Glow Plug Voltage from a 12VDC Source 
Only the principle of work will be provided in this document. Then, a full calculation and parts selection of one of the devices may be added. 

This is to provide a possibility for applying a glow plug voltage from a standard car battery. 
A glow plug voltage is the voltage applied to the glow plug for which different sources cite different values and dependencies. 
The value which most manufacturers demand is 1.2VDC provision for other voltages have been made in this document. 

Some sources claim a voltage higher than 1.5VDC may damage the glow plug. Others claim the glow plug voltage depends on many factors and cite voltages between 1.2VDC and 2VDC. 
Most sources claim the current through the glow plug can be 3A to 4A, thus, a device which provides the glow plug voltage must be able to provide 5A current or higher. 

For all devices, although not displayed, a fuse must be put. 

I am not sure whether I can make device 1 and 2 work but do not run away. There will be more devices which will work for sure. Keep reading, please. 

Device 1 
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The major problem with this device is the base voltage of the transistor is supplied by a diode which may not be sufficient to open the transistor and, thus, this schematics is not supposed to be used unless the diode D1 is carefully chosen to work close to the diode’s maximal current and provide a higher than the required emitter base voltage of the transistor. An important rule is to never parallel diodes because only one may be open to conduct most of the current with the other one more closed thus the current may not spread equally. To rely on the nonlinear characteristic of the diodes is not a good idea. These also change with temperature, etcetera. 
However, because the glow plug current is known within a tough range, a tiny resistor can be put in series to D1 to provide an extra 0.25 to 0.5V which will make the output give 1.65V to 1.9V. These voltages, however, may be dangerous and still insufficient. 
An escape of this problem is to use a Germanium transistor for Q1 and to use a combination of more than one Germanium and Silicon diodes for D1 or a few Germanium diodes. For example, D1 can be made of three Germanium diodes to provide 0.9V and the base emitter junction of the Germanium transistor would provide another 0.3V to make 1.2V in the output. Instead of diodes, Germanium transistors connected in a diode connection ( base to collector ) can be used to provide a higher voltage of 0.5V per transistor, thus two of these would supply 1V to the base of the Germanium transistor which requires 0.3V to open and will make the transistor regulate the output voltage to around 1.3V. 
For simplicity, the calculations will be carried out with Silicon components and they are very similar to the calculations with Germanium or mixed components. 
This is the most simple one and the most inaccurate one which would provide around 1.4VDC but may go higher than 2.4VDC as depends on the current and the parts specifications. 
A standard car battery would give 13.2VDC when fully charged. A standard LED would take 20mA as a maximal current and would give 1.2V. Thus : 

R1 = ( 13.2V – 1.2V ) / 20mA = 600Ω ~> 620Ω, 5%, 250mW 

The power of R1 is : 

PR1 = ( 13.2V – 1.2V ) * 20mA = 240mW ~> 250mW 

L1 is a standard LED with a maximal current of 20mA or higher. 

D1 must be rated at 250mA current and would have more than 0.7V at this current. Along with the transistor’s base emitter voltage of around 0.7V, D1 will help create more than 1.4VDC voltage to be displayed at the output. 
R2 and R3 limit the combined current through D1 and the base emitter junction to less than 300mA. R2 and R3 can be replaced by a single resistor R23 which must be rated at 5W. These resistors are not very popular hence two resistors, each of them able to dissipate 2W are used. 
Standard 2W resistors use the 10% list of values, thus, in case R2 = R3 =27Ω, 2W : 
IR2 = IR3 = ( 13.2V – 0.7V ) / 54 = 231mA 

The power of each resistor is : 

PRi = ( 13.2V – 0.7V ) 231mA / 2 = 1.44W. 

Thus, resistors able to withstand more than 1.44W are needed. 
Hence, R1 = R2 = 27Ω, 10%, 2W. 
D1 must be rated to have a maximal current of higher than 231mA but very close in order to provide a maximal voltage. Thus a 250mA diode, any reverse voltage is a good idea. 
Q1 must be rated to withstand more than 12.5VDC and provide more than 4A to the glow plug, thus able to withstand 12.5V * 4A = 50W or higher. To decrease the required base emitter voltage, a transistor able to withstand much higher currents may be a good idea, say 10A, which may decrease the base emitter voltage at the maximal current of 4A. 
The transistor best have a very high current gain β to consume less current from the diode D1, so the current through D1 and hence the voltage of D1 do not decrease at high currents. This is very useful when there is a resistor in series to the diode D1. Again, this is not very important because the output current of the transistor and, therefore, the input current and therefore the current through the diode D1 ( and a possible resistor ) branch are known and do not change significantly. 
The lowest current gain β can be calculated when the current through R1 and R2 of 231mA is split to provide 31mA through the diode D1 branch and give 200mA to the transistor which must be able to display 4A output, collector emitter current. Thus Q1 must have a current gain β of more than or equal to 20 and, most importantly, must have as stable current gain β as possible. 
A very importan consideration is to find a transistor which conforms to these requirements AND has the lowest and the most stable base emitter voltage possible. 
In summary : 

Q1 must have a very stable Vbe. 
Q1 must have a very low maximal Vbe. 

Q1 must have very stable β. 

Q1 must have a minimal β of 25. ( More than 20 to be safe ). 
Q1 must have a minimal Ice of 5A. ( More than 4A to be safe). 
Q1 must have a minimal power dissipation ability of 60W. ( More than 50W to be safe ). 
Q1 MUST have a BIG heat sink at this power. Blowers and fans are good ideas.

