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What’s new in this document? 

I made the following improvents on the design, in version 2.0: 

• optimized hose system; 

• usage of factory solar panels; 

• new hand truck design; 

• factory made control circuits; 

• more precise price estimation; 

• list of commercial manufacturers. 

 

Requirements 

Design a renewable energy powered and portable water pump that can provide a viable alternative to diesel-driven 
ones.  
Besides being powered by clean energy, such a pump or pump kit/system should meet the following requirements:  

● Portable 
○ theft prevention -- farmer can take it inside the house at night and when away 
○ can be easily used at different wells / by water merchants 
○ easy transport for demonstration and sale in local markets 

● Robust under Bihar climate and rural use conditions, locally serviceable 
● Pump and deliver enough water to irrigate 1 hectare of typical Bihar produce (wheat or vegetables) from a 

depth of 5m. A micro irrigation water delivery system can be part of the system, but its cost must be included 
in the total system cost. 

● Total system cost must not exceed “one lakh” Indian rupees (100,000 rupees; ca. US$ 1500 at current 
exchange rate) 

● Assuming a groundwater table at 5m depth. 
● Be at least as portable as an “old school” Kirloskar 5HP pump. 
● If your system offers a way to be operated by an alternative power source, especially solar power, it will 

reduce farmer risk. Being able to provide irrigation when the renewable power source fails will greatly help 
farmers overcome the “no sun, no water” fear barrier. 
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Design overview 

Designing a solar powered and portable water pump to 
replace a 2-3 HP (10 l/sec water capacity) diesel-
driven pump is possible, but not easy.  

In the early version of the document I described an 
easily portable pump design which uses custom built 
solar panels. Due to the feedbacks after the early 
submission I understood that easy manufacturing is 
more important than high portability. 

I redesigned the whole solar panel and hand truck 
part. I found a cheaper, lower weight hose to the 
irrigation system and an Indian manufacturer who 
supplies pump control circuits. This circuit satisfes all 
my requirements. It contains MPPT control for the 
solar panels and also DC motor control circuit.  

Until five days before the deadline I thought that I 
found a BLDC pump manufacturer, but due to a 
misunderstanding with the sales-manager it was an 
illusion. They manufacture DC pumps only. Meanwhile 
I am looking for new ways to find the right 
manufacturer.  

In this document I use the International System of 
Units. 

TABLE 1: SYSTEM SUMMARY 

Total system cost Rs. 98018 

Maximum flow rate (from 5 m 
depth, solar cell temperature: 
max. 65 °C) 

7.6 liters/sec. 
455 liters/min. 

Pump’s nominal power 750 W 

Max. suction height  8 m 

Solar panel’s nominal power 
(@ 25 °C) 

930 W 

Minimum power to pump 0.8 
liters/sec, from 5 m depth 

144 W (15% of PV 
panel’s power) 

Irrigation hose length 160 m 

Irrigation hose diameter 102 mm (4”) 

The prices are given in Indian rupees. For the main 
parts I asked quotes from the manufacturers, these 
prices are FOB prices. It means that the seller pays for 
transportation of the goods to the port of shipment, 
plus loading costs. We have to add it the cost of freight 
to the port of destination, unloading, import taxes and 
the carriage to place of destination. 

I estimated Indian import duties by using 
http://www.eximguru.com.  
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Solar array design 

Introduction 

As I understood the importance of easy manufacturing 
after the early submission, I threw away the idea of 
custom designed PV modules. I designed a new model, 
using factory solar panels. If the project will have 
success, the idea of the custom built solar panels might 
called up later. 

Power 

The power of the solar array, the water pump, the solar 
MPPT control and the pump control circuit must fit to 
each other. Water pumps and control circuits are 
usually designed for 1, 2, 3N horsepower (750W, 
1500W, 2250W), so I should build a solar array which 
provides 1, 2, 3N horsepower energy for the pump. 
This also makes it possible to use this solar array in any 
other design, so we can freely change the waterpump 
part for example. Considering the available solar 
technology, the prices and the solar panel’s weight, I 
will be able to design a 1 HP (750W) portable solar 
array. 

The nominal power of a solar panel is defined as the 
power that the solar panel produces when the light 
intensity is  1000W/m2 and the temperature of the cells 
being 25°C. This is a case which hardly occurs. As the  
cell temperature increase, the power of the panels' 
drops. Air humidity (which decreases irradiance) or 
wind speed are only a few of the factors which change 
the power of the solar panels.  

