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ABSTRACT

The boost converter is a type of the switched mpmeer supply which normally
to step up the voltage since the voltage outpldrge than the input voltage. A simple
boost converter consists of at least two switchomgnponents such as diode and
transistor with combine to an energy storage eléméich is capacitor. As a DC to DC
converter, the input of the converter must be adtlivoltage and the output with also in
range of direct voltage with higher than the va#tagput and the switching component
control the operation of the converter with theamr as the energy storage and the
added component is used for filtering purpose. dhjective of this project mainly to
feed the load of inverter for 3-phase AC motorsachlihis for 300W application and able
to supplied the constant voltage output from aniAdt voltage. As the scope of this
project, the chapter covered as much as to desigmoat converter which has power
factor correction to be feed on the 3-phase inverte
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ABSTRAK

Penukar rangsangan adalah jenis peningkat voliag ynenghidupkan bekalan
kuasa yang biasanya untuk meningkatkan voltan yaaga voltan keluaran adalah
besar daripada voltan input. Penukar rangsangamamuerdiri daripada sekurang-
kurangnya dua komponen bertukar seperti diod damsistor dengan menggabungkan
elemen penyimpanan tenaga seperti kapasitor. Seb#gake DC converter, input
penukar mestilah voltan langsung dan output demgga dalam julat voltan langsung
dengan lebih tinggi daripada voltan input dan panalk komponen kawalan operasi
penukar dengan kapasitor sebagai simpanan tenagekataponen yang ditambah
digunakan untuk tujuan penapisan.Objektif projek terutamanya untuk memberi
bekalan kuasa kepada beban penyongsang 3 fasgdmmgohonan kuasa 300W dan
boleh dibekalkan voltan keluaran malar daripaddavoinput AC. Berdasarkan skop
projek ini, bab ini meliputi sebanyak merekabentpknukar rangsangan yang
mempunyai pembetulan faktor kuasa untuk digunalelragai bekalan kuasa bagi

penyongsang 3-fasa.
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CHAPTER 1

INTRODUCTION

1.1 Project Introduction

A 3-phase AC motor is widely used in many appi@ma such as compressor,
pump, conveyer, industrial drives and the addedh wdftware interfacing will ensure
the ideal advantages of the 3-phase AC motor.dotme, most of these drives are based
on ac induction motor because these motors areedjgeeliable, and relatively
inexpensive. The proposed technigue on this pr@eztbased on single phase to three
phase conversion that was applications in ruraedsaend also in industries where three

phase equipment or motors are to be operated fr@reasily available single phase

supply [1].

These converters are excellent choice for situatihere three phase power
supply is not available. This needs a strong, iefficand cost effective with high quality
single phase to three phase conversion. The adileshtage over the single ac motor is
that the three phase motor is more efficient armhemical than the single phase motor.
Advanced PWM techniques are employed to guarantgeduality output voltage with
reduced harmonics and sinusoidal input currensspeetive of the load. The boost
converter with power factor correction is used bdain the voltage ouput at constant

390V and typically for 300W for the load drive artinuous conduction mode.



1.2 Objectiveof the Project

The aim of this project is mainly to feed the loaidinverter for 3-phase AC
motors for the motor drive by using a single ACreeu The main objectives are stated

as follow:

a) To design a boost converter with having the powetdr controller.

b) To test the designed converter for verification.

1.3 Problem Statement

Nowadays most of the installed AC motor was fix@@ certain level of speed and
unstable to the load of the motor that distorted e@manged at some level of speed. The
changing cost is high when there is need of anotbplacement due to the speed
requirement on the load sides. Besides, the spé&dphase AC motor installed is

unable to monitor.

1.4 Scope of the Project

There have several scopes on achieving the obgeatiention and covered as
much as the aspect of the project designs on finthia suitable method to be used. The
development of PC based on frequency inverterhiaret phase AC motor is needed to
be fed with the DC power supply, which is the usédoost converter alongside the
power factor correction availability. At this ratdie main scope of this project is to
provide the DC supply from an AC supply on the stcwall. The power factor
correction controller is the used to verify the 80@hat are used on the output stage

with the nearly constant voltage output as well.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

In this chapter, the basis theories of continuoasdaction mode of boost
converter alongside the architecture of the 3-phadection motor will be reviewed.

The switching scheme, power device and controlriegte are described.

2.2 Converter

Converter in power electronics field is an eleetridevice that converts power
from of an electrical signal or power source, bywarting it from one form to another.
Generally, converter can be classified to 4 caiegowhich are a rectifier, inverter,
chopper and cycloconverter. Converters are usedgdplications such as rectification of
AC to DC, or an inversion from DC to a controlledduency of AC to supply variable
speed AC motor, interfacing DC power sources to di€tribution systems such as
photoelectric devices and also productions of D@nflAC power for subway and for
controlled DC voltage for speed control of DC matowvarious industrial applications
and etc [2].



23 Continuous Conduction Mode

In continuous conduction mode, the boost powerestagume to be in the two
states peswitching cycle. In the on statSwitch is on and Dioc is off. In the off state,
Switch is offand Diodr is on.The figure below has shown the simple bocwonverter

equivalent circuit with voltage as the referenc

Figure2.1  Boost converter circuitidgram

In continuou-conductionmode (CCM) the current in the energy tran:
inductor never goes to zero between switching g, as the currercontinuous and the

below figure show the graph of the curr

ip ()

1

0 DT, T, t

Figure2.2  Continuous conduction modieductor wrrent.

At the ONstate,switch S is closed, which makes the input volte V%) appear
across the inductor, whiccause a change in curren’tL() flowing through the inductc

during a time period (t) by the formu

ALV
At L
(2.0)



At the end of ON-state condition, theincrease as the increases of the inductor

is calculated by the formula below:

DT DT
AlLg, = f Vidt = — Vi
0

ol W

(2.1)
Where:D is the duty cycle
The duty cycle represents the fraction of the cotatian period T during which
the switch is ON. Therefore D ranges between G ($ver on) and 1 (S is always on).
Meanwhile, at OFF-state condition, the switch $pgn and the inductor current flows
through the load. The voltage drop considered a¢rthe diode, and a capacitor large

enough for its voltage to remain constant, the adement of_ is given as:

Vie Vo =L dIL
1 0 = E
(2.2)
Therefore, the variation of during the OFF-period is:
T (Vi—Vo)dt (Vi—Vo)(1—-D)T
MLy = | -
DT L L
(2.3)

The inductor current has to be the same at the atarend of the commutation
cycle due to the energy stored in the componettsrefore, the overall change current

is zero as the equation below:

AlLop + AlLog = 0

(2.4)
SubstitutingA/Ly, andAlLq sy by their expressions yields:
ViDT (Vi—Vo)(1—D)T
AlLg, + AlLgg = + =0
L L
(2.5)

This can be written as:



Vo _ 1
Vi 1-D
(2.6)
This in turn reveals the duty cycle to be:
D=1 Vi
a Vo
(2.7)

From the above expression it can be seen thatutpeiovoltage is always higher
than the input voltage (as the duty cycle goes ftota 1), and that it increases with D,
theoretically to infinity as D approaches 1. Théswhy this converter is sometimes

referred to as atep-upconverter.

24 Power Factor Correction

The power factor of an ac source is determinedhasratio between the real
power and apparent power flow to the load in theudi at the rate from O to[6]. Real
power is requirement power of the work at the examie when the work being
performed and apparent power is the feedback pgwen by the components circuit
when the circuit operate. At some point, the apmiapewer may exceed the real power
when the energy stored in the load and returnédetsource, or due to a non-linear load

that distorts the wave shape of the current draam the source.

In an electric power system, the power factor probkan occur at in so many
causes and the drawn current from the low powdofdw@s increases the real power to
be supply which also needs the large size of coemtsn Therefore, the costs may
remain the first priority on the charges from thdities when the low power factor
drawn by the consumer that normally the induststatommercial sector. The domestic

consumer is not count on the surcharge but theplmmer factor problem may affect the



equipment been used and also damage some of theegjhipment that is sensitive to

the distortion and some kind of problem cause kyldkv power factor.

2.4.1 Power Factor Correction of Linear L oads

The desirable power factor on the load is nearlityuar 1, when real and
apparent power is in the same line. The angle lmiwee two powers is 0, but due to
the reactive power drawn by the components beirg t® unity power factor is not
achievable. Therefore, power factor correction rbayapplied by an electrical power
transmission utility to improve the stability anffi@ency of the transmission network.
Individual electrical customers who are chargedheyr utility for low power factor may

install correction equipment to reduce those costs.

Power factor correction brings the power factorctdse to 1 by supplying
reactive power of opposite sign by adding the ciépacor inductors that act to cancel
the inductive or capacitive effects of the loadspextively. In the electricity industry,
inductors are said toonsumereactive power and capacitors are saidupplyit, even

though the reactive power is actually just moviagland forth on each AC cycle.

Figure2.3  Capacitor Bank on the LV transmission Line.



2.4.2 Power Factor Correction in Non-linear L oads.

A non-linear load on a power system is typicallyeatifier (such as used in a
power supply), or some kind of arc discharge desigeh as a fluorescent lamp, electric
welding machine, or arc furnace [7]. The currenthase systems is interrupted by a
switching action which containing the frequency paments that are multiples with the
power system frequency and create the harmoniderto on the systemThe
distortion power factor describes how the harmaimstortion of a load current decreases

the average power transferred to the load.

1 Il,rms

Vi+THDiZ Irms

distortion power factor =

(2.8)

THDi is the total harmonic distortion of the load catrand assumes that the
voltage stays undistorted (sinusoidal, without harios). This simplification is often a
good approximation in practicé, .., is the fundamental component of the current and
I rms is the total current - both are root mean squataes. The result when multiplied
with the displacement power factor (DPF) is therallgtrue power factor or just power
factor (PF):

I 1,rms

PF = DPF
I rms

(2.9)

2.4.2.1 Passive Power Factor Correction

The simplest way to control the harmonic currentasuse a filter which is
possible to design a filter that passes curreny abline frequency (e.g. 50 or 60 Hz).
This filter reduces the harmonic current, which nge¢hat the non-linear device now

looks like a linear load but the used of capac#nd inductor however to brings the



power factor will need to high current value of wetbr and capacitor which is
expensive and bulky. The design of passive poweabpiacorrection (PFC) is only used
the passive components which are inductor and dapas the circuit below:

PFC Inductor DC Bus

YT Yi J T Cr
t +

AC & /\ S

Figure2.4 A Passive PFC circuit requires only a few composi¢ht].

