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Abstract
The conventional electronically controlled power source for steady and pulsed direct current is converters and they contain thyristors or transistors. For direct pulsed welding arc machine, a single-phase half wave rectifier is connected in parallel with a three-phase bridge converter to produce the desired pulsed direct current with different pulse repetition frequencies, but these power sources produce harmonics in the A.C mains, and, in the case of pulsed direct current welding, there is asymmetrical reaction in the A.C main source caused by the single half-wave rectifier. In addition, the power source for pulsed direct current welding arc is complex in operation and maintain, large in size, less efficient and relatively expensive. This study presents an efficient power source for steady and pulsed direct current arc welding machine using only a single fully controlled bridge converter with two suitable triggering circuits one for bridge fully controlled converter with power thyristors and other for TRIAC switching devices for two tuned resonant line passive filters F1 and F2. A single fully controlled three-phase bridge converter was chosen in the power source as it contributes to reduce the reactive power loss with triggering angles less than or equal (60) electrical degree. The distortions and harmonics for non-sinusoidal current produced by the A.C power system a result of the power supply and reactive power reduced with the help of two resonant line passive filters (F1 & F2). The results and graphics are verified, plotted and presented using facilities of  MATLAB version - 7-.
الخلاصة
       إنّ مصادر القدرة الكهربائيةَ التقليدية المسيطرة عليهاَ إلكترونياً  للتيارِ المستمر المستقر والنَابِضِ هي عبارة عن محوّلات و تحتوي على ترانزسترات أو ثايرسترات . بالنسبة إلى ماكنة اللحام ذو التيار النبضي المستمر فأن هنالك رد فعل غير متناظر في المصدر الرئيسي ناتج عن دائرة مقوم نصف موجة تربط على التوازي مع قنطرة تحويل ثلاثية الأطوار لإنتاج التيار النبضي المطلوب بمختلف ترددات تكرار النبضة ولأن هذا النوع من مصادر القدرة يمتاز بكونه معقد بتشغيله وصيانته و كبر حجمه وقلة كفاءته وبالتالي كونه غالي الثمن. هذه الدراسة ستقدم  طريقة كفوءة لتصميم مجهز القدرة مسيطر عليه بنوعيه النبضي والمستقر والذي سيجهز ماكنة اللحام باستخدام فقط محول قنطرة كاملة السيطرة ثلاثية  الأطوار وقد تم استخدام هاذيين النوعيين كمصادر للقدرة مع  دائرتي  قدح مناسبتين واحده للمفتاح القدرة لدائرة القنطرة وأخرى لمفتاح ثنائي الأتجاة للمرشحين ( F1 ,F2) لكي يساهما في تقليل استهلاك القدرة المتفاعلة مع زوايا قدح ذات قيم محددة لا تتجاوز ال( 60 ) درجة . أن التشوهات الحاصلة من أستخدام منظومة القدرة فيمكن تقليلها بأستجدام مرشحي خط من النوع الرنيني
( F1 ,F2). أن نتائج ومخططات هذا البحث قد تحققت وعرضت باستخدام تسهيلات – MATLAB -7
Keywords: Three-Phase Bridge Converters; GMAW; Three-Phase A.C Voltage Regulator; Triggering Circuits; Electrode and Contact Tube.
1 - Introduction
Welding is a fabrication process that joins materials, usually metals or thermoplastics, by causing coalescence. The latest technologies in power electronics and control systems have a tremendous impact on the development of power sources for Gas Metal Arc Welding GMAW machine. The base materials must be cleaned to prevent slag, sparks and smoke for all types of welding machines like GTAW, SMAW and GMAW. A.C power source could not be used for GMAW because the current approached the zero value and arc would go out, but for high frequency, welding transformer is useful to keep the arc established as the weld power passes through zero value also aids in arc starting without the risk of contamination. The current is drawn from the A.C mains, rectified and smoothed with a smoothing choke; also, the D.C output voltage is continuously varied by varying the triggering angle of the power thyristors. The power source for pulsed D.C welding, which involves a periodic fast transition from a low to a high current, consists of two parallel-connected rectifiers as shown in Fig. (1), which are a three phase transformer with a three phase bridge converter to generate the background current Ib and a single-phase transformer with a single half-wave rectifier for the production of pulsed current Ip. The pulse width (tp) is changed by altering the triggering angle of the power thyristors and the pulse frequencies that can be derived from this power source are multiples of the line frequency such as (25, 50 and 100) Hz. Both the background and pulsed current level (Ib, Ip) can be changed by the triggering angle and the transformation ratio of the transformer [Morched, 1993]. Some of the disadvantages associated with this power source are asymmetrical reaction in the A.C mains caused by the single half-wave rectifier, high production cost, high power loss, low efficiency, low dynamic response, large size and weight. 
This study presents a new method of firing the power thyristors for a single fully controlled three-phase bridge converter for GMAW machine, which enables both steady direct as well as pulsed direct current welding. 
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The major sources of heating contact - tube were the voltage drop between the contact tube and electrode and radiation from the arc with major heat loss occurring through conduction to the gun body. The contact tubes often reached (300) C0 with the air-cooled gun and the temperatures reached a plateau in a bout (50) second. The lengthen contact tube life, the tube temperature can be minimized by increasing the contact - tube to work distance CTWD, decreasing the current or decreasing the arc length [Quinn, and Madigan, 1995] 
The fully - controlled three-phase converter was chosen as it reduces reactive power drawn from the power lines with triggering angles less than or equal (60) electrical degree. Thus, some of the above-mentioned disadvantages such as high power loss, low efficiency and low dynamic response improved in this paper.
The distortions in the power system produced from the triggering method reduced with the use of two tuned harmonic line passive filters, Figs. (2.a) and (2.b) represent a direct current welding power supply with electrode polarities either positive or negative, Fig. (2.b) is more commonly used [Chen, 2002].
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2- Design Of A Controlled  Power  Source
[image: image58.emf] 
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The controlled power source circuit is shown in Fig. (3.a), which consists of a three-phase rectifier bridge controlled six pulses with a flywheel diode, a (50) k.V.A three-phase transformer in a delta-star connection (D / Y) with primary taps, two (L – C) filters and a series smoothing choke with tapping from (0. 1 to 0. 5) mH., Arc voltage Varc, RL, Id and Vd represent the welding arc voltage, the resistance of the welding cable and welding arc, output current and output voltage, respectively. In this circuit as a method of triggering circuit for the thyristors, it is possible to produce both steady direct current as well as pulsed direct current with multiples of the line frequency such as fp = 25 Hz,  50 Hz, 100 Hz and 150 Hz, and with various pulse widths (tp). The purpose of the welding transformer is to control and voltage regulator the incoming voltage to a level that is needed for the welding process. The delta-star-connection and the bridge converter contribute to lowering harmonic distortions and reactive power. The main advantage of the (D / Y) connection of the welding transformer with primary taps is that eliminates the third harmonics i.e. (150 Hz) and its multiples [Heuman, 1991]. The taps are used to adjust the turn’s ratio to more closely match the maximum output voltage to the intended load voltage. The operator should be skilled enough to select the correct tap for a specific load. The bridge fully - controlled six pulses with flywheel diode was chosen as it reduces the reactive power with triggering angle beyond (60) degree. If the triggering angles less than (60) degree, the D.C voltage of the converter is always positive, and the flywheel diode does not come into operation. As the triggering angle advances beyond this point, then the load current starts to freewheel through the diode, thus cutting off the input line current and preventing the D.C voltage from swinging into the negative direction. This reduces the amount of reactive power drawn from the mains, thus improving the circuit power factor [Moeltgen, 1987]. The flywheel diode plays a vital role in the limitation of the short-circuit current to generate the welding arc and in a faulty situation. In these cases, the current is commutated in the flywheel diode. The circuit breaker C.B protects the converter against thermal damage and instantaneous excess current. To further suppress the reactive power and harmonics, two resonant passive filters F1 and F2 tuned to different harmonic frequencies are used. Resonant filters are, mainly used as narrowband tuning circuits and in high – frequency switching power converters, resonant filters can be used to reduce voltage or current stresses on the switching devices by providing zero voltage or zero current transition at the switching instants [Vatche, 2002]. The values of the inductance L1, L2, capacitance C1, C2, and resistance R1, R2, are determined through simulation depending on the welding method. Snubber circuits; which consist of (Rs – Cs) circuit in parallel with each power thyristor, are most universally used directly to attenuate thyristor turn - off voltage surge, which has range of values between (10 – 1000) Ω and (0.01 - 0.5) μF, when used in conjunction with a series smoothing choke (0.1 – 0.5) mH so that it affects all the transient conditions [Ned, 1995]. It is necessary to connect resistors in parallel (Rp) with the thyristors, which will carry sufficient to swamp the thyristor leakage variation the size and dissipation of these resistors can get very large. The current rating for TRIAC A switching device of first passive resonant filter is 33 Amp while for TRIAC B switching device of second passive resonant filter is  20 Amp. 
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The broad band effect of the passive filter given by resistance R1  and  R2 are obtained with the help of the ratio of the active power loss in the resistance to the reactive power loss of each passive filter, which was kept small (PActive / Qnet) less than 5. 8 %. 


