Reconditioning 'R Type' Engine No. B17W
A/.  Symptoms before work started.

1/.  Engine  Vibration

This had always been a problem with this engine.  It had seemed to get worse 5000 miles ago, the effect being clearly sensed if I slowly raised the engine revs while resting a hand on a front wing - several vibration periods were successively passed through as the engine speed rose.  So I removed the radiator for access and took off the crankshaft damper.  It is carried on a taper on the front of the crankshaft, and between male and female tapers were three large pieces of swarf, causing the whole damper/spring drive assembly to run cockeyed like a  swashplate.  Consequently the unit had been fouling its casing, which explained the sparkles in the oil filter!  When I took the  damper apart it turned out that, apart from being seized, the friction discs had been made out of what looks like thin millboard, cut out with scissors, not very accurately.  I rebuilt it with Tufnol rings and reset the poundage as per the R/R manual, cleaned up the tapers and lapped them together and reassembled everything.  The vibration was reduced, but still noticeable at motorway speeds.

2/. Noise

Sounds resembling little end knocking were clearly audible at idle with the bonnet open.  No.5 cylinder seemed most likely.

3/. Smoke

Embarrassing quantities of blue smoke were issuing from the exhaust, particularly when manoeuvring in London streets.  I particularly remember noticing an attractive young woman disappear in my rear view mirror, only  to reappear moments later as a (quite reasonably) spluttering fiend.

4/. Oil Consumption

Never much better than 100 miles per pint.  At one point it became catastrophic - thank goodness for the dash indicator - the sump bolts had come loose.  Then latterly 50 miles per pint.

5/. Clutch

First signs of slipping again. Difficult to engage first gear silently at rest. 

6/. Smell

There was a smell periodically inside the car which had set me chasing all over the car looking for a fuel leak.

7/. Fuel Consumption

What had been 16 mpg at cruising speeds around 80 was now 13.7 mpg.

8/. Cooling

The cooling system always came up to temperature quickly, and ran at 75°C as though the gauge was stuck, except that on one hot day in London traffic I noticed that it had risen to just over 80°, and was still rising.  I stopped the engine when the traffic was stationary, and was able to reach my destination without drama, and thought no more about it.  It was a very hot day.  I had always filled the system with the approved antifreeze, and there was no sign of tomato soup in the radiator header tank.

9/.  Starting

The starter motor clutch would occasionally slip after a very cold night, necessitating a second touch of the button, and when the engine was hot the starter sometimes made a nasty clonk - felt as much as heard - suggesting flywheel teeth overdue for the dentist.  That apart she always started promptly and cheerfully, and went like a rocket.  On the last journey I made before fishing the engine out I had rather underestimated the time required to get from home to Paulerspury to attend a seminar on paintwork, so I had to press on a bit.  Suffice to say that I noticed 95 mph on the speedo. at one point on a single carriageway approaching Oxford, but there was no indication of discomfort from under the bonnet or among the instruments.

B/. What I found inside

1/. Cylinder  Head

Rocker arm bushes were very worn white metal lined type, running on a new shaft.  The rocker geometry was quite a long way short of ideal.  To correct it about .100" seemed to need machining from the head to lower the rocker shaft and about .200" needed to be removed either from the pushrods or from the inlet cam followers.  These figures would have been a fair bit greater with new valve seats - mine were "pocketed" to about .050".  Inlet valve stems worn to 0.3405 at top, 0.3412. at base of stem.  Unworn portion 0.3422, makers specified wear limit 0.3416.  Inlet valve guides worn about 1.5 thou. on first inspection.  Subsequently it became clear that it was more like 4 thou in the direction of rocker push, the wear concentrated at top and bottom of the guides.  Valve stem oil seals had compressed to the point where the inner valve spring seat was bottoming on the head and was no longer exerting any pressure on the seal.  Replacing the seals a few hundred miles before the stripdown had miraculously effected a complete cure of the smoking exhaust, but had no measurable effect on the oil consumption.  Rocker oil outlet holes of uneven size, two blocked.  Combustion chambers varied in volume by 4 cc., very poor surface finish.  No.2 combustion chamber showed signs of a piece of piston ring trying to find the exhaust valve.  No.5 combustion chamber not lining up with gasket, slight leakage and burning in consequence.  Water holes in head eroded, some showing minor signs of leakage, but not as bad as many heads I have seen.  Thermostat housing corroded externally where hose fits, but internally fine.  The thermostat did not fall out under its own weight however.

2/. Bores

There was no perceptible wear on the bores, which  were standard size - in fact a thou. under in places.  The bores had been fitted with 3/4 length liners, which grew a light surface rust soon after the engine was stripped.  They did not appear to be of stainless steel.  All six top rings were broken.  The break was always about 1/2 to 3/4 inch from one end, and the rings, when reassembled, were no longer circular - where they had broken the radius of curvature was markedly reduced.  All six second rings were very worn - ring gap about  25 thou.  The compression rings had been installed incorrectly.  The top rings as removed were marked "top" on their top faces - this was the way the makers identified the top of the lower, tapered, compression rings.  The pistons were eroded on the "non-thrust" side of the top land, and had a build up of very hard carbon deposit behind the compression rings.  The skirts and ring grooves were in good condition, however.  What appeared to have been done when the engine was last rebuilt was that the bores were sleeved back to standard, and the original pistons, complete with rings, reused.  The carbon which had built up behind the rings had not been removed, and I think that it caused pinching which caused the top rings to overheat, distort and break.  No.2 piston was evidently not the one which had supplied the piece of piston ring which had left its card in the cylinder head.  

