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TYPE OF SOLAR WATER PUMPS AND DIFFERENT
COMPONENTS
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Type of solar water pumps

There are namely two general types of pumps used in 

solar water pumping applications - centrifugal and 

positive displacement.  Both centrifugal and positive 

displacement pumps can be further classified as:

(1) Surface Pumps (motor mounted on the surface) 

(2) Submersible Pumps (motor placed into the water)

Surface pump to lift water 
from a surface water source

Surface pump installed on a 
float to lift water from a 
surface water source

Surface pump to lift water 
from a shallow tube well or 
bore well 

Surface Pumps
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Type of solar water pumps

In a centrifugal submersible water pump, the 

DC or AC motor is kept in a waterproof 

enclosure which is directly connected to the 

pump. The pump and motor together placed 

under the water. In the submersible solar water 

pump system, water is generally drawn from a 

bore well or in some cases a surface water 

source using a floating platform.

Submersible pump 
installed on a float to lift 
water from a surface 
water source

Submersible pump to lift 
water from a borewell

Submersible Pumps
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• PV Modules
• Pump motor
• Pump drive (MPPT/VFD)
• Mounting structure and tracking system
• DC rated circuit breakers/ disconnects
• Earthing system and conductor
• Lightning protection system
• Surge protection device
• Combiner box rated with IP 65 and UV resistant
• DC Cables
• Water level sensor, float switch

Different components of solar water pumping system
   

Mono – crystalline module 
Module Efficiency: 15-22% 

Poly-crystalline module 
Module Efficiency: 13-20% 

Amorphous thin film module 
Module Efficiency: 5–10% 

 

   

Mono – crystalline module 
Module Efficiency: 15-22% 

Poly-crystalline module 
Module Efficiency: 13-20% 

Amorphous thin film module 
Module Efficiency: 5–10% 
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SOURCE OF WATER AND WATER DEMAND
ASSESSMENT
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Source of water

Source of Water

Surface Water Ground Water

Lake, pond 
or reservoir

Canal Open wellRiver or 
stream

Tube well Borewell
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Important aspects of surface water when used for pumping

• Level of water surface and seasonal variation – direct impact on pump 
performance and quantity of water delivered

• Quality of water – mineral content, abrasive particle content – impact on 
pump life,  threat to health, crop growth, soil quality

• Possible impact on water sources due to flood, rain, erosion, draught –
contamination, muddy water, sewage water, sedimentation, erosion 

Source of water

Water level in wet season

Water level in dry season
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Important aspects of ground water when used for pumping

• Depth of water in well due to seasonal variation – direct impact on pump 
performance and quantity of water delivered

• Well diameter – Open well or bore well diameter determines drawdown, 
water yield (how much water can be extracted at a time) and decide what 
pump can be used.

• Quality of water – mineral content, abrasive particle content – impact on 
pump life,  threat to health, crop growth, soil quality

Source of water
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Water demand assessment

TECHNICAL NOTES ON DRINKING-WATER, SANITATION AND HYGIENE IN EMERGENCIES Updated: July 2013 9.1

TECHNICAL NOTES ON DRINKING-WATER, SANITATION AND HYGIENE IN EMERGENCIES

How much water is needed 
in emergencies

9

Water is essential for life, health and human dignity. In extreme 
emergency situations, there may not be sufficient water 
available to meet basic needs and in these cases, supplying 
a minimum level of safe drinking-water for survival is of 
critical importance. Insufficient water and the consumption 
of contaminated water are usually the first and main causes 
of ill health to affect displaced populations during and after a 
disaster. This technical note considers the minimum quantities 
of water that are required for survival in emergencies.

Factors affecting water 
requirements
The amount of water required 
to support life and health in an 
emergency varies with climate, the 
general state of health of the people 
affected and their level of physical 
fitness. Of equal importance in 
deciding how much water is needed 
are the expectations people have. 
A poor rural community may have 
far lower expectations concerning 
the quantity of water that is essential 
for life than people used to living in 
a wealthy urban environment. As 
a result, the poorer community is 
likely to consume less.

The Sphere Standards
Attempts have been made in the 
past to define minimum water 
quantities required in emergencies. 
In 2004, a cluster of relief agencies 
developed the document entitled 
Sphere Humanitarian Charter and 
Minimum Standards in Disaster 
Response which set standards 
for the minimum level of services 
people affected by an emergency 
should receive. For water supply, 
it states that all people should 
“have safe and equitable access 
to sufficient quantity of water for 
drinking, cooking and personal and 

domestic hygiene” and that public 
water points should be “sufficiently 
close to households to enable use 
of the minimum water requirement”.

Most major relief agencies and 
their donors have accepted the 
Sphere Standards as the foundation 
for acceptable relief services. 
Sphere also describes indicators 
which relate to the delivery of the 
standards, including water quantity 
standards. Indicators are not 
binding like the standards; rather, 
they are suggestions of what might 
be a reasonable interpretation of the 
standards. 

This technical note uses the Sphere 
indicators for guidance. 

Carefully consider your local situation 
to be sure that they are appropriate for 
the conditions you are dealing with.

How much water does an 
individual use?
People use water for a wide variety 
of activities. Some of these are more 
important than others. Having a few 
litres of water to drink each day, for 
example, is more important than 
having water for personal hygiene 
or laundry, but people will still want 
and need to wash for the prevention 
of skin diseases and meeting other 
physiological needs. Other uses of 
water have health and other benefits 
but decrease in urgency as Figure 9.1 
demonstrates. 

Figure 9.1. Hierarchy of water requirements (after Maslow’s hierarchy of needs) 
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Hierarchy of water requirements (after Maslow’s hierarchy of needs) 

The amount of water required depends on for what activities water is used and priorities of such activities. Typical water demand and
hierarchy of water requirements (after Maslow’s hierarchy of needs) has been presented in the Figure below.
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Water demand assessment for irrigation:
The water demand for irrigation is determined by 
a number of factors and variables. The most 
important factors that determine the water demand 
for irrigation are:

o Type of crop and growth cycle
o Climatic conditions
o Type and condition of soil
o Land topography
o Water management system
o Water distribution system efficiency

Water demand assessment

Water infiltrates 
into the soil (2)

Rain water (1) 

Stagnated water on the surface (3)

Runoff  water (4)

Evaporates to the atmosphere (5)

Water  stored in the root zone (7)

Water  percolates below the root zone (6)
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SELECTION OF PUMPS AND SYSTEM DESIGN
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Primary Requirement for pump selection

1) Total Dynamic Head

2) Pump flow rate

3) Safe yield of the borehole - Peak flow rate must be

lower than the safe yield

Supplementary Considerations for pump selection

1) The diameter of the borehole

2) Abrasive particles in the water

3) Direct coupled vs battery coupled

4) Fixed array vs sun position tracker

5) DC motor vs AC motor

Selection of pump
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Water demand per day (m3/day)

Positive displacement pump

Centrifugal Submersible pump

Centrifugal Surface pump

Hand pump

The safe yield of borehole is the total quantity of water that 
can be drawn out from the borewell without dropping the 
water level in the well exposing the suction point of the pump 
into air. 
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Method of calculating total dynamic head

Calculate Total Dynamic Head (TDH): 

The final total head the pump must be able to deliver at 
the desired rate of pumping, including all the previous 
heads.

