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figure 1

The graph indicates that, on both sides of the best effi-
ciency point this equilibrium of volute pressure - a highly
significant pressure differential develops as the point of
operation moves in either direction away from the
pump’s design point.
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SHAFT DESIGN

figure 2 wi

A sketch of a typical overhung, single-stage impeller shaft
and bearing assembly arrangement representing the
rotating part of a centrifugal pump is shown in figure
2. The resultant radial force (W;), when flow is less than
design capacity, is along a radial line toward the center
in a radial direction 270° from the cut-water. At design
flow, the radial pressure is equal all around the impeller
periphery. As flow increases beyond the BEP, the resul-
tant of these forces is directed from the smaller volute
sections toward the larger, lower-pressure sections. The
weight of the impeller is indicated by Wj. The resultant
axial thrust force (W) for the impeller and its direction
is dependent on several specific hydraulic and design

factors. Both forces, evenin relatively small pump units
(25 HP, 3500 RPM, 7-inch impeller), can develop substan-
tial forces of several hundred pounds in each plane.

The immediate effect of a high radial resultant force,
developed as a result of uneven pressure distribution in
the volute casing acting against the impeller’s radial pro-
file, is a deflection of the overhung shaft at the impeller
position. Since typical radial clearance between the im-
peller and wear ring of small pump units ranges from
005" t0.015", galling or rapid wear of the components
could easily occur as well as shaft breakage due to fatigue
failure in the rotating shaft.

For development of the K’ factor relative to a specific
pump, refer to the Hydraulic Institute Standards (four-
teenth edition, pages 115 and 117) which also covers the
method used to determine the radial thrust load based
on the pump’s design and performance characteristics.

The radial load in a volute pump is developed from the
formula: W, = KHD, B, S
2.31

where the constant K depends on the pump’s capacity,
speed, casing, design, specific speed and other factors.
The shut-off value of K, referred to as Ky, is given in
the Hydraulic Institute Standards for typical pumps. The
value of K at the intended point of operation can be
developed using the following:

Kop = Kso [ 1~ () ']

where Q = capacity @ operating conditions - GPM

Qp = capacity @ best efficiency point - GPM

X = exponent, varying between 0.7 and 3.3,
established by test. In the absence of test
data, the component may generally be
assumed to vary linearly between 0.7 @
specific speed 500 and 3.3 at specificspeed
3500. (Specific speed determination of a
centrifugal pump was provided in article
no. 2).

Knowing K, we can proceed to determine the radial
thrust in pounds at the point of operation by:

Ry = KopropxSXDZXB2
2.31

where

Hop = head at the intended point of operation in feet
D, = impeller outside diameter in inches

B, = impeller width in its O.D. including shrouds

S = specific gravity of the liquid being pumped.

The data provided here relative to establishing the K fac-
tors was developed from empirical data of numerous tests
on general-purpose centrifugal pumps. Individual pump
manufacturers may have data on their specific designs
which demonstrate other values.



Axial Loads

Axial loads are developed as the result of the varying
pressures existing within the pump along with their
effect on the suction and back-side areas of the pump
impeller’s exposed axial profile and shaft. The resultant
axial hydraulic thrust is a summation of unbalanced
forces on an impeller acting in the axial direction.

Several factors affect the magnitude of the axial thrust
developed in a single-stage, overhung impeller pump.
Proper sizing of the thrust bearing is dependent on fac-
tual knowledge of the thrust-bearing loads being
developed. Relative to the impeller itself, against which
the unequal internal pressures will act in developing a
resultant axial thrust force, this includes: (1) pump design
(open, semi-open or enclosed impeller), (2) the im-
peller’s major diametral areas in the axial plane related
to developed pressures, (3) back-side shroud ribs, (4)
balance holes (size and number), (5) wear ring radial
clearance and (6) shaft sleeve diameter. Based on the
pump’s working pressures from suction entry to volute
discharge, the resultant magnitude and direction may
be determined. Since a general-purpose pump may be
exposed to a number of service conditions over a wide
range of suction conditions, the thrust bearing of a single-
stage unit must be designed to take thrustin either direc-
tion. For calculating these loads, refer to the detailed
methods used by D.S. Ullock in his appendix *“‘Evaluating
the Mechanical Design of End Suction Centrifugal
Pumps,” to various pump textbooks or to simpler
methods related to shut-off pressure, area of the impeller
at the wear ring, overall area at the impeller O.D. and
area at the shaft sleeve diameter.