3/. Exhaust Valves and Ports

Two different types of exhaust valves, all etched with numbers in the approved  manner, but fitted in the wrong ports.  No.1 valve seat had an insert fitted.  A piece of the boss into which the guide fits had been broken off and arc welded back - presumably the guide was driven out with a drift which did not register in the guide and slipped.  All exhaust valve guides were plain cylindrical shaped - without the shoulder of the original where it is retained by the cup over the valve spring.  I subsequently discovered that this is the type now supplied by R/R under part no. RH7978.  None of them had slipped, so this did not seem to have mattered, although they were fitted slightly proud into the port instead of flush with the guide boss.  The O/D of the guides was .625 in. so they were not 2 thou. oversize like the genuine R/R replacement, and they were dark on the outside, suggesting less than intimate contact with their bosses in the block.  The guide bore was quite oval at the hot end and measured about .382 in. the narrow way and perhaps .388 in. max - not very easy to measure accurately.  At the cool end it appeared completely unworn at .374 in.  Incidentally, the valve guide bosses were very much chunkier than they appear in the drawing in the workshop manual, so that it was not possible to get a finger through the port.

4/. Connecting Rods

When I took the sump off I was horrified to see that some yobbo had evidently not immediately spotted the numbers neatly etched on the side of each rod and cap, so he had taken it upon himself to mark the caps by cutting deep slots in them with a hacksaw in line with the crankshaft.  He may have been interrupted by someone more knowledgeable or more sympathetic, because the vandalism stopped at No.5.  Or was he tired?  The bearing shells themselves were quite sound looking, but had a number of pits in their surface, and were a rather dark grey colour.  The bores in the rods showed signs of force applied by way of something like a screwdriver to drive the piston/rod assembly out of the block.  This had raised the surface in places, so that the bearing shell was not seating properly.  The same damage was visible on two rods at the cap mating face, and a third had trapped a spot of red Hermetite.  The rods were all etched with their  weight - 1 lb 12 oz 12 or 13 drm.  However when I came to check them for balance end to end I found a variation of 4½ grams (nearly 3 drams) in the big end weights.

5/. Crankshaft

The engine seemed tight in places.  All main and big end journals were .010" undersize.  The crankshaft showed signs of having been run too fast on the grinding machine - several of the journals looked like glorified threepenny bits.  The web between  No.1 main journal and No.2 crankpin had been "dinged" by the grinder at the last grinding.  No.4 main journal was badly worn on one side only.  No.7 main journal showed signs of severe corrosion damage at some point in the past which had only been partly removed by the regrinding.  The crankpin journals varied from ½ thou oversize to 1 thou under and were tapered and oval by up to 1 thou.  There was a variation in stroke of 8 thou.  Subsequent examination showed No.4 main to be 3 thou. out of line with its neighbours, and No.7 main to be nearly 2 thou out of line not only with No.6, but with the  tail centre and the flywheel flange.  The flywheel flange itself was bent, possibly because, incredibly, the chamfer on the inner edge of the flywheel mounting face was insufficient to clear the radius at the root of the spigot on the crankshaft which engages in it.  The flywheel mounting face was also distorted, and the run out at the rim of the flywheel was 60 thou.  Not much chance for smooth clutch engagement.  The pressure face was 6 thou. concave.  As B17W  was originally fitted to an automatic gearbox (on chassis  No. B34WH) it may be that there was no problem on that car as the original fitter will presumably have checked for flywheel run out.  The hardness at the webs was correct for an EN 19 shaft at 570 V.P.N., but the journal surfaces were quite soft.  The crank had obviously been ground, albeit crudely, but not re-nitrided.  All the people I asked said that the cranks  will take 20 thou. of grinding before it is necessary to re-nitride, but this appears to depend on the material used.  Two types of material were used by R/R for crankshafts at the time mine was made, Hykro  and EN19.  I don't know about Hykro, but I presume from the hardness  specification that it is similar to EN40, which should  be nitrided for 60 hours to produce a depth of about 25 thou. hardened to 800 V.P.N.  EN19, on the other hand, should be nitrided for 20 hours to produce a surface hardness of 570 V.P.N., which is only about 10 thou. thick.  There were two crankshafts for Mk.VI cars: up to the end of L series - i.e. all  post-war 4¼ litre cars - RE9005, and RE11561 thereafter, including 'R Type' and Continentals.  I have the drawing of RE11561, and it specifies EN19.  Presumably RE9005 was Hykro.  The drawing of RE11561 also specifies the method of balancing which makes clear that dynamic imbalance was not dealt with, only static.  My crank was 1 oz. in. out dynamically at each end, at 12 o'clock and 4 o'clock.  This would have shown up as 1 oz. in. static at 2 o'clock, not much more than the ¼ oz. at 3.375 inches specified on the  drawing.  The crankpin sludge traps were half full of grey, slightly magnetic sludge.  Had they filled up much further the oilways would have been blocked, but I suspect that a point had been reached where the trap ceased collecting and simply passed  everything that came its way on through the bearing.  The main journal sludge traps, which are much more of a fiddle to clean, were coated  with about .1" of sludge all over, nicely feathered off where the oilways entered them.  About ½ lb. of sludge removed in toto.  Oil pump gears had .012"of backlash - should be .006".

6/. Starter

Sure enough the flywheel teeth had bad wear in one place.  But the starter pinion was just like new.  Starter clutch slip was well within spec.

7/. Camshaft and  Followers

The cam followers varied from largely unworn through slightly pitted to, in one case, cracked on the cam face in a way that suggested that the follower in question had been rusted in contact with its cam.  Perhaps this had caused the tapping noise?