Hdr = Draw down

Hs = Suction head

Hd = Delivery head

Hf = Friction head

Hp = Pressure head

TDH = Total Dynamic Head

= 𝐻! +𝐻" + 𝐻# + 𝐻$ + 𝐻"%

𝑇𝑜𝑡𝑎𝑙 𝐷𝑦𝑛𝑎𝑚𝑖𝑐 𝐻𝑒𝑎𝑑 𝑇𝐷𝐻
= 𝑆𝑢𝑐𝑡𝑖𝑜𝑛𝐻𝑒𝑎𝑑 (𝐻!) + 𝐷𝑒𝑙𝑖𝑣𝑒𝑟 𝐻𝑒𝑎𝑑 (𝐻")
+ 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝐻𝑒𝑎𝑑 (𝐻#) + 𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝐻𝑒𝑎𝑑 (𝐻$)
+ 𝐷𝑟𝑎𝑤 𝐷𝑜𝑤𝑛 (𝐻"%)



creating sustainable change through education, engineering and leadership

1. Determining suction head
2. Determining delivery head
3. Determining draw down
4. Determine pressure head
5. Determining friction head

Method of calculating total dynamic head

Hs = Suction head

Hs = Delivery head
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1. Determining suction head
2. Determining delivery head
3. Determining draw down
4. Determine pressure head
5. Determining friction head

Method of calculating total dynamic head

Dipmeter/ water level meter

Probe
Water level

Pipe

Tape

Reel

Handle
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1. Determining suction head
2. Determining delivery head
3. Determining draw down
4. Determine pressure head
5. Determining friction head

Method of calculating total dynamic head

Irrigation Method Typical head (m)

Open channels/ furrows  irrigation 0.5 - 1

Flood irrigation 0.5 

Drip / Trickle irrigation 1 - 2

Sprinkler irrigation 10 – 20 

𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝐻𝑒𝑎𝑑 𝑚𝑒𝑡𝑒𝑟 =
10 𝑥 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 (𝑘𝑔/𝑚&)

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐺𝑟𝑎𝑣𝑖𝑡𝑦
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1. Determining suction head
2. Determining delivery head
3. Determining draw down
4. Determine pressure head
5. Determining friction head

Method of calculating total dynamic head
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Friction head is calculated in two steps:

Step 1: First the equivalent meter of head due to fittings is calculated.
Then this length is added to the actual length of pipe, to give the total
equivalent length of the pipe.

Step 2: The friction loss equivalent meter of head are the computed for
this total length, and added to the true vertical displacements of suction
and discharge head and draw down to give the final total head of the
system.

Determining friction head
using friction loss chart
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Method of calculating total dynamic head
Head Loss (feet/meter) / 100 (feet/meter ) Pipe Due to Friction for 

High Density Polyethylene (HDPE)  Pipes with Roughness Co-efficient (C) value of 150

Flow 
(GPM)

Flow 
(LPS)

Pipe Diameter (Inch/ mm)
½" 

(13mm)
¾" 

(19mm)
1" 

(25mm)
1¼" 

(32mm)
1½" 

(38mm)
2" 

(50mm) 2½" (63mm) 3" 
(75mm)

4" 
(100mm)

0.5 0.03 0.8 0.1
1 0.06 2.9 0.4 0.1
2 0.13 10.5 1.5 0.4 0.1
3 0.19 22.2 3.1 0.8 0.3 0.1
4 0.25 37.9 5.3 1.3 0.4 0.2
5 0.32 57.2 7.9 2 0.7 0.3 0.1
10 0.63 28.6 7.1 2.4 1 0.2 0.1
15 0.95 60.6 14.9 5 2.1 0.5 0.2 0.1
20 1.26 25.4 8.6 3.5 0.9 0.3 0.1
30 1.89 53.8 18.2 7.5 1.8 0.6 0.3 0.1
40 2.52 91.7 30.9 12.7 3.1 1.1 0.4 0.1
50 3.15 46.7 19.2 4.7 1.6 0.7 0.2
60 3.79 65.5 26.9 6.6 2.2 0.9 0.2
70 4.42 87.1 35.8 8.8 3 1.2 0.3
80 5.05 45.9 11.3 3.8 1.6 0.4
90 5.68 57 14.1 4.7 2 0.5
100 6.31 69.3 17.1 5.8 2.4 0.6
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Method of calculating total dynamic head
Friction Loss in Pipe Fittings

Steel/Copper equivalent feet of pipe caused by joint 

Fitting
Diameter (Inch/ mm)

½" 
(13mm)

¾" 
(19mm)

1" 
(25mm)

1¼" 
(32mm)

1½" 
(38mm)

2" 
(50mm)

2½" 
(63mm)

90° Standard Elbow 1.6 2.1 2.6 3.5 4 5.5 6.2
90° Long Elbow 1 1.4 1.7 2.3 2.7 4.3 5.1
90° Street Elbow 3 3.4 4.4 5.8 6.7 8.6 10.3

45° Standard Elbow 0.8 1.1 1.4 1.8 2.1 2.8 3.3
45° Street Elbow 1 1.8 2.3 3 3.5 4.5 5.4

Square Elbow 3 3.9 5 6.5 7.6 9.8 11.7
Standard T Flow Run 1 1.4 1.7 2.3 2.7 4.3 5.1

Standard T Flow Branch 4 5.1 6 6.9 8.1 12 14.3
Gate Valve - Open 0.7 0.9 1.1 1.5 1.7 2.2 2.7

Plastic equivalent feet of pipe caused by joint

Fitting
Diameter (Inch/ mm)

½" 
(13mm)

¾" 
(19mm)

1" 
(25mm)

1¼" 
(32mm)

1½" 
(38mm)

2" 
(50mm)

2½" 
(63mm)

90° Standard Elbow 4 5 6 7 8 9 10
Standard T Flow Run 4 4 4 5 6 7 8

Standard T Flow Branch 7 8 9 12 13 17 20



creating sustainable change through education, engineering and leadership

Method of calculating pump peak flow rate for safe yield of borehole

𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑝𝑢𝑚𝑝 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 𝑚!𝑝𝑒𝑟 𝑑𝑎𝑦 =
𝐷𝑎𝑖𝑙𝑦 𝑤𝑎𝑡𝑒𝑟 𝑣𝑜𝑙𝑢𝑚𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑝𝑒𝑟 𝑑𝑎𝑦 (𝑚!)

𝑃𝑒𝑎𝑘 𝑠𝑢𝑛 ℎ𝑜𝑢𝑟 𝑝𝑒𝑟 𝑑𝑎𝑦 (𝐻𝑜𝑢𝑟) =
𝑣

𝑃𝑆𝐻

Water Demand (m3/day) Solar Radiation  (Peak Sun Hour) Rate (m3/Hour) Safe yield

10m3/ day 4.5kWh/m2/day 2.22 m3 per hour > 2.22 m3 per hour

20m3/day 5kWh/m2/day 4.00 m3 per hour > 4.00 m3 per hour

40m3/day 6kWh/m2/day 6.67 m3 per hour > 6.67 m3 per hour

Example:
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SAFETYASPECTS OF INSTALLATION OF SOLAR
WATER PUMPING SYSTEM
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• In a solar water pumping system, multiple numbers of PV modules are connected in series, may produce a “deadly” DC 
voltage 120 V or more. Similarly, the output of a VFD/ control will be 230V or 415V AC. 