The passive PFCs are typically more power efficibah active PFCs when used
for switching computer PSU with typically around?®@or passive, while an active PFC
has efficiency of about 94% [12Although pleasantly simple and robust, a passi€ P
rarely achieves low Total Harmonic Distortion (TH&)d also because of the circuit has

operates at the low line power frequency of 50H&0Hz.

2.4.2.2 Active Power Factor Correction

The preferable type of PFC is Active Power Factorr€ction and it a power
electronic system that changes the wave shaper@ntudrawn by a load to improve the
power factor. The purpose is to make the load timcthat is power factor corrected
appear purely resistive (apparent power equaldabp@wer) [9]. In this case, the voltage
and current are in phase and the reactive powesucoption is zero and that will be

benefit to the efficiency of the used power by¢basumer.

The active power factor correction manipulatessivéched-mode power supply

(SMPS), which is the conversion of power in theeotform. First the SMPS convert an
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AC source to a DC bus, using a bridge rectifiesiarilar circuit. The output voltage is
then derived from this DC bus. The problem witls tisi that the rectifier is a non-linear
device, so the input current is highly non-lineBinat means that the input current has
energy at harmonics of the frequency of the voltageerefore the active PFC is use to
compensate with the DC link by control the switchscheme. The common types of

active filter are:

1. Boost
2. Buck
3. Buck-Boost

In the case of a switched-mode power supply, a tboosverter is inserted
between the bridge rectifier and the main inputacéprs. The boost converter attempts
to maintain a constant DC bus voltage on its outphile drawing a current that is
always in phase with and at the same frequencyhadite voltage. Another switch
mode converter inside the power supply producesddsred output voltage from the
DC bus. This approach requires additional semicommiuswitches and control
electronics, but permits cheaper and smaller pasgimponents. It is frequently used in
practice. For example, SMPS with passive PFC chreae power factor of about 0.7—
0.75, SMPS with active PFC, up to 0.99 power factdrile a SMPS without any power

factor correction has a power factor of only ad@66—0.65 [10].

PFC
Inductor DC

AC

PFC
Control

Figure25  An active PFC circuit produces low THD [11].
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Active PFC offers better THD and is significantlgnaller and lighter than a
passive PFC circuit. The reducing size and cogigsive filter elements, an active PFC
operates at a higher switching frequency than ®ldzB0Hz line frequency as the

Figure 2.5 shown the active PFC.

25 3-Phases I nduction M otor

An induction or asynchronous motor is a type of A®tor where power is
supplied to the rotor by means of electromagnetitiction. These motors are widely
used in industrial drives, particularly polyphoneluction motors, because they are
robust and have no brushes. Their speed can beolledtwith a variable frequency
drive [3]. The advantage is that the three phastms more efficient and economical
than the single phase motor. Also the startingenirin three phase motor is less severe
than in single phase motor. The following tableyites comparisons of the benefits of

AC and DC drive technologies.

Table 2.1: Comparisons of the benefits of AC and DC drivehtelogies [4]

Criteria DC Drives AC Drives
Drive camplexity Loy High
hator complexity High Loy
Inherent fault protection| Mo (needs fuses) Yes

Litetime maintenance |Required (Mator brushes)| Low (Bearings)

Contral performance Loy High (Closed loop contral)
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25.1 Featuresof Standard AC Motors

The squirrel cage induction motor is the electrizaitor type most widely used
in industry. This leading position results maintprh certain excellent features of the

squirrel cage motor such as:

a) Uncomplicated, rugged construction. For the usisrrtieans low initial cost and
high reliability.
b) Good efficiency coupled with low maintenance costailting in low overall

operating costs.

Squirrel cage motors are asynchronous inductiorhimas whose speed depends
upon applied frequency, pole pair number, and toague. At a constant supply voltage
and frequency, if the effect of temperature vaoiadi is disregarded, the motor torque
will depend upon slip. At a positive slip, the sgel cage machine will act as a motor -
at a negative slip, as a generator. To reversanaehine's direction of rotation, the
phase sequence to the motor must be changed. Asgwwimilar conditions, the phase
current drawn by a squirrel cage motor will depenty on the slip. A motor running at

synchronous speed will only draw minimum current.

25.2 Frequency Controlled Squirrel Cage Motors

In order to use the polyphase AC motor as an aljlestspeed device, it is
necessary to control and adjust the frequency @f3th power applied to its terminals.
The operating speed of the AC motor is determinethé following relationship:

120 x Supply Frequency

Shaft Speed (RPM) = — Slip (RPM)

2 x Pole Pair Number
(2.10)
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In frequency converter drives, squirrel cage motmes usually run within the
range between the peak torques. The single-phaseaéent circuit of the motor, shown
in Figure 2, can be used to obtain equations fetdhque T, the peak torque and the
slip Dnn corresponding to the peak torque. The equatioasased on the assumption
that the magnitude of the phase currentibes not affect the voltage. U

T=3p(£>2.ﬂ. % !
wl w2 (E) 2 4+ (1/20)2
(2.12)
Th = 3p (E) 2. !
wl 21/ 20
(2.12)
Any = }f—lz . !
L2 2xp
(2.13)
Ry w1l joilia, |

Ui Rrp &1
w2
G

lm = excitation current R4, = stator resistance
I'2 = rotor current R‘s = rotor resistance
Uy, = phase voltage L, , = stator leakage inductance
U; = air gap voltage L'2, = rotor leakage inductance
w1 = 2«f4, angular velocity of supply voltage L., = excitation inductance
wp = 2xpan, angular velocity of rotor voltage |4 = phase current

Figure2.6  Single phase equivalent circuit for squirrel caggor [5]



CHAPTER 3

METHODOLOGY

3.1 Introduction

The consequences of the method that have been arsedescribed on this
chapter, where the technique of the project wasudsed. The methodology consists of
systematic study of methods that are, can be, & haen applied within a discipline on
the project title. On this chapter, the aspect obdt converter with power factor
correction (PFC) is discussed as to find the texdiron the objective achievement. In

General, the methodology can be defined as:

a) Boost PFC characteristic:

Power Components Selection.
Feedback Arrangement.

Input Voltage Sensing.

w0 DN PE

Current Sense Network.

b) Testing procedure:

1. Start up at low line, full load.
2. PF, THD, Efficiency at 110 Vac, full load.
3. PF, THD, Efficiency at 230 Vac, full load.
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3.2 Boost PFC Characteristic

A boost converter (step-up converter) is a powerveder with an output DC
voltage greater than its input DC voltage. It islass of switching-mode power supply
(SMPS) containing at least two semiconductor swescfa diode and a transistor) and at
least one energy storage element. Filters madepdaitors (sometimes in combination
with inductors) are normally added to the outputtled converter to reduce output
voltage rippleThe designed boost converter has the capabiligffextively drive a high

power, universal line application. The impotendyisi designed to meet the following
specifications:

* Maximum output power: 300 W

* Input voltage range: from 85gMs to 265 \kus
* Regulation output voltage: 390 V

* Switching frequency: 65 kHz

The design of boost power factor correction is genas the NCP 1654
architecture recommended for the application betwe 100 to 400W load power.
Figure below show the reference schematic for #heutation:

D1 Vour

l

Ll +
RipUt

T~ Chulk

IN !E !! -J:Cfi\tsr Qi
a1
B ) 10k
Rsense
AN ‘
| | %R
RboU1 o2
’ Ros  NoPiess 10 i
EMI n Vee
Filter JGND DRV 3 *
o
7
o
[¢]

VM Vg

Ccs FB

BOV >
| control 5 %beL
o Cp Rz = ==Cvoo
Cm TRM -|_ Crp

Figure3.1  NCP 1654 schematic application for boost PFC [12].
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The source of the converter is an AC source oflsihige, therefore the bridge
rectifier is used to get the DC output on the |ssde. The regulation voltage is the
important on the circuit design which the main temiconsidered to obtain the power
factor at the high value that nearly 1. The critigation may come from the reselected
of the components to design and compensated thergmwitch for regulate the value of
DC output to the constant value. The key princtpkt drives the boost converter is the
tendency of an inductor to resist changes in ctilbetween the states of the operation
switch on the switching schemes. A boost convegeused as the voltage increase
mechanism in the circuit known as the 'Joule thigfis circuit topology is used with
low power battery applications, and is aimed atah#ity of a boost converter to 'steal’

the remaining energy in a battery

3.21 Power Components Selection

Basically, the coil, the bulk capacitor and the powsilicon devices are
dimensioned “as usually”, that is, as done with ather CCM PFC. This section does

not detail this process, but simply states somepkayts.

1. Coil Selection

One generally selects the coil to limit the curreigple below a certain
pre-determinedevel, for instance £15% when the input curreniaximum. The input

current amplitude,d, is maximum at low line and high power. Hence,

V2P out, max

linmax =
' n -VacLL

(3.0)
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Where Byt maxiS the maximum output power,the efficiency and ¥ the AC
line lowest level. On the other hand, one couldwshibat at the sinusoid top, the

peak-to—peak ripple of the coil current is giventhg following equation:

V2 Vac V2 Vac

L. fow Vout

(3.1)

Where {,, is the operating frequency. Typically, one targdes peak—-to—peak
ripple between 10 and 50% of the AC line currentximam amplitude, ik max
Therefore if the targets a £18% ripple at low ling. Icoil, pp is 36%, the coil
inductance, L, is given by the following equation:

- 0

V2 VacLL (1 V2 VacLL) . V2 P out, max

L. fow Vout n. VacLL
(3.2)
Hence, the coil inductance is:
L n. VacLI? V2 VacLL
"~ 0.36. fsw - P out,max Vout
(3.3)

Finally, if one neglects the switching ripple ofetlcoil current, its rms value
equates the rms AC line current. In other words:

P out

Leoitrms = —————
coil,rms n. Vac

(3.4)
The maximum RMS current of the coil is then:

; P out, max
coil,rmsmax n. VaclL

(3.5)
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2. Power Silicon Devices

Generally, the diode bridge, the power MOSFET dred dutput diode will be
placed on the same heatsink. As a rule of the thumé can estimate that the heatsink

will have to dissipate around:

e 6% of the output power in wide mains applications
(92% being generally the targeted minimum effici@nc

e 3% of the output power in European mains applicatio

Among the sources of losses that contribute tohtbeing, there are listed as:

i. The diodes bridge conduction losses that can henasd by the following

equation:

42 VF Pout g Vf Pout
VacLL n VacllL n

P bridge =
(3.6)

Where VYis the forward voltage of the ridge diodes.

ii.  The MOSFET conduction losses, that if one neglgxecurrent ripple, are given

by:

Pin,max 2 8\/2 VacLL
Pon,max = RDS (on) - (VCLCLL) ) (1 - 3nVout
(3.7)

iii.  The output diode conduction lossesg;t(l Vi), where §t is the load current and
V; is the diode forward voltage. The maximum outputent being nearly 0.77
A (= 300 W/ 390 V), the diode conduction losses iar the range of 0.77 W
(assuming Vf = 1.0 V).
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The diode and MOSFET switching losses are highlgeddent on the diode
choice, on the MOSFET drive speed and on the plespilesence of some snubbering
circuitry. Hence, their prediction is tough and doarate exercises that will not be
calculate on this methodology. Instead, they ast assumed to be part of the power

budget initially specified for the heatsink (6%Rxut in our case).