    Cam follower diameters were as follows:-

1  1.18705           2  1.18695              3  1.18690              4  1.18725              5  1.18710           6  1.18685              7  1.18690              8  1.18715              9  1.18715          10  1.18695             11  1.18685             12  1.18710

I took the largest, No.4, and used it as a plug gauge in the follower bores after cleaning all the oil from follower and bores.  It was a nice fit, with no perceptible sideways play in bore Nos. 1,5,6,10.  In all the others there was slight, but clearly perceptible sideways play.

The camshaft itself appeared at first sight to be almost completely unworn, and appeared to have been making contact with the followers over a band about 1/8" to 1/4" wide all round the cam except at the nose, where the contact was shiny and smooth, but extended all over the cam width.  There was a triangular patch each side of every cam nose which had not been contacting the follower and which appeared to have been ground slightly out of alignment with the rest of the cam.  Closer examination revealed that the surface had failed near the nose of some of the cams.  The cams, measured as per page B17 of the R/R Service Manual T.S.D.2292 were

        As found  Std.  Wear

No.1 Ex  1.561   1.575  .014 

   2 In  1.509   1.517  .008

   3 In  1.509   1.517  .008

   4 Ex  1.556   1.575  .019 .003" past wear limit

   5 Ex  1.567   1.575  .008

   6 In  1.493   1.517  .024 .008" past wear limit 

   7 In  1.485   1.517  .032 .016" past wear limit 

   8 Ex  1.561   1.575  .014

   9 Ex  1.559   1.575  .016

  10 In  1.509   1.517  .008

  11 In  1.509   1.517  .008

  12 Ex  1.561   1.575  .014

The only other R-R cam I've ever examined closely came out of B227P, a 4.5 litre Mk. VI, with bores and crank still standard size, and apart from scoring of the bores from broken piston rings, very little worn.  It measured up as follows:-

        As found  Std.  Wear

   1 Ex  1.559   1.575  .016

   2 In  1.486   1.517  .031 .015" past wear limit

   3 In  1.504   1.517  .013

   4 Ex  1.549   1.575  .026 .010" past wear limit

   5 Ex  1.557   1.575  .018 .002" past wear limit

   6 In  1.448   1.517  .069 .053" past wear limit

   7 In  1.498   1.517  .019 .003" past wear limit

   8 Ex  1.554   1.575  .021 .005" past wear limit

   9 Ex  1.563   1.575  .012

  10 In  1.446   1.517  .071 .055" past wear limit

  11 In  1.472   1.517  .045 .029" past wear limit

  12 Ex  1.559   1.575  .016

It is hard to know quite what to make of these figures.  All the inlet cams are worn 8 thou. except the middle ones which have suffered more wear than any others.  Whereas the exhausts, at 14,19,8,14,16,14 seem to have worn more evenly, and the extra wear is perhaps accounted for by the sharper nose of the exhaust cams presenting a smaller surface area to the followers.  In all cases the wear is exclusively at the tip of the cam, suggesting that the force encouraging the wear is the load from the valve springs, rather than the inertia of the valve gear components, whose effect is only loading the cam on its flanks as the parts are accelerated at the beginning of opening, and to a lesser extent as they are decelerated on closing.  Around the nose area the parts are being decelerated by the spring (otherwise they  would carry on into the cylinder) and the only force available to load the cam is any spare spring force not being used in this work.

I weighed the various bits and pieces in the valve train on my school-type chemical balance (hence the figures are all in grams) and then calculated what was going on.  The "at cam" figures take account of the rocker ratio of 1.25:1, and I've treated the rocker mass as though half of it goes up and down, and half doesn't.

Similarly, I've said that half of the spring mass moves, and it works through the rocker, whose dimensions are appx. 1.635":1.308" - i.e. 1.25:1 ratio.

Inlet Valve System.     (at cam)

     Exhaust Valve System

Valve         100.5      125.63                  
 108.25

Collets         2.95       3.69

    

   2.84

Cap            19.0       23.75


 
  17.32

Spring (inner) 30.55      19.09

       (outer) 89.4       55.87
    

58.08  29.04(half reciprocating)

Rocker        142.4       71.2

Push rod      106.0      106.0

Cam Follower  129.6      129.6   
          
 146.4

Total

534.83 grams        


 303.85 grams




  1.19 lbs.             


    .67 lbs.

Using these figures with the known dimensions of the Bentley cam forms (RE4550 inlet form and EB4019 exhaust) shows what happens when all this mass tries to follow the cam.  The technique is to take, from the drawing or from measurement, the lift at angular points on the cam form, then calculate the velocity, or rate of lift in inches per degree, then the acceleration in inches per degree per degree.  This latter I used to produce a chart of the multiple of gravity at different speeds, which, added to the spring force, generates a chart of the force applying at the cam.  I've printed out some of these data as graphs, and where the force goes negative, the valve gear is no longer in contact with the cam, and the phenomenon of valve bounce occurs.

 Interestingly, the part of the cam which wears is the nose, where the loads are never very great, but it is a feature of the design that the nose is rather sharply pointed.  Reducing this wear seems to require either that the engine be kept running at high enough speed - say 4000 rpm - to minimise this force, or to design a cam which has a blunter nose.  The latter course, if it can be achieved without imposing intolerable loads elsewhere, has the advantage of leaving the valve wide open for more of the time when it is doing its best work and the piston speed is high, so either, in the case of the inlet, permitting the engine to develop more power for a given frictional load, or in the case of the exhaust, reducing the work the piston has to do in driving the spent gases out past the valve, and reducing the amount that gets left behind to dilute the next charge, slow down its burning and make it likelier to preignite.