A glow plug is a resistive load which depends on the temperature but is such so less than 5A go through the glow plug at 1.5V , thus the resistance of the glow plug is higher than 0.3Ω. 
The advantage of this schematics is the simplicity. The disadvantage is the transistor may never switch on and, when so, will consume power unnecessarily. The load, of course, will also consume power yet necessarily. However, because power to the glow plug is to be applied for a few seconds only until the engine starts, the power consumption of the transistor ( around 50W ) along with the power consumption of the glow plug ( around 6W ) is not supposed to have any effect on the battery. 
Device 2 
I am also not sure whether this device would work. I would check again. I will use the same approach to make a this device with Darlingtons instead of power MOSFET’s which, I am sure, would work. I try to achieve two things : 1. Independence of the battery voltage which can drop from 13.2V to, probably, 7V or higher. 2. I try to use two transistors which are the same to work in the same or incredibly similar circumstances. I try to put these transistors in a differential way of work in order to subtract their offsets and biases which must be the same or incredibly similar when the transistors are the same and work in incredibly similar circumstances. 3. I try to avoid the condition of low reference voltage by using a subtraction of two higher reference voltages because low reference voltage is not easy to use and display in electronics. I am not sure whether tubes can do so but I will definitely not use tubes even in case they can. 
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This is a much more accurate device and can be constructed with bipolar transistors too in which case the device will avoid the problem with supplying very low voltage of the base as described in the description of Device 1. 

When built with power MOSFET’s, as depicted, the device avoids the limitation of the minimal gate source voltage which can be as low as 400mV in low power transistors and as high as 4.5V in high power ones. 
Thus, transistor Q1 is a POWER MOSFET with maximal drain source current of 10A or higher to be on the safe side ( double of what is required ). 

Thus, the transistor must be able to withstand 25V or more to be on the safe side ( double of what is required ).

Hence the requirements of the transistor Q1 : 

~> POWER MOSFET N CHANNEL 

~> MORE OR EQUAL TO 10A IDS CURRENT 

~> MORE OR EQUAL TO 25V UDS VOLTAGE 

~> MORE OR EQUAL TO 120W 

~> THE TRANSISTOR MUST HAVE A HEAT SINK AT THIS POWER. FAN OR BLOWER WELCOME. 
~> TRANSISTOR Q2 AND TRANSISTOR Q1 MUST BE IDENTICAL BECAUSE THEIR VOLTAGES WILL BE SUBTRACTED TO REMOVE ANY OFFSET AND BIAS. THEY WORK IN SIMILAR CIRCUMSTANCES. 
The frequency characteristics of the transistor are not important for this application. 

The advantage of this schematics is the simplicity. The disadvantage is the transistor will consume power unnecessarily. The load, of course, will also consume power yet necessarily. However, because power to the glow plug is to be applied for a few seconds only until the engine starts, the power consumption of the transistor along with the power consumption of the glow plug is not supposed to have any effect on the battery. 
The principle of operation is simple. Q1 is a buffer of D2 and displays the voltage of D2 at the source minus the threshold which is around 2.5V for most power MOSFET’s. Q2 is in a power zener configuration and displays the voltage of D3 minus the threshold which is around 2.5V for most power MOSFET’s. When Q1 and Q2 are the same, they would have the same or incredibly similar threshold because they work in the same or incredibly similar circumstances. Q1 has the power zener in the source chain, thus the power zener voltage is to be subtracted from the source voltage of Q2. Thus the voltage AFTER the power zener ( i. e. the load voltage ) will be : 
The source voltage of Q1 minus the voltage of Q2 will give the load voltage. Q1 is necessary to ensure maintenance of the source voltage regardless of the battery. To do so, the reference voltage of D2 must be high to be higher than the offset and bias of Q1. Because the reference voltage is higher, some other high voltage must be subtracted from the source voltage of Q1 in order to make an accurate, battery independent voltage of the load which must be 1.2V, i. e. very low. 
Thus, assuming the source voltage of Q1 is the voltage of the zener diode D2 minus the threshold Uth1 and the voltage of the power zener circuit backed by Q2 is the voltage of the zener D3 minus the threshold Uth2, the voltage of the load would be : 
UL = UD2 – Uth1 – ( UD3 – Uth2 ) = UD2 – UD3 + Uth2 – Uth1 
Because Q1 and Q2 are the same an work in incredibly similar circumstances, Uth1 = Uth2, thus : 

UL = UD2 – UD3 

The load voltage depends only on the difference of the voltages of two zener diodes which can be very accurate ( 1% is good enough for the application ) and also can be as high as the transistors require and, still, their difference can be as low as one wants, say, 1.2V which is what the glow plug needs. The buffers Q1 and Q2 will maintain this voltage regardless of the current. 
The load voltage does not depend on the battery voltage. The battery voltage, however, must be high enough to make the transistors work. 

The problem with FET’s is they do not make a perfect buffer and have a gain of around 0.95 instead of 1. This may affect the accuracy of UL but very slightly because the two transistors display very similar voltages, just 1.2V different. 
The beauty of the power MOSFET’s such as no current consumption at the gate and self protection cannot mask the ugliness of high bias voltages needed to turn the transistors on. Some have very low bias voltages of 400mV which sounds attractive BUT these are very low power transistors. 
The same principle would be used to build a device with Darlingtons instead which would consume 1.4V and around 1mA BUT this is not a problem since there is plenty of voltage to use even when the battery is close to discharged ( which, I think, is at around 7V or higher ). 

So, Darlingtons are next, thus, keep reading. And do not forget what is to come thereafter : a much better schematics with amplifiers. 
Although a few 1% parts would bring the error to less than 5% which is good enough for the application, 0.1% parts can be used easily and not very expensively thus less than 0.5% of accuracy is possible which will satisfy even the most sensitive glow plugs. 

In case of very low load, which is not the case for this application, a resistor can be put in parallel to the load to ensure some current which would open the zener diode. 100 Ωwill give 1.2mA at the regulated voltage of 1.2V with 1.44mW thus any resistor power would be OK. 
Device 3 
This device must work. 
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The principle is similar to the previous device. 

