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ABSTRACT: The rapid growth and the large set up towards the use of renewable energy resources leads to an increase 

in research and studies.  In this research study the introduction of new technologies with the purpose of increasing the 

efficiency of the solar powered water pump for agriculture usage and making it practical. The design and practical 

implementation of STM32F334R8T6 microcontroller board a based Space Vector Pulse Width Modulation (SVPWM) 

for a three-phase inverter to control the speed of a three-phase Induction Motor (IM) was accomplished.  The control is 

achieved via varying the stator voltage and varying frequency with V/F control method.  The inverter is employed a three 

phase Split Source Inverter (SSI) to generate the appropriate PWM signals for the inverter switches.  The software 

program was developed using C language. Silicon Carbide metal–oxide–semiconductor field-effect transistor (SIC 

MOSFETs) was used as switches of transistors’ gates control, and SVPWM techniques used to control the speed of a 

three-phase Induction Motor (IM), using STM32F334R8T6 microcontroller , A three-phase Induction Motor (IM) 

capacity of 0.5 hp was operated on the inverter that was implemented and readings of the system’s performance 

practically operated were recorded, including measuring the motor speed for different conditions during the change of 

solar radiation during the day.  The designed system implemented practically and performed well even with partial cloudy 

weather the system was capable of running the water pump with the obtained solar power and the water flow rate varies 

during the day depending on amount of solar radiation.  Also, MATLAB/SIMULINK software was used for simulation 

and verification of the practically built system and comparison between experimental and simulation results have been 

inducted. 

KEYWORDS: DC-AC, Pulse Width Modulation, Single-stage, Space Vector, Split-Source Inverter, STM32, Solar 

powered water pump, Z source inverter. 

 

INTRODUCTION  

Advance in power electronics has led to an increased interest in three-phase Inverters with Pulse Width Modulation 

(PWM) control Space Vector Modulation(SVPWM) [1] and [2]. PWM technique aim at generating a sinusoidal inverter 

output voltage without low-order harmonics. The most widely used in motor drive and industrial applications are the 

space vector PWM.  Most PWM techniques are developed using modern digital control circuits, where reprogramming 

of the carrier frequency and reference frequency are possible [3].  A new attractive single unit DC-AC power converter 

topology called split-source inverter (SSI) was proposed due to its good features in terms of size, cost, weight and 

simplicity of the system.  SSI is a combination of boost stage and VSI stage as single unit DC-AC power converters 

which have some merits compared to other equivalent topologies [4].  The main merit of SSI being the use of same 

modulation schemes of the conventional VSI without any modification, and required less component compare with ZSI.   

There are various kinds of PWM techniques available such as Space Vector Modulation (SVM), and Sinusoidal Pulse 

Width Modulation(SPWM). All these techniques aim to generating a sinusoidal inverter output voltage with low-order 

harmonics [5].  STM32 electronic board to drive the electronics SIC MOSFETs switch [3], for the inverter were used to 

implement PWM techniques and can be compared between switching devises [6].as a application of this project scheme 

comprises of pump energetic by 3-phase IM Virtual reality are completed in MATLAB/ Simulink [7], outcomes showed 

that PV structure .discuses Advanced Irrigation System describes how the underground water can be collected by Solar 

Photovoltaic(SPV) Systems for remote areas , uses the induction motor to utilize the underground water PV system for 

running the system making (SPV) the most economical. Solar pumping decreases the electric charges and saves the 

money, which can be used in other schemes, the submersible pump and equipment have low maintenance cost and 

running cost making the system more suitable and ecofriendly [8] . 
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Maximum power point tracing(MPPT) 

To enhance efficiency of the renewable energy system, it is necessary to track the maximum power point of the PV array.  

The PV array has a unique operating point that can supply maximum power to the load. This point is called the maximum 

power point (MPP). The locus of this point has a nonlinear variation with solar irradiance, the cell temperature, and other 

effects. Thus, in order to operate the PV array at its MPP, the PV system must contain a maximum power point tracking 

(MPPT) controller and its flow chart is depicted in figure (1).  The maximum power point (MPP) is obtained when the 

derivative of PV power by the voltage (dPpv/dVpv) is zero. Basically, to achieve the maximum power point of operation, 

the generator voltage Vpv is regulated so that it increases when the slope dPpv/dVpv is positive and it decreases when 

the slope dPpv/dVpv [9]. 
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Figure 1. Flowchart of Perturb & Observe algorithm 

 

Three phase Split Source Inverter (SSI) 

A new single unit DC-AC converter topology called split-source inverter (SSI) as shown in figure (2) compound of  two 

unit conversion, the single unit DC AC is congregated higher attention due to its less weight, lower size, and simplicity.  