It is necessary to trigger simultaneously two SCRs at a time, one of the upper arms and one of the lower arms. The triggering process is achieved by six separate triggering circuits, properly interconnected at the two pulse transformers outputs. Due to this interconnection when first silicon controlled rectifier SCR1 is triggered, SCR5 is also triggered by triggering circuit (1) via it’s pulse transformer P.T1 with turn ratio is (1:1:1), similarly SCR6 and SCR1 are triggered by transformer P.T2. The following connection sequence is maintained [Mohammad, 2001]. The frequency of oscillation ( fosc. ) is normally controlled by varying the time constant of RC circuit, there are however, limits on R and the limits are:
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Keeping charging resistor R in there limits will ensure the oscillation, if R is greater than R max. The capacitor never reach the current through R is not large enough to supply the capacitor C and supply pinch current ( Ip ), so in this case the U.J.T will stay in off state. If the charging resistor R is smaller than Rmin. the capacitor will reach peak point voltage ( Vp ) and discharge through the U.J.T, but U.J.T will not turned off since the current through the resistance R is greater than vally current Iv  needed to hold the U.J.T switch off. To calculate the corresponding maximum and minimum charging time is given by:
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Where: 
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 is intrinsic stand - off ratio, which has a range of values between (0.5 – 0.8) and C is the charging capacitor which has a value of (0.1) μF. So from the equations (1.a) and (1.b) yields: Rmax. is 0.7 MΩ for Vp is 6.5 and Ip is 5 μA while the corresponding Tmax .is (63.622) msec., but for Rmin. is 0.8 k Ω for Vv is 2V and  vally current Iv  is 10 mA while the corresponding Tmin. is (0.073) msec. for 
[image: image6.wmf]h