• Even a lower DC voltage can be cause electric shock when the skin is wet and sweating and the person is not wearing 
protective gear. 

• In the event of any fault or leakage, any metallic part of a solar water pumping system can potentially cause severe electric 
hazards in the form of shock, arcing and fire. 

• Only trained people in solar PV installation are to be engaged to install, operate and maintain electrical components and 
equipment in a grid connected PV system.

• Apart from electrical safety, the other safety issues while installation and maintaining a solar pump are:
o Injuries from lifting and installing the structure, motor-pump, pipes and VFDs
o Exposure to the Sun
o Insect bites – some insect may be poisonous
o Cuts and bumps
o Thermal burns

Personnel Health and Safety
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System and equipment safety 

DC arc is cause of 
fire in solar system 
and main reason 
for failure in the 
electrical system
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System and equipment safety

DC arc is cause of 
fire in solar system 
and main reason 
for failure in the 
electrical system
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• Loose joints due to poor installation practice or poor quality connectors or corrosion over time

• Insulation degradation over time due to UV exposure, changes in temperature (hot – cold), aging

• Damage to insulation by rodents, insects, birds, monkeys 

• Damage to insulation during installation O&M or other works at the site

• Water ingress to cables, conduits, connectors, isolators due to poor installation practice

• Water ingress to DC isolators due to degradation of seals over time

• Water ingression to connector due to loose glands 

• Water ingress to pump drive/ VFD

• Water ingress to solar module or junction box

System and equipment safety

Causes of DC arc – Summary 



creating sustainable change through education, engineering and leadership

System and equipment safety

Damaged DC cable and connector
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System and equipment safety
Loose connection at module junction box & connector
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System and equipment safety
Fire in combiner box
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Mounting structure safety
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Mounting structure safety

Definition of Basic 
Wind Speed as per
IS 875 Part 3:

Three-second 
gust speed at 10m 
(33ft) above the 
ground in open 
terrain. 

The wind shall be 
assumed to come 
from any horizontal 
direction.
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Mounting structure safety

 
Wind impact on single module in landscape configuration 

 
Wind impact on two modules in portrait configuration 

 

WiQd ImSacW ~ 410kgf at 47m/s 
wind speed for a 
10m wide table 

~ 3100kgf at 47m/s 
wind speed for a 
10m wide table 
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INSTALLATION OF SOLAR WATER PUMPING SYSTEM
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1. General instruction

o Use of appropriate tools and equipment - required for PV system, water pump and pipe installation work

o Consideration of varying water levels – to ensure that pump does not run dry at any time

o Protect the pump inlet – from sand and dirt

o Earthing – Ensure that earthing system intact its continuity and it is connected to ground (earth)

o Pipe length, diameter and friction loss – ensure that size of pipes are selected according to water flow rate 

to minimise friction loss

o Protect the control equipment – from dust, water and sunlight

o Protect the well and PV array – from animals, people and natural calamities 

System Installation – General instruction
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Tools for Installation
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Tools for Installation



creating sustainable change through education, engineering and leadership

Installation of PV array
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• Install modules in a shadow free area as shadow will 

result into poor performance and it can also damage 

the  PV modules 

• PV modules must be handles carefully as instructed 

by the manufacturer as wrong handling of PV 

modules may cause micro cracks 

Installation of PV array
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Modules are mounted either using 

A. M8 bolts placed through the mounting holes or 

B. Using module clamps

Installation of PV array

 

Date: April, 2016                              DOC: PS-M-0434 A                             Page - 7 - of 15 
 

outer diameter of 20-24mm(0.79-0.94in). 
 

Dimension of DC06.08(II) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  PV module installed with Bolt fitting method 
1) Aluminum Frame  2) M8 Stainless Bolt 
3) Flat Stainless Washer 4) Spring Stainless Washer 
5) HEX Stainless Nut 

 
B. Mounting with Clamps 
• Trina Solar has tested its modules with a number of clamps from different manufacturers and recommends the 

use of clamps which have an EPDM or similar insulating washer, fixing bolt of at least M6.  
• The clamp must overlap the module frame by at least 7mm(0.28in) but no more than 10mm(0.39in). 
• Use at minimum 4 clamps to fix modules on the mounting rails. 
• Modules clamps should not come into contact with the front glass and must not deform the frame. 
• Be sure to avoid shadowing effects from the module clamps. 
• The module frame is not to be modified under any circumstances. 
• When choosing this type of clamp-mounting method, use at least four clamps on each module, two clamps 

Drain hole 

5 
4 

3 

1 

2 

1) Aluminium Frame 
2) M8 Stainless Bolt – torque 16 – 20 N. m
3) Flat Stainless Washer – 1.8 mm thickness
4) Spring Stainless Washer
5) HEX Stainless Nut 
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Installation of PV array

Modules are mounted either using 

A. M8 bolts placed through the mounting holes or 

B. Using module clamps
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should be attached on each long sides of the module (for portrait orientation) or each short sides of the module 
(for landscape orientation). Depending on local wind and snow loads, additional clamps may be required to 
ensure that modules can bear the load. 

• Applied torque should refer to mechanical design standard according to the bolt customer is using, ex: 
• M6 ---- 9 N.m(70lbf.in) 
• M8 ---- 16-20N.m(140-180lbf.in) 

 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 2.  PV module installed with clamp fitting method 
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End Clamp installation Middle Clamp installation 

Mounting rail 

4-φ9*12 installation hole 

• Clamps should  have an EPDM or 
similar insulating washer, 

• Fixing bolt  should be at least M6. 
• The clamp must overlap the module 

frame by at least 7mm but not more 
than 10 mm (to avoid contact with front 
glass)

• Use at minimum 4 clamps to fix 
modules on the mounting rails

• The module frame is not to be modified 
under any circumstances 

• At least 4 clamps should be used when 
modules are installed in portrait or 
landscape. 

• For high wind areas, additional clamps 
or longer clamp size should be used to 
ensure that modules can bear the load. 

• Applied torque for M6 - 9 N. m
• Applied torque for M8 -16 - 20N. m
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Installation of PV array

In the very high damage risk wind zone, the 

mid-clamps used for attaching the modules 

must be longer than 50mm (2 inches) in 

length and it is recommended to use 3 rails 

while installing in portrait position. In a 

large system, consideration shall be given 

for using an end clamp for every fourth 

module so if one does become loose, then 

only a few other modules would be 

affected, not necessarily the whole array. 

Type of 
Mounting 
Method 

240kg/m2 Wind Pressure 540kg/m2 Wind Pressure 

Bolt type 
mounting 
system 

 
Use 4 mounting holes 

 
Use eight mounting holes 

Clamping on 
Portrait 
position 

  

Clamping on 
Landscape 
position 

 
 

Mounting rails should run parallel to the 
short side of the frame. If the expected 
load is greater than 160kg/m2, a support 
bar should be inserted. 

 
 

Mounting rails should run parallel to the 
short side of the frame. An additional 
support bar should be used below the 
module. 
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• All cablings shall be undertaken in a neat and tidy manner.

• The cables must be protected from mechanical damage.

• All cables used in the installation should be securely fixed in place 
to minimise any movement of the cable.

