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Abstract—In the commercially available mixer grinders, for
controlling the speed of the universal motor, triac is used.
The triac-based universal motor has lesser efficiency, so the
voltage source inverter (VSI)-based brushless DC (BLDC)
motor can be used in the application of mixer grinders. In
the proposed VSl-based BLDC motor, the current and
voltage sensors were eliminated. By adjusting the DC bus
voltage of the VSI, the speed of the BLDC motor is
controlled. The Triac-based 230V universal motor and the
proposed VSI-based 48V BLDC motor was simulated by the
Matlab/Simulink. The efficiency and loss of the Triac-based
universal motor and the proposed VSI-based BLDC motor
for mixer grinder is compared in this paper.

Index Terms—universal motor, BLDC motor, Triac, VSI
speed, efficiency, loss

I.  INTRODUCTION

The universal motor is generally used as the drive
motor in most mixer grinders [1]. When the motor is
switched on and the grinding/mixing of the ingredients
continues, the requirement of the torque reduces and the
speed increases. For maintaining the quality of the
grinding/mixing, the speed is controlled to a set value,
which in turn does not affect the quality output of the
mixer grinder and also consumes less power [3]. In the
commercially available mixer grinders, the triac-based
universal motor is used for controlling its speed. In the
triac- based universal motor, the motor can be controlled
by changing the settings of the potentiometer [4]. The
settings of the potentiometer determine the phase of the
trigger pulse that fires the triac. The Diac has negative
resistance characteristics, which permit to switch ON
quickly once a certain applied voltage level is reached.
The circuit includes the self-stabilizing method that
maintains the speed of the motor even when it is loaded
[9]. Fig. 1 shows the Triac- based universal motor.

The brush and commutator arrangements in the
universal motor can cause sparking and the
electromagnetic interference can lead to lower efficiency
[4]. So, the VSI-based BLDC motor can be used in the
mixer grinder because of its easy speed torque control
and compact size. In rural India, the availability of power
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is low and the load connected is around 300W. So the

proposed BLDC motor power output was fixed at 200W

and the power input was limited to 250W. This paper

contributes the efficiency and loss analysis of the existing

triac-based universal motor and the proposed VSI-based

48V BLDC motor in the application of a mixer grinder.
UNIVERSAL MOTOR
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Figure 1. Triac-based universal motor [4]

Il.  WORKING PRINCIPLE OF PROPOSED SYSTEM

A detailed illustration of the proposed system is
described in Fig. 2. The three hall sensors are used to
produce gate signals to the VSI by electronic
commutation. Electronic commutation refers to a
commutation of a currents flowing through the windings
of the BLDC motor in predefined sequences by the
decoder such that direct current symmetrically is drawn
from the DC bus of the VSI for 120<and placed in phase
with the back emf [10]. The DC bus voltage and phase
currents sensors have been eliminated in the proposed
system. The VSI is operated through the fundamental
frequency switching pulses for reducing switching losses
[11]. The actual speed of the mixer grinder and reference
speed were fed to the speed regulator, i.e., the Pl and DC
bus voltage of VSI was varied and the speed of the motor
was controlled.

Figure 2. Proposed VSI-based 48V BLDC motor mixer grinder



International Journal of Mechanical Engineering and Robotics Research Vol. 9, No. 6, June 2020

Il. SYSTEM DESIGN

A. Triac-Based Universal Motor

In the mathematical modelling of the 230V universal
motor, the voltage equations are made with assumptions
[4]: a) Magnetic fields show harmonic layout in the air
gap; b) The effect of commutation is neglected; and c)
Perfect commutating armature.

