
one terminal 227 of a double pole single throw switch
229. When this switch is closed a circuit is closed to con-
ductor 23¢ leading to the circuit breaker 192, Thus
when the switch 229 is closed a circuit is closed from the
battery terminal 199 through the circuit breaker 192,
conductor 230, terminal 227, conductor 226, to one ter-
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minal of a relay coil 231 which controls the movement
of the armature 232 supporting contact 223. The other
terminal of the coil 231 is grounded at 233. As a re-
sult, current will flow from the battery terminal 190
through conductor 221, contacts 222 and 223, and con-
ductor 224 to the motor to energize this motor. The
switch 229 is provided with a grounded terminal 234 con-
nected to a switch arm engageable with a contact 235.
This contact is connected to one terminal of a relay coil
236 to ground this side of the coil when the switch 229 is
closed. The other relay coil terminal is connected by a
conductor 237 to the conductor 23¢ leading to the un-
grounded side of the battery; thus completing the circuit
and energizing the coil 236.

The coil 236 attracts an armature 237 and draws this
armature into engagement with a switch contact 239
connected by conductors 237 and 238 to the ungrounded
side of the battery. The armature 237 is connected by
conductor 240 to the solenoid 217, the second terminal of
which is grounded at 241. Thus at the time the priming
pump motor is operated, the solenoid 217 is also actuated
to operate the valve 214. As a result, the inlet 209 of
the priming pump 102 is connected by conduits 213, 215
and 216 to the interior of the centrifugal pump acting to
evacuate air therefrom and to draw water from a suitable
source into the pump intake.

The transfer valve operating mechanism is indicated
in FIGURE 12 of the drawings and includes a double
pole double throw switch 242 with momentary contact
positions and a center off position. The switch arms of
the switch 242 are electrically connected by conductor
243 with the conductor 23¢ leading to the ungrounded
side of the battery 187. Accordingly, when the transfer
valve is operated (normally at a time when the pump is
in operation) one of the switch blades is in contact either
with the switch terminal 244 or the switch terminal 245,
both of which are connected by the conductor 246 to the
conductor 226 which energizes the relay coil 231 and
starts the priming pump in operation. The other blade
of the switch 242 is selectively connected to a switch con-
tact 247 or a contact 249. Contact 247 is connected by
a conductor 250 to the common terminal 251 of a switch
252. The switch contact 249 is connected by a conductor
253 to the common terminal 254 of a switch 255. These
switches 252 and 255 are of the single pole double throw
type including one mormally open terminal and one nor-
mally closed terminal.

The normally closed terminal 256 of switch 252 is
connected by conductor 257 to one terminal of a solenoid
22% which is double acting and which is grounded at 258.
The normally closed terminal 266 of switch 255 is con-
nected by a conductor 261 to the opposed coil of the
solenoid 22¢. When one of the normally closed switches
is closed the solenoid valve moves in one direction to
move the transfer valve in a corresponding direction.
When the other normally closed switch is closed, the trans-
fer valve will be operated in the opposite direction.

The normally open terminal 262 of switch 252 is con-
nected by a conductor 263 to one terminal of an indicat-
ing light 264, the other terminal of which is grounded
at 265. Similarly, the normally open terminal 266 of
switch 255 is connected by a conductor 267 to a second
signal light 269, the other terminal of which is grounded
at 2685.