• Minimize the area of conductive loops to reduce the magnitude of 
lightening-induced overvoltage as shown in the figure on top

• Keep bending radius of cable more than 43 mm or as 
recommended by module manufacture. Maintain correct cable 
routing as shown in the figure at bottom

Cabling and Interconnections

Good Practice Bad Practice
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Surface motor-pumps:
• Surface pumps can provide limited suction head and it works effectively when 

suction head is minimum. 

• It is very important to ensure that there is no leakage in the suction side as the 
pump will not work even for a very small leakage in suction pipe. 

• The inlet to the suction pipe must be free from sediment, floating debris etc. 
which otherwise damage the pump.  Follow manufacturer’s installation 
instruction manual to install the pump. 

• Lifting of pump-motor: The pump unit should not be lifted or supported by its 
cable attached to it  or to the pump shaft. A rope or strap should be attached to a 
suitable point to lift the pump to carry from one place to another. 

Installation of motor-pump unit
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The CR range is based on the inline multistage centrifugal pump 
first pioneered by Grundfos. CR is available in four basic 
materials and over one million configurations. CR is suitable for 
pumping water and water-like liquids in industry, petrochemical, 
water treatment, commercial buildings, and many other 
applications. Some of the outstanding characteristics of CR are:
• superior efficiency
• reliability
• easy maintenance
• compact size and small footprint
• quiet operation.

5. Shipment inspection
Examine the components carefully to make sure no damage has 
occurred to the pump during shipment. Care should be taken to 
ensure the pump is NOT dropped or mishandled.

5.1 Lifting instructions

Lift pump assembly with lifting straps that pass through the motor 
stool. Ensure that the load is not applied to the pump shaft.

Fig. 1 Correct lifting of a CR pump

5.2 Ensure you have the right pump
Check the pump nameplate to make sure that it is the one you 
ordered.
• CR: Centrifugal pump with standard cast iron and AISI 304 

stainless steel construction
• CRI: Centrifugal pump; all parts in contact with the pumped 

liquid are AISI 304 stainless steel
• CRN: Centrifugal pump; all parts in contact with the pumped 

liquid are AISI 316 stainless steel

5.3 Checking the condition of the pump
The packing in which your pump arrived is specially designed for 
your pump to prevent damage during shipment. As a precaution, 
leave the pump in the packing until you are ready to install it. 
Examine the pump for any damage that may have occurred 
during shipping. Examine any other parts of the shipment as well 
for any visible damage.

Pump without motor (CR, CRI, CRN 1s, 1, 3, 5, 10, 15, and 20 
only):
If you purchased a pump end without motor, the shaft seal has 
been set from factory. Do not loosen the three set screws on the 
shaft seal when attaching the motor.

5.4 Electrical requirements

Verify the power supply to make sure that the voltage, phases 
and frequency match those of the pump. The proper operating 
voltage and other electrical information appear on the motor 
nameplate. These motors are designed to run on - 10 %/+ 10 % 
of the rated nameplate voltage. For dual-voltage motors, the 
motor should be internally connected to operate on the voltage 
closest to the 10 % rating, i.e., a 208V motor should be wired 
according to the 208V wiring diagram. The wiring diagram can be 
found on either a plate attached to the motor or on a label inside 
the terminal box cover.

Warning
Prior to installation, read these installation and 
operating instructions. Installation and operation 
must comply with local regulations and accepted 
codes of good practice.

Caution Do not use the lifting eyes of the motor for lifting 
the entire pump and motor assembly.
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NoteNote

If the shipment consists of a complete unit 
(motor attached to pump end), the position of the 
coupling connecting the pump shaft to the motor 
shaft is set to factory specifications. 
No adjustment is required. If the shipment is a 
pump end without motor, follow the adjustment 
procedures in section 13. Replacing the motor.

Warning
Electrical work: All electrical work should be 
performed by a qualified electrician in 
accordance with the current national, state, and 
local codes and regulations.

Warning
Shock hazard: A faulty motor or faulty wiring can 
cause electric shock that could be fatal, whether 
the motor is touched directly or the current is 
conducted through standing water. For this 
reason, safe installation and operation require 
proper grounding of the pump to the power 
supply ground (earth) terminal. 
In all installations, connect the above-ground 
metal plumbing to the power supply ground 
terminal as described in Article 250-80 of the 
National Electrical Code.

Caution Do not operate the pump if voltage variations are 
greater than - 10 %/+ 10 %.Use strap to lift the pump
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9. Installation

9.1 Pump location
Locate the pump in a dry, well-ventilated, frost-free area which is 
not subject to extreme variation in temperature.
Make sure the pump is mounted at least 6" (150 mm) clear of any 
obstruction or hot surfaces.
The motor requires an adequate air supply to prevent overheating 
and adequate vertical space to remove the motor for repair.
In open systems requiring suction lift, locate the pump as close to 
the liquid source as possible to reduce friction loss in pipes.

9.2 Foundation
Use concrete or similar foundation material to provide a secure, 
stable mounting base for the pump.
See table below for bolt hole center line dimensions for the 
various pump types.
Secure the pump to the foundation using all four bolts and shim 
pump base to assure the pump is vertical and all four pads on the 
base are properly supported (uneven surfaces can result in pump 
base breakage when mounting bolts are tightened).

Fig. 3 Pump position

The pump can be installed vertically or horizontally. See fig. 3.
Ensure that an adequate supply of cool air reaches the motor 
cooling fan. The motor must never fall below the horizontal plane.
Arrows on the pump base show the direction of flow of liquid 
through the pump.
To minimize possible noise from the pump, it is advisable to fit 
expansion joints on either side of the pump and anti-vibration 
mountings between the foundation and the pump.

Fit isolating valves on either side of the pump to avoid draining 
the system if the pump needs to be cleaned, repaired or replaced.

Warning
Do not turn on the power supply until the pump is 
properly installed.
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NoteNote Make sure the vent plug is located in the 
uppermost position.

Base and bolt hole center line dimensions
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Pump type
L1 L2 B1 B2 ∅

[inches] [mm] [inches] [mm] [inches] [mm] [inches] [mm] [inches] [mm]

CR 1s, 1, 3, 5 3.94 100 5.69 145 7.06 180 8.69 220  0.5 13

CRI, CRN 1s 1, 3, 5 3.94 100 5.88 150 7.06 180 8.69 220  0.5 13

CR 10, 15 5.13 130 6.94 176 8.44 215 10.06 256  0.56 13.5

CRN 10, 15 5.13 130 7.88 200 8.44 215 9.75 248  0.5 13

2

1

2

1
L
L

B

4 x ø

B

Correct position of pump installation

Source: Grundfos
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Surface motor-pumps: Pump Location:
• Locate the pump in a dry, well-ventilated area which is not subject to extreme 

variation in temperature. 

• The surrounding of the motor must be free for ventilation to prevent 
overheating.  

• There should be  a minimum clearance of 150 mm from any obstruction and 
adequate free space should be kept  so that the motor-pump can be removed  
for repair. The pump should be installed as close as possible to the water source 
to reduce friction loss in pipes. 

Installation of motor-pump unit

21
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21. Mechanical installation

21.1 Handling

When lifting the motor, always use the eyebolts, if fitted. 
Alternatively, lift the motor with both hands.

21.2 Mounting
The pump must be secured to a solid foundation by bolts through 
the holes in the flange or the base plate. 

