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The outline of the power unit for the amplifier stages is given in Figure 53. As discussed in Section 5.1, it consists of a power transformer, a rectifier with its reservoir capacitor, and two RC smoothing filter sequences, one for each channel of the stereo amplifier. Figure 53: Feeding unit for the amplifier stages We begin to calculate the
voltage delivered by the rectifier through the reservoir capacitor, and its undulating tension. We calculate the power transformer rating. Next, we calculate the resistance of the smoothing filters. Finally, we calculate the capabilities of smoothing filters. 6.4.1 Voltage delivered by the rectifier and undulating voltage The voltage produced by
the rectifier through the reservoir capacitor, as discussed in Sections 5.1.5, depends on the type of rectifier, the network frequency, the output voltage of the power transformer, the power transformer output impedance, the load seen by the reservoir capacitor, the capacity of the reservoir capacitor We will use a full wave rectifier and
consider a frequency of fM=50Hz network. A power transformer with 500V has a maximum voltage =250V∙1.414=353.5V. Suppose the power transformer output impedance is around Rs = 27 Ohm, which is a realistic value. The load seen by the reservoir capacitor is the impedance of the feeding filter plus the impedance of the entire
amplifier. The impedance of the amplifier can be estimated by using the Ohm law, dividing the voltage given to the first powered stage, which is the power stage, by the current absorbed by all stages. The quiescent current absorbed by the concertina and the entry stage was discussed before and is respectively 0.98mA and 0.8mA. The
kiescent current of the power stage is 28mA in each tube, which makes 56mA. When working in class A, the current absorbed by the power stage is always 56mA, since when one tube performs less the other carries out more. By delivering the maximum output power, working in CLASS AB, the maximum current absorbed reaches up to
115mA. However, we will use class A conditions to calculate the long-awaited DC voltage produced by the reservoir capacitor. So we use 56mA as a reference current for the power stage. This implies that when operated at the maximum output power, the voltage delivered by the reservoir capacitor will be slightly lower. The total current
absorbed by the amplifier is therefore 56mA+0.8mA+0.98mA=57.78mA. We have two channels so that the total current has to be doubled, obtaining IL=115.56mA. The voltage needed in the first stage fed, which is the power stage, is 300V. Therefore, the amplifier impedance is RL=300V/115,56mA=2.6k Ohm. We say that the total load
seen by the capacitor the reservoir is the impedance of the amplifier plus the impedance of the power phase smoothing filter. We will see that, since the voltage delivered by the capacitor of the reservoir is close to what the power stage needs, the impedance of the power stage smoothing filter is much smaller than the amplifier
impedance, so we can ignore it and use only the amplifier impedance. Now we have all the ingredients to estimate the tension delivered by the capacitor of the reservoir. Let's say we use reservoir capacitor with cr=22μF. The RS/RL ratio is 1.01% and 2πfMCRRL=18.4. According to the graph in Figure 39 we have a Vdc/ percentage of
around 91%. The estimated DC output voltage in the reservoir capacitor is Vdc=352.5V∙91%≈321V. Similarly, with the graph of Figure 40 we can determine the expected voltage, an announcement discussed in section 5.1.6. The green line, corresponding to RS/RL=1%, in correspondence of 2πfMCRRL=18.4, gives a Vripple/Vdc ratio of
around 4%. Therefore, the expected voltage ripple is Vripple=321∙4%=12.84V. 6.4.2 Power Transformer Valuation Using the parameters calculated in the previous section we can also calculate the RMS current of the secondary power transformer, with the help of Figure 41. The red frame corresponding to RS/RL=1%, in correspondence
of 2πfMCRRL=18.4, gives an IS/IL ratio of around 1.6. Therefore, the expected RMS current of secondary power transformer is IS=115.56mA∙1.6=184.8mA. To ensure safe operation we can choose a 500V power transformer with capacity for an RMS current of 350mA, or simply 500V C.T. @350mA. 6.4.3 Smoothing Filter Resistances
The two filter channels, for the left and right channels of the amplifier, are identical, so we only need to calculate values for a string. The calculation of the components of a smoothing filter has been discussed in section 5.1.8. First we calculate the resistance value of smoothing filters, going backwards, from the last filter of the string, which
is the filter for the input phase. In section 6.2.2, we determined that the anode voltage of the 12AX7 vacuum tube of the entry stage is 280V. Its quiescent current is 0.8mA. When delivering the maximum power, the current varies +/- 0.05mA from the quiescent current and has little impact, so we can safely use the quiescent current in our
calculation. We also determined that the voltage required by the 12AX7 vacuum tube anode of the next stage, the concertin phase filler, is 290V. As explained in example 21, the resistance of the smoothing filter between the concertina and the input stage must produce a voltage drop of 10V. Since the current crossing resistance is
0.8mA, we have that its resistance must be 10V/0.8mA=12.5K Ohm. The nearest standard is 12K Ohm, which is close to the required value. The power dissipated by resistance is 10V∙0.8mA=0.008W. Therefore, we can use a resistance valued at 0.5W. The voltage of the anodes of the EL84 vacuum tubes is 300V. The current absorbed
by concertina in its quiescent state is At maximum power, the current varies +/- 0.18mA, compared to the quiescent state. Also in this case, the variation does not significantly affect our calculation, and we use the quiescent current as a reference. To obtain the 290V in concertin, the resistance of the smoothing filter between the power
