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ABSTRACT operation of SMPS load results in a nonlinear aurre
waveform being drawn from the power supply syst&his
Personal computers draw non-sinusoidal currelst due to the charging/discharging of the dc lispacitor
with odd harmonics more significantly. Power Qualdf (Cdc, Fig. 1), which is used to reduce (i.e. to “smdpthe
distribution networks is severely affected duette iow of variations of the bridge rectifier dc voltage outpu
these generated harmonics during the operation of
electronic loads. Switch-mode power supplies (SM&®)
one of the most vital part of PC, typically fournd ilarge
numbers in modern power supply systems. These e®vic_
usually draw non-linear current and are, therefore:;[fply
significant sources of harmonics. Although it islivimown ;ymm
that the presence of harmonics will result in negagffects
(e.g. higher thermal stresses and overloadingneneased
neutral conductor currents), the assessment ofatteal
harmonic levels is not a simple task. Harmonic siois of ESMPS
individual SMPS will vary based on the differendesheir b
circuits and operating conditions. As a consequetieese
variations result in the harmonic emission of thenfionics, iy 1. General block diagram of SMPS load.
which is analysed in detail in this paper. Validatiof the
load models is done by performing case study for an

. : . 4 As the SMPS devices are non-linear loads, they are
industrial supply system and comparing the THDwioled . . . y
from simulation using MATLAB with the THD vaIuesS'gn'f'C"’Int sources of harmonics in modern poweppdy

obtained by measurement. systems. The presence of harmonics will have nesati
effects on the operation of power supply systemduding
Index Terms— Component-based load modelling, Load higher thermal stresses and overloading of system
aggregation, Harmonics, Switch-mode power supply. components (e.g. shortening of the lifetimes ofisfarmers
and cables), or increased neutral conductor cugf@nt
Harmonics may also interact with supply system idamee,
1.0 INTRODUCTION leading to distortions of the supply voltage (¢ftat-top”
voltage waveforms). This paper presents some ofebelts
RECENT development of the consumer electronicgs the ongoing work on providing more specific ande
market resulted in significantly increased numbefs (than what is presently available) about the haimon
modern electronic equipment connected to low-veltagemission characteristics of modern distribution tesys

power supply systems (e.g. personal computersppapt |pads. More specifically, this paper considersSMPS load
televisions, CD/DVD players, etc.). This equipmeBt category [3].

sensitive to voltage variations and requires a letgd dc

voltage supply, commonly referred to as a ‘switchem The direct effects of harmonics on equipment have
power supply’ (SMPS) [1]. It is estimated that powebeen studied extensively, but what is the indieféct of
electronic loads are now responsible for around 8%he harmonics in the voltage supply on the voltagertolee of
total demand in the Indian residential load secamd it is equipment? The main objective of this paper isnalyze if
anticipated that their contribution in the futurdiviurther harmonics in the voltage supply affect the serigjtiof
increase[2]. Although the analysis of the SMPS $oiadthis equipment to voltage sags [4].

paper focuses mainly on the residential load sedtwe

general conclusions are to a large extent alsoicgié to

the other load sectors where SMPS category of loads

prevalent, i.e. commercial load sector. The natofe
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2.0 SINGLE PC ASA HARMONIC SOURCE

hand, include a relatively large inductor in therreat
conduction path. As an inductor will oppose thengeof

Power supply unit of a modern PC consists of inpWurrent, this will “smooth” the input current wawefn,

AC/DC converter with capacitive filtering on DC sid
Simplified electrical scheme is shown in Fig.2. @ut on
AC side is determined with capacitor charging/dé&ging
and therefore is impulse in nature. Such a wavpesigfar

effectively widening input current pulses and tliere
reducing its harmonic content. The SMPS’ with a-Ris€
more sophisticated circuits, and inject only a yyeow-
level of harmonics. This assertion is additionally

from sinusoidal, so harmonic distortion is high. iSTh strengthened with the fact that p-PFC type of SNtiRE is
different values of THDresulting from different processing more common, as it is considerably cheaper to impte

modes of the PC, explains variety of the reportétDilin
references: 79.3% [12], 100-120% [9], 100% [10]0%L
[5], 119% [19], 118-122% [6], 140% [1].

o
Switcher and Controls

Figure 2. Simplified representation of a PC powgrmy unit (below) and
characteristic wave-shapes (above).