I tried to estimate the power loss caused by the change 
of cell temperature. The PV panel’s power alters 
according to the typical temperature coefficient for 

power (γPmp). Also, each type of solar panel has a 
NOCT (Nominal Operating Cell Temperature) value. It 
is defined as the temperature of the cells, given the 
solar irradiation is 800W/m2 and the ambient 
temperature is 20°C. These values are found in solar 

panels' datasheets. A typical γPmp is around -0.41%/°C, 
a typical NOCT is around 45°C. The ambient 
temperature in Bihar can reach 40°C. The panel’s 
temperature can go up approximately to 65°C, it 
changes the panel’s nominal power by 

-0.41%x(65°C-25°C)=-16.4%. 

Also, the MPPT and motor control circuits have losses. 
As a rule of thumb, we can add around 20% to the 
necessary power to get the nominal power of the 
panels. 750Wx1.2=900W. This is the minimal 
requirement, but the more the better. 

PV panel type 

In this design I use three PV panels, to easily fold up 
them. We can reach 900W power using three, 300W 
panels. We can buy even 327W panels with 
1600x1000mm dimension. These are high efficiency 
solar panels like BenQ Solar (Taiwan) PM318B01 type 
ones, but they are quite expensive (1.2 $/W). It would 
mop up almost the whole budget. I would rather use 
1950x1000 mm, 300W panels which don’t require high-
end solar cells, they are cheaper and are also 
manufactured in India. Regarding the nominal power, 
temperature coefficients and price, I chose Evergreen 
Solar (India) EGS310 type polycrystalline panel. Of 
course any other similar panel can be used, there are 
several types on the market. I chose a polycrystalline 
model, because they are cheaper and nowadays their 
temperature coefficients are similar or even better than 
those of the monocrystalline ones (it used to be worse 
before). See TABLE 2 and TABLE 3 for EGS310 panel 
and the array properties. 

TABLE 2: EGS310 PV PANEL PROPERTIES 

Size 1960x982x42mm 

Number of cells 72 

Typical power* 310 W 

Voltage at typical power 36.10 V 

Current at typical power 8.59 A 

Open circuit voltage 44.60 V 

Short circuit current 9.12 A 

NOCT 44.77 °C 

Weight 25.7 Kg 

Temperature coefficients:  

αIsc 0.0563 %/°C 

βVoc -0.3058 %/°C 

γPmax -0.4054 %/°C 
* Irradiance 1000 W/m2, cell temperature 25°C. 

TABLE 3: SOLAR ARRAY PROPERTIES 

Cell temperature 25 °C 40 °C 65 °C 

Array total weight 77 kg 

Typical power 930 W 873 W 780 W 

As shown by TABLE 3, our solar array can power a 750 
W motor even if the cell temperature reaches 65 °C.  
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Manufacturer 

Evergreen Solar Systems India Private Limited 

Sulochana Mills Campus, Mettupalayam Road, 

Vadamadurai,  

Coimbatore- 641017. India 

Phone : +91 422-2642564  

Mobile : +91 9894323030  

Fax : +91 422-2642830 

E-mail : info@evergreensolar.in  

Website: www.evergreensolar.in 

FIGURE1: EGS310 SOLAR PANEL 

 

Price estimation 

Solar panel prices are usually given in USD/Watt. 

Chineese manufacturers sell panels for 0.6-0.7 USD/W, 

it is cheap, but we must add custom duties and 

transportation costs. In India we can buy panels for Rs. 

50/W (0.79 USD/W). It is more expensive, but there 

are no additional charges. This price is available for low 

quantites, but for larger quantites, better prices can be 

negotiated. 

930W solar panel price is around Rs. 46500. 

Trailer design 

Using factory solar panels increases the weight of the 
panels from 45.6 kg to 77.1 kg. I can not use a hand 
truck anymore, but rather a trailer. 

The three panels are fixed to each other with aluminium 
hinges on their longer side. As the solar panels are 
42mm thick, we have to use 80mm and 120mm wide 
hinges. See Figure 2. I chose a heavy load aluminium 
hinge with material gague 3mm, pin diameter 6mm. My 
experience is that many Indian company’s web page 
doesn’t provice accurate product data, so I used the 
hinge catalogue of a German company. 

http://www.franz-holz.com/live/continuous-piano-
hinge/hinges.aspx 

FIGURE 2: PANELS ASSEMBLED WITH HINGES 

 

When fold up, the panels are located on top of each 
other. They can be opened out simply. We have to 
reinforce the middle panel’s aluminium frame, because 
it supports the weight of the other two panels. The 
general structure of a solar panel is shown by figure 3. 