stage and the concertina must produce a voltage drop of 10V. The current that crosses this resistance is the current absorbed by the entrance stage and that absorbs the concertina, that is to say 0.8mA+0.98mA=1.78mA. The resistance value is 10V/1.78mA=5.6K. The power dispelled by resistance is 0.018W. Also in this case we can
use a valued for 0.5W. Finally, we calculate the resistance of the power stage smoothing filter. It would have to drop 21V, from the 321V delivered by the reservoir capacitor, to obtain the desired 300V. The current that crosses the resistance is the sum of the current absorbed by the power stage, the concertina and the entrance stage, that
is to say 56mA+0.8mA+0.98mA=58mA. The required resistance value is 21V/58mA=362 Ohm. The nearest stand is 330 Ohm. The power dispelled by resistance is 1.34W, so it is advisable to choose a classified for 5W. The computed resistance is much smaller than the amplifier impedance. Therefore, as we said before, adding it,
calculating exactly the total load seen by the reservoir capacitor does not significantly affect our estimate. 6.4.4 Smoothing Filter Capacitors Now we can choose the capacitor values of smoothing filters. In section 6.4.1 we calculated that the ripple tension after the reservoir capacitor is 12.84V. The DC voltage of the power stage is 300V,
so this undulating voltage is around 4% D.C. tension. The recommended ripple voltage at a push-pull stage feels about 0.5% to 2% (see Section 5.1.8), so we need to dime it significantly. If the power stage smoothing filter capacitor is 100μF, according to Section 5.1.8, we have that the voltage ripple is . This corresponds to 0.2% of the
DC power stage voltage, so a very good value for money. Following the same procedure, we choose the capacitor value of the smoothing filter of the division phase. With a capacitor of 47μF, we have that this corresponds to 0.001% of the DC phase division voltage, which is 290V, and lower than the acceptable values, which are around
0.01% to 0.05%. Finally, we set the value of the input phase smoothing filter capacitor. With a capacitor of 4.7μF, we have that the DC voltage of the entry stage is 280V. The undulating voltage corresponds to 0.00003% of D.C. tension. The percentage of wavy tension is also smaller than safe values, which are around 0.001% to 0.002%.
11: Power supply designThe feeding of any valve amplifier is an important part of the design. The type of valve used will dictate what supply should be able to provide and the tensions and current needed. For an amplifier only two important supplies will be essential: the supply of filament and the supply of anodes. The auxiliary parts of
the amplifier may require other supplies, for example, it may need a supply of network bias to cut off and almost certainly a low voltage supply for relays, etc. The filament supply is a simple AC supply using a low voltage secondary winding in the main transformer. The supply of network bias is usually a low current supply of a negative
voltage of less than -150V. The relay supply is also a low current supply and a simple DC rectifier and smoothing capacitor is all it really takes. The voltage regulation for supply can be quite loose without causing any problems. The high-voltage supply of anode will consume most of ca's input power and is usually a simple unregulated
type that moves around a little as the network voltage and anode current vary. A lot of commercial amplifiers tend to use the full wave voltage double (Delon) type of high voltage supply, which are not the best option when good voltage regulation is required. The other commonly used type is the full wave bridge rectifier, which is inherently
higher than regulation. Voltage regulation A factor that is often not properly understood is how stable the different supply voltages should be. All valve manufacturers agree that any significant variation away from the recommended supply voltage will have an adverse impact on valve performance, either on a reduction in life or a
degradation in performance. When a valve manufacturer publishes data on a valve to demonstrate performance, the different supply voltages used are affirmed, often found to be the best for performance. When they claim Data for an anode voltage of 2kV, they mean exactly that. The anode supply is derived from a stabilized supply with
about zero variation for different currents. Similarly, the screen network and control network supplies are very well stabilized so that they do not vain with current demand. It is generally accepted that some small variation in the anode voltage is not too serious, but the question is How small is small? The consensus is that up to 5%
maximum variation is not too severe, but nothing greater than this will impact valve performance in some way or another. It should also be remembered that a valve is basically a variable resistance in the way it works: if the resistance has been fixed to a certain value and then the voltage of the anode changes the drawn current will not be
the desired one. So good regulation is paramount when the best performance is required. Choosing the power supply design can make or break the performance of an amplifier. While the vast majority of amateur amplifiers use a simple unregulated supply it is not that difficult to make a regulated supply with a little wit. To get the best out
of a valve like an RF power amplifier the power supply plays a very big role. If the power supply is poorly regulated, the valve cannot deliver its potential performance. Not only does the gain fall if the tension of the anode falls, but also the linearity suffers, in some cases quite drastically. In a previous RSGB manual the following comments
were made on the regulation of the power supply for the SSB operation, which are still valid today, but which to have been forgotten: An RF power amplifier can only operate linearly if the anode voltage remains constant in value. Current demand is at a syllabic rate and can vary in a range from 50mA to 500mA (or more) while transmitted.