3. Output Bulk Capacitor

The bulk capacitance had to satisfy two requires)enthich are the output

double line frequency ripple and hold—up time.

a) Output Voltage Ripple Requirement

The bulk capacitance always presents the voltggderiof double line frequency
(100 or 120 Hz ripple exhibited by the bulk voltagéne voltage ripple constraint
requires that:

Pout
Couk >

ESVpp,max . w.Vout
(3.8)

Where Vpp, maxs the maximum permissible peak to peak voltagplei@ndo is the
AC line angular frequency.

b) Hold up Time Requirement.

If some hold-time requirement was specified, thisuld lead to the following

additional constraint:

2Pout - thHoLD
Courk > >
Voutl

2
- V0ut2

(3.9)
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Where Vb1 is the nominal output voltage o) is the minimum acceptable level
of Vout, and tHOLD is the holeup time. The G,k capacitance should be higher than
the calculated value from above two requirements.

c) Bulk Capacitor Heating.

It must also be checked that the ESR is low endagbrevent the rms current that
flows through it, from overheating the bulk capacitThis rms current depending on the

input impedance of the downstream converter thabiomputed here.

The calculation of the power components selecteéferred to the formula as the
table below:

Table3.1 Formula for selected power components of boost. PFC

Steps Components Formula
Step 1: Coil Select the maximum Choose a value between 10 and 50%
Inductance, Bulk switching peak to peak Al
Capacitor and ripple of the coil current _ "~ coil,pp
Power Silicon e=7
in,max
Goil inductance (L) Y
. 2 /
L = "N VaCLL 1_ Y 2VacLL
(I Pout,max Vout
Maximum rms coil current P
| . _ out,max
COIlLrms, maix —n . VacLL
Maximum coil current | B E [,.1 . Q'] Pout‘max
coilmax — ¥ 2y -
2/ VacLL
Bulk CGapacitor P
(ripple voltage Couk = out
u . . .
consideration) OVpp,max * @ * Vo
Bulk Capacitor P .t
(Hold up time Couik = %
consideration) Vour1® = Vous
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3.2.2 Feedback Arrangement

The feedback arrangement is for the MOSFET’s apfiins where the feedback
needed to generic the error of the on the system [bhis pin receives a feedback signal
Vg that is proportional to the PFC circuits’ outpaitage. This information is used for
the output regulation, the overvoltage protecti@VP), and output under voltage
protection (UVP) to protect the system from damagdeedback abnormal situation.
When kg goes above 105%g¢r OVP is activated and the Drive Output is disabled
When Mg goes below 8% Ner the device enters a lewonsumption shutdown mode.
As shown by Figure 2.1 before, the feedback arnawege consists of:

a) CFB, a filtering capacitor to avoid that some shiibigy noise may be injected
into FB pin. A capacitor ranging from 100 pF to F ns traditionally

implemented.

b) Rwui, Rwuz, and Ry set output voltage. In practice, one generallyl@mgents
more resistors as upper side feedback loop fortysafensideration. Refer to
Figure 1, given that Vout is a high voltage, ani@egctal shortage of the
feedback resistor would destroy the controller.tTisavhy it is better to have

several series resistors instead of only one.

First, there is need to choose the value of thesforesistor, B.. There is a
trade-off between the noise immunity and the powesses when choosingsR The

value of upper resistorgg is then given by:

Rpy = —— Rme
(3.10)

Where \keris the internal reference voltage fog,Meedback (2.5 V typical) and
Riu = Rwu1 + Ruz is the total feedback resistor placed betwegnand FB pin.
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The compensation controller is set by the valueCgf Cz, and R that were
connected to Mnrol Pin acts as a typ® compensation loop to set the regulation
bandwidth. It is recommended to set the bandwidttow 20 Hz for an effective
filtering of the 100 or 120 Hz ripple. If CZ is >GP, the transformer of Vout to Vcontrol
is state as:

Veontrol _ Ripr - Gea Rz 1+ sRz(Cy
Vout Ry, + Ry sRzCz (1 + sRzCp)

(3.11)

Where Ga is the error amplifier gain. Then this compensatgovides one

original pole, one low frequency zero:

£ = 1
27 2m. Ry. Cy
(3.12)
and one high frequency pole:
(= 1
P72n. Ry Cp
(3.13)

The calculation of the feedback arrangement isrmedfleto the formula as the
table below:

Table 3.2 Formula for feedback arrangement.

Etezgi . Ribut + Repuz + Rl V.. —V
eedbac _ Yout REF
Arrangement (Repu1 + Repug) = Veer ReoL
Cep Cgg =100 pF ~1 nF
Cp Cz Rz
Veonwol _ Bl - Gealz 1+ 5R;C;
Vout RpL + Rau  SRzCz(1 + sRzCp)

3.2.3 Input Voltage Sensing
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At the input voltage sensing, the important work pin Vgo and the pin
connected a resistor network among the rectifipdtivoltage, BO pin, and ground with
connection of a capacitor between BO pins and gtodihe BO pin detects a voltage
signal proportional to the average input voltagdéeW \go goes below Yo, the circuit
that detects too low input voltage conditions (bmewout), turns off the output driver
and keeps it in low state untils exceeds ¥on. This signal which is proportional to the
RMS input voltage Vac is also for overpower limiat (OPL) and PFC duty cycle

modulation.

Vac Vin

N R =T A
o— T : +
m 1

Rbou
Vbo
o 1 -
J_ 4= 0 BO
(@

B0 L\ VboH/ VioL
Voo = 1.3V, VpoL =07V

RpoL

Figure3.2  Brown-Out protections [12].

Refer to Figure 2.2, the NCP1654 monitors the initage, Vin, which is the
rectified AC line sinusoid for browfout, over—power limitation (OPL), and PFC duty

cycle modulation. This sensing circuit consists of:

a) Ruou (F Roour + Roouz In Figure 2.1) and B. are dimensioned to adjust the
threshold of brown out protection. Because of théety consideration, it is

recommended to split this upper side brown oustesinto 2 or more resistors.

b) Cgo that forms a low pass filtering together with, R0 get the average value of

input signal. A time constant in the range of auntimes the Vin period
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should be targeted to make,\substantially constant and proportional to the

mean input voltage as the rule of thumb:

RboL

Vo = ————
0 RboL + RboU

< Vi, >
(3.14)

The NCP1654 starts to operate ag ¥xceeds 1.3 V and keeps operating until
Vo goes below 0.7 V. The 600 mV hysteresis prevedrgssystem from oscillating. As
shown in Figure 2.2, before the device operatgsis\kept at peak value of the input ac

line sinusoid, Vac, that is/2 Vac which leads to:

R R
boL < Vin S = boL ‘/Evac

Vo = ———
© RboL + RboU RboL + RboU

(3.15)

After the device operates;.\is the rectified sinusoidal input voltage, which
average value becomég—vacwhich leads to:

_ Rpop,  2V2
RboL+ RboU 1

Vbo Vac

(3.16)

First, the parameter ofyR. RyoL should be relatively high impedance to limit the
current within By and R and the associated losses. However, the givenchiasnt
of the browr-out comparator is 0.5 A maximum, it is recommentiedet the current

flowing through Rou and Ro. to be in the range or higher than 5 _A at low.line

Second, select g, according to Yo, the minimum AC input voltage to start
PFC, which comes from:

_ \/ZVac,on — VBon
RboU - V. RboL
BOH

(3.17)
Third, select Go to make the time constant be around 5 times, TiMe cycle

time of Vi, by:
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5. Ty;
CBO ~ Vin

RboL
(3.18)

Fourthly, check Yo the PFC brownout off thresholdf AC input voltage due

to the ripple voltage onp4, the minimum value of ) is around:

2V2 fs0
Vbo - KBO . T Vac- (1 - 3. fline)
(3.19)
Where Ko is the scaling down factor of the BO network
RboL
Kgop= —mm—
BO RboU + RboL
(3.20)
fgo is the corner frequency of the BO filter:
£ = RpoL + Rpou
BO —
21. RpoL - Rpou - Cpo
(3.21)

The brown-out function turning off the device isemhVzo, minimum equal to

VoL, the threshold voltage of brown out comparatorictviteads to:

2V2

Kpo S Vac,off-<1 3 .foin) = VgoL
(3.22)
Hence , the ¥ o IS equal to:
Vacoff = G Yot :
Kpo -2 Vacorr (1 = 522
(3.23)

The calculation of the Input voltage sensing iemefd to the formula as the table
below:



26

Table3.3 Formula of input voltage sensifgy NCP 1654.

ISteptG\:f " Rbout + Roouz + Rbol _
nput Voltage V2 Vacon = Vg
i . BOH
Sensing (Roout + Rpou2) = Vv RboL
BOH
o % T
BO —
RboL

3.2.4 Current Sense Networ k

This pin sources a currengslwhich is proportional to the inductor current |
The sense currentd is for over current protection (OCP), overpowaenitation (OPL)
and PFC duty cycle modulation. When ICS goes ala®® A, OCP is activated and

the Drive Output is disabled. The current sensauitity consists of:

a) A current sense resistorsRise

The resistor is free select and implement on threenti sense resistor,sRise but
need to choose a second resifesto adjust the over current threshold. If one ndglec
the ripple current, maximum RSENSE losses can henated by the following

equation:

Pout,max )2

PRsgnsg, max = Rggnsk - (—V
n. VacLL

(3.24)

As a rule of the thumb, one can choosg\g:so that its dissipation does not exceed

0.5% of Rutmax This criterion leads to:

(n ' VacLL) 2

out,max

RSENSE < 05%.