Q1 is a Darlington in connection of a buffer which consumes a tiny current at the base emitter junction and displays the voltage of the zener diode D1, UD1 and the base emitter voltage Ube which is typically 1.4V. As per Kirchhoff, the voltage at the emitter of Q1 is regulated to 
Ue1 = UD1 + Ube1 
This voltage is regulated by the Darlington and is independent of the battery voltage. The battery voltage must be high enough to allow a sufficient current through resistor R2 to open the zener diode D1 and must alo be higher than Ue1 with the saturation voltage of Q1 added. 
Q2 MUST BE THE SAME AS Q1. Q2 is connected in a power zener configuration with D2 ( and R3 ). Current will fly through the D2 and the base and emitter junctions of Q2 and then through the load. This current will open Q2 which will shunt the zener. In case fully shunted, no current will fly through the zener thus no current will fly through the base emitter junctions of Q2, thus Q2 would close but then the current will start to fly through D2 which will open the transistor and so on and so forth, thus the transistor will adjust the voltage between the collector and emitter to shunt the zener just as much as to allow current to fly though the base emitter junctions to keep the zener and the transistor working and displaying a voltage Uce2 between the collector and the emitter which is regulated, as per Kirchhoff to be : 
Uce2 = UD2 + Ube2 
Resistor R3 is not necessary but may stay there to allow the zener to open at very low volts ( to get some current through the zener diode when the resistance of the load is very high ). In normal work, R3 will see a current of Ube2 / R3 and a voltage of Ube2. Ube2 is typically 1.4V. Thus R3 = 100Ω will ensure 1.4mA always runs through R3 and comes from D2 which will be open even at 1.4mA. R3 will discipate 1.4mA * 1.4V = 1.96mW, thus resistor of any power can be used as well as any tolerance as accuracy is not necessary. In case of very low loads ( high resistance ) load may not allow any significant current to fly through the zener D3. This is why, in case of very low loads ( which is not the case for this application ), either R3 can be positioned at the output in parallel to the load or another resistor with a 100Ω value can be put in parallel to the load. 
In worst case scenario in which the load is 0 and Q2 is blown off and is like not there at all from the electrical point of view, as well as Q1 is burned to give a straight connection, the supply ( battery ) voltage will be applied to D2 with R3 in sequence. Thus, R3 will see a current of 
( Usupply – UD2 ) / R3 
and a voltage of : 

UR3 = Usupply – UD2. 
Hence the resistor can be calculated to allow the maximal current through the zener which is : 

Izmax = PD2 / UD2 

Where PD2 is the power rating of the zener ( say 400mW ). 

Thus R3 can be calculated to be : 
( Usupply – UD2 ) / R3 = PD2 / UD2 
Use the next higher value of the 5% row. 

The power of R3 is 

PR3 = UR3 IR3 = Izmax R3 Izmax = Izmax2 R3 
I case R3 is needed for protection, R3 must ensure the zener will not blow up in the worst case scenario to protect the load. 100Ω is good enough. 
D2 and D3 must be identical in anything but value and may have any power rating as the rest will be adjusted to because Q2 and Q1 will consume a very tiny current, typically, less than 1mA and the zener current can be anything around the nominal, much higher than 1mA. 
D2 and D3 must be 1% zener or lower. 

Q1 and Q2 must have a β of 1000 or near which is perfectly OK with most Darlingtons, must be able to withstand more than the fully charged battery of 13.2V, say, 15V or more and currents of more than the glow plug current, i. e. more than 4A, say, 6A or more. 
Because of the high currents and power, Q1 and Q2 must have heat sinks. Blowers and fans along with a heat sink are welcome. 

Now, as per Kirchhoff, the load voltage will be equal to the voltage of the emitter of Q1 minus the voltage between the collector and emitter of Q2. 
UL = Ue1 – Uce2 = UD1 + Ube1 – ( Ud2 + Ube2 ). 

As mentioned earlier, Q1 and Q2 must be exactly the same. Because the difference between the zener voltages is not high and the currents through Q1 and Q2 are very similar because of their similar principle of work ( buffers ), 
Ube1 ~ Ube2, these are almost the same. 
Therefore, 

UL = UD1 – UD2 

UD1 and UD2 must be bigger than Ube1 and Ube2 which they will definitely be as there are no so low zener values. 

Then, a good idea is to selec UD1 and UD2 to be not high, so the battery can discharge more with the device still working. 

Thus a good selection may be : UD1 = 4.2V, 1%, any power and UD2 = 3V, 1% any power. 

Therefore, the load will be regulated to : 

UL = 4.2 – 3 = 1.2V 

Again, the price to pay is the unnecessary consumption of power by Q1 and Q2 along with the necessary consumption of power by the load. However, because voltage will be applied to the glow plug for a few seconds only, there is no big deal for Q1 and Q2 to consume. The overall consumption of Q1 and Q2 will be : 
P12 = IL ( Usupplymax – UL ) 

where 

IL and UL are the current and voltage of the load, UL is 1.2V and ILmax is, say, 5A and Usupplymax is the voltage of a fully charged battery, 13.2V, thus 
P12 = 60W 

The power dissipated by Q2 is 

PQ2 = IL Uce2 = IL ( UD2 + Ube2 ) = 5 ( 3 + 1.4 ) = 22W and thus the power dissipated by Q1 is : 
60W – 22W = 38W 

The advantage of using a two transistor ( Darlington ) schematics is the lower power consumption of each of the transistors as the power is shared between the two of them. 

In case of very low load, which is not the case for this application, a resistor can be put in parallel to the load to ensure some current which would open the zener diode. 100Ω will give 1.2mA at the regulated voltage of 1.2V with 1.44mW thus any resistor power would be OK. 

