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FOREWORD

Pump is a mechanical device which raises the energy levels of various fluids by
converting kinetic energy imparted by its prime movers into hydraulic energy. A centrifugal
pump is one of the simplest pump. It’s purpose is to convert energy of a prime mover (an
electric motor) first into velocity or kinetic energy and then into pressure energy of a fluid
(water) that is being pumped.

The centrifugal mono block pump is a multipurpose pump range suitable for a
variety of different applications demanding reliable and cost efficient supply. These pumps
are widely used in Railways for lifting and transporting water supply.

To ensure wide dissemination of knowledge on Centrifugal pumps and its
maintenance, CAMTECH, Gwalior has prepared this booklet on ‘“Maintenance and
Troubleshooting of Centrifugal Mono-block Pump Set”.

I am sure that this booklet will be useful for field pump maintenance staff of
Electrical General Services in their day to day working and improving the reliability and
efficiency of water supply on Indian Railways.

CAMTECH Jitendra Singh
Date: Principal Executive Director



PREFACE

Centrifugal Mono-block Pumps of various capacities have wide applications over
Indian Railways in pumping installations and their proper upkeep and maintenance are
essential for trouble-free supply of water for day to day operations.

This handbook on "Maintenance and Troubleshooting of Centrifugal Mono-block
Pumps” is prepared with the objective to disseminate knowledge on pumps and their
selection, installation. This handbook comprises general description, selection and
installation along with troubleshooting for common troubles. This handbook also comprises
selection of cables for pumps, minimum submergence etc.

It is clarified that this handbook does not supersede any existing provisions laid
down by Railway Board/Zonal Railways/ RDSO, OEMs. This handbook is for guidance
only and it is not a statutory document.

I am sincerely thankful to all field personnel who helped us in preparing this
handbook. Technological up-gradation & learning is a continuous process. Please feel free
to write us for any addition/ modification in this handbook.

CAMTECH, Gwalior Manoj Kumar
Date: 27.02.2020 Director /Mech
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CHAPTER 1

GENERAL DESCRIPTION

1.1 PUMP

F  Pump is a mechanical device which raises the energy levels of various fluids by
converting kinetic energy imparted by its prime movers into hydraulic energy.

F  Pump is a machine to transport the liquid from one place to another place usually
through a pipe.

F It imparts energy to a fluid passing through it to enable the fluid to move from one point
to another.

F It converts mechanical energy into kinetic energy.

F In practice, pumps change both the velocity and the pressure passing through them.

F A pump may, therefore, be defined as “a mechanical device which converts the
mechanical energy imparted to it from an external source (electric motor, diesel engine
or even manual energy) into hydraulic energy in the fluid handled by it”.

F  Asaconsequence, the energy level of fluid handled by the pump or flowing through the

pump is augmented, making it possible for the fluid to move from a lower level to a
higher level, against gravity and friction.

Figure: Centrifugal pump with motor
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1.2 CLASSIFICATION OF PUMPS

PUMPS
|

|
‘ Positive Displacement Pumps

Dynamic pump | | | Other Pumps

Reciprocating Pumps Rotary Pumps (Impulse, Buoyancy)
Centrifugal ) — Gear Pumps
PUMDS — Piston Pumps

—— Lobe Pumps

Special effect pump | Plunger Pumps | Screw Pumps

L Diaphragm Pumps ~ —— Cam Pumps

—— Vane Pumps
Pumps fall into two major groups: dynamic pumps and positive displacement pumps.
Their names describe the method for moving a fluid, such as water.

1.2.1 Positive Displacement Pumps

A positive displacement pump causes a liquid to move by trapping a fixed amount of
fluid and then forcing (displacing) that trapped volume into the discharge pipe. Positive
displacement pumps can be further classified as either rotary-type (for example the rotary
vane pump) or reciprocating-type (for example the diaphragm pump).

1.2.2 Dynamic Pump

A dynamic pump is a kinetic machine in which energy is continuously imparted to
the pumped fluid by means of a rotating impeller, propeller, or rotor.Examples of dynamic
pumps include centrifugal pump, special effect pumps.

1.3 CENTRIFUGAL PUMP
Centrifugal, (Sen-trif*-u-gal)
A Tending to fly from a center
A Thrown from a center

i A centrifugal pump is one of the simplest pump. Its purpose is to convert
energy of a prime mover (an electric motor) first into velocity or kinetic energy
and then into pressure energy of a fluid (water) that is being pumped.

a Centrifugal pump impeller does just that water drawn into impeller eye,
accelerated down the blades and thrown against pump casing that directs flow
out of discharge.

u Convert the mechanical energy into hydraulic energy by centrifugal force on
the liquid.

u Constitute the most common type of pumping machinery.
a Used to move liquids through a piping system.

February, 2020 Maintenance & Trouble Shooting of Centrifugal Mono-block Pump Set



CAMTECH/E/2019-20/EP-06/Pump/1.0

u Classified into three categories ;
1. Radial Flow,

Double Suction

2. Mixed Flow,

3. Axial Flow

The centrifugal mono block pump is a multipurpose pump range suitable for a
variety of different applications demanding reliable and cost efficient supply.

These are also classified according to working head:

1. Low lift.
2. Medium lift.
3. High lift

U A mono block pump has one single shaft and no coupling.

Figure: Mono block pumps

Maintenance & Trouble Shooting of Centrifugal Mono-block Pump Set February, 2020



4 CAMTECH/E/2019-20/EP-06/Pump/1.0

U A Close Coupled Pump has two shafts connected by a single simple coupling.

Figure: Closed coupled pumps Figure: Long coupled pumps

14 CONSTRUCTIONAL FEATURES OF CENTRIFUGAL PUMP
A centrifugal pump has two main components:

I. A rotating component comprised of an impeller and a shaft
ii. A stationary component comprised of a casing, casing cover, and bearings.

Volute

Impeller

Suction Shaft o) Rings
nozzle -.

Figure: Constructional features of centrifugal pump

1.4.1 Bed plate

This may be of cast iron or welded steel construction but should be perfectly
rigid. It should be bolted to the foundation at a number of points all round. Dowel
locating pins are driven through the pump and motor legs right into the bed plate to
ensure easy assembly and correct alignment.