This entails a supply with good dynamic regulation. A drop in the voltage of the anode at the time of peak current demand would prevent the PA from handling the maximum signal and could cause flat topping and distortion. An AB1 class amplifier using a tetrodo or beam tetrode can only operate linearly if the screen network supply
remains absolutely constant at all times. The negative offer of network bias must also be a constant value in all conditions of the RF drive. Grid bias must be variable over a range, using a pre-set control, to set the correct idle current without RF thrust to fit the valve in use. Transformer rating When a transformer is designed the factors to
consider are the voltage and the secondary CA current. When a transformer is specified, the secondary ac voltage is always given to the required output stream. When the secondary has a zero load current increases the voltage. This is called the regulatory factor and is an important thing to understand. Transformer manufacturers can
make about zero regulatory transformers, but the cost goes up considerably for this transformer. Most available commercial transformers have a regulatory factor of between 5% and 20%. For a linear regulated supply type this can be accommodated by regulatory circuits. D.C. input voltage to series pass transistors may vary in a wide
range, but an unregulated supply does not have this feature. So it's wise to select a transformer with a regulatory factor as low as your bank balance allows! The better the regulation, the larger the core and the thicker the copper wires for the winding ones. Another factor is the corrective design chosen; some are better than others with the
same transformative regulatory factor. Let's explore this later in the chapter. Transformers are valued for power in VA (Volt-Amps), which is the product of secondary voltage multiplied by secondary current. VA and watts are numerically the same if the transformer is powering a pure resistive load. However, rectifiers with a capacitor input
filter are highly reactive loads and an increase in VA rating is typically required to compensate for this factor. Rating of the tax cycleThe high voltage supply will be designed for a certain rating of the tax cycle. If the duty cycle is to be high the power transformer must also be high. For modes such as SSB and CW, the transformer rating can
be reduced somewhat from the 100% rating. SSB and CW are around 40% of the carrier's full rating and a smaller and less expensive transformer can often be used. However, you should still be able to supply the maximum current when needed. Therefore, we can use an intelligent amount of abuse before transformer is unduly stressed.
For example, we will consider designing an amplifier using three 811 valves in parallel according to a previous chapter. The power of the transformer, if 100% valued, would require a transformer of about 750VA (neglecting the supply of filament), but the degradation allows for a smaller and less expensive transformer. For a service cycle
of 40% the best option would be a 500VA transformer. Many commercial amplifiers take the degradation too far and therefore transformers run very hot. Anode voltageThe necessary anode voltage would depend on the chosen valve and the output current will also be determined by the same factor. For an amplifier using three of the 811
triodes a maximum anode voltage of approximately 1250V DC would be required at full load and a maximum current of about 175mA per valve. If the supply provided ~500mA this would be adequate. The secondary voltage required is determined by the corrective scheme chosen. For a Delon-type voltage double (Fig 11.1) the secondary
requires a sinuousness of (1250/2,828) = 443V AC. Out-of-charge voltage will depend on the transformer regulation factor. A low-cost transformer could have a regulatory factor of between 10 and 15%. When the valves are not drawing running the tension of the anode will rise above the face value of DC in the percentage of the
regulation. For a regulation of 10% the voltage of the anode will be 1250 x 1.1 = 1375V. For a regulation of 15% will rise to 1438V. This must be attended by the voltage rating of the smoothing capacitor. A secure minimum capacitor rating of approximately 1800V would serve most circumstances. Fig 11.1: Voltage double circuit delon. The
high voltage supply for a full wave bridge will require higher secondary tension, and therefore more laps over the winding. To account for the regulation factor of 10% the use of a multiplier of 1,555 instead of the normal factor 1414 will be correct. The secondary voltage then should be (1250 x 0.707) = 884V AC. Out of charge will be
raised to approximately 1375V DC for a regulation transformer of 10%. The secondary current required is also determined by the chosen rectifying scheme. For the bridge rectifier (Fig 11.2) feeding a capacitor input smoothing, it will be 1.62 times the required DC output current. If the supply should supply 500mA for the valves, then the
current secondary maximum rating must be about 800mA. Fig 11.2: Bridge rectifier circuit. Wavy voltage To avoid the hum on the transmitted signal the output voltage should be pure DC. How much we can tolerate depends on operating mode. Since SSB is a amplitude modulation mode, the wavy voltage must be low. The percentage of
undulation is determined by the amount of capacity of that connects through the rectified DC output. The undulating factor also depends on the rectifying scheme we choose. For the mid-wave rectifier we can show that the undulating factor is 1.21 and for the bi-phase and bridge phase, both are full wave rectifiers, the undulating
undulating factor at 0.438. From here we can see that the full wave rectifier needs a smoothing capacitor value lower than that of the mid-wave rectifier. The medium wave rectifier needs a capacitor ~2.5 times larger to match the full wave types. Double voltageThe popular high voltage supply used by many of the commercial amplifier
manufacturers is the Delon full wave rectifier shown in fig 11.1. Although it also only needs a single secondary sinuousness, and doubles the input voltage, it is actually two half-wave grinders that work in the antiphase phase and can be analyzed as such. If the midpoint of the reservoir capacitor is on the ground, this can be clearly seen. It
is used when we need a divided rail supply to supply positive and negative tensions identical to low current. The Delon tension doubler is not a normal type of full wave supply; These are two half-wave rectifiers completely separated with the outputs stacked in series. If a diode is removed, the other half continues to operate unaffected.
Moving the ground point to the exit of the negative supply (Fig 11.3) becomes a positive voltage double. The two loaded capacitors are simply placed in series to double the voltage. The definition of a full wave rectifier is that both halves supply the same output of DC POLARITY, which are summarized to provide the full output current.
