HI. b.l-bk.5 94 WM 9009130 0000530 314 WA

6.4 Installation, operation and maintenance

Reciprocating power pumps, when properly in-
stalled and when given good care and regular
maintenance, operate satisfactorily for a long
period of time. The general principles that must
be considered to ensure trouble-free operation
are discussed in the following paragraphs.

Reciprocating power pumps are built in a wide
variety of designs for many different services. The
manufacturer’s instruction book furnished with each
machine should be carefully studied and followed,
as there may be specific requirements of a par-
ticular machine or application which cannot be
covered in a general discussion.

6.4.1 Safety

The following precautions should be taken when
working on reciprocating power pumps to insure
safety of personnel:

- electrical power should be turned off. All val-
ves to liquid end should be closed and the liquid
end drained;

CAUTION: Care should be taken to dispose of
toxic or flammable liquids or vapors properly;

-~ the work area should be kept clear and any
unnecessary items removed;

— all lifting devices should be checked for con-
dition and capacity limits before using;

— before dismantling, assembling, or perform-
ing maintenance on the pump, the proper tools,
correct parts, and manufacturer's instruction
book should be available;

— all safety precautions should be followed, as
directed by the safety engineer.

6.4.2 Storage

All reciprocating power pumps are tested, in-
spected and protected against corrosion for the
period of shipment and installation only.

If the pump is not to be instailed at once, the pump
and parts such as packing, special wrenches, etc.
should be stored in a clean, dry location, free from
temperature extremes, in an approximately level
position and without distortion. Coat all machined
surfaces with heavy, non-corrosive oil. Inspect fre-
quently to see that the surfaces are free of cor-
rosion. Renew oil coating when necessary. Before
putting unit into operation, clean thoroughly with a
high-grade rust remover.
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Where it is known that a pump will be in storage or
taken out of service, such as a relocation, plant
shutdown, etc. for more than three months, it is
good insurance to completely fill the power and
liquid ends with high-grade non-corrosive lubricat-
ing liquid. Inspect periodically for possible leakage.

6.4.3 Location of pump

Locate the pump as close to the liquid supply as
possible in a clean, dry, and accessible place, so
it can be inspected at regular intervals during
operation. Provide ample room for maintenance.

6.4.4 Protection of pump against seepage or
flood

If it is necessary to place the pump in a pit or other
low area, provision should be made to protect the
pump from seepage or flood.

6.4.5 Provision for servicing space

Whether mounted on the floor, on a foundation
above the floor level, or in a pit, sufficient room
should be allowed for removal of plungers, pis-
tons, rods, crankshafts, etc., and/or inspection of
wearing parts as recommended in the instruction
book.

6.4.6 Foundation

Small pumps can be located on the floor or sup-
porting surface, provided that the supporting in-
stallation area is sufficiently strong to support at
least 150% of the total unit weight, including the
driver.

Large and medium-size pump foundations should
be reinforced concrete, resting on firm soil or piling,
and about 12 inches above the surrounding floor
level. It should be entirely independent of walls or
footings, building supports or floor structures.
Proper concrete mixture, correct reinforcements,
sufficient mass and satisfactory footing are essen-
tial to give rigid, permanent support to prevent
vibration. The bearing pressures allowed on soil
vary widely depending on the underlying nature of
the soil, local building laws, etc. These data, avail-
able in engineering handboocks and manuals,
should be carefully investigated.

6.4.6.1

Locate the foundation bolts according to the
elevation drawing. Set bolts in sleeves 2 to 3
times the bolt diameter to allow for variation in
pump parts, skids, or baseplates (see Figure
6.58). The sleeves should be held rigidly yet allow

Foundation bolts
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the bolts to be moved. Do not fill the sleeves with
grout until the entire unit has been accurately
aligned, supported and leveled.

The frame or baseplate when so designed should
be completely filled with grout, utilizing the openings
provided as filling and vent holes. Do not leave
leveling pieces, shims or wedges in place.