21.3 Cable entries
The motor has four M20 screwed cable entries fitted with blind 
plugs from factory. 
The following cable glands are included:
• 2 X M20 cable gland, sensor/signal cables
• 1 X M20 cable gland, power supply cable.

21.4 Ensuring motor cooling

Fig. 3 Minimum distance (D) from the motor to a wall or other 
fixed objects

Code Example ML E 80 A 3- 14 56C -H A

ML Motor Grundfos

E Electronic control 

80
90

Frame size according to IEC (center line height of motor shaft in mm, foot-mounted motor) 

Length of stator core Rated motor power P2 [HP]

A
C

1.18" (30 mm)
2.36" (60 mm)

1.00
2.00

3 3600 rpm

Shaft end diameter [mm]

56C Flange version

H
I

Model designation
Single-phase
Three-phase

A
Version designation
First version

Warning
Installation and operation must comply with 
state, federal, and local regulations.

Warning
Observe state, federal, and local regulations 
when setting limits for manual lifting or handling.

Warning
Before lifting the motor, pay attention to the 
motor weight stated on the nameplate.

Caution Do not lift the motor by the terminal box.

NoteNote

In order to ensure sufficient cooling of the motor, 
the distance (D) between the end of the fan cover 
and a wall or other fixed objects must always be 
at least 2.00" (50 mm) mm, irrespective of motor 
size. See fig. 3.
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Maintain minimum gap 
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21.5 Outdoor installation
When installed outdoors, the motor must be provided with a 
suitable cover to avoid condensation on the electronic 
components. See fig. 4.

The cover must be sufficiently large to ensure that the motor is 
not exposed to direct sunlight, rain or snow. Grundfos does not 
supply covers. We therefore recommend that you have a cover 
built for the specific application.

Fig. 4 Examples of covers (not supplied by Grundfos)

21.6 Drain holes
When the motor is installed in moist surroundings or areas with 
high air humidity, the bottom drain hole should be open. 
The enclosure class of the motor will then be lower. This helps 
prevent condensation in the motor as it will make the motor self-
venting and allow water and humid air to escape.
The motor has a plugged drain hole on the drive side. The flange 
can be turned 90 ° to both sides or 180 °.

Fig. 5 Drain holes

22. Electrical installation
Carry out the electrical connection according to federal, state and 
local regulations.
Check that the supply voltage and frequency correspond to the 
values stated on the nameplate.

22.1 Protection against electric shock, indirect 
contact

Ground conductors must always have a yellow/green (PE) or 
yellow/green/blue (PEN) color marking.

22.1.1 Protection against mains voltage transients
The motor is protected against mains voltage transients in 
accordance with EN 61800-3.

22.1.2 Motor protection
The motor requires no external motor protection. The motor 
incorporates thermal protection against slow overloading and 
blocking.

22.2 Cable requirements
22.2.1 Cable size

Single-phase supply
1.5 mm2 / 12-14 AWG.

22.2.2 Conductors

Type
Stranded copper conductors only.

Temperature rating
Temperature rating for conductor insulation: 60 °C (140 °F).
Temperature rating for outer cable sheath: 75 °C (167 °F).

NoteNote When fitting a cover to the motor, observe the 
guideline in section 21.4 Ensuring motor cooling. 
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Warning
Do not make any connections in the terminal box 
unless the power supply has been switched off 
for at least 5 minutes.
Make sure that the power supply cannot be 
accidentally switched on.
The motor must be grounded and protected 
against indirect contact in accordance with local 
regulations.
If the power supply cable is damaged, it must be 
replaced by the manufacturer, the manufacturer's 
service partner or a similarly qualified person.

NoteNote

The user or the installer is responsible for the 
installation of correct grounding and protection 
according to local regulations. All operations 
must be carried out by a qualified electrician. 

Warning
The motor must be grounded and protected 
against indirect contact in accordance with state, 
federal, and local regulations.

Correct way of installing pump cover

Source: Grundfos
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Installation of motor-pump unit

Surface motor-pumps: Suction pipe installation

• The size of the suction pipe must be as recommended by the pump manufacturer and it
should be straight and short as possible to minimize friction loss and improve net
positive suction head available (NPHSA).

• Avoid using unnecessary fittings, valves or accessory items.

• In case of a flooded suction, use butterfly or gate valves in the suction line to isolate the
pump (figure at bottom)
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9.3.1 Recommended installation torques

9.4 Suction pipe
The suction pipe should be adequately sized and run as straight 
and short as possible to keep friction losses to a minimum 
(minimum of four pipe diameters straight run prior to the suction 
flange). Avoid using unnecessary fittings, valves or accessory 
items. Use butterfly or gate valves in the suction line only when it 
is necessary to isolate a pump because of a flooded suction 
condition. This would occur if the water source is above the 
pump. See fig. 4 and fig. 5. Flush piping prior to pump installation 
to remove loose debris.

Fig. 4 Flooded suction

Fig. 5 Suction lift*

* The suction pipe should have a fitting on it for priming. 

9.4.1 Suction pipe sizes

The following recommended suction pipe sizes are the smallest 
sizes which should be used with any specific CR pump type.
The suction pipe size should be verified with each installation to 
ensure good pipe practices are being observed and excess 
friction losses are not encountered.
High temperatures may require larger diameter pipes to reduce 
friction and improve NPHSA.

9.5 Discharge pipe
We suggest to install a check valve and an isolating valve in the 
discharge pipe.
Pipe, valves and fittings should be at least the same diameter as 
the discharge pipe or sized in accordance with good piping 
practices to reduce excessive liquid velocities and friction losses 
in pipes.

Before installing the pump, pressure check the discharge piping 
to at least the maximum pressure the pump is capable of 
generating or as required by codes or local regulations.
Whenever possible, avoid high pressure loss fittings, such as 
elbows or branch tees directly on either side of the pump. 
The piping should be adequately supported to reduce thermal 
and mechanical stresses on the pump.
According to good installation practices, clean the system 
thoroughly and flush it of all foreign materials and sediment prior 
to pump installation. Furthermore, never install the pump at the 
lowest point of the system due to the natural accumulation of dirt 
and sediment. If there is excessive sediment or suspended 
particles, we recommend that a strainer or filter is used. 
Grundfos recommends that pressure gauges are installed on 
suction and discharge flanges or in pipes to monitor pump and 
system performance.

Warning
CR, CRI, CRN pumps are shipped with covered 
suction and discharge ports. Remove the covers 
before the pipes are connected to the pump.

Pump type Recommended 
foundation torque

Recommended 
flange torque

[ft-lbs] [Nm] [ft-lbs] [Nm]

CR, CRI, CRN 1s/1/3/5 30 40 37-44 50-60
CR, CRI, CRN 10/15 37 50 44-52 60-70

TM
05

 9
27

3 
36

13
TM

05
 9

27
4 

36
13

Strainer

Reservoir

Butterfly
valve

Check
valve

Expansion joints

Butterfly 
valve

Eccentric 
reducer

Butterfly 
valve

Suction 
pipe

Foot valve

Reservoir

Check
valve

Pump type
Min. suction pipe size

[inch] [mm]

CR, CRI, CRN 1s, 1, 3 1 25 Nominal diameter acc. 
to ANSI schedule 40

CR, CRI, CRN 5 1.25 32 Nominal diameter acc. 
to ANSI schedule 40

CR, CRI, CRN 10, 15 2 50 Nominal diameter acc. 
to ANSI schedule 40

Caution
The pressure rating of pipes, valves and fittings 
must be equal to or greater than the maximum 
system pressure.
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9.3.1 Recommended installation torques

9.4 Suction pipe
The suction pipe should be adequately sized and run as straight 
and short as possible to keep friction losses to a minimum 
(minimum of four pipe diameters straight run prior to the suction 
flange). Avoid using unnecessary fittings, valves or accessory 
items. Use butterfly or gate valves in the suction line only when it 
is necessary to isolate a pump because of a flooded suction 
condition. This would occur if the water source is above the 
pump. See fig. 4 and fig. 5. Flush piping prior to pump installation 
to remove loose debris.