The two-phase phase and bridge are true types of full wave, while the Delon is not. Fig 11.3: Dual division rail supply using mid-wave rectifiers. The operation of the Delon voltage doubler can be seen more easily by redrawing Fig 11.1 as Fig 11.4, in which the action of the two separate sections of dyodes capacitor can be analyzed. The
common point of secondary sinuousness forces sinusoidal pulses of AC in both capacitors when dyodes duct. The flow of crude AC has a maximum value of about π times the output DC load current. Therefore, the undulation current of the capacitor is very high. In a mid-wave rectifier the output voltage is 1,414 times the AC input voltage
when the reservoir is a capacitor, the so-called capacitor input filter. The equation for the output current to toggle the input current for a mid-wave capacitor input filter rectifier is: IDC = 0.28 x IACHence, to achieve output current 1A DC requires (1/0.28) input current, which is a factor of 3.57:1. The full wave bridge using the same capacitor
input filter requires (1/0.62) = 1,612 times the current. The bi-phase rectifier factor is 0.9, so you only need 1.11 times the DEC output current from the Secondary. The phase bi option, however, needs two secondary windings, so it is more expensive. Delon's double is named after Jules Delon (1876–1941), a French engineer, who
patented the design. Originally Delon used a rotary switch layout to form a series of switches - at the time the thermothenic rectifier valves had not been invented. The two capacitors were individually charged with a supply of to add tensions. For the double voltage option, for an output current of 500mA, the secondary current must be
higher and we must enter 1.78A AC, and when losses are taken into account a value of closer to ~2A is required. This is because the factor is more than doubled compared to a bridge rectifying circuit. This is one of the main failures of the double voltage rectifier. It also has a poorer regulatory factor than the bridge rectifier. Off-load the
DC voltage peak is 2,828 times the secondary AC, but when the drawn current exceeds about 33% of the maximum the factor falls to about 2.25 times. Therefore, for the same transformative regulation the output voltage falls considerably more. In a bi-phase circuit or bridge (Fig 11.5) each diode supplies 50% of the output current, in our
example each diode supplies 250mA. At the Delon circuit both supply the entire current. The PIV of the dyodes used in a bi-phase rectifier is the same as a mid-wave rectifier being 2,828 times the output voltage. The PIV of delon rectifier dyodes is also 2,828 times the output voltage. Fig 11.5: Bise Phase rectifying circuit. In his textbook
Electronics and Radio Engineering, Terman makes the following comments on voltage multiplier circuits: In general, it can be stated that the full extent of the voltage multiplier action is present only for very small load currents, and that, as the load current increases to a moderate value, the output voltage will fall rapidly. In other words, the
regulation of tension in these systems is poor. A good example of a typical voltage double circuit is in the Heathkit SB-230 amplifier. This supply uses a chain of seven 1N2071 dyodes in each half of the voltage doubler (without any voltage exchange resistance!) The voltages indicated for the supply are 2500V when the inactive current of
25mA and 1900V is drawn when the full anode current of 500mA is drawn - falls by 600V from dormant to full load current. This is a regulatory factor of 24%. If it was a 13.8V supply, then the output voltage would fall to 10.5V in cargo, which would be regarded as atrocious! Rectifier dyodes are 600V PIVs in an RMS current of 750mA, so
they are slightly lower than 1N4007 rates. The total PIV in each dyodes chain is 4.2kV.The High Voltage Heathkit SB-230, but modified to use 1N5408 instead of the original 1N2071 díodes, shown in Fig 11.6. Fig 11.6: Heathkit SB-230 modified high voltage supply to use 1N5408 díodes. Bridge rectifierThe best option for high voltage
supplies is the bridge rectifier. In this circuit two dyodes are connected in series for each charging current pulse. Although the tension forward twice the bi-phase rectifier, the small voltage drop is not significant when using a high voltage supply. Because there are two serial diodes, the PIV of each diode can be half that of a bi-phase
rectifier, allowing the use of less expensive diodes. The required PIV is twice the DC output voltage. Per Per the voltage operation often several dyodes must be connected in series to reach the required reverse voltage (PIV) peak. The operation of the bridge can be determined by redrawing the rectifier to omit dyodes that are not used for
half a cycle. Fig 11.7 shows the two different half cycles and the charging current flow. The secondary DC return stream invests in half alternate cycles so that there is no network magnetization flow in the kernel. Fig 11.7: Method of operation of the rectifier of the bridge. In the middle cycle the secondary sinuous end marked A is positive
and B is negative. The D1 and D4 díodes are skewed forward and the other two dyodes are inversely biased, so they are not part of the circuit for this mid-cycle. The current flows from A to D1 and then through the C tank capacitor and RL load. The return stream flows through D4 back to the other end of secondary sinuousness. In the
opposite half cycle D1 and D4 are inversely biased and only D2 and D3 are active. Softening capacitorsThe choice of smoothing capacitor is also critical for both types. The capacitor voltage rating must take into account not only the out-of-charge voltage, but also any variation in the voltage of the grid. In most countries, the main AC has
a tolerance of ±6%. For the 240V network supply can vary between 225V and 255V and still be within legislated limits. This means that the minimum voltage capacitor must meet an additional 6% more and above the nominal out-of-load voltage due to the transformer regulation rating. For a nominal anode supply of 1250V may increase to
1460V. If the capacitor is not able to withstand this added voltage it will fail. As high voltage electrolytic capacitors are normally only available with voltage ratings of up to ~450V we need to connect several in series to achieve the required voltage. If four 450V electrolytic capacitors are used, the nominal voltage is 1800V and this should
