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Design of Speed Control and Reduction of
Torque Ripple Factor in BLdc Motor

Using Spider Based Controller
M. Pandi Maharajan and S. Arockia Edwin Xavier

Abstract—It is a very difficult process to achieve smooth drivers
for the motor operating under variable speed mode. In brushless
direct current motor (BLdc) when back electromotive force wave-
form is of trapezoidal type, the developed torque is constant in
ideal conditions. However, practically, torque ripple is present in
the output torque because of the physical design of the motor and
its parameters. Also, the produced ripples are associated with the
control and driver side of the motor. In the previous literature, the
drive without a dc-link capacitor is presented but the torque rip-
ple reduction is not effective. Hence in another work, the usage of
the small capacitor is recommended and the results are improved.
In this work, the quick stabilization with torque ripple reduction
is presented using a bio-inspired algorithm-based technique in a
BLdc motor drive. A Spider based controller is built to generate
the pulsewidth modulation signals applied to the inverter and the
control signal applied to the capacitor. The effect of utilizing small
dc-link capacitor, on the torque ripple reduction and speed control
is investigated. The performance is also compared with the case of
large capacitor utilization and without a capacitor case. The pro-
posed control strategy is verified experimentally by implementing
with dsPIC30F4011 and the hardware circuit.

Index Terms—Brushless direct current (BLdc) motor, dc-link
capacitor, PWM sequence, spider based controller, spider web con-
struction.

I. INTRODUCTION

IN recent years, brushless dc (BLdc) motors are widely uti-
lized in various industrial and home applications for example

computer peripheral devices, electric vehicles, etc. This motor
has numerous advantages like more power density, high power
factor, high efficiency, increased reliability, high torque, small
size, large life, less noise, less maintenance, and simpler control
mechanisms. As the BLdc motor is brushless, the commutation
process is performed electronically in this motor. In this kind of
commutation, position sensors are employed to obtain rotor po-
sition respecting the stator winding. A three-phase BLdc motor
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Fig. 1. Types of torques in BLdc motor.

requires information about rotor position at every 60 electrical
degrees. Hence, three Hall Effect sensors are used. The back-
EMF waveform of a perfect BLdc motor belongs to the type
of a trapezoidal back-EMF. For this kind, the obtained torque
ripple on applying a rectangular current waveform is zero. How-
ever, practically, the exact trapezoidal wave is not obtained by
the reason of non-uniformity of the magnetic element and de-
sign tradeoffs. As a result, torque ripple is present even on the
application of a rectangular current. Additionally, as the mo-
tor windings are an inductive type, the current controller often
fails in generating the required waveform during the commu-
tation process since the supply voltage to the dc bus is finite.
Therefore, the torque ripple is produced which is known as com-
mutation torque ripple. This torque ripple fluctuates with speed
and touches 50% of the average torque. Moreover, they pro-
duce noise, vibrations, and generate serious faults in sensor less
motor drives. Hence, it essential to reduce this torque in BLdc
motor to use it for home applications.

By employing separate current sensors, the commutation
torque ripple in the BLdc motor can be decreased, since the cur-
rent regulation in each phase is obtained with the independent
current sensors. Smooth torque is very important for obtain-
ing better performance in industrial applications and hence it
is indispensable to attain ripple-free instantaneous torque. Gen-
erally, the torque in BLdc comprises three types, as shown in
Fig. 1.

In a BLdc motor, since the stator is coreless stator, the flux
linkage harmonics are absent and the harmonics induced by
back-EMF are absent. Hence the cogging and reluctance torque
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components do not generate greater influence. However, the
mutual torque only produces an effective ripple. When the back-
EMF and phase current waveform of particular phases are well-
coordinated the ripples is considerably reduced. There are two
different torque control methods; open loop method and closed-
loop control method. In open loop schemes, harmonic injection
approach is a widely used technique which reduces mutual and
cogging torque ripples by detecting optimal current waveforms.
In closed-loop schemes, the feedback is produced to control
ripple torque.

Usually, pulsewidth modulated voltage source inverters are
employed to operate BLdc motors. But these designs require
extra filter components at the input side and output side. The
voltage at the dc–link affects the quality of output waveforms
and often causes harmonics. A BLdc motor driver involves a
diode rectifier, a large dc-link capacitor, and an inverter sup-
plied with rotor position feedback. The dc-link capacitor used
in the drive has a large weight and its lifetime varies adversely
with the operating temperature. Consequently, the reliability of
the drive is affected in the different applications according to the
operating temperature. The cost of the capacitor is about 5–12%
of the total cost of motor drives and consumes about 4%–15% of
total area in the printed circuit board (PCB) of the driver. By de-
signing the drive without employing a dc-link capacitor, the cost
and the driver size can be reduced. Still, the torque character-
istics are severely affected. Hence a need for a separate control
scheme is envisioned to lessen the ripple. In the controllers
without dc-link capacitors, the torque ripples present around
zero crossings of the power supply. Many control schemes
have been presented in the literature for compensating torque
ripples.

