75

VK 621.3.014.4

MODELING OF A QUARTER BRIDGE FREQUENCY CONVERTER
OF THE INDUCTIVE HEATING SYSTEM S

Std. O. Sabokar, Physique & Automobile electronics departments, KNAHU

Annotation: In this article a review of existing realizationsf the induction heating system frequecy
converter and its working principles was done. Dimsxl the need for a simpler and more reliable
frequency converter voltage supply scheme. Therpaggsents the concepts scheme, analytical de-
pendences according to the circuit calculations andesponding graphs of current interest depend-
encies. Proposed conclusions and recommendatiorisdomplementation of the described scheme.

Keywords: Induction heating, control system, the resonainequency, switching currents.

MOJAEJIMPOBAHUE YETBEPTH MOCTOBOI'O IIPEOBPA30OBATEJIA
YACTOTBI 1JId YCTAHOBOK HHAYKIIMOHHOI'O HAT'PEBA

0O.C. Cabokaps cryaeHT, kad. Pusukn, ka. ABToMOONIbHOM dj1ekTpoHuKku XHALY

Annomauusa:. B cmamve gvinonnen 0630p cyuwjecmseylowux peaiusayuii cxem npeobpazoeameneii o
UHOYKYUOHHO20 HAZPe8A U UX NPUHYUNO8 Oelicmeusi. YKkaszana Heobxooumocme paszpabomku Oojee
nPOCMOU U HAOEICHOU CXeMbl Npeodpazosamens Yacmom Rumawezo Hanpsicenus. B cmamve
npeocmasiieHbl NPUHYURUALbHbIE CXEMbl, NOTYYEHHble AHATUMUYECKUEe 3A6UCUMOCIU PACYEeMO8 Yenell
U NOCMPOEHbl COOMBEMCMBYIOWUEe 2PAPUKU UHMEPECYIOWUX MOKO8bIX 3asucumocmel. [Ipeonodicenvl
8b1B0OBI U PEKOMEHOAYUU NO PEeanu3ayuL ONUCLLBAEMOU CXeMbl.

Knwueevie cnosa. uHayKUUOHHbZIZ Haepees, cucmema ynpaejieHusl, pe3OHARCHAA Yyacmoma, moKu KOm-
mymayuu.

MOJEJTIOBAHHS YBEPTh MOCTOBOI'O IEPETBOPIOBAYIB YACTOTH
JJIAA YCTAHOBOK IHAYKIIMHOI'O HAT'PIBY

0O.C. Cabokap cryaeHnt, kadg.®izuku, ka. ABToM0OiTbHOI enekTpoHikn XHAY

AHomauin. Y cmammi 6UKOHAHO 027180 ICHYIOUUX peanizayili cxem nepemeoposayis 0ist iHOYKYIliHO20
Hazpigy ma ix npunyunis 0ii. Bxazana HeobXioHicmb po3pobKu Oinbui NPpocmoi i HadilHoI cxemu ne-
Pemeoprosaya 4acmom JHcuensauoi nanpyau. Y cmammi npe0cmasneni NPUHYUnosi cxemu, OmpumMani
AHATTMUYHI 3A0E)HCHOCME PO3PAXYHKIG cXeM i no6Yy008aHo 8ION0GIOHI epadiKu cmpyMOsUX 3AN1IeHCHOC-
meti wo npedcmasiaomy inmepec. 3anponoH08aHo 8UCHOBKU I pekoMenoayii 3 peanizayii cxemu wo
ORUCYBANACH.

Kniouosi cnoea:. indykyiunuii nacpie, cucmema YAPAGNiHHA, PE3OHAHCHA HACMOMmA, CmMpymu
Komymayii

Introduction designs local heating, for further processing or

service. The essence of this physical phenome-

Induction heating (IH) is a wildly used compo- non is based on Joule-Lenz heat using that is
nent of the most manufacturing operations asso-allocated out of internal currents, induced by an
ciated with necessity to realize metal parts andexternal electromagnetic field of the tool-

ABTOMObINL | enekTpoHika. Cy4acHi TexHoAorii, 6/2014



76

inductor that are located near the area of impact Analysis of the electromagnetic processesin
on the metal. induction heating

The purpose of this article is to describe the The quarter bridge frequency converter scheme
most economical inverter circuit realization of on pict.1 is an alternative of the variants de-
the inductor supplier with further proposing of scribed above.

the practical advice for the development of such
schemes.

