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 ABOUT NSI. WATER LTD 

1.1 WHO WE ARE 

NSI. Water is a limited company that specializes in providing water and energy solutions 
in East Africa. The company was incorporated in 2014 to provide water and energy 
solutions using the Latest and energy efficient systems and technologies in the below 
specialised areas; 

o Boreholes 
o Water pumps 
o Water Treatment 
o Solar Systems 
o Irrigation Systems 
o Swimming Pools 

This is achieved through a Professional team with vast experience in design, Sourcing 
Reliable Equipment, Installation and Management of water and energy systems for 
Institutional, Industrial and domestic establishments. 

1.2 OUR PURPOSE, MISSION AND GOAL 

Our Purpose is to Provide sustainable Solutions and quality products that improve our 
customer’s lives. 

Our Mission is to Build Strong partnerships with customers and together improve quality of 
water and energy solutions. 

Our Goal is to be a leader in water and energy solutions in the region through provision 
of innovative solutions, quality products and services in Water and Energy. 
 

1.3 OUR CORE VALUES 

 
We believe in treating our; 

o Customers with respect and Honesty   
o Employees with Value and Dignity  
o Partners with Integrity and Ethical Business Practices. 

 

 THE NSI WATER BOREHOLE PUMPS RANGE 

This Borehole manual has been prepared with a specific focus on the wide range of Borehole 
pump solutions offered by NSI. Through this manual, it is envisaged that to help you quickly and 
easily find the perfect pump for your borehole. 

NSI. WATER LTD is committed to providing cost effective, smart and affordable solutions to meet the 
current pumping needs at all scales; domestic, institutional or industrial. To this end, we offer innovative 
and efficient pumping solutions based on the latest technologies and premium and well supported 
equipment brands. Some of these are presented hereafter.
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Specifications 

 
 

 
 
 
 
 
 
 
 

PUMP:  
  

  
MOTOR:   
CONTROLLER:  

 
 

 
Pumped liquid Max Liquid Temp         

 Protection  Speed: -           
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 AC/DC submersible pumps 
SSH Series

 

Specifications

PUMP: 

MOTOR: 

CONTROLLER: 

Pumped liquid  Max Liquid Temp           

 Protection  Speed: -           
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SSH Series
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 AC/DC submersible pumps 
SSH Series

 

Specifications
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 Protection  Speed: -           
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SQF 1-70 SQF 3-105 

SQF 5-70 SQF 7-55 
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Welcome to
The Entire Range of 

All Available At NSI Water

Surface Pumps
Submersibles | Dosing Pumps | Booster Pumps

Circulation Pumps | Among others

7th Street, Industrial Area, Kampala P. O. Box 73500 Kampala- Uganda, Tel: +256 200 902 158, 
+256 751 002 345, +256 776 832 120, Email: info@nsiwaterug.com

SQF 1-70 SQF 3-105 
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7th Street, Industrial Area, Kampala P. O. Box 73500 Kampala- Uganda, Tel: +256 200 902 158, 
+256 751 002 345, +256 776 832 120, Email: info@nsiwaterug.com

Specifications 
MODEL 

POWER CURRENT (A) OUTLET 
(“) 

DIMENSIONS (mm) Weight 
(kg) KW 1x240V 3x415V ø h1 h2 h3 

PUMP: 

MOTOR: 

 

Insulation Class                          

Pumped liquid  

               Protection  Speed: 

Max Liquid temperature:  

Max Immersion depth
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Specifications 
MODEL 

POWER CURRENT (A) OUTLET 
(“) 

DIMENSIONS (mm) Weight 
(kg) KW 1x240V 3x415V ø h1 h2 h3 

PUMP: 

MOTOR: 

 

Insulation Class                          

Pumped liquid  

               Protection  Speed: 

Max Liquid temperature:  

Max Immersion depth
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SQF 1-70 SQF 3-105 

SQF 5-70 SQF 7-55 
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Specifications 
 

MODEL POWER CURRENT  VOLTAGE  OUTLET  DIMENSIONS 
 

Weight 
(kg) 

W A V Inch H1(mm)  

PUMP: 

CONTROLLER: 

MOTOR: 

 

Pumped liquid       Protection  Max Liquid temperature: Speed:  

 

SQFlex – Accessory Range 
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Solar submersible pumps 
SP Solar  
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Solar submersible pumps 
SP Solar  

