| Mcro-controller operated pre-regul ator for active power factor
correction TECHNI CAL FIELD 5 The present invention relates to a
pre-regulator for use in electronic ballast and electronic power supply
systens and nore particularly to a nethod and apparatus for control of

i nput current to such systens. BACKGROUND ART 10 Pre-regulators typically
provide current to regulated or unregulated | oads, such as electronic
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of the actual power of an alternating or pulsating current to the apparent
power drawngcofgctdon nal efficiency, the power factor is 1.0, and the 15
pre-regul ators attenpt to provide this desired value or a value as close as
possible to 1.0. When the input current relative to the input voltage
contai ns phase di spl acenment, harnonic distortion or both, the power factor
will be less than 1. The am)unt of displ acenent between the voltage and
current |ndT%§Hé\§CMe li?_é-Qlegree to which the load is reactive. Harnonic
distortion, that is, the production of harnonic frequencies, arises from
t he nonsl i near Hprepe&sie@nirmentihe reletes fona pde-aeguigtop daversef incatectromic hsllast
si nusoi dal supply vol tage.

and electronic power supply systems and more particularly to a method and

apparatus for controt of input current to such systems.

BACKGROUND ART
10 Pre-regulators typically provide current to regulated or unregulated loads,
such as electronic ballast and electronic power supply systems. The pre-
regulator controls the power factor of the load. In particular, the power factor is
the ratio of the actual power of an alternating or pulsating current to the
apparent power drawn. For optimal efficiency, the power factor is 1.0, and the
15 pre-regulators attempt to provide this desired value or a value as close as
possible to 1.0.
When the input current relative to the input voltage contains phase
displacement, harmonib distortion or both, the power factor will be less than 1.0.
The amount of displacement between the voltage and current indicates the
20  degree to which the load is reactive. Harmonic distortion, that is, the production
of harmonic frequencies, arises from the non-linear operation of the load in
drawing power from a mains sinusoidal supply voltage.
Known pre-regulator devices or systems generate the current by analysing
the input voltage and deriving an in-phase sinusoidal current through one of the

25  following:




Known pre-regul ator devices or systens generate the current by anal ysing
the i nput voltage and deriving an in-phase sinusoidal current through one
of the 25 following: 2 1. Anal og programr ng which includes the use of
el ectrical conponents such as capacitors, and resistors, that are
susceptible to aging. Conventional power; factor controllers often assune

t he : nput vol tgge to the ballast will be substantially sinusoidal. I
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i nput vol t age. ut current cont ependent, on the nan-sinusoi dal i nput
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than 1.0. 2. Di |taI ogramm ng by nmeans of conplex algorithnms froma
reference faotasi ﬁQQ‘tﬁDE&IB PBeRupSEEbEe therhiapsbnatager to s thsorbalisist edillbyoet wo
or nore feedback |oops requiring the sanpling of the input voltage/current
as wel | as sudrgbarttatly rgnudaidandilorelindgoloat & msawihigep dwpufromotheggevéomiale
pre-regulator is usually t he operating voltage of the power supply
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or varying. Accordingly, it is desirable in electrical and el ect ron| C
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current to

input voltage is difficutt and may lead to a power factor correction much less

than 1.0.

2. Digital programming by means of complex algorithms from a reference
10 sinusoidal lookup table. The converter is controlled by two or more feedback

loops requiring the sampling of the input voltage/current as well as computating

intensive algorithms.

The input voltage to the pre-regulator is usually the operating voitage of the
power supply systems, which may be different among the systems, and may be

15  constant or varying.

