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Abstract 
 

A standalone solar photovoltaic system with battery storage for a mixer grinder has been presented in this paper. The 
proposed brushless direct current (DC) mixer grinder is designed for access in remote areas with increased efficiency and 
reduced complexity. In this system, the control architectures and standard hardware implementation ensure easy service, 
maintenance, and installation. The switching voltage source inverter reduces the power loss and eliminates the phase current 
sensors by using this control algorithm. In this system additional control circuit is not required to regulate the speed of the 
brushless DC motor used to run the mixer grinder, it reduces the overall cost. The proposed mixer grinder system performance 
is not affected under dynamic conditions. The proposed system is demonstrated practically and validated with simulation 
results using matrix laboratory (MATLAB)/Simulink. It can be seen that the energy saved per annum over a conventional mixer 
grinder is 153.3 KWh. 
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1. Introduction 

Diminishing non-renewable resources and growth in energy 

demand have promoted widespread research in the field of 

renewable energy generation, i.e., wind and solar-based 

technologies.[1] In most applications, a solar photovoltaic array 

is used due to its less maintenance and abundant availability.[2] 

To overcome energy scarcity and demand, the use of energy-

efficient appliances is gaining interest.[3] The system uses a 

direct current (DC) motor, induction motor, or universal motor 

in household appliances.[4] Mixer grinders are commonly used 

in all homes.[5] Almost all mixer grinders use the universal 

motor as a driving motor. Their input power ratings range from 

400 to 750 watts. The mixer grinder's 420 W universal motor 

delivers 280 W mechanical power, with around 100 W lost as 

windage losses due to the fan necessary for cooling. As a result, 

the motor only produces 180 W of useful shaft power, 

resulting in 43% efficiency. Furthermore, the current mixer 

grinders are extremely noisy.[6] The universal motor is driven 

by the simple controller[7] using an alternating current supply.[8] 

The efficiency of the universal motor is less due to the 

presence of brushes and a mechanical commutator.[9] Besides, 

they consume more power because of no ease of control for 

fixed speed or other programmable performance features.[10,11] 

There is research on the applications of mixer grinders that 

focuses on applications such as improving motor performance 

and torque density.[12,13] 

The mixer grinder requires high efficiency, high speed, 

good speed control, and good torque characteristics.[14] So the 

proposed motor is an efficient substitute for the mixer grinders 

that are currently available. It would decrease the requirement 

of peak power, which will enable the user to function as a 

mixer grinder directly from renewable resources. The motor 

has an output power of 80 watts, which is equivalent to a 500-

watt universal motor currently in use in the mixer grinder. The 

aim of this work is to design a low-power consumption and 

highly efficient mixer grinder which is useful in rural India 

where power is limited and the connected load is less than 200 

W. 

 

2. Designing of the proposed system 

This paper focuses on the low power consumption and mixer 

grinder system with higher efficiency. So the proposed system 

is the solar photovoltaic array, a battery-based brushless DC 

motor-driven mixer grinder. Solar photovoltaic array power 

generation is irregular, making interrupting the mixing of the 
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ingredients possible. Solar photovoltaic array power is 

insufficient to run the mixer grinder system when the weather 

is bad or at night. So, a battery is coupled with a solar 

photovoltaic (SPV) array for the continuous flow of power. 

The control of power flow for charging/discharging battery 

energy storage is through the bi-directional DC-DC converter. 

As per the solar photovoltaic array power and load 

requirement, the battery gets charged or discharged and an 

external power supply is not required. A common capacitor 

enables the bi-directional power flow at the DC bus of a 

voltage source inverter. For economical driving, the phase 

current sensors are eliminated. The maximum power point 

tracking of the solar photovoltaic array is gained by the 

modified perturb and observer algorithm using a boost 

converter. 