meet most of the requirements. 450V electrolytic capacitors can normally support 525V for short periods, typically 20 to 100 mains cycles, to cater for peaks and rises. The current wavy rating of capacitors is also a function of the rectifier type. For the rectifier of the bridge the undulating current is the same as the transforming secondary
current. So an undulating current of 800mA is the minimum required. Most larger 450V size electrolytic capacitors will handle ~1A of undulating current at 100Hz. For the voltage double rectifier the undulating current rating is higher, instead of being the secondary current rating has an added additional factor of ~1.33. Therefore, the
current minimum ripple rating required is ~2.5A. This explains why many of the amplifiers that use the double voltage rectifier have problems with the failing softening capacitors. The lower cost, small can write, electrolytic capacitors do not have the current undulating rating necessary and overheat and explode. The ripple tension required
determines the smoothing value The standard formula is: Iavg C =Farads 8 x fr x VrWhere:Iavg is the undulating current flowing in the capacitorfr is the ripple frequency (usually 2 times the frequency of the mains)Vr is the enable maximum undulating voltage valueFor a network supply of 50Hz using a bridge rectifier that supplies 500mA
DC (Iavg of 800mA) with a maximum wave voltage peak of 50V , the minimum capacitor value required is 20μF and any capacitor larger than this will provide a wavy voltage lower than 50V. For this anode supply we would need 4 x 450V electrolytic capacitors connected in series (4 x 20μF) = 80μF minimum in value. The nearest standard
capacitor is 100μF and this would be suitable. This gives a total capacity of 25μF to 1800V maximum working voltage. Undulating current ratingThe equivalent series resistance (ESR) and safe working temperature determine mainly the current undulating rating of an electrolytic capacitor. Today electrolytic capacitors can work up to box
temperature of +105ºC, but they are more expensive than the +85ºC variety. Small electrolyte capacitors can have higher R's and have low undulating current rates. The voltage double option places an additional factor in the undulating current rating of the smoothing capacitors. In a circuit double the undulating current is the secondary
current a factor of approximately 1.33, so the capacitor needs to have a current wavy rating of 1.78 x 1.33 = 2.4A minimum. Many high voltage electrolytic capacitors from 100μF to type 450V cannot handle this type of current at a wavy frequency of 100Hz. Normally the upper limit is about 1.25A for an electrolyte from 100μF to 450V in
the largest miment size. Therefore, the only safe option is to double the capacitors and fit two in parallel. This means that the smoothing capacitor is bulky and more expensive. It also means that we end up with a higher total capacitor value, which is good for suppressing ripple, but bad for maximum diode load current. The next standard
capacitor is a 220μF, but the current wavy rating is generally not as high as it would assume. It is usually 1.75A for a 450V rating capacitor. So the best option is parallel to two 100μF capacitors instead of using a 220μF.This example illustrates an important point. Very often the minimum capacitor value required for the removal of the
ripple must be modified to meet the highest ripple current. In many cases it is the ESR, and hence the undulating current, the capacitor can handle safely that determines the minimum value of the capacitor. Not this, as with the transformer, we can use some intelligent abuse. The maximum ripple current only occurs over a very short
period on the current peak crest. The average current is about 62% of the maximum current, so a slightly lower ripple current may be acceptable if the anode current is not driven to its maximum. If you in the habit of using a lot of speech compression the rating should be much higher, but without excessive compression the maximum
current is lower. Typical wavy current ratingThere are so many manufacturers of electroethical capacitors that it is sometimes difficult to assess what is available. As an example I have compiled 11.1 – 11.4 tables showing what is available from four manufacturers – Nichicon, Hitano, Rubycon and Epcos-TDK – that make a wide selection
of capacitors. I have selected a radial 100μF / 450V can write suitable for mounting the printed circuit board. The undulating current is quoted at 120Hz at the maximum temperature. The Epcos-TDK range is notably higher and are also available in up to 600V rating for some of its types. The ripple data is 100Hz. These types are better
suited to a voltage double circuit. TypeCan SizeDxH mmTemp.ºCRipple CurrentmALGN20 x 35105690LGU20 x 45105690LGW20 x 30105 1040PW25 x 50105350Table 11.1: Condensadors electrolytic Nichicon 100μF / 450V a freqüència ondulada de 120Hz. TypeCan SizeDxH mmTemp.ºCRipple CurrentmAEFL18 x 45105850EHL22 x
40105700EHP22 x 40105820EHS22 x 35105640EHU 22 x 35105690ELP22 x 35851030ELU22 x 3585930Table 11.2: Hitano 100μF / 450V condensadors electrolytic a freqüència ondulada 120Hz. TypeCan SizeDxH mmTemp.ºCRipple CurrentmAMXG20 x 35105910MXH22 x 25105850PK18 x 4085280PX18 x 4085200ULW16 x 458
5800USC20 x 3585880USG20 x 3085930VXR22 x 50105640Table 11.3: Rubycon 100μF / 450V condensadors electrolítics a 120Hz freqüència ondulada. Series size (A) DxH mm+60ºC+85ºC+105ºCB4354125 x 301.740.98—B4454 425 x 302.081.600.89B4354725 x 302.121.560 .84B436242 5 x 301.580.90—B4364222 x
301.781.330.69B4354525 x 302.781.330.69B4354525 x 302.302. 061.520.82Table 11.4: Epcos-TDK 100μF / 450V electrolytic capacitors at wavy frequency of 100Hz. Modern electrolyte capacitor technology Modern electrolyte capacitors have improved dramatically from previous types. If you compare what was the norm about 40 years
ago with today's reduction in size is quite marked. Traditionally a 100μF capacitor of 450V rating occupied a mind of 38 mm in diameter (1.5in) with a height of 75 mm and had a wavy current rating of about 400mA to 85ºC. Today the same capacitor of value can be as small as 22 mm in diameter and only 30 mm in diameter and only 30
mm in diameter. This often creates a problem when an older amplifier is 're-captured', as the new types are too small to fit into tweezers or the printed circuit board. Modern electrolytic capacitors are widely used in offline power supplies and must handle not only the ripple frequency of the grid, but also high frequency switching currents.