February, 2020 Maintenance & Trouble Shooting of Centrifugal Mono-block Pump Set
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1.4.2 Pump casing

This is usually made of close-grained cast iron. It may be split in the vertical
plane at the centre of the casing and the two halves held together by a number of
bolts and one or two locating pins.

To facilitate dismantling of the impeller an end cover is usually provided.
Alternatively, the casing may be split horizontally to enable easy removal of the
entire impeller and spindle without the necessity of breaking any pipe joints, as all
pipe connections are made at the bottom half of the casing.

In general type of casing are ‘Volute’ and Diffusion.
Volute Casing

0 Volute Casing is the one most commonly used.

U Impeller discharges into a progressively expanding spiral casing.

0 Casing is proportioned to produce equal velocity flow all around its circumference.
U Reduce the velocity of the liquid.

0 It flows impeller to discharge.

U Changing velocity head into pressure head.

1.4.3 Impeller

This is usually of close-grained cast iron or cast steel, hydraulically and dynamically
balanced to avoid end-thrust and vibration. To eliminate possibility of rusting, impellers are
frequently made of gun-metal.

9 Main rotating part that provides centrifugal acceleration to the fluid.

1 Number of impellers = number of pump stages

9 Impeller classification: direction of flow, suction type and shape/mechanical
construction

Enclosed Impeller Semi open impeller

Maintenance & Trouble Shooting of Centrifugal Mono-block Pump Set February, 2020
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Shaft
Transfers torque from motor to impeller during pump start up and operation

Stuffing box and gland packing

This serves two purposes: on the suction side it prevents leakage of air and on the
delivery side leakage of water under pressure. The packing material consists of rings of soft,
cotton, woven yarn, impregnated with graphite and tallow. The gland bolts should only be
tightened lightly, just enough to prevent leakage.

Indeed a slight seepage (10 - 20 drops per min) is a good sign of the bearing not running
dry and keeping cool. Over tightening should be avoided as it will tend to grip the spindle,
making it hot and perhaps overloading the motor.

Water is admitted into the stuffing box either through an internal hole or by an external
connection, to ensure a water seal and to cool the box. It is very important that a centrifugal
pump should not be allowed to run dry, as it may result in seizure of the spindle.

Modern pumps are often fitted with mechanical leak-proof seals. Basically it consists
of a mirror-finished, hard, flat surface against which bears a spring loaded ring of a softer
material like carbon, rubber, leather, or plastic. The combination permits free rotation
without permitting any leakage. The seal is kept cool by the liquid pumped.

Bearings

These may be of the ball, roller or sleeve type. Grease lubricators are provided on the
bearing housing. In vertical bore-hole type pumps some form of thrust bearing employing
water lubrication, like the Mitchell thrust bearing is employed. This comprises a number of
pivoted pressure pads of soft material like gunmetal, bearing against a hard, rotating,
polished surface. The arrangement is such that a wedge of lubricant (water or oil) is formed
between the surfaces, which ensure perfect lubrication, so essential in thrust bearings.

WORKING OF CENTRIFUGAL PUMP

In a centrifugal pump the liquid is
admitted into the centre of the rotor called
the ‘eye’ and whirled through a shaped
impeller , which imparts it a high velocity
and energy as it moves towards the
periphery. The water then passes through a
volute chamber surrounding the impeller,
whose cross-section progressively increases
towards delivery side so that the high

velocity is converted into pressure head 7/ // m @
smoothly without turbulence or shock. A\ '
Another method of achieving this

diffuser vanes on the inner periphery of the - \vowre

conversion is by providing suitably shaped MPELLER
pump casing.

IMPELLER EYE

Figure: Working centrifugal pump
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Water Flow Stages

Liquid forced into impeller.
» Vanes pass kinetic energy to liquid, liquid rotates and leaves impeller.
» Volute casing converts Kinetic energy into pressure energy.

1.6 TYPES OF CENTRIFUGAL PUMPS

1.6.1 Single Stage Pumps

« Centrifugal pumps with single closed type impeller and single suction is called single
stage pumps.

» These types of pumps are generally used for small lifts like in agricultural activities
when the head is less than 20 meters.

1.6.2 Multistage Pumps

« Multistage pumps are used when sufficient head cannot be developed efficiently in
single stage.

» Multistage pumps may have two or more impellers operating in series.
« The discharge of one impeller is connected to the suction of another.

1.7 ADVANTAGES OF CENTRIFUGAL PUMP

Simple in construction and easy to operate.

Compact and requires less floor area for its foundation.

Handle liquid with large amounts of solids.

Uniform and continuous flow.

Dependable and Durable.

Comparatively silent in operation and makes less vibration.

Capable of delivering large quantity of water as compared to its size.
Suitable for high speed operation with an electric motor.

High efficiency.

M M T M M M M M M T

Relatively low initial and aintenance costs.

Maintenance & Trouble Shooting of Centrifugal Mono-block Pump Set February, 2020
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1.8 DISADVANTAGES OF CENTRIFUGAL PUMP

cC CccCcccc

Cannot handle highly viscous fluids efficiently.
Priming is required.

Cannot be operated at very high heads.
Maximum efficiency holds over a narrow range.
Suction lift is limited to only 8 meters.

Frequent problem in foot valve.

1.9  APPLICATION OF CENTRIFUGAL PUMP

The end suction pumps are especially suited for water distribution in large scale

irrigation systems.

T

T
T
T
T
T

Industrial pressure boosting

Industrial liquid transfer

HVAC (Heating, Ventilation and Air-Conditioning)
Irrigation

Fire fighting

Boiler feeding system

1.10 PUMP RATING

i

The manufacturer will rate the pump at its optimum total head and flow, this point is also
known as the best efficiency point or B.E.P.. At that flow rate, the pump is at its most
efficient and there will be minimal amount of vibration and noise.

Of course, the pump can operate at other flow rates, higher or lower than the rating but
the life of the pump will suffer if you operate too far away from its normal rating.

Therefore, as a guideline aim for a maximum variation of plus or minus 15% on total
head.

1.11 RELATIONSHIP BETWEEN HEAD, QUANTITY, SPEED AND POWER

1.11.1 Variation of Impeller Diameter (with speed remaining constant)

Capacity varies directly proportionate to diameter.
Head varies proportionate to square of the diameter.
BHP varies proportionate to cube of the diameter.