An operating voltage source inverter controls the stator 

current of the brushless DC motor in pulse width modulation 

for a predefined interval. The voltage source inverter functions 

in fundamental frequency to minimize the switching loss. For 

the variable speed drive for the brushless DC motor, speed 

regulated by the outer loop and current regulated by the inner 

loop anti-windup proportional-integral (PI) controller has 

been used. The difference between the saturated output and the 

unsaturated input is the anti-windup PI controller input to the 

integrator. It has a better performance than a conventional PI 

controller. The hybrid solar photovoltaic array‒Battery-based 

brushless DC motor-driven mixer grinder system is simulated 

in MATLAB/Simulink and experimental validation is 

demonstrated.  

A schematic diagram of the proposed hybrid mixer grinder 

system is displayed in Fig. 1. The solar photovoltaic array with 

a boost converter and battery with a bidirectional converter is 

coupled with the DC bus. The brushless DC mixer grinder is 

associated with a common DC bus by a voltage source inverter. 

The boost converter is engaged to function maximum power 

point tracking of the solar photovoltaic array by a perturb and 

observer algorithm and the buck-boost converter acts as the 

charge controller for the battery. The mixer grinder is coupled 

with a shaft of the brushless DC motor with three inbuilt Hall 

effect sensors to produce Hall signals for commutation. The 

speed and current anti-windup PI controller with the Hall 

signals are used for the switching of the voltage source inverter.  

Table 1 shows the comparison with the various batteries 

specifications and it can be concluded that lead acid is 

preferred for the proposed system because of its less cost, good 

overcharge tolerance, and less maintenance. 

 

2.1 Photovoltaic array 

A 4-pole 4300 rpm brushless DC motor is used to drive an 80 

W mixer grinder. The cost-effective solar photovoltaic array 

and battery are used. The design parameters of the solar 

photovoltaic array are given in Table 2. The peak power 

capacity of the solar photovoltaic array is 40 W and is designed 

with 19GCLVOAA012431 modules, and a 24 V, 8 Ah lead-

acid battery is connected to provide power to the mixer grinder 

when there is no grid power. 

The perturb and observe algorithm is used as the maximum 

power point tracking to extract maximum power from the 

photovoltaic array. In this method, because of the nonlinear 

property of the photovoltaic voltage and current, the power 

from a photovoltaic array tracks the maximum power point of 

the curve. The tracker works by intermittently decrementing 

or incrementing the voltage of a photovoltaic array by 

constantly tracking the power of the photovoltaic.[15,16] The 

modification of conventional perturb and observation 

maximum power point tracking is attained by comprising the 

aspect of 

 
Fig. 1 Schematic diagram of the proposed hybrid SPV-Battery-based BLDC motor-driven mixer grinder system. 
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Table 1. Comparison with the different batteries. 

Specifications Lead Acid NiCd NiMH 
Li-ion 

Cobalt Manganese Phosphate 

Specific Energy 

Density (Wh/Kg) 
30-50 45-80 60-120 150-190 100-135 90-120 

Internal Resistance 

(mΩ) 

<100 

12V pack 

100-200 

6V pack 

200-300 

6V pack 

150-300 

7.2V 

25-752 

Per cell 

25-502 

Per cell 

Cycle Life 

(80% discharge) 
200-300 10003 300-5003 500-1000 500-1000 1000-2000 

Overcharge Tolerance High Moderate Low Low Low Low 

Cell Voltage 2V 1.2V 1.2V 3.6V 3.8V 3.3V 

Charge Temperature -20-50 °C 0-45 °C 0-45 °C 0-45 °C 0-45 °C 0-45 °C 

Discharge 

Temperature 
-20-50 °C 0-65 °C 0-65 °C 0-60 °C 0-60 °C 0-60 °C 

 

                        Table 2. Design of the SPV array. 