 

 
 
 

Specifications

PUMP: 

 

MOTOR: 

 Pumped liquid: Clean water     Protection: IP 68                   Max Liquid temperature: +600C    Speed: 4200 rpm 
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NSI Water is a distributor
of Original Nastec Products

These Include:- Solar Pumps,
Inverters, etc
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DC Pumps 
NERA  

 

 
 
 
 

Specifications

Model
DC 

Volta
ge(V)

Max DC cur-
rent (A) 

Max 
absorbed 

Power 
(W)

Height 
(mm)

Delivery
(“)

Diameter
(mm)

Weight
(Kg)

PUMP:  

 

MOTOR:  
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Specifications

Model
AC 

Voltage 
(V) 

DC 
Volta
ge(V)

Max AC cur-
rent (A)

Max DC cur-
rent (A) 

Max 
absorbed 

Power 
(W)

Height 
(mm)

Delivery
DN

Diameter
(mm)

Weight
(Kg)

PUMP: 

MOTOR: 
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7th Street, Industrial Area, Kampala P. O. Box 73500 Kampala- Uganda, Tel: +256 200 902 158, 
+256 751 002 345, +256 776 832 120, Email: info@nsiwaterug.com

Specifications 
 

MODEL 
POWER CURRENT (A) CAPACITOR 

(µF) 
OUTLET 

(“) 
DIMENSIONS (mm) Weight 

(kg) KW 1x240V 3x415V ø h1 h2 h3 

PUMP: 

MOTOR: 

 

 
Insulation Class                         Pumped liquid                       

Protection  Max Liquid temperature:  

Speed: Max Immersion depth  

50



7th Street, Industrial Area, Kampala P. O. Box 73500 Kampala- Uganda, Tel: +256 200 902 158, 
+256 751 002 345, +256 776 832 120, Email: info@nsiwaterug.com

Specifications 
 

MODEL 
POWER CURRENT (A) CAPACITOR 

(µF) 
OUTLET 

(“) 
DIMENSIONS (mm) Weight 

(kg) KW 1x240V 3x415V ø h1 h2 h3 

PUMP: 

MOTOR: 

 
Insulation Class                         Pumped liquid                       

Protection  Max Liquid temperature:  

Speed: Max Immersion depth  
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Specifications 
 

MODEL 
POWER CURRENT (A) OUTLET 

(“) 
DIMENSIONS (mm) Weight 

(kg) KW 1x240V 3x415V ø h1 h2 h3 

PUMP: 

MOTOR: 

 

Insulation Class                          

Pumped liquid  

                   Protection  Speed: 

Max Liquid temperature:  

Max Immersion depth
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+256 751 002 345, +256 776 832 120, Email: info@nsiwaterug.com 

4" submersible pumps 
4SR1.5 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Specifications 
 

MODEL 
POWER CURRENT (A) OUTLET 

(“) 
DIMENSIONS (mm) Weight 

(kg) KW 1x240V 3x415V ø h1 h2 h3 
4SR1.5/8 0.37 3.6 1.8 

 98 

308 237 545 10.6 
4SR1.5/13 0.55 4.7 2.0 400 257 657 12.4 
4SR1.5/17 0.75 5.9 2.5 499 272 771 41.8 
4SR1.5/25 1.10 8.3 3.4 646 312 958 18.5 
4SR1.5/32 1.50 10.7 4.8 800 352 1152 22.6 
4SR1.5/46 2.20 15.2 6.1 1134 402 1536 27.4 
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PUMP: 

 

MOTOR: 
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Insulation Class: F                          

Pumped liquid: Clean water, max 

                   Protection: IP 68 Speed: 2900 rpm                         

   Max Liquid temperature: +350C 

Max Immersion depth: 200 m with 4PD Motor, 100m 

with 4PS Motor 
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Specifications 
MODEL 

POWER CURRENT (A) OUTLET 
(“) 

DIMENSIONS (mm) Weight 
(kg) KW 1x240V 3x415V ø h1 h2 h3 

PUMP: 

MOTOR: 

 

Insulation Class                          

Pumped liquid  

                   Protection  Speed: 

Max Liquid temperature:  

Max Immersion depth
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Specifications 
MODEL 

POWER CURRENT (A) OUTLET 
(“) 

