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ABSTRACT

Three current sensors are required to measure rpbtse currents in closed loop speed control of PIMB
Motor drive. Usually, current sensors are expensangl torque fluctuations may occur due to diffeesnin current sensor
sensitivities. These drawbacks can be eliminateg@laging a single current sensor in a DC link af tonverter. In this
paper, a simplified control strategy has been psedoThe proposed control technique has only onmemiusensor and two
input DC sources. This proposed method is a sinple cost and enhances performance of the PMBLDGoMdrive i.e.,

reduced torque ripple, less voltage stress andifastmic performance.
KEYWORDS: Closed Loop, PMBLDC Motor, Torque Ripple

INTRODUCTION

Due to absence of brushes and commutator make BsssiDC Motor (BLDCM), good choice for high
performance applications [1]. Cost minimizing oé thlectrical machine drives is more attractiveléov cost applications
[2]. The low cost BLDC motor drive is achieved Img treduction of switching devices, cost down oftaanand saving of
hall and current sensors. Many studies have beamséal on how to reduce the cost of the BLDC motat its control
system without performance degradation [3]-[5]. Some research carried out on sensor less Brudblgddotor, there
are some control strategies to eliminate positensers [6]. Sensor less technique presented usg§ a voltage integrator
and a PLL to process the third harmonic EMF. IndBly two Hall-ICs are used for the permanent magor position

and for the speed feedback signals.

In [9], virtual Hall sensor signals are made byed#&hg the zero crossing points of the stator teafinioltages,

and there is no need to build & bBase shift, which is prevalent in most of the sefess algorithms.

For closed-loop current control of brushless DC argt instantaneous phase currents are measured usin
appropriate current sensors. But the current seresmil the associated accessories increase theedtymlf the system,
cost and size of the motor drives and decreaseettability of the system. Also the use of diffetaurrent sensors can
cause undesirable imbalance in phase currents lhasviorque ripples due to differences in curregnsor sensitivities.
To overcome these problems, a new single curreatiegly for high performance BLDC motor drives isgsed [10]. It is
based on estimation and regulation of phase cwresing two single sensors for dc-link voltage andent. In this
method, the phase currents are reconstructed wogstage process including estimation and regulati€stimation is

based on dynamic motor model, while regulatioresetin the inverter switches states and the meadaréidk current. In
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[10], a simple position sensorless control stratéyy four-switch three-phase BLDC motor drives gsisingle current
sensor is proposed. The proposed position sensstdeme is based on the detection of zero crogsiimgs (ZCPs) of
three voltage function that are derived from thifedénce of line voltages measured at the termin&lthe motor but in
this control scheme single input dc source is ufallire of single dc source causes reliabilitylpgemns, to overcome this
problem, in this paper, closed speed control oMBPDC Motor Drive using single current sensor cofigd technique
with two input DC sources has been investigatece PMBLDC Motor Drive with proposed control strategiyes less
torque ripple, smooth speed control and less vel&tgess. Another advantage of this method isdhatto two sources,
reliability of the system increases. The proposedtrol technique of the PMBLDC Motor Drive is lovest because it

requires only one current sensor.

DESCRIPTION AND IMPLEMENTATION OF PROPOSED SIMPLIFI ED CONTROL STRATEGY
OF PMBLDC MOTOR DRIVE

The proposed simplified control strategy with seaglurrent sensor is compared with three currensasn
method. Figure 1 shows conventional closed loogdmentrol of PMBLDCM drive of three current sersaorethod. This
method has the drawbacks of: expensive currentosensnd torque ripples due to differences in curregnsor

sensitivities. These drawbacks can be avoided ding a single current sensor in a DC link.
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Figure 1. Conventional Closed Loop Speed Control dMBLDCM Drive Using Three Current Sensors Method

Figure 2 shows proposed model of closed loop speatiol of PMBLDCM drive with two input DC sourceitiv
single current sensor. Actual speed of the motobrapared with the reference speed of the motochwives speed error
and it is fed to the PI controller, which gives tleéerence torque signal, this reference torqueasity compared with the
actual motor torque, which gives the reference D& ¢urrent signal which is compared with the at@ link current,
this error signal is fed to hysteresis controlteptoduce gate pulses to the MOSFET to controlrthet DC voltage. The

strategy becomes simple, because the control @dgisione dc current sensor instead of three stati@nt sensors.
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Figure 2: Schematic of Proposed Closed Loop Speeaftrol of PMBLDCM Drive with Two Input DC Source
Using Single Current Sensors Method
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The advantage of this method is that performandbefirive is improved i.e., reduced torque ripfdss voltage
stress and fast dynamic performance of PMBLDCMalrivhe speed of PMBLDCM has been found to be ptapw to

the dc link voltage; thereby, controlling the duklivoltage, a smooth speed control is observed.