Parameters PV module 

(19GCLVOAA012431) 

Ns 36 

Open circuit voltage, Voc 22.12V 

Short circuit current, Isc 1.19A 

The voltage at MPP, Vmp 18.25V 

Current at MPP, Imp 1.12A 

Modules in series, Ns Vmp/Vm = 18/18.25 = 1 

Modules in parallel, Np Imp/Im = 2.2/1.12 = 2 

Peak Power 40W 

 

current variations (𝛥 IPV) along with power variation (𝛥 PPV) 

and voltage variation ( 𝛥 VPV), which improves the drift 

problem with an adaptive perturbation step size that reduces 

the steady-state oscillation.[17] 

 

2.2 Charging control of the battery 

The bidirectional DC-DC converter is used for the power flow 

between the battery and the DC bus depicted in Fig. 2. The DC 

bus voltage is regulated to 24 V using the voltage regulator. 

The current regulator is used to control the battery current and 

charging/discharging of the battery. The outer loop is the 

voltage and the inner loop is the current. The proportional-

integral (PI) controller is used as a voltage and current 

regulator. The current regulator sends the pulse width 

modulation pulses to the gates of the bidirectional converter. 

The overall control function is given as: 

𝑢(𝑡)  =  𝐾𝑝𝑒(𝑡) + 𝐾𝑖 ∫ 𝑒(𝜏)𝑑𝜏
𝑡

0
                        (1) 

where Kp is the proportional gain, Ki is the integral gain, e(t) 

= SP-PV(t) is the error of set, e(t) = SP-PV(t) is the error of set 

point and process variable, t is the instantaneous time and τ is 

the variable of integration.  

In the design of the PI controller, the transient requirement 

is given as 

tr  =  
1.8

ωn
                                           (2) 

Steady-state requirement is 𝑒𝑠𝑠 = 0 and the controller design is 

given as 

𝐷(𝑠)  =  𝐾𝑝 +
𝐾𝑖

𝑠
                                    (3) 

The values of Kp = 0.56 and Ki = 0.025 are selected. 

2.3 Electronic commutation of the BLDC motor 

The electronic commutation indicates the current flowing 

through the brushless DC motor windings such that a 

symmetrical direct current is drawn from the DC bus of the 

voltage source inverter and employed at the mid-of-back EMF 

(electromotive force). The Hall signals are transformed into 

fundamental frequency (S1-S6) using the decoder circuit and 

summed up with the pulse width modulation signals to 

generate six pulses to the voltage source inverter. To reduce 

the switching loss, the voltage source inverter is switched in 

the pulses of the fundamental frequency. 

 
Fig. 2 Charge Controller of the Battery. Reproduced with permission from[1], Copyright 2016, IEEE. 
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Fig. 3 Speed Controller for the BLDC motor. 

 

The speed control of the brushless DC motor can be seen 

in Fig. 3. The outer loop is the speed regulator and the inner 

loop is the current regulator. The saturation characteristics of 

BLDC motor drives using PI control and pulse width 

modulation schemes are significant, resulting in the windup 

phenomenon. It is a condition in which there is a substantial 

change in set point and the integral term has to store 

(accumulate) a considerable mistake during the increase. 

Overshooting occurs when a considerable amount of error 

accumulates, and it continues to expand while the accumulated 

error is unwound solely by errors in the other direction. As a 

result, overshoot and settling time are a unique challenge to a 

traditional proportional integral derivative (PID) controller. 

Instead of a PI controller, an anti-windup PI controller has 

been used. The difference between the saturated output and the 

unsaturated input is the anti-windup PI controller input to the 

integrator. It has a better performance than a conventional PI 

controller. 

The overall control function is 

u(t)  =  Kpe(t) + Ki ∫ e(τ)dτ + Kc
t

0
                (4) 

where Kp is the proportional gain, Ki is the integral gain, e(t) 

= SP-PV(t) is the error of set point and process variable, t is 

the instantaneous time and τ is the variable of integration, Kc 

is the anti-windup gain, Kc is inversely proportional to the 

proportional gain.  

The design of the speed controller and the current 

controller is given as 

D(s)  =  Kp +
Ki

s
+ Kc                             (5) 

In the speed loop, Kp = 0.5, Ki = 0.01, Kc = 2, and in the current 

loop, Kp = 0.95, Ki = 0.09, Kc = 1.05. 