The next thing to look at in this context is how far the valves ought to open to permit them to flow as well as possible.  This is normally done by calculating the nett port area (i.e. port area less the valve stem sectional area) and then working out how far the valve has to open to leave a "curtain" between its rim and the valve seat of the same area as the nett valve port area.  The thinking behind all this is that the point at which the valve throat becomes the limiting factor should also be the point at which the port area becomes a limiting factor.  This theory, like most others, is of interest mainly when the throttle is full open and means that you get a maximum amount of speed (and thus momentum) in the mixture as it goes through the port, so that, in the case of the inlet valve, more is able to be squeezed in as the valve opening reduces, and the sucking effect of the descending piston reduces, and even reverses.  But I think the exhaust blasts its way down to atmospheric pressure in short order, so the work which remains is to pump out 750cc of spent gas, and that doesn't vary greatly with engine load.  So good exhaust breathing makes for good cruising economy as well as good flat out power.

The figures for B17W prove to be as follows:-

Port area   Less Stem area   Total   Valve lift for Curtain area=Nett Port Area

IN 2.41"sq.   -.09"sq.       2.32"sq.     .422"  (actual lift is .397")

EX 1.77"sq.   -.11"sq.       1.66"sq.     .3522" (actual lift is .375")

On this basis the exhaust valve curtain is at or above optimum for about 25 degrees of the cam (50 degrees of crank rotation), but of course for at least half of its circumference the exhaust valve curtain is closely shrouded by a nearby vertical cylinder head wall, and I suspect that we should look raise the lift by 20-25% (to, say .43") to take account of this.  In the case of the inlet valve, however, the curtain never reaches its optimum even in the case of the Mk.VI or 'R Type'.  The same cam form is used on the 'S Type' with its huge 2" inlet valve, so it looks as though the extra induction obtained from the big valve was probably nothing to get excited about.  However, if one were able to increase the rocker ratio to 1.4:1, the inlet lift would be .445", and the inlet curtain would also be at or above optimum for 25 cam degrees (50 crank degrees)

Making a new cam is horrendously expensive because of the distributor/oil pump drive gear tucked in between the two middle inlet cams, but if the rockers can be got up to 1.5:1, then it may be possible to get adequate lift and a better shape without grinding away any of the cam base circle. (My worst worn cam would give .428" lift only, but its flatter nose would give adequate duration).

The "spare force" depends, of course, on how fast all of this is happening.  By all accounts if I and the previous owners had only driven faster I might have had a cam with much less wear on it!  Conversely, if I wanted to continue using the car at the modest speeds I had been using so far - say, not usually exceeding 70 mph in third or 100 in top, then the way to reduce the tendency to wear would be to reduce the mass of the reciprocating parts in the valve train - lighter followers, pushrods, rockers, valves - because that would permit me to use valve springs with a lower rate but still have the valve bounce R.P.M. as before, and/or to alter my camshaft profile to one that had a larger nose radius, or required less deceleration from the valve spring, again permitting me to use springs of a lower rate without valve bounce.  The camshaft drive gear was somewhat worn and had picked up a fair bit of ferrous swarf, but seemed to be in fair shape considering the time it had spent running with the crankshaft gear out of alignment.  But appearances deceived, as we shall see.

8/.  Cooling  system

I had been advised to take care to remove the silt from the cylinder block while I had the opportunity so I took off the cover plates to have a look inside.  The alloy one at the rear of the block came off easily enough, five of the 6 bolts unscrewed, one sheared off.  No silt to speak of there.  The three plates on the oil filter side are secured by countersunk 2BA screws which took a nerve-wracking amount of slogging with an impact screwdriver to release.  I was left with three from which I had to drill off the remains of the heads, and one which needed drilling right out and clearing with a tap.  Luckily the cover plate served as a guide to start the hole true.  There was about 2" of silt in the base of the water jacketing, and I was able to spoon 3 lbs. out of the three holes.  Then I looked at the other side of the block.  There is a brass gallery which runs from front to rear from behind the water pump, and is visible through the access hole in the rear end of the block.  It wasn't until I started trying to figure how to get it out that I realised  that at the front end there had once been a disc, through which the gallery passed, which caused the whole output of the pump to be directed at the exhaust valve seats before it got to the rest of the block.  About 5% of the disc remained.  I removed these remains, and did my best to clear the corrosion products to the point where there was a bit of 'wiggle' at the front end, and then nervously tapped at the rear end with a block of wood for a drift.  To my surprise it moved, and with progressively longer and thinner bits of rod I was able to drive it out.  More poking through the water holes in the top face of the block past where the gallery had been revealed more silt.  8 lbs. removed in total.