DIMENSIONS (mm) Weight 
(kg) KW 1x240V 3x415V ø h1 h2 h3 

PUMP: 

MOTOR: 

 

Insulation Class                          

Pumped liquid  

               Protection  Speed: 

Max Liquid temperature:  

Max Immersion depth
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Specifications 

 

MODEL POWER CURRENT 
(A) OUTLET 

(“) 

DIMENSIONS 
(mm) 

Weight 
(kg) 

KW 1x240V ø H  

PUMP: 

MOTOR: 

 

Insulation Class   Pumped liquid                 

Protection  Speed: Max Liquid temperature:  

Max Immersion depth  
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INVERTERS
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MPPT software  the inverter will con-
tinuous optimize the output frequency 
based on the available input power to 
constantly deliver maximum system 
efciency

Automatic recovery from operation 
signal stop
Multi LED display for simple operation
Adjustable operation parameters
Display historical operation data

Dry-running protection
Over/under-voltage protection
Over current and overload protection
Over-temperature protection
Phase-lack protection
Fault detection with error code display
Compatible with DC or AC 3 phase 
motor
Self cleaning function
Anti stealing function
IOT remote monitoring function

The DC/AC Hybird solar inverter (TGP) 
is an off-grid
solar inverter which is AC and DC 
compatible.

TGP can be connected to the grid or a 
generator as
complementary or back-up power 
during solar panel
power weakness.

It is designed for continuous as well as 
intermittent
operation. The system is suitable for 
various water
supply systems including irrigation.

TGP can be used in both new and 
existing systems as
long as the motor specs are compatible 
and is suitable
for use with a variable frequency drive.

Power

DC working voltage

VOC

AC working voltage

Max input current

Frequency/Hz

Working speed

Enclosure class

Ambient Temperature

Efficiency

1500

90 - 430V

<450V

90 - 300V Single phase input

15A

50/60HZ

500-400RPM

IP54

Max 98% 

2200

90 - 430V

<450V

15A

50/60HZ

500-400RPM

IP54

Max 98% 

-10 to 50 °C 

4000

300 - 750V

<750V

300 - 530V Three phase input

15A

50/60HZ

500-400RPM

IP54

Max 98% 

5500

300 - 750V

<750V

15A

50/60HZ

500-400RPM

IP54

Max 98% 

7500

300 - 750V

<750V

20A

50/60HZ

500-400RPM

IP54

Max 98% 

TGP-2-2.2TGP-1-1.5 TGP-3-4 TGP-3-5.5 TGP-3-7.5MODEL

ADVANTAGESDESCRIPTION

SOLAR
INVERTERTGPRCL

THE IDEAL COMPLEMENT
FOR YOUR PUMP
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 TECHNICAL INFORMATION 

3.1 THE WORLD’S WATER RESOURCES 

The world’s water resources exist mainly as Seawater and Freshwater. Seawater accounts for 
approximately 97.5 % of all water while Fresh water accounts for the remaining 2.5 %. Two thirds 
of the fresh water is bound as glaciers, polar ice, and snow cover. The remaining, less than 1 % of 
all water in the world, is available in form of Surface water (lakes, rivers) and groundwater. 
Groundwater exists in shallow or deep underground aquifers. Before groundwater reaches the 
aquifers, it has been usually filtered and exposed to biological treatment on its way through the 
various layers of the ground. Groundwater is therefore usually of high quality and requires little or 
no treatment before it is consumed. 
 

3.2 GROUNDWATER AND WELLS 

 
 
 

3.3 WATER PUMPS 

A Pump is a mechanical device used to transfer different fluids (liquids or gases), or sometimes 
slurries, from one position to another, by mechanical action, typically converted from electrical 
energy into hydraulic energy. 

A well is a hole, stretching from the surface of the 
earth to the underground aquifer, where the 
groundwater is found. The depth of the well may 
vary from a few meters to several hundred meters. 
 
Wells are typically drilled with special drilling 
equipment, which is able to penetrate the various 
layers of the ground, such as sand, clay, bedrock, 
etc. Inside the drilled hole a casing (pipe) is 
typically installed, which prevents the well from 
collapsing around the pump. Below the casing, 
and in line with the aquifer, is another ‘casing’ 
with fine slots. This is the well screen, where the 
slots allow the water to enter the well. It holds 
back sand and larger particles trying to enter the 
well. 
 