1.11.2 Variation of Speed (with impeller, diameter remaining constant)

Capacity varies directly proportionate tospeed.
Head varies proportionate tosquare of the speed.
BHP varies proportionate to cube of the speed.

February, 2020 Maintenance & Trouble Shooting of Centrifugal Mono-block Pump Set
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CHAPTER 2
SELECTION AND INSTALATION OF PUMP

2.1 BASIC TERMINOLOGY OF PUMP
211 Head

The head of the pump is an expression of how much height the pump can lift the
liquid. This is measured in terms of meter of water column, independent on the liquid density.

Pe——

suction head || static head
1
discharge static head

2.1.2 Static Head

x  The vertical height difference from surface of water source to centreline of impeller is
termed as static suction head or suction lift (‘suction lift’ can also mean total suction

head).

x  The vertical height difference from centreline of impeller to discharge point is termed as
discharge static head.

x  The vertical height difference from surface of water source to discharge point is termed
as total static head.

¢
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2.1.3

2.1.4

2.1.5

2.1.6

2.1.7

2.1.8
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Total Head/ Total Dynamic Head

Total height difference (total static head) plus friction losses & ‘demand’ pressure
from nozzles etc. i.e. Total Suction Head + Total Delivery head = Total Dynamic Head.

Net Positive Suction Head(NPSH)

NPSH is particularly relevant inside centrifugal pumps and turbines, which are parts
of a hydraulic system that are most vulnerable to cavitation(see para no. 2.1.13). If
cavitation occurs, the drag coefficient of the impeller vanes will increase drastically,
maypossibly stopping the flow altogetherand prolonged exposure will damage the impeller.

It can be:
1. NPSHA(Available NPSH)
2. NPSHR(Required NPSH)

e NPSH Available (NPSHA) is equal to the difference between pump inlet stagnation
pressure and vapour pressure head. The absolute pressure at the suction port of the

pump.

e NPSH Required (NPSHR) is the minimum pressure required at the suction port of
the pump to keep the pump free from cavitating.

e NPSHA is a function of system and must be calculated, whereas NPSHR is a
function of the pump and must be provided by the pump manufacturer.

e NPSHA must be greater than NPSHR for the pump system to operate without
cavitating.

NPSHA > NPSHR
Put another way, must have more suction side pressure available than the pump
requires.
Specific Gravity (S.G.)
Specific gravity, weight of liquid in comparison to water at approximate 20°C (SG = 1)

Specific Speed

A number which is the function of pump flow, head, efficiency etc. Not used in day
to day pump selection, but very useful as pumps with similar specific speed will have
similar shaped curves, similar efficiency/ NPSH/ solids handling characteristics.

Vapour Pressure

In centrifugal pump technology, vapour pressure refers to the pressure at which
the vapour and liquid phases are in equilibrium.If the vapour pressure of a liquid is greater
than the surrounding air pressure, the liquid will boil. The representation of vapour
pressure as a function of temperature is known as the boiling point curve.

Viscosity
A measure of a liquid’s resistance to flow i.e. how thick it is. The viscosity

determines the type of pump used, the speed it can run at, and with gear pumps, the internal
clearances required.

February, 2020 Maintenance & Trouble Shooting of Centrifugal Mono-block Pump Set
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219 Flow (Q)

Flow rate with which liquid is moved by the pump.Measured in m*hr or GPM, LPD,
LPM or LPS.

Capacity depends on- liquid characteristics,pump size, inlet & outlet sections, impeller
size, impeller rotational speed RPM, size & shape of angles between vanes.

2.1.10 Friction Loss
The amount of pressure/ head required to ‘force’ liquid through pipe and fittings.
2.1.11 Friction

It is a form of resistance to the movement of flow. This is depending on velocity and
the area. This is measured in terms of head in meters.
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Shaft is a component that carries all the rotating pump parts and also provides power
to the impeller. The shaft has to withstand the rotating torque, axial and radial thrust.

2.1.13 Cavitation

Fluid flows from areas of high pressure to areas of low pressure. Pumps operate by
creating low pressure at the inlet which allows the liquid to be pushed into the pump by
atmospheric or head pressure. With low pressure at the impeller, there can be a physical
limitation, if the pressure at the impeller is too low or lower than the vapour pressure of the
liquid at that temperature the liquid can get vaporised.

The suction pressure of a pump is a function of density and density of vapour or
gases are far lower than that of liquids so either the pump won't pump or there may be
pumping if the cavitation is occurring in the impeller blades and not the eye of the impeller
and the vapour generated will collapse at the region of high pressure at the discharge
causing damage to impeller and pipeline called cavitation.
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2.2 INSTALLATION TIPS

Before installation, read the installation and operating manual of OEM carefully for right
method of installation.

U Use eccentric reducer in place of concentric reducer at suction line.

X BAD ~ GOOD

CONCENTRIC REDUCER ECCENTRIC REDUCER

U Do n 6 tcontwokvalve on suction line.

X BAD « GOOD

VALVE ON SUCTION LINE NO VALVE ON SUCTION LINE
0O Dondét hang pump in well, instal/l it
X BAD <~ GOOD

{ - -
[ N T [T
[T ] T ]
. W . [T s
| [Tl ] 1]
| | ] ]
| I ] [T
[T [T T [T
[T [T | ]
[T ] T ]
| Tl ] [T
| (| [T} ]
[T [Tl ] (T
[T | T [T
- A mE = =y mE
s % - [T} Q\ ]
L . =8 R us

PUMP HANGED PUMP ON PLATFORM
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radius bends on suctio

U Dondt wuse sharp

LARGE RADIUS BEND
LARGE RADIUS BEND  wTH STRAIGHT PIPE

 VERY GOOD

SHARP RADIUS BEND
X BAD

~ FAR

U Ensure that foot valve on suction line end have sufficient space from wall and

bottom of sump.

X BAD 7 GOOD

Ab ! -
'. i &
1) =

FOOT VALVE AWAY FROM WALL

FOOT VALVE TOUCHING WALL

U Low suction lift will deliver good discharge.

