Lancia Appia Ignition Timing by Piston Declination
Don cross’ comment about poor ignition timing mark accuracy on Appias and his pleas for help in last year’s Newsletter appealed to me; as whilst I have the luxury (?) of the Series 3’s 48bhp the idea that I might not be getting them all seemed something that needed urgent attention.

So, I started drawing a few diagrams to see how complex it would be to calculate degrees of crankshaft rotation by measuring the piston declination (i.e. the vertical displacement from TDC). After a false start when I tried to write a formula for it and realised with horror that I was re-entering the world of calculus (having learnt this at school, I think I only used it once at university and never in my 40 years professional engineering career). I soon spotted that trusty trigonometry would do the trick.

The problem can I believe be solved by the solution of two “back to back” right angled triangles for each point of rotation. I chose to resolve at half degree intervals between 6 and 10 degrees BTDC and one degree intervals for all other points between 0 and 180 degrees. You could argue that I did nor need to work outside the 6-10 degree zone but I thought it would be interesting to plot the complete rotational cycle.

Now the declination of the piston crown is (we hope!) the same as the declination of the gudgeon pin and the centre of the gudgeon pin marks the top acute angle of our first right angled triangle. The hypotenuse of this triangle is the conrod with the centre of the big end at its lower end. The short opposite side of the triangle is formed by the horizontal displacement of the big end from the centre line of the cylinder bore at the rotational point being considered. The adjacent side of this first triangle is the vertical height of the gudgeon pin above the big end. 

Now to enable this length to be calculated it is necessary to know two other measurements within this triangle (we know one – the conrod length) but to find another (the horizontal displacement of the big end) it is necessary to resolve fully the other triangle. This second triangle is “back to back “ with the first as it also uses the big end horizontal displacement as it’s short opposite side with the hypotenuse being the distance of the crank pin ( big end) from the centre of the crankshaft (i.e. half the stroke which we know). This second triangle is easily resolved as the acute angle at the crankshaft centre is known (it is what ever angle of crankshaft rotation we are trying to resolve for) but especially at 8 degrees i.e. the ignition timing point. The adjacent side of this second triangle is the vertical height of the big end above the centre line of the crankshaft.

Now having resolved both triangles the declination of the gudgeon pin (and hence the piston if you remember) can be calculated by adding together the adjacent sides of both triangles (the vertical height of the big end above the crankshaft centreline from the second triangle plus to vertical height of the gudgeon pin above the big end from the first triangle) to give the vertical height of the gudgeon pin above the centre of the crankshaft.

 This dimension is then deducted from the conrod length plus half the stroke (i.e. the vertical height of the gudgeon pin above the centre of the crankshaft at TDC) to give the piston declination for that angle of crankshaft rotation. QED!!! 

 To get straight to the results:-

· the vertical height of the gudgeon pin at 8 degrees =  197.050  mm

· the conrod plus half the stroke is 160+75/2             =  197.500  mm
· therefore THE PISTON DECLINATION @8 deg   =      0.450  mm 
· at  7.5 degrees it is                                                  =      0.396  mm
 -    at  8.5 degrees it is                                                  =      0.508  mm           
So to set the ignition timing accurately to 8 degrees it is necessary to measure the declination of the top of the piston quite accurately so I followed Don’s procedure of setting up a dial gauge (over the plug hole of cylinder number 4). I used a magnetic base straight onto the steel insert in the head that forms the oil filler and an old push rod from somewhere to rest on the top of the piston with its upper hollowed out end cupping the dial gauge probe quite nicely.

Don having a rather better workshop than I can boast made up a steel base plate for his dial gauge magnet  that he then bolted to the head. He also made up a suitable drilled nylon guide plug which he fitted into the spark plug hole to prevent his rod from moving laterally.

I was concerned that my setup was rather Heath Robinson by comparison so I took a lot of repeat measurements to ensue that the set up was stable enough to be trusted and was pleased to find that there were virtually no errors creeping in.

I found that by carefully turning the crankshaft via a tightened up fan belt (all plugs out) it was possible to position the crankshaft within about an eighth of a degree using this method – so really accurate positioning is possible but of course it is still necessary to judge the point at which the spark jumps! This is probably the limiting factor.

After a few tries I was happy that I had got it right and put the plugs back in and started the engine up – I immediately noticed higher revs and a smoother tick over. A quick run revealed a much better pick up at low and medium revs and greater tractability – less need to change down. No noticeable power increase at the top end but just much more drivable. I found that I could lean off the idle mixture and turn down the tick over and  over a longer period  noticed that the plugs were slightly drier and the soot a softer colour – all that you might expect from earlier timing as I found that the timing as marked  was actually 6 1/2 degrees not 8 degrees! The fuel consumption improved too (bit of a nuisance actually as it messed up my estimated MPG for the Cotswold Economy Drive this year!).

I have remarked the bell housing such that I do not need to use the dial gauge setting method in future and to try to overcome Don’s misgivings about this shortcut (he rightly says that accurate sighting of the marks is not easy) I have added an additional “sighter” mark further out on the bell housing on the basis that lining up two marks by eye does allow inaccuracy but lining up three get rid of most of that inaccuracy. I tested that by resetting using these marks and compared with the dial gauge settings found that this still gave accuracy within ¼ of a degree, so I think that will do for me!

p.s. – as a matter of interest by plotting the complete 180 degree figures, I noted that at 90 degrees of crankshaft rotation the piston has fallen by 42mm or 56% of the stroke – hands up all those who thought the answer was 50%!