Especially when SIC MOSFETs used as an electronic switches for inverter would have advantages such as extremely 

low losses , higher switching frequencies, and SIC MOSFETs compound of build in flywheel diodes utilized to decrease 

passive component compared to the ZSI, addition to have a diode for each legs of SSI [4]. Benefits of SSI topology are 

constant inverter voltage, continuous input current with a low frequency component and a normal approach employs 

same eight states of VSI. AC output voltage is greater than input voltage, in various type of  DC-AC power conversions. 
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Figure 2. Proposed three-phase split source inverter (SSI) 

 

If the voltage source inverter (VSI) is consider, then additional DC-DC boosting stage required to eliminate the step-

down which is considered as one of VSI limitations.  The main features and benefits of the Silicon Carbide Power 

MOSFET are: Very high temperature handling capability, Significantly reduced switching lossesLow on-state resistance 

(20 mΩ ) , Very fast and robust intrinsic body diode  and Reduce switching losses using SIC MOSFETs [10].   

Mathematical Derivation 

inductor is charge depend on duty cycle (D) and this not fixed [4] 

D = 
𝑡𝑜𝑛

𝑇
 ……..        (1) 

                                                          T = ton + toff  

Where     T = Total inductor charging and discharging time during one switching cycle. 

ton = the inductor charging time, toff = the inductor discharging time. 

SVPWM Scheme: driven to eight switching states where the inverter has six active states (1-6) and two zero states (0 

and 7) [11] The inductor L of the SSI is charged with a duty cycle D , For the SVPWM scheme discussed in , 

considering the modulation index M definition, Where D is related to M by [12]. 

D(θ) = 
1

2
{1 − 𝑀𝑠𝑖𝑛 (𝜃 −

2

𝛱
)}            …….   (2) 

Where 0≤ 𝜃 ≤
𝜋

3
 Based on eq (2) , the duty cycle D is not constant , as it varies with a low frequency The duty cycle 

variation of the SVPWM is bounded by Dmin and Dmax given by [12] 

𝑫𝒎𝒊𝒏 = 0.5 + 
√𝟑  𝑴

𝟒
                             …….  (3) 

𝑫 𝒎𝒂𝒙= 0.5 + 
 𝑴

𝟐
                             ……  .(4) 

The inductor is charged with an average duty cycle D av  given by [12] 

𝑫𝒂𝒗= 0.5 +
𝟑𝑴

𝟐𝝅
                                     …….   (5) 
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Based on the inductor flux balance and the capacitor charge balance, the normalized average inverter voltage  is 
𝑉𝑖𝑛𝑣

𝑉𝐷𝐶
   

given by [4] 

𝑽𝒊𝒏𝒗

𝑽𝑫𝑪
   = 

𝟏

𝟏−𝑫𝒂𝒗
                …….    (6) 

where, VDC is the input DC voltage. Substituting (5) in (6) yields  

 
𝑽𝒊𝒏𝒗

𝑽𝑫𝑪
   = 

𝟐𝝅

𝝅−𝟑𝑴
        …… .    (7) 

 

From (2-29),  the normalized output fundamental peak phase voltage 
𝑉∅1

𝑉𝐷𝐶
  is 

 
𝑉∅1

𝑉𝐷𝐶
 = 

2πM

√3 𝜋−3√3 𝜋
                  …….    (8) 

 

Finally, the selection of the inductor should consider the high frequency and the low frequency current components due 

to the switching and the duty cycle variation respectively. This is done by finding high frequency ripple for the inductor 

current =∆ILh and the capacitor voltage  ∆Vinvh given by  [12] 

∆𝐼𝐿ℎ =
𝐷𝑉𝐷𝐶

𝑓𝑠 𝐿
               …….     (9) 

∆𝑉𝑖𝑛𝑣ℎ =
(1−𝐷)𝐼𝐷𝐶

𝑓𝑠 𝐶
    …….     (10)  

 

The low frequency inductor voltage ripple, assuming constant inverter voltage, is given by 