(3.25)
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b) A resistor RCS that sets the current limit thredhol

Simply select RCS in order to set the desired ouerent limit:

_ RSENSE -Icoil,max
RCS -

Iscocp)
(3.26)

Where Icoil, maxis the maximum coil currentsbcp)is the internal over current
protection threshold (200uA typical). To keep thlesign margin, it is recommended to

use the minimum value ofbcp) 185UA to design R

c) Aresistor R that adjusts the PFC stage power capability ar@hpacitor Gy.

The Ry adjusts the maximum power the PFC stage can suppén the chosen
output voltage level. The following equation is tseselect k:

2mR¢s . AVeonTrOL - VREF
V2Rsense Ko Vouttr Poutmax

RM = 70% .n .VacLL

(3.27)

Where:
- AV conTroL is the operating range oty (3 V).
-VReris the internal voltage reference (2.5 V).
-VacLL is the lowest level of the AC line rms voltage.
-Pout maxiS the maximum output power withis the efficiency of W and RButmax
-Kgo is the scale down factor betwegn¥nd \ko.
-VourLL IS the output voltage corresponding tg.Y in full load conditions. In traditional
mode, . IS the targeted regulation level (390 V in general
-70% is to take into account thgdispersion.

For a correct filtering of Ics, the time ctarg (RM .CM) should be taken in the

range of 5 times the operating cycle period, i.el/fssw. This time constant is large
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enough to filter the switching ripple and low enbugpt to distort the low frequency
component, that is the 100 or 120 Hz rectified sowd. Hence:

C 5 1
M = 9.
RMfsw
(3.28)
The calculation of the Current Sense Network ignmed to the formula as the
table below:
Table3.4 Formula of current sense network for NCP 1654.
Step 4: RseENSE Choose Rggng so that its dissipation keeps reasonable, e.g.
Current Sense select Rsense S0 that PReense IS 1ess than 0.5% - Pout max-
Network ("] v }2
_ y LL
Reensg < 0.5% - —5—2ot
out,max
Res R - Rsense * looilmax
cs 185 uA
RM 2T[R et AV - * V
Ry = 70% - — cs CONTROL *~ VREF | Vo,
V2 RSENSEKBOVOUILLPOUI.max
Cm
Cy=5-
M Rfsw

3.3  Testing Procedure

The load of the output boost PFC is needed todnéied via the testing of the

power and other parameters related to the powetraloat a given load. As the

procedure of testing equipment of the PFC, theeefioe test is divided to different level

of supply voltage to check the correction of thediaconverter as a given supply varied

from low voltage to full voltage of the supply. Thesting diagram is placed as the

Figure 3.3.
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Oscilloscope High voltage probe (=500 V)

Isolated current probe
NCP1654 demo
Isolated ac board
power source /N
(500 VA, 50/60 ) \/ Taput | _SWI
Hz sinusoidal Socket | /
voltage) 1 +Vout ] -*
-Vout Y SW2 IK I\
AV A DWW
p Met | SW3|
ower Meter Vee GND .. .
(e.2. WT210) el =
resistor resistor
load load
De Source l |
15V

Figure3.3  Testing diagram of the boost PFC.

331 Test 1: Start up at low line, full load

Test conditions:

1. SW1 and SW2 close SW3 open. (output load iddalt)
2. AC input: 85 Vac, 50 Hz

3. Vg value of 15 V dc source applied to TB3 to enabéedperation.

Test criteria:
- VOUTshouId be in the range from 378 VV to 401 V.
- Input current should be sinusoidal without distamtiwhich is measured by
oscilloscope.
-PF>0.99
-THD < 10%



3.3.2 Test 2. PF, THD, Efficiency at 110 Vac, full load

Test conditions:
1. SW1 and SW2 close SW3 open. (output load iddaltl)
2. AC input: 110 Vac, 50 Hz
3. Vpcof 15 V dc source need to be applied to TB3 to knthie operation.
Test criteria:
- VOUTshouId be in the range from 378 VV to 401 V.

-PF>0.99
- THD < 10%
- Efficiency > 94 %.

3.3.3 Test 3: PF, THD, Efficiency at 230 Vac, full load

Test conditions:
1. SW1 and SW 2 close, SW3 open (output load isdad)
2. AC input: 230 Vac, 50 Hz
3. Use 15 V dc source applied to TB3 to enableofiexation.

Test criteria:
- VOUTshouId be in the range from 378 V to 401 V.

-PF>0.98
-THD < 10%
- Efficiency > 97 %.



CHAPTER 4

RESULTSAND DISCUSSIONS

4.1 Introduction.

At the end of the project, the objective of thejpco should be the most item
need to be considered as achieving the goal. Tleeofithe project, development of PC
based on frequency inverter for 3-phase invertabise to be applied as the input from
the boost converter with power factor correctior@p is complete. On the result

review, there is divided into two main views whish

i Simulation on the Boost with Power factor cotiee scheme.
il. Hardware development

The result covered the scope of the project beatifsp at the chapter 1,
therefore the added of the scope or other thas¢bpe range are not considered as the
main result, and that might be the outcome fronrésearch only and not been included
on this paper. However, the result consisted thiegdassimulation that is related but not
specific on the components been used on the haedigael due to the lack of the

libraries and part of the simulation tools.
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4.2  Simulation of Boost converter with Power Factor Correction (PFC)

The simulation has used the PSim provided by Peiméech Corporation which
is a kind of simulation software, with the prograermare able to design a circuit and

simulate with the lab view on the PSim softwaree Bimulation has followed as the
Figure 4.1.

—:

PO

Figure4.l  Power stage of switch mode power supply (SMPSPBfmst.

RL

A

The boost converter, then applying the control wirof the switching for
compensated with the MOSFET’s application. Whdre, dystem operate in the closed
loop system as the feedback from the load curseneeded to generated the correction
factor to feed as pulse width modulation on the \EE.

RL

=

R

O
L

. Id,ref . ..

e ] (D

L . ih]'m'aﬁqn _m_m'ol' o

Figure4.2  Boost PFC circuit diagram view on the PSIM softevar
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The simulation control on the circuit, control thienulation time been view as
the simulation referred the time been added tactmrol. As the time put as 1 second,
therefore the output for the simulation as follow:

Time )

Figure4.3  Output of the boost PFC withgy Vi, and .

The specification of the simulation componentspEsHic as:

Vin, sinusoidal = 200 Vac
RL, as the R load = 142
LBoost, inductor = 470uH
CBulk, capacitor = 0.1F

A w0 N PE

FFT analysis has performed as to check the distodn the voltage at the input and, the

result as follow:

0 5000 10000 15000 20000 25000
Frequency {Hz)

Figure4.4  FFT analysis of the input voltage of the circuit.
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4.3  Hardware Development

On the hardware review, the boost converter wiblvgr factor correction is
design as the Figure 4.5. The IC’s selected orcitteait is NCP 1654 which is having

the specification of the boost PFC and also consgisenefit as:

Inrush Currents Detection

e Overvoltage Protection

e Under voltage Detection for Open Loop Detectioisbutdown
e Brown—Out Detection

e Soft-Start

e Accurate Over current Limitation

e Overpower Limitation

The NCP1654 is a controller for Continuous ConductMode (CCM) Power
Factor Correction step—up pre—converters [13]ohltwmls the power switch conduction
time (PWM) in a fixed frequency mode and in depergeon the instantaneous coil
current. It is housed in a SO8 package, the cincuitimizes the number of external
components and drastically simplifies the PFC imm@atation. It also integrates high
safety protection features that make the NCP168dvar for robust and compact PFC

stages like an effective input power runaway clamgmircuitry. The features as:

e |EC61006-3-2 Compliant (Note: see Appendix E)

e Average Current Continuous Conduction Mode

e Fast Transient Response

e Very Few External Components

e Low Operating Consumption

e +1.5 A Totem Pole Gate Drive

e Accurate Fully Integrated 65/133/200 kHz Oscillator

e Latching PWM for cycle-by-cycle Duty—-Cycle Control
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Figure45 Boosts PFC with NCP Drive for 300W applicationdoa

Figure4.6  Hardware installations on the board without ICtcolfer.
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The above Figure 4.6 is the hardware installationtree board for the project
without the IC controller NCP 1654 as the powergstaThe NCP 1654 is a mount
surface, therefore is needed an adapter to benfithe parallel board afterward. The
installation consists of power stage, from the Atret to the EMI filter and then
connected to the boost inductor and fed on théfiexatircuit. The results of the circuit
are without the controller interrupted and therefdhe only outcome of this circuit is
the value of the output at the end of the termmaput DC. Figure 4.7 show the result
on the volt measurement on the terminal output D@he TB3.

Figure4.7  Measurements on the Output Terminal TB3.

On the measurement, the value of the output D@3s\&Ic which rectified from
240 Vac in single phase source of the socket oulle¢ power stage of this board is
working as the output is constant and without disince due to the non-load test
measurement and also the EMI used on the incomalegad the circuit. The limited of
measurement to only on the voltage output which rtieen important point as the
MOSFET switching has been used.
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On the second stage, the circuit is closed loop wWie installation of the NCP
1654 on the board, with the IC propose as the obhtrof all the circuit as refer to
Figure 4.8 below.

Figure4.8  Full specification of boost PFC installed.

The circuit however is not compensated as theutaion and the value of the
output voltage at output terminal is constantly saams the first stage. At same level, the
controller is not on the operation mode due to séer or problem occurs on the
circuit installation. The non operation mode of tli& resulted on the apparent of
constant output voltage as the regulation of theDXCrectifier on behalf of the power

stage as elaborate on the Figure 4.7 before.

At the range of oscillation control parameter téisé disappointed misfortunes
occur on the process. The first touches of thelloscope on the ground have suddenly
increases the current and blow the 5A fuse witlo ddsist the Rnse Therefore,
consequently point to the end of the process aadrtuble shooting is following on the
line.
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The boost converter combine with the power factmrection was become the
efficiency type of SMPS that are able to demonstthe power in linear regulation
either interrupted by the supply or the load. Tledh circuit specific offers from the
NCP 1654 given an opportunity to maintain the ottmlitage \b,: to whenever the rms
input voltage Vac is lower. The power electroniestshing operate by the MOSFET,
SPP 20N60S5 was design to control the switchingreehto specific order from PWM
generate from the NCP 1654 as the sense of vadtageurrent on the power stage. The
power factor controller is sense by the Vcontroltioe NCP 1654 where, the bandwidth
is controller to near unity power factor at belo® Bz and the soft start begin at the

moment till reach it maximum power.