Higher zener voltages will reduce the error caused by the difference of Ube1 and Ube2. 

Device 4 
The best approach to make the 1.2V analogue regulator from a car battery is to use opamps. While the other schematics are just for ideas, the devices with opamps are the real way to solve the problem. 
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A car battery with a nominal voltage of 12VDC and a maximal voltage of 13.2V is applied through the switch S1 to the reast of the schematics. 

R1 and L1 are a resistor and a light emitting diode for indication the device is powered on and are calculated the same way as before. 

U1 is a dual opamp. R2 is a resistor which gives the possibility for a current to fly through the R3 and D2. No current is consumed by the opamp ( negligible current ). 
D2 is a 3.6V, 1%, any power zenner diode which provides the reference voltage of 3.6V with a good 1% accuracy. A good idea is to ensure the zener diode sees around 20mA of current at the maximal battery voltage which will ensure around 10mA at the minimal battery voltage. Thus, the resistor R3 must allow 20mA to fly though R3 ( and D2 ) at 13.2V power supply. 
The zener diode D2 will dissipate 3.6V * 20mA = 72mW and can be a zener diode of any power. R3 sees a voltage of 13.2 – 3.6 = 9.6V. Thus R3 = 9.6V / 20mA = 480Ω ~> 470Ω, 5%, 250mW. The power dissipated by R3 is 9.6V * 20mA = 192mW, thus Rs must be a 250mW resistor. 

3.6V is applied to the positive input of opamp1 ( OA1 ) of U1. The negative input is connected directly to the output to make a buffer out of OA1. Thus, the output of OA1 will display a stable, independent 3.6V accurately. 
Through the incredibly low output impedance, OA1 provides this 3.6V to a voltage divider made of R4 and R3. The voltage divider provides the positive input of the second opamp of U1 ( OA2 ) with the divided 3.6V which is 3.6V R3 / ( R3+R4 ). R3 = 1K, 1%; R4 = 2K, 1%. Thus, the output voltage of the R3 R4 voltage divider is 3.6V 1K / ( 1K + 2K ) = 3.6V / 3 = 1.2V. 
Therefore, the inputs of U1 must be able to swing into the area of 1V away from the negative rail maximum. There is no requirement for the positive rail. Such amplifiers are known as rail to rail amplifiers and there are thousands of them elsewhere, mainly, when only the negative rail is concerned. 
The combined power dissipated by the resistors is 3.62 / 3K = 4.32mW and will be shared between the resistors. Thus, the resistors can be of any power. 
Thus, 1.2V is applied to the practically infinite resistance positive input without any current consumption by the input ( negligible current consumption ). The output goes through the Darlington couple Q1 and Q2 as well as the diode D1 to the load. A feedback is returned from the load to the negative input through R9. This is a buffer whose output is backed by the Darlington couple in order to be able to provide a high current because opamps can only supply 20mA to 50mA at their output. 
As far as the offset currents are concerned, no precautions are needed because they are negligibly low, in the micro, nano or even fanto ampers. Just for the calculation : The buffer OA2 will see a resistance of R3 || R4 = R3 * R4 / ( R3 + R4 ) = 667Ω. Thus, R9 can be 680Ω, 5% any power as almost no current flies through. 
The opamp OA2 will work to ensure the output is equal to the positive input ( with a negligible difference ). The positive input is 1.2V, hence the load voltage will be 1.2V, regulated. 
Because OA2 cannot provide the necessary current of 4A, the Darlington couple is necessary. The output diode D1 is for protection as well as to provide a possibility for device paralleling. 
Thus, the output of OA2 will see the opening voltage of the Darlinton couple which is around 1.4V typically and goes higher with the output current. Added to this is the diode voltage of 0.7V ( typical, can go higher with the current ). Added to this is the load voltage of 1.2V. Therefore, the output of OA2 will work around 3.3V. Around this voltage, OA2 will provide the exact necessary voltage to run a current through the Darlington and the diode D1 which, current ( input for the Darlington, will adjust the Darlington in such a way as to always provide the necessary voltage on the emitter which, when added to the D1 voltage ( around 0.7 ), and after the subtraction of this result from the supply voltage Us, gives 1.2V at the output. 
In other words, 

UL = Us – Uce2 – UD1 = 1.2V 
The only voltage from this equation the transistor can control is Uce which the OA2 will ensure is always such, so the load voltage UL is 1.2V. 