The main components of the proposed control styabéghe PMBLDC Motor drive are: BLDC Machine, spee

regulator and current controllers. Description anglementation of each component is given as fatow
Speed Controller

The modelling of a speed controller is quite impattas the performance of the system depends en thi
controller. Atkth instant of timew; (k) is reference speedy(K) is rotor speed then the speed etsetk) can be calculated

as,
we (k) = or(k) — o (k) 1)

This speed error is processed through a speedotientto get desired control signal. The PI conémols the
simplest and most commonly used speed controllee. dutput of the Pl controller is the Torquektt instant, then it is

given as,
T (k) = T (k-1) + Kpspe(k) —oe(k-1)] + Kis. e(k) (2)
Where Kpsand Kisare the proportional and integral gains of the dpmmtroller.

Current control

For current control the actual DC current is coregawith reference DC current and the error is git@n

hysteresis

Current controller to produce the switching sigrfatsthe switches. Controlling the input DC voltagentrols the
speed of the drive. These error signals are areglifiy gain c1 and then compare with carrier wavefb¢t). The logic for

generating switching sequence is as
If c1 Aldc > f(t) then Sdc = 1 3)
If c1 Aldc < f(t) then $.= 0 (4)

This current control generates the desire firimgnals to power electronics switches at DC suppiie.sHere
VDC1 is fixed and switching logic is applied to VR@nd desired voltage control we get it.

Voc=VpertVoper*Sae %)
VSI Inverter

Below table gives the logic to develop firing pufee voltage source inverter. During duraticht® 60, phase A
upper switch is ON, phase B lower switch is ON Bhdse C switch are OFF. In three phase BLDC drile tavo phases
are excited. Similarly for other duration logidf@lowed as given in below table.

dI dIb
Vap = Bg = Ep +L—" — L2 ©6)
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Duration Phase A| Phase B | Phase C

0% to 60 + - OFF
60° to 120 + OFF -
120 to 180 OFF + -
180 to 240 - + OFF
240 to 300 - OFF +
300 to 360 OFF - +

PMBLDC Machine

Modeling of a BLDC motor can be developed in theikkir manner as a three phase synchronous maciimee
its rotor is mounted with a permanent magnet, sdgm&mic characteristics are different. Flux linkdgem the rotor is
dependent upon the magnet. Therefore, saturationaginetic flux linkage is typical for this kind afotors. Following

assumptions are made in modeling of PMBLDC Machine.

» Magnetic Saturation of the machine is neglected
e There is no change in the rotor reluctances witflean

e Three phases are balanced.

dia

Va=Ria+LE+ea @)
Vb:Rib+L%+eb (8)
ve=Ri,+LE + e, 9)

dt

The above equations in the matrix form is

ve] [R+pL 0 0 1ria] T€a
v[=] 0 R+pL 0 ||ip|+ eb] (10)
Ve 0 0 R+pLllid le

WhereL, = L, = L. =L =L, — M[H]

L, is the armaure self inductance

M is the mutual inductance

R, = Ry, = R, = R Armature resistance in ohm
Vg, Up, V. Are the terminal phase voltages in volts
iq ip, i, Motor input current in amperes

ey €p, €. Are the motor back emf in volts
p in the matrix represerf%

Due to the permanent magnet mounted on the rdg¢doaick emf is trapezoidal. The back emf can beesged as

ea(t) = Kg * 0(6) * o(D) (11)
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ey(®) = Ky x0 (6 = 5) » w(0) (12)

ec(t) = K +0 (0 +5) + w(t) (13)
Where KE is the back emf constant and the mechanical speed of the rotor.

The permanent magnet also influences producedéerdue to the trapezoidal flux linkage. Given tRats the

torque constant. The produced torques
Tg = (e,i, + epip + ecig)/o (14)

The resultant torque,gJ can be obtained by the following expressions.

T, (1) = Ky * 0(0) = i,(t) (15)
Ty(®) = Kp + 0 (0= 2) iy (9 (16)
Te(®) = Ky 0 (0 +2) +ic(0) (17)
Te(®) = T.(O + T (D) + Tc(t) (18)

But torque can also be expressed as.

do(t)
dt

Te() - To() =]/~ + B*o()) (19)

Where T load torque in N-m

J rotor inertia in [kgrf]

B damping constant
RESULTS AND DISCUSSIONS

To evaluate the performance of the proposed PMBLD@iwe system, simulation work is carried out on
MATLAB/ SIMULINK environment. The performance of éhPMBLDCM drive system is analyzed inters of thetono
speed, stator current and electromagnetic torq@elifik voltage etc. The performance of the driveeisted for constant
rated torque (2 Nm) at rated speed. The parametéhe BLDC motor are, Rs 0.752, Ls=200e-6mH, P = 4, J = 0.4e-
3Kg-nt.