If leveling screws are used, back off after grout has
hardened. The machine must not finally rest only on
leveling pieces or shims of questionable area,
wedges with line contact or screws with point con-
tact. Foundation bolts should not be tightened until
the grout has fully hardened, usually about 48 hours
after pouring.

6.4.7 Installation

Most pumps are aligned with the driver before
leaving the factory.

It is, of course, important that the entire pump be
properly supported and leveled, being careful NOT
to spring the pump out of alignment when fastening
it to the foundation. The erection of large pumps that
are shipped in sections should be under the super-
vision of a competent erector, as it is necessary to
carefully align and support the liquid ends with their
power ends after they have been placed upon the
foundation.

Alignment should be rechecked after the piping has
been completely installed and connected to the

pump.
6.4.7.1 Leveling the unit

Metal blocks and shims or metal wedges having
a small taper should be placed close to the foun-
dation bolts. On large units, small jacks made of
cap screws and nuts are very convenient. The
supports should be directly under the part carry-
ing the greatest weight and spaced closely
enough to give uniform support with minimum
deflection of the unit.

A gap of about 3/4 to 1 inch (19 to 25 mm) should
be allowed between the baseplate and the founda-
tion for grouting.

Adjust the metal supports or wedges until the shafts
or rods of the pump are level.

On power pumps where couplings are used, do not
connect the coupling until all pump and driver align-
ment operations have been completed. Check the
coupling faces, suction and discharge flanges of the
pump for horizontal and vertical position by means
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Figure 6.58 — Foundation data

of a level. Correct the position, if necessary, by
adjusting the supports or wedges, as required.

6.4.7.2 Piping

Pipes must line up naturally. They must not be
pulled into place with flange bolts, as this may
force the pump out of alignment. To minimize
strain on the pump, pipes should be supported
independently of the pump.

6.4.7.3 Forces and moments

The most desirable arrangement is one where
suction and discharge piping line up naturally with
the respective pump connections. When this is
done, no force or moment is exerted on the pump
that could result in stresses in the pump or its
foundation. Thermal expansion, when handling
hot or cold liquids, must also be considered.
When the piping tends to expand or contract, it
exerts a force and often a twist (torque or mo-
ment) on the point of restraint, such as the pump
nozzle. Pipe strains are a common cause of
misalignment, hot bearings, worn couplings and
vibration. Where accurate piping alignment can-
not be accomplished, the pump manufacturer
should be provided with the calculated forces and
moments of the system for a determination of
design adeqguacy.

Variations in flow and pressure, changes in direction
of flow, cavitation, worn pistons, pump valves, etc.
all contribute to piping vibration. Therefore, suction
and discharge piping must be rigidly fixed in all
directions and not just lightly strapped down. Flush,
clean and biow out all piping before connecting to
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the pump. Use pipe dope and tape sparingly on
male threads only.

6.4.7.4 Flanges and fittings

Flange fittings, unions and flexible connectors
should be located close to the pump in all pipe
lines to facilitate removal of the pump.

Alignment must be rechecked after suction and
discharge piping have been bolted to the pump, to
test the effect of piping strains. When handling hot
or extremely cold liquids, disconnect the nozzie
flanges after the unit has been in service to check
the direction in which the piping expansionis acting.
Correct for strain effect as required to obtain true
flange alignment.

6.4.7.5 Priming

Reciprocating power pumps operating with a suc-
tion lift are not necessarily self-priming. Piston or
plunger motion can only lower the pressure within
the cylinder to the point where atmospheric pres-
sure in an open-suction supply system can tend
to force the liquid up the suction pipe into the
cylinder.

The ratio of clearance volume to displacement has
a direct effect on the priming ability of the pump. To
evacuate the suction line, the pump must compress
air within the cylinder and discharge some of it on
each stroke. Before additional air can be taken in
from the suction line, the air remaining in the
clearance volume must expand to less than the
suction line pressure. Thus, a clearance volume
limits the priming ability of a dry pump.

Filling the clearance volume with liquid makes some
slow- and moderate-speed piston pumps self-prim-
ing at a reasonable operating lift.