 

|𝑉𝐿𝑙
|=(1-D(θ))𝑉𝑖𝑛𝑣 , while the low frequency capacitor current ripple, assuming constant inductor current , is given by  

|𝐼𝑐𝑙
|=(1-D(θ))𝐼𝐷𝐶   Now, in order to estimate the low frequency ripple components, only the fundamental terms of |𝑉𝐿𝑙

|  

and |𝐼𝑐𝑙
| are considered, which are proportional to the fundamental term of Fourier series of D(θ)  [12] 

 

𝐷𝑙 =
6𝑀

35𝜋
                        …….     (11) 

∆𝐼𝐿ℎ  ≈
𝐷𝑙𝑉𝑖𝑛𝑣

6𝑤1𝐿
=

𝑀𝑉𝑖𝑛𝑣

70𝜋2 𝑓1𝐿
        …….     (12) 

∆𝑉𝑖𝑛𝑣𝑙  ≈
𝐷𝑙𝐼𝐷𝐶

6𝑤1𝐶
=

𝑀𝑉𝑖𝑛𝑣

70𝜋2 𝑓1𝐶
          …….    (13) 

 

Under worst conditions, the low frequency ripple is added to the high frequency one required inductance and capacitance 

are given by [12] 

 

𝐿 ≈
𝑀𝑉𝑖𝑛𝑣

70𝜋2 𝑓1∆𝐼𝐿
+

𝐷𝑚𝑎𝑥𝑉𝐷𝐶

𝑓𝑠∆𝐼𝐿
        …….     (14)      

𝐶 ≈
𝑀𝐼𝐷𝐶

70𝜋2 𝑓1∆𝑉𝑖𝑛𝑣
+

(1−𝐷𝑚𝑖𝑛)𝐼𝐷𝐶

𝑓𝑠∆𝑉𝑖𝑛𝑣
      …….    (15) 

 

ARCHITECTURES PROPOSED FOR GENERATE PWM 

A.SVPWM in STM32The SVPWM technique is more popular than conventional technique especially for driving 

machine applications, because of its exceptional features:  More efficient use of DC supply voltage, more output voltage 

then traditional modulation, lower Total Harmonic Distortion (THD), and less co 

SVPWM IPLEMENTATION 

 

The space vector PWM can be implemented following steps as presented in figure (3): 
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Step1. Determine Vd, Vq, Vref, and angle (α) figure (3) 

Step2. Determine time duration T1, T2, T0 

Step3. Determine the switching time of each switches   

 

 

 

 

 

 

 

Figure 3. Voltage Space Vector and its d, q axis 

STM32 microcontroller Based PWM Control for Variable Voltage Control  In order to calculate the duty cycle (D) for 

each phase after taking frequency of dq0, then calculate the dq0 for each phase, and use High Resolution Timer (HRTIM) 

to generate 6 signals for each of the two vice versa signals (each two complementary) and each two complementary 

signals between the dead time, and then multiply by a parameter whose value depends on the speed specified or identified 

by the MPPT controller algorithm so that the parameter value is equal to the value of the speed specified in advance by 

the programmer (variable speed variable frequency) to the ratio of the rated speed.  To calculate the duty cycle for each 

phase after taking Vdq0. for calculating the duty cycle for each phase, and then use HRTIM to generate 6 signals. Every 

two signals for one phase (every two complemented) and every two complementary signals between them are dead time 

(each two signals have a dead time), be calculated the dead time at last step.  From above process by multiply the 

parameter(index(modulation)) whose value depends on the specified speed is limited by the controller MPPT, so that the 

coefficient (M)value is equal to the value of the specified speed lastly by the programmer (N ref) to the ratio of the rated 

speed(N rated).  The aim of this architecture is to feed the IM with a variable stator voltage by changing the modulation 

index (slope), and states of switching of the inverter. The whole design process is presented in figure (4). 
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Figure 4. Flow chart process and software designs 

Voltage Frequency ratio (V/F) control of AC Motor  

 

Normal start of a motor require high torque which draws current surges up to 10 times the full-load current. In contrast, 

variable-frequency drives enable "soft start", gradually ramping up a motor to the operating speed. This reduces the 
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mechanical and electrical stress on the motor thus bringing down the maintenance and repair costs then prolongs the 

motor life.  A variable frequency drive can result in significant energy savings.  For machines even a small reduction in 

motor speed will highly leverage the energy savings. A variable frequency drive controlling a pump motor makes it run 

at a speed less than full speed and this can substantially reduce energy consumption as compared to a motor running at 

constant speed for the same time duration [13] & [14]. 