I =1, @
Ve=rel,+L (dla) 2
=Nelatbe (G
E=Lyal, 3
di,
Va=rala+ Laa(?)*‘ E (4)

dl
Vi =14 (ry +ra+Lafa))+(d_ta)(Lff +tla) )

Where, V. is the supply voltage (volts), E is the back
emf (volts), r, (ohms) is the resistance of the stator, I, (A)
is the current in the armature, r; (ohms) is the resistance
of the rotor, It (A) is the excitation current, V¢ (volts) is
the excitation voltage, L (H) is the self-inductance of the
rotor, and L., (H) is the self-inductance of the stator.
Mechanical equations of the motor:

Te =Laslals (6)

—B (T _TL)
= -+~ dt )
[ )
Where, B is the friction coefficient, T, (Nm) is the
electromagnetic torque, J (kgm?) is the inertia coefficient,
T.(Nm) is the load torque, (@ (rpm) is the mechanical
speed of the rotor, and Q (rps) is the angular velocity [5].
The losses equations of the universal motor were as
follows:
Copper loss per slot:

IN
J=— 8
: ®
F)Cu..slot =1 2 R=J 2 A/"turn (9)
2
Prietd.cu = lse Rse (10)

Where, J (Amp per square meter) is the current density, A
is the slot, N is the number of turns, 1 (A) is a current,
Lim is the winding turn length, and p (© m) is the specific
resistance of copper, Rg (Q2) is the resistance of series
field winding, and I (A) is the current of a series field
winding [4].

Iron loss:

The core of the armature is iron and it rotates in the
magnetic field, so small amount of current gets induced.
Because of this current, in the core of the armature
hysteresis and eddy current loss occurs. The eddy current
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loss is influenced by the square of frequency, and the
hysteresis loss rises linearly with the frequency.
Hysteresis loss and Eddy current loss:

P, =k,B" fm (11)
P, =k,B2f?m (12)

Where, k;, is the constant of hysteresis and k. is the Eddy
current constant respectively. B (Tesla) is the maximum
flux density, f (Hz) is the frequency, m is the mass, and n
is the material dependent exponents (1.5 to 2.5).

TABLE I. PARAMETERS OF THE AC SIMULINK MODEL OF UNIVERSAL
MOTOR [4]

Rated Power 500W
Input Voltage 230V AC
Current 4.17A
Speed 18000 rpm
Stator Resistance 2.04 ohm
Rotor Resistance 1.6 ohm
Rotor Self-inductance 87mH
Stator Self-inductance 73mH
Mutual Inductance 2.86mH
Friction Coefficient (B) 1.686e-5 Nms
Inertial Coefficient (J) 3.2e-4 kg.m2

Potentiometer

Figure 3. Simulink model of Triac based AC universal motor circuit

Table | shows the Simulink model parameters of the
universal motor in the AC operating condition. An
existing mixer grinder of 500W rated power with speed
of 18000 rpm and voltage of 230V AC was considered.
The operating torque depends on the materials used and
the size of the jar (0.4 Litre,1.2 Litre, and 1.7 Litre). The
required torque would be in the order of 0.2~0.4 Nm as
per commercial available mixer grinders. Fig. 3
represents the Simulink model of the Triac-based AC
universal motor circuit.

In the Triac-based AC circuit, the speed of the
universal motor is controlled by a potentiometer. The
values of the potentiometer are set as R;=200 Q, R,=1k Q,
and Rs=500k Q and the speed of the universal motor is
controlled. Fig. 4, Fig. 5, and Fig. 6 shows speed vs. time
characteristics for R;=200 Q, R,=1K Q, and Rs=500k Q.
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Figure 4. Speed vs. time characteristics for R;=200 Q
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Figure 5. Speed vs. time characteristics for R,=1kQ
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Figure 6. Speed vs. time characteristics for R;=500k Q

Efficiency is defined as the ratio between the output
power and the input power. The output power is 500W
for the mixer grinder. Table Il represents the efficiency of
the Triac-based AC driver circuit with 230V AC
universal motor for different values of speed. The
efficiency of the Triac-based AC driver circuit with the
universal motor is 48.22% and the efficiency of the Triac-
based AC driver circuit is 43.94%, while that of the 230V
universal motor model is 52.16%.