These currents add up algebraically to give a much higher maximum current. Nowadays it is quite common to find that small Mint-sized can handle waving current much higher than older types. As an example, a 38mm 38mm μF/450V mind would normally handle at most about 1A of undulating current. The modern capacitor to handle this
current can be as small as 16 mm in And it is valued at 105ºC. With the widespread use of power-saving lamps, which use off-line switching mode technology, sizes are getting smaller. Leakage Current CapacitorAll capacitors have a small stream of internal leaks. At low voltage this is usually not a problem. However, in high voltage
aluminum electrolyte capacitors, the leak current depends heavily on applied voltage and case temperature - the higher the voltage or temperature, the higher the leak current. The leak current rises much faster near the nominal maximum voltage and assumes almost an exponential shape in the current versus voltage curve. Although the
leak current is generally small, it is still significant. Most capacitor manufacturers publish data on this effect. In general, the leak current is defined at the maximum working voltage and maximum temperature of the box. The given value is considered the worst case in normal operation. A typical way to indicate the leak current is:I = 3 V x
CWhere:I is the leak current in μAV is the maximum working voltage markerC is the face value in μFFor a capacitor of 100μF valued at 450V the maximum leak current is 636μA (0.64mA). Sharing resistances To match the voltage through a bank of capacitors connected to series a simple method is to form a chain of potential dividing
resistances. To ensure a proper stream of bleeding through shared resistances it is wise to make the current at least 10 times the maximum current of leaks forecast. For two capacitors of 100μF / 450V connected through a supply of 900V DC the current, therefore, must be at least 6.4mA. The total value of the resistance must be less
than: R = V / I = 900 / 6.4mA ~ 140kΩEach resistor must be half of the total so they are 70kΩ maximum and the closest value in range E12 is 68kΩ. Any lower resistance value to this will suffice and only the dissipation of power in resistance is a concern. In the case of 68kΩ with 450V through it the power dissipated is:I = 450 / 68kΩ =
6.6mAPdiss = I2 x R or V x I in watts. Pdiss ~3W, therefore, a 5W resistance would be suitable. In commercially manufactured amateur equipment, the tendency is to use 470kΩ 1/2W resistances through 450V or 500V electrolytic capacitors, which is too high a value to be effective. The absolute maximum would be about 100kΩ to have
some useful effect. As a good rule of thumb, the value of shared resistances should not exceed ~10kΩ per hundred volts of nominal voltage. Equivalent series resistance capacity A perfect capacitor would consist only of a reaction. The reaction of a capacitor decreases in value with increasing frequency and we use the normal formula to
determine the value of the reaction. In a pure reaction the current and tension of a signal for AC they are 90º out of phase and can not dispel any power in the reaction. However, smoothing capacitors are not ideal elements and there is some resistance to additional series. This is known as resistance to equivalent series (ESR) and and a
resistance that dissipates power like heat when a current flows. The ESR value of a typical high voltage electrolyte capacitor is generally not of great concern, as long as the undulating current is not too high. If the listings of the various manufacturers are examined, often the ESR value is not cited for types intended to be used with low
ripple frequencies. For ESR switch-mode power capacitors it is the main loss factor and ESR generally decreases with increased frequency. At 120Hz the ESR is considerably larger than at 100kHz, and this is inferred by the degradation factor for the undulating current. Most often, for types designed for switch mode supplies, ESR is
given as the impedance value in ohms. If you calculate the reaction of an electrolyte 100μF / 450V, at 100Hz you have a reaction of ~16Ω. The maximum ripple current is typically 1A. Therefore, the maximum voltage of the RMS ripple is limited to 16V, which at maximum values is ~45V. However, if the ESR is 12Ω the effective impedance
is: Z = (X2) + (R2) = 20ΩHence, the wavy voltage can be increased to 20V RMS (~56V p-p) before the 1A limit is exceeded. In this undulating voltage the 1A flowing in the 12Ω of ESR dissipates 12W that will heat the capacitor. Capacitor Working Voltage It is wise not to use the total range of working voltage to attend to short-term
network disturbances (transients, etc.) that raise the input voltage. Consequently, it is considered a good design practice to limit the voltage applied to not exceeding ~85% of the nominal working voltage. Another factor is the regulation of the main one. In many countries, the main AC has a ±6% tolerance and for the UK's main of
nominally 240V the lower and upper limits are 225V to 255V. In the example above three serial connected electrolytic capacitors would be a better option. Because the out-of-load voltage is not likely to exceed about 115% of the full load voltage, the choice of 3 x 450V working capacitors would be appropriate. When operating at 85% of
the rating this gives 3 x 385V = 1155V nominal rating. The voltage of 115% would be 1035V. The maximum capacitor voltage rating is 3 x 450 = 1350V. This leaves a safety margin of ~300V to cater for network-supported transients and network tolerance variations. For this softening capacitor bench, shared resistances could be 3 x 33kΩ
= 99kΩ. The bleeding current through the resistances is 900V / 99kΩ = 9mA, which is higher than the 6.4 mA required. The total dissipation in resistance is ~8.2W and since this is shared by the three resistances is 2.73W per resistance. A type of 5W would be appropriate for reliability. Total classification of transformer power In order to