PMBLDC MOTOR DRIVE WITH SINGLE CURRENT SENSORS AND SINGLE DC SOURCE
Performance of PMBLDCM Drive during Starting

The performance of the PMBLDCM drive using singlerent sensors method is evaluated when the mstor i
feed from 400V DC supply at rated torque of 2 Nmthwa reference speed of 1000 rpm. Figure 3 shows
MATLAB/SIMULINK model of closed loop speed controf PMBLDCM drive using single current sensors meitho
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Figure 3: MATLAB/SIMULINK Model of Closed Loop Speed Control of PMBLDCM Drive Using Single Current
Sensors Method

Figure 4 shows the performance of the single ctirsensors single DC fed PMBLDCM drive during stgtin
period. Figure 4(a) shows the speed response dlritie, the drive reaches to steady speed of 1pA0at t=0.016 sec.
Figure 4(b) shows the stator current responséeetime of starting it takes a current of 4.8angftgr t=0.02 sec it takes a
steady current of 2 amps. Figure 4(c) shows thgumresponse at the time of starting at t=0.02deadhis applied and
motor develops a torque of 2Nm, at no load duriiagting motor is developing a torque of 6Nm. Figdfd) shows the
stator voltage response, this voltage varies betv@e 400v. Figure 4(e) shows the response of iDICMoltage, in this

DC link voltage varies from 0 to 400v.
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Figure 4: Performance of the Single Current SensorSingle DC Fed PMBLDCM Drive during Stating (a) Sped
Response (b) Stator Current (c) Torque Response (&tator Voltage (e) DC Link Voltage
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Performance of PMBLDCM drive during Increase in Speed

Figure 5 shows the performance of the single ctirsensors and single DC fed PMBLDCM drive for vaka

speed i.e. when speed increases from 1000 rpm0@ rpdn at a constant load torque of 2Nm.

Figure 5(a) shows the speed response of the dheadrive reaches to steady state speed of 1400rgym1000
rpm in 0.03 sec. Figure 5(b) shows the stator otimesponse, motor takes a current of 4.8 A, dutiigyspeed transaction,
when motor reaches a steady speed of 1400 rpm riaddes a steady current of 2A. Figure 5(c) showsdhque response,
at t=.2 sec speed increases from 1000 rpm to 1@®0during this period drive develop a torque of 5Kma period of

0.01 sec after this motor develop a constant tood@Nm.
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Figure 5: Performance of the Single Current SensorSingle DC fed PMBLDCM drive when Speed Increasesdm
1000rpm to 1400 rpm (a) Speed Response (b) Statouent (c) Torque Response

Performance of PMBLDCM Drive during Decrease in Sped

Figure 6 shows the performance of the single ctisensors single DC fed PMBLDCM drive for variabjgeed

i.e. when speed decreases from 1400 rpm to 120@tpnconstant load torque of 2Nm.
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Figure 6 Performance of the Single Current SensorSingle DC Fed PMBLDCM Drive when
Speed Decreases from 1400rpm to 1200 rpm (a) Speeesponse (b) Stator Current (c) Torque Response

Figure 6(a) shows the speed response of the dheejrive reaches to steady state speed of 1200rgygm1400
rpm in 0.005 sec. Figure 6(b) shows the statorecuirresponse, motor takes a very small currentngltthis speed
transaction, when motor reaches a steady speedQ8f fom motor takes a steady current of 2A. Fidi(® shows the
torque response, at t=0.4 sec motor speed decrigased400 rpm to 1200 rpm during this period drievelop a torque

of 0.01Nm for a period of 0.005 sec after t=0.468 sotor develop a constant torque of 2Nm.
PMBLDC MOTOR DRIVE WITH SINGLE CURRENT SENSOR AND W ITH TWO DC SUPPLIES

Figure 7 shows proposed MATLAB/SIMULINK model ofosled loop speed control of PMBLDCM drive with

two input DC source using single current sensorthatk

Figure 7: Proposed MATLAB/SIMULINK Model of Closed Loop Speed Control of
PMBLDCM Drive with Two Input DC Source Using Single Current Sensors Method

