Calculating Idealized Values of an Ignition Coil,
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Idealized Inductance of a Coil

The "idealized" inductance of a coil is called that because a real coil does not have a single value for its inductance under all conditions. The purpose, here, is simply to illustrate some of the math behind inductors.  Real coils differ from ideal inductors in that they have a significant DC resistance associated with the wire used in the coil. Not only that, but the resistance changes significantly with temperature.  Also, the real coil cannot support an unlimited amount of magnetic flux, so its inductance value changes with the amount of current in the coil.  Real coils will also have a certain amount of capacitance associated with them.  For this discussion, the capacitance, along with the varying resistance and inductance will be ignored for simplicity.  The one non-ideal component, which will be kept, is the DC resistance of the wire.

Assuming the inductor to be ideal, but also having a constant DC resistance, a simple mathematical formula can be used to arrive at the coil's inductance value. The inductance value here will be calculated from actual charge-time measurements made on the coil.  This single inductance value, along with the single DC resistance value, essentially describe the idealized behavior of the coil.  From this, current versus time graphs can be made for any given voltage.  

DC Resistance

The first step is to determine the DC resistance of the coil. This measurement, however, is not easily measured on a meter due to the fact that its value is very low.  In order to measure the resistance, a test circuit is devised.  The coil is connected to a high-quality resistor of known value.  The resistance of the resistor (30 ohms) is much higher than that of the coil.  Then a steady DC voltage (12v) was applied to the circuit.   By measuring the voltage on the resistor, the current through the circuit was determined.  Then, measuring the voltage on the coil allowed the resistance to be calculated.  This works well because, while voltmeters are not very precise when measuring low resistances, they are accurate when measuring low voltages.

Measuring Current

In order to measure the coil's current as a function of time, a resistor of very low, but precise, resistance can be used to measure the current in the coil.  This resistor should have a value in the range of 0.1 ohms.  The above method of measuring very low resistances can be used to verify the resistor's value.   The resistor and coil would be in series with a regulated voltage source and a switch.  Using an oscilloscope to measure the voltage on the resistor, and thus the current in the coil, while switching the circuit on and off, the amount of time required to get to a particular current level, when a known voltage is applied, can be measured.  This is all that is necessary to calculate the idealized inductance value of the coil.

Solving for Inductance L

The calculation for determining L (inductance) is straight forward using the common equation for R-L circuits.

The common equation is:


[image: image1.wmf]τ

t

e

)

(

i

)

(

i

)

t

(

i

-

¥

-

¥

=



[image: image2.wmf]τ

 is the time-constant for a coil.  
[image: image3.wmf]R

/

L

τ

=



[image: image4.wmf])

(

i

¥

is the current after infinite time.  
[image: image5.wmf]R

/

V

)

(

i

=

¥


t is time in seconds. 

We then have:
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Through some algebra, we have:
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Taking the natural log of both sides we have:
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Solving for L we have the final equation for L:
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Using L to predict Current versus Time

Once the inductance L is known for the coil, predictions for current based on voltage applied and time can be made using the original equation:
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t is time in seconds. 

Idealized Energy Storage in the Coil

If an ideal coil is assumed, that is, the coil is assumed to have a constant inductance and resistance, the energy stored in the primary winding can be calculated with a simple formula.  The energy stored in this case, is one half of the inductance times the square of the current in the coil.
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E is the energy stored in the coil in joules.

L is the inductance of the coil in henrys.

i is the instantaneous current in the coil.
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