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Development of high frequency pulse power source
udang two powers for TIG welding

ZHANG Guangjun , GENG Zheng , WU Lin and LIANG Qun
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Absgtrad O A high frequency pulse power source for TIG welding is deeloped . The structure of two powers is
adopted . The by-passcircuit effettivdy eliminatesthe effea of the cable equivalent inductance. The max mum fre
quency of the output pulse current reaches to 16kHz. The base current and the peak cur et can beregulated sepa
ratdy .
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OO Introduction

With the devdopment d the manufacture, high efidency and high quality welding methads ae
needed . One d them is the high frequency pulse TIG weding . The electranagnetic compression effect of
the high frequency current makes the arc shrink and stable. So the welding methad has fdlowing technok
agy merit : (1) High energy density arc makes narow and deep weld. ( 2) High frequency oscillation
makes crystd patide smaller , which can reduce wdd flaw and improve mechanical properties of weld.
(3 The hich frequency arc has gaod rigidity , in high speedwelding the arc is stable. The welding speed
canreach to 2.5 mmin, which is seven times that of shielded arc welding, 2.5 times tha traditiond
pulse TIG welding * .

The frequency of traditiond pulse power is very gnall , which restricts the use of high frequency
pulse weding method . Modern power electronic technique provides same high- power switch elements,
such as IGBT , which makes it possble to develop new kind o advanced high frequency pulse power
saurce ? .

10Technique gedfications
(D Inputvoltage 000 OO OO OO O Othree phase 380V

(2 Output no-load vdtage 60V

(3 Frequency of autput pulse current 5kHz016kHz
(4 Pulsewidth ratio o output current 50%

(5 Rarge of pesk current 50200A

(6 Rarge of bese current 50200A

20 Compasition d the welding power source
The traditiond pulse power takes the structure of ane power . Dueto folloving reasons, the maximum
output current frequency o this kind of pulse power issmdl .
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(1) Thiskind of powver uses current negative feedback to obtain canstant current autput charecteis
tic. Some regonse time is needed fram certan current st signd to the correspanding real autput current .
Now the inverter poner is the fastest power in the aspect of dynamic response time. But the smulator
andysis and experiment study bah shows that the minimum dynamic respanse time o the inverter power
only reachesto the levd o same hundred microseconds. So the maximum frequency of the autput pulse
current justis 1kHz[O

(2) The base current and peak current are fran a same powver . Due to the effect o cable induc
tance, some rising time is needed fram base current to peak current. Larger the discrimination between
base current and peak current is, longer the rising time is. With the increase of pulse frequency , the aut-
put current wave becames misshgpen and is not the needed square wave , which limits the maximum value
d the pulse frequency .

In order to improve the pulse frequency , aur power tekes the structure of two povers. The man dr
auit is shomn as Fig.1. Theworking prindple is shovn as Fig.2.
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Fig.10 Composition of the high frequency power 11,12- output current of pover one, power two

U1,U2- driver sgnal of Q1,Q2
13- the output current of the whole pawer
Fig. 20 The working principle

The power one dways warks and provides base current . When the switch Q1 turns on, the power two
and the powver ane together provides the peak current. By controlling the switch Q1 on o off alternady
the whole power thus outputs pulse current. The maximum frequency o the autput pulse current is deter
mined by three factors ,they are the switch time of Q1 ,the equivalent inductance of the output cables of
power two and the parasitic wave frequency of output current of two povers. The switch Q1 and Q2 adopt
IGBT . The switch time of IGBT is 0 .51 microsecond which can beignored. The hy- pass switch Q2 can
dfectivdy eliminae the effect o the equivdent inductance of output cables.