Shaft and Bearing Loads

Once the axial and radial loads acting on the pump
impeller have been calculated or established experimen-
tally, the individual bearing loads and (in frame units)
the bearing life and shaft deflection plus developed
stresses in the shaft can be determined.

Typically, in a two-bearing arrangement, one support
is “fixed” and subjected to the thrust load plus the
statically determined part of radialload while the other
is a *‘floating”’ bearing load consisting entirely of it’s
static radial load reaction occurring at the floating bearing
jocation.

Close-coupled pump loads can be passed on to the motor
manufacturer along with specific shaft location and
direction of rotation. At one time, a major manufacturer
of close-coupled pump motors provided a data sheet in-
dicating allowable limits based on speed (RPM) related
to radial and axial loads. Among the determinations that
could be made was shaft deflection related to a reference
point on the shaft end on which the impeller was
mounted, based on a deflection factor provided as “inch
per pound of radial load.” The data sheet also provided

a graphical parameter indicating allowable combined
loads (thrust and a factored radial load) related to motor
frame size and RPM. Axial thrust values were also pro-
vided for shafts in tension and for maximum permissable
reverse thrusts where shafts would be in compression.

In proceeding through the exercise discussed here, it
becomes apparent that a significant increase in radial
loading develops as operation moves away from the BEP
(best efficiency point). Most troublesome is the opera-
tion near shut-off where a steep performance curve
results in a significant increase in Head developed which,
in turn, is directly related to the radial thrust load (W}).

Shaft Deflection

Shaft deflection is primarily (1) a direct function of the
radial load and the cube of the overhung shaft length
and (2) an inverse function of the moment of shaft cross-
section inertia (at the overhung section) and the modulus
of elasticity of the shaft material.

A typical overhung pump/motor shaft with a series of
cross-sectional diameters of varying lengths and two
bearing points requires a complex series of calculations
by the pump designer. The intent here is to create
awareness of the primary factors involved in this
procedure.

In addition to remaining within the radial clearance of
the wearing ring in order to maintain a high volumetric
efficiency, shaft stiffness is also required in the
mechanical sealing area (commonly .002" maximum
deflection) to provide proper contact between the lap-
ped faces of the rotating and stationary seals at all times.

Shaft Failure

Typically, shaft stress is greatest in the overhung cross-
section immediately beyond the shaft’s inboard bearing
where the shaft diameter decreases. It is at this point
where the high localized stress referred to as stress
concentration commornly occurs. To minimize these
stress raisers, it is necessary to provide smooth fillets of
maximum allowable radii where abrupt changes in cross-
sectional areas exist. Failure to reduce stress concentra-
tion in these areas may result in fatigue failure caused
by stress raisers subjected to cyclic stress in the rotating
shaft.

Bearing Life

Bearing life is defined as the number of hours atagiven
speed that 90 % of a group of bearings will attain or ex-
ceed before the onset of fatigue. This basic definition
is cornmonly referred to as bearing L, life.

Bearing life is a function of two basic sets of conditions:
1. Application

a.) load

b.) speed

C.) temperature

d.) mounting

e.) lubrication



2. Bearing Characteristics
2.) bearing design
b.) material
¢.) manufacturing methods

Speed Limit

As bearing size increases, the approximate speed limit
of the ball bearing decreases . Data is based on oil lubrica-
tion. With grease lubrication, the limit on speed is usually
reduced by one-third.

In general, life expectancy has been raised as special pro-
cesses, refined manufacturing developments and im-
proved lubricants are employed in pump bearings.

For volute-type centrifugal pumps, where combined
radial and axial load is greatest at or near closed discharge,
the minimum bearing life should not beless than 20,000
hours (2.3 years of continuous operation ). Commontly,
today’s users are specing in 2 minimum of 50,000 hours.
Calling for an even higher life expectancy is not prac-
tical as environment and age then become the dominant
life factors.

Summary

Obviously, the interest of the pump user is in trouble-
free operation with a minimum of breakdowns. This has
resulted in significant mechanical improvements over
the years. The most important consideration in providing
maximum trouble-free pumping service is to maintain
continuing (normal flow) operation in the area of the
pump’s best efficiency point.

There are ways to significantly reduce both radial and
axial load, primarily by redesigning. However, in most
instances, these “‘fixes’ are expensive and limited.

Basically , maintaining normal flow near the pump's BEP
by PROPER APPLICATION provides the best solution.