HI Reciprocating Power Pump Operation — 1994

Some pumps are provided with priming openings
where liquid can be injected directly into the piston
or plunger chamber.

High-speed plunger pumps are usually designed to
operate with a flooded suction or a booster pump.

6.4.7.6 Relief valve set pressure

The pump relief valve has the purpose of protect-
ing the pump, driver, drive train and system.
Select a set pressure from Table 6.10.

If an attempt is made to set a relief valve too close
to the average discharge pressure, the valve will
crack, and leak slightly due to pump pulsations.
Leakage will quickly ruin the relief valve seat.
Hence, the valve must remain closed during normal
operation. It must not leak.

Always install a pressure gauge ahead of the relief
valve so that it reads the true pump pressure while
relieving.

The exhaust from the relief valve should always be
directed to the supply tank and not to pump suction.

The line from the relief valve to the tank must be of
fuli size. If the line is of great length, compute the
pressure-drop through it. Add this line pressure loss
to that within the relief valve itself when sizing the
relief valve and when estimating relieving pressure.
Where possible, pipe the relief valve exhaust to an
open drain so that any leakage can be observed.

A relief valve is mandalory protection against the
possibility of a mistakenly closed discharge stop
valve.

Table 6.10 — Suggested trial set pressures of pump relief valves

Type pump

Excess of set pressure over specified pressure

Double-acting, Duplex power
Double-acting, Triplex power
Double-acting, Quintuplex power
Single-acting, Simplex power
Single-acting, Duplex power
Single-acting, Triplex power
Single-acting, Quintuplex power
Single-acting, Septuplex power

25%
10%
10%
25%
20%
10%
10%
10%
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6.4.7.7 Drive alignment after piping installa-
tion

After piping has been installed, the pump-ptime
mover drive alignment should be checked again
and, if necessary, corrected.

6.4.7.8 Gaskets, pipe dope and pipe tape

The gaskets, pipe dope and pipe tape used in the
system piping are exposed to the same conditions
of high or low temperatures, pH values, etc. asthe
pump parts. Careful selection is necessary to
avoid joint failure and the air and liquid leaks that
follow.

6.4.7.9 Flexible coupling

Couplings are intended to provide a mechanically
flexible connection for two shaft ends in line.
Additionally, they provide limited shaft end fioat
(for mechanical movement or thermal expansion)
and, within prescribed limits, angular and paraliel
misalignment of shafts. Couplings are not in-
tended to compensate for major angular or paral-
lel misalignment. The allowable misalignment
varies with the type of coupling, and reference
should be made to the manufacturer’s literature
enclosed with the shipment. Any improvement in
alignment beyond the coupling manufacturer’s
minimum specification extends pump, coupling
and driver service life by reducing bearing loads
and wear.

Flexible coupling types in general use are chain,
gear, steel grid and flex member. For aligning the
pump shafts, remove the coupling cover, then
remove the chain, gear, steel grid or flex member
connecting the coupling halves.

For applications where pumps are operated at
elevated temperatures, final alignment may not
be possible at operating temperature. Therefore,
proper allowance should be made for the increase
in pump shaft height due to thermal expansion.
Recommended practice for cast iron or steel
pumps is that a vertical allowance of 0.001 inches
per inch (mm per mm) of pump shaft height above
the base per 150°F (83°C) should be added to the
height of the driver shaft.

6.4.7.10 Gear drive

Gears must have a running clearance or backlash
for proper operation. This should be .010 inch per
1 inch (0.010 mm per 1 mm) of circular pitch or
0.0314 divided by the diametrical pitch. A range
of plus or minus 10 percent is allowable.
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When the operating temperature of the gears ex-
ceeds the room temperature at which they are
installed, it becomes necessary to set the gears with
additional clearance to allow for expansion. This
becomes appreciable for gears over 48 inches (1.2
meters) in diameter and for temperature differences
over 20°F (11°C). The backlash may be measured
by mounting a dial indicator so that the indicator is
perpendicular to the tooth surface at the pitch line
and then rocking the pinion back and forth against
the gear locked in position. Another method is to
pass a soft lead wire through the mesh and add
together the thicknesses of the two flattened sec-
tions where it contacted the pitch line on both sides
of a tooth. If the ends of the teeth are accessible,
the backlash can be measured with thickness
gauges.