Table 3. Switching pulse generation of the voltage source 

inverter.[1] 

Rotor Position 

𝜃(𝜔) 

Hall Signals Active Switches 

H3 H2 H1 

0-60 1 0 1 S1; S4 

60-120 0 0 1 S1; S6 

120-180 0 1 1 S3; S6 

180-240 0 1 0 S2; S3 

240-300 1 1 0 S2; S5 

300-360 1 0 0 S4; S5 

 

The rotor position is detected by the Hall sensors at the 

interval of 60°. To reduce the switching loss, the voltage 

source inverter is switched in the pulses of the fundamental 

frequency only two switches at a time as shown in Table 3. 

The DC-link capacitor of the voltage source inverter is 

designed as follows. The fundamental frequency output of the 

voltage source inverter corresponding to the brushless DC 

motor-rated speed 𝜔𝑟𝑎𝑡𝑒𝑑 is given by: 

ωrated  =  2πfrated  =  2π
NratedP

120
                     (6) 

where 𝑓𝑟𝑎𝑡𝑒𝑑  are the rated fundamental frequencies of the 

voltage source inverter output voltage, P is the number of poles, 

and 𝑁𝑟𝑎𝑡𝑒𝑑 is the rated speed of a brushless DC motor. 

The fundamental frequency output of the voltage source 

inverter corresponding to the lowest speed of the brushless DC 

motor is vital for the mixer grinder. 

ωmin  =  2πfmin  =  2π
NP

120
                               (7) 

where 𝑓𝑚𝑖𝑛  are the fundamental frequencies of the voltage 

source inverter output voltage, N is the minimum speed of a 

brushless DC motor, and P is the number of poles of a 

brushless DC motor. 

The DC-link-rated capacitor value 𝐶𝑟𝑎𝑡𝑒𝑑 is given as 

Crated  =  
IDC

6ωratedΔVDC
                                  (8) 

where 𝜔𝑟𝑎𝑡𝑒𝑑  is the rated speed of the brushless DC motor 

(rad/sec), IDC is the DC bus current, 𝛥𝑉𝐷𝐶 is the small change 

in DC bus voltage. 

The DC-link minimum capacitor value 𝐶𝑚𝑖𝑛 is given as 

Cmin  =  
IDC

6ωminΔVDC
                                  (9) 

The value of the DC link capacitor selected is 250 𝜇 F. 

where 𝐶𝑚𝑖𝑛  is the minimum capacitor value, 𝜔𝑚𝑖𝑛  is the 

minimum speed of the brushless DC motor (rad/sec), IDC is the 

DC bus current, 𝛥𝑉𝐷𝐶 is the small change in DC bus voltage.   

The proportionality constant K for the mixer grinder is 

given as: 

𝐾 =  
𝑃

𝜔𝑟
3                                       (10) 

where P = 80W is the rated power of the brushless DC motor 

and 𝜔𝑟  is the mechanical rated speed of the brushless DC 

motor in rad/sec. 

The switching pattern of the voltage source inverter is 

shown in Table 3. Only two switches are turned on at a 

particular instant of time to minimize the switching loss. Fig. 

4 shows the state space representation of the pulse width 

modulation. V1 to V6 are the switching state of the voltage 

source inverter. The 1 indicates the switch is on state and 0 

indicates the switch is off state. T1 and T2 is the time period of 

interval 1 and 2, TRef is the reference time period and 𝛼  is 
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Fig. 4 State space representation of the PWM. 

 

the angle of the time period. The magnitude of this vector is 

proportional to the output voltage's magnitude, and the time it 

takes for this vector to complete one revolution is the same as 

the output voltage's fundamental time period. There are six 

non-zero voltage vectors (V1-V6) and these vectors form the 

regular hexagon. The time periods T1 and T2 are for the vectors 

V1 and V2, and 0 < 𝑚 < 0.9 is the modulation index. 