Where options are limited, design modifications may
be considered for either dealing with high loads by utiliz-
ing heavier shafting and larger bearings or by redesign-
ing hydraulic components to decrease resultant forces
by effectively reducing impeller profile and differential
pressure Sectors.
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Standard Motor Controls

This article was prepared with the intention of providing
engineers, maintenance personnel and others working
with centrifugal pumps useful and informative reference
material about AC squirrel-cage motor starters and
controls. The pump motor and motor controller are inter-
related and often are considered as a package when
choosing specifics for a particular application. Simple
motor controllers, called motor starters, start and stop
the motor merely by applying and removing electrical
power. More complex controllers may also condition
the electrical power to provide required output
characteristics. Motor protectors prevent motor opera-
tion under conditions which might cause overheating
and motor winding damage. The functions are available
separately or as various combinations in individual units.

Functions

The five major functions of 2 motor control system are
intended to: (1) stop and start electric motors, (2) pro-
tect personnel, motors and control equipment, (3) govern
motor speed, torque, horsepower and other
characteristics, (4) maintain proper sequencing of
motors, equipment, processes and operations, (5) sense
and correct errors in operation of a motor, pump or
process.

Code

Laws, codes, regulations and standards can be an impor-
tant factor in the selection process of a controller for a
specificapplication. OSHA has, per its section 1910.309,
adopted as anational concensus standard, the National
Electrical Code NFPA 70-1971. The purpose of the NEC
is the practical safeguarding of any persons, buildings
and contents from hazards arising from the use of elec-
tricity for light, heat, power and other purposes. This
means that equipment must be labeled or otherwise
determined to be safe by a nationally recognized testing
laboratory. Care must also be taken to insure that all local
codes are being met as well. NEC rules and provisions
are both enforced by governmental bodies exercising
legat jurisdiction over electrical installations and used
by insurance inspectors.

Motor Protection

In addition to direct protection of the motor itself, the
NEC calls for the protection of the branch circuit and
feeder line. The intent of the code is to protect the motor,
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the motor control apparatus and the branch circuit
conductors against excessive heating due to motor
overloads or failure to start. Other protection provided
by fuses and circuit breakers is expected to guard against
fault conditions caused by short circuits or grounds
and involving over-currents exceeding locked-rotor
values of the motor.

Overload

The effect of an overload is a rise in temperature in the
motor windings. The greater the overload, the more
quickly the temperature will increase to the point of
damaging motor insulation and lubrication. Relatively
small overloads of short duration cause little damage but,
if sustained, could be just as harmful as overloads of
greater magnitude. The operation of the protective
device should be such that the motor is allowed to carry
harmless overloads but is quickly removed from the line
when an overload of any length persists. Motor burnouts
are said to be the highest single cause of electrical fires.

Overcurrent Protection

The function of the overcurrent protection device is to
guard the motor branch circuit conductors, control
apparatus and the motor itself from short circuits or
grounds. The protective devices commonly used to sense
and clear overcurrent are thermal magnetic circuit
breakers and fuses.

Circuit Breakers

A circuit breaker is defined in NEMA Standards as a device
designed to open and close a circuit by non-automatic
means, and to open the circuit automatically on a
predetermined overcurrent without damage to itself
when properly applied within its rating.

A molded case circuit breaker is further defined by NEMA
as one which is assembled as an integral unit
in a supporting and enclosing housing of insulating
materials.

Fuses

The basic function of a fuse is to protect against short
circuits (Overcurrents). Motors draw a high inrush cur-
rent when starting. Single-element fuses have no way
of distinguishing between this temporary inrush current
and a damaging overload. A fuse, therefore, is not duly
suited for motor overload protection.
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Overload Relays

The overload relay provides ideal motor protection. It
has inverse trip-time characteristics, permitting it to
hold in during accelerating periods, yet providing
protection against small overloads above full load
current when the motor is running. The overload relay
differs from a fuse in that it is renewable and can with-
stand repeated trip and reset cycles without having to
be replaced. However, the overload relay does not
provide short circuit protection which is provided by
fuses and circuit breakers.

Overload relays are available as either magnetic or
thermal. Magnetic relays respond only to current
overload and are not affected by temperature alone. Ther-
mal overload relays rely on the rising temperatures
developed by the overload current to trip the overload
mechanism.