As mentioned earlir, to do so, OA2 will adjust the own output of OA2 to have such a value as to open or close the transistor just as much as to provide such a Uce as to have UL = Us – Uce2 – UD1 = 1.2V. To do so, the output of OA2 must be slightly higher and around the opening voltage of the Darlington ( 1.4V ) added to the D1 voltage ( 0.7V ) added to the maintained load voltage 1.2V, equal to 3.3V. 
Thus, the outputs of U1 must be able to swing to a voltage Ux away from the lower ( negative rail ) which Ux is equal to the minimal Ube ( 1.4V ) added to the minimal UD1 ( 0.7V) added to the load 1.2V, i. e. the outputs of U1 must be able to swing to 3.3V ( say 3V to be more sure ) or less from the lower ( negative ) rail. The lower ( negative ) rail in this application is 0V. 
An important consideration to remember is the output drive of the system ( OA1, the Darlington and D1 ) do always consume voltage from the upper side of the load and not from below the load. Thus, as far as the output drive of the system consumes less than the difference between the load voltage ( 1.2V ) and the minimal power supply voltage ( around 7V for most batteries ), therefore 5.8V, everything is OK. 
Therefore, the sum of the diode maximal voltage and the saturation voltage of the Darlington ( supposed to be always higher than the base emitter opening voltage ) and the load must be lower than 5.8V. The diode maximal voltage can be as high as 1.5V and the saturation collector emitter voltage of the Darlington can be as high as 3V. The load voltage is 1.2. Thus, 5.7V are needed to regulate. Hence, the battery can be discharged even to 6V and the system would still regulate. 
OA1 will adjust the Darlington in such a way, so, the Darlington consumes a voltage of Usuplymax – UD1 – UL ( 1.2V ). Assuming the minimal voltage of the diode is 0.7V ( tipically 0.7V ) and Usupplymax is 13.2V, the Darlinton will see a MAXIMAL Uce of 13.2 – 0.7 – 1.2 = 11.3V. 
Thus, the transistor will consume 11.3V * 5A = 56.5W 
However, in order to be more sure, a good way to calculate the necessary power rating of the Darlington is to assume all of the voltage the system can give ( Usupplymax ) is between the collector and the emitter and multiply this by the maximal current consumed by the load which also goes through the Darlington, which is 5A. Thus, the transistor best be able to withstand 13.2V * 5A = 66W or more. 
The Darlington must have a heat sink and or a blower and or a fan to be able to withstand this power. 
Because the output of the OA2 works at around 3.3V, typically, another requirement for U1 is to have outputs which are capable of swinging below or around 3V away from the lower ( negative ) rail. This is OK. Most opamps can. 
To lift the output of OA1 more diodes can be put in series to D1 but this will limit the minimal battery voltage at which the system can still regulate, hence, this is not a good idea. 
As far as the maximal output current of the OA2 is concerned, this is the current needed by the base emitter junction to display a given maximal load current. In case the maximal load current is 5A and the maximal output current of OA2 is 20mA, then the Darlinton must have a minimal current gain β of 5A / 20mA = 250. Usually, a typical β of a Darlington is around 1000. Thus, the typical current OA2 will need to supply is 5A / 1000 = 5mA. The maximal current of the OA1 output can be calculated when the typical β is replaced by the lowest β of the Darlington which may be as low as half of the maximal betta, i. e. 500 and thus the maximal current taken from the OA2 output may be 5A / 500 = 10mA, well in the range of OA2. 
Thus, one of the requirement for the Darlington is to have βmin of 500 or higher. 
Here are the requirements for the Darlinton couple : 
Attention : the output ( the Darlington and D1 ) is not fool proof and must not be directly connected as well as no higher than the minimal maximal current of 5A must be drawn. A 5A fast fuse at before the load is a must. 
~> Minimal Current Gain βmin > = 500 
~> Minimal current Ice > = 5A 

~> Minimal Voltage Uce > = 15V 
~> Minimal Power > = 66W

~> A Good Heat Sink and or Blower ( s ) and or Fan ( s ) 
~ > A 5A Fast Fuse Before the Load ( Electronic Current Sensing and Protection can also be used. ) 
Here are the requirements for U1 : 
~> The inputs must be able to swing to 1V or less from the lower ( negative ) rail. 

~> The outputs must be able to swing to 3V or less from the lower ( negative ) rail. ( This should not be even written here because all or most can. ) 
~> One or all of the outputs must be able to provide 10mA of current at the maximal output voltage of 5.7V, thus, 
~> U1 must be rated 57mW or higher. Most opamps are rated at 50mW which is OK. Very close. The maximal saturation and diode voltyages were very approximate and very inflated. 
The requirements for D1 iare : 

~> To withstand forward currents of 5A or higher. 

~> To withstand a reverse voltage of 13.2V or higher, say 15V or higher ( This is not required but is good to have in case of a problem when connecting the battery the other way around or when a battery is connected to the load by mistake. ) 
These requirements are very easy, hence a power Darlington is good enough. However, the size of the heat sink can be reduced as well as the U1 output current and power can be eliminated in case a power MOSFET is used. The power MOSFET’s input will NOT consume any current from OA2 but will consume a higher voltage from the output of OA2, called Uth, a threshold voltage or UGSth, a gate source threshold voltage. Howecver, when a close look at the Ubemax of a Darlington takes place, one would see a Uth of 2.5Vmax will not lift up the output of OA2 a lot more than the Darlington AT WORSE CASE MAXIMAL CHARACTERISTICS ( not at the typical ones ). True, the minimal Usupplymin voltage of the battery may have to be 0.5V higher, because UDS ( = UDG + UGS ), hence the battery must be charged to 6.5V or higher for the system to regulate the output voltage which is not a big deal as most batteries can supply these currents when they are charged to 7V or higher and not lower. Anything lower than 7V at 0 load will give around 0V with a load like this or even lower. 
The main advantages of a power MOSFET instead of a Darlington are : 
~> Uth decreases with the temperature and, at nominal work of a load which requires 1.2V and 5A Uth may become very similar to Ube. And this is where the system will be used : 1.2V, 3A to 5A. 
~> Uth is stable and does not increase as much with the increase of the current through the transistor as Ube with bipolars. 
~> The MOSFET’s have an internal fool proof protection to an extent : at higher currents, the resistance of the drain source canal is increased because the canal gets blocked. Thus, when the load output is directly connected, the internal protection of the MOSFET may provide a good protection either for a while, less than a fuse period to burn, or for a longer period and the MOSFET may not burn. 
With or without a MOSFET, a fuse must be put. This applies to all devices. 
The beauty of the schematics is the Darlington can be directly replaced by a power MOSFET. 
Here are the requirements for the power MOSFET : 

~> Uthmax = 2.5V 
~> Minimal Maximal Current IDS >= 5A 
~> Minimal Maximal Voltage UDS > = 13.2V, say, 15V or higher 
~> Minimal Maximal Power 66W 