Accordingly, it is desirable in electrical and electronic systems to provide a
pre-regulator which allows an in-phase sinusoidal current to be drawn into a
electrical and electronic load, such as a electronic ballast, connected to the
output of the pre-regulator such that the current has a power factor at or near to

20 unity and has low harmonic distortion.




electrical and electronic |oad, such as a electronic ballast, connected to
the output of the pre-regulator such that the current has a power factor
at or near to 20 unity and has |ow harnonic distortion. 3 DI SCLOSURE OF
THE |1 NVENTI ON The present invention seeks to overcone one or nore of the
di sadvant ages of the prior art. The invention provides a nmethod of
generating an input current to an 5 electronic |load at a power factor at

or appr oxi W/ i i iqu ;ding an input voltage to said |oad,
sanpl i ng sé@ﬁlﬁgﬁp%%ﬂ@gggﬁo sa%@rgad in a processing device at

predetermned intervals to.determne the anplitude A required for
produci ng at t he"OuPFRENGT VENHORr GEE5S| Yy QUGTOR® AN8crbt dnefeneof  the
swi tching signal sequence related to determ ned value A and sw tching

poi nts k 1Ysadvarhegesrtihednishiant. . P(k) =PWM , ax{1-A(sin K )f} k=0,1,2,3....
. K where PWhex is the maxi num duty cycle of the switching sequence and K
is the nurmber Te sampities, pewideshangetihed iofpggneratit@gm tpuracerémath wsi ng
the swi tching signal sequence to generate the input current, and selecting
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waveform of the generated input current is in or approximtes a sinusoidal
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processing device at predetermined intervals to determine the amplitude A
required for producing at the output of said processing device a discrete time

switching signal sequence related to determined value A and switching points k

10 by the relationship :
P(k) = PWMpax {1- A (sfn%’)‘-‘*'} k=0123,. K

where PWM.., is the maximum duty cycle of the switching sequence and K is
the number of samples, switching the input voltage to said load using the
switching signal sequence to generate the input current, and selecting the value

15 of N when producing the switching sequence such that the waveform of the
generated input current is in or approximates a sinusoidal form.

The invention also provides a controller for controlling an input current to a
load including a processing device having an input for receiving an input voltage
to the load. The processing device samples the input voltage to determine

20 amplitude A at discrete sampling points k to produce a discrete time switching

signal sequence related to A and k by the relationship Pk) = PWMp.y {1- A
(sinl;z_r)'(" } k=01.23. . K A switching device is controlled by the switching

signal to switch the input voltage to the load to produce the controlled input




| oad including a processing device having an input for receiving an input
voltage to the |oad. The processing device sanples the input voltage to
determ ne 20 anplitude A at discrete sanpling points k to produce a
discrete time switching signal sequence related to A and k by the
relationship P(k) = PWmax {1- A (sin K I } k =0,1,2,3,....K A
swtching device is controlled by the swtching signal to swtch the input

voltage to t ce | 1 ed i rrent, The val ue
s select e Tty BB T e BP bR R il dk af e PBbn el o b ot “or
appr oxi mat i a sipusoidal form Preferably, the processing device is a
plroggramred tﬁgéﬁ’%ﬂ@ Rt ?Bmomamaisw&mq%gf&mso provi des a pre-regul at or
for an electronic ballast 5 including the above mcro-controller. Use of

hi gh speed swi tiugfargblyf the piosessing deviae is equegtammedunicredopirghel
controlled by value N ensures a snooth sinusoidal input current waveform
close to the vidle dgeentidhi ladsd guboitied angre-esyidtat feavah oslecirsniel baiadtdal ,
closely matching the waveform of the voltage. Thus, the conbi ned usage of

bot h f ast origcilfingaRkreve InieRYBEntr@Rror close to 1.0 for the pre-regul ator.
Switching at the  precise duty cycle at every point on the sinusoidal input
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rondd %];r value N ensures a smooth sinusoidal input current waveform close
to the voltage, while factor A ensures that waveform is sinusoidal, closely
matching the waveform of the voltage. Thus, the combined usage of both factors
10 achieves a power factor close to 1.0 for the pre-regulator. Switching at the
precise duty cycle at every point on the sinusoidal input voltage ensures a

smooth sinusoidal input current.

