
Explanation of the Cutoff Frequency Choice
The cutoff frequency of approximately 16 kHz was determined based on the RC low-pass filter components selected—specifically, R1 (10 kΩ) and C1 (1 nF). The cutoff frequency (fc) of an RC low-pass filter is calculated using the formula:

fc = 1 / (2πRC)

Plugging in the values:

fc = 1 / (2 × π × 10,000 Ω × 1 × 10-9 F) ≈ 15.9 kHz

Reason for Choosing 16 kHz:

Signal Integrity: The ignition pulses from the spark plug wire are sharp transient events containing frequency components up to several kilohertz. A cutoff frequency of 16 kHz ensures that these important signal components pass through the filter with minimal attenuation.
Noise Attenuation: High-frequency noise (above 16 kHz), such as electromagnetic interference from other engine components or radio frequency signals, is attenuated, resulting in a cleaner signal.
Component Values: The chosen resistor and capacitor values are standard and readily available, making the circuit practical to implement.

Considerations for Tuning the Filter
When tuning the filter for your specific application, consider the following factors:

1. Signal Frequency Content

Engine RPM Range: Determine the maximum RPM of the engine to calculate the highest frequency of the ignition pulses.
Calculation Example:

For a 4-stroke engine with 4 cylinders at 6,000 RPM:
Ignition events per minute: RPM × (Number of Cylinders / 2) = 6,000 × 2 = 12,000
Ignition frequency: 12,000 / 60 = 200 Hz

Harmonics and Transients: The ignition signal includes higher-frequency harmonics due to its rapid rise and fall times. The filter should allow these through to maintain signal integrity.

2. Noise Characteristics

Types of Noise: Identify the predominant noise frequencies in your engine environment (e.g., ignition noise, alternator whine, electromagnetic interference).
Attenuation Needs: Decide how much attenuation is required for unwanted frequencies without distorting the desired signal.

3. Filter Order and Type

First-Order Filter: The RC filter is a first-order filter with a roll-off of 20 dB/decade. It provides gradual attenuation.
Higher-Order Filters: If more aggressive filtering is needed, consider implementing a second-order or higher filter configuration.

4. Component Selection

Resistor Value (R1):
Higher R1: Increases the filter's impedance and can reduce the load on the signal source but may pick up more noise.
Lower R1: Decreases impedance, potentially reducing noise pickup but increases the load on the signal source.

Capacitor Value (C1):
Higher C1: Lowers the cutoff frequency, providing more filtering of high-frequency noise.
Quality of Capacitor: Use capacitors with low equivalent series resistance (ESR) for better performance.

5. Impact on Signal Timing

Phase Shift: The filter introduces a phase shift that increases with frequency. Excessive phase shift may affect timing-sensitive applications.
Rise and Fall Times: Over-filtering can slow down the signal's edges, potentially causing inaccurate triggering in the comparator.

6. Empirical Testing

Prototype the Circuit: Build a test circuit and observe the signal with an oscilloscope.
Adjust as Needed: Experiment with different R1 and C1 values to optimize performance based on actual signal and noise conditions.

7. Comparator Thresholds

Hysteresis: Ensure that the hysteresis provided by R4 is appropriate for the filtered signal to prevent false triggering due to noise.
Input Levels: Verify that the signal levels after filtering are within the comparator's input range.

Practical Steps for Tuning
1. Determine the Maximum Signal Frequency:

Calculate the highest expected ignition pulse frequency based on the engine's specifications.
Example: For an engine operating up to 10,000 RPM with 4 cylinders:

Ignition events per minute: 10,000 × 2 = 20,000
Ignition frequency: 20,000 / 60 ≈ 333 Hz
Include harmonics up to 10 times the fundamental frequency: 333 × 10 = 3.33 kHz

2. Set the Cutoff Frequency:
Choose a cutoff frequency at least 10 times higher than the highest fundamental frequency to preserve signal integrity.
If the highest signal frequency is around 3.33 kHz, a cutoff frequency of 16 kHz is acceptable.

3. Adjust R1 and C1 if Necessary:
To lower the cutoff frequency:

Increase R1 or C1.
Example: Doubling C1 to 2 nF lowers fc to approximately 8 kHz.

To raise the cutoff frequency:
Decrease R1 or C1.

4. Balance Filtering and Signal Preservation:
Avoid setting the cutoff frequency too low, which can distort the ignition pulses.
Ensure the filter attenuates unwanted noise without affecting the desired signal.

5. Test Under Real Conditions:
Run the engine and observe the signal after the filter.
Check for clean transitions and stable comparator triggering.

Conclusion
Selecting the appropriate cutoff frequency is a balance between filtering out high-frequency noise and preserving the integrity of the ignition signal. By understanding the frequency components of your specific application and adjusting the filter components accordingly, you can optimize the circuit for accurate RPM detection.

Recommendation: Start with the provided component values and test the circuit under your specific operating conditions. If you encounter issues with noise or signal distortion, adjust R1 and C1 while considering the above factors.