X BAD ‘ ~ GOOD
t‘f v -
iy ' {!_.lii r:: ] 1 EE
| | S [
¢ | S
- : x |
~ | w
& | —t |
- — 1
- | -
i 8! {
HIGH SUCTION LIFT POOR LOW SUCTION LIFT GOOD
DISCHARGE DISCHARGE ( NOT LESS THAN 2.5 METE
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/ GOOD

U Ensure joints are air tight. X BAD

JOINT TIGHT

AIR LEAKAGE JOINT
X BAD S . v GOOO &% 2
.’mgg n-:;,
U Ensure minimum water level in
p sump to avoid air lock through
: foot valve.
AR '
ENINY rx:
L sace
.‘~..JIM RGENCE l(h\: ‘..I)HMF RGENCE H)(u; i
X BAD v GOOD

0 Use good quality foot valve, full opening of its
flap will give good flow.Avoid metallic poppet
type foot valve as it poses high losses.

U Use foot valve with wider
---------- S R mouth and larger area of
openings, this helps to get more
discharge with the same pump
] Or mono-set.

Bad Good
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To increase the life of the Pump-Bush, packing rope and system efficiency.

1.  Ensure that the water leaking through the passage between packing rope and bush trickle at a
uniform rate of 10-20 drops per minute.

2. Lubrication of the packing rope is maintained so that packing rope does not turn dry causing
surface damage to the shaft bush. Which in turn results damage to the replaced packing rope
also.

3. Ensure that the packing gland is uniform tightened so that the packing rope is held evenly
between the bush and the gland plate.

PACKING GLAND

BUSH
[y
[
|
[l
[
[l
Lol
l_
=T
=
FPACKING ROFPE
GLAND PLATE
(STUFFING BOX)
X BAD s GOOD

<
=
%
)

NO WATER DROP LEAK WATER DROP LEAK
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2.3 ELECTRICAL CONNECTIONS
Warning

Before removing the terminal box cover and before removing/dismantling the pump,
make sure that the power supply has been switched off, so that it cannot be accidentally
switched ‘ON’.

2.3.1 General Instructions

1 The electrical connection should be carried out by an authorized electrician in
accordance with local regulations.

9 The supply voltage, rated maximum current and power factor (cosg) appear from the
loose data plate that must be fitted close to the installation site.

9 The pump must be properly earthed.
Make sure that the motor is suitable for the power supply of the installation site.

9 The electrical connection should be carried out as shown in the wiring diagram inside
the terminal box cover.

The pump must be connected to an external mains switch.
The motors are wound for direct-on-line startingorstar-deltastartingandthestarting
current is between 4 and 6 times the full load current of the motor.

2.3.2 Motor Protection

2.3.2.1 Single-phase Motors
9 Single-phase motors must be protected by a protective device which can either be
incorporated in a control box or separate.
2.3.2.2  Three-phase Motors
1 Three-phase motors must be connected to a motor-protective circuit breaker.

1 Carry out the electrical connection as shown in the wiring diagram on the back side of
the terminal box cover.

' In order to ensure the optimum protection of the motor, the starter overload unit
should be set in accordance.

The highest permissible setting is the rated maximum current of the motor.
9 For motors wound for star-delta starting, the starter overload unit should be set as
above, but the maximum setting should be as:
Starter overload setting = Rated maximum X 0.58
2.3.3 Lightening Protection

1 The installation can be fitted with a special over voltage protective device to protect the
motor from voltage surges in the electricity supply lines when lightning strikes
somewhere in the area.

1 The overvoltage protective device will not, however, protect the motor against a direct
stroke of lightning.
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1 The overvoltage protective device should be connected to the installation as close as
possible to the motor and always in accordance with local regulations.

2.3.4 Connection of Single-Phase Motors

The single phase motors are connected to the
mains via an operating capacitor which
should be sized for continuous operation.

2.3.5 Connection of Three-Phase Motors

1  Three-phase motors must be protected.

RED 1

1. MAIN

2. CAPACITOR
3. COMMON
R. RELAY

1 When a conventional motor starter is being used, the electrical connection should be

carried out as described below:

i Direct-On-Line Starting of Motors

The connection of motors wound for direct-on-line starting appears below:

L1
L2
L3

PE B i el i
I

Three Phase

U Star-Delta Starting of Motors

The connection of motors wound for star delta

starter appears below:

L
N

PE—j————
el

Single Phase

L1 L2

-
w
S © |
m
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PUMP CALCULATIONS
Factors affecting pump calculations:
— Water HP
— Pump input or motor output (shaft HP)
— Motor input
— Convert HP in KW
» Water HP (WHP) = Discharge (Q) x head (H) /75
where Q in Liters per Second (LPS), H in meters
e PumpHP = WHP/ efficiency of pump
*  Motor HP = Pump HP/ efficiency of motor
* KW input = Motor HP x 0.746

INLET PRESSURE
Maximum inlet pressure

The actual inlet pressure + pressure when the pump is running against valve must
always be lower than the maximum permissible operating pressure.

Minimum inlet pressure

The minimum inlet pressure must be according to the NPSH curve + a safety margin
of at least 0.5m — 1.65 feet + correction for vapour pressure. It is, however, advisable to
calculate the inlet pressure if:

The liquid temperature is high.

The flow rate is considerably higher than the pumps rated flow rate.
The pump is operating in an open system suction lift.

The liquid is sucked through long pipes.

The inlet conditions are poor.

= =4 =4 4 4 -2

The operating pressure is low.
Calculation of maximum suction lifts for water in open systems

To avoid cavitation, make sure that there is a minimum pressure on the suction side
of the pump. The maximum suction lift “H” in meters’ head can be calculated as follows:
‘0= Nw?102z200YX Gz 'Qz'Q
pb =  Barometric pressure in bar. (Barometric pressure can be set to 1 bar). In closed
systems, pp indicates the system pressure in bar.

NPSH = Net positive suction head in meters’ head. (To be read from the NPSH curve at the
highest flow of the pump will be delivering).

February, 2020 Maintenance & Trouble Shooting of Centrifugal Mono-block Pump Set



CAMTECH/E/2019-20/EP-06/Pump/1.0 19

H¢ = Friction loss in suction pipe in meters head. (At the highest flow of the pump will be
delivering).