Groundwater wells enable extraction of 
groundwater from the surrounding formations 
which can then be pumped out for use. They can 
be shallow or deep wells. For sustainable 
groundwater supply, It is crucial to ensure that the 
pumping rate is not above the safe yield of the 
well, which is determined through pumping tests. 
Pumping beyond the safe yield of a well results 
into over pumping and deep drawdown. This 
gives room for oxidation, resulting in the formation 
of ochre which may clog well screen and pump. 
This means increased service costs for well 
regeneration and possibly reduced well life. 
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Water pumps can be classified based on various criteria as below; 

3.3.1 INSTALLATION: SUBMERSIBLE VS DRY-INSTALLED PUMPS 

A submersible pump is one where the whole assembly is submerged in the fluid to be pumped. 
Dry-Installed Pumps, usually called surface pumps are designed NOT to be submerged and are 
made to be installed away from the fluid to be pumped. 
A submersible pump has many advantages compared to a dry-installed pump such as: 

• Low noise level: The submersible pump is very silent and does not disturb any neighbours.  
• Low Theft risk: The pump is usually installed inside the source.  
• No shaft seal: This eliminates the risk of leakage above ground. 

3.3.2 MECHANISM OF FLUID MOVEMENT: DYNAMIC VS POSITIVE DISPLACEMENT PUMPS 

Dynamic pumps 
Dynamic pumps are a type of velocity pump in which kinetic energy is added to the fluid by 
increasing the flow velocity. This increase in energy is converted to a gain in potential energy 
(pressure) when the velocity is reduced prior to or as the flow exits the pump into the discharge 
pipe. 
The commonest forms of dynamic pumps are Radial-flow (centrifugal) pumps and Axial-flow 
pumps.  

 Radial-flow pumps produce flow in a direction perpendicular to the shaft (90° angle) while  
Axial-flow pumps produce water flow along the impeller shaft direction.  

 A mixed flow pump combines both radial and axial flow, producing a conical flow pattern 
around the shaft. 

Positive displacement pumps 
A positive-displacement pump makes a fluid move by trapping a fixed amount and forcing 
(displacing) that trapped volume into the discharge pipe. 

The common forms include; 
 Rotary-type positive displacement; includes Rotary vane pumps, gear pump, screw pump, 

Hollow disk pumps, Vibratory pumps) 
 Reciprocating-type positive displacement: includes piston pumps, plunger pumps or 

diaphragm pumps 
 Linear-type positive displacement: includes rope pumps and chain pumps. 

 
In Uganda the common pump types are summarized below; 
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3.4 PUMP SELECTION  

3.4.1 CONSIDERATIONS FOR PUMP SELECTION 

The procedures adopted for selection of the right pump are based on such factors as; 

 Required amount of water/flow (including water losses, storage considerations)  
 Operating Head (including head losses) 
 Type of fluid to be pumped (with quality considerations e.g sand content, temperature) 
 Water availability at source (e.g., borehole yield) 
 Pump availability, reliability and lifecycle cost (lead time, spares, service) 
 Local operating conditions (power, safety etc.) 

 
The principal performance parameters of submersible pumps include flow (or capacity) and total 
delivery head. Others are power and efficiency. The relationship between them is depicted in 
the graph below; 

 
  

3.4.2 PUMPING FLOW 

Pumping flow/Capacity is measured in various units including litres per second, litres per minute 
and cubic meters per hour. Pumping flow is determined by reconciling the demand and 
available supply.  
When sufficient water is available to meet all the demand, pumping flow is determined by 
availability of storage for the demand as below; 

 Storage available: hourly requirement calculated by dividing the total daily demand by 
the number of hours the pump is required to work  

 Storage not available: If there is direct supply, pump capacity should be related to peak 
hourly demand. This would be appropriate in irrigation or pressure systems. 
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3.4.3 PUMPING HEAD 

The principal components of total pumping head when specifying a pump include 
 Static head,  
 Dynamic head (friction loss)  
 Pressure head. 

It is important to note that the pump does not know how much of its total head is allocated to 
static and dynamic head in the system. 
Static head- is the vertical linear distance between the level of the water being pumped and 
either the delivery outlet or the reservoir water level, whichever is higher (see A & B of Figure 
below). 
Dynamic Head - The dynamic head is the sum of the head losses in the pipelines, valves, fittings, 
and other components in the system. For pipelines, head loss can be calculated using various 
head loss equations such as the Darcy equation below; 

 
Head loss can be estimated from friction tables. 