An EMI elimination circuit is the main importaebnsideration on the factor
that effect to the output voltage on the boost eor. The interruption from the
induction or the external source may affect the grofactor as well. On this project, the
EMI is subject to remove by the additional circlilier at the incoming AC inlet. The
other contemplation point is the testing methoderetthe point of view is stress on the
power factor (PF), total harmonics distortion (TH&)d the voltage output when the
supply drop with the variable of load switchingheTconsisted components are rate at
several to maximum 8 Ampere, therefore the precautin the hazardous current much
occur as to respect all the components and alwaishsoff the supply when operate

the wiring or trouble shooting.

Table4.1 Reading Value of Current and Effects

Condition Reading Effects

Safe current value 1mA - 8mA Bearable to control

Unsafe current value >8mA Cause to burn, or warst t
fatal.
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4.4  Troubleshooting

The apparent result are not as expected due t@rifldems occurred to the
circuit on the installations design. Therefore, thbowing lines describe the trouble
shooting and procedure of implementation to thélar.

1. Connectivity of the soldered board.

As result of the fuse blow, the first expectatisron the short circuit that might
happen between the connections on the board. Theredven before the supply is
ON, the connectivity is count. The figure below wiothe short circuit or jump
current between positive and negative DC outputlred the fuse to blow.

P Ts & & & LR, 3
LA R K XK . K.
- . LR . ss
‘s & & - aeHm LK
- ‘T ER )] LR
Y - . L]
LR .
- . aw
- .
..
Positive
DC
Negative
DC

Figure4.9  Short circuit between positive DC and negative DC.
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45 Problem Encountered

The high power of boost converter required the lsigled of switching which is
unable to select the small components of indudterefore, the value of boost inductor
much equivalent with the current on the coil ank &b bear with the selected switching
frequency. On the selected switching frequencyvthele aspect of the components is
considerate as the contribution on the factor ofctwliof the controller is suitable.
Therefore, the selection of the components requledheoretical aspect and put in the

calculation method to verify the suitable and esdiatalue of the components selected.

On the other hand, the item selected is specifie tb manufacturer output
regulation and that will be limitation on the comgats selection. As time viewing, the
selection of components is acquire some sort of tivhich can be as much as a month
and the time occupied alongside the ordering tveisi plot.



CHAPTERS

CONCLUSIONSAND RECOMMENDATIONS

51 Conclusions

Application of Power Electronics on the SMPS haggithe opportunity to gain
power with the use of a fixed input even for thgdast needed output. The boost
converter has generated more power from the lowtitipat to be used on the biggest
output. At this paper, the boost converter is besed as the input for the frequency
inverter for 3-phase AC motor drive. The boost PEZs, NCP1654 is an ideal
components in the systems where cost effectivenelshility and high power factor as
the parameters. It incorporates all the necessatyifes to build a compact and rugged
PFC stage such as Compactness and Flexibility al#o featuring with safety
precaution on the system by attempted with undéiage Protection for Open Loop

Protection or Shut down.

This project surely ensure the profitability innteof power used and the major
problem of power factor are neglected as the pofaetor is controller and the
harmonics distortion of the system under the netamall value. Interruption of the
supply might not be the main cause to consideeeitiom the load itself, the circuit has
what it is necessary to overcome the problem orciticeit since the problem is in range
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of it capability of interchange. Therefore, theobbpower factor correction is the most
efficiency of SMPS type where the load is giverthet nearly unity power factor with
able to feed on the 300 W application.

5.2  Recommendations on the Future Design

Future recommendation on the design should betaldevelop the PC based on
frequency inverter for 3-phase AC motor, sinceh& point the development of 3-phase
inverter are not been applied due to time and ooailve on this matter. The boost
converter with PFC is integrated with the overgfitem to achieve the target and able to
perform as the source for the 3-phase inverteretsupply the 3-phase AC motor. The
testing and refund the limitation of the boost cemer to be verified with the high

power application with the lowest cost involve Ismng the NCP 1654 as the controller.
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NCP1654

Power Factor Controller for
Compact and Robust,
Continuous Conduction
Mode Pre-Converters

The WCPL1654 is a contmoller for Continuous Conduwction Mode
{O0M) Forrer Facter Commecrion stap—uwp pre—comventers. It contrals
the powrer switch condection time (W) in 2 fized frequency mode
and in dependence on the instantanecus coil cument.

Eeused in a 503 package, the circuir mintmizes the number of
external components and drascically simplifies the PFC
implementation. It also integzaces high safety protection feanures that
make the NMCP1654 a driver far robust and compact FEC stages like
an effective mput power runaway clamping cinosomy.

Featurea

[ECS1000-3-1 Compliant

Aorerage Cumment Conbinuows Condection Mode

Fast Tramsieni Response

Wery Few Emfernal Components

Very Low Stanfup Currents (<75 pA)

Yery Low Shutdown Currents {400 pA)

Law Crperating Consumption

+1.5 A Totem Faole Gate Dirive

Accurate Fully Integrated §5/133/200 kHz Oscllator
Latching FWM for oycle-by—cycle Dhetp—Cycle Comtral
Internally Trimmed Intemal Reference

Undervoltage Lockout with Hysteresis

Soft-5tart for Smoothly Starep Operation
Shutdowm Function

Pin to Pin Compartible with Industry Standard

This t5 2 Fb—Free Device

Sofety Featurea

Innesh Currenis Dedection

Cvervoltage Frotection

Undervoltage Dedection for Open Loop Detection or Shutdown
Brown-Cut Detection

Sck-Start

Accurate Chrercemrent Limdtation

Crerpower Limitation

Typioal Applioationz

® Flat TVs, PO Deskeops

* AL Adapeers

* White Goods. other Off-line SMPS
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NCP1654

MAXIMUM RATINGE TAELE

Bymibal Fin Anting Value Uit
- g Cutppust Dirive: Capanility - Scuncs -1.5 &
Cufput Drive Capamity — Sink +1.8
Voo 7 Power Bupply Vokage, Vg min, confirucus vollags -0.3, =20 v
i Transent Power Supply Vollage, duraftion < 10 ms, < 10 m& +33 W

Wi 2,54, 5,8 |InpuWollage =03, 70 L)

Power Dissipafion and Thermal Charachensios
[ sufix, Plasic Fackage, Case 791

Faof3i3) Maximeam Powesr Dissipaton & Tg = 70°0 450 s

Fiyeal 200 Thamal Sesistance Juncion—io—Air 178 AW
T Operaiing Junchon Temperature Rangs -4l = e
Tirean Maximum Junction Temperaturs 150 iC
| Storage Teperature Rangs -58 10 <180 ag
Tireax Lead Temparafune (Soidenng, 10 5) 3o c

ses ayoeaging Maximum Faiings may dammge e devioe Maximum Ratings are stress rasings only. Funciional operation abowe the
ymcommendsd Sperating Condifons is not implisc. Extendad axposune to siesses abowe the Racommended Oparating Condifions may affect
cayice mefability.
1. This devic £ conkzing EED protection and auoesds B folowing tests:

Human Eody Miodel [Hi 2000V per JEDEC standand JEZDZZ, Misthod AT14E
= Miodie] (&Y F [ENCEDT pInET which comples 150 JECEC standard JESDZZ, Method AT723A.
2 This devics con&ing i Profection and o 100 mé& per JEDES Standard JES07S




TYPICAL ELECTRICAL CHARACTERISTICS TABLE [vae = 13 W, T, from —40°C 0 « 125G, unless othemwize specifed) (hioke 3)

2ymbol mating [ min | mp | wex Juni]
GATE DRNVE EECTION
Fam Bource Resistance (@ ..., = 100 m& - Bl 20 Q
e Sink Resistance & lgne = -100 mA - EE 1= =
Tr Gizbe: Dirive Woltage Rise Time from 1.9 Wi 125 W (Cu= - - rs
T Gizhe Drive Voltags Fall Tims from 12.0 Vo 1.5V [, = 2.2 nF) - 40 - ns
AEGULATION ELOCK
Wiokage Refzence el et 2078 W
Error Armpidier Cursnt Capabiity - £28 - A
Error Amplifer Gain 100 200 =00 [TE-1
Fin & Sias Cursnt i Vg = Vrgs -5 - =00 na
Find Vokage W
Maximum Comml Vohage & Vg = 2V - SE -
Minimeam Comml Volage & ez 3V - (=1~ -
AV ety = Venrraiimug ™ Veontrolming = &n 8%
Wouml | Wmge | Rabc (Voo Low Detect Thresold [ Wimse) 54 o o5 %
Hourl ! Vmgr | Ratic (Voo Low Detect Hysheress [ imge) - o - k]
lpzosT Pin 8 Bource Cument when [Voyr Low Detect) o actiai=d 150 -] 280 [y
CURRENT 2ENZE ELOCK
Vg Cument S=rze Fin Offeet Voltage, (igs = 100 LA - 0 - i
lspocm Créerourrent Profechon Threshold = 200 21 e
FPOWESR LIMITATION BLOCK
Igs % Vg Crerpowsr LimitaGon Threshokd 200 R
losomy Crvempower Cumrernt Theeshold (Vo = 0.5 W, V=2V = =2 0= e
lzsoms Cerpower Cument Theeshokd (Veg = ZETW, Vg =3V) £z k-] e
Pl ELOCK
oo Duty Cycle Rangs: | w7 | %
CACILLATOA f AAMP GEMERATOR ELOCK
1w Swihching Fraguency B8 kHz oe = 72 L
133 kHz 120 == 145
200 kHz il=e 200 2
BRAIWH-DUT DETECTION BLOCK
VD Erowan—0ut Wokage Threshold [rzing) 27 150 158 W
WaaL Erown—0ul Wolkage Thresncdd [faing] QLED =iy am W
ha Pin 4 Ingut Bas Cuorremt @ Veo = 1Y =500 - =00 nd
CURRENT MODULATION BLOCK
han Mutipliar DU CUTET Voo = Vool Yio = 09V, gy = 20 ) - 15 - a
. Muipier St CUTEE (Vo = Yommsrprmsys Vi = 05 W, s = THLA, 63 5HZ) 21 5E 2
(128 kHz, 200 kHz & 0~ 1280 A 5E -]
(155 kHz, 200 &Hz @ -£0 ~ 125FC) 1.8 EE =2
[ Muitipliar SUIDUE CUTET (Voo = Veomrplpmin = B2 % Vg = 05 V. log = 20 a - 287 -
gy Kultipliar Culput Curent | tgm:“'.:_—o._' W, VEn =03V lpg =TopA - B4 -

