Analysis of the “Akula0083 30W circuit” control section based on the TL494 PWM IC.
Note that what I am presenting here is not just theory but a practical implementation of theory.
Some of you seem to be fond of SIMULATORS.

I am NOT.

I find them UNRELIABLE (and totally useless for unconventional effects) and thus, waste of time! 

 I do ALL my designs with REAL components, breadboards and REAL instruments!
This analysis was done the same way.
OK.

Just like I pointed out in my post, the 'Akula0083 30W' device is based on the TL494 PWM IC.

Why some of you are trying to control the pulse width yourself is beyond me!

If you can use the TL494 correctly, it does control the pulse width for you very nicely!

So why interfere??

The TL494 IC is designed as a Pulse Width Modulator (PWM), NOT as a pulse generator!

That does not mean that it can not be used as a PG. 

It can and it is easy to do.  

It can control the pulse width manually (or automatically) by applying a DC voltage between 0.5V and 3.3V to the “Dead-time control”. (pin 4)

Thus, you can set the pulse width anywhere between about 0% to 97% in the single-ended mode, or from 0 to 48% in the push-pull mode. 

You can still use the 'soft start' feature, too.

Beware that the Collector/Emitter outputs are 180º out of phase.
Reading all the posts regarding the “Akula” device gives me the impression that the roles & actions of the error amplifiers (A1 and A2) is causing the greatest confusion!
No wonder!

Has it ever occurred to any of you that the published “Akula0083” circuit diagram could have errors in it, accidental or intentional?

I will try to clear this up.

I take the liberty to name who's comments I disagree with.

Starting with error amplifier A2:

R5 (1 ohm) is NOT for the purpose of hooking meter probes to (“MileHigh”) but for load current sensing!

Sure, you can hook meter probes there but that's not its purpose.

Yes, C5 (10uF) is for smoothing because the error amplifier requires DC inputs.

Ripple frequency is high, thus 10uF is probably sufficient.

By analysing the published circuit diagram, this is what supposed to be happening:

With no load, the voltage on pin 15 (-, inverting input) is only 0.25V.

With a 15V, 30W load the current would be 2A.

2A current produces a voltage drop of 2V across a 1 ohm resistor (R5). 
That 2V voltage drop will ADD to the 0.25V already there and thus, there will be 2.25V on the inverting input. (pin 15)

Do you think that is what happens?

As is, the A2 error amplifier DOES NOT WORK at all in that diagram!!

Period.

No ifs, no buts!

Why?

Because the biasing of this comparator is WRONG!
To be more specific: 
The way A2 is wired in the published “Akula” circuit goes dead against the well known working principle of 'operational amplifiers'!
Quote from post #419 on 'overunity.com' by 'verpies':

“On this schematic, the voltage signal taken from R5 must become negative to activate the 2nd error amplifier of the TL494 (pins 15 & 16) via R7.
If R5 is non-inductive then this would mean that the current through these load LEDs needs to flow in reverse for this to occur.

The 1st error amplifier of the TL494 (pins 1 & 2) is configured to react only to quickly falling edges at R5 (via R7).  The R11 pot determines how steep these falling edges need to be in order to trigger this 1st error amplifier.”

I DISAGREE with the entire statement!

First of all, I cannot see how the voltage across R5 can go negative!

Sure, it is possible to get some switching transients (spikes) with negative going portions but those will be 'clipped' by the internal circuitry of the IC.
The TL494 is a strictly single supply device and the error amplifiers are single-ended with positive pull-up only.
 Quote from “TL494 Applications Note”: 
“ The design of the TL494 employs both amplifiers in a non-inverting configuration.  Figure 23 shows the proper bias circuits for both positive and negative output voltages.”
As for the type of resistor R5 (1ohm):

If it is a Cement type, it is most likely (perhaps certainly!) non-inductive since all 2 to 10W, low value resistors below 50 ohms  ARE non-inductive.  (UNIohm Corp.)

The statement about the 1st error amplifier, A1, is even worse!
Before I continue, please keep in mind the following:

ALL error amplifiers are wired as COMPARATORS.

As its name implies, a comparator is comparing two voltage values.

To do this, it needs a REFERENCE voltage.

This is all very logical because if there is NO reference, there is nothing to compare to!

All this may be elementary and boring but for the following explanation, I just want to make sure everyone “gets it”!  

OK?

Back to the 1st (A1) error amplifier.

Have the 'Akula0083 circuit diagram' in front of you and try to follow, step by step.
What is the top of the voltage divider R9 (12K)-R11 (4k7)-R10 (2k) connected to?
To the INPUT of the regulator!

Why?

Because, after the 1-3 seconds START PULSE from the battery, the device enters the self running mode and this point (TP2 in my diagram) becomes the power supply!! 

Note that the voltage here must be much higher than 12V.