~> Heat Sink and or Blower and or Fan 

~> A 5A Fuse ( Electronic Current Sensing and Protection can also be used. ) 
~> In case the minimal Uth is 2.5V or higher, the output of the OA2 will work at voltages higher than 4.4V and, hence, there is no requirement for the outputs of U1 as most opamps are able to do so. The requirement for the input swing of U1, however, remains the same. The inputs of U1 must be able to swing to 1V or less away from the lower ( negative ) rail. Again, as before, there is no requirement for the inputs nor the outputs to swing close to the upper ( positive ) rail. 
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The principle of work is similar to this of the Darlington device. However, no current will fly from OA2 output because power MOSFET’s do not consume current ( negligible gate current consumption ). 
Power MOSFET’s output current IDS is controlled by the gate sourse voltage UGS. The gate source part of a power MOSFET is a capacitor which must be charged to a higher than Uth voltages for the transistor to open. IDS depends on UGS and is a linear function which defines the gain gm = IDS / GDS. The Kirchhoff law applies to the gate source schematics. Thus, the feedback principle provided by the gate source part of the schematics works. This means the voltage of the source Us will be equal to the input voltage Ui ( in this case Ui is the output of OA2 ) minus the threshold voltage of the gain source part UGSth or, simply notated as Uth. 
Here is the principle of work : 

OA2 will do whatever is necessary to ensure the load voltage ( where the feedback is taken from ) is equal to the input voltage on the positive input of OA2 which is 1.2V at any possible circumstances. Thus, at the beginning, the output voltage of OA2 will be zero. When power is applied, the output voltage of OA2 will start to increase. Nothing will happen at the transistor output so far and the transistor remains closed. When the output voltage of OA2 is high enough to ensure UGS > Uth, a current IDS will start to fly through the transistor. In case this current is too high, more than 1.2V will be displayed at the load. Then, the voltage of the output of OA1 will decrease to prevent higher than 1.2V ( higher than whatever is the voltage on the positive input of OA2 ). As the voltage of the output of OA2 decreases, the transistor becomes more and more closed, i. e. less current IDS will fly though the transistor, hence, less than 1.2V load voltage. OA2 will have less than 1.2V applied at the negative input and 1.2V applied at the positive input. Therefore, the output voltage of OA2 will increase, therefore the current IDS through the transistor will increase, therefore, the load voltage will increase to stay at 1.2V. Because this principle is applied immediately, with speeds close to or the same as the speed of light, there will not be any inertia and the load voltage will be established and kept to be 1.2V. To do so, the output of OA2 will work in such a way as to always provide the transistor with UGS higher than Uth from very close to ( how close depends on the gain of the transistor gm ) to much higher than. How high depends on the current IDS which depends on the load. UGS will always be equal to IDS / gm unless the gate runs out of voltage, i. e. the power supply is reached. Thus, another requirement for the transistor is to have large enough gain gm, so, at the maximal load voltage of, say, 5A, UGS plus the diode D1 voltage plus the maintained output voltage of 1.2V must be less than the minimal supply voltage Usupplymin at which the battery can still provide the current. 
Thus, the transistor will want OA2 to give voltages higher than Uth plus the voltage of D1 plus the regulated desired voltage of the load. Therefore, assuming the minimal Uthmin is 2V, the output of OA2 has to have 

UOA2min = Uthmin + UD1min + UL = 2 + 0.7 + 1.2 = 3.9V 
3.9V is far away from the negative rail voltage of 0V. All or most opams can. 

OA2 will be taken no current from, thus the OA2 output current is 0 and the power dissipated by OA2 is 0. This will decrease the slew rate of the opamp which is not important for this application. 
~> The only requirement of U1 is to have the inputs able to swing to 1V or lower away from the lower ( negative ) rail. 
Device 5 
This is almost the same as Device 4 but allows a selection of one out of a number of possible output voltages. Almost nothing changes except the requirement of Usupplymin which is still pretty much the same, just 0.8V higher, around 6.5V for a Darlington based device and 7.3V for a power MOSFET based device. The two of these are OK. 
A rotary switch allows the user to select one out of many possible load voltages by switching one of many resistors of the voltage divider. By using 1% resistors, the output can be very accurately selected. 

The schematics show a Single Pole 5 throw ( SP5T ) rotary switch which allows a selection of one out of 5 possible load voltages which may be : 1.2V, 1.4V, 1.6V, 1.8V and 2V or 1.2V, 1.3V, 1.4V, 1.5V and 1.6V or any other sequence. 
A rotary switch with more selections, such as 8, 10, 12 can other can also be used. There are such sold by AliExpress. The SP5T switch with one of 5 selection is the most popular, though. 
Alternatively, a potentiometer can be used with a scale which is not to be so accurate. A potentiometer and a voltmeter may do but a voltmeter is required. 
Here are the schematics : 
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Everything else is the same except the values of resistors R4 through R7. R3 is 2K, 1%, any power as before. R8 is 1K, 1%, any power as before. 
Similar like before, R4 through R7 are 1%, any power. The values are calculated the voltage divider way. 
Uvdoi = 3.6V R3 / ( R3 + Ri ) 
Hence 

( R3 + Ri ) Uvdoi / 3.6V = R3 
R3 Uvdoi / 3.6V + Ri Uvdoi / 3.6V = R3 
R3 ( Uvdoi / 3.6V -1 ) = - Ri Uvdoi / 3.6V 
Ri = R3 ( 1 - Uvdoi / 3.6V ) / ( Uvdo / 3.6V ) 
Ri = R3 ( 3.6V / Uvdoi -1 ) 
Where : 

Uvdoi is the voltage divider output which is to be achieved. 
Ri is the resistor value to achieve this voltage 

R3 = 1K 

R8 = 2K as before to achieve 1.2V at the output of the voltage divider. 