BRIEF DESCRIPTION OF THE DRAWING
15 A preferred embodiment of the invention will now be described, by way of
example only, with reference to the accompanying drawings in which:
Figure 1 shows a schematic circuit diagram of one embodiment of the
invention;
Figure 2 shows a graph of the switching sequence over time; and

20 Figure 3 shows a graph of input current against value N,

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Figure 1 of the drawings, an a.c. voltage source 5 applies an
a.c. voltage V¢ via an EMI filter 6 to a bridge rectifier comprising diodes 7, 8, 9

25 and 10. The rectified voltage comprises the input voltage Vi, to the pre-regulator




exanple only, with reference to the acconpanying drawi ngs in which: Figure
1 shows a schematic circuit diagram of one enbodi nent of the invention;
Figure 2 shows a graph of the switching sequence over tinme; and 20 Figure
3 shows a graph of input current against value N. DESCRIPTION OF THE
PREFERRED EMBCODI MENT Referring to Figuresl of the draw ngs, an a.c. voltage
source 5 applies an a. voltage Vac via an EM filter 6 to a bridge

C.
rectifier c i Si i 8 .25 and 10. The rectified. vplta
conpri ses t)ﬁ‘gp {eﬁ%@?&}g‘ taggémé?ﬁ %%%{LW@S!%%@Q?%@%V&I’%I MBS chfué:&)?ﬁg?’or 4
i ncludes an_intrinsjc boost converter conprising inductor 11, MOSFET
devi ce 13, %F&gé%ﬁ@’eéﬁﬁ? 3§p§&%ﬂ61@d ?ﬁ@a@mrp?ﬁ- clive emtrytscyrn isalhisni ed
to resistive load 17. The gate drive 14 is controlled by pulse width
nmodul at or 18ppliadipcesisitenioad 17er 20 heg gbte dried dded contrated yyudse widtha 5

margi nally or continuously varying | oad. The nodul ator 19 produces a

di screte triodulsesiuedceAohipolcoatrolieit aonmd?al ¢ edkigdgiad sadooimmoniteotd bng
switch 14. Wiere the load is fixed, a single predeterm ned sequence of

pul se wisdt hna@ﬁiéalyaére@orﬁir%@m Vaiye8dad WieleemloReidtdadg ?o&f?ée%i AdidYete

varying, a nunber "of predeterm ned sequences are stored and the out put
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sensed. This f%ﬁfﬂg?ecﬁeafga%n%e&eerg, a single predetermined sequence of pulse width
modulated signals is used. Where the load is marginally varying, a number of
predetermined sequences are stored and the output voltage V,, is sensed and
10 input to the controller 20 which selects an appropriate stored sequence
dependent on the output voltage value V, sensed. This feedback arrangement
can be expanded to provide derived sequences on a continuous basis for a
continuously varying load. A simple control function is provided by the controller
20 to continuously vary the PWM sequences based on the feedback output
15  voltage V..

The pulse width modulation control factor is related to the derived values

by the relationship:
Plk) = PWMpax {1- A (sin—%ﬁ—) Y31 k=0123..K

Referring to Figure 2, a graph of the value P(k), for a family of values of N

20  over time is shown where:

1. % is the base frequency of the PWM generator.

2. —i—(i—T—) is the frequency of the a.c voltage(typically 50Hz or 60Hz)