3.0. CLASSIFICATION AND MODELLING OF
SMPSLOADS

3.1Classification of SMPS Loads

Harmonic legislation in [5]

stipulates

[6]. It should be noted, however, that as the afgbower
electronic circuits falls, it is expected that ttentribution of
a-PFC type of SMPS load will increase. In this paplee
term “high-power SMPS” refers to SMPS devices with
PFC and rated power > 75 W, while term “low-power
SMPS” refers to SMPS devices with no-PFC and rated
power 75 W.

3.2. Equivalent Circuit Model of SMPS L oad

During the steady-state operation, both low and
high power types of SMPS load can be representethédy

equivalent circuit given in Fig. 3.
%Dl %DS

Y

Lsmps

—Cdk feq

AC Power Supply
System

1

Fig. 3. Equivalent circuit model of SMPS load.

that I Fig.3, Lsysand Rysrepresent the system impedancedZ

electronic loads with rated active power less thaaqual to while Rswesand Lswpsrepresent the sum of all resistances

75 W do not need to satisfy any of the prescribaarionic

and inductances in the SMPS conduction path. Resist

emission limits. Therefore, SMPS load category i IS the “equivalent load resistance”, which represefe-

divided/classified in this paper into low-power {5 W) and
high-power (> 75 W) sub-categories (i.e. types)SMPS
load. The general structure (i.e. circuit topologf)ow- and
high-power SMPS loads are similar, except that jpmamer
SMPS’ will usually not have the power factor cotiec
(PFC) circuit, Fig. 1, as they do not have to adher

prescribed harmonic limits. High-power SMPS loadd w

utilise one of two general variants of PFC circugiassive-

dc converter and the dc load supplied by the SMRfs
equivalent load resistance is defined as ([7]):

2
r =Vdc
Cel

1)

Prated
where:vdcis the instantaneous value of the dc link voltagg a

use an additional dc-dc converter to shape inpuentiinto
a sinusoidal waveform. Devices with p-PFC, on tlieeo

details on the implemented equivalent circuit maael
given in [8].

1035 | Page



A.N.Malleswara Rao Dr. K. Ramesh Reddy Dr. B.V.Sanker Ram / International Journal of Engineering
Research and Applications (IJERA) | SSN: 2248-9622 WWW.ij era.com

Vol. 1, Issue 3, pp.1034-1039

4.0 PARAMETER VARIATION
3.3. Parameter s of the Equivalent Circuit SM PS M odel

Although the described generic equivalent circuilPs
Table | lists per-unit (pu) parameters of equivalenmodel can be used to represent some important
circuit SMPS model (based on the values identifiech the characteristics of the aggregate SMPS load (e.gir th
actual SMPS devices), which have been shown tesept aggregate active and reactive power demands [@bes not
generic SMPS load in [9]. have the ability to correctly model harmonic cafat&in
between the individual SMPS loads.

TABLE |
SMPS &NERIC CIRCUIT/MODEL VALUES, [9] 4.1. Resistance RSM PS
Model SMPS type The resistance of the SMPSs{Rg is dominated
Parameter oo by the resistance of the negative temperature icomit
Low-power Igh-power (NTC) thermistor used for inrush current protection
0.00709 Although resistors generally have a much smalllaramce
RSMPS [pu] 0.00142 ' range, typically around #1 %, the range appliedttie
0.036 analysis in this paper is taken as +20 %, in otdeorrectly
XCde [pu] 0.036 represent different types of components and differe
XLSMPS [pu] i 0.0371 operating temperature regions. A uniform d-IStI’Ib[l.'[IIS .
taken for Rmesto allow for a more random variance in this