 

Practical Implementation                                                                                                          

The solar panels were installed as shown in figure (5) the pictures below, and the number of these panels is eight that 

they were installed in the form of two series for each series 4 panels linked in series to become the total voltage of 122.4 

volts because the working voltage for each panel is 30.6 volts Panel installation: 2KW solar cell system specification 

shown in figure (5) 

 

 

 

 

 

 

Figure 5. Shows the installation of the solar panel 

Generation of PWM using High Resolution Timer  

The PWM switching frequency of 30 KHz have been selected and set up the HRTIM pre-scale to 0 (no division to the system 

clock), this means that the input clock of the timer is 512 MHz, therefore, the timer period would be: 

𝑇𝑖𝑚𝑒𝑟 𝑃𝑒𝑟𝑖𝑜𝑑 = (
System Clock

PWM Frequency
− 1) = ( 

512MHz

30 KHz
− 1) = 15065.6        …. (16) 

the meaning if 100% PWM is required to be created, favorites output comparison register should be established to level of 

15065, in same way if 50% PWM is required to be generate then the compare register should be set to value of 10999  to the 

other.. shows how to produce PWM signals. 

In the formed, six PWM output pins are require  to drive the  lower, and upper SiC MOSFET's , so the HRTMR is selected 

for this work which has channels of PWM outputs. HRTMR Ch1-Ch3 (Pins 40,42, and 44 on the Microcontroller) were used 

to drive the three upper MOSFET's and HRTMR Ch1n-Ch3n complementary channels (Pins 39, 41, and 43 on the 

Microcontroller) were used to drive the three lower MOSFET's. The count required to generate sample for carrier frequency 

of 30 KHz ,and sine wave frequency 50 Hz as shown: 

𝑃𝑊𝑀 𝑆𝑎𝑚𝑝𝑙𝑒𝑠 𝐶𝑜𝑢𝑛𝑡 =
30Khz

50Hz
= 600 𝑆𝑎𝑚𝑝𝑙𝑒𝑠/𝐶𝑦𝑐𝑙𝑒       ……   (17) 

Using HRTIM software to produce a PWM signals at the six output pins of inverter (the upper and lower halves of the 

bridge).The signals must be complementary on each inverter leg (i.e. the upper signal is exactly the inverted lower signal 

with small dead-time insertion to avoid cross-conduction).We also must configure the timer to generate an interrupt at 

each PWM cycle (1/30KHz=33.3 micro second) to use it for updating the capture compare register with data from the 

look-up table is generated by programing code . 

Reading the DC input and inverter dc-bus output 

Any closed-loop controller must be able to read the plant's output and then set the plant's input accordingly to maintain the 

output at the desired value. 

SIC MOSFETs Driving 

We used the SIC MOSFETs driver topology in the design of the driver which means we need -6,0, 18V isolated 

voltages(One power source for each upper SIC MOSFETs, and one for the three lower SIC MOSFET's and control 

circuit) so we designed an SMPS (Switch Mode Power Supply) that will be explained. The SIC MOSFETs driver IC that 

we used is HCPL-316J, which has opto-isolated independent drivers. We used six IC's to drive the six SIC MOSFETs 

Bridge; each IC is used to drive one leg (one upper or one lower SIC MOSFETs). 
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Protection Circuit 

 

The protection circuit was designed to provide protection for the SIC MOSFETs from overcurrent and overvoltage. The 

protection is done by the insulator through port No. 14 in the insulator circuit. It consists of op-amps functioning as 

comparators, one for voltage sensing and one for current sensing. The current comparator (current transducer) compares 

the voltage (inverting input) across the shunt resistor (the current flows in the bridge passes through the shunt resistor 

and produces a voltage that is proportional to the amplitude of the current) with a reference voltage on the non-inverting 

input. if the inverting input goes higher than the reference voltage,  the comparator outputs goes low which in turn, will 

disable all the SIC MOSFETs drivers and shuts them down .the isolation circuit generates 18 volts, using a voltage 

regulator (Zener diode) in order to obtain a voltage of 7 volts as shown in driver board. It is connected to the collector of 

the transistor to be protected and a resistance is placed in series to determine the current, whose value is calculated as 

shown in addition to 3 diodes respectively Consequently, its resistor will be sensitive to a voltage of 3 volts or more . 

