IBUS Switch Unit

Purpose

This project allows for the monitoring of the IBUS - installed in a number of motor vehicles including BMW cars to allow an electrical device to be switched on and off based upon activity on this bus.

The IBUS is used to provide an entertainment based communication channel between audio components, mobile phones, GPS navigation systems etc. located within and motor vehicle. It is an “open collector” type common signalling bus that sits at +12Vdc (or at the Vbat  battery voltage level) when Idle and will pulse down to 0Vdc when communications are occurring.

This unit will apply Vbat to a connected device then monitor the IBUS for the Idle state over a pre-determined time period after which the Vbat supply will be removed.

Basic Operation

In referring to the schematic diagram in Fig 1, the circuit for this IBUS 12V Switch is made up of three components:

1. An oscillator that provides a regular clocking signal.

2. A multi-stage ripple counter that effectively “multiplies” the above clock

3. A transistor operated relay that switches the connected device on and off.
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Fig 1. Schematic of the IBUS Switch

The oscillator provides a controlled clock signal into the ripple counter, which advances on each pulse. The timeout period is based upon appropriate selection of one of the binary outputs of this counter which activates the transistor controlled relay and a feedback to the oscillator to stop it when the desired time-out period is reached.

Detailed Working

The oscillator clock is based upon the ubiquitous and readily available 555 timer IC  (IC1), implemented here in a classic astable multivibrator mode. When the oscillator is free running, a square-wave clock signal will be presented at output Q (pin 3) with its frequency of oscillation governed by the values of the passive components R1, RV1, R2 and C1. The RV1 potentiometer is added to provide a degree of adjustment to the oscillator with the frequency determined by the formula:

Fq = 1/1.44*(R1+RV1+R2)*C1 (Hz)

With the values of components chosen the frequency spans from about 1 Hz to 0.8 Hz. Note that this is only approximate and the accuracy of the impedance values of the components be a contributing factor. The output Q of IC1 is then fed into the clock input of IC2. The LED connected to this output also provides a useful indicator of the clock frequency and indicates operation of the oscillator.

The counter chip (IC2) is a 4020 CMOS 14-stage binary ripple counter device that advances its count on each negative going transition of the clock signal applied to pin 10 (CLK). This counter can be made to “reset” its outputs to a zero logic state (all outputs being going to low voltage), by application of a high logic level to its reset input (pin 11). This input is used to control the advancement of the counter and is controlled by the IBUS input. The transistor, Q3 is used as an inverter so that the IBUS idle state of +12Vdc causes Q3 to go in saturation, drive pin 11 to 0V and allow IC2 to run freely. Any activity on the IBUS will cause Q3 to momentarily switch-off, raising reset level to high and causing IC2 to reset itself and commence counting form “zero” again.

The counter chip has fourteen outputs labelled Q1 to Q14. These outputs will count up from a zero level in a binary fashion upon each valid clock input transition so that each output is advanced as an ascending binary power so that Q1 (pin 9) represents 21, Q2 (pin 4) represents 22 through to Q14 (pin 3) that represents 214 or 16,384 in decimal. This allows the user to select one of these outputs as a trigger which will go to a high state after these periods. If, for example the clock input were at exactly 1 Hz then the frequency of oscillation at Q1 would be ½ or 0.5 Hz, Q2 would be ¼ or 0.25 Hz through to Q14 at 1/16384 or 0.000061 Hz. These figures represent a full cycle of the output so that as a time counter output Q1 would go high each second, Q2 would go high each two seconds and Q14 would go high after 1/16384 * 2 or 8,192 seconds! Table 1 shows possible time-out periods of the IBUS Switch based upon selection of IC2 output and the frequency of the clock.
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Table 1.

In practical use for the IBUS Switch, the outputs Q1 to Q6 and are too fast and have not been shown in Table 1. With the components chosen the Oscillator clock frequency is adjustable from around 0.83 Hz to 0.94 Hz, which means that timeout periods from around 1 minute to 2 hours can be selected. It is best to experiment with clock setting and outputs to gauge a time out. By experimentation it is best to leave a buffer of 1 minute to allow for the IBUS to return to Idle and you don’t want your device to be unnecessarily powered up and down so a period of 7 minutes and greater is more practical.