H, = Vapour pressure in meters’ head. (To be read from the vapour pressure scale. “H,”
depends on the liquid temperature “Ty,”).

Hs= Safety margin = Minimum 0.5 meters’ head. (If the “H” calculated is positive, the
pump can operate a suction of maximum “H” meters head).

If the “H” calculated is negative, an inlet pressure of minimum “H” meters head is
required.

26 PUMPED LIQUIDS

Maximum inlet pressure

1 Mono block pumps are recommended for thin, clean and non — aggressive, non —
explosive liquids, not contacting solid particles of fibres. The liquid must not attack
the pump materials chemically or mechanically.

1 If you see pump liquids with a density and/or viscosity higher than that of water, use
motor with correspondingly higher outputs, see “Pumped liquids”.

The mechanical shaft seal must be suitable for the liquid.

Water in heating and ventilating systems often contains additives to prevent negative
effects such as system corrosion or calcareous deposits. If you want to use the pump
for such liquids and if the temperature is above 80°C, use special shaft seals to avoid
crystallization / precipitation between the seal faces.

Liquid temperature: -25°C to +140°C.
For heating systems, the water quality should meet VDI 2035.

2.7 CURVE CONDITIONS

The guidelines below apply to the curves shown in the performance charts:

Tolerance according to: 1SO 9906.

The curves show pump performance with different impeller diameters at the nominal
speed.

91  The bold parts of the curves show the recommended operating range.

The thin parts are not recommended as possible operating range here might suggest the
selection of a smaller / larger pump type.

1 Do not use pumps at minimum flows below 0.1*Q at an optimum efficiency because of
the danger of overheating of the pump.

§  The curves apply to the pumping of water at a temperature of +20°C and a kinematic
viscosity of 1mm 2/s (1cst).

9 NPSH: The curves show average values measured under the same conditions as the
performance curves. When dimensioning of pump, add a safety margin of at least 0.5 m.
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i In case of other densities that 1000 kg/m® the discharge pressure is proportional to
the density.

T  When pumping liquids with a density higher than 1000 kg/m*® motors with
correspondingly higher outputs must be used.

Reading of performnce curve

Motor in kW

TR

1

SNB/SMB 32-160w_ rug brempenny — o

| 2—pole , 50 Hz
ISO 9906 Annex A

_ s QE curve for the
X AEY | individual pump.
3= :\ N The bold curve

Total pump head, p 30
[kPa] or 8 [m], B=
Hezed

SR R

+
" "
I
I}
~

i R ! _____ indicates the recom—
S \ 85% NPSY mended performance
= R \ \ \ D [m] range.

= = \ '\\ NJ 4

2 3 | R =

1 4 NE / 1 L =——The NPSH curve is an

i NPSH

S ' average curve for all

4 et T

4 15 varient shown.when

o sizing the pumps, add
A N - & =2 S &0 &4 A e/ ] a2 safely margin of at
V 45 D 3L D N oL 0 o o - 3 least 05 m.

The power curve
Imdicates pump Input
power [Pi]

Calculation of total head:

The total pump head consists of the height difference between the measuring
points + the differential head + the dynamic head.

“TotalHead = "geo™stat™dyn
“Geo = Height difference between measuring points.
“Stat = Differential head between suction and the discharge side of the pump.

“Dyn: Calculated values based on the velocity of the pumped liquid on the suction and the
discharge side of the pump.
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2.8 GUIDELINES FOR INSTALLATION

5.5-3TkW

2.8.1 Vertical installation s o,

1 Pumps fitted with motors up to and including 4 kW
require a 0.3 m clearance above the motor.

1 Pumps fitted with motors of 5.5 kW and up require at
least a 1 metre clearance above the motor to allow the
use of lifting equipment.

Clearance above the motor

2.8.2 Horizontal Installation
0.37-4 kW

1 Pumps fitted with motors up to and including 4 kW

require a 0.3 m clearance behind the motor. A

1 Pumps fitted with motors of 5.5 kW and up require a 0.3
m clearance behind the motor and at least a 1 metre
clearance above the motor to allow the use of lifting
equipment.

1 Mono block pumps with base frame must have the same
clearance as pumps with motors from 5.5 kW above.

|

=
L
3
5

P P77 77 i 77777 7 77 777 7777

Clearance behind the motor

2.8.3 Foundation of Mono block pumps without base frame

The foundation/installation must be carried out in
accordance with the following instructions. Non-compliance
may result in functional faults which will damage the pump
components.

hi

1 This is recommended that install the pump on a plane and Lt
rigid concrete foundation which is heavy enough to
provide permanent support for the entire pump.

1 The foundation must be capable of absorbing any
vibration, normal strain or shock. As a rule of thumb, the
weight of the concrete foundation should be 1.5 times the
weight of the pump.

1 The concrete foundation must have an absolutely level
and even surface. Foundation

Place the pump on the foundation, and fasten it.

The foundation length and width should always be 200 mm larger than the length and
width of the pump.
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1 The mass of the foundation must be at least 1.5 times the total mass of the pump. The
minimum height of the foundation (hf) can be calculated:

a noan X 15

Q, =

UoX 00X 1 gGedan

The density (8) of concrete is usually taken as 2,200 kg/m. In installations
where noise-less operation is particularly important, a foundation with a mass up to 5
times that of the pump is recommended.

2.8.4 Foundation of Mono block pumps with base frame

1 It is recommended that install the pump on a plane and rigid concrete foundation
which is heavy enough to provide permanent support for the entire pump.

1 The foundation must be capable of absorbing any vibration, normal strain or shock. As
a rule of thumb, the weight of the concrete foundation should be 1.5 times the weight
of the pump.

1 The foundation should be 100 mm larger than the base frame on all four sides. See
figure below:

X X;

Bs

Lt
L¢ | L

Foundation, X=min. 100mm

i The minimum height of the foundation (h) can then be calculated:
% _ a OGN x 15

Opx 00X Gidan
The density (8) of concrete is usually taken as 2,200 kg/m.

1 Place the pump on the foundation, and fasten it. The base frame must be supported
under its entire area.

Correct foundation .
Incorrect foundation
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2.8.5 Pipe work

1  When installing the pipes, make sure that the pump housing is not stressed by the
pipework.

91 The suction and discharge pipes must be of an adequate size, taking the pump inlet
pressure into account.

1 Install the pipes so that air locks are avoided, especially on the suction side of the pump.

R

Figure: Pipelines

9 Fit isolating valves on bothsidesof the pump to avoid having to drain the system if the
pump needs to be leaned or repaired.