evaluate what is required transformer, we must add the supply details and then calculate the total rating goes. Each 811 valve requires 6.3V to 4A for the filament heater. The filament supply would be 6.3V to 12A = 75.6VA. The anode supply requires ~900V to 800mA for a bridge rectifier (720VA) and the double option requires ~443V to
~2A 2A Additional supplies, such as a supply of -100V biases, will be winding low power and 50mA AC RMS would be suitable for a secondary voltage of 70V and a rating of ~10VA would cover most applications. For relays, an additional 20VA would be suitable. So our total rating goes to the 100% service cycle is: Bridge Option = (75.6
+ 720 + 30) = 825VA Optiondoubler = (75.6 + 8 86 + 30 = 992VAThese could be smartly valued at around 40% to give a figure of 500VA for the bridge and 600VA for the double. The main problem with the double voltage rectifier option is that the maximum flow in the transformer core is considerably higher than for the bridge option. This
usually means that the frame size must be larger to avoid saturation. This makes the transformer bigger and more expensive than the equivalent bridge rectifier option. Rectifiing dyodesThe choice of the appropriate high voltage rectifiing dodes is also important. The piv value must have some safety margin to handle the transients and
spikes in the input supply. Because there are four dyodes on the bridge, and the dyodes are arranged in series pairs, the total PIV required must be at least twice the output voltage. If we calculate that the worst case of load voltage is about 1600V, we need a minimum PIV of twice that value. Two serial 1kV dyodes on each leg will be



suitable. If 1kV díodes are selected this gives a 4kV PIV, which is well above the required value. For the bridge rectifier, a diode with an average current rating of at least 1.5 times each secondary current of 400mA means that a rating of 0.6A is the lowest suitable. The dual voltage rectifier diode current would be a much higher value. The
secondary current is about 1.8A on average and this is a judicial disaster with such a slender margin. Therefore, you need díodes with at least 3A average rating. The doubler option will also need serial dyodes in each section since the minimum required PIV is 2,828 x Vout. Assuming the voltage of the anode in the worst of the load cases
is also 1600V, the required PIV is at least 4.5kV. Therefore, the absolute minimum number, if díodes 1N5408 are used, would be five - and six díodes would be a safer option. This requires 12 díodes x 1N5408. The bridge can use 8 díodes x 1N4007. When the diodes are connected in series requires a resistance to the exchange of
tension through each diode. A resistance of 330kΩ to 560kΩ of 1/2 watts would be adequate. Damping capacitors are not necessary and can cause unwanted avalanche effects, so they are undesirable with modern high voltage rectifier dyodes. They were used for previous rectifier dyodes, but were equipped to remove RFI from
switching. Modern dyodes change at least five times faster and very little RFI. Choice of rectifying type - Which one would you choose? As you may have surmised by now, I'm not a big fan of the tension double circuit. It persists for all the wrong reasons! The claimed advantage is that it needs fewer laps over secondary sinuousness. This
may be so, but you also need 2.66 times copper copper to match the rectifier of the bridge. Baking today is an expensive commodity. The lower labor cost of winding less laps is more than exceeded by the additional cost of copper required and also the size of the larger transformer frame to carry the highest magnetic flow. When reduced,
cost savings from fewer turns in secondary school is totally denied by the other costs. However, it's your money so you can decide which guy you prefer. If I had an option that would list the options in this command:1 Bi-phase - choke input filter2 Bi-phase – capacitor input filter3 Bridge – choke input filter4 Bridge – capacitor input filter5
Delon doubler (but only if I was forced to!) Center touched secondary Here's a tip on the bridge rectifier. If you use a centered secondary we have the ability to improve tension exchange. Although a bridge rectifier doesn't require a high school, I always use one. By connecting a cable from the central tap to the middle of the capacitor bank
(Fig 11.8) forces the point to be exactly 50% of the output voltage. This, of course, means that you have to use an even number of serial capacitors, but this is usually not a problem. I'd rather add an additional capacitor and know that I have a broad voltage rating on hand than worry about capacitors running too close to their limit. Adding
a central tap when winding a transformer is a very small increase in cost. Fig 11.8: Secondary bridge rectifier circuit. Another benefit of a secondary center-tapped is that it provides the option to supply another part of the circuit with a lower voltage to a current of up to 25% of the main output current. This can be used to supply a screen
voltage stabiliser for a tetrodo valve, saving an additional secondary winding, rectifiers and smoothing capacitors. Tetrode amplifier supplyThe tetrodo valve, including the beam tetrodo family, requires an additional positive voltage supply to power the screen network. In most cases this should be a very stable voltage that does not vary
with the anode current or the current that draws the screen grid. It is especially critical for some types of valves such as the 4CX250/350, where the screen network not only requires supply current, but also supplies running back into supply. This second current is known as negative screen current and is a potential cause of valve damage.