3. Theabove specfcation gives the geted saues of the paramstemns. The fnal spacfication wil b avaiiEbie onos the compists cnout charsc-
Sz ation fas besn perfommed.
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NCP1654

TYPICAL ELECTRICAL CHARACTERISTICS TABLE {v.. =18, T, from -4 o + 125°C, unless cthemwize specifed) (Foke 3)
aymibal Fating [ win | e | wax [umit]

CVERVOLTAGE PROTECTION

Viggm | Wmpe | Rabo (Oversokage Threshiold | Vesp) glac -] Llary k]
Towe Propagation Delay (Vg = 107% Wngpe) i Drive Low - 300 - ns
UNDERWILTAGE PROTECTION / SHUTDOWN
Virirpee¥rgw | WP Activabe Theeshod Ratio [T, = F°C b +1083°3) 4 E 12 %
Ve Vpgr | UVE Deacivate Threshod Fatio (T, = 0°0 o +109°0) £ 12 13 %
reme WF Lociout Hystenesis - 4 - %
U Propagation Delay (Vg < B3% Vgl b0 Orive Low - 00 - rs
THEAMAL SHUTDOWH
Ten Themal Shudown Threshald 150 - - Z
Han Themnal Shuidown Hymeresiz - g0 - T
Vo UNDERVOLTAGE LOCHKOUT ZECTION
Vieion Star-Up Threshekd fUndervckage Lockowt Theeshold, Vog rising) 5.6 gl=t-] 1.4 v
Vogiem Disabie Voliage afsr Tum-0n (Uneervokage Lockaut Threshold, Voo talling) 223 9.0 am v
Voo Und=nacitags Lockout Hysteresis 1.0 1.8 - v
DEVICE CONEUMPTION
Power Bupply Cumernk
arur ERar-Un M Ve = 5.4 V) - - -] LA
oot Cperating (@ Vg mo load, ne switching) - 27 -1} mia
o Operating () Wiz = 13%, no Inad, swiching) - 47 &0 i
lierem Erubdoen Mode (& Ve = 15V and Vg = V) - 200 200 | pa

3. Theabove specfcation gives the geted saues of the paramsben. The fnal spacfication wil b avaiiEbie onos the compists cnout charsc-
Sz ation fas besn perfommed.
leg = Vg
] i - T
4= - I“-:\:~|'|'a'tl|r|'\i'||I

W
| ¥ aaneal



DETARILED PIN DEECRIPTIONG

LR LW RV

Fin Symial Home Function
1 GMD Ground -
2 Wi Suitipli=r a2 wokage Wy, for the PRC duty oy miodulasion “ei'::-.'.i"p-ec:n:t_.-d =
woltage proportional o the resisior Ay, exi=maly comnecisd b ths pin. The device op-
erahes in aserage curren mode i an extemal capaciion Gy, is connected to the pin. Ofenwise
it opeeriates inpe ITEnt mode.

3 ca Cument S=nse Tihiss pin source et gy wiich is proportional to the imcducior curment [, The s=nse our-

Impurt renk |gg is for owercument protection [O:5F), overpower imitation (OFL) and FRC duty o
modulztion. Wien lgg goes aboyve 2000S, JCP is acivatsd and the Drive Sulput s dissbisd.

4 Vap Brown-Cuk | In Connect & resimior network amang the necifed input voltage, BO pin, and ground. &nd connect
2 capachor betwsen S0 pin and ground. S0 pin detects 2 voltags signal proporional to e
average input vwollags.

When Vg goes below Vigge, T dircuit that cebects 100 low input voliage conditions jrown-
cul], lums off the cutput diser and keeps it in low stabe Lnbl Wiy Soeseds Vo,
Thim signal which is nmp:rﬁo‘;l'.\op'e AME input vollage Wy, is 350 for overpower imiation
(OPL) and FRC duty cyche moduiation
-] L —— Corfiml Vokiage | | The vollags of this pin L — directy conirols the imput impadance. This pin is conmeciad bo
Bot-Start exiernal type-2 compensahion compenents 1o limit e Y, bandwicth typically Deios 20 Hz
to achieve nEar unity power tacion
The device provices fo CUIDUL WIen W oanpe < Vianisimine: WNET it Starts operation, the power
3 siowly (soft-star).
=1 W Fasd-Sack | Tihis pin receives & feedback signal Ve Tat iz proportional o the PFC dnouits output volage.
Snubciown This ironmiation is wsed for both the cutput reguiation, the ovenvaltage probeciion [OVF), and
culput undersitage protection (UWVF) 1o protect the sysiem fom damage =k feedoack aknar-
mal siation.
\When Vieg goES 2bove 105% Vees OWP io activaisd and the Drive Dutput io disabi=d
\When Vimg gOES below % Wagn the device snbers 2 low=-consumption shuldown mode.

7 Vo Supply Voltage This pin is e positive sUpRly of e 0. The dncuit bpically starms o operabe when Vigg =x-
ceacis 105 and tums o when Vg goes below 3 W After start-up, the operating ramge is 5 W
upto 20N

] DR Cirfae Dwfput The high cument capahiliby of the Sofm poke gais drve (2115 &) makes it stabie o sfectsly

drive high gaie charge powsr MOSFET.
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APPENDIX B

Power Inductor GA1399-AL Sheet
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LIOCA] r e

0 Ewer Inductor- GA3199-AL T e

« Daslgned for OF Ssmiconducton o halr 300 Watt, wids
mainz, PRC stage, diven by the MCP1654 PRC Confroler

« Shern a5 L1 on Application hota ANDHS24D

+ High Irductance: 650 uH; high sahuralng cument; .9 4

Core mstarial Farrite

Termirations FoHE complant tin-silver cver tin over nicksl over
phes bronsa. Chthar taminarions availabl e ol addilional cost.

Waight g
Ambient tamiparabure —40°C o +855C with lme cumant, <850 W
+125%C with deratad cumram

eyt R b

Muoighure Sensitivity Laval (M3L) 1 junlimied {loor lile ot <20°C4
5% ralative humidity)

Mean Time Batwesn Failurea (MTEF) 28,315,780 hours
Packeging 20 par tray

PGB wmshing Only purs water or aloohal ecommandad

Part Inductanes! DCRAmax  SAF Tnak A Irmes A}
reambesr 1% [pH) {Cthm) {kH 1% drop 20 drop  AFGdrop AFCrime  d0°Crime
Gadipa-al BED 0185 T 54 Bl ] 2.8 a8

1. Inductanoe measured ol 10 kHz, 0.1 'Wms, & Ade
2. SFF meazured on an Aglent’ HF 41028 Impscanoe onalyzer or squivikrd

1. D currant o which the nouciance drops e spedfisd amound from Hs vilue wihoul dursl.
4. Cument il causes he spedied ieMESmLes e Iom 25°C amblent.

5. Elacirical apecificaions of 25°C.

Futar in Doz 262 Sl daring Suface bount Componanis” bafora soldering.
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Power Inductor — GA3199-AL
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Inductance vs Frequency
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APPENDIX C

Power Transistor SPP20N60S5 Data Sheet
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SPP2OME0OGCS
SPI2OMEOC3, SPAZONEOC3

Cool MOS™ Power Transistor
Feature

# New ravolutanary high voitags technoiogy
+ Wondwide bast Rngeqin TO 220

= Uira bow gale change

FET 00331

Voo @8 Tymay [ 650

Peticni 0.1

v
a2

i 2

A

PE-TOI2D

= Penodic gvalanche rated
= Extrame dvidf raled

# Hbgh paak clemant capabdity rEm

g

= |mproved transconduciances

® PG-TO-220-3-31; Fulty lsolated pacikage (2500 VAC: 1 minuta)

= Phefree ead plateng, RoMS cormpliant

= Qualified peocording to JEDEC for target applicatans

Type Package Ordering Code

SPP20MNE0CI PG-TO220 QEM0-54358

SPRONG0CI PE-TO282-1 | G6M40-54550

ZOMEDCE v}

SPAZONEOC P - TOGH0-3-31| SPOD02 16354

Maximum Ratings

b5 ey
rdn 2

Soron
oin 3

Paramater

Value

Unit

PP SPA

Condinuois dradn currant
T.= 25

Tp= 100G

0.7 el
131 131l

Puised drain crmend, &, Bniled by Tiray

B2.1 g2.1

Anvalanche ansngy, single pulse
I 108, VoSO

B
8

md

Awatanche energy, repatdve (g Bmitad by Tjma.!
=00, Vpp=Siv

Avalanche ourment, repatftive G Emited by Tinay

Gate source voltage static

20

Gate souroe vollage AC (T »1Hz)

30

Fower QUSEQATION, Too= 25°C

BIEEE

M5

W

Operatng and slorage lamperaiure

55+ 150

©

Reverse diode chidt 1)

15

Wins

Rew. 2.7 Fago 1

200510-31
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SPP2OMEBOC3
SPIZONGOC3, SPAZONGOCS

Maximum Ratings

Parameter Symbaol Value Unit
Drain Source vollage shops dfds - 1] Wina
Vpe 4BV b =207 A = 12870
Themal Characteristlcs
Parameter Symbad Values Unit
min. | typ. | max
Tharmal resistance, junction - case [ [~ - - 08 |KWw
Tharmal resstance, junclion - cage, FullPAK Py ee| - - 36
Thermal resstance, junction - amibient, Baded Fira, - - G2
Thermal resstance, junction - ambent, FUlPAK Fegn re | - - B0
SMD version, dewice on FCB: Fn
& min. footprint - - a2
i@ 6 om? cooling anea 3 - B -
Soldarning temparaiure, wavescldering Tacid - - 260 |°C
1.6 mm (0.063 in.) from case for 10a 4]
Electrical Characteristics, at T =25C unlass ofherwiss spacied
Parameter Symbal Conditions Values Unit
min. | typ. | max.
Drain-source breakdown vollage | Vigzpoo| Ve, Igm02iat | 800 - -
Drain-Source avalanche Vipmos | VeV, gmaon - 700 -
oreakdown vollage
Gate fwashodd woltage Vigge) |/or1000uh Vgevp] 21 3 1)
Zerp gale vollage drain curent  (fpee Voo, Vgg=iv, HA
TF25°C - 0.1 1
TR MG - - | 1oe
Gate-gource leakage cummant laes Vg3V, Vog=V - - 100 [na
Drain-gource on-alate resistance |Rpgeny | Vese 10V, b=1214 0
TG - [N [ I )
TEISIG - 0.43 -
Gate Input reskstancs R =Mz, opon drain - 054 -