Pressure head: This is usually required in such applications where a certain residual pressure must 
be achieved such as fire installations or irrigation nozzles, where the required pressure at the 
nozzle must be included when calculating total head. 

 

3.4.4 PUMP RISER MAIN 

The riser main serves two key purposes; 
 To convey water from the pump to the surface or transmission main 
 To hold the submersible pump and motor safely in a suspended position. 

Therefore, careful selection of riser main is essential. 
The choice of riser main depends on several different factors: 

 Discharge pressure and installation depth 
 Type and size of pump 
 The aggressivity of the groundwater 
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 Friction loss / operating cost 
 Accessibility and cost of alternative 
 Priority of initial costs in relation to service and repair costs at a later stage. 

 

3.5 OPERATIONAL CONSIDERATIONS OF WATER PUMPING 

3.5.1 PUMP EFFICIENCY 

Pump efficiency is defined as the ratio of the power imparted on the fluid by the pump in relation 
to the power supplied to drive the pump. Its value is not fixed for a given pump, efficiency is a 
function of the discharge and therefore also operating head. 
Pump efficiency should always be maximized by choosing a pump which will operate close to 
the peak of its efficiency curve. 

3.5.2 PUMPING PERIOD 

Pumping period has a significant bearing on the size of pump to deliver the required water 
amount. The number of operating hours of a pump will normally be affected by several factors 
as below: 

 Power Supply: If power supply is intermittent e.g. solar power, the pump operating period 
may be scheduled based on the time interval of power availability. Usually, a relatively 
bigger pump is required to achieve required water in this period. 

 Borehole recovery: It is normally required to allow some period for borehole recovery 
hence continuous pumping is discouraged. About 16 hours of pumping in a day can allow 
for recovery period 

 Duty/ Standby pumps: In an arrangement where more than one set of pumps is available, 
it is possible to schedule the pumping period accordingly in alternation. 

 Storage capacity: Where pumping is required to fill a reservoir, this can become a limiting 
factor of the pumping period. 

3.5.3 WELL DIAMETER 

The pump must be able to fit into the well, hence a certain minimum clearance between motor 
surface and internal well diameter is therefore always required. 
If at the same time the motor is eccentrically positioned in the well with one side against the 
casing, the single sided inlet of water into the pump will create turbulences and affect the 
performance of the pump. 

3.5.4 INSTALLATION DEPTH 

The right installation depth of a submersible pump should always be ensured. Unnecessary deep 
installations will increase capital costs while unreasonable shallow installations limit the available 
water column. 
The following are some of the considerations for pump installation depth; 

 Pumps should never be set directly at the bottom of a well. It is usually best to place the 
pump 10 to 20 feet up from the bottom of the well. 

 In order to protect the motor against boiling at pump stop and consequently a cooling 
water stop, it should be installed at least 5m below the dynamic water level. This will raise 
the boiling point. 

 The pump must always be installed above the screen area of the casing. In this way, you 
ensure that the water is forced past the motor, providing adequate motor cooling. If the 
pump cannot be installed above the screen filter, a cooling sleeve is always recommended 
to create the necessary flow along the motor for proper cooling. 

 During operation, the water must never fall below the inlet of the pump. 
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3.5.5 PUMP CAVITATION 

Cavitation occurs when the atmospheric pressure acting on the water surface in the suction 
pump is not sufficient to push the water into the pump adequately, to replace the volumes being 
displaced by the impellers. In such circumstances, the water around the impellers tends to 
vaporize and form bubbles which explode, forming cavities in the impellers.  
Cavitation does not normally take place in submersible pumps. If, however, the following factors 
occur, cavitational damage on both pump and motor may arise at low installation depths: 

 Invasive air bubbles 
 Reduction of counter pressure caused for instance by pipe fracture, severe corrosion of 

riser main and extremely high consumption. 
 A clogged filter or strainer 
 Part-closed valve mounted on the inlet to the pump 
 Hot water, close to the boiling point, 

Cavitation results into; 
 Reductions and discontinuities in pump discharges  
 Excessive noise in the pump  
 reduction in overall performance efficiency. 