The shunt regulator is the best method to counteract the need for a positive and negative screen current, while limiting the positive screen current to a safe value. Most tetrodo valves will benefit from a suitable shunt regulator and provide better linearity rigid and stable screen network supply. If the screen voltage wakes up due to the
anode current flow, higher levels of IMD will be generated. A simple shunt display regulator suitable for most tetrodo valves and using a high voltage MOSFET IRF-840 as a variable resistance element to maintain the output voltage constant is shown in fig 11.9. This can contain the screen network voltage within 20mV of the required
target voltage. Fig 11.9: Screen grid shunt stabilizer. The output voltage is determined by the value of R3; increase its value increases the output voltage. VR1 allows the adjustment of the output voltage in a wide range. The maximum positive current of the screen grid is determined by the value of the dropper resistances of the R1/R2
series. The unregulated supply should be high enough to meet the tension of the required valve screen network and an overload of approximately 100V is normally sufficient. The displayed values are adapted to a valve such as the QQV06-40 or 4CX250 for a +250V display network supply. Relays space the stabilizer upon receiving and
landing the screen grid pin. Therefore, power is not wasted on the regulator when it is not in use. TR1 should be mounted on a heat sink with an insulated washing machine and shrub to prevent drainage tab to the ground. Do not increase the value of C1 by more than 25% as this component determines the loop response time to changes
in output voltage. If additional large capacitors are added, the regulator will not be able to track the changes fast enough. Network bias stabilizerA the establishment requires a very stable network bias supply another simple stabilizer. The stabilizer shown in fig 11.10 uses a common high voltage NPN transistor (BU406) to obtain a very
rigid and stable negative supply voltage. Fig 11.10: Grid bias stabilizer. The transistor operates as a transmitter tracker with low output impedance. The displayed values are adapted to an output voltage of approximately –45V to –75V. The cutting bias during reception is made by the relief contact that raises the bottom of the potential
divider from the ground. In this sense, the output rises to the unregulated entry supply lane of about –150V. The transistor needs to mount on a heat sink with insulating hardware to avoid the short-term ground. Grid stream monitoring is for serial 47Ω resistance with output. This value can be changed to fit the mobile coil meter used. High
voltage oven microwave transformersIn search to save money some fans have experimented with microwave oven transformers. On paper they look attractive, are capable of fairly high power output and have a secondary sinuousness of about 2.2 kV. However, they are not suitable for an amplifier. The reason is because they are
designed in a particular way. The magnetron in a microwave oven works with a half-wave rectifyed anode voltage of approximately 5 to 6 kV. Secondary sinuousness is applied to a special voltage double-circuit, usually using a approximately 1μF and shunt diode. The output voltage is a negative polarity. The high voltage negative DC
supply applies to the cathode of the magnetron valve of two electrodes. It behaves like a half-wave rectifying valve. The anode is screwed into the wave guide and sits on the potential of the terrain. If it was not current limited, the magnetron would try to draw a very high current. Consequently, the transformer is have a limited flow of core
by placing magnetic shunts in the magnetic circuit. This causes the transformer to behave like a constant current source and limits the magnetron current to a safe level, usually about 200 to 300mA. Transformative laminations often have an additional air gap between the limbs to help magnetic shunts and everything is arch welded
together. They can be dismantled, but it is a lot of effort and the danger exists of damaging the winding. Filament synuousity is usually a secondary 3V/30A to power the cathode filament. This connects internally to the negative output so it is sitting at about 5kV on the ground. Although it is possible to modify them it is not worth the
problem and the expense. An example of a high economic tension offerFins to a suitable transformer can sometimes be fraught with difficulties. Sometimes it is possible to use transformers that at first glance are not what we really want. Among my collection of mains transformers I came across two identical transformers that were in good
condition but had winding 115V primaries. Each transformer has a secondary high voltage sinuousness of 700V centre touched, so in British speech they are 350-0-350 type. The secondary was valued at 200mA and there were also two heater windings of 6.3V. One was the center touched at 3.15-0-3.15 to 8A and the other was from
6.3V to 3A. As required a supply of ~1kV this proved to be feasible. Secondary windings were serially connected to form a bi-phase rectifier feeding a bank of electrolytic capacitors. In the bi-phase rectifier the central tap is the ground terminal, so a half-lane supply (as with the bridge) could not be formed to force the capacitor bank to the
mid voltage point. But by using the taps of the secondary center a second bi-phase rectifier was organized to give this feature. The two winding transformer primaries can be connected in series to operate from 230V or in parallel for 115V input. When serial or parallel connecting the phasing of the sinuous primaries is important. If the
phasing is incorrect, the rectifier acts as two parallel mid-wave rectifiers. By exchanging the polarity of a primary transformer the correct phasing is provided. Each diode needs a shared resistance through it to match the breakdown voltage. The selected electrolytic capacitors were Hitano ELP 100μF/400V series that are valued at ~1A
running undulating at +85ºC. These are low cost and have a box of 22 mm in diameter, so they take up little space. The schematic is shown in fig 11.11. Fig 11.11: An economic power supply using 115V. Назад transformers: 10: The Дальше: 12: Circuits Show Title Hide title title
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