Although system impedance is not part of thgarameter. The influence ofsfson harmonic emission of
model, it is used to represent the power supplyesyso |ow power SMPS load is small, Fig. 5, but still mor
which  SMPS load, together with the other loads, igjgnificant than in case of high-power SMPS’, igThis is
connected at the point of common coupling (PCQ), &i In pecause the large inductor present in high-powePSMith
this paper, the impedance of the lines/conductonnecting p-pFC  will dominate the high-power device input
loads to PCC is assumed to be negligible. The ranaind  jmpedance [10].
maximum values of system impedance used in thismae
taken from [10], while minimum system impedanceueails 3

. . - R'Sll?'x.n; |
estimated based on these two specified valueseTabl || T N o 4 300
——— R ) pply Voltage
= — 200 ;
Load 1 z =
ST A S S T R N N, =
- 100
Load 2
a o
5 10
Tmme (ms
(a)
100 — ——
[T _ R':\.\ES.III_I’_
= M. C P oms nom
—  AC Power Supply : Load N g - ET Rovpsms
System 2
5.._3 &0
Fig. 4. Aggregate load connected to low-voltagevoet E 40 B
TABLE Il = ]I ﬂ l]
&STEM lMPEDANCE VALUES [lo] 1 3 ; I’ 5‘! 11 13 1‘5 17 ll?- :I_ Els 25 27 20 31 33 35 37 39
Value | System Impedance)] Rsys[Q] Lsys[mH]
Min Z=012+0.11 012 0.35 Fig. 5. Influence of resistancedi®g on low-power SMPS:
Nom Z=025+j0.23 0.25 0.73 a) instantaneous current waveform b) magnitudediardes of current
harmonics
Max Z=0.46 + 0.45 0.46 1.43
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The values of @ obtained in simulations with full circuit
SMPS model are compared with the values ef f@und
after the inspection of actual SMPS’, and with dftan
manufacturer’s specifications in Fig. 6. Figurehéws good
agreement between simulations and identified orsureal

Curment (4)
Voltage (V)

\ ] values. This allowed to specify a nominal pu valti€qc:
1/wC
=l Com =77 o = 0036pu @)
s0 O Fonms o [ ] Y (\/phase / Prated )

where: Vphase is the rms value of the supply voltag®ated is the
rated power of the modelled SMPS ands the angular frequency
20 of the supply voltage.

Harmonic Current (% of fundamental)

[ I S R S A R Y Actual values of capacitors in SMPS circuits mayyva
Hammonic Number (N . . . ..
Fig. 6. Influence of resistance ¢®9 on high-power SMPS:a) based on their manufacturing tolerance, which cglly
instantaneous current waveform b) magnitudes/andgli of current +209% for electrolytic-type capacitors used in lowltage

harmonics single-phase SMPS devices [13].

4.2. Capacitance Cdc 4.3. Inductance L SMPS

The capacitor (&) in SMPS devices must be large enough The inductance (w9 of the _SMPS device is
to allow SMPS to ride-through a voltage interruptiaf up domlnated by the Va'f’e (?f the PFC !nductor §e|e¢ted
to 10ms [11]. However, if the voltage interruptistarts just satisfy har.monlc Ieg|slat|0.n. Accordmgly, this  nedd
before the @is about to charge, then a 10ms interrupti0|‘?"’1r"’"‘ne_ter is only present !n high-power ,SMPS Io'mi:
corresponds to a 20ms interruption for a fully cear det_erm!ne the yalue ofsypslnductor to sausfy harmomc
capacitor. A common industry practice is to setaetvalue Ifag.|slat|on, the inductor size was adjusted Uhm, harm.onlc
of Cac to satisfy a hold-up time of 23ms, which is ZOmé'm'tS_ we_re Just met at each rated power using tildel
hold-up time plus a safety margin, [12]. In ord@calculate full-circuit SMPS .r.nod_el. This qu repeat_ed for _Iﬂhmee
the size of G necessary to achieve a particular hoId—uﬁfalues of @cidentified in the previous sec_tl(_)n, which were
time, the rated power of the SMPS and the minimur{?und t? hgve only_ a small _effect._Thg minimum ea(tor
operational input voltage of the dc-dc convertethm SMPS Just satisfying requirements in [5]) is given by.(3

must poth be known_. Although the exact value 0fmum X, — MPS ~ 0.0315pu )
operating voltage will be dependent on the spedfiedc SUPS, pu (\/pzhase/  ctecl)

