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Converting a Lincoln ñHobby-Weldò AC stick welder to regulated DC 

 

I inherited a Lincoln ñHobby-Weldò AC stick welder.  It plugs into a normal 120V AC outlet.  It has only 

one control, an on-off switch.  There is no way to adjust the flow of current through the stick.  The picture 

on the left shows the unit with the cover removed before I began working on it.  The picture on the right 

is a detail of the front panel. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The following picture is a view into the left side of the unit.  The whole welder is not much more than a 

big transformer.  The two wires coming out at the bottom are the two ends of the secondary winding.  

They exit through the front panel, with the ground clamp on one wire and the stick handle on the other. 
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The following schematic diagram shows the original circuit.  There are only three components inside the 

metal case.  The switch is an on-off rocker switch with a built-in red light which glows when the unit is 

switched on.  120V AC from the wall socket is wired directly to the primary winding of the heavy-duty 

transformer.  In one of the primary leads, there is a small temperature-controlled switch which opens if 

the inside of the case gets too hot.  

 

 

 

 

 

 

 

 

 

 

 

The following picture is a view into the right side of the unit.  The AC power cord enters the unit through 

the rear panel, on the right-hand side of the photograph.  The on-off switch and pilot light are mounted 

high on the front panel, on the left-hand side of the photograph.  The thermal switch is the cylindrical 

component mounted low down on the primary coil. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A table on the front panel sets out the following specifications for the unit. 

Input power: current of 20ὃ at a voltage of 115ὠ and a frequency of 60Ὄᾀ 
Output power: current of 50ὃ at a voltage of 25ὠ 

 

The output power is the maximum this unit can deliver.  Power is the product of current and voltage 

ὖ= Ὅ× ὠ, so the transformer can deliver up to: 
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ὖέόὸ= 50ὃ× 25ὠ= 1,250 ὡὥὸὸί 
 

The input power is the maximum the unit should draw.  The unit should draw a maximum of: 

 

ὖὭὲ= 20ὃ× 115ὠ= 2,300 ὡὥὸὸί 
 

The difference between the input and output power is 1,050 ὡὥὸὸί.  This is potentially the amount of 

heat the transformer could dissipate, which arises from inefficiency in its operation.  There is resistance in 

the wires, eddy currents in the iron core, and so forth, all of which convert electrical energy into heat 

inside the transformer. 

 

Goals for converting the welder 

 

I wanted to make two types of modifications to the welder: 

1. To change the output from AC (alternating current) to DC (direct current).  In fact, I will go 

further than usual, and regulate the output DC. 

2. To provide a means for controlling the amount of current flowing through the circuit. 

 

Rectified direct current 

 

Most DC welders produce a very crude form of direct current.  All they do is rectify the alternating 

current coming out of the secondary coil.  A single component is enough to do that.  The following 

schematic shows how a ñbridge rectifierò is wired to the secondary winding of the transformer.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A bridge rectifier is simply a set of four diodes arranged in a particular pattern.  Remember that a diode is 

a two-terminal component which permits current to flow in one direction but not the other.  

 

For half of each cycle of the alternating current, the top end of the transformer will be at a higher voltage 

than the bottom end.  The red arrow shows the path of the current during this half-cycle.  It flows from the 

top end of the transformer, down through the upper-right diode and through the stick into the workpiece.  

It then flows back into this circuit, downwards through the bottom-left diode, from whence it returns to 

the transformer, entering at the bottom end. 
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During the other half of each alternating current cycle, the bottom end of the transformer will be at a 

higher voltage potential than the top end.  The following schematic shows the flow of current (in blue) 

during these half-cycles.  This time, the current flows through the bottom-right diode and the top-left 

diode. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is important to note that the current flows in the same direction through the workpiece  ╖  from the stick 

to the clamp  ╖  in both cases.  This is why it is called direct current, rather than alternating. 

 

During each half-cycle, two diodes conduct.  However, it is a different pair of diodes during each half-

cycle.  An ideal diode would allow current to pass through without any voltage drop.  Real diodes suffer 

from a voltage drop.  For heavy-duty diodes like the ones required in this kind of application, the voltage 

drop will be about one volt per diode.  Since the current always flows through two diodes in series, the 

peak voltage applied to the workpiece will be about two volts less than the peak unrectified AC voltage.  

The following graph illustrates the waveforms of the voltage applied to the workpiece by the AC circuit 

(in black) and by the rectified DC circuit (in red). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

At every moment in time, the rectified voltage will be about two volts less than the alternating voltage.  