FIGURE 3: SOLAR PANEL STRUCTURE 
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FIGURE 4: REINFORCED SOLAR PANEL 

 

FIGURE 4 shows the structure of the reinforced solar 
frame. We put two, 25x25mm (or as big as can fit inside 
the frame) square hollow sections  inside of the long 
sides of the aluminium frame. The hinges, the 
aluminium frame and the hollow section are screwed 
together using countersunk head screws. 

FIGURE 5:  

 

There are two other bars fixed on the back of the panel, 
which are perpendicular to these bars inside the frame. 
It gives further rigidness to the frame and are used to 
mount the panels on the trailer. 

The bottom bar is bigger than the upper bar, it is a 
60x20mm hollow section, because it will support the 
weight of the three solar panels. We use four screws 
(2x2) to fix it for the same reason. 

FIGURE 6: MIDDLE PANEL REINFORCEMENT 

 

FIGURE 7: JUNCTION TO THE TRAILER 

 

It is possible that not only the middle panel frame has to 
be reinforced, but also the two other panels. The left 
and right panels are hold only by one side of the frame. 
It has to support not only the weight of the panel, but 
also the extra forces during the opening-closing 
procedure. I suppose that three traversal aluminium U-
profiles should be enough for reinforcement. See 
FIGURE8. Practically the U-profiles should be fixed 
using pop rivets, screwing them seems to be difficult in 
this case. 
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FIGURE 8: L - R PANELS REINFORCEMENT 

 

On each panel we find a junction box. Two cables come 
out of these boxes. The panels must connected parallel 
(see later) to each other. The aluminium frames should 
be drilled so the cables coming from the left and right 
panels can go to the middle panel through these holes. 
We should also use a flexible protection tube to protect 
the cables against damage. 

FIGURE 9: CABLE CONNECTIONS 

 

The trailer is rolling on two wheels. I was thinking about 
a three wheel design, but I think it wouldn’t really work 
on dirt roads. I designed the trailer to be portable by 
humans. Pushing a trailer is comfortable if you have to 
push down (and not pull up) the grip of the trailer 
slightly and than you can push it forward.  

FIGURE 10: TRAILER LAYOUT 

 

To reduce the push-down force, the wheels must be 
close to the center of mass of the trailer, but not exactly 
at the center, because the trailer must stand stable.  
I calculated approximately the center of mass of the 
trailer with the panels and the motor with the suction 
tube. I chose the place of the wheels a little out of the 
center of mass. After calculating the torques I got that 
we have to push down the trailer’s grip with a force 
around 50-60N (which corresponds to 5-6 kg). 

The trailer has a plywood luggage-rack. It can be used 
to transport the PE hoses or other accessories. The 
trailer is made of 30x30mm, 20x20mm, 20x40mm and 
20x60mm steal hollow sections and I use 30x30mm L 
profile for the luggage rack. 

See APPENDIX1 for the trailer sizing information. 

FIGURE 11: LUGGAGE-RACK 

 

The solar panels are fixed on the trailer by two junctions 
found on the 60x20mm hollow section bar (see 
FIGURE 7). This bar is placed 75 cm from the bottom of 
the panel toward the panel center. This placement 
makes easier to lift the solar panels when adjusting it to 
the right angle but the panel’s weight still keeps the 
panels horizontally during transport. The three panels 
are 77kg. By calculating the torques we get that we 
only have to lift 15kg when adjusting the panel’s 

angle! The panels' angle can set to 60 degrees 
maximum.  

