Modeling of a selfoscillating control system of a transistor
oscillator for tube welding using Spice
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Abstract— In this paper a selfoscillating control system of a Il. DEscrIPTONOF THE CONTROL SYSTEM
bridge transistor oscillator is proposed with a parallel reso-

nant circuit as a load, which technologycal application is the A Transistor oscillator

tube welding. The system is characterized by good dynamic

characteristics allowing precise tracking of the fast changes . . . S .
) The full bridge transistor oscillator circuit is shown in
in the technologycal process. A computer model of the control _.

system is developed and simulated using the general-purposeF'g' 1. TheLz elemept is the inQuctor i.nductance andFﬂge .
circuit analysis program OrCAD PSpiceand the simulation €lement is the equivalent active resistance of the welding

results are presented. seam. These elements, together with the capacjtdiorm a
parallel resonant circuit, which represents the oscillator load.
Keywords- selfoscillating control system, tube welding, com- The additional inductance eleméntensures the inductance
puter simulation, Spice modeling character of thé, current in the oscillator diagonal. The re-
maining resistors are auxiliarly elements needed to measure
|. INTRODUCTION currents in the model of tieSpicesimulator. TheR, resistor
is a shunt resistor sensing thecurrent through the diago-
The deve|opment of the manufacturing techno|ogies f(ﬂal and the transistors. T@ resistor is a shunt reSiStor,
power MOSFET transistors provides the possibility of pradiving information for the current through the compensat-
ducing power transistor oscillators, which are of a greHd capacitoiC,. The resistor®,—-R, form a resistor voltage
practical importance. divider thacking the load voltadé¢_. By the so chosen vir-
The high-frequency tube welding is one particular applfual ground (GND) thé, current is visualised by tHeSpice
cation of the various induction technologies [1-6]. The shafmulator with a reversed phasecording to thé&J_ voltage
resonance frequency change of the parallel resonant circlhitd. 4a). In factl andUgare in phase. The IRFP460 transis-
(the transistor oscillator load) in the starting moment of tH&r of the standarBSpiceibrary PWRMOS.SLB is used for
welding process is an important specific feature of the ifbe transistors$4;, M,, M, and M,.
duction tube welding technology.
The optimal mode of commutation of the transistors in th8. Control Selfoscillating System and Phase Correction
transistor oscillator takes place when their current is in tiystem
same phase with the voltage on the load resonant circuit.
The classical control providing this mode of operation, The control selfoscillating system and the phase correc-
consists of a phase detector, with an output signal th#@n system are shown in Fig. 2.
changes the frequency of a voltage controlled oscillator The zero comparato§, S, andS; record the moments of
(VCO) [2,3]. This system is characterized by a certain del&gbsequent of the positive and negative halfperiods of the
of the frequency tracking reaction due to the existence &®rresponding signald_, I and I . The output valuet,,
filter elements in the feedback circuit. U, and Ugare shown in Fig 4he logical elementd, Uy,
In the present work a selfoscillating control system is dél;, andU; realise the logical functioBXCLUSIVE ORThe
veloped which is significantly superior with respect to theutput values of the elemerits; andU , are:

speed to the control systems based on the classical prin- U.=U_[1
ciple. Such control systems have been proposed for thyris- us T Te e (1)
tor oscillators [4,5]. U.=0.01

u6 — “c c.

) o ) ) ) The logical values of 1 for the elemehtg and U ;com-
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Fig. 2.Control selfoscillating system and phase correction system

is necessary to commutate the transiskbysM, andM,, M, — for inductive detuning of_ with respect tdJ, (a phase

at the definite angle outrunning the sign change ofithe lead of U_with respect tol):

halfwaves. A voltageJ¢ proportional to this angle lead is

formed on the capacit@, using the current sourcés, and U =U.0O1)& (. 01y)=1 3)

G,. The latter are controlled by the outputs of the logical

circuitsUg andU, . They are presented in Fig. 4blag and

U,1o- The corresponding logical values are as follows:
— for capacitive detuning of with respect tdJ _ (a phase U v -u

lead ofl with respect toU ):

The signalU_, represents the scaled signal  in the
form:

TR 4)
ms| 10 SO

The signaldJ ., andU_ are compared at the inputs*IN

U =UcUl)& (I =1 ©) and IN" of the comparatoE,. As a result, the signdJ, is
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Fig. 3. Driver circuit

formed at the output of the comparakgr The leading edge
of theU, voltage defines the angle of the outrunnéegnmu-
tation of the transistors according to the sign change of the

The dependence (5) is defined by the expression

(SIGN(V(IN+,IN-)+1)/2.

in'the EXPRESSION field of theVALUE element.

U, voltage, when the currehtis in phase with th&  volt-
age.

The signalJ, is applied simultaneously to the logical ele-
mentsU,, andU, ; of the driver circuit (Fig. 3). Depending on
the sign of the moment current valye the logical element

IV. CoNcLUSIONS

An improved solution for a selfoscillating control system

U,, or U, is enabled. Passing through these elemess, with a bridge transistor oscillator has been developed. The

changes the logical state of the RS-trigges-U,,. In this

control system corresponds to the specific features of the

way the working up to this moment transistor pair is switchdgchnologycal process of induction tube welding.

off and the next transistor pair is switched on.

A computer mixed-type model of the system is developed

The logical elements,, andU, , form short pulses in the for the contlrol system using.the rilch possibilities o'f the
Sign Change moment of thl:(\: V0|tage_ They reset the Samp'e_orCAP PSpICEpI’Ogram. The S|mu|at|0n I’esu|tS Of the time-
and-hold circuit. The reset of thisignal is performed by domain analysis are presented.

theU, voltage.

1. PSpicE MACROMODELING OF THE
SELFOSCILLATING CONTROL SYSTEM AND PHASE
CORRECTION SYSTEM

(1]

The developed control system is modeled as a mixed—ty&?
circuit and simulation in the time domain usi@gCAD PSpice
program is performed. Computer models at component level
as well as analog behavioral models are built. A number of
analog behavioral blocks of the system-level model librang)
ABM.lib are used to model the subcircut shown in Fig. 2:
voltage controlled switches @-type, multipliers MULT ),
gain blocks GAIN), etc. The block) is used to calculate the [4]
U snvoltage in accordance with Eq. (3). The comparator cir-
cuit COMPARATOR is described using dependent voltage
source ofEVALUE type using the expression for the outpu[5]
voltage:

[0 forU;, <0 [6]
U= 5)
= H foru,, >0 (
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Fig. 4. Simulation results of tHiESpiceprogram
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