As is evident in FIGURE 12, the switches 252 and 255
are actuated by the valve arm 283 which controls the
transfer valve. When the valve arm 283 is in the posi-
tion shown in full lines, the common terminal 251 will
be connected to terminal 262 connected by conductor 263
to the indicating light 264 which is illuminated to indicate
that the transfer valve is in position for parallel opera-
tion. At this time switch 255 is not in circuit, the switch
242 being in position for parallel operation. When it is
desired to change the transfer valve, to operate with the
volutes in series, the switch 242 is moved into a position
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where the contacts 245 and. 249 are-connected to the un-
grounded side of the battery. As a result, a circuit is
again closed through terminal 2435 and conductors 246
and 226 to actuate the relay coil 231 starting the priming
pump in operation. At the same time a circuit is closed
from the ungrounded side of the battery through terminal
249 and conductor 253 to the common terminal 254 of
switch 253. This switch closes a circuit from terminal
260 through conductor 261 to the solenoid device 220;
thus moving the valve in the opposite direction and per-
mitting the air from the intake to flow from the right
hand side of cylinder 201. This action moves the piston
207 to the right until the arm 293 engages the operating
button 278 of switch 255, breaking the circuit to the sole-
noid valve 220 and closing the circuit through terminal
266 to the conductor 267 acting to illuminate the indicating
light 269 to show that the transfer valve is in position
for series operation. The switch 242 may then be opened
until further operation is required.

In transferring the pump to parallel operation, the
switch 242 is returned to its left hand position operating
to actuate the solenoid valve 22§ in a manner fo evacuate
air from the left hand end of cylinder 201, moving the
piston 287 to the left until it reaches its opposite ex-
treme position.

With reference now to FIGURES 1 and 14 of the draw-
ings, the manner in which the discharge valves are actuated
will be described. Valve arm 156 actuates the valve 155
between its two extreme positions. In FIGURE 14, the
arm 156 is shown in full lines in open position and in
dotted lines in closed position. A linear electric actuator
271 is pivotally attached at 272 to a suitably fixed brack-
et 273 secured to the body of the valve in a suitable
manner. The actuator 271 is provided with a motor 274
capable of swinging the arm 156 between its two ex-
treme positions. The motor 274 is reversible and is
grounded at 275.

The motor 274 is controlled by action of a relay 276.
The ignition switch is connected by connector 277 through
a circuit breaker 278 to the relay armature 27%. This
armature 279 is selectively engaged with conductor 280
or conductor 281 leading to the actuator motor 274.
When engaged with conductor 288, the actuator motor
moves in one direction to open the valve 155. When
the armature engages conductor 282, the motor moves in
the opposite direction to close valve 155,

Push button switches 282 and 283 have one terminal
grounded at 284. The other terminal of switch 282 is
connected through conductor 285 to relay coil 286, the
other terminal of which is connected to the hot wire 277
leading through the ignition switch to the battery 187.
Thus push button switch 282, when closed, draws the re-
lay armature into contact with comductor 280 to open
valve 155. The second terminal of switch 283 is con-
nected through conductor 287 to refay coil 288, the other
terminal of which is connected to the hot wire 277. When
switch 283 is closed, the relay armature 279 engages
conductor 281, and the actuator motor acts to close valve
155. Limit switches, not shown in the drawings, may
be employed for breaking the circuit when the extreme
positions of the arm 156 are reached.

An indicator 291 of the type often used to indicate a
gasoline level in gasoline tanks and the like is employed
for indicating the position of each arm 156. The details
of the indicator are not iltustrated. However, it involves
a circuit controlling device 292 which may be in the
form of a rheostat 289 actuated by a rheostat arm 293
pivotal with the arm 156. Pivotal movement of the arm
293 varies the current through the control device 292.

The indicator 291 includes an indicator arm 285 which
is pivetally supported and the position of which is regu-
lated by a magnetic element 286. One terminal of the
magnetic device 296 is connected by a conductor 297 to
the vehicle battery 187 while the other terminal is con-
nected by a. conductor 299 to the operating device 292
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which is grounded at 360. As the arm 293 pivots, the
pointer or needle 295 will move a corresponding distance
so that the position of each. of the arms may be noted.

From the foregoing description it will be noted that
the present invention involves a centrifugal pump having
a body portion which may be supported in either of two
positions, one of which is inverted with respect to the
other. The pump is provided with a transfer valve which
may be controlled by a vacuum cylinder connected to
the priming pump as a source of supply of partial vacu-
um. Thus when it is desired to move the transfer valve,
this may be done without interfering in any way with the
operation of the pump by merely actuating the priming
pump and producing the necessary partial vacuum to
operate the valve.