is (0.6). Fig. (3.b) represents a simple form of U.J.T circuit. 
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The maximum gates trigger current (IGT) max. is 15 mA, the maximum gate voltage to produce gate trigger current ( V GT ) max. is 1.5 V, the peak inverse voltage for each SCR in bridge circuit is line applied voltage ( VLm) and the gate resistance has a value of 300 Ω to protect the SCR gate from over current while the diode D used to prevent the negative value of  gate voltage. A simplified three phase firing circuit consists of a single comparator, a clock – pulse generator and a six stages ring counter (i.e., (3600 / 600 = 6) would be required for a six-pulse output system. Since a single comparator has to compare six timing waves in sequence, a multiplexing system is necessary so that only one timing wave puts to the comparator at a time and in sequence with SCR anode voltages. The timing – wave voltages are taken from the supply line by the three phase transformer one end of the secondary coils are joined together and fed to the comparator and the other ends are connected to the ground point thought six sequential switches, this is done by the ring counter itself which in detail shown in Fig. (3.c).The design of the ring counter is such that only two stages of the six stages ring counter are ON at a time and the other four stages remain OFF. Each successive clock pulse changes the state of the circuit so that the ON states of the six stages occur in proper sequence one after other and the duration of the ON state of each stage is 60 degree.   
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The total conduction sequence is shown bellow:
SCR1 and SCR5 are triggered by pulse transformer P.T1.

SCR6 and SCR1 are triggered by pulse transformer P.T2.

SCR2 and SCR6 are triggered by pulse transformer P.T3.

SCR4 and SCR2 are triggered by pulse transformer P.T4.

SCR3 and SCR4 are triggered by pulse transformer P.T5.

            SCR5 and SCR3 are triggered by pulse transformer P.T6
[image: image65.wmf]a

The block diagram of the triggering circuit using U.J.T switching device with the transformer interconnection is shown in Fig. (3.d).Triggering circuit which consist of two diodes and series resistance has range of values between (100 – 1000) Ω to protect thyristor gate from over current.  