Biologically inspired design (BID) and biologically inspired
algorithm (BIA) apply biological event or an habitant behavior
in attaining solutions for the scientific problems. In the industrial
sectors, several products have been fabricated by deliberating
BID. Biologically inspired algorithms (BIA) are developed by
analyzing the activities of the class of insects, animals, and other
habitants in order to frame algorithms for manipulating certain
tasks. In this paper, the spider web algorithm is applied to gener-
ate the PWM sequence for inverter switches and control pulse to
the switch controlling the dc-link capacitor. This spider based
control algorithm is inspired by the cobweb building activity
of spider. The purpose of web building in spider species is to
search prey. By adopting the cobweb building activity of spiders,
a bio-inspired control algorithm is derived to apply the switching
pulses to the switches presenting in the topology. The proposed
technique also concerns the issue of torque ripples in the BLdc
motor and attempted to lessen the torque ripple causes with
small dc-link capacitor. This method also introduces a control
method to reduce the ripples without affecting the motor speed.
The contribution of this work is the effective reduction of torque
with more stabilization in the motor speed which is illustrated in
the curves presented in the results section. The operation of the
proposed design is compared with the fuzzy-logic based PWM
generator and also for various cases based on the utilization of
capacitor.

II. RELATED WORKS

In many kinds of literature [1]–[4], the authors attempted to
reduce the torque ripple in BLdc motors. In [1], the authors
demonstrated that the torque ripple is decreased by choosing
suitable current harmonics. Hung et al. [2] analyzed the torque
ripple by analyzing Fourier transforms and the current harmon-
ics are determined. Favre et al. [3] computed current harmonics
to reduce ripples associated with mutual torque and ripples asso-
ciated with cogging torque ripple. In [5] and [6], the methods to
modify the stator and rotor design were presented to lessen the
torque ripples whereas in [7], the windings were modified. In
[8]–[15], the controller design is modified to compensate for the
torque ripple. In [16], the authors presented technology to lessen
the torque ripple caused because of asymmetric motor param-
eters. In [17], the duty cycle modulation method is presented
to reduce ripples produced by nonideal back-EMF. In [18], a
feed-forward current control method is presented for a BLdc
motor having low inductance. In [19], accelerated torque con-
trol method is proposed using the disturbance torque observer.
In many works, the torque ripple reduction is attained by amend-
ing the controller circuit and algorithms instead of changing the
construction of the BLdc motor [20] and [21]. In [22], the work
is designed to reduce the torque ripple occurred when the BLdc
motor drives do not employ capacitors. In [23], the dual closed
loop control strategy of flux linkage and torque is put on to lessen
the torque ripple arisen by the nonideal waveform. This work is
extended in [24], by using hybrid two and three phase switching
mode. In literatures [25]–[31], the braking control techniques
are presented. In [25], the ultra-capacitor in conjunction with
the bi-directional dc–dc converter is employed to attain brak-
ing and energy recovery. In [26]–[29], regenerative braking is
employed to reduce ripple. Here, the switching sequence of
the switches in the inverter is altered. Zhang et al. [30] pre-
sented a technique to decrease the current fluctuation produced
in braking operation. In [31], the authors implemented various
braking modes and braking PWM techniques to small induc-
tance BLdc motor for various speed ranges and hence a smooth
brake is obtained. Viswanathan et al. [32] presented a tech-
nique to reduce torque ripple occurred from the phase current
commutation. They employed a dc bus voltage selector circuit,
three-level diode clamped multilevel inverter and a modified
single-ended primary-inductor converter (SEPIC). Tingna et al.
[33] presented a torque control strategy. The authors derived the
probable combinations of the terminal voltage by changing the
switching pulses of the inverter in the normal conduction period
and the commutation period. Furthermore, the torque variation
rates for various combinations of the terminal voltage are ob-
tained. Then two switching tables are developed using the main
vector (MV) and subsidiary vector (SV) based on these deriva-
tions. Xinmin et al. [34] employed Z-source inverter for torque
ripples in BLdc motor. Here, same kind of modulation technique
is used in the normal conduction and the commutation periods.
The commutation torque ripple is decreased by controlling the
active vector and shoot-through vector. The proposed method
obtains the terminal of the commutation torque by equating the
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clamped terminal voltages with zero reference value. The uti-
lization of Z-source inverter gives the buck-boost competence
for BLdc motor and the dc voltage consumption is increased.
In [35], Cuk converter is bestowed for torque ripple reduction.
The output modes such as the buck–boost and boost modes are
changed in commutation and normal conduction period with
the help of a proper mode selection block. In the commutation
period, the converter works in the boost mode of operation of
increase the inverter input voltage and thus the voltage demand
of the commutation period is attained. In normal conduction
period, the converter works in buck–boost mode and the in-
verter input voltage is regulated through the pulse amplitude
modulation (PAM). Guokai et al. [36] presented a configura-
tion by combining a three-level neutral-point-clamped (NPC)
inverter and single-ended primary-inductor converters (SEPIC).
The authors introduced two-stage converters for torque ripple.
The first stage contains two SEPIC converters to achieve the re-
quired commutation voltage responding to the motor speed. A
dc-link voltage selection circuit is jointly used with the SEPIC
module to put on the maximum voltage in the commutation in-
terval. To reduce the torque ripple to more extent, a three-level
NPC inverter operates to apply a half reduce the dc-link voltage
on the windings.