T
/num

Publications analysis

Despite all the advantages of IH using that are
described and proven in the literature [1-5] the
choosing of the optimal power source realization
that provides the required amplitude & frequen-
cy response of the output signal.

At the present stage of semiconductor elemental
base engineering development, a frequency
converter usually uses two circuit implementa-
tion, namely the bridge and half-bridge realiza-
tions.

Pic. 1. frequency converter

The Principle of the scheme working, is con-
cluded in diagonal pair clutching of gates that
provides the bipolar voltage putted to the load
Zn, herewith, the range of the amplitudes forms
is doubled the primary supplying voltageid.

Its advantages consist in the simplicity and reli-
ability, cause of exception of the critical work
mode connected with a flow-through appear-
ance, which lead to semiconductor and all sys-
tem failure. So scheme like this is limited by
more simple transistor driver and less difficult

The scheme, where gates stand in two oppositeshort circuit protect system

bridge arm only, has the same principle of
working. Capacitors, that stand in other two
arms form a temporary current way in the diag-
onal bridge arms. Herewith, the capacitors value
is chosen so that its charging been at linear par
of charge characteristic and capacitors serve a
the energy transfer buffers from supplier to load.
In this case, the dynamic of current will be de-
pend upon the own load’s typical time constants
only.

Mainly, attention to the scheme consists in its dis
tinctive electric process computation methodic.

t'I'alking about the consideration of the scheme
dn pict.1 it is necessary to pay an attention on
the correctness of the equivalent circuit form.
For example, circuit (fog.1) mathematic model-
ing gives wrong results if the mathematically
described scheme has the view like at the fig.2,a.

The most common way to get some practical The reason being that, in this case, the real de-

outputs in the scheme electrodynamics Process. .ined scheme (fig.2, b) is difference to the
description gives us the inhomogeneous equa- ’

. . . original at pict.1.
tion system solving that characterized by the g P
connected load and the converter output voltageS

ime form. uppose, the transistor VT1 (fig.1) has an ideal

performance characteristics and can be in two
states only namely: ideal conductor, and abso-
lutely open circuit. It mean, that external voltage
source is considered or there is now counter that
could include the voltage source and its influ-
ence on the LC resonance circuit is ignored.

For example, to solve some given differential

equations, external voltage presented in the form
of unipolar or bipolar impulse sequence or in the
form of the harmonic function sum — that are

Fourier series component. In most case of induc-
tive heating system, load refers to some RLC
oscillating circuit or it inductively coupled set.
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Urn assumes unknown function exchange, by prod-
L R uct of two random functions, we’ll get full linear
c differential equation (1,2)
Re VT ‘g L
U - _t
| RL Uon(h) =Ce™ + E 3)
— t
= . _ L E
a b Ipon() =Ce ™ +— 4)
R,
Fig. 2. Wron computational model . )
g presentatior?' a - cgmputational circuit: where: C1, C2 —random integrative constants;
b - analog. .=RC 1, :é— time constants.

This assumption allows system work consider-

ing in two boundary related modes namely: According to the inductive current function and
- during open gate stadéT1,the mode of the capacitor voltage function continuity conditions
forced transition process. In the terms of math- at the moments of commutation, let find un-
ematic below, system will have common and known constant€;, C,. It is necessary to make

particular equation solving; a point, that all functions in each new commuta-
- during closed gate stalél1,the mode of the tion will have zero timing delay, and initial con-

free transition process. Else, system will have ditions for solving are determined by previous
common equation solving. commutation function last value. That is why

Next', let get electrodynamics.process analﬁical Uy (1= 0) SUgines (1= tg) (5)
relations in the scheme on fig.1. The required
computational models determinations presented

at flg3 i20nN(t)(t = O) =i 20nN—1(t )(t =t off) (6)
_ Following the appropriate substitutions, we ob-
J_ Joon(1) R tain
E=const C-
Jq L
CJoflt) C =Ugina(t=ty) —E (7)
Ri R ' E
CZ = I20nN—1(t = toff) _g (8)
a) b)
Hereof

Fig. 3. Computational model: a- first mode
circuit; b- second mode circuit. ot t
. uconN(t) = ucoffN—l(t: 1:off)e fe + El_ eTC) (9)
For the first and second mode all unknown func-
tions will have “on” and “off” indexation ac- . .
cordingly. - . - , E N
o oo ©) ool Sl ™ 4 o-me ™) (10)
A model (fig.2.a) state equations