FIGURE 20: PV PANEL ANGLE ADJUSTING 
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FIGURE 21: 

 

Price estimation 

Part name Qty Price 

Steal hollow section 30x30mm 11 m Rs. 1,200 

Steal hollow section 25x25mm 4 m Rs. 430 

Steal hollow section 20x20mm 2.5 m Rs. 200 

Steal hollow section 40x40mm 1 m Rs. 160 

Steal hollow section 20x40mm 1 m Rs. 120 

Steal hollow section 20x60mm 1 m Rs. 170 

Steal L-profile 2.5 m Rs. 120 

Aluminium hinge  4 m Rs. 1,500 

Plywood 1.3 m2 Rs. 550 

Hand truck paint  Rs. 800 

Hand truck air tire 2 Rs. 1000 

Parts for mechanical mounting  Rs. 800 

Flexible protection tube 0.5 m Rs. 250 

Parts not listed or unforseen  Rs. 1,000 

Hand truck assembly labour 12 hour Rs. 3,500 

 Rs. 11,800 

Irrigation system 
Knowing that the capacity of the solar pump I designed 
is commensurable with that of the most popular Honda 
diesel pump’s (see later), I don’t have to use expensive 
drip or micro irrigation system, so I focussed on 
improving the efficiency of the field-flood irrigation 
method instead. I plan to use cheap and mobile tubes 
to deliver water from the pump to the plants. 

Using PE irrigation hoses to deliver water to the platns 
seems a practical and cheap solution. They are  

• made of recycled material; 

• strong, durable, ageing proof; 

• resist to chemicals and weather; 

• easy to store, handle; 
• light weight, flexible; 
• can be cut easily to the desired length. 

FIGURE 22: PE IRRIGATION HOSE 

 

TABLE 4: PE lay flat hose properties 
inside diameter: 102 mm (4”) 
working pressure: 500 kPa (5 bar) 
weight, 102 mm (4”), 
500kPa 

124g/m 

FOB price, 102 mm (4”), 
500kPa 

$0.54 / m 

 

Irrigation methods 

Method 1 
A tube with an open end is used to reach any corner of 
the plot to flood it with water. It eliminates the losses 
caused by the usage of earthen canals. Once an area 
is flooded, the tube end must be moved to another 
area. 
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FIGURE 23: METHOD 1 IRRIGATION 

 

Method 2 
It’s a combination of flood and drip irrigation. The tube 
end is closed and the tube is pitted. The water coming 
from the holes floods the area close to the tube. Once 
an area is flooded, the hose must be moved to another 
area. This method eliminates overwatering the plants 
near to the tube end. Of course, plants closer to the 
hose get more water, but the difference is much 
smaller, than with method 1. 

FIGURE 24: METHOD 2 IRRIGATION 

 

The farmer should get two types of hose. A normal 
hose used between the pump and the plot and a pitted 
hose used inside the plot. These tubes can be attached 
to each other using lay flat hose couplings and can be 
easily cut to the desired length.  

Hose length 

We have to irrigate a farm of 1 hectare, which is a unit 
of area defined as 10,000 square metres (100m by 
100m). Observing Bihár’s land on Google Earth, we can 
find quite small plots. On FIGURE 5, I marked a one 
hectare field with green lines, its dimensions are 80 m x 
120 m. It’s not a real farm, just a farm size field. To 
estimate the necessary tube length I built on a relatively 
difficult situation where the well is rather far from the 
plot, but it’s still not a worst case scenario. If the well is 
found on the farm’s border, to reach the far side of the 
farm we will need a 120 + 80/2 = 160m hose. 

FIGURE 25: A 0.96 HA FIELD IN BIHÁR 

 

I will calculate with a 160 m long hose, which should 
be enough in most cases. 

Couplings 

We can use hose couplings to attach the hose to the 
pump or to each other. 

FIGURE 26: LAY FLAT HOSE COUPLINGS 

 

Couplings can be made of aluminium, stainless steel, 
polypropilene, brass. The different types are named by 
alphabetical letters. Type A, type B, type C, etc. On 
Figure 26 there is a type C (left) and a Type FR (right) 
coupling. FR means that this is a type F and a reducing 
coupling. To connect the hose to the pump we need a 
type C coupling on the hose end, and a type F coupling 
on the pump output. We will probably need a reducing 
coupling, because a suitable pump outlet has usually a 
2” female connector, so the FR coupling will reduce the 
102 mm (4”) hose diameter to 2”. 
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Price estimation 

PE lay flat hose, 160 m (FOB) Rs. 5,440 

Import duties, freight Rs. 1,700 

couplings Rs. 1,000 

labour (hose pitting, assembly) Rs. 1,000 

 Rs. 9,140 

Manufacturer 

I tried to find an Indian hose manufacturer, but 
unfortunately despite many attempts, I didn't get a 
response. I contacted a Chinese company, where Miss 
Joe Lane Hsu was very helpful, and answered all my 
questions including photos and all required data about 
the product. They also offered free samples of the hose 
so we can make sure that they manufacture high quality 
hoses. I really suggest to work with this company. 
 