 

The output LC filter 

 

Since the output voltage of the inverter without an LC filter is a Quasi-sine wave, it is not suitable to operate electrical 

equipment directly to this type of waveforms (other than motors). Therefore, we must use LC filter in order to get a pure 

sine wave. The inductor of the output LC filter should have a toroidal core with material that have a low loss, relatively 

high saturation level and capable of operating at high frequencies. We chose the very popular material ideally suited for 

this type of applications known as “Kool Mu “material. The part number of the toroidal core we used is the 

Micrometals.6.5% silicon iron alloy with distributed air gap high saturation flux density, lower losses iron core, good 

temperature stabilization.  

In order to get a 1.2 mH from this core, we must ensure that the DC magnetizing force (H) is less than the limit of this 

core. The first thing we do is determining the number of turns required to get 1.2 mH inductance at 2.5A load. Firstly, 

we calculate the DC Energy Storage in the inductor: 

J= 
1

2
𝐿 ∗ 𝐼2 = 3750µJo 

 

NI is about 400 (ampere turns) and the required number of turns is equal to 
𝑁𝐼

𝐼
=

400

2
≈ 200 turns .The capacitors of the 

LC filter is normally about 1uF star-connected polyester film type (Non-polarized) 

The SSI inductor 

 

From the simulation results, the minimum inductance value is about 5mH at 900W output load. The input current of the 

inductor is 5A so the 
1

2
𝐿𝐼2 value is in µJ and it is a relatively large value and requires a big (and expensive) core so we 

need to determine the minimum core size that can handle such a value. The Micrometals PPF250040 is the smallest part 

number that meets our requirements. From the core datasheet the required NI ampere turns, and The AL Value at this 

given NI to find number of turns N = NI/I = 180 turns. 

Power supply design 

Because we used the isolated SICMOSFETs, and IGBT driver topology for the inverter, we need isolated power supplies 

between 12V and 18V at a rated current of about 1A for each voltage. In addition, we need 123V supply with a capability 

of at least 5A to use it as the DC input voltage for the SSI inverter. 

SMPS Transformer design 

 

For this amount of power (about 900W), the best topology suited for this purpose is the half-bridge switching mode 

power supply. 50 KHz operating frequency of the power supply will be used, and IR2085S the IC controller will be used. 

A constant voltage of 12 or 15 volts is obtained by connecting a Zener voltage regulator to a diode. Fortunately, the main 

source is from solar panels, which is a constant voltage, or the amount of voltage can be obtained through an external 

power supply as shown in the figure, which can be designed through steps next.  We use core has large wire area of all 

core styles is ETD.  Needed for all additional layers of insulation. No air-gap is needed for IGBTs forward-mode 

converters. The core material is going to be PC40 (TDK). This material will yield possible core losses at frequency 

known. Valuation core size suitable for this application is ETD49 when calculating the number of turns for the primary, 

one need to consider the initial start-up condition, which places the full input voltage across the primary winding for the 

first few milliseconds of operation. We must be assured that the transformer will not enter saturation during this period. 

The transformer design conditions become the maximum specified ambient temperature and the highest specified ac 

input. The number of primary turns needed for the primary winding will be: 
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𝑁pri = 
𝑉𝑖𝑛(𝑛𝑜𝑚𝑖𝑛𝑎𝑙)∗108

4∗𝑓∗𝐵𝑚𝑎𝑥∗𝐴𝑐
           ,              𝑁pri = 

193𝑉∗108

4∗50𝐾𝐻𝑧∗2000𝐺∗2.11𝑐𝑚2 =  22.8 𝑇𝑢𝑟𝑛𝑠 ≈ 23 

 

𝑁sec = 
1.1(𝑉𝑜𝑢𝑡+𝑉𝑓𝑤𝑑)∗𝑁𝑝𝑟𝑖

(𝑉𝐼𝑁𝑚𝑖𝑛)∗𝐷𝑚𝑎𝑥
         ,              𝑁sec = 

1.1(15+1.2)∗18

(97)∗0.94
= 3.49 𝑇𝑢𝑟𝑛𝑠 ≈ 4 

The ESP8266 Wi-Fi Module 

We designed the microcontroller driver board to be remotely controlled and monitored. When we connect the board with 

any Wi-Fi enabled device such as smartphone or laptop we can perform basic tasks like starting the inverter SVPWM 

