~Radio noise sources and reduction in the Jabiru engine

 Sept. 2010 - These notes are to supplement the graphic information supplied.

The main sources of noise are the ignition coil packs and the rectifier – regulator unit.

1/ ignition noise

Summary: 

 Most people have reported changing the plug leads to the newer Jabiru black type or a similar suppression lead - helical wound (inductive) over a ferrite core, DC resistance 3 to 7 Kohms recommended, providing good improvement.

Subsequent improvement by adding 2 ferrite clamp - on beads to each coil lead, or replacement of these wires with suppression lead.

Background reading:

In its OEM role, the coil pack is for stationary engines, by direct connection to a regular or resistor sparkplug.

The coil packs store current induced into their primary coil when the flywheel magnets pass the core. Information from Jabiru suggests there is an internal shunt switching transistor across the primary winding which releases at the point of maximum flux (slope reversal). The resultant field collapse induces a high rise pulse to the secondary winding of sufficient voltage to fire the spark gaps. 

This is an inductive discharge ignition system much like a motorcycle magneto of old, the points are replaced by an electronic switch. The leading spike at the primary is in excess of 200 volts. It cannot be suppressed by adding much of a capacitor here because that affects the operation of the switch. In practice the 'P' lead does not cause significant noise.

The primary 'P' lead should however be a shielded lead to the mag switches, furthermore best practice is to ground one end of the shield and that end should be at the engine. The mag switch ground return should be via the shield, not the airframe. This is to prevent the 'P' lead having 200 amps starting current applied due to multiple ground paths under engine cranking.

The bulk of noise observed is from the coil HT output. Traditional suppression of this noise is to replace the copper wire lead with suppression lead, in the 1970's carbon was used (as in the early Jabiru's red leads) and in the 1990's helical wound resistance wire – often wound over a ferrite core became normal equipment for cars. On motorcycles it was common to add a resistor approx. 5 k ohms to the wire lead or have this resistor incorporated in the end cap or inside the sparkplug itself. Most cars now use 'R' sparkplugs and inductive resistive suppression leads as standard. For aero engines the traditional leads have a helical wound conductor and the entire mag / distrubutor / lead / sparkplug is shielded.  NGK previously produced a shielded plug type BS-6E, no longer available.

I tested most combinatons of suppression available to be fitted to the engine. Each graph was labelled with the type of lead used. The graphs are from a spectrum analyzer and depict the amount of noise received on an antenna nearby, and the frequency of the noise, centered on the VHF airband. The lower the line on the graph, the better the noise suppression.

Overall the best results on my engine were by replacing the red HT leads with aftermarket Bosch automotive inductive ferrite core suppression lead, clipping a pair of ferrite 'bead' units over each coil – to – distributor leads, and using 'R' type sparkplugs. The resistance of the leads is around 5K ohms there are other brands of similar construction sold. The use of 'R' plugs has been questioned, test evidence is that coil stress is not increased by this change, and can be reduced further by ensuring the gaps are set to minimum specified, note that NGK plugs “out of the box” are typically gapped in excess of the Jabiru spec, and require setting. There are no issues with using Iridium plugs, as these fire with lower voltage and are not adjusted or subject to wear.

Another correspondent has noted the flywheel itself might be radiating noise. From an RF theory perspective this is indeed possible. He reports improvement by adding a grounding wiper to brush the peripheral of the flywheel. If distributor rotors get loose, additional noise can result.

2/ charging system noise

Summary:

If you are getting irregular or semi-regular 'popping' noises in the headsets, and it varies with the loading and state of charge of the battery, there might be some issues with the way the regulator is wired.  Might need better connection to the battery, or the “Rotax capactitor”.

Care and feeding of the Jabiru electrical system:

The Jabiru manual has the internal schematic for the rectifier – regulator. It is an OEM unit for Kubota and John Deere small tractors.

This is a single phase unit where the rectifier bridge consists of two diodes and two SCR which are able to be triggered to conduct when charging current is required. It is therefore a series type switching regulator. Traditional dynamo charging systems used a shunt across the rectifier to limit the charge voltage. The shunt would get hot. Modern alternator systems do not use a permanent magnet to generate the field, therefore a linear regulator can be used to control the field without having to carry the full output current.