Now having selected which output to use, this is then connected to the base of transistor Q1 via R5. While IC2 is counting up, the outputs will be in low state and therefore Q1 will not be forward biased and its collector will be sitting at +12V. The Collector of Q1 is connected to the base of Q2 via R6 and therefore with Q1 “off”, Q2 will be biased “on” and will allow current to flow through it and activate the relay. Also the collector of Q1 is fed back to the reset (pin 4) of IC1. With IC2 counting and Q2 “off”, the pin 4 of IC2 is held high which allows the oscillator to “free-run”. 

When the time-out period is reached the Q output of IC2 is raised high, Q1 switches “on” which drops the collector of Q1 to 0V. This applies a low to reset input of IC1 and shuts off the oscillator. Also the Q2 will be switched “off” which will deactivate the relay and remove power from the device being switched. The IBUS Switch will remain in this state until the IC2 is reset again by activity on the IBUS!

Once installed in a motor car where activity is occurring on the IBUS, the IC2 is being continually reset by the IBUS pulsing low and the relay remains energised to supply power to the required controlled device. The relay is used to isolate the IBUS Switch unit and allow it to control enough current as the relay’s switched contacts can handle.

The other components of the design are:

· Diode D1 used to suppress the back-EMF of the relay coil when the relay is de-energised.

· Diode D2 provides reverse polarity protection of the unit, in case of incorrect installation.

· Capacitors C5, C4 form a low-pass and high-pass noise filter for the Vbat power supply.

Construction and Operation

The circuit in Figure 1 can be assembled using proto-type board, as the component count is not large. There isn’t a PCB layout drawing available but one could be put together simply as there are no critical components to be concerned about other than correct handling of CMOS devices.

The components for the board should be readily available commodities. As this IBUS Switch is to switch-off IBUS connected devices it is important that the stand-by current draw is as minimal as possible in order that the car battery is not drained. Using the components listed the circuit has been measured to draw approximately 13.8 mA of current while in standby. Alternatively the 555 Bipolar timer IC can be substituted with a low-power CMOS variety often labeled as a 7555 device. With a 7555 in place the standby current draw has been measured at approximately 5.5 mA!

When the unit is assembled it is recommended that the Vbat power and Ground be connected to the device before the IBUS signal is connected. This should leave IC2 reset high and the relay should activate and the LED should pulse to show the oscillator is running. If not, then the IBUS should be connected and “activated” (open car door, turn on radio etc), and the IBUS Switch should activate its Relay. Monitor the IBUS Switch for the selected time-out period, which will be indicated by the Relay “clicking” off and the LED ceasing to pulse and be unlit.

Once the above is OK you can connect the device to be controlled to the switched contacts of the relay.

Parts List

	Miscellaneous
	
	

	Quantity
	Component
	Comment

	1
	Relay
	12V SPDT relay with a coil impedance greater than 200 ohms (typical 260 ohms)

	
	
	

	Semiconductors
	
	

	Quantity
	Component
	Comment

	1
	IC1 - 555 Timer IC
	The CMOS (7555) version has been tested to work and will use less stand-by power

	1
	IC2 - 4020 14-stage binary ripple counter
	This is a CMOS device

	3
	Q1, Q2, Q3 - BC547 transistor
	BC338, 2N2222 transistors or other general-purpose NPN transistors can be used.

	2
	D1, D2 - 1N4004 diode
	

	1
	D3 - LED
	

	
	
	

	Resistors (all 0.25W, 5%)
	
	

	Quantity
	Component
	Comment

	1
	R1 – 270K
	

	1
	R2 – 470K
	

	1
	R3 – 1k
	

	1
	R4 – 39K
	

	2
	R5, R6 – 27K
	

	2
	R7, R8 – 4K7
	

	1
	VR1 – 100K potentiometer
	A PCB mount trimpot can be used.

	
	
	

	Capacitors
	
	

	Quantity
	Component
	Comment

	1
	C1 – 1uF 25V electrolytic
	

	1
	C2 – 10nF metallised polyester
	

	1
	C3 – 100nF metallised polyester
	

	1
	C4 – 470uF 25V electrolytic
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