In [37], a BLdc motor without the dc-link capacitor is pre-
sented to reduce the overall cost of the driver. However, when
the capacitor is not employed in the drive, the torque ripple is
significantly increased in the output. Hence, it is necessary to
use a suitable torque ripple compensation technique as provided
in the literature above. Still, there is no considerable reduction
in torque ripple achieved. Therefore, as the novel technique in
[38], low-cost drive employing a small capacitor is presented to
remove the drawbacks associated with the capacitor-less drives.
In this paper, to develop the control pulses for effectively reduc-
ing the torque ripples controller algorithm is developed using
cobweb building activity of spider so that the system is stabilized
quickly with less torque ripples.

III. PROPOSED SYSTEM

In the proposed work, the torque ripple compensation method
is presented for a BLdc motor at low cost. The configuration
uses a small dc-link capacitor in place of a bulkier capacitor for
torque ripple reduction. The capacitance value of the smaller
dc-link capacitor connected in this configuration is about 3% of
the normally used heavier capacitor.

The mathematical equations of the BLdc motor and the devel-
oped torque are given below. To produce the switching sequence,
spider web-based controller is employed.

A. BLdc Motor Operation

The pulsating dc is applied to the stator field windings in the
BLdc motor. There three pole pairs are considered which are
denoted as X, Y, and Z. When dc pulse passes through pair X,
the pole X1 magnetizes as south and the pole X2 magnetizes as
north.

Then the current applied to pole pair X is turned OFF and
the pulsated dc passes through pole pair Y and then similarly

Fig. 2. Hall sensor signals and switching signals [22].

through pole pair Z. Thus, by giving the pulse to the stator
pole pairs sequentially, the magnet will continuously rotate in a
clockwise direction.

A six-step inverter is employed in the driver side of the motor
to work as three-phase supply and the rotating field is created
through the electronic commutation of the three pairs of stator
coils.

In a three-phase BLdc motor, only two phases are energized
at a particular instant, the switches of another phase kept in
“OFF” state. Thus, in a particular instant, only two switches of
the inverter are kept in “ON” state. In order to control these two
switches, the PWM signals are generated from the controller
circuit.

The controller circuit is able to operate in two modes namely,
torque control or speed control mode [39], [40]. However, in this
proposed configuration, the used dc-link capacitor is the small
capacitance. Hence, another strategy is proposed for this kind
of configuration by controlling only one switch and keeping
another switch in “ON” state for the whole interval.

Thus, the obtained switching sequence is given in the table.
The switch existing in “ON” state gives a freewheeling path to
the inductive current during the “OFF” state of the controlled
switch.

The Hall sensor outputs are denoted as Hx, Hy, and Hz. In
Fig. 2, the waveforms of Hall sensor output, switching pulses
are given along with the rotor position, denoted by φr .
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By taking below assumption, the BLdc motor model is ana-
lyzed.