The triggering circuit using U.J.T switching device with the transformer interconnection, gate current amplifier for a current gain of 25 and hand selector switch between steady direct current welding and pulsed direct current welding is shown in Figs (3.e) and Fig. (3.f), which represents a firing circuit for TRIAC A and TRIAC B switching device. The resistance R has a range of values between (8 – 32) kΩ for angles between (15 – 60) degree. The harmonic measurement is implemented by using wave analyzer. 
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3 - Simulation  Results And  Discussion
The welding power source was numerically simulated using MATLAB -7- simulation; the welding arc voltage for GMAW is given by [William , 2001] .In practice, winding leakage reactance prevent such step fall arise in current there is such interval in which both the outgoing and incoming devices are conducting. This interval is called overlap phenomena and during the period of overlap the output voltage is the average of the incoming and outgoing phases. Thus, the average output voltage for is: 
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 EMBED Equation.3  [image: image8.wmf])
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  In addition,    VArc = 
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The load current: I Load = 
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Power factor = 
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So, 
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And 
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Where: αT, γT  and  
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 are triggering, overlap angle and distortion angle between total A.C current and fundamental current, respectively while Vph is maximum input phase voltage, which has a value of (161)V and Id is output D.C current, the resistance of the welding cable for a maximum D.C current of (131) A is calculated to be RL = 1 m
[image: image15.wmf]W

and the drop voltage across two power thyristor for each conduction sequence is 2V and 0.7 V for fly -wheeling diode so the maximum arc voltage  after neglecting the drop voltage on the smoothing choke at different triggering angles is shown in Table(1), which represents results for average and arc voltages at different angles. The second term in equation (2.b), which represents the drop voltage due to the resistance and the welding cable. The root mean square current passes through each SCR is IL /
[image: image16.wmf]3

 , i.e., (62) Amp and the current passes through fly-wheeling diode (F.W.D) is (103 ) A the other remaining results classified to steady and pulsed D.C welding. The transformer secondary side inductance is (0. 9) mH at main frequency of 50 Hz.

3–A : Steady  Direct  Current  Welding 
For steady direct current welding, the maximum D.C voltage and current are varied continuously through the transformer’s transformation ratio. The output voltages are derived by changing the triggering angle
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 for the transformation ratio of (0. 7).
Vdα =  Vd *cos
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      And: 
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Where: Vd is maximum average D.C output voltage value obtained at 
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= 0 degree. 

For a steady direct current welding method, the maximum triggering angle is taken to be 
[image: image21.wmf]a

T = 60 degree. The harmonics present in the non - sinusoidal alternating currents drawn by the converter for welding with direct current are determined by Fourier analysis of the current waveform and can be presented by [ Jan and Michael, 2002]:
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 (4) 
This series differs from that of a star-connected transformer only by the sequence of rotation of harmonic orders i. e. n = 6* k ± 1 ; for positive integer values of k, that is, 5th, 7th,  11th, 13th, 17th, 19th and these harmonics present in its alternating current. To suppress the harmonics, as well as to reduce reactive power, filter F1 switched ON during steady direct current welding. The filter was tuned to the 5’th harmonic frequency (fr5 = 250 Hz) because of large current amplitude, but this filter adds weight, size and cost to the main A.C power supply. Filter F1 should contain an inductor and a capacitor to prevent damaging itself due to simulation by any other equipment on the power line or causing damage to other equipment connected to the same line as a result of rise in voltage i.e., ( 
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The parameters L1 and C1 of the passive filter (F1) were calculated using the following procedure: Reactive power is drawn from the main A.C power supply by varying the triggering angle for thyristors. For a converter after neglecting the smoothing chock voltage drop, the triggering angle
[image: image24.wmf]T
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is equal to the phase shift angle of the fundamental input phase (r.m.s) current with respect to the phase (r.m.s) voltage that is equal 
[image: image25.wmf]f

 angle, the power factor is therefore; cos
[image: image26.wmf]f

= cos
[image: image27.wmf]a

T, for this relationship, the reactive power drawn from the A.C main power supply can be calculated on the D.C side and is given by [Thamodharan and Beck, 1998] 
Q Reactive = Vd * Id * sin 
[image: image28.wmf]a

T                                                                                      (5)

With the maximum D.C output voltage Vd = 135. 049 V, the maximum current Id = 103 A and the maximum triggering angle
[image: image29.wmf]T
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equal to 60 degree, the maximum reactive power drawn from the A.C main power supply can be calculated on the D.C side: 
  Q Reactive = 12.032 kVAR.                                                                                                (6)
Therefore, the power factor lies at cos
[image: image30.wmf]f