Tiantai Hongfei Industry Trade and Construction 
Material Co., Ltd 
Address:  #1 Hutanggang, Hongchou Town, TianTai, 
Zhejiang, China. 
Mob:0086-18858667955 
Fax: 0086-0576-83018189 
Web: www.hongfeihose.com 

 

Water pump design 

To choose a suitable pump from the market, we have to 
know the Total Dynamic Head of the irrigation system 
for different flow rates. The TDH data compared to the 
Head-Flow rate characteristic of the pump gives the 
duty point of the pump, so the real flow rate. As we 
desire to get close to the Honda diesel pump flow rate 
(10liters/sec = 600liters/min) as much as possible, I will 
calculate the TDHs for values between 50 and 600 
litres/min. 

Total Dynamic head 

Total Dynamic Head (TDH) is the total equivalent height 
that a fluid is to be pumped, taking into account friction 
loss in the pipe. 

TDH = Static height + Suction head + Friction loss 

In our case static height is around 0, as we only need to 
pump the water to the ground level. Suction head is 5 
m, as we have to pump water from 5 m depth. One of 
the accepted methods to calculate friction loss resulting 
from fluid motion in pipes is by using the Darcy-
Weisbach Equation.  

ℎ� = � ����	
�2�, 
where: 

hl = Head Loss due to friction 
f = friction factor (Darcy-Weisbach friction coeff.) 
L = Pipe Length 
D = Pipe Diameter 
V = Flow velocity 
g = Gravitational Constant 

To calculate the friction loss, we have to know the 
hose’s length and diameter attached to the pump. 

Because of the complexity of the calculation, I will 
consider that the pitted tube has the same head as a 
normal tube. The dead end can raise the head, but due 
to the holes, not all water runs through the whole length 
of the tube, which decreases the head. 

Practically we should try to keep the total dynamic head 
as low as possible, it will increase the flow rate of the 
pump. For a low TDH, I chose a 102 mm (4”) diameter 
PE lay flat hose for the 160 m long tube. A surface 
pump is able to lift water from a 8 m depth. The suction 
pipe should be a 8.5 m long, 76 mm (3”) diameter 
plastic pipe. If we would choose pipes with less diamter 
it would increase the head considerably in the 300-600 
liters/sec flow rate range. 
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FIGURE 27: PVC SUCTION PIPE 

 

TABLE 5: PVC SUCTION PIPE 
inside diameter: 76 mm (3”) 
working pressure: 500 kPa (5 bar) 
weight, 76 mm (3”), 
500kPa 

1.15 kg/m 

FOB price, 76 mm (3”), 
500kPa 

$3.26 / m 

The suction pipe is also manufactured by Tiantai 
Hongfei Industry Trade and Construction Material Co., 
Ltd, as the PE hose. 

Now that we have every necessery data to calculate the 
TDH.To Calculate friction losses, I used the Virtual 
Dynamic Head Calculator: 
http://www.csgnetwork.com/csgdynamichead.html  

TABLE 6: TOTAL DYNAMIC HEAD (TDH) 

Flow 
rate 
(l/min) 

Friction loss, 
160 m hose 

(m) 

Friction loss, 
8.5 m suction 

pipe 
(m) 

Suction 
head 
 (m) 

TDH 
 (m) 

50 0.02 0.005 5 5 

100 0.08 0.017 5 5.1 

200 0.28 0.061 5 5.3 

300 0.60 0.130 5 5.7 

400 1.00 0.221 5 6.2 

500 1.55 0.334 5 6.9 

600 2.17 0.399 5 7.5 

Pump motor type 

Pumps on the market are usually equipped with an AC 
motor. Using an AC pump with solar power source is 
possible, but it has many problems. We can use a true 
sinusoidal waveform inverter to create AC power, there 
are quite good products on the market which can 
handle the surge current of the motor startup. But, an 
AC synchronous motor’s shaft speed is proportional to 
the AC frequency. An inverter can supply 50 or 60 Hz 
AC power. When the solar panel power level drops, it 
does not change the AC frequency (and the motor 

speed), only the available power. The motor will slip at 
first and will stop working. If we oversize the solar array 
as much as we can pump from morning to late 
afternoon, it will result in wasted power and money. 
There are special solar AC pump controller circuits on 
the market, which vary the AC frequency according to 
the actual power of the panels. They are very 
expensives ($850 for a 750W /1HP/ circuit), they are 
usually big and heavy and they generally require 250-
300V DC from panels. I didn’t find a way to create 250V 
with a 900W panel array. 