𝑇1𝑉1 + 𝑇2𝑉2  =  𝑉                                  (11)                   

𝑇1 + 𝑇2 + 𝑇0  =  𝑇𝑅𝑒 𝑓                             (12) 

 

3. Results and Discussion 

The solar photovoltaic array with a maximum of 40 W output 

with the battery capacity was considered to be 24 V, 8 Ah, and 

the speed of the brushless DC motor in the mixer grinder was 

chosen as 4300 rpm. As the mixer grinder is operated with a 

solar photovoltaic system, if sufficient solar radiation is not 

available, it will run with battery power which will be stored 

when the sunlight is available. The performance of both 

simulation and hardware results of solar photovoltaic‒battery-

based mixer grinder with brushless DC motor are presented 

here. 

The experimental setup of the proposed system can be seen 

in Fig. 5. The solar panel with the maximum power point 

tracking controller used to extract the maximum power from 

the panel is connected to the boost converter and then fed to 

the DC bus. When the generated power from the panel exceeds 

the load power, the excess power can be stored in the battery. 

The DC bus is coupled with the battery using the bidirectional 

converter. 

The three-phase brushless DC motor is connected to the 

voltage source inverter which is connected to a DC bus. The 

grinder jar is connected to the brushless DC motor shaft 

embedded with the blades. The motor speed can be changed 

using a rotary switch. The mixer grinder can be run at low, 

medium, and high speeds. The microcontroller ATMEGA 

2560 is used as a control unit in the proposed system. Table 4 

depicts the design parameters of the boost converter, battery, 

bidirectional converter, and also brushless DC motor of the 

proposed system. 

 
Fig. 5 Line diagram of the experimental setup of the proposed system. 
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Table 4. Design of the parameters used in the proposed system. 

Boost converter BLDC motor Battery 

Duty cycle D =  
VDC−VPV

VDC
 =  

24−18

24
 =  0.25 Rated speed = 4300 rpm Type of Battery = Sealed Lead Acid 

Inductor Current 

IL  =  NPIm  =  2 ∗ 1.12 =  2.24A 

Number of poles = 4 Nominal Voltage = 24V 

Inductor L =  
D∗VPV

fSW∗10%IL
 = 1mH; Stator resistance = 0.37Ω Rated Capacity = 8Ah 

Capacitor C =  
IDC

6∗ω∗ΔVDC
 = 700μF Stator inductance = 1 mH Bidirectional converter: 

Inductor = 0.7mH 

 

 
Fig. 6 Dynamic performance of the proposed system (a) brushless DC motor (b) PV (c) Battery and DC bus. 

 

The dynamic performance of the proposed system can be 

seen in Fig. 6. The simulation has been carried out at two 

motor speeds, one at 1230 rpm and another at 2300 rpm and 

the simulation is done for 4 seconds. The solar irradiance is 

taken at 1000 W/m2, and the dynamic variations of the 

photovoltaic array, battery, and brushless DC motor are 

presented in Fig. 6. The power consumed by the load at 1230 

rpm is 58 W; similarly, power consumed by the load at 2300 

rpm is 67 W at half load which is considered here. The output 

power from the SPV at half load is 40 W can be seen in Fig. 

6b and the remaining power taken from the battery is 18 W at 

1230 rpm and 27 W at 2300 rpm as shown in Fig. 6c to meet 

the total load power. In the DC link voltage, a slight drop at 2 

seconds due to the sudden change in the speed can be observed 

in Fig. 6c. The motor current increases as the speed changes 

from 1230 rpm to 2300 rpm can be observed in Fig. 6a. And 

also Fig. 6a shows that the electromagnetic torque changes 

from 0.4 Nm to 0.32 Nm when speed changes from 1230 rpm 

to 2300 rpm. It can be observed that when the speed of the 

motor increases the torque decreases. Also, it can be observed 

that from Fig. 6a there is an increase in back emf with a change 

in the speed of the motor from 1230 rpm to 2300 rpm. Fig. 6c 

shows the power taken by the load from the battery when the 

speed changes from 1230 rpm (0 to 2 seconds) to 2300 rpm 

(from 2 seconds to 4 seconds). 