Not only because the 12V regulator needs at least 3V 'overhead' to regulate properly but the LED load also needs at least 15V or more.

How high can it be allowed to go??

The limiting factor here is the maximum input voltage rating of the regulator, which is 35V.

At this point you should also note that the transformer's turns ratio is 1:3.

No matter what your final method of primary and secondary winding connections will be, the output voltage can be no more than 3 times the primary (switched voltage) of 12V.

So, your output voltage can be 36V, maximum.

As you can see, all values line up nicely!

There is one more thing which should be mentioned.

The adjustment RANGE of the voltage divider [R9 (12K)-R11 (4k7)-R10 (2k)] which is connected between Ground (0V) and A1+ (pin 1), should be such that the possibility of adjusting for an output higher than 35V be eliminated.
So, as a precaution, when the value of R10 (2k) is changed to 3k3, the maximum voltage which can be obtained is approximately 31V, just in case the set-up somehow manages to put out more. 

Adjusting the supply voltage is done by R11 (5k) which is a potentiometer.

When its slider is at the R10 (now 3k3) end, the output voltage will be at maximum (approx. 31V).

When it is at the other end (at R9 – 12k), the voltage will be at minimum (approx. 12V).

The adjustment is simple. 

It is best done with an external power supply connected to the input of the regulator.

Adjust the power supply to deliver the desired voltage, say 30V.

Connect a DVM to the viper of R11 and adjust the voltage to read 5.00V.

Done.

The result of this adjustment is that if the voltage at the input of the regulator tries to go above the set limit (30V), the A1 error amplifier swings into action and cuts back the pulse width!

Since this line is where the energy is taken from to power the entire device AND the load, it obviously needs to be controlled/regulated.
THAT is the role of the 1st error amplifier (comparator).
The non-inverting (+) input (pin 1) monitors this supply line in a conventional fashion and it is correctly biased by applying +5V from the Reference (pin 14), through R8-(4k), to the inverting (-) input (pin 2).

As is, there is only AC feedback from pin 3 (OR-ed output of the two error amplifiers) to the inverting input (-) pin 2,  [C7-(22n) and R12-(27k), in series]
There is NO DC feedback.

This suggests that there might be a fairly high amplitude ripple present on this supply line.

This makes sense since the load current is expected to be about 2A and despite the large capacitance of  C11 and C3 (both 2200uF), the ripple could be large. 

[IF this line was pure DC, capacitors C7 and C15 (both 22n) would not be needed and DC feedback could be used.]  

Note that this 1st error amplifier WORKS as is but it could be improved by introducing controlled gain and hysteresis. 

I don't think the biasing error of the 2nd error amplifier A2 (pin 15 & 16) is intentional.
It could be a simple oversight.
I am going to show you just how easy it is to make a mistake with dire consequences!

This example is actually from the “TL494 Application Notes” from Texas Instruments, the originator of this device!

On page 27 there is a power supply diagram:
Figure 35.  Switching and Control Sections

Have a close look at it!  Pay particular attention how the A2 amplifier (pin 15 & 16) is wired.

You will see that the reference voltage is connected to the inverting (-) input (pin 15) and the LOAD current sensing resistor R11 (0.1 ohm) is connected to the non-inverting (+) input

pin 16.
THIS is the correct circuit configuration!
Now go to the next page (28) and have a look at: Figure 37. Current-Limiting Circuit
What do you see?

Let me help you!

Lo and behold, the error amplifier (in the middle of that diagram) has been FLIPPED around the X-axis! 

Not only the pin numbers but the entire OP amp symbol WITH the pin numbers!

It is ALL WRONG!
In addition, note also that the resistor values are different as well!

Here, R2 is 3k while on the correct power supply diagram R2 is 4k!

Once again I like to stress that all this comes from the documentation published by the designer/manufacturer of the TL494!  (Texas Instruments)

And if all that wasn't enough, this documentation is Revision D (which means it is the 4th Revision).
It was last revised in February 2005.
That means the error I am bringing to your attention has survived 4 revisions without being detected and corrected!!
Personally, I find all this very strange and I suspect that perhaps no-one has reported this error to TI! 

Or, if it has been reported, TI ignored it and has failed to publish a corrected version.

(I have searched everywhere and I can't find any!)
By the way, don't you find it remarkable that in the “Akula0083 30W circuit diagram”, the 2nd  error amplifier is wired just like that in Figure. 37?? 
(The only difference is that in Figure. 37 pin 16 is not connected to Ground but to a reference voltage.)

Coincidence? 

You be the judge.

Further, I also find it a bit strange that the author of this “Akula design” got the configuration of the 1st error amplifier CORRECT (in the conventional way) but got the second error amplifier 'back to front' (just like in Figure 37 above!).

