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Background
The board stack included in this particular sediment trap consists of three interconnected circuit boards. These include (from bottom to top) a TattleTale microcontroller board, a McLane voltage regulator board, and a McLane stepper motor controller board. The TattleTale board has an accompanying user’s manual which contains relevant electronic information. The McLane boards have no documentation at all, therefore, the boards were reverse-engineered to generate schematics. The names of the McLane boards were chosen based on the installed circuitry.
Due to a lack of silk screening by McLane, arbitrary part numbers were assigned to the components. An accompanying reference diagram of the circuit boards and parts lists correspond to the generated electrical schematics (see figures one and two).
The power drawn from the unit during motor rotation is 21V x 400mA = 8.4W. It takes approximately 45 seconds for the gear assembly to rotate from one bottle to the next. When the motor is off, the draw is 21V x 9mA = .189W (worst case). A third mode is sleep; the power was not measured in this mode.

TattleTale Microcontroller Board
Due to information in the user’s guide, a schematic was not generated for this board. The uC board communicates to an external computer via serial connection. The onboard ROM chip stores a program which can be accessed via Hyperterminal. The program allows the user to create/run/deploy a program cycle, manually step the motor, display stored data, and put the unit to sleep. The uC board has eight analog inputs and fourteen digital outputs; these are connected to both McLane boards. 

Voltage Regulator Board
The VR board supplies the DC operating voltage to the TattleTale uC board. This is a wired-OR connection between the +9V battery and the primary +21V battery. A Darlington pair, consisting of Q2 and Q3, provides the current gain necessary for the TattleTale; D5 limits the voltage going to the TattleTale. 
The VR board also contains the electronics to allow data logging of the analog DC voltage being supplied to the TattleTale board. Digital line D0 will go high when data is to be read. This forward biases Q1 which turns on U1, a power Mosfet. U1 passes the +21V to a voltage divider; the scaling is 6:1 to match the input range of the TattleTale’s A/D converters. Logging occurs at the start of a motor move, the completion of a motor move, and when Display Data is chosen from the program’s main menu.

Stepper Motor Controller Board
The SM Controller board supplies the necessary drive signals to the stepper motor as dictated by the TattleTale uC board. It also provides positional feedback of the main gear housing based a binary rotary switch. The SM Controller board contains a proprietary stepper controller module. This has been identified as U3 on the schematic. Physically, it is the large heatsinked black module on the top of the circuit board. It contains the actual logic and drive circuits for the stepper motor. 

To initiate motor rotation, either via program or manual operation, a digital signal (D10) goes high which turns on Q1. This, in turn, provides the turn on voltage for power Mosfet U1, which passes the +21 Vdc battery voltage to U3. Simultaneously, the +21Vdc is passed to U2, an LM340T5 which provides the +5Vdc for logic circuits internal to U3. The TattleTale also sends out two phase signals to U3 via data lines D6 and D12. The drive signals to the actual motor leave the SM Controller board at J1. 
Just prior to activating the motor, the Tattletale activates the VSW line on the digital output port. This causes a 10uA current to flow through R6, creating a 0.48Vdc signal. This 0.48V is read by analog input line A1, indicating a switch closed event. This corresponds to the switch location at one of the two detents on the rotary dial and also indicates that the bottle is properly aligned with the funnel hole on the gear assembly. When the motor is activated, the rotary dial advances, along with the entire gear assembly, past the detent position, and the switch opens up. This breaks the current flow through R6, causing the 0.48V to decrease to 0V. Analog input line A1 is still being monitored, and thus the uC knows that the gear assembly is in motion. The gear will continue to rotate until the interlock switch hits the opposite detent. The switch closes, the 0.48V appears on analog line A1, and the stepper motor drive signals are removed.
Measured Values
The following voltages were measured on the SM Controller board before and during motor activation. A Fluke 187 voltmeter (10Megohms internal resistance) was used for the measurements. A voltage of interest is the VGS of the mosfet while the motor is off (19.1V-21.1V) = -2.0V. The VGS (TH) of the mosfet is rated anywhere from -2V to -4V. The device is setting very close to its threshold and could be possibly be turned on due to the presence of a 100’s of mV level noise transient.
	 
	Motor ON
	Motor OFF

	J3-6
	5.0V
	0V

	Q1B
	0.57V
	0V

	Q1C
	0.05V
	17.4V

	U1G
	9.99V
	19.1V

	U1D
	21.1V
	0.47V

	U1S
	21.1V
	21.1V


Table One: Voltages measured in the stepper drive circuit with the motor on and off.
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McLane Voltage Regulator Board [SN# 702]

Parts List

C1 0.1uF Q3 2N2484
C2 1.0uF R1 100K 5%
D1 1N4001 R2 1M 5%
D2 1N4001 R3 1M 5%
D3 1N4001 R4 100.0K 1%
D4 1N5240B R5 1.00M 1%
D5 1N5240B R6 20.0K 1%
Q1 2N2222 R7 27K 5%
Q2 2N3725 U1 IRF9131





Figure One: Component locator for McLane Voltage Regulator Board SN# 702
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McLane Stepper Motor Controller Board [SN# 702]

Parts List

C1 0.22uF R4 470 5%
C2 0.1uF R5 47K 5%
Q1 2N2222A R6 47K 5%
R1 100K 5% U1 IRF 9131
R2 1M 5% U2 LM340T5
R3 1M 5% U3 McLane

Proprietary





Figure Two: Component locator for McLane Stepper Motor Controller Board SN# 702
