lavemiano nrzeounianszii

a6 £ =
wesiadfalulasuuuyn - yaawaien

SINGLE - PHASE BUCK - BOOST AC CHOPPER

Tan
wig nand INEUAAIRENA

w8 NANd R IR TE NS

WY NIRANG ag'auﬁ:

b

DAAN
2550
L0 —
i BEOTC )

Susdondl 290024 Tt eeeeereeensneaes

r- o [ d O o r-9 L") -
Yiganinusiidudiuniszaimsd@nmaamdnganiggriainssumsaninga
a1 380533 WA
O ] g v o
gaonfunalulafinszeaanandramnuisaranszi

Vn1s@nw 2550



nsd@nsn 2550

a9aned8sathasuuuiin — gmﬁﬂmﬁm
SINGLE - PHASE BUCK - BOOST AC CHOPPER

Tag

W1g MAand Lﬁﬂuﬁ’wmqa
wig mMuand 31150

W18 NRNA ag:ﬁmf

€A 2
219158nUsnEN

[ 7]
AT ANNN W& L3

P=Y Q. Qs

HA.AS. g Nafsaiden



Sganinusiinsfinm 2550
MATIaINITY WA
ATLAAINTINENTAT ﬁnﬂﬁumalﬂaﬁm:aamn%Lﬁi’wqmﬂmim@m:ﬂ'ﬂ

Ga9 29stadFatilatuuumwafon

1. U mﬂn“ﬁ Lﬁﬂuﬁwu:qa
2. Wiy Muane DR TR

3. Wit MuIe ag‘ﬁuﬁ:

219130 NUIN W

.............................................

( fwmannasg as. ghanl fedimiFae )

................. 219158905 nw



vstadzalidasuuuun - yadidaEe?

w1 mﬂQﬁ Lﬁuuﬁ'@uu:qa

WD AYNA 31130

Wit NYANA a%i?mﬁ

a3, ANAW WAl 2197130 AY5nw
“ §F a ar §a e A

e, gial Aediaddann anasdiyinm

TImséinwn 2550

CGED)
o & w oo P & a = o a

g griiwutatuidbusuansiadialidaiuvuiadeailuisasdnivulasan

usdeulwinszuagduduussanWiintzuagsu "l@”gnﬁ'lm‘lftﬁatmuﬁaaﬂmuu
A 4 Awv a . e u - a e

ﬂ’]lJF!NLﬂﬁI@]U1‘YITﬂL@]ﬂ§ Gafdadaninde 1umwnaagﬂﬂauma@lumaanmaua‘n"ﬂaﬂ
uJa‘i’%:lﬁgﬂﬂﬁmuaﬁuvl.wﬁwLﬂu'lsnif 1799303038 uanoanfiduuialan ATANWY B

o w a & & a &4 a ' A &
ATSULAMUINTIVAIIITHANUIREUNIaTuainandInd1 wasedfotiasuuuina
Lﬁmﬁgnﬂs:qnﬁmmmws WA ILIAUATULLING - u“aﬁ Tasltwannisuas PWM
Wt wasld IGBT iuaindaaifianiy ﬁﬂﬁ*’lﬁgﬂﬂﬁuuﬂﬁuvlwﬁwmaﬁmmaan
Adwlad wé’nmiﬁwmuua:ﬁaﬂﬂumsaanLLun'lGTgna'ﬁmuamaﬂnﬁuﬂmulu

o 5 Qr Fr % a °‘; ar o A = 5 r=1
Waaniwuiaivi lagldiiauanmannmsinuwasedfeUiesuuuaden nng
FIRDILASNITNAR DIV IHANITADVARDINUIIDILAToIOuUUVIA LT w1581 un Y
aN@ BB TNNINYLANE

L]



SINGLE - PHASE BUCK - BOOST AC CHOPPER

Parkpoom Thainpattanakul

Panumas Jumpagern

Panumas Yoosin

Asst. Prof. Dr. Supat Kittiratsatcha  Supervisor
Dr. Sompob Polmai Supervisor

2007

ABSTRACT

This thesis presents a single-phase buck-boost ac chopper. This ac chopper can
be used in place of conventional ac voltage control using thyristor phase control
technique. The adventages of ac choppers is that it requires only small-size low-pass
filters on its output and input side in order to attain low THD output voltage and low
THD input current. The single-phase buck-boost ac chopper has operation principle
similar to the buck-boost dc/dc converter. The ampiitude of the output voltage is
controlled by the duty ratio of the pulse-width modulation. However,in ac chopper
bidirectional ac switches made of two IGBTs are used. Principle of operation and the
design of the circuits are described in this thesis. The simulation and experiment are

carried out to confirm the validation of the operation and design.
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Switching frequency 15.4 kHz