 
The best way to prevent pumps from experiencing cavitation is to increase the pressure upstream 
from the pump's impeller. This pressure is known as the net positive suction head (NPSH). To 
calculate the required installation depth to prevent cavitation, the following formula is applied: 

 
When the formula gives a positive H value, this means that the pump will be able to operate at 
suction lift. In that case, the standard indication of minimum installation depth is valid. 
 
Further, Cavitation can be avoided through the below guidelines; 

 If possible, reduce the temperature of your pump, liquid, and/or other components. 

 Incorporate a booster pump into your pump system. This will take some of the stress off of 
your primary pump. 

 Incorporate a booster pump into your pump system. This will take some of the stress off of 
your primary pump. 

3.5.6 WATER HAMMER 

Water hammer occurs frequently in pressure pipelines, and can be defined as the periodic 
pressure oscillations which move back and forth along a pipeline. 
 It is commonly caused by the following; 
 

 Pump start-up can induce the rapid collapse of a void space that exists downstream from 
a starting pump 

 Pump power failure can create a rapid change in flow, which causes a pressure upsurge 
on the suction side and a pressure down-surge on the discharge side 

 Sudden valve opening and closing 
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 Improper operation or incorporation of surge protection devices can do more harm than 
good 

Water hammers are avoided by including carefully designed surge protection devices in the 
water system and regularly checking that operating conditions are optimum. 
 

3.5.7 PUMP MAINTENANCE AND SERVICING 

Depending on the pumped media and the number of years a pump has been in operation, a 
service inspection of the pump is recommended. This includes replacing all wear parts in the 
pump. The recommended service parts are: 
• bearings, radial 
• valve seat 
• neck rings 
• seal ring 
• upthrust ring. 

3.6 POWER SUPPLY 

Apart from the right power source, it is important to ensure that the right Voltage and Current are 
supplied to the pump. 

3.6.1 POWER SOURCES 

The different types of power sources commonly used for water supply pumps in Uganda; 
 Diesel engines; 
 Electric motors powered by the national electric grid; 
 Electric motors powered by local diesel electric generators; 
 Electric motors powered by solar power equipment; and 
 Human – powered pumps – hands. 

Before connecting a power source to a pump, the following should be ensured; 
 The characteristics of the power should be known (e,g Current, Voltage, frequency) and 

matched against the pump motor power specifications 
 The appropriate protection devices should be installed, including surge and lightening 

protection 
 The right size of accessories should be used e.g cables, 

3.6.2 CABLE SELECTION AND SIZING 

 
The drop cable is the cable running from the well head to the motor cable that is attached to 
the submersible motor. 
Drop cables are sized based on; 

 Current carrying capacity: The submersible pump drop cable is never dimensioned for the 
locked-rotor current, as the motor starts up in less than 1/10 of a second. Always use the 
full load current from the nameplate as the dimensioning current. 

 Voltage drop: The cable must be sized so the voltage drop does not exceed 3 %. Under 
no circumstances must the voltage at the motor terminals be lower than the minimum 
voltage for the motor, which is the rated voltage minus 10 %. 

 Water quality and temperature: When the water temperature increases, the cable must 
be derated. The current carrying capacity of the drop cables is usually valid at 30 °C. 

 Drinking water approval requirements: If the pump is used for pumping potable water, it is 
recommended that the selected drop cable has drinking water approval. 

 Regulations: Local regulations must always be checked and followed. 
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3.7 MOTORS AND CONTROLS 

Submersible motors are special because they are designed to run underwater. Sound Control 
systems of such motors are essential for efficient operation of the system. 

3.7.1 TYPES OF MOTORS 

 Canned Motors: In a canned motor the windings are enamel wire hermetically sealed from 
the surroundings and filled with embedding material in order to withhold the windings and 
at the same time increase heat transfer. These motors have a journal bearing system, 
consisting of upper and lower radial bearings as well as upthrust and downthrust bearings. 
Examples are the Grundfos MS motors. 

 Wetwound (rewindable) Motors: Wetwound motors have a special water resist wire, and a 
watertight joint between the winding and the motor cable. The joint is always inside the 
motor, and no plug system is available. Examples are the Grundfos MMS motors. 