1) BLdc motor is an unsaturated type.
2) The resistances of the stator winding in all the three phases

are equal and the inductance (self and mutual) is constant.
3) The semiconductor switches are considered ideal and neg-

ligible iron losses are considered.
4) Back-EMF waveforms of all phases are equal.
The dynamic equation models are obtained by considering the

equivalent circuit of the BLdc motor and VSI system depicted
in Fig. 2

Vx = RIx + (L − M)
dix
da

+ ex (1)

Vy = RIy + (L − M)
diy
da

+ ey (2)

Vz = RIz + (L − M)
diz
da

+ ez (3)

where
Vx, Vy, Vz Stator phase voltages.
ix, iy, iz Stator phase current.
ex, ey, ez Phase back-EMF.
L Self-inductance.
M Mutual inductance.
R Phase resistance.
a Time instant.

The motion equation is defined as

dsm

dt
=

(
P

2J

)
(τe − τL − Fsr ) (4)

dφ

dt
= sr (5)

τe Electromagnetic torque.
τL Load torque (Nm).
J moment of inertia (kgm2).
F Friction coefficient (Nms/rad).
sm Rotor speed in mechanical (rad/s).
sr Rotor speed in electrical (rad/s).

Electrical and mechanical speed of the motor are related by

Ps =
dφr

da
(6)

where P is the number of pole pairs.

B. Modeling of a Trapezoidal Back-EMF Waveform

The trapezoidal back-EMF waveforms are demonstrated with
respect to the rotor position by computing the rotor position with
respect to the operation speed. The expression of back-EMFs as
a function of rotor position (θr ) is given in the following:

exyz = gxyz (φr ) × E (7)

E = ke sr (8)

where (ke) is back-EMF constant and gxyz(φr ) is the function of
the rotor position.

Fig. 3. Trapezoidal back-EMF and phase current waveforms of BLdc motor.

Fig. 3 depicts the waveforms representing trapezoidal back-
EMF and phase current. The back-EMF value is a function of
rotor position. The trapezoidal shape expression with respect to
the rotor position is given in the following:

gx (φr ) =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

( 6
π

)
φr (0 < φr ≤ 30)

1 (30 < φr ≤ 150)

− ( 6
π

)
φr + 6 (150 < φr ≤ 210)

−1 (210 < φr ≤ 330)

( 6
π

)
φr − 12 (330 < φr ≤ 360)

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

(9)

gy (φr ) =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

−1 (0 < φr ≤ 30)

( 6
π

)
φr − 4 (30 < φr ≤ 150)

1 (150 < φr ≤ 210)

− ( 6
π

)
φr + 10 (210 < φr ≤ 330)

−1 (330 < φr ≤ 360)

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

(10)

gz (φr ) =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

1 (0 < φr ≤ 30)

− ( 6
π

)
φr + 2 (30 < φr ≤ 150)

−1 (150 < φr ≤ 210)

( 6
π

)
φr − 8 (210 < φr ≤ 330)

1 (330 < φr ≤ 360)

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (11)
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Fig. 4. Step 2 of the switching sequence where Y1 is ON [22].

Fig. 5. Step 2 of the switching sequence where Y1 is OFF [22].

The electromagnetic torque equations for three phases ob-
tained from back-EMF are given in the following:

τx =
exix
sr

(12)

τy =
ey iy
sr

(13)

τz =
ez iz
sr

. (14)

The operation of the BLdc drive system corresponding to the
second sequence is depicted in Figs. 4 and 5, where switch Y1
is controlled and Z2 kept in ON state permanently. The switches
connected to phase X are kept in OFF state. Figs. 4 and 5 depict
the circuit operation when Y1 is ON and OFF. From Figs. 4
and 5, it is reflected that the drive operation is similar to that
of the buck converter. Thus, the operation of the motor during
all the steps of the table can be expressed by the buck converter

Fig. 6. Buck converter model based BLdc motor driver [22].

model as exposed in Fig. 6. By considering this buck converter
model, the motor drive equations are obtained. The notation e(a)
in Fig. 6 denotes line-to-line back-EMF, S and D represent the
controlled switch and freewheeling diode, respectively.

Based on Fig. 6, the equations representing the BLdc motor
drive model are given below

vin (a) = 2im (a) R + 2 (L − M)
dim (a)

da
+ e (a) (15)

0 = 2im (a) R + 2 (L − M)
dim (a)

da
+ e (a) (16)

where vin is the input voltage to the buck converter (V), im is the
phase current (A), R, L, and M – resistance, inductance, and M
is the mutual inductance, respectively.

Assume the value of R is small and so (15) and (16) can be
simplified into

vin (a) = 2 (L − M)
dim (a)

da
+ e (a) (17)

0 = 2 (L − M)
dim (a)

da
+ e (a) . (18)

The torque developed by the motor is represented as τe and it
can be expressed as follows:

τe =
e (a) im (a)

s
(19)

where ω is the speed of the rotor in rads−1 .
The equation of motion of the motor drive is represented as

τe − τm = J
ds (a)

dt
+ Fs (a) (20)

where J is the combined inertia (kgm2) of the rotor and load. F
is the mechanical viscous friction coefficient (Nms).