To obtain the gate switching current, let differ-

@CM+ Y, = E (1) entiate the expression (9) and add it to the result
dt (10), after what we get
L% + Ryipn = E 2)

Using the well-known solving method, which
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i i _TL E Tt i20ffN (t = O) =i ZonN(t =t on) (17)
sy () =Tl =top)e = +—(@0-e ™)+

t

(11) Out of the conditions (16,17) we’ve got

+E e _ Ugorin-1 (t = tofr) € 1c
Ri R C3 = uconN(tz 1:or> (18)
Then, the model (fig.4b) state equation solving C, = ponn & =) +CBU ot =1 ) (19)
for free oscillation RLC circuit mode is needed Cw
d2u, du Making a substitution (18, 19) in (14.15), we
LC —+R,C d: + WYy =0 [+ LC (12) obtain the final form of the unknown functions

dt?
ucoffN (t) = (uconN(t = 1:or) COS@)t )+

+ i20nN(t :ton) +CBuconl\(t =t or) sin(wt )Je—Bt (20)
Cw

Classic equation form

dzuc N AUeoty
dt; + ZB d: + (*)OzucoffN =0 (13)

i20ffN (t) = _Bce_Bt ( uconN(t: tor) COS@t)+

where: B:h — damping ratew, 1 et =te) +CPU =) sin(at) |+
2L JLC Cw
resonance frequency. o [iZOnN (t=to) +CBUt= o)
Note: All further calculations will be performed CQ_)
and will describe the oscillatory circuit mode, XCOS@t )+U . € =t,,)sin(t ) 21)

o o L .
leif the condltlonR12<2\/g 's performed. Having the appearance of interesting us func-

tions it is necessary to present their graphic im-
The roots of the characteristic equation of the age correctly, taking to account that they are
2nd kind (13) will be p,,=-B+iw, where displaced intime in relation to each other on the
' size of gate n—commutation duration (as and
w=,/w,”—B?, and its general solution can be including so on a shutdown) and exist only on
the set interval accordingly. For example, the
circuit current function at the powered-off tran-
sistor VT1 of 3th commutation will be written
down as

written as
Ugomy (1) =(C; cosot )+ C, sinfot ) €™ (14)

Capacitance current equal to the inductance cur- ot (v (1) :[ﬂ(t —(2T +t,.)-n(t —3T)]x
O = on

rent
—B(t-(2T+ton —
x[—BCe B(t-(2T+t »( Uon neg) (1= 1) X

i () =CPE™ (C‘Gcos@t-)+ C, sinet) + (15)  Xcos@- (T +t, )
+Cooe ™ ( G coswt)- G sinf t) + I20n(n=3)(t =ton) +CPBU o neg)(t=16) <
C
whereC;,C, — random integrative constants. xsin(@(t - (2 +t,, )(;;) + (22)

B(t=(2T+ton))
Find the unknowrC;, C, according to the initial twCe x

conditions, which comply to similar previous x(iZOn(N:3)(t =t o) +CPU ;o stj(t:ton)x

mode functions value at the moment of the tran- Cw
sistor clutching
xcos@t - (I +t,, D+

Ugone (t =0) ZUgom(t= to) (16)  +Ugoy pcgy (= to)SIN@(E~ (2T + 1)) |
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where: n(t) — Heaviside function;
T—gate actuation period.

All found functions will be written by analogical
character for a time real scale factor.

For the modeling was close to the real situation,
we will accept the next parameters of oscillatory
circuit on the fig.4 b.

R = R=0,50hm

C =2uF

L=19uH

E =100V

Off-duty control factor makes 25%.

As a further system work description aim a de-
gree and character of the transistor clutching
frequency influence on it (general) indexes will
be considered, namely: inductor current and it
form, form and amplitude of the gate current,
and, also, the influence of such not insignificant
parameter as transistor control signal off-duty
facto.