[al




Infineon

tazhnsloglas

SPP2OME0OC3
SPIZONGOC3, SPAZONGOCS

Electrical Characteristics

Parameter Symbaol Conditions Values Uit
min. | typ. | max

Transconduciance feie Vos2r o ADa jonimax - 175 - |8
BE131A

Input capacitance Clag VigeE O, Vo2, - 2400 - |pF

CJuiput capacitance Cioss =1MHE - TaD -

Reverse fransfer capacitance | Gpq - 50 -

Effective output capacitance, ™| G | Vo - a1 -

anangy related Vo0 o 4B0W

Effective culput capacitance Bl C - 160 -

tme redated

Turn-on delay time - Ve B, VWY, - 10 - s
=20 T A
R A6 TE12S

Rize tme i Voo SO, Vigs=riay, - 5 -

Turn-off delay time faio =20 T A, - &7 100

Fall time & Rgrabil - 4.5 12

Gate Charge Characterdstics

Zate 1o source charge Qs Voor 4B, =20 TA - 11 -

Gate to dran charge Qe - < -

Gale charnge lolal QQ Vo RO, =20 T, - 87 114
Ve 10y

Gate plateau vollage Viptaneau) | Voo 480V, ip=20.7A - 55 - |

JBTIDRA) and JESLuE:

Limnited amly by P e boem e um
“Ropotteo asalancho caases addbional power iossos that can bo caladatod as il = Eaptt

Fievice an Ammrddmm® 1 _Smmn epooy BGE R4 with Bom® jone layer, T3 pm tick | coppor area for dain
conmecton. FOE is wetical withowt blown air

4£ddu1rg:mwmanu2ﬂ'm o Pl
1'I:,‘-u,'“.lnl a fred capadtance fhat gives o samo siomd onorgy &8 Cagy Whilo Vps 5 rising from O o 800% Wi

ﬁﬂu.'.-. is @ fland capacitanos that gives tho sama charging Bma as Cuss whils Vos B rsing from 0 o 0% Voss

-

Nggemly, diidteadDoais

V00V, Y

centical low-side and high-side swikch.

=
i

e, pes, T
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SPP2OMEOC3
SPIZONGOC3, SPAZONGOCS

Electrical Characteristics

Parameter Symbol Condltions Values Uit
min. | typ. | max
Inverse dide continuous Ig Tom250 - - T (A
forward curnent
Imverse diode direct current. T - - 621
pu'sed
Inverse disde forwarnd voltage Vg Vigg=iV. Ip=ig - 1 12 |v
Reverse recovery time [ V= B0V, ie=ig - 500 | 800 |ns
Reverse recovery charpe Qe digde 100As - 11 - e
Peak reverse recovery curent | fom - T - |A
Peak rate of fall of reverse digddt | TG = 1400 = |Adps
recovery curment
Typical Transient Thermal Characterstics
Symbaol Value Unit |Symbol Value Unit
SPP_| SPA 8PP _| SPA
R 0.00TES 0.007TES (KW |Gy 0.0003783 | 0.0003763 | Wak
Rigs 0,015 0,015 G 0001411 0001411
R 0029 0,029 G 0001931 0001931
™™ 0114 0163 Cora 0005287 | 0005247
Fus 0138 0323 Cies 0012 0008453
[ 0058 2538 G 0061 0412
T Iﬁml_ I

A Extarnal Haatsink
thn

I
i
E ] - 1
| L 4
[ Cini Cors Cinn 1
| L= i
I
; |

1
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APPENDIX D

GBUBA-GBUS8M Bridge Rectifier Sheet
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Typical Performance Characteristics

-
Fi
I

rvargs Bcbbaed Borenrd Surant, |y [4]
|
e

) " = u
.‘.rr\HiﬂITlI‘:ml'\Cl

a ol 1 [ =] L 100 120 40
Barcant orf Rided Pk Rws ri ol g ]

Eeecsms Cumman, |yfrrik]
L L)
AE
Pl = orwand Sunge Curment, | LA

Forwsrd Gumsrd, |, [4]

=]

e |

ra

|

PCECE
Fulss Wikl = 3 I
5.0 sy Cpch
[ ¥ i — T |
| il 1 1 1 1 ]
Ll 1T 1 1 [ 1

o 1ﬂ T oa (1] 4 11 iz iz 1.4
Faranard '\k-lhgl.\'r [\l

TTTIT T TTTIT
L

= L TP P 1

E =

Hurrbar o Cycles al 33H:

1 5 "

R '\'olhBo. '\'l |'\'|

GEULA - GEUEIN ey 140

wwa ircddie mi com

siayn ey elpug WENd 9 - YENED

63



5 ol iy e Tndeeares Feicch K Serr oo ducEe wins o (8 sl S oaieesd B v i b ret nbencied b
wabmuslen sl of mll such Uedamecs

ACEx™ FagT® ISOFLANAR™ Promami 247 ™ Elmaith™
sty ™ FASTF™ LimlaFET™ PowmiEdge™ Sl FET ™
e e ™ FPgma MICROCOUPILER™ P S ™ ETEC R ]
CoclFET™ FRFET™ WinsFET™ P T ion=h® ETEC R ]
CROSEVOLT™ o B s s ™ s ™ oF ST R ]
DOkE™ aTo™= MICROVRE™ Segna EyrueFET™
ErEa i Higalz™ i T 0T Dl salctrcmos ™ Tplogic®
ElChacE™ o™ MEXPre™ s S TR ORTO™
EnSigna™ L™ Doa™ FagaiCoslgaam™ TousW ki s 7
FaCT ™ Figre S s it DCEFe™ RapiCosima ™ LW ™
FACT Dokl Slerlas ™ OO O ST " LiisaFETY

b DR ANAR ™ EILENT SWIT CHER UniFET ™
frcvocin e Levard. Arcpnd I vl ™ PACRIAET EMART GTART™ b
The P Froarois e oy W
Pios el Actes Dicoe™
[EECLAIMER

FAIRCHLD SEMIDON DUCTOR HRESERVES THE ROHRT TO MAKE CHEMOES WTHOUT FURTHER ROTICE TO ANY
PRODOUCTS FEREIN TO MPFROVE RELFABILITY, FURCTEON OR DESIKGN FARCHILD DOES NOT ASSUNE ANY CREILITY
AREING OUT OF THE APPLICATION GR USE OF ARY PRODUCT OR QRCUIT DESCHBED HEREN. MEITHER DOES IT
DONEY ARY LICENSE UNDER ITS PAT ENT RIGHTS. HOM THE RESHTS OF OTHERS

LIFE BUFPIERT POLICY

FAIRCHLLNS PACDLCTS ARE NOT AUTHORIEED PO USE A5 CHMCAL CONPOMENTS i LFE SUPPORT DEWCES OR
SYSTEMS WIFHOUT THE EXFiet ol winT TEM AP PROVAL OF FARCHILD SEMCOMDUCTOR CORPIRETION
B o] hatein

1. L et bt o syslati i devicay o systees wiieh,
(e} o bt fon ssrpion | maln] i P bl S0 (B e
o el P O 2] wivens fallarm S0 swifoie whin pf ogerly Lssd
1 merrdance Wil abmistons [ e proeddid = B by
ea® b resRonably agscies 1t i SgIvizent injuy t e
11

2 A el componet i ity Sorpurent of d His supzon e
of sk ahoss trs o Pt can ba retesaldy an el
I connn W b of e e s devios oF syslen, of ©
et i wlety Of WPt

FRODUCT HTATUS CEFNITIONS
Definiicn of Tems

Euinabaal |darmlizalizn Fraduc Blaium

Baliritian

Advanos rimelon Formelwe o In

Cwagn

Tris detassm conimins Bn dagn semcicaizes b
pruhic] dersiopira!. Srectcasess o disga n
Ay e Wi nolos

eimicmy Fod Frosdoston

s detas o codman ey dala, me
pisceniery daid wil be uldshed o7 o ‘etof dnin
=il Samioonds£e: s e g L e
g A BTy P wiSaad fion 4 Sier 1 o
mnig

[ BT e R T e Fol Frododon

This dulas=ee contmim Fral specfoiiions. Farchid
Seecondocie’ rassrves D fght B neke cenges &l

£ B TSU Ak o I s i e dei e

Mel i Pododion

Tris delas® e conlmi spad foalom on & prodoc
Toir! s Do o dbean = oad e Faichi ol serr o sucin .
Thes debes® w5 o rofsd FonCmleeraoa wrhemmelcs only

FOBLEE - GELEM B " 4D

wwa ircddie mi com

sioynrey obpUg WENE D - YENED



APPENDIX E

EIC 61000-3-2 compliant sheet
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IEC 81000-3-2 Hamonlos Standarde Cverview
Sy Muhamad Mazsrudin Zairal Abidin, -Echatiner EMC Inc., Edision, NS, USA

Introdusciion

There Feave bemn recent changes bo the Eurcpean Union's Dineciie io assess complance of &
products AC males curment hanmanics. The puspose of s document s to prowide an sxscuthe
ovenyiee of perTnent detalis and mate inem sacier o undersiand. For mone delaled Imlomaton
pi=aze refer bo ine relevart stamdands avallanie fom the organkeation conoermed.

Harmonlss standard IEC 81000-3-2 Ed. 3 2008

This standard assesses and sais te IME for equipment fnat draws Input cumert s154 per phase.
Equipment fhat draws cument =164 and sTSA per phase is coversd by IECITS §1000-3-12
Harmorks measwrement and evauation meods for both st2ndands are governed by IEC 51300-4-7.