Method of Selection

The first step in the selection of the starter process is to
list the specific characteristics of the motor including:
horsepower, phase, frequency and voltage. Once this is
established, the required NEMA starter size can be deter-
mined from the accompanying tables. (The general
power frequency in the U.S. is 60 Hertz. The use of these
tables is restricted to full voltage starters using 60 Hertz
alternating current up to 575 volts.) The maximum
motor horsepower limitation for each NEMA size
starter is shown, depending on specific voltage
characteristics.

NEMA SIZE STARTERS
Maximum Allowable Horsepower

SINGLE PHASE

NEMA SIZE 115 VOLTS 230 VOLTS

00 1/3 1

0 1 2

1 2 3

11/2 3 5
2 - 71/2
3 15
table 1

NEMA SIZE STARTERS
Maximum Allowable Horsepower

THREE PHASE

NEMA SIZE 200 VOLTS | 230 VOLTS 460/575
VOLTS
00 112 112 2
0 3 3 5
1 7172 712 10
2 10 15 25
3 25 30 50
4 40 50 100
5 75 100 200
6 150 200 400

]

Since operation of centrifugal pumps is usually limited
to rotation in one direction, the controls vendor should
be advised that reversing service will not be required.

The next step is to select a starter type. The across-the-
line type of starter is by far, the most common. This type
places the motor directly across the full voltage of the
supply lines, providing rapid acceleration, which is
suitable for the typical small centrifugal pump.

At this point, one basic function of operation remains
to be resolved - the option of using a manual or magnetic
starter. A manual starter mechanically establishes the
circuit to the motor while a magnetic starter employs
electro-magnetic means to establish the circuit.

Manual Starter

Basically, a manual starter is an ‘“‘on-off”’ switch with
overload relays. It provides low-cost control and un-
complicated performance. It does not provide for remote
operation or under-voltage protection. Manual starters
are limited to single-phase motors up to 5 HP @ 230 valts
and to three-phase motors up to 15 HP @ 600 volts. A
manual starter is, simply, a hand-operated mechanism
that makes and breaks the motor circuit. A thermal
protective device included in the starter guards the motor
against excessive currents.

Magnetic Starter

A magnetic starter is a device which operates electro-
magnetically to start, stop, control and protect the motor.
Actuation of an electric circuit to an operating coil
magnetically closed the power contact of the device.
Magnetic starters permit remote operation and automatic
control of pilot devices such as pressure switches, float
switches, timers and similar devices.

Although they cost more than manual starters, magnetic
units are more widely used. Magnetic starters can pro-
vide important operation features and are capable of
withstanding frequent and hard use.

Like the manual starter, 2 magnetic starter contains a
mechanism for opening and closing a set of contacts
in the motor circuit and a thermal overload. Unlike a
manual starter, the contacts in a magnetic starter are
moved by an electro-magnet in the starter. When the
magnet is energized, movable contacts close against
stationary contacts, completing the electrical circuit.
De-energizing the magnet opens the circuit.



Solid State

Solid-state motor starters use semi-conductor power and
trigger circuits instead of contacts. The motor is
accelerated by varying motor voltage from zero to full
voltage on a stepless ramp. Acceleration time is adjustable
up to about 10 seconds by means of a trimmer-
potentiometer in the trigger circuit. The starter is
activated by closing a remotely located switch wired to
the starter terminals. In addition to thermal overload
protection, solid-state starters provide protection against
phase loss and phase reversal.

Recently, two U.S. manufacturers introduced motor
starters with solid-state, current-sensing devices. It has
been estimated that up to 25 % of all motors requiring
rewiring have been damaged because of single-phasing.
Contactors controlled by micro-processors in some solid-
state stacters provide a communications ‘‘tie-in’’ to a con-
trol room, providing information relative to the status
of the motor.

Combination Starter

This type combines a magnetic starter with a disconnec-
ting device in one enclosure. The disconnect may be a
motor-circuit switch or a circuit breaker.

Reduced-Voltage Starter (‘‘Soft Start’’)

In some pump applications, particularly involving larger
horsepower requirements, a ‘‘soft start”’ may be need-
ed. In addition to the demands of some applications,
power regulations may limit the current surge or voltage
fluctuation that can be imposed on the power supply
during motor starting.

Enclosures

The final step in the selection process is the determina-
tion of the proper enclosure. Controlier enclosures
provide protection for operating personnel by preven-
ting accidental contact with “‘live’’ elements. In certain
services, the controller itself must be protected from a
variety of environmental conditions such as explosive
gases or combustible dusts. Table 3 provides a listing
of NEMA Standard enclosures.