C/.   Getting it Right

1/.   Cylinder Head

I bought new rocker bushes from Appleyards.  They were steel-backed bronze, unlike the original ones, and so hopelessly oversize that I calculated that I would be left with about half a thou. of bronze if I succeeded in bullying them into the rockers.  The first attempt produced a concertina, so I bought some bushes for an Albion lorry engine, parted them in halves, held them on a mandrel in the lathe with Jubilee clips, and turned down the outside diameter until it was 0.002 larger than the bore in the rocker, and then inserted one half into each side of the rocker, with a smear of loctite to be on the safe side.  Then I reamed them out until they were as snug a fit as possible with the shaft, while yet being free to rotate.  This left a gap of 1/4" or so in the middle of the rocker where the load is minimal, but still required some nifty drilling to clear the oilways.  Actually I made an insert which held the drill true as it passed through the bore of the rocker.  Then I poked a drill, blunt end  first, through the oilway and used it as an anvil to enable me to use a punch to close up the oil outlet holes on those rockers which had been flowing too much oil due to their outlets being opened up at some point in the past (I presume).  The rocker shaft was worn about 0.002" where it had run with the worn out bushes, so I turned it upside down and drilled the necessary holes and refitted it.  This gave me unworn shaft to carry the load from the new rocker bushes.  While I was at it I shimmed one rocker along the shaft because it had been operating the valve from the edge of its pad, and I ground back the edges of the pads where they overlap the valve tips to remove weight and to make tappet adjustment easier.  Then I ground the working surface of the pads to remove the depression caused by the valve tip, and to even up the contact.  (i.e. if the rocker showed signs of contacting the valve tip on one side only, I stoned it back until the contact was more even)  Looking now at the other end of the rockers, I found that the balls on the end of the adjusting screws had worn into the shape of upside down onions, so that their contact with the sockets in the pushrods was much smaller than the designer intended.  So I ground the base of each ball flat again.

New valves from Appleyards cost more than having new ones made, so I got new ones made by G & S Valves of Godalming, in a more modern material, and to my own design.  I specified a much smaller radius under the head, as it is now established that this normally gives much better flow due to its reduced volume blocking the port when the valve is open, whereas it used to be thought that a tulip shape was more aerodynamic.  Much depends on port design.  A port which has only a gentle curve into the seat may, as in some Cosworth racing engines, flow best with a deeply tulip shaped valve, although in the latter case the head of the valve is still flat to minimise combustion chamber volume and surface area.  In the case of the Bentley engine there is a sharp bend between port and valve seat so that the mixture flows predominantly across the back of the valve head and most of it enters the cylinder by the "downstream" side of the valve seat.  I also specified a substantially flat head to reduce surface area in the combustion chamber and to increase, albeit marginally, the compression ratio.  The rim around the edge of the valve head is intended to promote turbulence if the incoming charge decides to turn around and try to get out the way it came in.  This should enable the engine to perform better at low revs.  As I was having new valves made it was more economical to have them made 0.002" oversize in the stem and then ream the valve guides to suit, rather than have new valve guides.  The weight of the new valves turned out to be 8.1 grams  more than the original Bentley ones which weighed 100.5 grams.  I took the head into my local machinists to have the guides reamed and the seats recut.  They made a beautiful job of the guides - the valves just slowly drop onto their seats under their own weight - but the valve seats were pretty hopeless, so rather than spend hours pocketing the valves, I took them up to London to have them redone by Hillthorne's.  When I got it back I started to grind in the valves, and then noticed that No.5 seat was way out of line with its insert.  Closer inspection revealed that the guide boss was cracked and the guide itself was a much slacker fit on its valve than the remainder.  I have not been able to discover how this came about, but rectifying it involves obtaining a new seat insert (theoretically available from the factory but not listed in the parts list, and I eventually gave up waiting for it) and a new guide, which I made up myself, starting with a scrap one from the local people which had enough meat to use as a blank.  I evened up the combustion chamber volumes, using a high speed flexible drive and rotary files and various polishing bits and pieces.  I took metal partly from around the spark plug - letting it have a better look at the fire in so doing, and I found that some of the smaller combustion chambers were about 0.050 shallower than the larger ones, so I dug them out deeper.  This is slow work if you are not practised at it so it took me a long time.  While I was at it I also altered the shape around the inlet valve guide to make it resemble the drawing more, as the guide boss sticks out into the port much more than the picture shows and I reckon it must spoil the breathing a bit.  Then I polished the combustion chamber all over with a felt buff on the flexible drive and polishing paste.  There was nothing I could do other than set the gasket as far one way as possible, in the hope that it would make a seal with the displaced combustion chamber.  This fact, together with a fault line on No.6 combustion chamber which was revealed by the polishing (it looks as though the caster had to "second pour" the head due to insufficient metal in the ladle) doesn't say much for the quality of work at Crewe at the time.  Nor does the valve/rocker geometry.  I had the water holes in the head shot-blasted at the local glassworks, and built up the eroded areas with Loctite Metal Set, and I took a file to the thermostat hose outlet to smooth it up where the hose fits.  It has a very pronounced rim which fits under the hose and which I think is none the worse for being reduced.  The inlet ports in the head were smaller than, and not aligned with the ports in the inlet manifold, so that a sharp obstruction was presented to the incoming mixture.  The ports in the head are already too large for the valves, so I roughed up the manifold ports with the rotary file and then built them up with Loctite Metal Set, then I marked them out and cut them back until they were lining up with and the same size as the inlet ports in the head.  The manifold studs are a slack fit in the manifold, but I set it up so that the holes coincided with the manifold resting downwards on them as it is while bolting up.  I also tidied up the manifold flanges so that they looked a bit more as though they belonged with the cylinder head casting, and I cut back around the fixing stud holes so that it was possible to get a socket on the nuts.  I made new studs for the thermostat housing and for its lid out of stainless steel as the originals had been corroded and made removal of the parts difficult.