 Oil-filled motors: An oil-filled motor is equipped with an impregnated standard surface 
motor winding. Transformer oil is filled into the motor and used as lubricant and cooling. 
The oil can be mineral or vegetable oil with high insulation resistance. The motor cable 
splice is typically made inside the motor as in a wetwound motors, few have plug systems. 
Oil-filled motors incorporate a ball-bearing system. Others include AF – Autotransformer, 
RR – Resistor starter, SS - Soft starter, FC - Frequency converter. 

 Permanent-split capacitor (PSC) motors: Simple and reliable, PSC motors have a run-type 
capacitor included in the circuit. The capacitor size is a compromise between adding 
starting torque and ensuring a high efficiency during operation. This is illustrated below. 

3.7.2 MOTOR STARTING 

 
Motor starting can take several forms as summarized below; 

 DOL - Direct-on-line: the motor is coupled directly to the grid by means of a contactor or 
similar. Assuming all other aspects to be the same, DOL starting will always give the lowest 
generation of heat in the motor, consequently providing the longest life span of motors up 
to 45 kW. 

 SD- Star-delta: During start-up, the motor is connected for star operation. When the motor 
is running, it is switched over to delta connection. Helps in reducing the locked rotor current 
for motors 

 Others include AF – Autotransformer, RR – Resistor starter, SS - Soft starter, FC - Frequency 
converter 
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A comparison of the different methods is shown below; 
 

 
 
The type of motor starter depends upon the type of motor being installed. 
 
Small Single Phase Motors 
Most small single-phase pumps are designed to operate without a remote starter and can be 
directly connected to the mains via an appropriate fuse or MCB. These pumps have built in 
thermal overload protection, which stops the motor in the event of an electrical or mechanical 
overload. Most types need a capacitor and some other accessories, which is built into a starter 
box. The starter box is dedicated for starting a given motor at specific voltage and frequency. 
Large Single Phase Motors 
Large single – phase motors, usually greater than 1.5 HP usually do not have built in motor 
protection and a direct-on-line starter should be used. If in doubt, contact the pump supplier. 
Small Three-Phase Motors 
Three phase motors for centrifugal surface pumps up to 7.5 HP need a direct-on-line starter with 
appropriate overload relay. 
 
Large Three-Phase Motors 
Three phase motors from 7.5 kW to 30 kW are usually specified with a Star/Delta starter with 
appropriate overload relay. 

3.7.3 MOTOR DERATING 

Motor derating is where there are special requirements to the motor, such as high-water 
temperature, voltage tolerances outside of acceptable interval, or voltage unbalance. All of 
these situations stress the motor winding more than what it has been designed for. 
There are 2 basic approaches to motor derating; 

 Use of an oversized motor, typically not more than two output sizes above the required 
output. The result is an extended lifetime, but the efficiency is not optimal, since the motor 
never operates at its optimal duty point. The power factor is normally low due to the partial 
load on the construction. 

 Having a motor specially wound in a larger stack length, This is a better solution, due to 
the increased surface, the electrical data and cooling capability are improved. These 
motors are designed for higher temperatures, wider voltage tolerances, etc. Also, the 
efficiency of a standard motor is maintained or even increased. 

3.7.4 MOTOR PROTECTION DEVICES AND CLASSES 

Motors should be fitted with protective devices to avoid unexpected breakdowns, costly repairs 
and subsequent losses that may occur because of motor downtime. It is important to secure and 
limit short-circuiting currents and protect against phase-failures as well as overload. A motor 
protection relay is therefore designed to help protect motors from overloads, jams, phase loss or 
unbalance, heat, heavy start-ups or excessive operational cycles. 
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Most single-phase motors have a built-in thermal protector. If the protector is not built into the 
winding, it must be incorporated in the starter box. The protectors feature automatic or manual 
reset. Thermal protectors are designed to match the motor winding characteristics. 
The common causes of motor damage include; 
 

 Problems with the power supply: This manifests in form of Over voltage, Under voltage, 
imbalanced voltage/current, Frequency variation, and Power surges. 

 Slow increase in the temperature of motor windings: Slow increase in the temperature of 
motor windings can be because of Bad power supply, Insufficient cooling, Increasing 
ambient temperature, Increasing liquid temperature, Frequent starts with high load inertia. 
Slow increase in the temperature of motor windings may cause a burned motor. 

 Fast increase in the temperature of motor windings: Temperature of the motor windings 
may increase quickly due to Locked rotor and Phase loss. Rapid increase in the 
temperature of motor windings may cause burned motor windings. 