There will be a short period of time at the beginning and end of each half-cycle when the alternating 

current has an amplitude less than two volts, during which times no current at all will flow in the rectified 

DC circuit.  Each diode needs to be forward-biased by about a volt before it will allow current to pass 

through. 

Voltage over load 

time 

AC 

Rectified DC 
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Why is a rectified DC welder better than an AC welder? 

 

DC welders produce better welds and better looking welds than simple AC welders
1
.  Consider the arc of 

plasma between the tip of the stick and the workpiece.  When using an AC welder, the current flows first 

in one direction, then in the other direction, then in the first direction again, as so on.  Each start-stop 

cycle interrupts the production of heat which melts the stick and the pool.  Since rectified DC current has 

less variation than AC current, the heating will be more uniform and the resulting welds more structurally 

sound.  Rectified DC current also reduces the strength of the electric and magnetic jolts which accompany 

the sudden starting and stopping of current and which lead to splatter. 

 

If rectification is good, is regulation even better? 

 

The answer is: yes.  ñRectificationò means that the current flows in only one direction.  It does not mean 

the current is constant, like that delivered by a battery.  A perfectly constant current through the plasma 

would indeed produce the best possible weld.   

 

ñRegulationò is the process of reducing the variability in a direct current.  The following graph shows the 

same AC and rectified DC voltages as the previous graph, but also two more waveforms which show 

different degrees of regulation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

With perfect regulation, the voltage (in blue) is absolutely constant.  With good regulation (in green), the 

variations in the voltage are reduced to, say, 10% or 25% of the peak amplitude. 

  

Let me mention the particular voltage I have labelled ὠὙὓὛ.  In a sense, it is the average voltage, where 

ñaverageò is defined in a special way.  If we set aside the three-volt drop over the diodes (the electrical 

power expended inside the diodes is converted into heat), all four voltage waveforms will generate the 

same amount of electrical power in a resistive load (i.e., the workpiece).  Remember Ohmôs Law and the 

Power Law: 

 

Ohmôs Law: ὠέὰὸὥὫὩ= ὅόὶὶὩὲὸ× ὙὩίὭίὸὥὲὧὩ 
Power Law: ὖέύὩὶ= ὠέὰὸὥὫὩ× ὅόὶὶὩὲὸ 

 

These relationships hold when the voltage is constant.  So long as the resistance is a fixed value, the 

current will also be a fixed value.  Since the voltage and current are both fixed values, the power being 

consumed will also be a fixed value.  This is the case with the perfectly-regulated waveform. 

                                                           
1
 But there are some high frequency AC welders in which the frequency plays an important part in their 

operating principle. 

Voltage over load 

time 

ὠὙὓὛ 

Perfect regulation 
Good regulation 
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However, Ohmôs Law and the Power Law also hold at every instant in time, even when the voltage and 

current change with time.  So long as the resistance is a fixed value, the current will change in exact 

proportion to the voltage.  What one does is multiply the instantaneous voltage by the instantaneous 

current to calculate the instantaneous power being generated, and then add up the instantaneous power 

over the duration of one complete cycle of the AC waveform.  (Every cycle is the same, so what happens 

during one cycle is typical of what happens during all cycles.)  It turns out that the average power 

generated during the cycle corresponds exactly to the power generated by a constant voltage of ὠὙὓὛ.  
The subscript is an acronym for ñroot-mean-squareò and summarizes the mathematical steps needed to do 

an average of the power over one complete cycle. 

 

The ὠὙὓὛ voltage is not one-half of the peak voltage of the AC waveform.  It is higher than that, more 

like 71% of the peak voltage. 

 

I will implement the simplest possible method of regulation.  It involves the use of a capacitor, as shown 

in the following schematic.  The capacitor is wired across the output from the rectifier.  At those times 

when the instantaneous voltage supplied by the secondary winding is greater than the RMS value, some 

of the power will be used to charge up the capacitor, reducing the voltage drop across the workpiece.  At 

other times, when the instantaneous voltage supplied by the transformer is less than the RMS value, the 

capacitor will start to discharge, adding to the current flowing through the workpiece.  The capacitor 

serves as a storage device for energy, keeping the power being dissipated in the workpiece more uniform 

than otherwise.  Despite its simplicity, this arrangement gives surprisingly good regulation. 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To choose a capacitor, we need to know the internal resistance of the transformer 

 

The currents flowing through a welder are very large.  Even small resistances have a significant effect on 

performance.  In many applications, the internal resistance of a transformer can be ignored, but not here.  