The relationship between the electrical and mechanical speed
of the motor is given by

Ps =
dφr

da
(21)

where P represents the number of pole pairs.

C. Torque Analysis

Usually, the shape of back-EMF waveform is trapezoidal for
BLdc motor drives. But, practically, the ideal back-EMF wave-
form cannot be obtained and it contains some harmonics. In this
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Fig. 7. Regions of the current of the motor drive at steady state [22].

Fig. 8. Proposed technique for torque ripple compensation.

case, the back-EMF produced by the BLdc motor is assumed
as the trapezoidal back-EMF. In 120◦ region of the trapezoidal
back-EMF, both the phases of the motor are energized and hence
the magnitude of e(a) in this time is E. For simplification in the
analysis, the average value of back-EMF is considered as E dur-
ing 120o period even the back-EMF waveform is not ideally
trapezoidal wave.

It is considered that the motor drive is applied with the input
voltage vin varying in the range of 0–325 V since the dc-link
capacitor is not present. The passing of phase current happens
only in one region of rectified supply voltage and when the
voltage across the inductance is positive. In Fig. 7, the rectified
supply voltage is separated into two regions based on the phase
current value. In region 1, the phase current is maintained at Iref,
whereas in region 2, it is below Iref.

It is observed from (17) and (18) that since the phase current
is non-linear and uncontrollable in region 2, the torque is also

uncontrollable in this region. The period of region 2 depends on
the back-EMF value and the period is large if the back-EMF is
large. The duty cycle of the semiconductor switch is denoted as
D(t). It is a time-varying signal that alters for each half cycle of
the supply voltage. In region 2, the supply voltage is less than
the back-EMF value; hence, the largest possible duty cycle is
applied to the switch. Let α be the time interval for the supply
voltage vin(a) to reach the value of back-EMF from 0 V and αi

be the time duration of the input supply voltage

α =
1

2πf
sin−1

(
E

Vm

)
(22)

where Vm is the peak value (V) of the input supply voltage and
f is the frequency (Hz) of the input supply voltage.

In region 2, the current function im(a) can be obtained as a
piecewise function of time in region 2 and the torque developed
by the motor during region 2 can also be obtained as a piecewise
function. The variables given in in the following equations are
time variables which denote the current function im(a)

α1 = a −
[αi

2
− α

]
(23)

α2 = a −
[αi

2

]
(24)

α3 = a −
[αi

2
+ α

]
. (25)

The phase current during region 2 is denoted as a piecewise
function of time period t1 using the notation im(α1). Similarly,
the voltage across the inductance is denoted as vL(α1) where
α1 is in the range of (αi/ 2 − α) ≤ a ≤ αi / 2. From Fig. 6,
vL(α1) can be obtained as

vL (α) = −E

α
α1 (26)

vL(t) can be expressed as

vL (αa) = 2 (L − M)
dim (a)

da
. (27)

From (25) and (26), the following equation can be derived:

2 (L − M)
dim (α1)

dα1
= −E

T
α1 . (28)

The general time domain solution for (28) can be expressed as

im (α1) = − Eα2
1

4 (L − M) α
+ C. (29)

By applying the initial condition, as im = Iref at α1 = 0, we
obtain

C = Iref . (30)

From (29) and (30), the complete time domain solution for
im(α1) can be given as follows:

im (α1) = − Eα2
1

4 (L − M) α
+ Iref . (31)

From (31), the necessary condition for im(a) to be discontin-
uous before the zero crossing of vin(a) can be mathematically
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expressed as follows:

(L − M) <
Eα

4Iref
. (32)

The value of im(t) at the zero crossing is represented as
follows:

I ′m =
−Eα

4 (L − M)
+ Iref . (33)

From Fig. 6, vL(t2) can be represented as follows:

vL (α2) =
E

α
α2 − E. (34)

Using (27), we get

2 (L − M)
dim (α2)

dα2
= −E

α
α2 − E. (35)

The general time domain solution for (35) can be expressed
as

im (α2) = − Eα2
2

4 (L − M) α
− Eα2

2 (L − M) α
+ C. (36)

Applying the initial condition expressed in (33) in (36), we
obtain

im (α2) = − Eα2
2

4 (L − M)α
− Eα2

2 (L − M) α

− Eα

4 (L − M) α
+ Iref (37)

Equation (37) gives im(a) after the zero crossing of vin(a).
Similarly, the necessary condition for the signal im(a) to
be continuous during the region 2 can be represented as
follows:

L − M >
Eα

2Iref
. (38)

Thus, if the equivalent line-to-line inductance of the motor
is below Eα/Iref, im(a) is discontinuous in region 2. Then, im(a)
begins to increase after a = αM/ 2 + α, to reach Iref (a).