3. PWMnay is the maximum duty cycle of the PWM sequence.




can be expanded to provide derived sequences on a continuous basis for a
continuously varying load. A sinple control function is provided by the
controller 20 to continuously vary the PWM sequences based on the feedback
output 15 voltage VO. The pul se wi dth nodul ati on control factor is related
to the derived values by the relationshgp: P ( k) = PWhax {1- A (sin K
} k=0,1, 2, 3, .... KReferring to Figure 2, a graph of the value P(k),
for a fam | f val ues ,of 20 over tinme i s shown ere: 1. T is the base
frequency o%l' ﬁh@ ManQPE%rB}'U@%.*%E( KMy ﬁjé‘%f rg\(%hl?eﬁéﬁuﬁ?dt% Rreper

vol tage(typically 50Hz or 60Hz) 3. PWVmax is the maxi numduty cycle of the
PWV sequencéscantingiousg-rsoge speqtigat@rthe mewver fireduriteri Huneduayd ey peek vatygisr ed
for proper discontinuous-node operation of the power inductor 11 near and
at peak valofethe &fC tifeutASInUsidt Vs Nusaad Béacenamimmly Reismtgisgbmmydsteed to
accommodate nmarginal changes in resistive load 17. 5 5. The val ue N shapes
t he resul taﬁbrg}ﬂg.cﬁaﬁﬁgg ire Edi®e 1888Qrding to Figure 3. As N increases the
i nput current approaches a sinusoidal form as N decreases the input
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N increases the input current approaches a sinusoidal form, as N decreases the
input current approaches a bell-shaped form. N is selected for a particular load
such that the input current is near to sinusoidal as possible.

The modulation switching is synchronized with the a.c. input voltage by
10 means of a zero-crossing detector 22.
It will be appreciated that further embodiments and exemplifications of the

invention are possible without departing from the spirit or scope of the invention

described.




The nodul ation switching is synchronized with the a.c. input voltage by 10
means of a zero-crossing detector 22. It wll be appreciated that further
enbodi ments and exenplifications of the invention are possible w thout
departing fromthe spirit or scope of the invention described. 7 CLAI NS
1. A nethod of generating an input current to a |load at a power factor at
or approximating unity including the steps of: a) providing an input

vol t age val‘gE Al said load; 5 b) sanpling said input voltage to said |oad
in a processi ng gevi ce at predetermined intervals to determ ne anplitude A
of a sw tchj oduci n a discrete ti swi tchi ng si naI
sequence re1 at &d %tlﬁ' fe@‘?i%eﬁg 4 &nys 543 C‘F%‘?’”tafop@ MSF%WW igstpr
sarrpllng points 10 k by the relationship: P ( = PWhax {1- A (S|n K) }
k = 0,1, 2,amproximating ykbrisciPdmeetoei gepshef: maxi rrum duty cycle of the

SW tchl ng sequence and K is the nunber of sanples; d) switching the input
vol tage to sai da)l oad peiviting be iguttvoltege vle@nt@Isaidﬁ)asfequence to generate
the input current; and

5 b) sampling said input voltage to said load in a processing device at
predetermined intervals to determine amplitude A of a switching
sequence;

c) producing a discrete time switching signal sequence related to
determined value A, for a predetermined load, and sampling points

10 k by the relationship:
P(k) = PWMpax {1- A (sfn%)‘i’ } k=01,23,..K

where PWM;.x is the maximum duty cycle of the switching

sequence and K is the number of samples;

d) switching the input voltage to said load using the switching signal
15 sequence to generate the input current; and
e) selecting the value of N when producing the switching sequence

such that the waveform of the input current is in or approximates a
sinusoidal form.
2. A method according to claim 1 wherein the processing device is a
20 programmed micro-controlier.
3. A method according to claim 1 or 2 wherein the method includes
synchronizing the switching with zero crossings of the input voltage.

4. A controller for controlling an input current to a load including:




e) selecting the value of N when producing the sw tching sequence such
that the waveformof the input current is in or approximates a sinusoi dal
form 2. A nmethod according to claim1l wherein the processing device is a
20 progranmed mcro-controller. 3. A nmethod according to claim1 or 2
wherein the method includes synchronizigpg the switching with zero

crossi ngs of the input voltage 4. A controller for controlling an input

Fecer ving an i mput vol Prsesriduliof BYRS ST IR AIEEMI BETnER 1Bighns Ve
to: i. sanple said | put . vol ta e to the Ig\;&dw%@predeterm ned intervals