 = 0. 5 i.e. 
[image: image31.wmf]f

= 60 for maximum degree and the passive filter F1 is switched to ON state, from the selector switch, to improve the power factor to cos
[image: image32.wmf]f

= 0.9 that is 
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 = 25.8 degree. The reactive power after shunt compensation is calculated with equation (5): 
Thus, Q After Compensation = 65.05* 600 * Sin (25.8o) = 6.054 kVAR                               (7)

The net difference in reactive power, Q net = Q Reactive – Q After Compensation = 5.978 kVAR, is supplied by a resonant passive filter F1. The value of the capacitance C1 and inductance L1 can be calculated as follows: 
Q net = 3 * Vph 12*
[image: image34.wmf]w

50 *C1 – 3 * IR1 2 * 
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50 *L1                                                              (8) 
And for series resonant condition with fifth harmonic frequency (250) HZ 
reactance: X Inductive = X Capacitive 

Thus, 
L1  =
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Where: Vph1 is the phase voltage across passive filter F1 is 230 V and 
[image: image37.wmf]w

50 is natural frequency = 2*
[image: image38.wmf]p

* 50 = 314 rad / sec., IR1 is the current pass through the inductance L1 equals to 31.25 Amp results from MATLAB simulation, 
[image: image39.wmf]w

r is the angular frequency of the 5th harmonics = 2*
[image: image40.wmf]p

* 250 = 1570.796 rad / sec. Substituting equation (9) into equation (8) and using the above values results in :

C1 = 0.222 mF                                                                                                                  (10) 
And: L1 = 1.823 mH.                                                                                                       (11) 
The resistance R1, which determines the broadband filter effect, was determined, with the help of the ratio (PActive / Q net) less than 5. 8 %, to be 19.892
[image: image41.wmf]W

. It has been observed that with the use of passive filter F1, the power factor can be increased by ( 40 %) and the overall harmonics can be reduced by 50 %, for maximum triggering angle lies at 
[image: image42.wmf]T
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= 60 degree. i.e., power factor  inverse proportional with harmonics.  
3 - B: Pulsed Direct Current Welding
There are several main advantages of pulsed direct current welding, which are included the ability to weld thin and thickness metals with reduced spark in all positions, minimal distortion, and its potential for lowering fume emissions, and energy savings. The method for triggering the thyristors for producing various pulsed D.C background current Ib, pulse frequency fp and pulse width tp is based on the dynamic study of the three phase bridge fully controlled converter. It has been observed that an instant change in triggering angleof a commonly triggering circuit of the thyristors [Shephered, 1998], leads to an instant change in the D.C voltage and current. Since the bridge converter operates with triggering angle beyond (60) degree, the base current is fixed at any of these angles by means of the transformer tapping. The pulsed current can be varied between 
[image: image43.wmf]T
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= 0 degree and the triggering angle set for the base current, which is then superimposed on the base current by instantly changing the triggering angle. 
The desired pulsed direct current level, usually set at three to five times the background current i.e. I pulse = (3 – 5) I background, is possible. It should be mentioned here that the pulse height and width could not be varied continuously and the pulse frequency is dependent only on the line frequency. The triggering angle
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 lies between 
[image: image45.wmf]T

a

= 0 degree at
[image: image46.wmf]T
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= 60 degree. Pulsed welding with different pulse frequencies generates different harmonics on the main A.C side and each harmonic of the D.C voltage is represented by fP  = 6 *k * f  where: k is a positive integer 1, 2, ..n, f is the main source frequency [Veans 1994]. 
This harmonic is accompanied by two adjacent frequencies on the A.C side. The Fourier analysis of the A.C current can further verify this phenomenon, for example, welding with a pulse frequency of (150) Hz produces harmonics of (100 and 200) Hz in the alternating current. 
To reduce the harmonics produced by pulsed welding, passive filter F2, with a reactive power of (10) kVAR, tuned to the second harmonic frequency (fr2 = 100 Hz), was switched ON state from the selector switch. This is due to the fact that this harmonic frequency (100 HZ) is generated with almost all pulse frequencies and lower order harmonics neglected because it is very difficult to design a passive filter to eliminate them. 
The capacitance C2 and inductance L2 were calculated with Equation (8) and (9) by replacing L1 with L2, C1 with C2, IR2 with IR1, and with the following values: Vph2 is the voltage across the passive filter F2 is 230 V, 
[image: image47.wmf]w