2/.  Bores and Pistons

Rather than hone out the bores myself I gave the work to my local motor machinists who have a hone which is so constructed as to hold the stones parallel.  They left a nice coarse finish to aid running in.  Too smooth a finish tends to lead to glazing.  I agonised for ages about the pistons, because no one seemed to have a convincing explanation for the erosion of the top lands.  R/R  were most helpful in sending me drawings of the two types of piston originally fitted.  RE14761, still available, is the standard 4½litre piston, and is now used to replace RE17479, the continental piston, in engines reconditioned at the works as RE17479 is no longer available.  However the continental piston was 9 drams (16 grams) lighter and of a shortened, solid skirt design.  Now my car spends a lot of its life ploughing up and down motorways here and abroad at 80 miles per hour, so any friction I can remove is valuable.  Also, with the crank already now 20 thou undersize and my rods less strong about the big end cap than the designer intended (see below) any reciprocating mass I could remove was going to be a valuable help in maintaining the safety margin of the bottom end.  I got in touch with Peter Hepworth, who also sells pistons for these cars and asked him to weigh one of his pistons for me.  It turned out to be of solid skirt design, but to weigh 25 grams more than RE14761.  I am afraid to say that the £10 or so cheaper (each!) price of his pistons decided me to go for them.   However when I saw them it rapidly became obvious that the design was almost exactly the same as RE17479 but with about 3/4" longer skirt.  So I rang Peter Hepworth again to ask what he thought of my cutting back the skirt to make a "continental" piston of it.  He said that while he wouldn't advise everyone to do it, there was nothing fundamentally wicked about the idea, and many racing people successfully do that sort of thing to his pistons.  It was not until somewhat later that I got around to measuring the Hepworth pistons, but when I did I discovered that their gudgeon pin was lighter than the RR equivalent, and that the bare piston with its pin and retaining circlips weighed 44 grams (over 1.5 oz.) less than the standard piston, and one ounce less than RE17479.

The leading dimensions of the three pistons are as follows:-

        Ovality at base  Ovality top of skirt  Barrel taper-thrust face     Hepworth   .0071         .0118                 .0013

RE 17479   .0045         .0062                 .0013

RE 14761   .0016         .0035                 .00265 (but split skirt)

        O/all Ht.  Min.Crown Depth     Weight bare        Weight of Gudgeon pin

Hepworth   4.270"       .255"       20.25 oz (575.3gm.)    110.82gm.(inc.clips)

RE 17479   3.480"       .260"       21.56 oz (612.6 gm.)   132.54 gm. (used)

RE 14761   4.270"       .245"       21.00 oz (596.6 gm.)   132.54 gm.

Bearing all this in mind I decided to fit the Hepworth pistons as they were.  I think that the extra ovality compared with RE17479  will give them somewhat less running friction, whereas the extra skirt length will give them somewhat more.  But they are lighter.  If B17W were going into a Continental I would be tempted to remove 3/4" of skirt, and if I were going racing I would certainly do so.

3/Exhaust Valves and Ports

Again, I designed new valves, in this case I think they cost 1/3 the price of new ones from Appleyards.  They are made of 21-4N, a more modern and durable material than the KE 965 of the original, and I had the stems chrome flashed which should make them more durable.  The seats and tips are stellited as original.  This will become essential when lead-free fuel becomes obligatory.  Again the shape is less tulip-like than the original.  The flow through the exhaust port is almost horizontal, so this reduction of side area on the valve will reduce the side load on the guide which is the only cause I can think of for the oval wear of the exhaust valve guide.  The poor old guide on the exhaust side has a hard life, with almost no lubrication (due to  being upside down) and considerable heat at one end.  It was changed fairly early on (at car no.  B26-CF) from cast iron to bronze, but is still one of the weak points in the engine.  I had the new guides fitted flush with the top of the boss instead of slightly proud as the old ones were, and I ground back the boss and smoothed out the port to let the gas out faster.  I think this will have two beneficial effects.  Firstly it will have an important effect on fuel consumption.  Engine designers nearly all seem to think only in terms of full power, so that the work involved in pumping out the cylinder on the exhaust stroke gets much less attention than the induction.  5 H.P. is a small proportion of 150 H.P., but the same work has to be done if the engine is cruising at 50 H.P., and then you are talking about 10%.  I think the cylinder pressure gets down almost to atmospheric at bottom dead centre no matter how big a charge was burned - any excess blasts out of the exhaust - but the piston then has to pump 3/4 of a litre of waste gas at atmospheric pressure out of the port.  If this is hard work, then more fuel must be burned to supply that work.  Secondly, the more restrictive the ports are the longer the gas spends getting through them, and the  more turbulent the gas is in the port.  This all means more chance for the gas to give up heat to the valve, guide and port walls before it is safely on its way down the exhaust pipe.  Lastly I got the cracked guide boss re-welded and smoothed it off.

4/.  Connecting Rods

I looked at the big-end caps for a fair while before deciding that the only thing to do was to file the cuts out of them, even if it did mean that I would wind up with less metal there than there ought to be.  The situation as it stood was that as the metal deflected under load, albeit microscopically, all the stretching was being concentrated at the point of minimum strength - i.e. the deepest cut.  This meant that all the fatigue working was concentrated at that one point, which would eventually fail.  Whereas if I could weaken the rest of the cap so as to let more of the metal share the stretching, then the fatiguing effect would be spread evenly over the cap and so it would have a much longer life.  Then, with some trepidation, I submitted the rods for crack testing to see whether I had caught them in time.  Mercifully I had.  Meanwhile I checked them for balance end for end and corrected them to within a couple of grams.  This is astonishingly difficult to do for yourself - I spent three days over it - but  very important, because if you bolt up a whole set of different weights to your carefully balanced crank you are simply putting it back out of balance again.  The original factory technique was simply to weigh and mark the complete rods, which leaves a surprising amount of variation between the big ends.  I recommend anyone to get it done by a firm equipped for the job - it cost me £30 to have my work improved upon and the bores in the big ends checked for ovality after I had got out the bruises with a scraper and very lightly honed the worst of them.  The scraper, by the way, is a tool I find in almost constant use.  It was made from an old, small triangular file by grinding the ends smooth, so that I have three sharp, slightly curved cutting edges which are mustard for paring at anything concave.  I can quickly alter its shape or sharpen it up on the grinder as required.