Fortunately, there is a way to estimate the internal resistance of the Hobby-Weldôs transformer. 

 

Using a voltmeter and some care, I measured the voltage drop between the stick and the clamp while the 

unit was turned on but not connected to the workpiece.  I measured a voltage of 41ὠ.  This is called the 

ñopen circuit voltageò because it is measured while no current is flowing through the secondary winding 

of the transformer.  In other words, while the secondary circuit is open. 

 

The table on the front panel of the unit gave us one combination of voltage and current at which the 

welder can operate.  That is the design operating point: 50ὃ at 25ὠ.  The open-circuit reading gives us 
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another.  I have plotted these two points on the following V-I characteristic curve for the transformer.  

Voltage is measured along the vertical axis.  Current is measured along the horizontal axis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The welder is said "to operate" at points along the heavy black line.  It will be a straight line if the "lossy" 

components of the circuit can be modelled as resistances.   

 

I have shown a short dotted stub downwards from the 50ὃ,25ὠ design operating point.  One goes 

down this line, to zero volts, if the electrode touches and then sticks to the workpiece.  The transformer is 

not designed to operate here.  Even though the voltage is zero, the transformer cannot and will not 

produce an infinite current.  In fact, the current will not get much above the design current of 50ὃ.  Since 

there is no significant voltage drop over the workpiece, the power will not be dissipated inside the 

workpiece, but inside the windings of the transformer, where it will be converted into heat.  If the stick 

remains stuck to the workpiece for very long, the thermal protection switch will open and the primary 

current cut off (if one is lucky) or the transformer will burn itself out (if one is not). 

 

We can calculate two important resistances from the graph. 

 

1. The internal resistance of the transformer 

 

When no current flows through the transformer, there is no voltage drop over the transformerôs 

internal resistance.  The 41ὠ voltage drop I measured arises from the inductance of the windings, 

not from the normal, or ñOhmicò, resistance
2
.  On the other hand, when 50ὃ of current flows 

through the secondary winding of the transformer, the voltage drop over the internal resistance is 

16ὠ.  The difference, being 41ὠ 16ὠ= 25ὠ, is the voltage drop between the stick and the 

clamp.  The internal resistance can be calculated using Ohm`s Law: 

 

ὙὭὲὸ=
ὧὬὥὲὫὩ Ὥὲ ὺέὰὸὥὫὩ

ὧὬὥὲὫὩ Ὥὲ ὧόὶὶὩὲὸ
=

16ὠ

50ὃ
= 0.32 ὕὬάί 

                                                           
2
 Inductance is the tendency of a coil to resist changes in current.  Like a normal resistor, it resists current.  

Unlike a normal resistor, this type of resistance is not permanent.  Energy removed from the current flow 

by the inductance is stored in a magnetic field.  That energy will be returned to the current flow when the 

magnetic field shrinks.  This form of resistance, which only exists if the current changes, is called 

ñreactanceò. 

Voltage 

Current 

41ὠ 

25ὠ 

0ὃ 50ὃ 

Open circuit 

Design operating point 

Electrode touches workpiece 
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2. The designer`s estimate of the resistance in the stick and workpiece 

 

The designers of the Hobby-Weld assumed that, in the worst case, the electrical load, which is 

comprised of the stick, the workpiece, the clamp and the connecting cable, will draw 50ὃ of 

current when 25ὠ is available.  The series resistance of the stick, workpiece, clamp and cable can 

be calculated using Ohm`s Law once more: 

 

ὙὰέὥὨ =
ὥὴὴὰὭὩὨ ὺέὰὸὥὫὩ

ὧόὶὶὩὲὸ Ὠὶὥύὲ
=

25ὠ

50ὃ
= 0.5 ὕὬάί 

 

The designers assumed this would be the worst case.  Here, "worst case" means the case when the 

current drawn is at its maximum, and the demands imposed on the transformer are most extreme.  

When the load resistance (that is, the series combination of the stick, workpiece, clamp and 

cables) is greater than 0.5Ý, the current drawn will be less than 50ὃ and the transformer will not 

have to work as hard. 