50 is the natural frequency, which is 2*
[image: image48.wmf]p

*50 = 314 rad / sec., IR2 is the current passes through the inductance L2 = 18. 3 Amp from MATLAB simulation, 
[image: image49.wmf]ω

r is the angular frequency of the second harmonics is:  2*
[image: image50.wmf]p

*100 = 628.318 rad / sec.
Thus, the reactive power: Q net = 3 * Vph22 *
[image: image51.wmf]w

50 * C2 – 3 * IR22* 
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50 * L2      (12) 

For series resonant with second harmonic frequency i.e.100 HZ: XInductance = X Capacitance 

 So, L2 =
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Thus; C2 = 0.1599mF,                     And                L2 = 15.839 mH.                                                                                                                                                                               

The Resistance R2, which determines the broadband filter effect was determined with the help of the ratio (PActive / Q net) less than 5. 8 %, to be 46
[image: image54.wmf]W

. Figs.( 4 ) and ( 5 ) show the output voltage, current and triggering angle
[image: image55.wmf]T
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for the pulse frequency fP of 100 Hz and 50 Hz, respectively and pulse width (tp = 3. 3) ms. It clearly indicates that the harmonics are reduced to approximately (30 %). 
The main objective of passive filter F2 with a smaller power is to reduce the harmonics in the main A.C power supply and to avoid overcompensation of the reactive power. 


4. Conclusions
1 - This study presents an efficient power source for steady and pulsed direct current arc welding machine using only a single fully - controlled bridge converter with two suitable triggering circuits one for bridge fully - controlled converter with power thyristors and other for TRIAC switching devices for two tuned line passive filters F1 and F2.

2 - It is clear from MATLAB -7- simulation with a triggering circuit for the power thyristors, to generate both steady direct as well as pulsed direct current with a single fully controlled bridge six pulses converter with triggering angle less than or equal (60) degree to reduce the reactive power losses and A.C voltage regulator.
3 - The vital use of passive resonant filters can compensate the reactive power and suppress the harmonics in non-sinusoidal alternating current to a minimum value. 
4 - In case of steady direct current welding, passive filter F1 is tuned with 5' th harmonic frequency i.e. (250) HZ because of large current amplitude and the overall harmonics reduced to fifty percent and the power factor increased by 40 % while in case of pulsed direct current welding passive filter F2 is tuned with second harmonic frequency i.e. (100) HZ due to this harmonic frequency is generated with all pulse frequencies and the overall harmonics reduced to thirty percent and the power factor increased by 40 %. 
5- The purpose of the welding transformer is to control and voltage regulator the incoming voltage to a level that is needed for the welding process.
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Fig. (2.b): D.C welding Power Supply with Electrode Positive DCEP.








Fig. (2.a): D.C welding Power Supply with Electrode Negative DCEN.
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Fig. (3.a): A Proposed Power Supply for Welding Arc Machine.
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Fig. (3.d): Block Diagram of Thyristor Triggering Circuit with Pulse Transformers. Interconnection
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Fig. (3.f): Firing Circuit for Three TRIAC Switching Devices.
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Fig. (3.b): Represents a Simple form for U.J.T Circuit.





VSupply





Welding Machine





80





60





40





20





�





R2=100Ω





_





+





 Vcc = 12 V





J   1


M/ S





K  0





J   1


M/ S





K  0





D4





D3





D2





D1





Stabilizer


Device








RG





U.J.T





J   1


M/ S





K  0





J   1


M/ S





K  0





I pulse





T2





T1





IA





C.B = 125.66A





Three - Phase 


Transformer





Three Phase Un- Controlled Converter





Work Piece





Contact Tube





D6





D5





D4





D3





D2





D1





c





a





N





IC





IB





B





C11





A.C Supply 400 V





L





Fig. (4 ): Voltage Vd and current Id waveforms with variation  of  the triggering angle at fp = 100 Hz, pulse width tp = 3. 3  ms.








Fig. (1): Conventional Power Supply for Pulsed Welding Arc Machine.





Fig. (5): Voltage Vd and current Id waveforms and variation.
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Fig. (3.c): Details of Synchronizing Ring Counter Connection.
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Table (1): Results for Average and Arc Voltages at Different Angles.





Fig. (3.e): Hand Selector Switch with Three Options.
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