5/.  Crankshaft

I took the crank to my friendly local machinists who were very kind and put it up on their crank grinder and checked it out for me, but suggested that I took it to a firm of specialists in the light of the mess that had obviously been made of it last time.  So I took it to Hillthorne's in London.  They said that there was a high likelihood that it would be cracked, so before anything else was done it should be crack tested.  This was done and no cracks  were found, so I was informed that it went off to the nitriders.  And then everything went quiet for about three weeks, and when I eventually got what I thought was some sense from them they told me that it  was 27 thou out on the  centre main journal, not 3 as it had been when I watched it being checked locally, and that there was nothing that could be done which would have any real prospect of making it serviceable, as it was liable to distort in the nitriding or in the grinding.  This put me into a fair panic, because I couldn't afford a new crank, and anyway what on earth could they have done to it which would have bent it? I rang R/R  who were most helpful as always, but could offer no suggestions.  And then a friend, to whom I shall ever be indebted, told me about Phoenix Crankshafts.  Phoenix are mainly in business to manufacture cranks for vintage Bentleys, racing cars, prototypes  etc., but said they would see what they could do to help.  First they measured up the crank and found that it was indeed as I had originally found, 3 thou out.  But the strokes varied by 8 thou.  The crank was completely soft on the journal surfaces, but the webs were hardened to 570 V.P.N.  The threepenny bit effect is apparently characteristic of what you get on a Prince grinder when you grind a hardened crank if the  machine is not in perfect order and you don't go very slowly indeed.  They were surprised to see that the crank was made of EN19, because that is not normally regarded as a nitriding steel.  They thought the design of the crank, with its hollow journals was very idiosyncratic.  It would have been very difficult to make, and the only advantage they could see was that it was lighter by a few pounds than a solid crank would have been.  On the other hand it was much more torsionally flexible than a solid crank would have been, so it depended on a sophisticated (and somewhat unreliable) damper to enable it to run smoothly and have a reasonable life expectation at speed.  They wondered whether the design owed more to R/R's aero-engine department than to the car division.  Does anybody know?  For the record they said that if it proved necessary they could make me a copy in EN40 ("proper nitriding steel") for £3500, if I insisted, but would prefer to make a solid crank of their own design, with counterbalance weights both sides of each journal rather than on one side only as per original.  This would be expected to run more smoothly and for longer, without depending on the damper, and would cost £2000.  Mercifully it was possible to rescue my crank.  First it was sent away for vacuum stress relieving, then it was reground to 19 thou undersize.  Then it was masked up (I had by then got a copy of the original drawing from R/R) and sent off to Wild Barfield for  nitriding.  Phoenix had by then discovered that EN19 could be nitrided, but required a different treatment from EN 40.  Then, although the R/R drill is to lap the journals down to size, they said they could achieve better than the specified surface finish by fine grinding.

It was Phoenix who discovered and corrected the faulty flywheel to crankshaft joint.  I also gave them the job of balancing everything, and of lightening the flywheel.  This last involves also replacing all the timing marks on the flywheel, but I judged it to be worthwhile as it reduces the load on the back main bearing and I reckoned that any lost smoothness at idle ought to be more than compensated for by the much improved balancing, and the fact that the critical speed of the crankshaft torsional vibration - reduced by the .020" regrinding which had now had to be done - would be raised by reducing the inertia of the flywheel (see Harry Grylls "The Story of a Dimension").  The man I dealt with at Phoenix is called John Newman, and their bill was as follows:-

Time spent investigating problems (say)                         £ 30

Vacuum stress relieve - inc. transport                           105

Regrind                                                           65

Re-Nitride -  Wild Barfield min order charge                      21

Dismantle, clean off parts, re-assemble, lap pulley etc.          65

Final lapping of crank to size                                    60

Crack test Rods, Caps, Bolts (Non Destructive Testers Ltd.)       42

Check for ovality and balance rods                                30

Lighten Flywheel                                                  30

Dynamic. balance Crank, Damper, Pulley, Flywheel, Pressure plate 105

Grind Flywheel joint face (wavy)                                  10

Grind Flywheel true (distortion)                                  15

568.00

v.a.t. 15%    85.20


                     



 Total £653.20

The line has to be drawn somewhere, and I am afraid that the oil pump gears will have to soldier on for a while yet, as new ones cost £70, and I can get at them from below if it proves necessary.  But I did spend some time removing sharp edges and obstructions in and around the pump body.  In particular the oil take-off pipe fitting which screws into the pump body was a bit too long and reduced the area of flow considerably.

6/.  Starter      

I got the flywheel teeth built up with nickel, and then ground and filed them back to the right shape.  Quick to say, but nickel work hardens, so the filing part is very slow and unkind to the file.

7/.  Camshaft & Followers

Still in progress, but "bucket" type followers under construction in EN40 for nitriding, and chrome molybdenum seamless tubing 8 mm OD X 5 mm ID to BS 3602 obtained from Le Bas Tube Co. for making lighter pushrods and meanwhile to correct the geometry of the inlet valve gear.