 

An LTSpice model for the secondary circuit ï Rectification only 

 

To understand in a little more detail how things will work, I constructed an LTSpice model.  I constructed 

the model in two stages.  In this section, I dealt with rectification only.  In the next section, I will describe 

regulation.  The following LTSpice schematic shows the first stage.  Let me explain the various 

components which appear in the schematic. 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

On the left-hand side is a source of voltage named Vsec.  It represents the voltage which is generated by 

the inductance of the secondary winding.  Since we know what comes out of the secondary winding, we 

do not need to model the primary winding, the on-off switch or the thermal protector.  The inductance of 

the secondary winding generates a sine waveform with a 41ὠ RMS voltage at a frequency of 60 Ὄᾀ.  The 

peak voltage of the sine waveform is a factor of Ѝ2 = 1.4 greater than the RMS voltage.  1.4 is the 

reciprocal of the factor 71% I mentioned above.   

 

The internal Ohmic resistance of the secondary winding is represented by the 0.32Ý discrete resistor 
named Rint.   
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The bridge rectifier is represented by four diodes, wired in the appropriate pattern.  The bridge rectifier I 

used during construction is Digikeyôs part #GBPC1050-BPMS-ND.  From its datasheet, I see that the 

forward voltage drop is 1.1ὠ per ñlegò, meaning per diode.  This bridge rectifier has a reverse blocking 

voltage of 700ὠὙὓὛ, which is vastly higher than this circuit requires.  But, it is rated up to 50ὃ of current, 

which is the important parameter for us. 

 

I have combined the resistances of the stick, workpiece, clamp and cables into the 0.5Ý resistor Rload.  

 

The .tran directive tells LTSpice to simulate the circuit for 50άί, or 50 milliseconds.  The length of each 

cycle in the 60 Ὄᾀ driving voltage is 1/ 60 = 16.7άί.  Therefore, the simulation will cover about 

50άί/ 16.7άίḙ3 complete cycles of the driving voltage.   

 

The following graph shows the results of the simulation.   The black trace is the driving voltage.  The red 

trace is the voltage drop over the load.  Everything looks good. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Do not be surprised to see that the peak voltage applied to the workpiece is a lot more than two volts less 

than the peak voltage coming from the secondary winding.  The peak voltage of the secondary voltage is 

Ѝ2 × 41 = 58.0ὠ.  Two diodes reduce this by 2.2ὠ, to 55.8ὠ.  What is left is shared by the load 

resistance (0.5Ý) and the internal resistance of the transformer (0.32Ý).  The two resistances share the 

voltage and power, and the load only gets 0.5/ (0.5 + 0.32) =  61.0% of it.  61.0% of 55.8ὠ is 34.0ὠ.  

That is the peak voltage over the workpiece.  Just because the Hobby-Weld is rated to 50ὃ does not mean 

it is very efficient at that current. 

 

An LTSpice model for the secondary circuit ï Including regulation 

 

In this section, I will add the regulating capacitor.  The capacitor I used during construction is Digikeyôs 

part #338-3470-ND.  It is a 31,000µF electrolytic capacitor.  The ideal capacitance is shown in the 

following LTSpice schematic as component C1.  I have also tried to account for the internal resistance of 

the capacitor by including 0.010Џ resistor Resr.  Let me explain the origin of this resistance. 
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Capacitors are not perfect.  One of the flaws of a real capacitor is a small amount of Ohmic resistance.  

Since it is usually treated as being in series with the ideal capacitance, it is called the capacitorôs 

ñequivalent series resistanceò, or ESR.  The datasheet for this capacitor does not quote an ESR.  However, 

a big-value electrolytic capacitor like this would typically have its resistance described as ñtangent of loss 

angle in range 0.15 ï 0.25 at 120 Ὄᾀò.  How is this statement to be interpreted? 

 

A capacitorôs primary job is to resist the flow of alternating current.  This type of AC-resistance is called 

reactance
3
 and is usually represented by the symbol ὢὅ.  The reactance depends on the capacitance and on 

the frequency of the alternating current being resisted.  The formula for capacitive reactance, and the 

value at the specified test frequency, is: 

 

ὢὅ=
1

2“Ὢὅ
=

1

2“× 120 × 31,000‘
= 0.043Џ 

 

Consider a normal resistor.  Current flows through it in direct proportion to the applied voltage.  In a 

sense, the current is ñparallelò to the voltage.  Now consider an ideal capacitor.  Here, the current ñleadsò 

the applied voltage.  Current has to flow into the capacitor, charging it up, in order for there to be a 

voltage drop.  In a sense, the current is ñperpendicularò to the voltage.  The following diagram showing 

capacitive reactance and normal resistance, plotted on axes of current and voltage at right angles to each 

other, is used in what is called a phasor analysis. 