1 Make sure the pipes are adequately supported as close to the pump as possible, both on
the suction and the discharge side.

91 The counter flanges should lie true against the pump flanges without being stressed as
stress would cause damage to the pump.

e e e [ =

]
8

-

l/' "

pdadradadad

\ w7
0000\,

SNB Correct pump installation SNB incorrect pump installation
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Direct Mounting in pipe work

1 Pumps fitted with motors up to and including
frame size 132 are suitable for direct mounting in ﬁ
supported pipe work. ! M

1 This type of installation does not allow the use of
expansion joints.

Note: To ensure quiet operation, the pipes should be suspended from suitable pipe hangers.

Bypass

1 The pump is not allowed to run against a closed valve as this will cause an increase in
temperature/formation of steam in the pump which may cause damage to the pump.

1 If there is any danger of the pump running against a closed discharge valve, a minimum
liquid flow through the pump should be ensured by connecting a bypass or drain to the
discharge pipe.

M The minimum flow rate must be at least 10 % of the maximum flow rate. The flow rate
and head are stated on the pump nameplate.

VIBRATION DAMPENING

Elimination of nose and vibrations

1 Noise and vibrations are generated by the revolutions of the motor and pump and by the
flow in pipes and fittings.

1 The effect on the environment is subjective and depends on correct installationand the
state of the rest of the system.

7 Elimination of noise and vibrations is best achieved by means of a concrete foundation,
vibration dampers and expansion joints.

Vibration dampers

To prevent the transmission of vibrations to buildings, it is recommended to isolate
the pump foundation from building parts by means of vibration dampers. The selection of
the right vibration damper requires the following data:

91 Forces transmitted through the damper
1 Motor speed, taking speed control, if any, into consideration

1 Required dampening in % (suggested value is 70 %).

The selection of vibration damper differs from installation to installation. In certain
cases, a wrong damper may increase the vibration level. Vibration dampers should therefore
be sized by the supplier of the vibration dampers. If you install the pump on a foundation
with vibration dampers, always fit expansion joints on thepump flanges. This is important to
prevent the pump from "hanging™ in the flanges.
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2.10 COMMISSIONING AND START-UP

il
1

Do not start the pump until it has been filled with liquid and vented.

When pumping drinking water, the pump should be flushed through with clean water
before start up in order to remove any foreign matters such as preservatives, test liquid
or grease.

2.10.1 Flushing the pipe system

1 The pump is not designed to pump liquids containing solid particles such as pipe
debris and welding slag.

1 Before starting up the pump, the pipe system must be thoroughly cleaned, flushed and
filled with clean water.

2.10.2 Priming

Closed systems or open systems where the liquid level is above the pump inlet:

1 Close the discharge isolating valve and slowly open the isolating valve in the suction
pipe, both the pump and the suction pipe should be completely filled with liquid.

1 Slacken the priming plug in order to vent the pump. Once liquid runs out, tighten the
priming plug.

1 Pay attention to the orientation of the priming hole to ensure that the escaping water
does not cause personal injury or damage to the motor or other components.

1 In hot-water installations, special attention should be paid to the risk of personal injury

caused by scalding hot water.

Suction operation with non-return valve

The suction pipe and the pump must be filled with liquid and vented before the pump

is started.

Steps for priming

T

=a

== =2 =4 4

Close the discharge isolating valve and slowly open the isolating valve in the suction
pipe.
Remove the priming plug.

Pour liquid through the funnel until the suction pipe and the pump are completely
filled with liquid.

Fit the priming plug.
The suction pipe may be filled and vented via the priming plug.
Open systems where the liquid level is below the pump inlet.

If an isolating valve is fitted on the suction side of the pump, the valve must be fully
open.

Close the discharge isolating valve and tighten the priming and drain plugs.
Connect a manual venting pump instead of a priming device (funnel).

A slide valve should be installed between the venting pump and the centrifugal pump
in order to protect the venting pump against excessive pressure.
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Once the slide valve at the manual venting pump has been opened, vent the suction
pipe using short, rapid pump strokes until the liquid runs out on the discharge side.

Close the valve at the venting pump.

2.10.3 Checking the direction of rotation

The pump must be filled with liquid when checking the direction of rotation. The

correct direction of rotation is shown by arrows on the pump housing. Seen from the pump
end, the direction of rotation must be counter-clockwise.

2.10.4 Start the pump

T

T

Before starting the pump, completely open the isolating valve on the suction side of the
pump and leave the isolating valve on the discharge side almost closed.

Vent the pump during start-up by loosening the air vent screw in the pump head/cover
until a steady stream of liquid runs out of the vent hole.

Pay attention to the orientation of the vent hole to ensure that the escaping water does
not cause personal injury or damage to the motor or other components.

In hot-water installations, special attention should be paid to the risk of personal injury
caused by scalding hot water.

When the pipe work has been filled with liquid, slowly open the isolating valve on the
discharge side until it is completely open.

If the pump is fitted with a motor with an output selected on the basis of a specific
maximum flow rate, the motor may be overloaded if the differential pressure is lower
than anticipated.

Check the overload by measuring the motor current consumption and comparing the
value with the nominal current stated on the motor nameplate.

In case of overload, throttle the valve on the discharge side until the motor is no longer
overloaded.

It is advisable always to measure the motor current consumption during start-up.

Note: At the moment of start, the input current of the pump motor is up to six times higher

than the full load current stated on the motor nameplate.

2.10.5 Shaft seal run-in period

T

The seal faces are lubricated by the pumped liquid, meaning that there may be a certain
amount of leakage from the shaft seal.

When the pump is started for the first time, or when a new shaft seal is installed, a
certain run-in period is required before the leakage is reduced to an acceptable level.

The time required for this depends on the operating conditions, i.e. every time the
operating conditions change, a new run-in period will be started.

Under normal conditions, the leaking liquid will evaporate. As a result, no leakage will
be detected.