Field winding loss = 8.4%

Field winding loss = 42W

Mechanical loss = 3.62 %

Mechanical loss = 18.1W

Stray load loss=2.14%

Stray load loss =10.7 W

Hysteresis 10ss=9.3%

Hysteresis loss = 46.5W

Eddy current loss= 8.07%

Eddy current loss = 40.35 W

Friction +Brush+ Ventilation
loss=1.91%

Friction +Brush+ Ventilation
loss = 9.55W

Table 111 shows the losses of the 230V universal motor.

It consists of copper loss, mechanical loss, stray loss,
hysteresis loss, winding loss, friction loss, eddy current
loss, brush loss, and ventilation loss.

TABLE IV. LOSSES OF TRIAC-BASED DRIVER CIRCUIT

Rated power=500W; Efficiency of 230V universal motor=52.16%

Efficiency of Triac-based driver circuit=43.94%

Percentage of losses in Triac-
based driver circuit

Wattage of losses in Triac-based
driver circuit

Resistive 10ss=30.11%

Resistive loss=150.55W

Switching loss=15.48%

Switching loss=77.4W

Conduction loss=10.47%

Conduction loss=52.35W

Table IV shows the losses of the Triac-based driver
circuit. It consists of resistive loss, switching loss, and

conduction loss.

B. Proposed VSI Based 48V BLDC Motor

TABLE Il. EFFICIENCY OF THE TRIAC-BASED AC UNIVERSAL MOTOR
CIRCUIT
Potentiometer Speed (rpm) Input Power Efficiency (%)
values (watts)
R;=200Q 19000 1030.5 48.52
R=1k Q 18890 1039.72 48.10
Rs=500k Q 17500 1040.3 48.05

Table Il shows the efficiency of the Triac-based AC

universal

motor for different values of the of the

potentiometer. For lower resistance value, the efficiency
of the Triac-based universal motor was higher.
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In the mathematical modelling of the BLDC motor,
consider the cylindrical rotor and stator as having three
phase windings a, b,and c. The rotor is made up of
permanent magnets with uniform air gap, while the stator
has three phases which are star connected [7]. The
dynamic equations of phase a, phase b, and phase ¢ are:

di, - di, di

V,, =R¢i, +L—=+M —+M —+e 13

an S'a dt dt dt a ( )
o diy o di di

Vi, =Reip +L—+M —S+M —2 +e 14

bn = Rslp at pm el (14)
. di di di

Vg, =Rgip +L ey B o ye (15)

dt dt dt

Where, R (Q) is the armature resistance, M (henry) is the
mutual inductance of the armature, L is the self-
inductance of the armature (henry), Van, Vi, and Ve, are
the terminal voltages (volts), and i, iy and i are the input
currents of the motor (A).

In the BLDC motor, the function of the position of the
rotor relates to the back emf. Each phase of the back emf
has 120° phase angle differences.

Therefore, the equations of each phase are as follows:

ey =Ky fa(0)o; (16)
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The total torque was as follows:
Te _ Pm _ (eaia+ebib+ecic)E (19)

DOrm oy 2
Mechanical part:
d

T,-T, =J"2M 4 Boy,, (20)

Where, T_ (Nm) is the load torque, T, (Nm) is the
electromagnetic torque, B (Tesla) is the flux density, and
J (Amp per square meter) is the current density [7].

The losses equations of the BLDC motor were as follows:
Copper loss:

W, =1 ms’R, (21)

Where, 1. (A) is RMS value of the current and R,

(ohm) is the armature resistance.
Hysteresis loss:

Wh =kh Bmaxaf (22)

Where, f (Hz) is the fundamental frequency supply, K,
is the hysteresis constant, and B, (Tesla) is the

maximum flux density of the stator core.
Eddy current loss:
W, =Ko By 2 (23)

Where, K, is the eddy current constant, f (Hz) is the

fundamental frequency supply, and B, (Tesla) is
maximum flux density of the stator core.
Switching and conduction loss:
Vmin I max
Wswitch == L (ron +T0ff ) fswitching watts (24)
Weond = Vin | rax Watts (25)
Where, V., is the min voltage (volts), I, is the

maximum current (A) ,T,, is the on-time period (sec),
and T, is the off time period (sec).

