TECHNICAL MANUAL: AUTOMOTIVE INJECTOR CALIBRATION DRIVER
Document Reference: MM-00017189-BUILD
Compliance Standard: Magneti Marelli 00017189 Rev.A.1
Target Parameters: Freq: 33 Hz | Peak Current: 4.0A | Hold Current: 2.0A | Pulse Width: 1–10 ms

1. SYSTEM BILL OF MATERIALS (BOM)
	Ref Designator
	Component Name
	Technical Specifications
	Qty
	Purpose

	U1
	NE555P
	Bipolar Precision Timer IC (DIP-8 Package)
	1
	Base clock / pulse generation

	U2
	LM1949N
	Injector Drive Controller IC (DIP-8 Package)
	1
	Peak-to-hold sensing engine

	U3
	LM7805CT
	+5V Linear Voltage Regulator (TO-220)
	1
	Cleans logic power for U2

	Q1
	IRFZ44N
	N-Channel Power MOSFET (55V, 49A, TO-220)
	1
	High-speed power switch

	D1, D2
	1N4148
	Fast Switching Diode (DO-35)
	2
	Separates 555 charge/discharge paths

	D3
	1N5364B
	Zener Diode, 33V, 5W Power Rating
	1
	Absorbs inductive shutdown spikes

	D4
	1N4007
	Rectifier Diode, 1kV, 1A Rating
	1
	Blocks forward voltage into snubber

	R1
	Fixed Resistor
	1.2 kΩ, 0.25W, 1% Metal Film
	1
	Safety limit for 555 Pin 7

	R_gate
	Gate Resistor
	10 Ω, 0.25W, 5% Carbon Film
	1
	Dampens MOSFET switching oscillation

	R_sense
	Shunt Resistor
	0.1 Ω, 5W Low-Inductance Metal Strip
	1
	Senses current ramp-up thresholds

	P1
	Potentiometer
	100 kΩ Linear Control Potentiometer
	1
	Frequency adjustment dial (10-50 Hz)

	P2
	Potentiometer
	50 kΩ Linear Control Potentiometer
	1
	Pulse width adjustment dial (1-10 ms)

	C1
	Electrolytic Cap
	2200 μF / 25V Radial Lead Aluminum
	1
	Filters 12V high-current bus sag

	C2
	Film Capacitor
	0.47 μF (470 nF) Polyester Film
	1
	Main timing capacitor for U1

	C3
	Ceramic Cap
	0.01 μF (10 nF) 50V Ceramic Disc
	1
	Stabilizes internal reference of U1

	F1
	Fuse
	10A Automotive Blade Fuse + Inline Holder
	1
	System overcurrent safety backup



2. ASSEMBLY STEP-BY-STEP INSTRUCTIONS
Step 1: Power Bus Assembly
1. Mount the LM7805 (U3) on your board. Connect Pin 1 to the main incoming +12V fused bus. Wire Pin 2 straight to your primary Ground plane.
2. Route a line from Pin 3 to create your clean +5V Logic Bus line.
3. Install the 2200 μF capacitor (C1) across the main +12V track and the Ground wire. Place it physically close to where the fuel injector will plug in to smooth out heavy current surges.
Step 2: Build the NE555 Clock Controller
1. Tie Pin 1 of the NE555 directly to Ground. Connect Pin 4 and Pin 8 to the +12V supply track.
2. Solder the 1.2 kΩ resistor (R1) from +12V to the top pin of the P1 potentiometer. Tie the adjustable wiper of P1 directly to Pin 7.
3. Place switching diodes D1 and D2 side-by-side facing opposite directions. This breaks the charging loop into two paths. Connect this array to P2, running the final control out to Pin 6 and Pin 2.
4. Seat C2 (0.47 μF) between the Pin 6/2 node and Ground. Connect C3 (10 nF) from Pin 5 directly to Ground.
Step 3: Integrate the LM1949 and MOSFET Output Stage
1. Set the LM1949 (U2) in place. Wire Pin 5 to your clean +5V Logic Bus. Wire Pin 2 to Ground.
2. Route a jumper cable from NE555 Pin 3 (Output) directly to LM1949 Pin 4 (Input).
3. Mount the IRFZ44N MOSFET (Q1) to an aluminum heatsink. Connect its Source pin to the high side of the 0.1 Ω 5W resistor (R_sense). Ground the lower leg of R_sense.
4. Solder a line from LM1949 Pin 3 (Sense) directly to the node where the MOSFET Source meets R_sense.
5. Connect LM1949 Pin 1 (Output) through the 10 Ω gate resistor to the Gate pin of the MOSFET.
6. Install the high-voltage flyback clamp: Connect the 33V Zener (D3) anode to the MOSFET Drain pin. Connect its cathode to the anode of the 1N4007 (D4). Wire the cathode of D4 back to the +12V power supply rail.
7. Connect the low side of your Fuel Injector to the MOSFET Drain pin and the high side to the +12V power supply rail.

3. CALIBRATION & TESTING PROTOCOL
Potentiometer Setup Lookup Matrix
Ensure your potentiometers are set accurately using a digital multimeter or oscilloscope tracking NE555 Pin 3:
· To Calibrate Base Frequency (33 Hz Target): Keep your scope on Pin 3 and turn P1 until the frequency matches exactly 33 Hz (this represents a cycle time of 30.3 ms).
· To Calibrate Target Injection Windows (\(T_{j}\)):
· 1.0 ms Pulse Width: Set P2 to 1.86 kΩ (roughly 4% of its range).
· 5.0 ms Pulse Width: Set P2 to 14.14 kΩ (roughly 28% of its range).
· 10.0 ms Pulse Width: Set P2 to 29.49 kΩ (roughly 59% of its range).
Safe Operating Checks
1. Double-check that a 10A fuse is secured inside the input cartridge.
2. Flip on your 12.0V DC laboratory bench power supply.
3. Hook up a current clamp or check the voltage across R_sense with an oscilloscope.
4. Verify the waveform profile: The current must spike aggressively to 4.0A to unlock the low-pressure injector pintle, then immediately throttle down to a steady, low-ripple 2.0A hold current until the NE555 pulse signal shuts off.