Similarly, the signal im(a) can be represented as a function of
α3 as follows:

im (α3) = − Eα2
3

4 (L − M) α
. (39)

Equations (29), (37), and (42) are taken to acquire the instan-
taneous torque in region 2, the average torque and the reduction
of the average torque when the motor is operated in constant
speed without the dc-link capacitor.

D. Torque Ripple Compensation

In the proposed drive, torque ripples and discontinuities are
generated in region 2 due to uncontrollable phase current. The
cause for uncontrollable phase current is that there is no dc-link
capacitor. Those ripples and discontinuities are not fit for certain
applications where constant torque is required. As a result, the
torque ripple reduction technique using a small capacitor dc
link is proposed in this work. The capacitor is controlled by

the new control algorithm derived from the spider web building
method.

1) Capacitance Calculation: In region 1 in Fig. 7, the ca-
pacitor Csmall is charged via antiparallel freewheeling diode of
switch ADC. Since there is no natural discharging track for the
Csmall, the discharge can be manipulated by the switching pulse
given to ADC. The energy stored in Csmall must be enough to
retain im(a) at Iref in region 2 for torque ripple reduction. The
controller constructed to obtain that switching pulse given to
SDC is got based on E and vin(a). Line-to-line back-EMF, E is
computed from the speed of the motor. As Csmall gives energy
to the motor during region 2 only (i.e. when E > vin(a)), the
size of Csmall is less compared with a dc-link capacitor pre-
sented in a conventional BLdc motor drive. The Csmall value re-
quired to regulate the dc-link voltage in region 2 is given by the
following:

Csmall
dVin (a)

dt
= Iavg (40)

where Iavg is the average current taken from the dc link to keep
im(a) at Iref. Obtaining a systematic solution for Iavg is a complex
process. Since the duty cycle of the switch is time-varying and
the current taken from the dc link is of the discrete wave. Iavg

can be calculated from the simulation model. If Iavg is delivered
by the dc link during regions 1 and 2, torque ripples can be
reduced. From (40), the smallest value of Csmall can be obtained
as in the following to draw Iavg from the dc link

Csmall =
2TIavg

Vin − E
. (41)

By utilization of the small torque ripple compensation ca-
pacitance, scales of the capacitor charging currents are low.
Therefore, transient problems in the proposed compensation
technique are low. In the proposed topology, an additional con-
trol switch is required to control the pulse given to the dc-link
capacitor. Hence, the control algorithm must be able to produce
the switching signals to the inverter switch as well as to the
switch controlling the dc-link capacitor. We introduce a spider-
based controller to regulate the switches of the inverter and
capacitor switch to obtain more improvement in performance as
the added advantage.

E. Spider Based Controller Algorithm

In order to generate the switching sequence given in the ta-
ble, the control circuit is designed by taking the speed and rotor
position as input. The Hall sensor output, which denotes the
position of the rotor, is applied to the control circuit. In the con-
trol circuit, the back-EMF equation is represented as a function
of the rotor position using (7). The back-EMF (E) is compared
with the input voltage and the difference is applied to the con-
troller. The controller sends the switching pulse to the switch
ADC in relation to the difference. Thus, the dc-link capacitor
will either charge or discharge depending on the switching po-
sition of the SDC switch, to reduce the torque ripple. When
the back-EMF (E) is less than the input voltage (vin(a)), the
phase current im(a) reaches region 2, where it is uncontrollable
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Fig. 9. Flow of the proposed work.

and similarly the torque also becomes uncontrollable. To re-
duce this torque ripple, the dc-link capacitor must discharge the
energy to keep im(a) at Iref. To meet out this requirement the
capacitor must be charged sufficiently in the charging phase, to
supply the sufficient energy in its discharging phase. The dis-
charge time depends on the value of im (a) in α1, α2 , and α3 .
Accordingly, the duty cycle of the switch SD must be varied.
Similarly, the PWM patterns to the inverter switches are gen-
erated based on the rotor position information. The controller
in the proposed work functions based on the spider web build-
ing algorithm. The flow of the proposed work is illustrated in
Fig. 9.