to deternine the anpliP S@ﬂﬂei ORdof qucr‘?ﬁﬁin SpaNgvedanpl i ng points k;
ii. produce a discrete time switchin W? naI sequence related to

det ernmi ned val ue A and sahpBﬁW@pr(SB FIU bioltege tor #leatdashsahippedete(miney =
PWmax {1- A(sin K} k =0,1, 2, 3, .... K10 where PWax is the maxi num
duty cycle of the swtchi ngintsrerqlsehmc@tarrdinlé the arditoderBest 1ok ispupl@igeb) a
swi tching device controlled by said switching signal sequence to
5 at sampling points k;
ii. produce a discrete time switching signal sequence related
to determined value A and sampling points k by the

relationship:
P(k) = PWMpax {1- A (sin%”)"“‘ } k=0123..K

10 where PWMyax Is the maximum duty cycle of the switching
sequence and K is the number of samples;

b) a switching device controlled by said switching signal sequence to
switch said input voltage to said load and produce said controlled
input current; and  wherein the processing means is responsive

15 to the amplitude A of said input voltage to select a value of N in
producing the switching sequence such that the waveform of said
controlled input current is in the form of or approximates a

sinusoidal form.
5. A controller according to claim 4 wherein the processing device is a

20 programmed micro-controller.
6. A controller according to claim 4 or 5 including a zero-crossing detector
responsive to the input signal for synchronizing the switching device with zero

crossings of the input voltage.




switch said input voltage to said | oad and produce said controlled input
current; and wherein the processing neans is responsive 15 to the anplitude
A of said input voltage to select a value of Nin producing the swtching
sequence such that the waveformof said controlled input current is in the
formof or approximates a sinusoidal foem 5. A controller according to
claim4 wherein the processing device is a 20 progranmed m cro-controller.
6. A controfler t C.

det ect or ?Lspd%gﬁ&Qé IQ?ﬁfBrQEQ$Q%§bﬂgF%|%§1@§@gﬂg%%l ﬁé”?ggaiﬂ??@h ng
devi ce mnthlzerg g§3|ngs of the input voltage. 9 7. A pre-regulator for
an el ectronie b I?é@ “including a controller according to claim4, 5 or 6.
Il Mcro-controller operated pre-regulator for active power factor
correction ABSTRACT The invention provides a nethod of generating an
input current to an electronic |load at a power factor at or approximately
unity including providing an input




voltage to said | oad; sanpling said input voltage to said load in a
processing device at predetermned intervals to determne the anplitude A
required for producing at the output of said processing device a discrete
time swtching signal sequence related to determ ned value A and sw tching
points k by the relationship : P(k) = RéMerr] {1- A(Sin [err]) k =0, 1,
2,3,.... Kwhere PWMerr] is the maxi num duty cycle of the sw tching
sequence and Kis the nunber of sanples swi tching the input voltage to

sai d | oad t he tchin i sequence t ener.ate the i

current - andiSEhntPlies Qe bre iR RS ok fof raCtiRe" oia\Wek T tor
sequence such t hat the vvaveformof the generated input current is in or
appr oxi mat egopredtigpoi dal form FIGURE 1

ABSTRACT

The invention provides a method of generating an input current to an electronic

load at a power factor at or approximately unity including providing an input
10 voltage to said load; sampling said input voltage to said load in a processing

device at predetermined intervals to determine the amplitude A required for

producing at the output of said processing device a discrete time switching

signal sequence related to determined value A and switching points k by the

relationship :
15 Pk} = PWMpay {1- A (sfn%)-*‘} k=0,123,...K

where PWMnax is the maximum duty cycle of the switching sequence and K is
the number of samples, switching the input voltage o said load using the
switching signal sequence to generate the input current, and selecting the value
of N when producing the switching sequence such that the waveform of the

20 generated input current is in or approximates a sinusoidal form.

FIGURE 1