Motor protection devices 
Some forms of motor protection include; 

 Installation protection: Fuses or short circuit relays provide protection of the electrical 
installation against short circuits in the motor. 

 External protection: There are several types of overload relays that can be installed before 
the motor. The relays monitor one or several parameters. Motor current is the most typical 
one. When the value exceeds a pre-set limit, it shuts the motor off. 

 Internal protection: Built-in protection with thermal overload protection helps prevent 
damage and breakdown of the motor. The built-in protection device always requires an 
external circuit breaker. 

 
Motor protection classes 
A motor IP (Ingress protection) class is a protection classification that defines the electrical 
equipment enclosure to particles and liquids. The table below gives a summary defining IP 
protection levels. 
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3.7.5 LEVEL CONTROLS 

Level controls monitor the level of water at a preferred threshold and perform the set action e.g. 
to start or stop the pump. they usually employ the breaking or completion of an electric circuit 
on a relay. 

They are used practically in the following scenarios; 

 Avoiding dry running of the pump. Some pumps have in-built dry running protection while 
some require external level sensors specially installed. It is important to always check the 
mechanism of dry running protection for your pump. 

 Tracking the level of water in the reservoir hence can start the pump if the level is below a 
set minimum and stop the pump if the reservoir is full. 

They can take different forms such as electrode controls, float switch and paddle switch. 

3.7.6 PRESSURE CONTROLS 

Pressure controls employ the variation of pressure to; 
 Start/stop the pump based on a threshold pressure 
 Control pump operation based on demand 

 

3.7.7 ELECTRONIC CONTROLLERS 

Electronic controllers are more modern control systems that offer integrated and compact 
control solutions. They are used in variable speed drives, press controls, easy press etc. 
 

 TROUBLESHOOTING 

Troubleshooting of common pump problems are summarized below; 

Fault Cause Solution 

Loud noises in pipework in home 
or building. 

Pressure gauges stop working 
after short time. 

Blow-out in piping and fittings 

Water hammer at pump start and 
stop. 

Fit a 50-litre diaphragm tank 
where the riser main and the 
horizontal discharge pipe meet. 

Water from this diaphragm tank 
will be discharged when the 
pump is switched off and thus 
prevent the formation of the 
vacuum. 

Air penetrating suction piping as 
well as pressurised piping. 

Water hammer creating vacuum Introduce soft -start/stop,- VFD or 
pressure tank shock absorption. 

A rapid decline in pump perfor-
mance. 

Wear and tear due to sand/silt 
penetrating into well 

Detect the problematic wells, seal 
off the problematic section of the 
well or reduce pump 
performance to less than half of 
the problematic capacity. 

Contactors fail too often, and 
motors consume excessive kWh 
per m3 pumped. 

High starting frequency Reduce pump capacity, install a 
VFD or larger tank capacity. 

Power consumption by the motor 
is excessive, and shaft /coupling 
splines wear down. 

Upthrust Throttle pump performance to 
around the best efficiency point 
or reduce the number of impellers 
on the pump. 
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Worn upthrust bearings Upthrust by ON/OFF operation Establish the necessary flow con-
trol at start-up. 

Thrust bearings on canned type 
motors fail 

Insulation resistance on rewind- 
able motors fails. 

Cavitation Remove flow restrictions to pump 
and check for performance 
around the best efficiency point. 

Motor temperature increases over 
time; pump performance falls. 

Deposits (Calcium, Iron, etc) on 
motor surface and in hydraulic 
parts of pump. 

Pull the pump and motor for clean-
ing; clean the piping, well filter and 
install a cooling sleeve on motor. 

Pump performance falls off Aggressive water (Corrosion of 
pump and pipes) 

Pressure test piping from ground 
level. If leakages occur, pull and 
replace the pump and pipes with 
a higher corrosion class. 

Water disappears down the 
piping when the pump is stopped 

Riser mains pipe corrosion Pull the pump and replace the 
piping material with a higher 
corrosion class. 

Pump performance is too low. The 
motor consumes insufficient kWh. 

Gas evacuation Lower the pump when equipped 
with gas evacuation sleeve. 

The water level in the well is con-
stantly becoming lower. 

Well overpumping Reduce pump capacity until the 
water level remains constant over 
the course of a year. 

Drill more wells at other aquifers. 
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