NEMA Standard Enclosures

Type 1 General purpose
Type 2  Drip tight
Type 3  Dust tight, rain tight and sleet resistant

Type 3R Rain proot and sleet resistant
Type 3S Dust tight, rain tight and sleet proof

Type 4  Water tight and dust tight

Type 4X Water tight, dust tight and carrosion resistant

Type 5  Dust tight

Type 6 Submersible

Type 7 (A, B, C or D) Hazardous locations Class 1, air
break

Type 8 (A, B, C or D) Hazardous locations Class 1, oil
immersed

Type 9 (E. F and G) Hazardous locations Class 2

Type 12 industrial applications, dust tight and drip tight
Type 13 Oii tight and dust tight

Diagrams and Symbols

Thebasiclanguage of controllers is the circuit diagram.
Consisting of a series of symbols inter-connected by lines
to indicate current flow to various components, the cir-
cuit diagram provides information relative to (1) the flow
of current in the device being controlled and (2) the cur-
rent flow to the device being controlled.

Wiring and Line Diagrams

Wiring (connection) diagrams include all the devices in
asystern and show their physical relation to each other.
A typical wiring diagram of a three-phase magnetic
starter with a start-stop push button station is illustrated
in figure 1.

figure 1

All poles, terminals, coils, etc. are shown in their pro-
per position in each device. These diagrams are useful
in wiring systems aithough, in following the electrical
sequence of a circuit, connections are not shown in
an easy-to-follow manner. For this reason, some rear-
rangement of the circuit elements to form a line diagram
is desirable.

Theline (elementary) diagram is a representation of the
system in its simplest form. Figure 2 is the line diagram
for the wiring diagram in figure 1. No effort is made to
place the various components in their actual position.

L1 L2
Stop Stant O.L.

o M
M’—_J
21073

figure 2

Typically, all control devices are shown between vertical
lines which represent the source of control power. Cir-
cuits are shown connected as directly as possible in an
easily followed manner.



In short, a writing diagram provides the necessary
information for physically wiring up a group of control
devices or for tracing circuits in trouble-shooting situa-
tions. A line diagram provides information required to
follow the operation of various devices in the circuit.

The most commonly used symbols are shown in figure
3. Familiarity with them will provide a better understan-
ding of line and wiring diagrams.

Summary
Motor control manufacturers and their representatives
are 2 most helpful source of information in developing

standard motor control line and wiring diagrams for
specific requirements. Their catalogs typically include
numerous wiring arrangements, one of which will
usually meet or at the very least will conform, with
modifications, to most specific requirements. Motor
control manufacturers are also a source of considerable
literature which, with published handbooks and other
reference material, provide an excellent source for
acquiring basic information.

More complex requirements may demand the services
of professionals in this field.
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Instrumentation — Introduction

Instrumentation is an outgrowth of man's desire to
effect some means of accurate, repeatable measure-
ment which can be readily applied to widely varied
tasks.

In essence, instrumentation replaced man's personal
inaccurate methods of estimating and made him aware
of the need for concise standards.

The development of temperature measurement
(Fahrenheit) in the 18th century, the invention of the
pressure gauge (Bourdon) along with the discovery of
electricity in the 19th century, provided the basis for
the exponential advances which have occurred in this
century. Progress in all areas, but particularly, in the
electronic and pneumatic fields, provided the
ingredients needed for developments in computers,
data loggers, transmitters, etc. during the last several
decades. Combining all these segments has resulted
in the emergence of a new engineering field known
as "Control Engineering.”

While still in their infancy early in this century, gauges,
meters, thermormeters, etc. containing individual read-
outs were typically employed in the processing and
power industries. Operators made periodic visual
checks of each readout. later, processors began to
record this data, usually at specific time frames during
operating cycles, using "clip-board" recording methods
to either analyze on site or to take back to the office
for calculation and analysis. Still later, in the 1930's
and 40's, measured data was transmitted to a control
room and monitored from a central area.

Since then, two types of transmitting systems have
evolved - pneumatic and electronic. The pneumatic
system usually employs air pressure at 3-15 psig; the
electronic system requires 4-20 milliamps of direct
current. Several factors - cost, size of plant, transmis-
sion distance, response time, reliability, etc. - dictate
system choice.