Here are the calculations of R7 through R4 for load voltages of 1.3V, 1.4V, 1.5V, 1.6V : 
R7 = 1.77K or nearest 1% resistor value to achieve 1.3V 
R6 = 1.57K or nearest 1% resistor value to achieve 1.4V 
R5 = 1.4K or nearest 1% resistor value to achieve 1.5V 
R4 = 1.25K or nearest 1% resistor value to achieve 1.6V 
Here are the calculations of R7 through R4 for load voltages of 1.4V, 1.6V, 1.8V, 2V : 

R7 = 1.57K or nearest 1% resistor value to achieve 1.4V 
R6 = 1.25 or nearest 1% resistor value to achieve 1.6V 

R5 = 1K or nearest 1% resistor value to achieve 1.8V 
R4 = 800Ω or nearest 1% resistor value to achieve 2V 
Just by changing R4 through R8 with 0.1% resistors and the zener diode D2 with a 0.1% zener diode of the same value 3.6V, the accuracy can be increased tremendously. 
Just by changing the resistor values, any output voltages for a glow plug can be achieved. 

An Idea for an Initial Heating Surge 
Here is what happens with the glow plug. A glow plug is made of Platinum which has resistivity ρ of 10.6 10-8 Ωm and temperature coefficient 0.003927 per ºC. The positive temperature coefficient means the resistance of Platinum increases with temperature. 

Thus, the resistance of the glow plug is a function of temperature and, for a glow plug, this dependence is very strong as the temperature of a glow plug changes tremendously. 

The temperature of the glow plug and thus the resistance is a process and takes a while for a given temperature to be established. 

Electrically a given resistance, thus temperature, in established by the current through the glow plug. The current can be controlled in two ways : either by a current source or by a voltage source. Current source is an electrical device which gives a constant current regardless of the load and, hence, regardless of the voltage. Voltage source is an electrical device which gives a given voltage regardless of the load and, hence, regardless of the voltage. 

When the glow plug is controlled by a voltage source, a given voltage is applied to the glow plug which is maintained constant. At the beginning, when the glow plug is at ambient temperature, the resistance of the glow plug is lower and higher currents fly through obeying Ohm’s Law. After a while, the current through the glow plug heats up the glow plug slowly but surely and increases the resistance. Because the voltage is constant, the increased resistance decreases the current through the glow plug until a given equilibrium resistance and current are reached. This equilibrium defines the maximal temperature, resistance and the minimal current at this voltage. When the voltage is increased, new equilibrium parameters are achieved where the temperature and the resistance are higher as well as the current. 

Therefore, a voltage source with variable constant voltages can heat up the glow plug to different temperatures. 

Theoretically, in case of an IDEAL voltage source, the equilibrium parameters do NOT depend on the ambient temperature. An ideal voltage source is able to provide any current while keeping the voltage constant, Mega Ampers, Giga Ampers, Tera Amper Exo Ampers, etcetera. Thus, regardless on how the glow plug is frozen, an ideal voltage source will always be able to heat up the glow plug to exactly the same temperature as when the glow plug is in room temperature. 

Obviously, ideal voltage sources do not exist. Thus, the ambient will have an effect on the glow plug which may not be able to achieve the same temperature in different ambient environments. 

How does the ambient affect the glow plug : by the ambient temperature as well as the action of the user and the engine. 

The effect of the ambient temperature is clear : the lower the ambient temperature, the more voltage has to be applied to achieve higher currents and higher temperatures. 

The action of the user is defined by how long the user waits at a given voltage : whether the user would allow for the equilibrium to be achieved and what the user does. What the user does is clarified by the examination of what the engine does : 

The action of the engine is in two ways : the engine compresses the fluids in the cylinder and hence gives a higher than the ambient temperature. However, in case the ambient temperature is very low ( or the temperature of the fluids ) then the engine compression, true, increases this ambient temperature by the increased temperature is still very low. Thus, the engine will blow low temperature fluids onto the glow plug. The more start attempts are made and the faster one after another they are, the more the decrease of the temperature IN SOME CASES. In other cases, the faster the start attempts one after another, the more compression builds up, which may increase the glow plug temperature. 

In severe ambient temperatures, the effect of decreasing the temperature of the glow plug with start attempts may prevail. This is why, the selected voltage should also reflect the period between any two attempts and, depending on the ambient temperature and the temperature of the fuel, should either require more voltage or less voltage. 

What is the required temperature to start a given engine with a given fuel : this also depends on the engine and, most importantly, on the fuel. 

Thus, for a given fuel at room temperature with a single start, a given voltage is needed and a given period of waiting ( probably a few seconds ). Under other circumstances, the voltage has to either be increased or decreased. However, there is no point of decreasing the voltage to voltages lower than 1.2V because the glow plug is guaranteed not to be damaged at this voltage and, thus, this voltage will start engines and fuels which can start at 1.2V or lower. When the engine can start at lower voltages, the engine will also be able to start at 1.2V even better or the same. 

In case one wants to heat up a glow plug much faster to reach equilibrium, there are many ways to do so with automatically and manually reading various parameters. 

Here is an easy way to do so manually without reading any feedback parameters : A transistor and a diode can be put in the same schemeatics I have suggested between the 12V positive and the load positive. In the base circuit a capacitor and a resistor ( s ) can be put. The resistor is calculated to have a value of ( Usupplymax – Uce ) / Ibemaxpulse to ensure the current through the base emitter junction cannot be higher than the defined maximal current for a given pulse or, best, for an infinite period, i. e. Ibemax instead of Ibemaxpulse. The device must be applied to the glow plug with switch positioned to off position. When the switch is turned on, the hole battery ( minus around 2V of the collector emitter saturation voltage and the diode voltage of 0.7V to 1.2V, i. e. around 3.2V ) will be applied to the glow plug because the capacitor in the base  circuit is discharged and huge maximal current flies through with a value defined by the resistor and thus a huge collector emitter current flies through the glow plug. Then the capacitor starts to charge and the currents decrease until they reach a very low, negligible value. During all this, currents will continue to fly through the voltage regulator and the resistor when the voltage of the load is lower than the regulated voltage. Thus, when the current through the transistor collector emitter and load are low, they will make a low load voltage and the regulator higher voltage will continue to provide current through the load. 