The Jabiru system has advantages. It is simple and does not get hot or easily burn out.

There are disadvantages. The output will allways be in the form of high current pulses, these pulses become shorter and more abrupt as the battery comes up on charge. As a battery ages, these pulses may become audible in radios and intercom equipment, and may be present if the audio wiring has not been correctly grounded at one common point – usually the firewall. This means to say that headset sockets should be insulated from surrounding airframe and the shielding should be insulated all the way back to the radio / intercom which itself should be grounded to the firewall. Likewise the battery and engine grounds should proceed to the same firewall location.

Another source of noise and burnups is the handling of the regulator sense wire connections.

Jabiru installation manual specifies both the output wire and sense wire be tied together and connect directly to batt. +ve. Regulator ground should  go to batt -ve. 

In some instances the Jabiru aircraft do not follow this instruction, possibly because if the charge warning lamp is being used the regulator needs to be switched out when the master switch is off. If the warning lamp is not used, there is a discharge of around 8ma which is not significant to an 18 A/h battery.

An important point here is that if the sense wire is NOT connected to the output while engine is running, the regulator can run full on and supply up to 50 volts and 20 amps to whatever is connected downstream. If the battery is still connected to the regulator output, it will effectively hold this voltage to around 16 volts for a time, offering partial protection. The dynamo self limits to around 20 amps. Note the Jabiru advice to either solder the spade connectors or butt crimp the AC leads to the regulator if there is any heating or tarnishing occuring at that junction, they can burn up.

My opinion is to bond the sense and output wires together and connect direct to battery. If it is desired to switch the dynamo off, switch the AC lead instead. This could be the 'A' side of a split rocker switch if desired. The DC bus master switch / contactor can switch the DC lead that comes off the battery. This is partly to reduce noise entering the cockpit via the unfiltered regulator output. If the charge lamp is also required, switch that lamp with spare contacts on the master switch.  

It is common on Rotax and some non -TSO radios to require a large capacitor added to the regulator output or avionics bus, typically 22,000 or 47,000 microfarads, 25 volts. This presents other issues such as surge ratings of fuses and switches and I have not used it on Jabiru installations because the specified battery size is much larger and sufficient itself especially if regulator direct to battery connection is maintained. 

My opinion is to use fusible links for primary protection of the wiring and battery, and settable CBs or CB switches for the DC bus equipment. And NOT use aluminium bus bars or brass ground terminal bars please!

3/ antenna and radio installations – black art of plying the Ether

The further away a VHF antenna is located from the engine and cabin the better. Naturally, connections must be correctly done and free from corrosion. The industry standard cable is RG58c and perfectly suitable for this application, low loss and double screen types are a disadvantage here, just more noise and weight. We actually want some loss in the cable to the antenna. Squealing noises during transmission is a possibility of incorrect matching and/or antenna too close to the headsets.

While it is possible to install ferrites on the coax cable, any improvement due to these is indicative of a real problem with the antenna or the connectors to the radio. Cable TV and DIY parts are not compatible with the mil spec 50 ohm coax and connectors used in aircraft. BNC connectors vary in design and each has a specific assembly method requiring correct crimping tools and/or exacting soldering technique.  

A “broadband “ spec antenna is also better, they provide a better loading to the transmitter over the whole aero frequency range, this is an installation requirement for cert. aircraft. Wire rods can work but there is a lot of care required to tame them especially on non-metal aircraft, also its more essential to VSWR test them, in the end it might cost a lot more to use the cheapest parts.

When its all done if distant stations are still unsatisfyingly noisy to hear, remember to set the radio squelch tighter to cut off those signals. Some radios – Icom A200 and Bendix King KY97 – have preset adjustments under the top cover for this, some via setup menus.  Occasionally if you need to make a distant call, just overide the preset  / open the squelch for the duration of this call. 

If others reported you have a noisy transmission, your transmitter mic. gain may be too high, in need of similar adjustment. Don't do anything that can't be undone, most of this chapter requires use of test equipment to be right first time.

Brand, type and condition of headsets vary and cause many difficulties. Do tests with only pilot's side connected to avoid confusion and crossover issues.  
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