In the spider based controller, the algorithm gets input and
feedback output from the motor to generate the output signal
which is switching sequence similar to a web building activ-
ity of a spider. In the spider web building process, initially,
it produces a silky thread from its mouth. Similar to that the
controller gets input signals such as input voltage vin (a), Hall
sensor output. After creating silk, the spider thrust it in air
to stick at a certain place. The place where it sticks is based

Fig. 10. Simulation diagram.

on the parameters such as the strength of the silk and dis-
tance from the spider [41]. As such, this controller work in
two modes, in the first mode the spider moves to the input volt-
age value. Then the spider moves to the Hall sensor output in
the second mode. The two modes of operation are explained
below.

Mode 1: In this mode, the spider initially has the voltage
waveform (thread), it reads the value of the voltage at every
instant (searches for the place to fix silk), and then it moves
to the zero crossing of the waveform, which is the suitable
place where it fixes the silk. From there it moves to another
location which is the duty ratio of the switch SD and fixes
silk. Then it moves back to the previous location by eat-
ing the previous thread. This operation implies the ON and
OFF process of the switch ADC. The duty ratio is obtained as
follows:

Dspider =
αon

αon + αof f
. (42)

Mode 2: In this mode, the spider has the Hall sensor signal.
From the location, it moves to the suitable place. The suitable
place denotes the suitable switch connected to the positive ter-
minal of the supply. Then it fixes thread which implies the switch
ON of the process of the respective switch. From that location,
it searches another suitable location to fix thread. This location
implies the switch connected to the negative terminal of the
supply and it should not belong to the same phase of the switch
connected to the positive terminal. After choosing the location,
the spider fixes thread. Then it moves back and forth between
this new location and its previous location by doing any one of
the two different actions; namely 1) eat the fixed thread or 2)
add an extra thread. This denotes the ON and OFF operation of
the switch. Thus, the switch is controlled by suitably adjusting
the duty ratio. The number by which the spider should move
back and forth is given by the frequency of the operation. The
operation of eating the thread and fixing extra thread is com-
puted by ON and OFF time period. The ON-time period is given
in (42).

αonspider =
1

2πf
sin−1

(
E

Vm

)
.
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The spider based controller algorithm is given below.

Spider Based Controller Algorithm.
1. Goto mode 1.
2. Initially, the spider has the input voltage signal

vin(a) //spider has the thread
3. Reads the value of the voltage at every instant

//searches for the place to fix silk
4. Moves to the zero crossing of the waveform using

Move (vin(a), 0) // move to the suitable place where
it fixes the silk

5. Start to operate the switch ADC using Move
(0, ADC) // move to another suitable location

6. Control the switch by altering the duty ratio using
swapmove() where the spider moves back to the
previous position // eat the thread between two
locations or add more thread between locations.

7. end // mode 1
8. Goto mode 2.
9. Spider has a Hall sensor signal.

10. Select a suitable switch connected to the positive
terminal of the supply using Move(Hall, SP)

11. Switch ON the respective switch using fixsilk(SP)
//Fix thread between the locations

12. Select the switch which does not belong to the same
phase and connected to the negative terminal of the
supply using Move(SP, SN) // move to another
suitable location and fix thread

13. while (i <= 1/ total period)
14. Moves back to the previous location (SP) using

swapmove().
15. Turn ON the switch using

eatthread (SP, SN) // eat thread between locations
16. Moves again to the position denoting SN
17. Turn ON the switch using

addthread (SP, SN) // add thread between locations
18. Increment i by 1 and goto step 12.
19. end while
20. end //mode 2

IV. RESULTS AND DISCUSSION

In order to evaluate the proposed control algorithm, the topol-
ogy and the algorithm are implemented in MATLAB. The sim-
ulation diagram of the proposed scheme is presented in Fig. 10.
The hardware prototype for the configuration is designed and
the proposed spider based control algorithm is implemented in
DSP based controller dsPIC30F4011. The hardware prototype
is shown in Fig. 11. The performance of the proposed strategy
is also analyzed and compared with the capacitor case, without
the capacitor case, and small capacitor case. The parameters set
to the BLdc motor in this work are displayed in Table II. The
Hall effect sensors are mounted in the motor to give the rotor
position to the DSP controller. In the DSP controller, the spider
web-based control algorithm to generate the switching signals
to the inverter switches and to SDC is uploaded. The utilization

Fig. 11. Hardware prototype.