All of which would indicate that indeed both error amplifiers are supposed to work in the well known, conventional fashion.  
Therefore, since he got the 1st error amplifier working, (limiting the input voltage) it is possible that he had the device working but with a NON-WORKING load current limiter!
All told, once you understand what is going on, it is a simple task to make the second error amplifier (pin15 & 16) work as it should.

If you want to make the load current limit adjustable, use the same arrangement as for the 1st error amplifier but with different resistor/pot. values.
An adjustable current limiter is HIGHLY desirable since it gives you the choice of adjusting for different load values. 
Using the component values shown in my diagram, you will be able to adjust the current limit for loads anywhere between 0 and 30W.

(In practical terms it simply means that you are not restricted to use just ONE size of load.)

However, those minor changes will pose a practical 'problem' for those of you who are using pcb's. 

You should have used breadboards (solderless).

For my analysis of the TL494 for this report, I used my smallest breadboard (430 holes). 

(you can buy one for LESS than $10.00!)

IMHO, designing a pcb was premature. 

It should have been designed only AFTER a couple of working units. 

In closing, I like to comment on some of the components used in this project.

First, about the MOSFET.

IMO, by using the IRF3205 (55V), you are pushing your luck!

(In this device, you don't need the 110A current capability of the IRF3205.)

In my experience, the faster you switch, the higher the amplitude of the switching transients!

The amplitude of these transients can be (and often are!) MANY times greater than the supply voltage!

[Note here that as a personal choice, I use the collective term switching transients.

That includes EVERYTHING (like EMF, BEMF, etc.)] 

While some of these transients may be of VERY short duration, they still can (and often DO) blow the MOSFET.

Thus, IMO, you need a MOSFET with a lot higher voltage, like (for example) the IRFP460.

(500V, 20A)

Almost the same goes for the Schottky diodes (MBR3545 - 35A, 45V).

You could use MBR40250TG.  (40A, 250V), or, 

you could try MUR1560 (15A, 600V Ultra fast) but is NOT a Schottky.

I have re-drawn the circuit diagram MY way, with the proposed changes.
There is no harm in trying both the original version and my version (with the corrections I made).

Perhaps both will work.

The original WITHOUT load current limiting, mine with load current limiter WORKING.

Initially, I did not intend to include the transformer in this analysis.

However, considering that nobody (so far) has commented on a fundamental transformer issue, 

I see a need to point it out.

The “issue” is:  publishing the number of turns for a transformer's primary & secondary windings WITHOUT core information is totally USELESS!
In electronics, it is standard practice to specify not only the core type but also the manufacturer.

In some cases even the inductance value of the windings are specified as well.

In addition, if it is important for the design, gapped or un-gapped cores are also specified.
Further, working frequency is also indicated.

All this leads me to the conclusion that the originator of this published design is either NOT a professional, OR, this VITAL information is deliberately withheld in order to make it nearly  impossible for people without electronics expertise to replicate!!

As most (if not all) of you know, designing HF Ferrite transformers is not an easy task.

Just like to point out a few bits.

To start with, take the ETD49 core suggested by “Grumage”.

It is a GROSS over-kill for this device.

Perhaps just a moot point but the ETD49-C139 (or similar) core has the power capacity of between 842 and 1448 W (in the Fly-back configuration), which is its lowest power rating!
(Even an ETD29-N87 has a power capacity of 137 – 204W.)
In contrast, the “Akula” device requires only 30W.

Ferrite material C139 (for Cosmo) or N87 (for Epcos) has a frequency range of 100 – 500 kHz!

N27 has a frequency range of 25 – 100 kHz.

To illustrate just how USELESS is to only quote the number of turns for a transformer (or coil), I give you the following example: 

For an ETD49-C139 core (or similar), the primary winding will be only 2 turns!

(With 12V input, 50kHz switching frequency and Bmax. = 1500.  If the frequency is only 25kHz, the number of turns will be 4.  And so on.  I am sure you get the idea.)
This leads me to another point: the oscillator and the output pulse frequency of the TL494.

As I have pointed out in my post, the original circuit (as published) is operating in push-pull mode [output mode control pin 13 is connected to pin 14, (+5V Reference)] but is used as a single ended driver.
The result of this is that the pulse output frequency is HALF the oscillator frequency and the maximum pulse width is around 48%.

This is not a problem in itself , IF you keep in mind that your oscillator frequency must be TWICE that of your wanted pulse output!

Further, you also need to consider the oscillator frequency range of the TL494.

With the component values shown (CT -3n3 and RT -10k+1k) in the original diagram, the obtainable frequency range is 30.3kHz – 303kHz.  (but ONLY in the single ended mode!)

That means your available frequency range for your pulse output will be 15.15kHz – 150.15kHz.
(The reason I point this out is because frequencies in the order 5kHz + have been mentioned by some posters.)

Les Banki

(Electronic Design Engineer)
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