Next, a strong force was required from the transmiter
output signal to the controller in order to develop
a mechanical action. The operating principles of a
controller and transmitter are similar except that higher
levels of energy are required to effect a physical
change in the processing equipment. Actually,
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input/output devices are the interface berween the
controller and controlled system. Input devices con-
vert physical qualities to electrical signals while output
devices allow the conuoller to act on the system.

A transducer is a conversion device for translating the
changing magnitude of one kind of quantity into
corresponding changes of another kind of quantity.
The latter quantity often differs from the former
dimensionally and serves as the source of a useful
signal. The quantities represent input and output.
Transducers commonly measure pressure, tempera-
wre, light, magnetic fields, etc. Both mechanical and
solid-state devices can be found in today's systems.

The five basic variable segments of measurement in
a system by an element (transducer, gauge, thermome-
ter, elc.) are:

temperature

pressure and strain

flow and level

pH and conductivity

data acquisition

VU e

Temperature

Temperature was probably the first measured variable
and continues to be a critical system parameter.
Measurement techniques from radiation pyrometry to
basic filled systems are utilized.

The temperature sensing element should be located
close 10 the point of desired reading. When media
of different temperatures are mixed, the sensing
element must be properly positioned to obtain
a true mixed-temperature reading. If a temperature
well is employed for the sensor, clean the well and
use a heat transfer medium within the well and the
measuring instrument. Temperature sensors, readouts
and similar elements are commonly used with
a device containing relay contacts to operate an
audible alarm or annunciator.

Pressure-Strain

This is primarily a parameter indicator which provides
immediate response to a point of operation within a
process. Pressure instruments are usually categorized
by their pressure-sensitive element and range. Most
elements in use today were initiated by the develop-
ment of the Bourdon tube which can be described as



a flattened tbe bent into a C-shape. As pressure
increases, the wbe flexes and tries to straighten out.
A linkage mechanism employs a pointer to indicate
pressure.

Improvements to the original Bourdon bent tube
design, including the use of helixes, spirals, bellows
and different materials are utilized today for the
element in specific areas of application.

Flow

Measuring flow rate is important for individual pumps
as well as for the entire process or plant. It is also
important in some process plants where loops carry
energy-laden media from which excess energy might
be saved or reclaimed.

Many forms of flow measurement are available.
Selection should be based on which is most applicable
to a system's accuracy, type of flow (turbulence or
laminar), viscosity, quality of the fluid medium (clean
vs dirty), temperature, conductance, service and cost.

Forms of measurement include:
1. Differential Pressure
2. Magnetic

3. Mass

4. Oscillatory

5. Positive Displacement
6. Target

7. Turbine

8. Ultrasonic

9. Rotometer

10. Wiers and Flumes

Level

Liquid level measurement systems use a broad range
of technologies to provide accurate and repeatable
data. Common. categories of liquid level sensing
systems include: non-contacting, inserting probes,
mechanical interface, hydrostatic head pressure,
process pressure and interface. As with other
instrumentation, several variations will usually do the
job, so the choice becomes one of cost, accuracy and
personal preference based on previous experience.

The current trend is away from mechanical devices
and toward electronic and non-contact, non-intrusive
level measurement. High growth rates are predicted
over the next five years in the use of load cells,
magneto structure, microwave/radar, nuclear and
servo gauge instruments for level measurement.

Conductivity and pH

Conductivity/resistivity measurements are used in
many applications: water conditioning, waste streams,
reverse osmosis, acid, alkalis and salt concentrations,
electroplating, etc.

The conductivity of any solution depends upon the
presence within that solution of small, electrically

charged particles known as ions. Conductivity
measures the ability of a solution to conduct an
electric current between two electrodes.  As the ions
present in the solution increase, the conductivity of
that solution will become higher. If the number of
ions is very small, the solution will be "restive" to
current flow.

pH is 2 unit of measure which describes the degree of
acidity or alkalinity of a solution. Measurement is
made on a scale of 0 to 14. A pH of 7 represents a
neutral soludon. Lower values represent acidity and
higher values alkalinity.

A rough indication of pH can be obuined using pH
papers or indicators which change color as the pH
level varies. More accurate measurements are
obtained with pH meters. A pH meter is basically a
high impedance amplifier that accurately measures
voltage (minute electrode) and displays the results in
pH units on either an analog or digital display.