Fig. 4 Flooded suction

Fig. 5 Suction lift*

* The suction pipe should have a fitting on it for priming. 

9.4.1 Suction pipe sizes

The following recommended suction pipe sizes are the smallest 
sizes which should be used with any specific CR pump type.
The suction pipe size should be verified with each installation to 
ensure good pipe practices are being observed and excess 
friction losses are not encountered.
High temperatures may require larger diameter pipes to reduce 
friction and improve NPHSA.

9.5 Discharge pipe
We suggest to install a check valve and an isolating valve in the 
discharge pipe.
Pipe, valves and fittings should be at least the same diameter as 
the discharge pipe or sized in accordance with good piping 
practices to reduce excessive liquid velocities and friction losses 
in pipes.

Before installing the pump, pressure check the discharge piping 
to at least the maximum pressure the pump is capable of 
generating or as required by codes or local regulations.
Whenever possible, avoid high pressure loss fittings, such as 
elbows or branch tees directly on either side of the pump. 
The piping should be adequately supported to reduce thermal 
and mechanical stresses on the pump.
According to good installation practices, clean the system 
thoroughly and flush it of all foreign materials and sediment prior 
to pump installation. Furthermore, never install the pump at the 
lowest point of the system due to the natural accumulation of dirt 
and sediment. If there is excessive sediment or suspended 
particles, we recommend that a strainer or filter is used. 
Grundfos recommends that pressure gauges are installed on 
suction and discharge flanges or in pipes to monitor pump and 
system performance.

Warning
CR, CRI, CRN pumps are shipped with covered 
suction and discharge ports. Remove the covers 
before the pipes are connected to the pump.

Pump type Recommended 
foundation torque

Recommended 
flange torque

[ft-lbs] [Nm] [ft-lbs] [Nm]

CR, CRI, CRN 1s/1/3/5 30 40 37-44 50-60
CR, CRI, CRN 10/15 37 50 44-52 60-70
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Strainer

Reservoir

Butterfly
valve

Check
valve

Expansion joints

Butterfly 
valve

Eccentric 
reducer

Butterfly 
valve

Suction 
pipe

Foot valve

Reservoir

Check
valve

Pump type
Min. suction pipe size

[inch] [mm]

CR, CRI, CRN 1s, 1, 3 1 25 Nominal diameter acc. 
to ANSI schedule 40

CR, CRI, CRN 5 1.25 32 Nominal diameter acc. 
to ANSI schedule 40

CR, CRI, CRN 10, 15 2 50 Nominal diameter acc. 
to ANSI schedule 40

Caution
The pressure rating of pipes, valves and fittings 
must be equal to or greater than the maximum 
system pressure.

Suction lift

Flooded suction when water 
source is above the pump

Source: Grundfos
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Installation of motor-pump unit

Surface motor-pumps: Discharge pipe installation

• Pipe, valves and fittings should the same diameter as the discharge pipe to reduce friction 
losses in pipes. 

• The pressure rating of discharge pipe, valves and fittings must be equal to or greater than 
the maximum system pressure. 

• It is advised to install a check valve and an isolating valve in the discharge pipe.  

• Avoid high pressure loss fittings, such as elbows or branch tees directly on either side of 
the pump.

• The piping should be adequately supported to reduce thermal and mechanical stresses on 
the pump.
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9.3.1 Recommended installation torques

9.4 Suction pipe
The suction pipe should be adequately sized and run as straight 
and short as possible to keep friction losses to a minimum 
(minimum of four pipe diameters straight run prior to the suction 
flange). Avoid using unnecessary fittings, valves or accessory 
items. Use butterfly or gate valves in the suction line only when it 
is necessary to isolate a pump because of a flooded suction 
condition. This would occur if the water source is above the 
pump. See fig. 4 and fig. 5. Flush piping prior to pump installation 
to remove loose debris.

Fig. 4 Flooded suction

Fig. 5 Suction lift*

* The suction pipe should have a fitting on it for priming. 

9.4.1 Suction pipe sizes

The following recommended suction pipe sizes are the smallest 
sizes which should be used with any specific CR pump type.
The suction pipe size should be verified with each installation to 
ensure good pipe practices are being observed and excess 
friction losses are not encountered.
High temperatures may require larger diameter pipes to reduce 
friction and improve NPHSA.

9.5 Discharge pipe
We suggest to install a check valve and an isolating valve in the 
discharge pipe.
Pipe, valves and fittings should be at least the same diameter as 
the discharge pipe or sized in accordance with good piping 
practices to reduce excessive liquid velocities and friction losses 
in pipes.

Before installing the pump, pressure check the discharge piping 
to at least the maximum pressure the pump is capable of 
generating or as required by codes or local regulations.
Whenever possible, avoid high pressure loss fittings, such as 
elbows or branch tees directly on either side of the pump. 
The piping should be adequately supported to reduce thermal 
and mechanical stresses on the pump.
According to good installation practices, clean the system 
thoroughly and flush it of all foreign materials and sediment prior 
to pump installation. Furthermore, never install the pump at the 
lowest point of the system due to the natural accumulation of dirt 
and sediment. If there is excessive sediment or suspended 
particles, we recommend that a strainer or filter is used. 
Grundfos recommends that pressure gauges are installed on 
suction and discharge flanges or in pipes to monitor pump and 
system performance.

Warning
CR, CRI, CRN pumps are shipped with covered 
suction and discharge ports. Remove the covers 
before the pipes are connected to the pump.

Pump type Recommended 
foundation torque

Recommended 
flange torque

[ft-lbs] [Nm] [ft-lbs] [Nm]

CR, CRI, CRN 1s/1/3/5 30 40 37-44 50-60
CR, CRI, CRN 10/15 37 50 44-52 60-70
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Strainer

Reservoir

Butterfly
valve

Check
valve

Expansion joints

Butterfly 
valve

Eccentric 
reducer

Butterfly 
valve

Suction 
pipe

Foot valve

Reservoir

Check
valve

Pump type
Min. suction pipe size

[inch] [mm]

CR, CRI, CRN 1s, 1, 3 1 25 Nominal diameter acc. 
to ANSI schedule 40

CR, CRI, CRN 5 1.25 32 Nominal diameter acc. 
to ANSI schedule 40

CR, CRI, CRN 10, 15 2 50 Nominal diameter acc. 
to ANSI schedule 40

Caution
The pressure rating of pipes, valves and fittings 
must be equal to or greater than the maximum 
system pressure.
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9.3.1 Recommended installation torques

9.4 Suction pipe
The suction pipe should be adequately sized and run as straight 
and short as possible to keep friction losses to a minimum 
(minimum of four pipe diameters straight run prior to the suction 
flange). Avoid using unnecessary fittings, valves or accessory 
items. Use butterfly or gate valves in the suction line only when it 
is necessary to isolate a pump because of a flooded suction 
condition. This would occur if the water source is above the 
pump. See fig. 4 and fig. 5. Flush piping prior to pump installation 
to remove loose debris.