TABLE V. MOTOR PARAMETERS OF THE BLDC MOTOR [7]

Rated Power 200W
Input Voltage 48V
Speed 10000RPM
Stator Resistance(Rs) 0.060hms
Stator Inductance (Ls) 0.006mH
Number of Poles (P) 4
Friction Coefficient (B) 0.0682¢-3
Inertial Coefficient (J) 21.5e-3 J/kgm2
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Table V shows the parameters of a 48V BLDC motor
with rated power of 200W, input voltage of 48V, and
speed of 10000 rpm. Fig. 7 shows the Simulink model of
a 48V BLDC motor. It comprises of the current generator,
emf generator, and speed generator.
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Eabc |¢
State Equations
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ThilTheta,we phi'f——
we I “
[
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Figure 7. Simulink model of a 48V BLDC motor

The Simulink model of the VSI-based BLDC circuit
for 48V is presented in Fig. 8.

Foep G R ____

Figure 8. Simulink model of a VS| based BLDC circuit for 48V

In the VSI- based BLDC driver circuit for 48V, the
speed of the BLDC motor is controlled by the PI
controller. The value of the proportional (Kp) was 1.5 and
the integral (K,) was 0.9. The value of the DC link
capacitor was 400pF.

TABLE VI. LOSS ANALYSIS OF 48v BLDC MOTOR

Percentage of losses in 48V BLDC
motor

Wattage of losses in 48V
BLDC motor

Efficiency=81.15% Rated power=200W

Friction loss=0.5% Friction loss=1W

Resistive 10ss=0.5% Resistive loss=1W

Hysteresis 10ss=6.15% Hysteresis loss=12.3W

Eddy current loss=4.35% Eddy current loss=8.7W

Winding loss=3.76% Winding loss=7.52W

Stray load loss=1.57% Stray load loss=3.14W

Mechanical loss=2.02% Mechanical loss=4.04W

Table VI shows the losses of the 48V BLDC motor. It
consists of mechanical loss, stray loss, hysteresis loss,
winding loss, friction loss, eddy current loss, and brush
loss.
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TABLE VII. Losses OF VSI-BASED DRIVER CIRCUIT FOR 48V BLDC
MOTOR

Rated power=200W; Efficiency of 48V BLDC motor=81.15%
Efficiency of VSI based driver circuit=81.04%

Percentage of losses in VSI- Wattage of losses in VSI-based
based driver circuit driver circuit

IR 1055=9.27% IR loss=18.54W
Switching loss=6.24% Switching loss=12.48W
Conduction loss=3.45% Conduction loss=6.9W

Table VII shows the losses of the VSI-based driver
circuit. It consists of IR loss, switching loss, and
conduction loss. It can be observed that in the proposed-
VSI based BLDC motor, the efficiency is 81.09 % and
that of the VSI-based driver circuit is 81.04%.

IV. CONCLUSION

In the application of a mixer grinder, the existing
Triac-based 230V universal motor and the VSI-based
48V BLDC motor, as per the specification data, was
simulated by the Matlab/ Simulink. The comparative
analysis of the Triac-based universal motor and the VSI-
based BLDC motor was determined. The elimination of
the phase current and the voltage sensor reduced the
complexity and improved the efficiency of the mixer
grinder. The efficiency of the proposed VSI-based BLDC
motor was higher, i.e., 81.15% compared with the
existing Triac- based universal motor, i.e.,48.15% due to
the absence of the brushes in the BLDC motor. The losses
in the proposed system were less compared with the
existing mixer grinder.
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