Liquids such as kerosene will not evaporate, and drops will be visible, but this is not a
shaft seal failure.
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CHAPTER 3
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MAINTENANCE & TROUBLE SHOOTING

3.1 MAINTENANCE

Before starting work on the pump or motor, switch off the power supply. Make sure

that the power supply cannot be accidentally switched ‘ON’.

S.N. Description Activity Maintenance Frequency
Daily |Weekly 6 Yearly
Monthly
1. Pump Turn  off or sequence
useandsequencin | unnecessary motors. V
g
2. Overall  visual | Complete  overall  visual
inspection inspection to ensure all V
equipment is operating and
safety systems are in place.
3. Check Ensure that all bearings are
lubrication lubricated as per the V
manufacturer’s
recommendation.
4. Check packing | Check packing for wear and V
repack as necessary.
5. Motor and pump | Align  the pump/  motor
alignment coupling to allow for efficient V
torque transfer to the pump.
6. Check Check and secure all pump V
mountings mountings.
7. Check bearings | Inspect bearings and drive
belts for wear. Adjust, repair, V
or replace as necessary.
8. Motor condition. | Check the condition of the
motor through temperature or V
vibration analysis to assure
long life.
Check IR wvalue, earthing vV
connection to motor body.
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9. Paint (Anti | Paint the exterior of pump V
corrosion) and motor
10. | Foundation Check foundation for any V
crack, deformation etc.

Mechanical shaft seals

Mechanical shaft seals are maintenance-free, working almost without any leakages.

If any considerable and increasing seepage occurs, the mechanical shaft seal should be
checked immediately.

If the sliding surfaces are damaged, the entire shaft seal should be replaced.
Mechanical shaft seals should be treated with the greatest care.

Motor

Check the motor at regular intervals.
It is important to keep the motor clean in order to ensure adequate ventilation.

If the pump is installed in a dusty environment, it must he cleaned and checked
regularly.

Lubrication

Motor bearings, motors up to and including frame size 132 have maintenance free,
greased-for-life bearings.

Motors larger than frame size 132 should be greased according to the indications on the
motor nameplate. Grease spills from the motor may occur.
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3.2 TROUBLE SHOOTING

Before removing the terminal box cover of motor and before removing/dismantling
the Pump make sure that the power supply has been switched OFF and that it cannot be
accidentally switched ON again.

S.No. FAULT PROBABLE CAUSES REMEDIAL ACTIONS
1. Pump delivers no . Wrong electrical Check the electrical connections
or too little liquid. connections (2 phases) | and take remedial action, if
necessary.

. Wrong direction of Inter change two phasesofthe
rotation. power supply.

. Alir in suction pipe. Vent the suction pipe or the

pump.

. Counter pressure too Set the duty point in accordance.
high with the data sheet. | Check the system for impurities.

. Inlet pressure too low. | Increase the liquid level on the

suction side.

Open the isolating valve in the
suction pipe.

Make sure that pipe work is
complied with the standard
recommendations.

. Suction pipe or impeller | Clean the suction pipe or pump.
blocked by impurities.

. Pump draws in air due | Check the pipe line seals, pump
to defective seal. housing gaskets and shaft seals,

and replace if necessary.

. Pump draws in air due | Increase the liquid level on the
to liquid level. low suction side and keep it as

constant as possible.
2. Motor protective . Pump blocked by Clean the pump.
circuit breaker has impurities.
tripped because the | 1, pymp running above Set the duty point in accordance
motor is overloaded.|  rateq duty point. with the data sheet.

. Density or viscosity of | If less flow is sufficient, reduce
liquid higher than the flow on the discharge side or
specified when fit a more powerful motor.
ordering.

. Motor protective circuit | Check the setting of the motor
breaker overloads protective circuit breaker and
setting incorrect. replace if necessary.

. Motor runs on two Check the electrical connections;
phases. Replace the fuse, if defective.
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S.No. FAULT PROBABLE CAUSES REMEDIAL ACTIONS
3. Pump makes too a. Inlet pressure too low Increase the liquid level on the

much noise. Pump
runs unevenly and
vibrates.

(cavitation).

suction side.

Open the isolating valve in the
suction pipe.

Make sure that pipe work is

complied with the standard
recommendations.

b. Air in suction pipe or Vent the suction pipe or the
pump. pump.

c. Counter pressure lower | Set the duty point in accordance
than specified. with the data sheet.

d. Pump draws in air due to| Increase the liquid level on the
low liquid level. suction side and keep it as

constant as possible.

e. Impeller out of balance | Clean and check the impeller.
(clogged impeller
blades).

f. Inner parts worn. Replace the defective parts.

g. Pump stressed by pipe | Mount the pump so that it is not
work (thus causing stressed. Support the pipes.
starting noise).

h. Defective bearings. Replace the bearings.

i. Defective motor fan. Replace the fan.

j. Foreign bodies in pump. | Clean the pump.

k. Frequency converter See section 10.2 Frequency
operation. converter operation.

4. Leaking pump a. Pump stressed by pipe Mount the pump so that it is not
connections or work (thus causing stressed.
mechanical shaft leaks in pump housing Support the pipes.
seal. or at connections).

b. Pump housing gaskets Replace pump housing gaskets or
and gaskets at gaskets at connections.
connections defective.

c. Mechanical shaft seal Check and clean the mechanical
dirty or stuck together. | shaft seal.

d. Mechanical shaft seal Replace the mechanical shaft
defective. seal.

e. Shaft surface defective. | Replace the shaft.

February, 2020
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S.No. FAULT

PROBABLE CAUSES

REMEDIAL ACTIONS

5. Too high
temperature in
pump or motor.

. Air in suction pipe or

pump.

Vent the suction pipe or the
pump and replenish.

. Inlet pressure too low.

Increase the liquid level on the
suction side.

Open the isolating valve in the
suction pipe.

Make sure that pipe work is
complied with the standard
recommendations.

. Bearings lubricated with

too little, too much or
unsuitable lubricant.

Replenish, reduce or replace the
lubricant.

. Axial pressure too high.

Check the relief holes of the
impeller and the lock rings on
the suction side.

. Motor protective circuit

breaker defective or
setting incorrect.

Check the setting of the motor
protective circuit breaker and
replace, if necessary.

. Motor overloaded.