Figure 5 shows the hardware components of the proposed 

system and Fig. 7 shows the dynamic performance of 

hardware implementation. In the hardware part, two motor 

speeds (1230 rpm & 2300 rpm) are considered as in the 

simulation part at half load. In Fig. 7a, it can be observed that 

the current of the motor increases due to a change in speed 

from 1230 rpm to 2300 rpm. The stator current of the motor is 

0.53 A for 2 seconds when the motor runs at 1230 rpm and the 

stator current is 1.32 A after 2 seconds when the motor speed 

is 2300 rpm. The torque of the motor decreases and back emf 

increases with an increase in speed from 1230 rpm to 2300 

rpm can be observed in Fig. 7a. The electromagnetic torque 

changes from 0.4 Nm to 0.32 Nm with a change in speed from  
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Fig. 7 Hardware performance of the proposed system (a) Brushless DC motor (b) PV, Battery, and DC bus. 

 

Table 5. Comparison of both simulation and hardware results. 

Parameters Speed 1 (1230 RPM) Speed 2 (2300 RPM) 

Simulation Hardware Simulation Hardware 

Solar PV Output (1000W/m2) 40W 38W 40W 38W 

Battery Output 18W 20W 27W 29W 

DC Link Voltage 24V 24V 24V 24V 

Stator Current 0.55A 0.53A 1.41A 1.32A 

Efficiency (No load) 78.9% 78.4% 79.8% 79.5% 

Efficiency (Half load) 75.6% 75.1% 77.1% 76.8% 

 

1230 rpm to 2300 rpm. The solar irradiance is taken at 1000 

W/m2 and the power of the photovoltaic array and battery are 

listed in Fig. 7b. The power flow pattern has been observed 

and it is measured using the flux meter and it can be seen from 

Fig. 7b. The power flow pattern of the mixer grinder at 50% 

load runs at two different speeds (1230 rpm and 2300 rpm). In 

practice, the total power consumed by the mixer grinder at half 

load at 1230 rpm is 58 W with 1000 W/m2, power from the 

solar photovoltaic is 38 W, and the remaining power 20 W is 

taken from the battery. Similarly, the power consumed by the 

mixer grinder at the speed of 2300 rpm at half load is 67 W, 

and the remaining 29 W is taken from the battery which is 

charged at load condition. 

Different parameters are compared with the simulation and 

hardware results for the two speeds seen in Table 5. For the 

1000 W/m2 solar irradiance, the output obtained from the solar 

PV in the simulation is 40 W, and hardware is 38 W, and the 

remaining power is obtained from the battery to meet the load. 

The efficiency at no load condition and/or half load is slightly 

higher in the simulation compared to hardware as shown in 

Table 5. The results of the simulation and hardware are almost 

similar as per the no-load and load conditions. 

Table 6 shows the comparison of the grinding time of food 

material for both conventional and proposed mixer grinders in 

the experimental setup. The specification considered in the 

conventional mixer grinder is 230 V, 500 W rating with 20000 

rpm rated speed. The food material used for the grinding is 

split chickpea lentils (chana dal) for both conventional and 

proposed systems, for grinding the food material is considered 

with 50% load (1 L). The grinding time of the proposed mixer 

grinder is compared with the conventional system that has 

been noted down. It can be observed that the proposed mixer 

grinder works more efficiently compared to the conventional 

mixer grinder system because the quality of the grinding 

material is better in the proposed mixer grinder even at low 

power compared to the conventional mixer grinder. However, 

the grinding time of the proposed system is slightly longer and 

the speed level is lower compared to the conventional mixer 

grinder, as mentioned in Table 6. 

Table 6. Comparison of grinding time of the conventional and proposed mixer grinder system. 