It will also be noted that the transmission may be actu-
ated by remote control from a drive position to a pump
engaged position so that a minimum of time will be re-
quired to connect either the vehicle drive wheels or the
pump to the vehicle engine. It will also be noted that
the discharge valves may be operated by remote control,
thus permitting virtually every operation of the apparatus
to be controlled from a single control panel. Thus sub-
stantial time may be saved in the operation of the appara-
tus resulting in higher efficiency of the equipment.

In accordance with the patent statutes, we have de-
scribed the principles of construction and operation of
our centrifugal fire pump, and while we have endeavored
to set forth the best embodiment thereof, we desire to
have it understood that changes may be made within the
scope of the following claims without departing from the
spirit of our invention.

We claim:

1. A centrifugal pump including a central body por-
tion including a housing, a pair of spaced impeller cham-
bers forming a part of said housing, an outlet manifold
forming a part of said housing, a pair of intake mani-
folds forming a part of the housing, attachment flanges
at opposite ends of said body, impellers in said housing,
a shaft supporting said impellers, means supporting said
shaft on a horizontal position in said housing, the intake
manifolds and outlet manifold being positioned on a sub-
stantially horizontal plane and said shaft having its axis
on a horizontal plane, vertically spaced relative to said
first named horizontal plane, manifold extensions, spaced
supporting means supporting said manifold extensions,
connecting means detachably connecting said manifold
extensions to said attachment flanges, said connecting
means being so located that said attachment flanges are
attachable to one set of manifold extensions when said
housing is upright and to the opposite set of manifold
extensions when said housing is inverted, whereby the
elevation of the impeller shaft may be varied by in-
verting the housing.

2. The structure of claim 1 and including a gear cas-
ing, means detachably connecting said gear casing to said
housing and so located to permit said gear casing to de-
pend from said housing in upright or inverted position of
said housing, a drive shaft supported by said gear casing,
and gear means in said casing connecting said drive shaft
and said impeller shaft.

3. The structure of claim 1 and in which said manifold

extensions for said intake manifolds are conmected.

4. The structure of claim-1 and including a transfer
valve in said housing, a connection in said housing from
the discharge of one impeller chamber to said transfer
valve, and passages in said housing from said transfer
valve to said outlet manifold and to the intake of the
other impeller chamber, said valve selectively directing

70 the discharge of said one impeller chamber to the discharge

75

manifold or to said connection with said intake of said
other impeller.

5. A centrifugal pump including a central body por-
tion including a housing, a pair of spaced impeller cham-
bers forming a part of said housing, an outlet manifold
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forming a part of said housing, a pair of intake mani-
folds forming a part of the housing, attachment flanges at
opposite ends of said body, impellers in said housing, a
shaft supporting said impellers, means supporting said
shaft on a horizontal position in said housing, the intake
manifolds and outlet manifold being positioned on a
substantially horizontal plane and said shaft having its
axis on a horizontal plane vertically spaced from said
first named horizontal plane, said attachment flanges
encircling said intake and outlet manifolds, an outlet
manifold means detachably connecting one of said out-
let manifolds to each attachment flange, said connecting
means being located for connection with one flange in
upright position of said housing and with the other flange
in inverted position of said housing, and means connected
to said outlet manifold extensions to support the samse
with said housing therebetween in either upright or in-
verted position, whereby the elevation of the impeller
shaft relative to said supporting means may be varied by
inverting said housing.

6. The structure of claim 5 and including a gear casing
and means detachably connecting said gear casing to said
housing, said last named connecting means being so lo-
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cated to permit said gear casing to depend therefrom in
upright or inverted position of said housing, a drive shaft
supported by said gear casing, and gear means connecting
said drive shaft and said impeller shaft.

7. The structure of claim 5 and including an intake
manifold extension connected to each said attachment
flange in registry with said intake manifold.

8. The structure of claim 7 and in which said intake
manifold extensions are selectively secured to said flanges
in any of several angularly related positions.
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