GhasslMoation -of squiomeant
Equipment can oe growped Inho ane of £ cassess byzed on the folowng cri=ns as swabuated oy the
EC cormmiBes mambers:

Mursber of pleces of equipment In use [Fow many (Wolume} ane beimg used oy ConSUmers)
Curafion of use (nurmber of howrs In cperation)

Simizlaneity of uze fare the -same type o eguipmentused o the same ime fams]

Foarer consamphion

Harmorlcs spectem, iRciuding phase (how dean or disbored 15 1he cument drsn oy he
equlpment)

After all the sboye criisrls are bsben Info cors’d erabon mquipment are ¢ lassfad as folows:

Clasc A& = Baanced three-phase equipment
= Househekd applances, exclucing equlpment identfed by Class O
= Tools exnchading portable ools
w  Dimmeers Tor IRCancesCent lamps
= Audic: equipmesnt
= Ewverylhing sise $al Is not clussifed as B, Cor D

Clxs B = Poriabie ioois

= Arcweidieg equipment which Is not professional sguloment
Clxs C = Lighdng squipment
Clsc D = Persoral comizuters and personal compuier monfiors

= Teiesision recehers
Picte: Eqraipmenk must have povess leval TSW up 1 2nd not exceeding 500W

Table 1: Equipment cfaccMoation
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Sckafrar DMC - 100 81000 2-3 slemrosnics Sarciards Cremrdes
2008

aga zett

Weacursmant methods and evaluation

Weasunement mehods fave also gone hnough a process of ewouton. Measuring equipment that has
constamt powar consumpiion ks relabeely sasier as the Fanmonlcs cument specirum remmalns relafvely
unchanged i ampliuse and phease roughout e s duration. Howeser, I e power lzvel vares
o the fast durafion, e messurement bacores mor= complicabed and compdex. Examplas of such
producks ane washing rmachines, photccoplers, prinkers, alr constiioners and variablke speed vascuums
ci=aners. The bwo measurement methods used 1o be seperades s but wers combinsd when
amendrmient 44 io IEC 51000-3-2 1555 was Infroducesd In the pear 2000,

A5 memtored earler, the whole constnaction of ©e analyzer wsed for tesing s govemed by IEG
E1000-3-7. Thiz standard gos=s nho great dztall on how one should measure farmonics emissions for
complance fasling. Thene e tao versions of this slandard poebished wilh amendments Sat smpioy
Bwo cHmren? dala acqulsfon bechiniques. The clder varshon publisked b 1551 reguires daba scoulsBon
In biccks of 320ms dats and the laler version pubished in 2001 wses 200ms, ot wil no gao or
overiap betwesn e aoguied dala blocks. The other varabion betssen the heo versions |5 the
intreducion of groupesd Inter-hamonics: famonics hal are nof the Ro=ger muitisie of She fundamental
fequency) which ane freen added fo the nsarsst inheger hamonic. Al MiSssuremsnts now In use must
amghay the 1.55 firs order fher Defons the averaging caltulalion b processed, for sxch Dok of data,
regardimss of prodect power comssumpEon Dehasior,

Angiher eportan zisroabioe | e Kev 2005 verzien 12 et See oo Rarmenice masmremmant
rrazst e done o the e condeclor and not e reutral conducior. Howsswer, for single phase
applicySons this can be done om e neuinl comcducion et not in thnee-phase apoilications whers e
wakszs can differ signifizanty F the EUT Is not alanced.

Harmonios IaGE A HaGE B Glaes G Ches 0
m Al a1 [5& o fund] AN
Cdd heanmonics
3 3 245 N 34
] 1.44 1.7 0 12
7 oy 1.455 7 10
£l 040 0LED 5 o
L 033 L4585 3 azs
13 o O35 3 38513
15 20 235 BRES S D225 X 15N 3 3ESn
Ewven hamanics
2 1.08 1.62 2 -
£ 043 CLE4S - -
B 030 045 - -
S sn 40 DZzxam 0342w &m - -

Table Z: Hamaonlos Beni
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Schatniar ENC - BEC 50888-3-7 Harswanicy Shanssrds Qv
vy 2002
Taga 1ot s

Retaxation againct ap plloables s

These Is an exsdng relzxaton &5 per A4 In 2000 for higher onder harmonics 1hat only apoilesio a
range o high ogd hamaonics cument fnem he 21 rammonic (1050-z) bo the 35 (1S50Hz). This
allows The Bigh order kamonkc cunenis o sxceed the lmils per able 2 (100% of mil) but not
mxreadlng 1535 [rcheldual Irilt x4 5 as long e Partlal Sdd Harmoric Surreed (POSHE) average
does nict mpcesd e POHC Imit

Exampls 1

Ini & Clarss A test, harmaonics orders 37 and 32 excesdesd ther respeciive 900% Imit and Is <150% of
e Imit. FGHG can then be applied Oy taing the mexsuned walues of 29 10 H33 and aopiying them
n the Sonmisla beslow. Oso the same calculston for e appdcabls Imbs of H21 b H39 per Class A el
and cormpane the vakes.

Ewen thoupgh the fest raport showld Indicats =37 and HE2 as falied (>900% of lmil) the oeerall result
for the EUT would be & Fass shoukd messured valuss be less Shan the Imit calculsted.

partial cdd Fharmonic current = EJ'
r'='.’| 21

Quoie from |EC: §1000-3-2 ed.2.1 2004

For e 219 amd higher odd order 5, e values oot tor mach ood

ower the ful Hon period, calculsked from e 4,55 smcothed romos. values
meending e 5.2.2 may suceed ihe appicakls Imils by S0% provied dnat the Tolewing cendFonz
are met

* the maarured saal ood hamare curant does notsumeed ine oa s ood raeorz oo
which can Be calculate from e appicable fimils.

- mwrmmmmmmmmm
= thiz Iatest version of She hanmarics siandard, here (S & furher reiauaton for Class A squpmesns hat
& manriscluer cold sreploy (Elesse reter o S aboes Enoensd droem Hee stand ard. ) Thiz relacaticn
wecacid] Faeip 3 CE3s A product that nias shor: bursts (<16% of lest tiee) Bl wouie go beyand the

ranztiory or 150% Imik but are less fsee 200% of the applzakke iemp. THE [ 8 wed 52 loeg as he
average of the hamenic cument s <30% of Hs ImE

Exazmpls I

¥ & Sth sorder harmonic (250Hz) for a Class & procuct sxceeds 1.71A (1,944 it & .57 but s s8I
i SZEATASA IME 5 2 and iz napesrs o les e Tmin o @ 10min b oaradan e e
following apples:

The Sh hamaonic [5 comsiernes tohave failed fhe l=st (1 sxceesded the 100% DmE bot the cveral
FERuR far ek Clsze A EUT i 8 pasz ahen e new reseston = appien.

Howemer, f he same ELT alzo has high orer cod narmoric ouments: HI1-23, per exameie 4,
wiich Ewceesen the 1 00% i, Sren ons canmof apovy 505 nelmvations o2 e same Tme a1 they
are mubusly mecioThee. You Sa6- 0y BECly Cee reEeaton tor 3 ghien et



May 2008
Fagadtt

Guote frorm [ES §1000-3-2 Koy 2005

The ciher Ite Enown reguinement 5 that the: 156 power accumcy as per IEC E9000-2-7F 2000, saction
E3 bk 1 Bnowa for all power Pesting 1o IEC 51000-3-2. Measurement of
Inlzr-tamonics up lo 2%Hz fharmonkcs at hase no relsbon o the S0z funcamenial Trequency]
shoud als0 be corsidened as part of ine esing reguinement. Im the not oo distant fulune,
measurement of farmcnics and Rfer-hanmonics from ZkHz to SkHz with the aid of & devics called
AMN [Aarttiicial Fdalrs. Metwork] ol e implemnenied in bands or group of Z00HZ a5 shown Delow.

Cesmponent rm.a. valug

& 2
e S L ol 7 i ——

Summarny

The impact of adl e chanpes disoussed asove Indical= Hat boith hardwars and softeane mociications
dor sxisting test sysiems will be requirscl. Therefone E s 8o consider

sysiems wih an easy wpgrade path thatwill acs cumenk aswel as
futene changes. Wihile declcaled hermonics analyzers requins both fimavars 2nd software
modHications, PC-based analyeers required onlly sofwars updaiss, making them a betler cholce,
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‘Schaffner EMC - IEC 61000-3-2 Hanmonics Standards Overview

May 2006
Page Sof &

Class D definition
Measurement methods

Measurement window

Diata manipulation

Pass/Fail for individual
harmonics

Class A relaxation*

Odd harmenics 21-33*

Class C & D limits

Testlobservation period

Test conditions

Table 3: Important differences from various versions of IEC 61000-3-2

IEC §1000-3-2:1985
Edition 1.0

Special waveform envelope (T5W to S00W)
Steady and transitory
16 cycles (3200267 ms @ 50/50Hz)

Transitory only
Ewery window result <150% of limit

10% of test time > 100% permitted

Mo special provision

Mo special provision
Proportional to measured power (Class D)
Or Current & PF (Class C)

Mot specfically defined but to find the mas.
harmonics emission

Specified for some products

IEC £1000-3-2:2001
Edition 2.1

TV, PC and PC monitor (75 to B00W)
Transitory only

200ms (1012 cycles @ SVEDHz)
(18 cycles permitted through 2004
See |[EC 610004-7Ed. 2

All data must be smocthed using the 1.5s
first arder filter

Every window result <150% of limit
10% of test ime =100% permitted

Mo spacial provision

Provision for POHC calculation permitting
the average of some indaidual harmonizs
to =100%

(=150%)

Allows the manufacturer to specify test
power or current level, provided it is within
+10% of measured value

Specified to be significantly long enough
to acquire £5% repaatability. If too long.
select the 2.5min with max. harmonics

Detailed test procedure for certain product
categories

* Mote: Use either cne of the exemption and they cannot be applied together

IEC 61000-3-2:2005
lition 3.0

TV. PC and PC monitor (75 to 800W)
Transitory only
200ms (1012 cycles @ S0/80Hz)

All data must be smoothed using the
1.55 first order fitter

Every window resuft <150% of limit
10% of test time =100% permitted

=200% of limit only IF
>150% for 10% of test time AND
Ayerage <B0% of limit

Provision for POHC caleulation
permitting the average of soms
individual harmonics to =100%
(=150%)

Allows the manufaciurer to specify test
power or current level, provided it is
within £10% of measured valus

Specified to be significantly long encugh
to acquire £5% repaatability. If oo long,
select the 2.5min with mast. harmenics

Detailed test procedure for certain
product categories. Amended procedure
for testing TV and vacuum cleanars
from 2001 version
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