C Snubber 0.2 uF

L Storage 0.3 mH
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Lf 0.5 mH

cf 10,15 pF
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Letters to the Editor

A PWM Buck-Boost AC Chopper Sohing
the Commutation Problem

Jong-Hyun Kimy Byung-Duk Mia. Bong-Hwan Kwon.
and Sang-Chul Won

Abstmer—A novel pulsewidth modulation buck-boost ac chopper using
regenerative de snubbers is proposed and analvzed. Compared to the
previous buck-boost ac choppers. ac snubbers causing power loss are
eliminated uwsing regenerative de snubbers. Experimental vesults show
that the proposed scheme gives good steady-state performance of the ac
chopper, which coincides with the theoretical 1esules.

Tndex Terms—AC cnubbers, pulsenidth moduladon ac chopper, regen-
erative de snubbers.

[ BRooveTion

Line frequency ac choppers are widelv used i applications such
as 1ndusial heating. lightiag comirol soft stamng of an iaduchon
wotor. and speed convollers for fans and puups. Most of thew
are phase contrelled te control the magmimids of Hhe output voliage.
Thev have mierent drawbacks, such as poor potwer factor and large
lov-frequency baneonacs of a2 line cument. To overcore these
drawbacks. attempr: have been made to apply pulsewidih modulznon
{PWAD) sechrisques o ac choppers [1]J-[5] However. the standard ac
chopper requires biduwectional swirches and, with the commutation
problem: causing high-voltage spikes. it is limifed 0 small power
apphications. The comsmutarion of switches 15 coitical. and an alremarte
current path has to be provided when both switches are tumed off. A
mwicber of ac choppers can be denved from d¢ choppers. For mstance.
fivback ac converters can be derived from fivback de converters [2].
[3] Buck-boost zc converters can be derived from the buck—boost
Cuk dc comverters [4]. However. these convermers sufl have the
conumitration problent or require bidirectional swirches.

In this letter, a novel PYWM buck-boost ac chopper using regener-
ative de snubbers is proposed. Swice proper switching operation for
solving the commutation problern is utilized. the proposed ac chopper
15 rehable and power loss due 10 ac soubbers 15 eliminated.

11, DESCRIPTION AND STEADY-STATE ANALYSIS OF THE CONVERTER

A buck-boost dc chopper consists of one switch. an ductor. a
diode, and an output filter capacitor. as shown an Fig. 1{3). From the
dc chopper, 3 buck—boost ac chopper. which requires two isolated
gate drives and ac snubbers. can be denwved. as shown n Fig. 1(b).
and. furthermore, this circuit can be couverted equivalenily to the
proposed buck—boost ac chopper using regenerative dc snubbers,
as shown in Fig. 1{c). which requires four isolated gate drives
Standard switch modules which are commercially available can
be used in this circuit, and regeneratve dc saubbers are attached
directly to standard switch modules to zbsorb energy stored in line
stray inductance. These dc snubbers feature a very simple strucrure

Magusenpt recerved Avgust 12, 1997 revised March 13. 1998. Abstract
published on the Iniernet July 3, 1998.

The authors are with the Department of Flectromc and Electrical Engineer-
mg. Pohang University of Science and Technology, Pohang 790-784 Korea.

Publisher Item Identifier § 0278-0046(98)07029-4.

consisting of a capaciter only, with no need for discharge resistance
or for a complicated regeneranve cucwt for suubber energy. Thus
is because snubber energy is regenerated during the charzing mode.
The coaventional ac chopper in Fig. 1{b) uses bidirectional switches
capable of bidirectional currear control. Therefore. the snubber circuit
of bidirecnional switches must be an ac snubber crewt that can
absorb dudirectional nurn-off spike energv due ro line strav nduciaace.
However. the circuit shown in Fig. l{cy 15 regenerating the soubber
energy withou! using any additional regenerative circuit The control
of the switches 15 based on the equal PWI tecanique, Tlus enswres
that the owput voliage is sinusoudal for a sunuseddal ac inpur voliage.
The oupws voitage 15 convolled by changing the dury cvele of the
control pulses Three different medes exast during one switching
period. Each switching cyele consists of the charging mode. bypass
mode, and discharging mede,

