
the shaft. The ratio of the power delivered at the output shaft
to the input power delivered to the motor is called the motor
efficiency. If the efficiency of the motor is known, it can be
multiplied by the real power calculated in Equation 1A or 1B to
determine the actual power to the shaft and pump. This is
useful in determining abnormal equipment operation condi-
tions by comparing the power to the pump with expected val-
ues (from a pump data sheet or performance curve).

Relating Power To Pump Protection
A power monitor is a fault device which tells the operator
when a pump is not operating correctly. When a pump is
operating at its specified operating point(s), a specific, known
level of power is required. Numerous factors can cause an
increase or decrease in the power required by a pump, and a
sudden change in power may indicate a condition that could
damage the pump or sealing device. Typical underload and
overload scenarios are discussed in this section.

Low Power/Underload Conditions
Dry-Run/Starved Suction: The condition of a closed   
suction valve, blocked suction line, empty vessel, or 
vapor-bound suction can leave a pump precariously void of
fluid. Dry-running may result in:

• Mechanical seal failure 

• Bushing and journal failure in magnetic drive and canned
motor pumps (see Figure 2) 

• Sharp temperature rises in conductive containment
shells 

No Flow/Minimum Flow: A closed or tightly throttled 
discharge valve may reduce the pump flow rate to an 
unsatisfactory operating point. Most process pumps require
that a certain amount of flow pass through the pump for 
reliable operation; pump manufacturers define this point as

Protect Sealed and Sealless Pumps
with Power Monitoring

By: Chris Eifert and Dennis Rusnak
Flowserve Corporation, Pump Division

The overall cost of a pump repair can be expensive, especially
when sophisticated sealing devices or sealless technology are
utilized. When a process pump fails, plant personnel can be put
at risk and unscheduled downtime, while always costly, can be
particularly burdensome in critical services. For these reasons,
monitoring process pumps to prevent failures has become
increasingly commonplace. Among the most comprehensive of
these monitoring methods is power monitoring.

Determining Power
Pump power can be monitored by measuring electrical motor
power, or by using electro-mechanical means such as in-line
torque meters, instrumented shafts, and dynamometers.
Measurement of electrical power is generally more practical
and less costly than other methods, since no pump installation
modifications are necessary.

Most industrial service, motor-driven pumps are powered by
three-phase alternating current (a.c.) induction motors. The
electrical power delivered to these motors can be calculated by
using the motor voltage, current and power factor measure-
ments from power transducers. With these devices, power can
be calculated as:

Power = Volts x Current x Power Factor x √3 (Watts)

Power = Volts x Current x Power Factor x √3
745.7

(hp)

Real Power and the Power Factor
In a.c. induction motors, not all of the power delivered 
to the motor is available as real power (P) for conversion 
to mechanical rotation of the motor shaft. The inductive 
characteristics of these motors make them what is known as
“reactive” loads in which some of the power, reactive power
(Q), is temporarily stored in electromagnetic fields and
returned to the source. The combined real and reactive power
is called apparent power (S), which can be calculated by 
multiplying the motor voltage and the current. The ratio of real
to apparent power is called the “Power Factor,” which is used
to determine the real power component of apparent power.
The “Power Triangle” in Figure 1 illustrates the real, apparent
and reactive power component relationships.

When motors convert electrical power to mechanical power,
not all of the real power supplied to the motor is delivered to
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POWER TRIANGLE
FIGURE 1
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High Power/Overload Conditions
Pump Operating Above Desired Flow Rate: Several 
factors could cause a process pump to operate beyond its
intended duty point. As a pump moves farther right on its per-
formance curve, power increases proportionally. If the
increase in flow becomes excessive, several outcomes are
possible. These include:

• Increased Net Positive Suction Head Required (NPSHR)

• Magnetic drive pump may de-couple causing excessive
heat buildup

• Motor overload

Excessive Wear/Rubbing: An increase in power may indicate
excessive wear/rubbing by an impeller, ball bearing,
magnet/rotor assembly, damaged journal/bushing, or some
other component. Early detection of such a condition may pre-
vent excessive damage to a pump.

Why Monitor Power?
The previous section provides the reader with practical exam-
ples of the relationship between underload/overload 
conditions and power. Figure 3 illustrates this relationship.
Point A represents the
normal operating point
of a pump on a perfor-
mance curve. The area
to the left of Point B
represents operating
points below the manu-
facturer’s minimum
recommended continu-
ous flow rate. The area
to the right of Point C
represents a high load
condition(s) from
which the pump or
motor is being protect-
ed. This could be one
or more of the previously discussed examples. The normal,
minimum and maximum operating points defined by these
points each have a corresponding power level. By monitoring
power requirements, safe operation of the pump within 
the Allowable Operating Region (AOR) can be assured. An
effective power monitor must provide means for measuring
low power and high power. Additionally, flexible trip delays
should be incorporated to allow for short fluctuations outside
of the AOR.

Sensitivity: Monitoring of current (Amps) for equipment pro-
tection has been practiced for many years. Current 
monitoring is relatively simple and requires only a current
transformer (CT) or transducer and an alarm device or relay.

the minimum recommended continuous flow rate. When 
flow rates move below this requirement, problems such as the
following could result. 

• Excessive vibration and increased shaft deflection may
seriously reduce mechanical seal and bearing life.

• Process fluid temperature may increase above desired
level.

• In sealless pumps, low flow or dead-headed conditions
may reduce flow to the containment shell or stator, result-
ing in marginal lubrication of the bushings and journals.

Cavitation: Cavitation is normally indicated by a marked reduc-
tion in head and capacity, or even a complete failure to operate.
This reduction in performance is characterized by a decrease in
power. Depending on the severity of this condition:

• Mechanical seals and bearings can be damaged from the
resulting vibration. 