Split chickpea lentils 

(Chana Dal) (50% of 

the 1L jar) 

Conventional Mixer 

Grinder (500W) 

Proposed Mixer Grinder 

(80W) 

Speed 1 25 sec (13268 RPM) 40 sec (1230 RPM) 

Speed 2 18 sec (15865 RPM) 21 sec (2300 RPM) 
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The efficiency of the commercially available conventional 

mixer grinder of rating 500 W (Philips model) and the 

proposed brushless DC mixer grinder has been measured 

using a flux energy meter. In Fig. 8, the efficiency of the 

existing conventional mixer grinder is 53.15% at the no-load 

condition and 49.63% at the half-load condition.[9] In the 

proposed mixer grinder, the efficiency is 79.5% at the no-load 

condition and 76.8% at the half-load condition. 

 
Fig. 8 Efficiency comparison of the existing and proposed mixer 

grinder. 

 

The payback period of the proposed motor is calculated 

without considering the cost of the photovoltaic systems, 

battery and other components can be observed in Table 7. The 

market-available mixer grinder uses a universal motor with a 

power rating of 500 W and the proposed mixer grinder uses a 

brushless DC motor with a power rating of 80 W. The payback 

period of the proposed motor is 1.7 years. 

Table 8 shows the summary of the relevant literature papers 

in comparison with this present work. It can be observed that 

in this work highly efficient motor is used in the mixer grinder 

application and a control scheme is designed which 

improvises the grinding performance. 

 

4. Conclusions 

A solar photovoltaic array with a battery-fed low-power mixer 

grinder is proposed and demonstrated through simulation and 

experimental validation. The proposed system is designed and 

modeled systematically and its performance is analyzed. The 

voltage source inverter is switched in the fundamental 

switching frequency to reduce the switching loss. The 

complexity and overall cost of the proposed mixer grinder 

using a brushless DC motor are reduced by eliminating phase 

current sensors and an additional circuit in the speed control. 

The grinding quality in the proposed mixer grinder is 

improved compared to the conventional mixer grinder and 

also increases in efficiency by 26%. The payback period of the 

proposed motor is 1.7 years. 
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Table 7. Payback period of the proposed motor. 

Motor Rating 500W/4P 80W/4P 

Rated Voltage 230V AC 24V DC 

Motor loading in percentage 100% 100% 

Efficiency 52.13% 86.4% 

Power Tariff 5 INR/KWh 5 INR/KWh 

Operation of the motor per annum 365 365 

Energy consumption per annum 182.5KWh 29.2KWh 

Energy saved per annum over conventional 

mixer grinder 
 153.3KWh 

Annual Energy Bill 547.5 INR 87.6 INR 

Saving towards Energy bill per annum  459.9 INR 

Purchase price of the motor (Exclude taxes 

and duties) 
4200 INR 5000 INR 

Increment investment over a standard 

motor 
 800 INR 

Payback of increment investment  1.739 years 
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Table 8. Summary of the relevant literature with the present work. 

Paper Method used Type of Motor Ratings Efficiency 
Load 

Characteristics 
Critical Outcome 

[8,9] 
Mathematical 

Modelling 

Universal 

Motor 

500 W/230 V 

AC 
39.6% - 51.8% Yes 

Commercially 

available mixer 

grinder is very less 

efficient. 

[5] 
Finite Element 

Analysis 

Ferrite Magnet 

Brushless DC 

Motor 

200 W/48 V 

DC 
70% No 

Merely Software 

design is presented. 

[18] 
Finite Element 

Analysis 

Switched 

Reluctance 

Motor 

280 W/3 Phase 68% No 
Software design is 

presented. 

[19] 

Discrete 

Element 

Modelling 

No 20 RPM No 
Yes (Initial 

Load Pattern) 

As the filling in the 

jar increases, the 

grinding 

performance is 

significantly 

reduced. 

[20] 

FTIR 

Technique/ 

SEM image 

MXene# (MX-

B) 
300 W No No 

Blender made up of 

MXene# is highly 

efficient. 

This Paper 
MATLAB and 

Hardware 

PM Brushless 

DC Motor 
80 W/24V 76.8%-79.5% Yes 

The proposed mixer 

grinder is low-

power and highly- 

efficient along with 

improved grinding 

performance. 

Note: MXene#: Two-dimensional inorganic compounds. 
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