 

When the resistance being compared to the capacitive reactance is the 

capacitorôs internal resistance ὙὩίὶ, the ñlossò angle is the acute angle 
 shown in the figure.  The loss angle can be used to compare the ‏

strength, or length, of the resistance vector to the strength, or length, 

of the capacitive reactance vector.  From trigonometry, the tangent of 

the loss angle is defined as: 

 

                                                           
3
 Like an inductor, a capacitor resists changes in current.  Both the inductorôs and capacitorôs resistance to 

such changes are called reactances.  In the case of a capacitor, the energy removed from the current flow 

is stored in an electric field.  The stored energy will be returned to the current flow when the electric field 

shrinks.   

Current 

Voltage 

ὢὅ 

ὙὩίὶ 

 ‏
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tan‏=
έὴὴέίὭὸὩ

ὥὨὮὥὧὩὲὸ
=
ὙὩίὶ
ὢὅ

ᴼὙὩίὶ= ὢὅtan‏

 

 

A capacitorôs datasheet often gives tan‏, which is the tangent of the loss angle.  It probably will not be 

greater than 0.25 (and will be quite a bit less for ñlow-ESRò capacitors).  Using this conservative (that is, 

high) value, we can calculate our capacitorôs internal resistance as: 

 

ὙὩίὶ= 0.043Џ× 0.25 = 0.011Џ 
 

I have used a value of 0.01Џ in the LTSpice model. 

 

The following graph shows the results of the simulation, with the circuit starting from rest at time ὸ= 0.  

In addition to the secondary voltage (rendered in black) and the voltage drop over the load (in red), I have 

also plotted the current flowing through the load (in blue).  Note the following points. 

1. It takes about 1½ cycles for the capacitor to charge up after the power is turned on.  This is 

apparent from the upward trend in the output voltage and current at the beginning of the 

simulation. 

2. Once things settle down, the voltage over the workpiece (in red) appears to be sinusoidal and 

varies between about 20ὠ and 26ὠ.  This is what one would expect for an applied sinusoidal 

voltage with ὠὙὓὛ= 25ὠ followed by two 1.1ὠ diode voltage drops. 

3. The output current is approximately sinusoidal, with a bit of distortion in the troughs.  The current 

flowing through the workpiece varies between about 41ὃ and 51ὃ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

How did I pick the 31,000µF value for the capacitor? 

 

Generally speaking, a bigger value of capacitance is better at regulating than a smaller value.  But, there 

are two qualifications.  When the circuit is first powered up, the capacitor will charge up to the average 

voltage level.  It is possible to pick such a large capacitor that the inrush of current when the circuit is 
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turned on will blow a fuse.  Secondly, there is the issue of cost.  Big capacitors are not cheap.  The 

31,000‘F capacitor I used cost $40.56, in Canadian dollars.  Bigger ones cost even more. 

 

I started by figuring out how much work I wanted the capacitor to do.  By ñworkò, I actually mean 

physical work, measured in Joules. 

 

When 25ὠ (all numbers here can be interpreted as being RMS values or DC values) is applied to the 

workpiece and 50ὃ flows through it, the power being consumed, and converted into heat, is: 

 

ὖέύὩὶ= ὺέὰὸὥὫὩ× ὧόὶὶὩὲὸ= 25ὠ× 50ὃ= 1,250 ὡὥὸὸί 
 

 A ñWattò is the consumption of one Joule of energy every second.  So, at the design operating point, we 

are looking at providing 1,250 Joules of energy to the workpiece every second. 

 

Now, our source of energy is the secondary winding of the transformer, which generates alternating 

current at a frequency of 60 Ὄᾀ, or 60 cycles every second.  After the bridge rectifier flips the negative 

half-cycles into positive half-cycles, there will be a train of 120 positive pulses every second.  Each 

positive pulse will last for 1/ 120 = 0.0083 seconds. 

 

If we are to deliver 1,250 Joules of energy in one second, we must deliver 1,250/ 120 = 10.4 Joules of 

energy during each positive pulse. 

 

Now, letôs look at how much electrical energy is stored inside the capacitor
4
.  The energy Ὁ stored inside 

a capacitor is proportional to its capacitance and to the square of the voltage to which it is charged.  The 

formula is this: 

 

Ὁ=
1

2
ὅὠ2 

 

It might not be obvious yet, but we now have all the tools we need to pick a capacitor.  I will set the 

following two design requirements. 

1. We need to send 10.4 Joules of energy to the workpiece during every positive pulse.  To smooth 

out the extremes during the positive pulses, the capacitor must be able to absorb and release 

energy in this order of magnitude.  Suppose I say that the capacitor should be able to absorb and 

release one Joule of energy, which is about 10% of the energy flow. 