Performance of PMBLDCM drive during Starting

The performance of the PMBLDCM drive using singlerent sensors with two input DC source is evalliate
while the motor is feed from two separate DC somft#50v each at rated torque of 2 Nm with a rafeeespeed of 1000
rpm. Figure 8 shows the performance of the singleent sensors two DC fed PMBLDCM drive during istatperiod.
Figure 8(a) shows the speed response of the dhieedrive reaches to steady speed of 1000 rpmCad@2 sec. Figure
8(b) shows the stator current response, at thedinstarting it takes a current of 15 amps upta@8@ sec, after t=0.02 sec
it takes a steady current of 2 amps. Figure 8(owshthe torque response at the time of startingF@02sec a load is
applied and motor develops a torque of 2Nm. Fig{rth shows the stator voltage response, this veltagies between

0,150V and 300V. Figure 8(e) shows the respongd®link voltage, in this DC link voltage varies teten 150 to 300V.
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Figure 8: Performance of the Single Current Sensorfwo DC Supply Fed PMBLDCM Drive during Stating (a)
Speed Response (b) Stator Current (c) Torque Respsa (d) Stator Voltage (e) DC Link Voltage

Performance of PMBLDCM drive During Increase in Speed

Figure 9 shows the performance of the single ctisensors single DC fed PMBLDCM drive for variabjgeed
i.e. when speed increases from 1000 rpm to 1400 apm constant load torque of 2Nm. Figure 9(a) shtve speed
response of the drive, the drive reaches to stetatg speed of 1400 rpm from 1000 rpm in 0.038 Bigire 9(b) shows
the stator current response, motor takes a cuoedt8 A, during this speed transaction, when moéarches a steady
speed of 1400 rpm motor takes a steady currenfoFRjure 9(c) shows the torque response, at ts@c2speed increases
from 1000 rpm to 1400 rpm during this period drdevelop a torque of 3Nm for a period of 0.0375 afker this motor

develop a constant torque of 2Nm.
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Figure 9: Performance of the Single Current SensorSingle DC fed PMBLDCM Drive when
Speed Increases From 1000rpm to 1400 rpm (a) SpeRdsponse (b) Stator Current (c) Torque Response

Performance of PMBLDCM drive during decrease in sped

Figure 10 shows the performance of the single atisensors single DC fed PMBLDCM drive for variabfgeed
i.e. When speed decreases from 1400 rpm to 120@&tpntonstant load torque of 2Nm.
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Figure 10: Performance of the Single Current SensarTwo DC Supply Fed PMBLDCM Drive when Speed
Decreases from 1400rpm to 1200 rpm (a) Speed Resper(b) Stator Current (c) Torque Response

Figure 10(a) shows the speed response of the dhieajrive reaches to steady state speed of 1200rggm 1400
rpm in 0.005 sec. Figure 10(b) shows the statorectaresponse, during this speed transaction argh wiotor reaches a
steady speed of 1200 rpm motor takes a steadyntwofeA. Figure 10(c) shows the torque responsé&s@4 sec motor
speed decreases from 1400 rpm to 1200 rpm durisgpériod drive develop a negative torque for agueof 0.005 sec

after t=0.405 sec motor develop a constant tord@Nm.

Table 1, shows the comparison of PMBLDCM drive gssingle current sensor single dc supply method and
proposed method. Single current sensor controdeldrtique with two input DC source fed brushlessdtors is a simple,
low cost technique with enhanced performance oé dévobtained i.e., reduced torque ripple, lessagel stress and fast
dynamic performance of PMBLDCM drive. In case fedlwf one dc source, the drive will operate, angsage of work
can be avoided in industrial applications.

Table 1: Comparison between Single Current Senso& Single Dc Supply and Single
Current Sensor & Two Input Dc Supply

Speed in Rpm Single _Current Sensors| Single Current Sen§ors
and Single Dc Supply and Two Dc Supplies
Current Sensors 01 01
Dc Supply 01 02
Reliability Less More
Torque ripples +0.7 +0.5
Voltage stress Vdc Vdc/2

CONCLUSIONS

In this paper, a simplified control strategy foos#d loop control of PMBLDC Motor drive has beenaleped.
The proposed control technique requires only omeeatisensor instead of three current sensorgh8diggest advantage
of the proposed control method is low cost. In fhéger, two input DC sources are considered aldtiy single current
sensor. In case failure of one dc source, the dwilk operate, and stoppage of work can be avoidedndustrial
applications. The speed of PMBLDC Motor drive haet found to be proportional to the dc link voltateereby,

controlling the dc link voltage, a smooth speedtimns observed.
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