Let », be the total voltage of the input voltage and ourpur voltage,
1e. o ro 4 o0 A swatching policy selving the comumutation
problem depends on the voltage «,; the switches S. and §, fore, > 4
are firned on addsronally, and the swinhes & and Si for o < 1)
are mumed on dunng the dvpass mode for safe commutation without
respect to the conwel :ignal. The inducter cugrent ;. conducts through
ihe iput side during the charging mode and though the ouiput
sude dunng the dicharging mode. However. the inductor current is
brpassed throush e input <ide or owtput side. depending on its
direchon dunng the byvpass imade. Fig. 2 shows tiree possitle modes
during one switchg cycie for the posieve +o. During the charging
mode 7~ ). the switches 5. aad S are turted on 3ad the mductor
current (. conducts through the wmput side. As 2 result, inductor
current conducts through 5, and éiode across S. for ;> 0 or S,
and diode across $ for », < 0. as shown m Fig. %) Dwing thus
moide, the snubber energy which 15 absorbed during the bypass mode
15 regeaerated. and a currear path for the saubber energy 1s plotted in
dofted lnes. The discharging mode (1.~} 15 complementary  the
charging mode. Dunng this mode, the swirches S: and 5, are umed
on and the mductor cuerent /, conducts throngh the ourput side. as
shown m Fig. 2(b). To avoid cuerent spikes of nonideal switches.
the deadrine f., 15 requured and. ar the same tune. a cwrent path
of the inductive load to avoid voltage spikes must be established.
So. the Lypass mode is indispensable. In the bypass mode (f~.
or fo=f,), the swiches for safe commutation are tumed on or off
accordmg to the status of the voltage . When the total volrage r
1s positive, the switches $, and 5, are tumed on. and the switches
51 and Sy are turned off for safe conuhutation. as shown in Fig. 2(c)
and {d). If the inductor cuarent 7, 15 positive, the mductor current is
bvpassed through the input side. as shown in Fig. 2(c}. If the inductor
current ;15 pegative. the inductor current 1s bypassed through the
oulput side, 25 shown in Fig. 2(d). When the total volrage v is
negatve, the switches 5, and $, are turned on. and the switches S,
and 5, are rumed off for safe commutaton. Thus, a current path for
the inductor cumrent always exists m every current direction during
the bypass mode. Fig. 2(e) shows typical operation signals of the
proposed buck-boost ac chopper.

To facilitate the analytical procedure in order to obfain an equiv-
alent circuit for the buck—boost ac chopper, all components are
assumed 1deal the source inductance L. is negligible, and the
switching frequency f. is much greater than the lme frequency [

0278~0046:98$10.00 .2 1958 IEEE
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Fig. 2. Operational modes for the ac chopper using dc smubbers for
mode. () Bypass mode for 7, > 0. (d) Bypass mode for iy < 0.

so that during a switching period. the input and output voltage can
be considered constant. The average inducior voltage during one

switching period T, = 1/f. is given by
vr(t) = Dui(t) — (1 = Dju,(t) (1)

where v;(1) and r,(!) are the average ac fnput voltage and ourput
voltage, respectively, during the swilching period, and D is the’ duzy

s
+ ' S,
\" ch L
] 5
VA
¢
(b
[—N—"
i 5 s
T BN
._I_S-‘ +
T
{d)

> U md steady-state equivalent ciceit (a} Charging mode. (b) Dischuging

ratio. The inductor voluage is given by

eL{t) = Lii:.(i') 2
dt

where {2/} is the average inductor current during the swirching

period. The inducter curvent produces the output cwrent during the

discharging mode, and the inductor current is caused by the input

current during the charging mode. Hence, the following relations are
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output voltage, bvpass capacitor volrage. and the mducior cusrent.
Tig. 3{f) shows the gatmg pulses of the swirch §). The filter size of
the proposed ac chopper is sigutficantly reduced in conmast with thar
of the line frequency ac cheppers and. at the same mne. the ripple
of the output voltage is small

In tlus letter, a novel PWM buck-boost ac chopper usiag regener-
auve de soubbers hias been proposed and analyzed. The experimental
results coinarde wath theotencat results. Because proper switching
operauon for sclving the commutation preblem is nnlzed and because
the high-frequency PWM techiugue to control the output volrage
15 used. the proposed buck—boost ac ciopper is reliable and bas
the following advantages: improved power facter. low harmonics.
sinusesdal input current. fast dvnamices. high reliability, efficiency.,
and significant reduction of the filter s1ze

(1
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