Fig. 4 Flooded suction

Fig. 5 Suction lift*

* The suction pipe should have a fitting on it for priming. 

9.4.1 Suction pipe sizes

The following recommended suction pipe sizes are the smallest 
sizes which should be used with any specific CR pump type.
The suction pipe size should be verified with each installation to 
ensure good pipe practices are being observed and excess 
friction losses are not encountered.
High temperatures may require larger diameter pipes to reduce 
friction and improve NPHSA.

9.5 Discharge pipe
We suggest to install a check valve and an isolating valve in the 
discharge pipe.
Pipe, valves and fittings should be at least the same diameter as 
the discharge pipe or sized in accordance with good piping 
practices to reduce excessive liquid velocities and friction losses 
in pipes.

Before installing the pump, pressure check the discharge piping 
to at least the maximum pressure the pump is capable of 
generating or as required by codes or local regulations.
Whenever possible, avoid high pressure loss fittings, such as 
elbows or branch tees directly on either side of the pump. 
The piping should be adequately supported to reduce thermal 
and mechanical stresses on the pump.
According to good installation practices, clean the system 
thoroughly and flush it of all foreign materials and sediment prior 
to pump installation. Furthermore, never install the pump at the 
lowest point of the system due to the natural accumulation of dirt 
and sediment. If there is excessive sediment or suspended 
particles, we recommend that a strainer or filter is used. 
Grundfos recommends that pressure gauges are installed on 
suction and discharge flanges or in pipes to monitor pump and 
system performance.

Warning
CR, CRI, CRN pumps are shipped with covered 
suction and discharge ports. Remove the covers 
before the pipes are connected to the pump.

Pump type Recommended 
foundation torque

Recommended 
flange torque

[ft-lbs] [Nm] [ft-lbs] [Nm]

CR, CRI, CRN 1s/1/3/5 30 40 37-44 50-60
CR, CRI, CRN 10/15 37 50 44-52 60-70
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valve
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Pump type
Min. suction pipe size

[inch] [mm]

CR, CRI, CRN 1s, 1, 3 1 25 Nominal diameter acc. 
to ANSI schedule 40

CR, CRI, CRN 5 1.25 32 Nominal diameter acc. 
to ANSI schedule 40

CR, CRI, CRN 10, 15 2 50 Nominal diameter acc. 
to ANSI schedule 40

Caution
The pressure rating of pipes, valves and fittings 
must be equal to or greater than the maximum 
system pressure.

Suction lift

Flooded suction when water 
source is above the pump

Source: Grundfos
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Installation of motor-pump unit

Surface motor-pumps: Discharge pipe installation

• Never install the pump at the lowest point of the system due to the natural accumulation 
of dirt and sediment. 

• If there is excessive sediment or suspended particles, a strainer or filter should be used.

• A check valve may be required on the discharge side of the pump to prevent the pump’s 
inlet pressure from being exceeded.

• All electrical connection to be made as per installation manual connection diagrams. 

• The motor must be earthed and protected against indirect contact in accordance to 
prevent from electrical shock.

Pump suction strainer 
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Installation of motor-pump unit

Submersible motor-pumps:

• Submersible motor-pump unit will be installed under water therefore, all cable 
connections and seals should water tight and fixed as per the instruction in the 
installation guide provided by the manufacturer. 

• Depending on motor type and source of water, the pump can be installed either vertically 
or horizontally. 

• Manufacturer’s instruction must be followed as not all motors suitable for horizontal 
installation

Submersible water pumps



creating sustainable change through education, engineering and leadership

Installation of motor-pump unit
Submersible motor-pumps: Lifting and lowering the pump

• Do not lower or lift the pump by means of the motor cable. 

• Check the borehole using an inside calliper before lowering the pump to ensure that the 
pump will fit comfortably to the borehole. 

• Ensure that the motor cable and the submersible drop cable is not damaged while 
lowering the pump into the borehole.

Lifting submersible pumps
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8. Mechanical installation
.

8.1 Removing and fitting the cable guard
The cable guard is screwed on to the pump, it must be removed 
and fitted by means of screws. See appendix.

8.2 Fitting of the submersible drop cable and motor 
cable

Before connecting the submersible drop cable to the motor, make 
sure that the cable socket is clean and dry.
To facilitate the connection of the cable, lubricate the rubber parts 
of the cable plug with non-conducting silicone paste.
Tighten the screws holding the cable to the torques stated [Nm]:

Connect the motor cable to the drop cable by use of original 
Grundfos cable termination kits, such as shrink tube type KM or 
cable termination kit type M0 to M4.
If necessary, shorten the motor cable to ensure that it is always 
covered with pump medium prior to making the cable jointing as 
described above.

Fig. 19 Staybolt diameters and torques

8.3 Lifting the product
Grundfos recommends to fit a maximum 30 cm long pipe to the 
pump to facilitate handling of the pump during installation.

Fig. 20 Lifting the pump set into vertical position

Lift the pump set by means of pipe clamps fitted to the riser pipe. 
See fig. 21.

Fig. 21 Lifting the pump set into position

WARNING
Sharp element
Death or serious personal injury
- When mounting the facilitating pipe, wear personal 

protective equipment to avoid cutting on sharp 
edges on the pump.

Be careful not to ben or damage long pump sets, 
when moving them from horizontal to vertical 
positions.

Make sure that the pump chambers are aligned when 
the cable guard has been fitted.

MS402: 3.1 Nm
MS4000: 3.0 Nm
MS6000: 4.5 Nm
MMS6: 20 Nm
MMS8000: 18 Nm
MMS10000: 18 Nm
MMS12000: 15 Nm.

Staybolt diameter Torque
[Nm]

5/16 UNF 18
1/2 UNF 50

M8 18
M12 70
M16 150
M20 280
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Installation of motor-pump unit
Submersible motor-pumps: Installation depth

• The dynamic water level (water level after draw down) must always be above the 
suction interconnector of the pump.  

• Maintain a minimum installation depth of 0.5 m below dynamic water level as 
shown in the figure or as instructed by the manufacturer

• It is recommend that the pump is installed so that the motor part is above the well 
screen in order to ensure optimum cooling

Source: Grundfos
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9. Startup and operation

9.1 Startup
When the pump has been connected correctly and it is 
submerged in the liquid to be pumped, it must be started with the 
outlet valve closed off to approximately 1/3 of its maximum 
volume of water.
Check the direction of rotation as described in section 
6.6 Connection of three-phase motors.
If there are impurities in the water, open the valve gradually as 
the water becomes clearer. Do not stop the pump until the water 
is completely clean, as otherwise the pump parts and the 
non-return valve may become blocked.
As the valve is being opened, check the drawdown of the water 
level to ensure that the pump always remains submerged.
The dynamic water level must always be above the suction 
interconnector of the pump. See section 5.2 Positional 
requirements and fig. 24.