Two DC powers have congant current output characteristic . More smoath the output current wave is,
better it is. The simulative power is the best, but its power dissipation is large. Here, two IGBT switch
style DC powers are used . The working frequency of the switch IGBT of each power isset at 25kHz

The value of base current and the value of peak current can be regulated separately by seperately
regul&ing output currents of power one and powner two.
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30Funcion of the switch Q2

In order to eliminae the influence of the autput cable equivalent inductance and to further improve
the frequency o output pulse current, we add a by- pass svitch Q2 at the autput ends of the power two.
When the switch Q1 closes, the switch Q2 opens, which provide a by-pass current path for the power
two.

The explanation is as follows :

Withaut the switch Q2, the working state df the power two can be expressed as Fig. 3a. In thisfig
ure , the output voltage o the power two is U, the equivalent inductance of the autput cables of the
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(a) Without by-pass switch (b) With by-pass switch

Fig.30 The schematic diagram of the working state of power two with or without by pass switch

power two is L, the switch S1 stands for the switch Q1, R isthe arc load . Omitting the turn-on and turn-
df time of the switch , we can see the L' s efect an the current risng speed . When the switch S1 works
fram df to on, the output current risssfrom Oto | . Thisis a transient process inwhich the output current
i changes as famula (1) :

i =1(1-€7) (1)

In fomula (1), t=L/R,L gpraximately is 20 pH ,uppose R is 0.1 ohm, thust = 200 ys and
the transient process lads longer time. So we can see that the inductance L affects the rising speed of the
pulse current and limits the maximum frequency o the autput current . When the frequency reaches some
high value, namely the switch frequency o Q1 is high, the switch Q1 dready dases before the output
current raie to stable vdue, so the autput current wave becames misshgpen and is not the needed square
wave . Fig .4 is the real output pulse current wave of pover two without the by- pass switch. The wave is
measured by a LEM current sensor .

With the by- pass drauit , the working state of the power two is shown as Fig .3b. The switch S2
stands for the switch Q2 of the man drcuit of the whole power . When Sl isoff, S2 ison, the switch S2
does not turn off until S1 has fully turn on and the current passing S1 has reached to the stable veue | .
Thus the current passing the inductance L varies little when the switch S1 turns on a turns df . There
hardly is atransient process. So the aurrent | can ingtantly reach gable value after the switch S1 tumns
on. By the ad of the by-pass snitch , the maximum frequency of the output current of the pulse power can
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reach higher value . The experiment dso shows that the output current wave o the power twowith by- pass
cirauit can mantan sguare wave when the frequency is higher . See Fig.5.
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Fig.40 The output current wave of the power two Fig.50 The output current wave of the power two
without by pass switch with by pass switch

0 OAdditionally , with the by-pass drcauit, the current pasing the inductance L varies little when the
switch S1 turns off . So the slf-induced dectromotive force on the inductance L is amall , the woltage on
the switch Q1 is also andl , which makes the switch Q1 work more sefely .

40Cmtrol circuit

Fig .6 shows the control circuit which controls the poaer switch Q1,Q2 opens or closes dternatively .
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Fig.6 O Control circuit

The driver drcuit of IGBT adopts the spedal driver module- EXB841 . The square wave pulse control
signd generaor is amultivibraor which is made up with 555 timer .

1.4

The pulse frequency isO [ f = (R +2R9) C (2
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R

= ® 0
RA*‘ZRBXI(D/O (3)

The pulse width ratiois 0 O D

Here, the pulse width ratio is st as 50% . The pulse frequency can be regulated by changing the
capaditor C.

500nline expe iment
Fig .7 is the real output current waves d the high frequency pulse power source.
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Fig.7 0 The reaal output current wave of the power source

6 O Caoclusions

(1) The structure o double powers has not the dynamic response time restrant which occursin ane
power structure, 0 the new high frequency pulse power saurce firstly takes this kind o structure.

(2) The by-pass drauit can efectively eliminate the output cable equivalent inductance s effect on
the risng ratio o pulse current , which largely improves the frequency o output pulse current .

(3 The high frequency pulse current power source developed in this paper meets the need of precti-
cd welding .
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