We should rather use a brushless direct current (BLDC) 
motor to drive the pump. In reality, BLDC motors are 
low voltage, permanent magnet synchronous (AC) 
motors. They require special motor controller, but they 
don’t need true sinusoidal waveform signal to work, so 
the controller is a cheaper solution. To use brushed DC 
motors is not the best idea because of lower efficiency 
and more frequent service needs. 

Pump characteristic curve 

A pump’s characteristic curve shows the pump’s head 
at different flow rates. As the head grows, the pump’s 
flow rate decreases.  

We can best exploit Bihár state’s high water table levels 
by using a low head, high flow rate pump. As the solar 
power is very limited, we can not waste power by 
creating unnecessarily high pressure. 

In 1.0 document version I advised to use the Italian 
Pedrollo company’s HF series pumps, but they are 
available only in AC motor version and they can not 
manufacture it with BLDC motor. It was the 750W 
(1HP), HF 5B type pump, which characteristic curve is 
percfect for us. As this is a monoblock pump, it is very 
difficult to assemble it with a BLDC motor. I found, that 
this type of pump is widely manufactured in China 
too, it is called MHF5B type pump there. It has the 
same characteristic curve, than HF 5B. 

FIGURE 28: MHF5B PERFORMANCE CHART 
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Buying a suitable pump 

I e-mailed with a number of manufacturers, including 
Guangzhou JOTO Mechanical Co., Ltd., China. The 
sales-manager made me believe that they manufacture 
MHF5B type pump with BLDC motor so I built my 
revised plan on it. However, five days before 
submission deadline I realized that we misunderstood 
each other and they manufacture this pump with DC 
motor only. Another company, the Fujian Gede Pump 
Industry Co.,Ltd., wrote me this letter: 

Balázs Nagy, 
Good Morning! 
If you are interested to BLDC motor driven pumps ,How 
MUCH IS a year in sALES? How many Piece every 
months? If the orders substantial one,We are willing to 

invest in research and development. Hope to your 
understand it. 

So there is a theorical possibility, that a company would 
invest in BLDC motor pump manufacturing, but it 
doesn’t help us to build the prototype of our solar pump. 

Another option is to buy this pump without motor, in 
non-monoblock version and buy a BLDC motor and 
assemble them. I must say, that this is often difficult to 
understand the letters. I was asking GEDEPUMP 
company aboult their NFw-150A/T pump, because this 
type of pump is similar to MHF5B pump. I told them that 
I needed to assemble it for myself with a motor, so they 
should manufacture a pump without motor, which 
contains the bearings too. Here is what they answered: 

Dear Balázs, 

Good Morning! How are you friends.Yes, we are 
manufacture to the NFw-150A/T pump.& We can 
manufacture it without motor pump body.But every 
PUMP is a complete set of pump unit,If you want to buy 
only pump body,I am afraid that the size of your produt 
will not form a complete set and meet requirement. Now 
I am quote to your this pump without motor as follows: 
NFw-150A/T pump/MHF5B type pump 
complete(Without motor,with pump body&front cover& 
back cover complete)  
2"x2"  1hp  0.75KW   US$27/unit  FOB FUZHOU 
CHINA  MOQ:1600pcs 
pump body 
2"x2"  1hp 0.75KW US$19.93/UNIT MOQ :1600PCS. 
WATER pump 
2"x2" 1hp 0.75KW US$83/UNIT MOQ:1600PCS 
We are look forward to your good trial order. 
Regards, 
Allen Yang 

And he attached a picture. 

 

 

This letter arrived on 15th November, the deadline day. 
According to the letter I believe that they can 
manufacture both NFw-150A/T and MHF5B types pump 
without motor, but I’m not sure about the price and that 
these are not only the parts of a monoblock pump. 

As the caracteristic curve of MHF5B pump is optimal for 
us, I think we should not give up to find a pump like this. 
It would allow us to pump almost as much water as the 
popular Honda diesel pump. Manufacturing an MHF5B 
type pump with BLDC motor is possible, there is 
nothing complicated in it, but if we don’t find anybody to 
do it, we can use the normal DC version. Now I will 
show the properties of my water pump design using the 
MHF5B BLDC pump. 