Fig. 24 Comparison of various water levels

L1: Minimum installation depth below dynamic water level. We 
recommend minimum 0.5 m or according to NPSH - curve for 
the relevant pump.

L2: Depth to dynamic water level.
L3: Depth to static water level.
L4: Drawdown. This is the difference between the dynamic and 

the static water levels.
L5: Installation depth.
If the pump can pump more than yielded by the well, we 
recommend that you install the Grundfos MP 204 motor protector 
or some other type of dry-running protection.
If no water level electrodes or level switches are installed, the 
water level may be drawn down to the suction interconnector of 
the pump and the pump will then draw in air.

9.2 Operation
9.2.1 Minimum flow rate
To ensure the necessary cooling of the motor, the pump flow 
velocity must never be set so low that the cooling requirements in 
section 5.4 Liquid temperatures and motor cooling cannot be met.

9.2.2 Operating range
The pump must never run outside the rated pump curve - see 
Data Booklet.

9.2.3 Frequency of starts and stops

DANGER
Electric shock
Death or serious personal injury
- The pump must be connected to protective earth.
- Switch off the power supply before starting any 

work on the product.
- Make sure that the power supply cannot be 

accidentally switched on.
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L2
L3

L1

L5

L4

Long time of operation with water containing air may 
damage the pump and cause insufficient cooling of 
the motor. 

Motor type Number of starts

MS402

• Grundfos recommends 
minimum 1 per year.

• Maximum 100 per hour.
• Maximum 300 per day.

MS4000

• Grundfos recommends 
minimum 1 per year.

• Maximum 100 per hour.
• Maximum 300 per day.

MS6000

• Grundfos recommends 
minimum 1 per year.

• Maximum 30 per hour.
• Maximum 300 per day.

MS6000P

• Grundfos recommends 
minimum 1 per year.

• Maximum 120 per hour.
• Maximum 360 per day.

MMS6

PVC windings

• Grundfos recommends 
minimum 1 per year.

• Maximum 3 per hour.
• Maximum 40 per day.

PE/PA windings

• Grundfos recommends 
minimum 1 per year.

• Maximum 10 per hour.
• Maximum 70 per day.

MMS8000

PVC windings

• Grundfos recommends 
minimum 1 per year.

• Maximum 3 per hour.
• Maximum 30 per day.

PE/PA windings

• Grundfos recommends 
minimum 1 per year.

• Maximum 8 per hour.
• Maximum 60 per day.

MMS10000

PVC windings

• Grundfos recommends 
minimum 1 per year.

• Maximum 2 per hour.
• Maximum 20 per day.

PE/PA windings

• Grundfos recommends 
minimum 1 per year.

• Maximum 6 per hour.
• Maximum 50 per day.

MMS12000

PVC windings

• Grundfos recommends 
minimum 1 per year.

• Maximum 2 per hour.
• Maximum 15 per day.

PE/PA windings

• Grundfos recommends 
minimum 1 per year.

• Maximum 5 per hour.
• Maximum 40 per day.

• L1: Minimum installation depth 
(Recommend minimum 0.5 m)

• L2: Depth to dynamic water level
• L3: Depth to static water level
• L4: Drawdown
• L5: Installation depth. 
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Installation of motor-pump unit

Submersible motor-pumps: Installation of pump

• If pump peak flow is greater than the safe yield of the well, ensure 
that a dry-run protection is included in the motor-pump system. 

• If pump does not include dry-run protection, install an additional 
water level electrodes/ sensors with control switch to protect the 
pump from dry-run. 

• If the pump is installed horizontally, the outlet port must never fall 
below the horizontal plane as shown in figure.

• After the pump has been installed, the borehole must be sealed. 

• The straining wire can be locked to the borehole seal by means of 
wire lock

Source: Grundfos
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Features and 
benefits

Dry-running protection
The SQF pump is protected against dry running in order 
to prevent damage to the pump. The dry-running 
protection is activated by a water level electrode placed 
on the motor cable 12-24 in. above the pump, 
depending on pump type.

The water level electrode measures the contact 
resistance to the motor sleeve through the water. When 
the water level falls below the water level electrode, the 
pump will be cut out. The pump will automatically cut in 
again 5 minutes after the water level is above the water 
level electrode.

Fig. 2 Vertical installation

Fig. 3 Horizontal installation

High efficiency
The MSF 3 motor is a permanent-magnet motor 
(PM motor) featuring a higher efficiency within the 
power range compared to a conventional asynchronous 
motor.

In addition to this, the segmented motor stator 
contributes considerably to the high efficiency.

The MSF 3 motor is furthermore characterized by a 
high locked-rotor torque even at low power supply.

Overvoltage and undervoltage 
protection
Overvoltage and undervoltage may occur in case of 
unstable power supply or a faulty installation.

The pump will be cut out if the voltage falls outside the 
permissible voltage range. The motor is automatically 
cut in when the voltage is again within the permissible 
voltage range. Therefore no extra protection relay is 
needed.

Note: The MSF 3 motor is protected against transients 
from the power supply according to IEC 60664-1 
"overvoltage category III" (4 kV). In areas with high 
lightning intensity, external lightning protection is 
recommended.

Overload protection
In case the upper load limit is exceeded, the motor will 
automatically compensate for this by reducing the 
speed. If the speed falls below 500 rpm, the motor will 
be cut out automatically. 

The motor will remain cut out for 10 seconds after which 
period the pump will automatically attempt to restart.

The overload protection prevents burnout of the motor. 
Consequently, no extra motor protection is required.

Overtemperature protection
A permanent-magnet motor gives off very little heat to 
its surroundings. In combination with an efficient 
internal circulation system leading the heat away from 
the rotor, stator and bearings, this fact ensures 
optimum operating conditions for the motor.

As an extra protection, the electronic unit has a built-in 
temperature sensor. When the temperature rises above 
185 °F, the motor is automatically cut out. When the 
temperature has dropped to 165 °F, the motor is 
automatically cut in again.
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Maximum Power Point Tracking 
(MPPT)
The built-in electronic unit gives the SQFlex system a 
number of advantages compared to conventional 
products. One of these advantages is the built-in 
microprocessor with MPPT (MPPT = Maximum Power 
Point Tracking).

Thanks to the MPPT-function, the pump duty point is 
continuously optimised according to the input power 
available. MPPT is only available for pumps connected 
to DC supply.

Wide voltage range
The wide voltage range enables the motor to operate 
at any voltage from 30-300 VDC or 90-240 VAC. This 
makes installation and sizing especially easy.

Reliability
The MSF 3 motor has been developed with a view to 
high reliability which is achieved through the following 
features:

• carbon/ceramic bearings
• excellent starting capabilities
• various protection facilities.

Installation
The following features ensure simple installation of 
the SQF pump:

• low weight ensuring user-friendly handling
• installation in 3", 4" or larger boreholes
• only an on/off switch is needed, which means that 

no extra motor starter / starter box is necessary 
• SQF is available with cable and socket.
Note: Horizontal installation requires the water level 
electrode to be placed above the pump to ensure the 
dry-running protection.

Fig. 4 Installation of SQF pumps

Fig. 5 Horizontal installation

Service
The modular pump and motor design facilitates 
installation and service. The cable and the end cover 
with socket are fitted to the pump with screws which 
enable replacement.
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Submersible water pump position under water
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