Rotary spark plug families
DENSO EUROPE B.V.


W..A.. series

This was the first generation of Mazda rotary plug. These spark plugs were available as resistor and non-resistor and had 2 short ground electrodes indicated by the “A” in the code.

W..B.. series

This was an evolution of the Mazda rotary plugs. These spark plugs were also available as resistor and non-resistor and had 3 short ground electrodes indicated by the “B” in the code.

W..EDR series
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The “D” in the code means 4 ground electrodes

This is a special type for Mazda rotary engines

For rotary engines there is also:

 W..EAR (2 electrode)

 W..EBR (3 electrode)

 W..EDR (4 electrode)
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S..A series

This is a special type for Mazda rotary engines. There is a ring electrode for improved strength and wear characteristics. The total length of the spark plug is bigger than a standard type.

There are:


S27


S29


S-29A


S-31A

IR.. series

The latest evolution of the spark plug for the rotary engine is very similar to a 2-stroke GP motorcycle spark plug. The Denso IR.. series feature a thin 0.4mm diameter iridium centre electrode and a solid platinum ground electrode. This reduces required Voltage and gives a strong spark under all conditions.
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There are:


IRE01-27

IRE01-31


IRE01-32


IRE01-34


IRE01-35

RX-8 (Renesis) types:


IRL01-27


IRL01-31

IRT01-31

IRT01-34

If you look at the evolution of the rotary plugs, there are some things important.

(1)

Heatrange went up strongly

This means that newer rotary engines produced much more heat, so the spark plug heatrange was chosen colder to cope with this.

(2)

Strong flow inside the combustion chamber gives wear in one direction

One side of the plug is relatively cool, while the other side is hotter. This gives uneven wear.

(3)

Prevention of misfires + carbon fouling.  Catalyst can be damaged by unburnt fuel.

(1) Heatrange

Because of the higher heat input, the heatrange of the spark plug has gradually become colder.

Specially turbocharged engines can have a high heat input on the plug.

Disadvantage is that the difference in heat input at low load/low boost and high load/high boost is very big.

This is a problem because the plugs should not overheat at maximum load , but should not foul up during city driving.

If we look at the heatrange used in the Mazda rotary engines, this is close to a "racing" heatrange. 

First rotary engines = NGK6/Denso20 heatrange. Late model RX7 turbo = NGK10/Denso31

Because of the high heat input, ground electrodes need to be short, to prevent overheating and to make them better resistant to harmonics/vibrations in the engine.

(2) Direction of flow

Because of the rotation, the flow inside combustion chamber (past the spark plug) is always in one direction.

This would mean that if there would be just one or 2 ground electrodes, the actual wear (service life) would be very much determined by the position of those electrodes. Therefore 3 or 4 electrodes or even a ring electrode is used on later generation rotary engines.

(3) Prevention of misfires / low emissions

When catalyst vehicles were introduced, it became much more important to ignite all the fuel and prevent misfires.

Un-burnt fuel can seriously damage and/or overheat the catalyst.

There are several ways to improve "ignitability" or in other words the likeliness that the spark will actually cause combustion.

A spark will always jump best between 2 small sharp objects. (2 needles is ideal), but smaller electrodes need a stronger and more heat resistant material (iridium)

Another measure to improve ignitability is a bigger gap. With a bigger gap, the chance that the spark will hit a droplet of fuel on its way from the one electrode to the other is the biggest. However a big gap needs a very strong ignition with a high voltage and a quick 'rise-time' to actually produce a spark under high pressure (full throttle or boost).

The size of the gap is always a balance between what the engine needs and what the ignition system can deliver and (also very important) what the coils, sparkplugs, caps and leads can insulate.

The Denso/Mazda rotary spark plugs have a longer insulator, and special higher grade ceramics and more ribs just to prevent flashover. (Flashover = spark tracking between the plug connector and lead over the outside of the spark plug)

During development of the engine, Mazda and NGK/Denso determine the correct heatrange for the engine. 

On the one hand the plug must not start to glow under full load conditions as this will quickly destroy and engine. 

On the other hand, the plug must still remain hot enough to burn of the carbon that will be depositing on the plug during engine warm-up and start/stop driving.

If a plug is covered by carbon (or fuel, or oil) the high Voltage will actually follow the conductive carbon deposits and not jump the gap.

To improve the self-cleaning of a spark plug, semi surface plugs can be used. Semi surface means that the spark actually "glides" over a part of the insulator before bridging the remaining distance in the air to the electrode. If there would be (conductive) carbon on the insulator, the spark traveling over this carbon would burn it away. The advantage of this style of spark plug is that even when the plug is not up to its operating temperature, it will still burn off carbon.

The best way of getting a spark plug clean is by the heat of the engine. This means high speed driving.

Plug selection

For RX7's high speed running even with 9's in the trailing and leading, the conditions can be too extreme for the plugs and engine. If you are doing high speed running quite often then it is recommended you run colder plugs (this can be even up to 34 (11) heatrange) in all four holes. However, these can cause problems if you also do a lot of city driving as the cold plugs can foul. You can also run 27 (9) or 31(10) in the leading and 31(10) or 34(11) in the trailing

In general I would say that you best stick to the heatrange that has proven itself in your engine.

Ignition timing can have a great effect on combustion chamber (spark plug) temperatures. Please be careful with this on older cars.

If we look at an example of a 1985 Mazda RX-7 workshop manual (1132-10-85J) , we see that in some cases 2 different style of plugs can both physically be fitted to the same engine, but settings and emission regulations make the  difference.

Australia = NGK SD10A / SD11A  / Denso S-29A / S-31A

Except Australia = NGK BR9ET / BR10ET / Denso W27EBR / W29EBR

About the Denso replacements of the ring-ground electrode types (SD10A and SD11A)

NGK SD10A = Denso S-29A (Mazda part number N331-18-110)

NGK SD11A = Denso S-31A (Mazda part number N319-18-110)

The disadvantage of this style of plug is that they need a strong ignition to bridge the big gap. Not only is there a big gap, but there are no sharp pointed electrodes, so required Voltage to make a spark is high.

The advantage of these Denso S-29A and S-31A plugs is that the ceramic is higher up, so the spark traveling between the centre electrode and the shell will 'glide' over the insulator ceramic and burn off deposits that are there.

In general it seems that there is no "standard recommendation" for the rotary engines.

Please be aware that different markets often have different specification (and heatrange) spark plugs.

This is an area that is even difficult for us. Normally I would expect that Europe has the coldest heatrange spark plugs because of expected "Autobahn" use at high speeds in Germany.

The latest generation of iridium spark plugs can also be used in older rotary engines as far back as 1978. The main concern is to select the correct heatrange. For older cars, plug length, thread length and spark position will be different.
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