Duty point 

To calculate the duty point of the pump, we have to find 
the intersection point of the pump curve and the system 
curve. The system H-Q (head-quantity) curve is 
approximated by the TABLE 6 TDH values for different 
flow rates. See FIGURE 29, APPENDIX 2 to the duty 
point and flow rate value. The duty point of the pump is 
found approximately at 455 l/min. 

FIGURE 29: MHF5B 
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Observing the characteristic curve of MHF5B pump we 
can see the disadvantage of this type of pump. The flow 
rate is very high, but compared to other types, the flow 
decreases faster as the head grows. 

Required minimum power 

Low head and high flow pumps are very useful for 
irrigation, but if the power of the solar panels drops, the 
pump might not be able to lift the water from the well at 
all. I will calculate the minimum power required by the 
pump to work with a minimal flow rate. 
minimal flow rate for 50 l/min, the TDH is 5
flow rate. 

The affinity laws are used to express the relationship 
between variables involved in pump or fan performance 
(such as head, volumetric flow rate, shaft speed) and 
power. The affinity laws are useful as they allow 
prediction of the head discharge characteristic of a 
pump or fan from a known characteristic measured at a 
different speed or impeller diameter. 

Law 1. With impeller diameter (D) held constant:

Law 1a. Flow is proportional to shaft speed:���� = ���� 
Law 1b. Pressure or Head is proportional to the square 
of shaft speed: 

���� = ������
�
 

Law 1c. Power is proportional to the cube of shaft 
speed: 

���� = ������
�
 

where: 
Q is the volumetric flow rate, 
D is the impeller diameter, 
N is the shaft rotational speed, 
H is the pressure or head developed by the fan/pump,
P is the shaft power. 
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is the pressure or head developed by the fan/pump, 

We are talking about the same pump with different 
power levels, so the impeller diameter is considered as 
constant. H1 and H2 are bo
equation 1b: 

���� =
Replacing it in equation Law 1

���� = ������
�� = �����

where: 
P1 is the minimum required power
H1 is the minimum head (= 5 m),
P2 is the nominal power, 
H2 is the head at P2. 

The head of the pump at 50
nominal power of the pump is 750W (see Appendix 
The minimum head necessary when pumping at 
50l/min is 5m. Replacing them
can calculate the minimum required power
from 5 m depth. This is 144W.

Motor accessories 

FIGURE 30: WATER PUMP LAYOUT
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We are talking about the same pump with different 
power levels, so the impeller diameter is considered as 

are both positives, so from 

= ����� 

in equation Law 1c: 

������
�
= ������

��
 

� �
��

�� � ��			∎ 

power, 
is the minimum head (= 5 m), 

50 l/min flow rate is 15m, the 
nominal power of the pump is 750W (see Appendix 2). 
The minimum head necessary when pumping at 

Replacing them into the equation, we 
minimum required power to pump 

is 144W. 
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The pump is mounted on an iron plate. The pump outlet 
(2”) is connected through a reducing coupling to a 3” T 
coupling. The 102mm (4”) FR type hose coupling is 
connected to the T coupling. On the top of the T 
coupling the pump can be filled with water. On the 
pump inlet there is a 76mm (3”) FR type coupling for 
the suction hose. There is also a white colour grip and 
two vertical bars, which makes easy to wrap the suction 
pipe around the pump. The pump is standing on four 
rubber foot. The size information on FIGURE 30 is only 
approximate. It can be specified when the exact pump 
size will be known. 

Price estimation 

I received a quote for the AC motor MHF5B pump. I will 
use this price. 

Pump with motor (FOB) Rs. 5,178 

Freight, custom duties Rs. 1,500 

Couplings Rs. 2,000 

Iron parts Rs. 600 

Paint Rs. 100 

Electric cable Rs. 600 

Suction pipe Rs. 2,500 

Foot valve Rs. 2,000 

Not listed (screws, etc.) Rs. 500 

Assembly labour Rs. 600 

 Rs. 15,578 

 

Manufacturers 

MHF5B DC PUMP 
Guangzhou JOTO Mechanical Co., Ltd. 
Address: Room 201, Gangxin Cheng, No. 431, East 
Ring Road, Shiqiao Street, Panyu District 
Mob: 15218803480 
Tel: 020-31175638 
Fax: 020-31175318 
e-mail: ecchhoo@163.com 
 