Because the transistors are unidirectional, backed by the diodes, no current will fly through them in the opposite direction. Thus, the two places where current can come from, the regulator and the transistor will be paralleled and only this which can make a higher voltage through the load will give current through the load and the other one will not. 

This is what happens then : At the beginning, the whole supply voltage ( 13.2V max ) ( minus the tiny Vce and the tiny diode voltage ), in all, around 12V max or around will be applied to the glow plug. The regulated voltage will be applied too but because the regulated voltage ( say, 1.2V to 2V ) is much lower than the supply voltage of, say, 12V, no current will fly from the regulator through the load. The capacitor will start to charge, the current through the transistor decrease, Uce will increase, the voltage applied to the glow plug will decrease and thus the current through the diode. When the capacitor is charged, the current through the transistor will be very low and Uce will increase to a very high value, thus, the transistor will not be able to provide more than the regulator voltage and the regulator voltage will be able to supply current through the glow plug. 

In devices with a feedbacked regulator, the regulator will try to adjust the voltage to the defined one ( say, 1.2V ) and, when the voltage of the load is lower, will also provide current through the load along with the transistor. 

In case one wants to apply the initial surge again, one may wish to turn the switch off and wait for the capacitor to discharge. Additional resistor in parallel can be put for the capacitor to discharge faster. Then turn the switch on again. Best is not to allow for the capacitor to discharge faster so the glow plug is protected from many consecutive surges. 

The idea which took so many words is simple : by selecting the value of the capacitor in the base circuit, one will be able to inject a huge current through the glow plug FOR A TINY PERIOD ONLY, say for 1ms and the regulator will continue to supply the glow plug with the regulated voltage thereafter. In this case, the glow plug will be able to reach a higher than the ambient temperature very quickly at the beginning when the switch is turned on. Then, will continue to see the regulated voltage of a selected value, say, between 1.2V and 1.6V. 

I HAVE NOT THOUGHT TOO CAREFULLY OF THIS SURGE CURRENT CAPABILITY ( A. K. A. CURRENT THROTTLING ) BUT THIS IDEA HAS BEEN AROUND FOR A LONG WHILE AND HAS BEEN APPLIED IN MANY CASES. 

I made a similar yet different circuit when I made an 18V power supply for a drill from the mains with a couple of Halogen light bulbs and power zeners. The Halogen light bulbs had an initial resistance of around 3Ω which increased after a few milliseconds. Thus, I had a transistor with an RC in the base circuit to shunt the rest of the schematics for a few milliseconds and take the whole initial heat. Then, the transistor will be off and the rest of the circuit will be on. Thus, the transistor works only for a few milliseconds at the beginning, gets some heat and then is off until the next start when the Halogen light bulbs are at ambient temperature. 

Obviously, the risk to burn the glow plug is higher. And the only thing achieved is a lower period of INITIAL waiting for the glow plug to reach the desired temperature faster. 

This is why, the best way is to know how much heating of the glow plug is necessary, then to select a given voltage and then to attempt to start the engine. In case more heat is necessary after the first attempts, more voltage can be given. 

The problem is the dependencies of the glow plug temperature of the ambient temperature as well as the fuel and compression effect are not known and neither is the required temperature to start a given type of fuel. This is why, one may wish to start at 1.2V and continue to increase the voltage. 

General Overview of the Multi Voltage Device 

The device I have suggested is gives a possibility for a voltage selection in a very large range and a display of a desired voltage with a great accuracy as well as is very simple and inexpensive. 

I read somewhere most manufacturers suggest to use a 1.5V battery with a Germanium diode or transistor in secuence to reduce the 1.5V to 1.2V ad the Germanium semiconductors have a 0.35V drop. Also, a rechargeable battery is recomended which will also have around 1.2V output. 

Some sources say Cox glow plugs can be damaged with 1.6V but may run with 1.5V, hence accuracy is necessary. 

The driver gives many voltages for the user to use and can easily display anything between 1.2V and 1.9V with a jump of 0.1V with an 8 position rotary switch, which, as mentioned is avsilable and inexpensive from AliExpress. 

Because the device can give many voltages, there is no way to mislead anyone. 

Mistakes with the schematics are possible but the person who wants to build the device is expected to have friends with knowledge of electronics. The schematics does not need testing but a logical walk through. 

As far as experience with glow engines is concerned, the Ohm's law is the same regardless whether used with glow engines or nuclear power stations. 

I would be happy to make the device and test with a similar load but I do not want to spend effort and money. 

In case there are such devices available, one can use any of them. I am not sure whether there is any device which gives multiple selectable voltages, though. 

The only area where one can make a mistake is the need of a huge heat sink, a blower and a fan. The other things are standard. 

In case anyone needs more voltages, other rotary switches can be used or a few selectable by another. For example, one may use two 12 position rotary switches and one 2 position rotary switch to select either. Thus one can have 1.2V through 2.2V with a jump of 0.5V.

Once the idea is out there, almost anyone can reconfigure the schematics which was one of the goals of the device. 

Most people will not make anything to risk their engines unless they are sure and, thus, they will not be mislead. 

As far as global experience is concerned, experience is not necessary anywhere. Necessary is knowledge in some cases. And knowledge has got nothing to do with experience. Not experience but knowledge reduces the possibility of a mistake. 

One does not need a weatherman to find which way the wind blows. One only needs a basic knowledge of what wind is as well as to know the important parameter called wind changeability, i. e. wind changes direction and speed. 