• Wet end parts may be subject to pitting erosion, resulting
in reduced pump life.

• Reduced circulation and vibration may threaten bushings
and journals in sealless pumps. 

Unloading/Transfer Applications: Not all underload 
conditions are unexpected. Power can also be used to indicate
low loads from unloading and batch operations. 

Other causes of underload conditions include:

• De-coupled magnetic drive pump

• Loss of prime

• Failed spacer coupling

• Abrupt process changes

Pump Division

Figure 2:
Failed Bushing and Journal Parts Caused by Dry-Run
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Typical Pump Performance Curve
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switch on a light, etc. Another practical method is to utilize 
the monitor’s 4-20mA output signal. This gives the user 
the flexibility to incorporate the power reading into the plant
control system.

Motor shut-offs, alarms and 4-20mA output signals are only
useful if the condition(s) that caused the alarm is addressed.
A properly designed monitor will provide flexible trip delays to
avoid nuisance trips - the main reason many such devices are
overridden or disconnected. The power 
monitor should also provide a clear indication as to whether
the alarm was caused by an underload or overload condition.
The cause of the alarm should be determined and a solution
implemented prior to restarting the equipment. Serious 
damage often results from failure to acknowledge a low or
high power alarm.

Conclusion
Power monitoring is a comprehensive technique that 
provides protection from most causes of pump failures. 
The popularity of this method has spread beyond pumps to
encompass blow-
ers, compressors,
agitators, fans, and
other equipment
where protection
from misoperation
and upset condi-
tions is needed. A
properly designed
power monitor 
provides an eco-
nomical solution to
high maintenance
costs and lost pro-
duction caused by
unplanned down-
time. 

About the authors:
Chris Eifert is Product Manager, Sealless Pumps, and
Dennis Rusnak is Senior Engineer, Electronics,
Flowserve Corporation, Pump Division.
POB 1145, Dayton, OH 45401.
Tel: 937 226 4000; Fax: 937 226 4221.

However, while monitoring
current for overload condi-
tions may provide effective
protection for wiring, motors,
and motor starter compo-
nents, expensive equipment
driven by these motors often
require the greater degree of
monitoring and protection
provided by power monitor-
ing. Power monitoring pro-
vides added sensitivity in
detecting small changes in
equipment load on a lightly

loaded motor, as is often the case with a process pump at low
flow conditions.
(See Figure 4). 

Known Quantity: A power monitor can display, and be set up,
in units of horsepower or kilowatts, information available
directly from a pump manufacturer’s performance curves and
data sheets. A digital numeric display permits setup without
operation of the equipment. With current monitoring, however,
the pump may need to be operated at or near potentially 
damaging conditions to determine the required settings.

Real-Time Response: Power gives an immediate indication of
conditions that may dramatically affect pump life. Other moni-
toring methods may be slower to respond.

Output
How a power monitor is incorporated into a pumping 
system may be the most important aspect in preventing 
equipment failures. The most common method is to incorpo-
rate the motor
starter control 
circuit into the mon-
itor’s alarm relay
contacts. 

Figure 5 shows 
a wiring diagram for
this option. This
method provides
motor shut-off if an
underload or over-
load condition is
detected for a 
period of time
greater than the trip
delay setting. At this
point, it is up to the
operator to deter-
mine the cause and take corrective action. Similar wiring con-
figurations can utilize the alarm contacts to sound an alarm,
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Flowserve KW941 Pump Power Monitor

Power Mon. Tech Article.qxd  5/23/02  11:11 AM  Page 4 Dan K. Snelson Clients:023-FLOWSERVE Pumps:023- Job Files:023-PreServer Files :



Printed in U.S.A.
May 2002

© Flowserve Corporation

USA and Canada
Flowserve Corporation
Pump Division
Millennium Center
222 Las Colinas Blvd., 15th Floor
Irving, TX 75039-5421 USA
Telephone: 1 972 443 6500
Toll Free: 1 800 728 PUMP (7867)
Telefax: 1 972 443 6800

Europe, Africa, Middle East
Flowserve Ltd.
Pump Division
Harley House
94 Hare Lane, Claygate, Esher
Surrey KT10 ORB, UK
Telephone: 44 1372 463700
Telefax: 44 1372 460190

Latin America
Flowserve, S.A. de C.V.
Avenida Paseo de la Reforma #30
2nd. Floor
Colonia Juárez Centro
México, D.F. Z.C. 06040
Telephone: 52 5705 5526
Telefax: 52 5705 1125

Asia Pacific 
Flowserve Pte. Ltd.
Pump Division
200 Pandan Loop, #06-03/04
Pantech 21
Singapore 128388
Telephone: 65 6775 3003
Telefax: 65 6779 4607

Pump Division

To find your local Flowserve representative 
please use the Sales Support Locator System 

found at www.flowserve.com

Your local Flowserve representative:

Hydraulic Engineering

Mechanical Design

Materials Science

Intelligent Pumping

Manufacturing Technology 

Power Mon. Tech Article.qxd  5/23/02  11:11 AM  Page 1 Dan K. Snelson Clients:023-FLOWSERVE Pumps:023- Job Files:023-PreServer Files :


	Determining Power
	Real Power and the Power Factor
	Relating Power To Pump Protection
	Low Power/Underload Conditions
	Dry-Run/Starved Suction
	No Flow/Minimum Flow
	Cavitation
	Unloading/Transfer Applications

	High Power/Overload Conditions
	Pump Operating Above Desired Flow Rate
	Excessive Wear/Rubbing

	Why Monitor Power?
	Sensitivity
	Known Quantity
	Real-Time Response

	Output
	Conclusion