2. Suppose I also say that I want the voltage drop over the capacitor to change a maximum of 10% 

when it absorbs or releases this one Joule of energy.     

 

Here is how we implement these design requirements.  Let ὠὶάί be the RMS voltage.  I will use the 

symbol Ὁὶάί for the energy stored in the capacitor at this voltage.  When we add one Joule of energy to 

the capacitor, so that its total energy is Ὁὶάί+ 1, we want the voltage to be 1.1ὠὶάί.  Similarly, when we 

remove one Joule of energy from the capacitor, so that its total energy is Ὁὶάί 1, we want the voltage to 

be 0.9ὠὶάί.  The energy-voltage relationship at these two extreme conditions can be written as: 

 

Ὁὶάί+ 1 =
1

2
ὅ1.1ὠὶάί

2

Ὁὶάί 1 =
1

2
ὅ0.9ὠὶάί

2
 

                                                           
4
 The energy is stored in an electric field between the negative charge on one plate and the positive charge 

on the other.  The attraction actually causes the two plates inside the capacitors to pull on each other. 
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If we subtract the second equation from the first, we get: 

 

2 =
1

2
ὅ 1.1ὠὶάί

2 0.9ὠὶάί
2

ᴼ 4 = ὅ1.21 0.81 ὠὶάί
2

ᴼ ὅ=
10

ὠὶάί
2

 

 

Since our design output voltage is ὠὶάί= 25ὠ, the required capacitance is: 

 

ὅ=
10

252
= 0.016 Farad= 16,000‘F 

 

Large capacitors are difficult to manufacture to an exact capacitance.  ± 20% is the typical uncertainty.  

To be safer than sorrier, I looked for a capacitance a little bit bigger than 16,000‘F.  The one I selected 

from Digikeyôs selection or products happened to be 31,000‘F, but it had a couple of other things I 

needed.  It is rated to 50ὠ, so it can withstand the open-circuit voltage.  And, it has screw terminals, so 

the connecting cables do not need to be soldered. 

 

Construction 

 

I mounted the bridge rectifier and the capacitor on the outside of the left-hand side of the unit, as viewed 

from the front panel.  The following picture shows the hole I cut in the left side to allow wiring and heat 

to flow between the new external compartment and the interior of the unit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To make a box for the new components, I cut and bent some sheet metal into three pieces.  I painted them 

with red Tremclad paint, which seems to be a perfect match for Lincoln red. 
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The following picture shows the left side with the capacitor and bridge rectifier now wired into position. 
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The bridge rectifier has a flat base and is bolted to the bottom of the new external enclosure.  The top, 

sides and cover of the new enclosure are not shown in the picture above.  The bridge rectifier was 

mounted on the bottom plate to be as close as possible to the point where the wires of the secondary 

winding exit from the transformer.  The capacitor is mounted above the bridge rectifier and will be (not 

shown here) secured to the left side of the unit using cable ties.   

 

The cables to the stick handle and the ground clamp are connected directly to the vertical wires from the 

bridge rectifier to the capacitorôs terminals.  On the original unit, the cables came out through holes near 

the bottom of the front panel.  To cover these holes, I pop-riveted an aluminum plate to the inside of the 

front panel. 

 

The following picture is a detail looking down onto the bridge rectifier before the capacitor was mounted 

above it.  Let me point out a couple of things.  The bridge rectifier is a relatively flat square box.  Its four 

terminals rise from the four corners.  It is bolted to the bottom of the new external enclosure using a bolt 

through the central axis.  It is important that the rectifier be connected tightly to the metal bottom.  This is 

to improve the flow of heat from the rectifier into the surrounding metal case.  When in operation, 50ὃ of 

current flow through two of the rectifierôs diodes.  Each diode drops 1.1ὠ, so each diode must dissipate 

50ὃ× 1.1ὠ= 55 Watts of power.  In total, the bridge rectifier will be dissipating 110 Watts of power.  

Thatôs a lot of power from a little parallelepiped of plastic to deal with.  To improve the flow of heat away 

from the device, it helps to remove the paint in the area where the rectifier is mounted.  The paint acts like 

an insulator.  It further improves the heat flow to place a bit of silicone compound between the rectifier 

and the bottom.  Silicone is a conductor of heat.  It also fills some of the microscopic holes which exist 

because metallic surfaces are not truly flat, but only to the naked eye.    
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