SUCTION HOSE 

Tiantai Hongfei Industry Trade and Construction 
Material Co., Ltd. 
See details above, at irrigation system part of the 
document. 
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Electronic control 

MPPT algorithm 

Using an array of solar panels without a controller that 
can perform Maximum Power Point tracking (MPPT) 
will often result in wasted power. The power gain can 
reach 30-50% by using MPPT to maximize the power of 
solar panels. The algorithm automatically finds the 
panel’s operating voltage that allows maximum output. 
The maximum amount of power that can be extracted 
from a panel depends on three important factors: 
irradiance, temperature and load. Temperature mainly 
changes tha panel’s voltage, while irradiance mainly 
changes the panel’s operating current.  

Decrasing the panel’s operating voltage by using a low 
voltage load will dramatically decrease the panel’s 
output power, as it is able to provide around the same 
current at lower voltage. For example, if we have a 20 
W panel with an MPP at 17.5 V, 1.15 A and a 5 V, 5 A 
simple resistive load (2,5 Ω), connecting it to the panel 
which has a short-circuit current of 1.25 A, the panel will 
only be able to provide about 3 V, 1.2 A 
(U=IR=1.25A*2.5Ω=3.12V), so  3.7 W. To match 
exactly the panel and load voltage is not possible, as 
the panel’s output voltage varies by the cell 
temperature and also the irradiance level. We have to 
use an MPPT circuit to maximize the output power of 
solar panels. 

 

Motor controller 

BLDC motors require a control circuit to run. There are 
usually sensors on the BLDC motor which provide 
information about the shaft position of the motor. This 
feedback is used to control the speed and also the 
startup of the motor, preventing high startup currents. 
When the power coming from the panels decreases, 
the shaft is not able to rotate as fast as before. It is 
sensed by the shaft sensors and the circuit decreases 
the commutation speed to prevent the motor to slip or 
to stop. 

If we use normal DC motor for the pump, it is easier, 
because when the voltage drops, the motor speed 
decreases automatically. 

Control circuit 

The KB electronics Indian company manufactures solar 
DC pump controller circuit.  

http://www.kbelectronics.co.in/solar-pump-controller/ 

This product contains MPPT circuit, DC motor controller 
and also an accumulator charger. 

FIGURE 21: SOLAR DC PUMP CONTROLLER 

 

 

TABLE : PUMP CONTROLLER SPECIFICATION 

INPUT SPECIFICATION  

PV panel wattage 1000W 

INPUT voltage range 30-90V DC 

MPPT range 30-72V 

OUTPUT SPECIFICATION  

Motor voltage 24-30V 

Maximum current 35A 

PROTECTIONS  

Lightning YES 

Panel reverse polarity YES 

Short circuit YES 

Over load YES 

As the maximum input voltage is 90V, we have to 
connect the solar panels parallel, so they give 36,6V at 
maximum power point. The motor should be a 24-30V 
motor. 

Manufacturer 

KB Electronics  
Address: 221/222, Kalyandas Udyog Bhavan, Near 
Century Bazaar, Prabhadevi,  
Mumbai – 400 025. INDIA 
Tel: +91-22 2436 4668  
Mobile: +91- 9022210545 
Fax: +91-22 2436 4668 
Email: kbelectronics@gmail.com  
http://www.kbelectronics.co.in/ 

Price estimation 

According to the quote, the price is Rs. 15,000. Based 
on their response, I believe the price is negotiable. I 
belive, that they told me a price too high. 
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Summary 

I think that the solar panel, the trailer and the irrigation 
system designs are ready to use and plug&play. I also 
found the best water pump characteristic on the market 
which is the key to exploit Bihár state abundant water 
resources by using a low density power such as solar 
energy. The lack of BLDC driven version of the MHF5B 
pump is a problem. Yet I am convinced that if we can 
manufacture a pump with an DC motor, it must be 
possible to manufacture it with BLDC motor too.  
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APPENDIX 1: TRAILER SIZING 
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APPENDIX 2: MHF5B pump, characteristic curves and performance data 
 

 
 
 

Model no. MHF5B 

Power 750W (1HP) 

Max. flow 600 l/min 

Suction height 8 m 

Weight 15 kg 

Inlet/outlet 2”x2” 
 

 