TABLE I
SWITCHING ALGORITHM

TABLE II
MOTOR SPECIFICATIONS

of DSP rather than the microcontroller is that the DSPs give
faster mathematical operations with integers and floating point
operators whereas the microcontroller requires special software
operations to work with the floating-point operators. In addition,
the implementation cost is reduced with the use of DSP.

Fig. 12(a) and (b) provides a comparison of the phase current
(im) without a dc-link capacitor nd with a dc-link capacitor.
Fig. 12(c) and (d) illustrates the phase current with the small
capacitor and with the proposed control algorithm. From Fig. 12,
it is detected that the input current becomes discontinuous many
times in without capacitor case and small capacitor case.

This is lessened by using the proposed controller and the
current is maintained continuously over a long period. In small
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Fig. 12. im compensation. (a) Im (A) - without capacitor. (b) Im (A) - with
capacitor. (c) Im (A) - with small capacitor. (d) Im (A) - with spider.

Fig. 13. Torque comparison. (a) Torque (Nm) - without capacitor. (b) Torque
(Nm) - with capacitor. (c) Torque (Nm) - with small capacitor. (d) Torque (Nm)
- with spider.

capacitor case, the capacitance of 4.7 μF is employed, whereas,
in the large capacitor case, 150 μF is used.

Fig. 13(a) and (b) provides a comparison of the torque without
a dc-link capacitor and with a dc-link capacitor. Fig. 13(c) and
(d) illustrates the torque with the small capacitor and with the
proposed control algorithm. From Fig. 13, it is observed that the
torque ripples are more in without capacitor case.

When by using large capacitors and small capacitors the rip-
ples are reduced. The reduction is still more when the proposed
controller is used in a small capacitor case.

From Fig. 13, it is observed that the rated speed is not constant
when the capacitor is not used and it abruptly increases and
attains a constant value in with capacitor case.

With the small capacitor, the speed shows small ripples. These
are eliminated by using the proposed controller. The speed
reaches to the rated value in a linear manner. The output obtained
from the experimental implementation is shown in Figs. 14 and
15.

Fig. 14. Speed comparison. (a) RPM (speed) - without capacitor. (b) RPM
(speed) - with capacitor. (c) RPM (speed) - with small capacitor. (d) RPM
(speed) - with spider.

Fig. 15. PWM pulse of switch obtained from spider based controlled
algorithm implemented in DSP.

The THD of the proposed work is measured and compared
with the THD values obtained for the case with a capacitor,
without a capacitor, and with a small dc-link capacitor. It is also
observed that the torque ripple is reduced. The compensation
torque ripple is not considered since this torque ripple is ne-
glected. Practically, the torque ripple is not reduced completely
because of the slower response of the hardware devices.

In this work, the utilization DSP controller is to reduce this
effect since the response time of DSP is less than that of the
microcontroller. The DSP works faster in computing mathemat-
ical operations comparing with the microcontroller. This is the
advantage of the proposed implementation. Table III compares
the THD presenting in the motor output for different cases as
well as the presence of torque ripple.

When a large capacitor based drive is employed, no torque
ripple is present, whereas without dc-link capacitor based drive,
the torque ripple exist completely, and it is not reduced. In [38],
low dc-link capacitor is employed and it is observed that 8%
of torque ripples is present. In this work, to quickly reduce the
torque, spider web controller is employed and 7% of torque
ripples is only present in the outcome.
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Fig. 16. Current ripple.

TABLE III
COMPARISON OF THD

V. CONCLUSION

The method of designing a three-phase BLdc motor drive by
using a single-phase voltage source is presented with the in-
tention of employing small dc-link capacitor. In addition, the
strategy for reducing torque ripple concern which is generally
presenting in BLdc motor is considered in the work. The math-
ematical equations are developed to determine the capacitor
rating and the parameters are set in the simulation to validate
the theoretical results. The utilization of a small dc-link capaci-
tor is evaluated by assessing the torque compensation waveform
and current compensation waveform with the capacitor-less case
and large capacitor case. Besides, the application of spider web
building algorithm in generating the necessary switching control
pulses are observed by comparing waveforms with the utiliza-
tion of fuzzy based control algorithm also with the capacitor and
without capacitor case. The utilization of spider web-based con-
trol algorithm to develop the control pulses make the system to
be more stabilized with respect to its speed. Though the scheme
has a switch and a small capacitor as additional components, the
total price of the drive is reduced. Similarly, the control process
used for the switches is simple, extra components are not used.
When the large capacitors are used, the motor reliability is re-
duced since the large capacitors are rated for the small period
only. In addition, the simulation results are validated by design-
ing the corresponding hardware using dsPIC30F4011 and the
simulation results are validated.
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