On the figures 4-6 the inductor current graphic

are presented in case of frequency to equal reso-

nance frequency of RLC contour and it rejection
on +-20%
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Fig. 4. Currents at resonant contour frequency:

a — inductor current; b — gate current
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Fig. 5. Currents at +20%resonant
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Fig. 6. Currents at -20%resonant contour fre-
guency:a — inductor current; b — gate cur-

rent
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From the charts of gate current, it is possible to A
distinguish, that the first current troop landing, 74 7
of the each commutation, corresponds to the 50 / \ / Al
energy accumulation in a capacity, and to the - / \ A / \ /\ / \
second - energy accumulation in inductance. 3 AR
Thus duration of first substantially less duration = -25 \ \ / \/ \
of the second. A conclusion ensues from it, that _so \ / \\/ \
basic load on a transistor makes an inductive  __t \/
store. 0 0.00005 0.0001 0.00015

te
It is necessary to specify that the presence of the a
up-diffused connection conductor inductance of e
the system positively will influence to the sys- & =
tem work, because, a priori, it will limit current /
throw amplitude at the moment of commutation. 60 / /
As been obvious from the got results, transistor i
control frequency can substantially influence on 5 / / /
the system quality indexes. So, at frequency / / / / /
equal to resonant of the oscillatory circuit, a 0 ] ]
leaked inductor current has the obviously ex- 0 0.00005  ©.0001  0.00015
pressed sin—wave character in the set mode ant Le
his peak value up to 36 Reduction of frequen- b

cy will result in distortion of inductor current
form and will bring down its peak value (fig.7),
and increase on 20% also will distort the form of
current of inductor at the simultaneous increase
of gate (fig.6) current. In both cases, appearanc-
es of the inductor current function fracture areas

testifies to voltage jumps appearance that nega-1 D inti f existent sch ff
tively affect works of transistor and can result in ~ escription or existent schemes of frequency
its shock. converter is executed. Methodologies of their

calculation are described.

Another one interesting question consists in _

transistor off-duty factor influence on the leak 2. An alternative the frequency converter
processes of the system. From early got chartsﬁCh?me of more economical and reliable execu-
(fig. 4-6, b) it is possible to say, that the tians  tion is presented.

tor clutching time increase must promote in- _ _ _
ductance accumulated energy (because capacit?- Mathgmatlcal model of described electronic
charge time is incomparable small). scheme is presented.

Fig. 7. Currents at resonant contour frequency
and 50% off—duty factora — inductor cur-
rent; b — gate current

Conclusions

The analogical charts at off-duty factor increas- 4- Basic functional dependences of currents and

ing up to 50% at the same frequency are pre-voltages of the system are got, graphic of cur-
sented at fig.7. rents at the different frequency parameters of

semiconductor gate control signal are built.

Really, the increase of off-duty factor results in ) o
the inductor current increase, but, not looking on 9- BY the built charts and estimations, the next
seeming efficiency, results in greater distortion conclusions about work of scheme are got:

of current form from a sine-wave kind, than at — the most favorable system and gate work

tion frequency is equal to resonance frequency
of RLC circuit;

— deviations of control frequency from own res-

onance results in distortions of inductor current
form;

— the increase of frequency reduces middle am-
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plitude of the inductor current, and also reduces Onepromsaar. JI:1981. -330.

the transistor current during commutation; 2. bormanos B.H., Prickun C.E., IlpumeHnenue
— reduction of frequency increases middle am- WHAYKIMOHHOTO CKBO3HOTO HarpeBa B
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es the transistor current during commutation; eque». M.-J1.:1965. -96.
— an optimal value of control off-duty factor of 3. Buwmynuna 3., 3unun 0., [IpoexTupoBanue
the transistor is in the district of 25%, its reduc TUPUCTOPHOTO MHBEPTOPHO-MHIYKTOPHOT'O
tion diminishes amplitude of inductor current at 3aKaJIOYHOTO KOMILUIEKCA C BBIXOIHBIM
preservation of its sine—wave form, and increase tpancdopmaropom. // Tlep. u3n. «CunoBas
to 50% distorts the form of inductor current and DnexTponuka», Ne3'2007
promotes loading on the transistor. 4.IIpeobpazoBarens g MHIYKIHOHHOTO
HarpeBa KOHIIOB 3arOTOBOK MOJI IIaCTHYe-
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ing of the transistor control frequency is as- MOBEPXHOCTHOW 3aKajJKH MUIMIEBHIX Ba-
sumed, or the inductance values rejection in a noB. /I Tlep. u3n. «CunoBasi DICKTPOHU-
large side from required is permissible. ka», Ne3'2008
5. Induction innovations inc. MINI-DUCTOIR
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