Data Acquisition

Data acquisition systems measure the product and/or
process used to collect information for documentation
or analysis. Equipment ranges from plain recorders 10
complex computer systems. Data acquisition can
serve as a control point in a system, bringing together
a wide range of devices, such as sensors, to indicate
temperature, flow and pressure.

An elementary data acquisition system has four
components: (1) analog transducers, (2) one or more
analog-to-digital converters to digitize transducer
signals, (3) a conuoller to synchronize data sampling
and storage, and (4) a processor which may share the
same computer as the conuoller. Data can be stored
by the controller itself, or passed to another computer.

Data acquisition systems are becoming very popular in
manufacturing processes. The system or its controller
may be a personal computer, a micro-processor,
a single-board computer or a2 main-frame computer. It
may be applied solely to acquire and analyze data, or
it may also perform additional functions.

Display Choices

Today, instant displays are usually analog or digital.
Each type has its advantages and limitations. Analog
instruments are normally smaller, easier to read and
less expensive while digital units are more accurate.
Conversion of analog input to digital signals within
instruments is achieved through special analog-to-
digital circuitry.

The Institute of Electrical and Electronics Engineers
(IEEE) classifies electrical transmission signals as:
voltage, current, position, frequency and pulse with a
further classification of (1) analog, where the signal
transmitted is the electrical analog of the measurement
or (2) digital, where the signal has been converted to



a code representing the measurement. All five
electrical transmission signals can be used in analog
transmission but only the pulse signal can be used for
digital transmission

General Service

In our service-oriented society, some overlapping
of service in the instrumentation field has become
evident. There is a growing demand for high-level
control engineers representing, to some degree, a
shifting of personnel from user processing companies
to engineering service firms. It's uncertain whether
this is a permanent trend. When service is beyond
a maintenance staff's capability, a service contract
alternative may be pursued to insure minimum down-
time of the processing equipment.

In this environment, brand changing is also becoming
rare. Processors are staying with one or two sources
for the improved service that a technician familiar with
the system can offer.

Preventative Maintenance

Programs involving routine inspections, cleaning,
lubrication, replacement of spare parts and safety
audits can be beneficial. A good preventative mainte-
nance program should follow of schedule of specific
times, dates or hours of operation predetermined by
previous history or dictated by equipment manufactur-
ers' specifications. Unplanned malfunctions or break-
downs must, unfortunately, also be anticipated in any
good maintenance program.

Accuracy

Accurate measurements can only be assured if the
monitoring is performed at a location in conformance
with the instrument manufacturer's instructions.
Dirt buildup or corrosion on either the element or
equipment can result in erroneous readings.

Summary

The essentials of an instrumentation system include:

1. A sensing or measuring element

2. A means of comparing the measured value with
an observed value

3. A final control element to provide the desired
change in the measured variable

4. An actuator to change the position of the final
control element as required

5. A relaying or force-building means of enabling
a weak sensing signal to release sufficient force
to power the actuator

To be most effective in making compatible instrument
recommendations, control manufacturers must be
provided with complete data in three areas: (1) appli-
cation/environment, including the medium being
processed, its temperature, properties, etc., (2) accura-
cy requirements, (3) instrument reading range.

Choosing the right transmitter for an application
improves process efficiency. Choosing the right
vendor assures that the entire process, from ordering
the instrumentation to installation and maintenance
will be accomplished smoothly and efficiently.

Instruments for the measurement of temperature,
pressure and liquid level can usually be installed from
standard drawings. Differential-pressure instrurments,
particularly those used for measurement of flow rate,
generally require more detailed sketches of the
specific operation.

To maintain a reliable processing operation,
instrumentation should be recalibrated periodically in
conformance with the manufacturer's recommenda-
tions and a regular cleaning program should be
observed.

These procedures should be followed even though
current instrumentation offers: increased reliability
and durability, improved performance, less mainte-
nance, greater consistency and lower overall cost
(taking into consideration life cycle and maintenance).

Relative to pumping applications, instrumentation can
provide:

1. An evaluation of performance along with constant
monitoring of the pump and system.

2. Capability of allowing pump or system to automat-
cally respond to change: (a) pump through speed
control, (b) system through repositioning of control
valves.

3. Ability to modify or maintain fluid temperature
(could also control viscosity).

This article concludes the Pump Primer program which
originated in 1988. If you're interested in receiving
back issues, all twenty articles are still available and
can be provided upon your request.

Address your request to:

Ampco Pumps
4000 W. Burnbam St.
Milwaukee, WI 53215