Reduce the flow rate.
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CHAPTER 4

MISCELLANEOUS

INSULATION CLASS

Critical factor in the life of electrical equipment is heat. The type of insulation used
in a motor depends on the operating temperature that the motor will experience. Average
insulation life decreases rapidly with increase in motor internal operating temperatures.
NEMA (National Electrical Manufacturers Association) has established safe maximum
operating temperatures for motors based on an average 20000 hour lifetime.

These maximum temperatures are the sum of the ambient and maximum temperature
rise ratings of the motor. There are four NEMA insulation classes based thermal endurance
of the system for maximum temperature rating purposes. These are listed on the Motor's
name-plate and are either A, B, F, or H. These codes indicate the maximum temperature the
motor insulation can withstand without failure.

Insulation Class A

In class ‘A’ maximum permissible winding temperature is 105°C. Insulation class
‘A’ consists of insulating materials such as cotton, silk, and paper suitably impregnation or
coated or immersed in dielectric liquid.

Insulation Class B

In class ‘B’ maximum permissible winding temperature is 130°C. Insulation class
‘B’ consists of insulating materials or combinations of materials such as mica, fiber,
asbestos, etc. bonded together with varnishes or oil-modified synthetic resins, bitumen,
shellac and Bakelite.

Insulation Class F

In class ‘F’ maximum permissible winding temperature is 155°C. Insulation class ‘F’
consists of insulating materials or combinations of materials such as mica, fiber, asbestos,
etc. bonded together with epoxy, poly-esterimide (polyamide or polyimide), polyurethane or
other resins having superior thermal stability.

Insulation class H

In class “H” maximum permissible winding temperature is 180°C. Insulation consists
of materials or combinations of materials such as mica, fiber, asbestos, etc. with suitable
bonding, impregnation or coating substance such as appropriate silicone resins or silicone
elastomers.
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4.1.5

4.2

Important Factors Selecting Insulation Class for Motor
Operating temperature

When considering suitable operating temperature for motor, the temperature at the
hottest point is important, this temperature is referred to as “Hot spot” temperature. In Motor
winding hot spot is somewhere near the center of winding.

Temperature rise

In operation of a continuous duty motor occurs a condition when motor temperature
become steady while generating heat from windings, magnetic cores and friction losses and
dissipating heat to surrounding at same time. The difference between this steady temperature
and cooling medium temperature is the temperature rise. This rise is always the same
regardless the temperature of cooling medium temperature.

High value temperature rise limit the value of ambient temperature (installation site
temperature).

For each 10°C rise in operating temperature of motor above the rated temperature of
insulation class motor life will reduce by one-half.

Insulation class ‘A’ only used for fractional power motors. Insulation class ‘B’ used
for small integral power motor. Insulation Class ‘F’ used in most of the motors but by using
higher insulation class such as class ‘H’ motor can be made in compact size.

MEASURES FOR ENERGY CONSERVATION FOR PUMPS

V Select pump of suitable size. Efficiency of oversize pump is low and best at rated
capacity.

V Select five star pumps as per BEE rating as the pumps are used for more than 12hrs a
day.

V  Water pumping timing shall be adjusted for non-peak hours and overhead capacity shall
be used as emergency reservoir to full extent.

V Use electrical water level controller to switch off the motor directly as soon as the tank is
filled up.

V Power factor shall be unity. Use Capacitor banks.

V Remote operation of pump and valves with on line monitoring is helping in energy
saving.

V Provide maintenance free pipe line joints in large dia. pipe lines and good quality items
of rubber gasket in other pipe lines.
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HANDLING AND STORAGE

Pump motors as from 4 kW are lifted with base plate & lifting eye must not be used for
lifting the entire pump unit.

See figure below, pumps should be lifted by means of nylon straps and shackles or a
hook as shown in figures below:
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Correct lifting of pump Correct lifting of pump Incorrect lifting of pump
without base frame with base frame

The engineer must inspect the equipment on delivery and make sure that it is stored in
such a way that corrosion and damage are avoided.

If more than six months will pass before the equipment is put into operation, please
consider applying a suitable corrosion inhibitor to the internal pump parts.

Ensure that the corrosion inhibitor used does not affect the rubber parts with which it
comes into contact.

Ensure that the corrosion inhibitor can easily be removed.

To prevent water, dust, etc. from entering the pump, all openings must be kept covered
until the pipes are fitted.

The cost of dismantling the pump during start-up to remove a foreign object can be very
high.

Mechanical shaft seals are precision components. If the mechanical shaft seal of a
recently installed pump fails, this will normally happen within the first few hours of
operation.

The main cause of such failures is improper installation of the shaft seals and/or
mishandling of the pump during installation.

During transport, the pump must be fastened securely to prevent damage to the shaft and
seal caused by excessive vibrations and knocks.

The pump must not be lifted by means of the shaft.
The pump should be sited in a well-ventilated, but frost-free location.

When pumping hot liquids, care should be taken to ensure that persons cannot
accidentally come into contact with hot surfaces.

For inspection and repair, allow suitable clearances for pump or motor removal.
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To upgrade maintenance technologies and methodologies
and achieve improvement in productivity and performance
of all Railway assets and manpower which inter-alia would

cover reliability, availability, utilisation and efficiency.

.

CAMTECH is continuing its efforts in the documentation and up-
gradation of information on maintenance practices of electrical
assets. Over the years a large number of publications on electrical
assets have been prepared in the form of handbooks, pockets
books, pamphlets & video films etc. These publications have been
uploaded on the internet as well as rail net.

For downloading these publications please do following:

1. On internet visit :www.rdso.indianrailways.gov.in

Go to Directorates A CAMTECH A Publications for
downloadA Electrical Engineering

. On Railnet visit RDSO website at 10.100.2.19

Go to Directorates A CAMTECH A Publications for
download A Electrical Engineering

For any further information regarding publications please
contact:

Director (Elect.) — 0751- 2470740 (O) BSNL, 9752447030 (CUG)
SSE/Electrical - 9755549297 (CUG)
E-mail at direlcamtech@gmail.com
Fax to 0751- 2470841
Write at Director (Electrical)
Indian Railways
Centre for Advanced Maintenance technology,
In front of Hotel Adityaz,Airport Road,
Maharajpur,Gwalior, Pin code — 474 005
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