mode, stopping the inverter, reading the DC input voltage, reading the inverter DC voltage and the current modulation 

index. The ESP8266 Wi-Fi Module is a self-contained SOC (System-On-Chip) with protocol TCP/IP stacking can be 

given any access of microcontroller to Wi-Fi networks. The ESP8266 is capable of either hosting an application or 

offloading all Wi-Fi networking functions from another application processor. Each ESP8266 module comes pre-

programmed with a command set firmware, which means that we must re-program it to suit our applications. We 

programmed the ESP8266 to act as simple uart (universal asynchronous receiver transmitter) to TCP/IP or simply TCP 

to serial, which means that the ESP8266 is connected to the microcontroller's uart (via RX and TX pins) and passes any 

incoming data from the microcontroller to a TCP server (TCP/IP port 23) and receives any incoming data from the TCP 

server and redirect it to the microcontroller via the RX pin of the microcontroller. This means that we created virtual 

wires connecting the microcontroller with smartphone or laptop.  component of SSI as shown in Table (1) below.  

Table 1. Parameters of SSI 
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Figure 6. the speed measuring process 

Figure 7. the three-phase SSI-inverter (top and side) view 

 

10: the Results of STM32microcontroller Based on SVPWM Control via V/F Control Strategy for Scheme for VVVF 

 

The table and chart below table (2),and figure (8)  represents the practical results of controlling the speed of a three-phase 

induction machine Using the maximum power point tracking. 

 

We note from the table that the relationship between machine speed, voltage and frequency is linear velocity, and by 

obtaining this feature we will be able to obtain the values of voltage and frequency in a fixed proportion that are directly 

proportional to each other on the rotating part of the machine and this is a technique in VFD ,Whereas, by changing the 
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value of the power generated from the solar panels, by using the programming the value of each of the voltage frequency 

changes, thus the value of the machine speed changes because the value of the magnetic flux on the rotating part of the 

machine is the result of dividing the voltage into the flux frequency is a constant value   . Therefore, this enables us to track 

the maximum point of the solar radiation electrically using programming thus we can make the maximum use of the solar 

radiation for the purpose of operating the machine for the purpose of solar irrigation.  Table shown below illustrate 

variable voltage and frequency on the stator of the machine by using V/F strategy applied 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Results of V/F control of the IM 

 

 

 

 

 

 

 

 

 

 

 

                              

 

 

Figure 8. relation between frequency, and rotor speed 

CONCLUSIONS  

• The amount of solar radiation changes during the day 

• With an increase in the amount of radiation, the power generated will increase, thus increasing the machine’s 

operating speed, which will increase the speed of the machine. 

• The higher switching frequencies give the best Total Harmonic Distortion (THD) value therefore we get pure sine 

wave is comfortable for loads. 

• When using SIC MOSFETs, we can use high switching frequencies, thus reducing the size of the coils' values used 

in the inverter and heat sinks. 

• STM32F334R8T6 MICROCONTROLLER supports the use of sic mosfet as it generates control pulses at the gate 

at high frequencies equal to 480 mhz, it is also implemented programmatically in easy programming language(C 

language) is suitable for solar system application MPPT & VFD 

• SVPWM used in control gate pulses is proportional with Clark & Park Transformation (abc - αβ and abc - dq0 ) 

there are suitable for V/F control (Because it enables us to know the voltage on the machine, the magnitude and 

angle at any point we want it. In other ways, we need to pass a full cycle of the wave in order for us to calculate the 

voltage rate. Therefore, it is suitable for controlling the machine’s speed because the machine’s speed is nonlinear 

and must be dealt with momentarily. 

Supply Frequency          

(Hz)  

Stator        Voltage 

(V)  

 

Synchronous speed 

(rpm)  

(𝑵𝒎 =
𝟏𝟐𝟎∗𝒇

𝒑
) 

Actual Speed (rpm) 

(as measured  

 

5 31 100 99 

10 52 200 199 

18 105 360 361 

25 127 500 498 

30 152 600 598 

35 179 700 698 

40 203 800 798 

45 228 900 898 

50 251 1000 997 
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• The speed of machine is directly proportional to the voltage and the power generated by the panels, so the starting 

torque can be controlled and the starting is flexible. 

• Used Perturb & Observe method for MPPT more simple and suitable. 

• Solar irrigation reduce cost by it dispensing of the charging system (batteries) 
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