The shafts must be level and the same distance
apart on both sides of the gears. The evenness of
tooth bearing can be determined by coating several
pinion teeth with Prussian blue and revolving the
pinion and gear together to bring the coated teeth
into the mesh point. The contact pattern should
show evenly along the pitch line across the face. If
the ends of the teeth are accessible, the evenness
of tooth bearing can be measured by the relative
pressure on pieces of paper inserted at the mesh at
each end of one tooth.

6.4.7.11 V-belt drive

All drives must be aligned. The driver and driven
shafts must be parallei, with the V-belts at right
angles to these shafts. Misalignment causes
undue belt wear, or turn-over in the grooves.
Alignment should be checked by placing a
straight edge evenly across the rims of both
sheaves. If the face of the sheaves are not of
equal width, the alignment can be checked by
resting the straightedge across the rim of the
widest sheave and measuring the distance from
the straightedge to the nearest belt groove with a
scale. Adjust either sheave on the shaft to equal-
ize these dimensions.

The driver should be mounted with adequate
provision for belt center distance adjustment. Pro-
vide a minus adjustment to permit belt installation
without stretching and a plus allowance to provide
belt take-up.

Do not pry, twist, or force the belts over the sheave
grooves, because it damages the belts and greatly
reduces the belt life. Reduce the shaft center dis-
tance by moving the driver enough to permit fitting
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DEFLECTION MEASURED HERE

Figure 6.59 — Correct tension for V-belt drives

the belts in the proper grooves. When the belts are
in place, increase the centers until proper belt ten-
sion is obtained. Adjust take-up until the belt is in
accordance with the force/deflection values in Table
6.11. All of the belts must pull evenly. Belt tension
should be reasonable. It is not necessary to have
belts “fiddle string” tight.

During the first few days of operation, the belts will
seat themselves in the grooves, and the drive must
be adjusted to correct tension.

Keep belts clean and free from oil. Clean oily belts
with a cloth dampened with soap and water. There
should be a free circulation of air around the drive.
Excessive heat reduces the life of the belts.

Never install new belts on the same drive with used
belts. New belts should be installed in matched

sets. Do not use sheaves with chipped or worn
grooves.

For hazardous locations, static conducting belts
should be used.

Consult V-belt manufacturer’s tables and data for
recommended V-belt cross section and belt length.
When purchasing replacement V-belts, the same
size and type should be ordered as furnished
originally.

Slipping belts result in lowered capacity. Check
pump speed with a tachometer. It should equal
driver speed multiplied by driver sheave pitch
diameter divided by pump sheave pitch diameter.
Squealing or smoking belts are sometimes a clue
to the slipping of beits but not always.

Establishing correct tension in single or multiple
V-belt drives requires the use of a small spring

Table 6.11 — Proper spring pull tension for new and used belts

Belt deflection
Belt . ‘ F ' Belt span - inches
size orce for orce for
section used belts new belts 20 1 24 I 28 ] 32 | 40 l 48 I 60
Belt span — meters
Pounds |Newtons| Pounds |Newtons| .50 .60 70 .80 1.0 1.2 1.5
A 1.5-2.25 | 6.7-10 | 2.25-3.0 10-13
B 3.25-5.0 14-22 5.00-6 22-27
C 6.5-9.75 29-43 9.75-13 43-58 |5/16in| 3/8in |7/16in| 1/2in | 5/8in { 3/4 in [15/16 in
D 11.0-16.5| 49-73 16.5-22 73-98 8 mm (10 mm {1t mm{13mm {16 mm|19 mm| 24 mm
3V 3-7.5 13-33 4-10 18—-44
i 5V 13-23 58—-102 17-30 76-133
8V 22-29 | 98-129 | 29-35 | 129-156
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