converter, values of around 80 V are common [13]t was found that this minimum value was approxehat
Therefore, the selected value afc€hould be large enough 15% lower than measured values. This generallyesgnith

tq maintain F’C link Yoltgge greater thaq 80 V. Thias typical inductor tolerances, usually given as +1[1%)] and
simulated using full circuit SMPS model in [14], e the +15% [14]

value of Gcwas adjusted at each rated power to just satisfy

the hold up criteria, Fig. 7. 4.4. Variationsin SMPS Oper ating Conditions

Lo Rated power of an SMPS’ device is the maximum

o0} Ctcmin Satisty 23ms holdup time power that the device can safely provide duringrtbamal

00 :__Ejnr 2 2 77 operation. For the majority of SMPS applicationswhver,
700 5 ; . Z it is highly unlikely that the device will continusly
L%Goo: Z /4/ provide this power. During the normal operationwpo
li’ 500 ; / = demand of the SMPS will change based on the actual
s " Z .*" loading conditions at its dc output(s). It has bémmd that

ZZ ;///); - the power consumption of a typical low-voltage SMS).

A 28 TV, PC, monitor etc.) will depend upon the specific

IOZ I = operating mode of the device. Therefore, it is ingat to

° 100 200 300 400 so consider how loading conditions of an SMPS deviék w

Fig. 7. Range of typical Valos ot e P Ioad. influence harmonic content of its input current.eTimost

dominant type of SMPS load in residential and coneciaé
load sectors are PC’'s and monitors[15]. To deteznihre
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range of their loading conditions i¢4d), several of these
devices were measured during typical operations.
4.5 Voltage Tolerance Curve of Equipment Under

BO0

fii]
=]
=]

1039

Non sinusoidal Conditions:

A way to characterize the behavior of equipment t

voltage sags is to use voltage-tolerance curves. first

voltage-tolerance curve, the CBEMA curve-which wa

initially applied to data processing equipment-shdhat the
sensitivity of equipment is very dependent on taeaton of
the voltage sag. This voltage-tolerance curve isygortant
part of IEEE standard 1346 is shown in Fig.8
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Fig. 8.Limits of the voltage tolerance of a PQlifferent supply conditions

IEC standard 61000-4-11 describes two possible

configurations for supply simulation to show thénaeor of
equipment under different supply conditions. Thstfone
uses two transformers with variable output voltagesl the

second uses waveform generators and power amglifie

Although the second configuration allows testingipment
in the context of frequency variations and harmsnico
references are made in the literature about theéagel
tolerance of equipment in these conditions.

50SIMULATION RESULTS

The circuit presented in Fig.3 was simulated byngisvAT
LAB. Fig. 9(a) and (b) shows an effect of non linézad

(PC model) on source voltage and harmonic spectrum
respectively. The voltage harmonics produces thal to

harmonic distortion (THD ) is 73.6% which will effemore
when a large number of PCs are connected. Figajlan(d
(b) shows source current

| T

D_
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ook I I I

harmonic distortion (THD ) is 108.53% .
0 0 004 i
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Fig 9 (a) Source voltage of pc model
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Fig 9 (b) Harmonic spectrum of source voltage
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Fig. 10 (b) Harmonic spectrum of source currer® ©f
model

6.0. CONCLUSIONS

This paper presents results of a detailed
investigation into the harmonic characteristics nabdern
switch-mode power supply (SMPS) loads. The number o
these devices has substantially increased oveladtefew
decades, and it is, therefore, important to colyemalyse

: anq harmonic SPECUUReir harmonic characteristics when they are repmtesl as
respectively. The current harmonics produces thal to

an aggregated load. Using previously developedvatgrnt
circuit SMPS models and this paper analyses infdeeof
typical ranges of variations of SMPS circuit’s pagders on
harmonic emission between same-type and mixed-type
SMPS aggregate load. Additionally, the paper alsalyses
the effects of variations in power demands of SM&@8ing
their normal operation and voltage tolerance lirtgtknow
behaviour of equipment. Simulation results wereashbow
non linear load (PC) effects source voltage andeciir One
single PC produces current harmonic distortion (YHD
108.53%.
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