8/.  Cooling system

Considering how little remained of the alloy disc which should surround the inlet  to the water gallery, I resolved to make a new one out of .125" stainless steel plate.  So little remained of the original that this had to involve careful measuring and marking out followed by a lot of sawing and drilling and filing.  The seating in the block seems to be markedly tapered, and the gallery seems just to have been a snug fit.  I measured up the gallery to check that its outlet holes were lining up with the exhaust ports, and found that it needed to be moved back .270", so I made up a copper bellmouth to fit the stainless disc, and silver soldered it to the disc and the gallery with a copper sleeve over the join.  Then I looked again at the gallery tube, and thought about the outlet holes in it.  They are small squares at the rear end, but progressively larger for the front three.   So, unless something very queer is going on, most of the output of the water pump is being delivered to the front of the block, where it only has a short journey to make before issuing out of the thermostat housing at the front of the head.  So the front end of the engine, already cooler than the remainder due to the fan blowing air at it, is given the lions share of the water as well.  The gallery is drawn like this, so either there is indeed something queer going on or somebody copied a drawing incorrectly when it was first designed.  To date I have not found anyone who can throw any more light on this.  The water pump rear face is made from a piece of cadmium plated steel which was very nearly rusted through, so I replaced that with stainless steel too while I was at it.  The water pump to crankcase adaptor did not line up very well with the flange on the crankcase, so I put on the adaptor and scribed round it, and then used the rotary file to trim back the flange to the line.   The water jacket side plates are secured by 2 BA countersunk screws, which I am replacing with stainless, so that next time the block needs cleaning out I or some later owner will not be tempted to skimp the job on account of the difficulty, not to say risk, in getting out those screws.  Anyway the old ones are not a pretty sight.  Typically enough they have 60° heads, so they all (18 of them) have to be made specially.  At my level of turning skill that is about 20 minutes each!

At this stage, I seemed to be at the point where at last I could begin assembling.  So, with the assistance of a friend who is a welder, I made up a proper stand to enable the block to be turned over and also to raise the work to a comfortable height.  It probably took four or five hours to do, but I cannot believe I was so stupid as not to have built it at the outset.  Being able to manhandle the engine at the push of a finger to the angle most suited to what you are doing transforms the work of fitting from being a back- and finger-breaking ordeal to something more akin to a contemplative work of art.

I got the block steam cleaned, thereby removing yet more rust and most of the black gunge from the oilways (the rest was removed by hand), I started cleaning out the cylinder bores.  The technique is to put some oil on a clean piece of kitchen roll, and rub it up and down the bore until it is blackened, then turn or replace it and repeat.  In principle it should eventually no longer pick up any muck, but remain oil coloured.  The pain of continually bashing my knuckles on the edge of the cylinder caused me to settle for 30 minutes for each bore. 

Next I installed the main bearings and lowered in the crankshaft. Then I put in the thrust pads, only to find that the end float was way in excess of the .002"-.006" specified.  A call to Appleyards confirmed the Parts List.  Only one size exists, .092" thick, which was what I had.  I started looking for some shim material, but then my friendly local machinists, to whom I showed the problem, started looking through their old stock, and found a Standard/Bedford which looked as though it would fit.  It too was .092" thick, but a look in the book confirmed that oversizes were available in increments of .010", so the following day I was hard at work with file and micrometer, reducing the thickness to the .100" which I calculated was needed to return the end float to .002".  Actually the new washers were somewhat over the nominal size and their faces were about .001" out of flat on both the steel and the bronze sides, so I am afraid to confess that a certain amount of work with wet emery paper on the plate glass was resorted to in order to get them back flat.  When I had finished I took great care rubbing them with clean kitchen roll and oil until I was satisfied that they were completely clean.

I fussed for a while over the small end bushes, but they seemed to be completely unworn, and I judged that any good I might do by replacing them would be offset by the possibility of the bush not being as accurately bored as original so I left them.  Then I set about balancing the pistons, using a chemical balance as in school science, and cutting out metal from the rim in the bottom of the skirt (it was put there as a register for machining purposes, and better removed). In one or two cases this was not enough so I thinned down the bottom of the skirt slightly.  This also is beneficial rather than harmful so long as the thickness remains reasonably even.  Then I went to install them on their rods, only to find that the little end of the rod wouldn't enter into the piston as the cheeks of the gudgeon pin bosses had not been machined.  Unusually, and for reasons of which I am not aware, unless it is to take all bending loads out of the gudgeon pin, R-R locate the rod laterally in the piston rather than on the crankshaft cheeks, and so the original drawings show a 1.362" + 5 space between the two machined faces.  The specification for fit of the rod in the piston is .004" - .014".  As I had already balanced them I decided to make up a tool and face off the bosses myself, taking advantage of the opportunity to set the clearances at the minimum.  Then of course I had to re-balance them.

At last I was ready for a trial fitting of the rods and pistons.  But two of them wouldn't go into the cylinders, because they had been supplied with the wrong size of rings.  I took them all out again and measured up the ring gaps, as I ought to have done earlier, and found that the gaps were as follows:-

Cylinder        Top       Second    Oil Control


1

.025      .025      .025 

2

.027      .025     -.035 appx 

3

.027      .026      .035 

4

.025      .027      .025 

5

.026      .025      .025 

6

.027      .029     -.035 appx 

The specified gap is .014", and the best practise is .004" per inch for top rings and .003" per inch for 2nd and subsequent, so I was pretty unhappy about this at the time, but I have since gathered that the gapping of piston rings is now no longer held to be as critical as once it was, and the gaps I had should not be problematical.  (I would still have preferred to have the gaps as specified, but Hepworth wasn't going to supply them so I judged that I had better stop fussing and get on with it.)

The deck height of the pistons measured with a dial gauge varied by .004", from about .001" to .005" proud of the top of the block.  With the steel shim continental gasket RE16320 which is .022" thick the tallest piston was within .017" of the cylinder head face at T.D.C. The clearance for a racing motor with a strong bottom end is apparently .040" so this was somewhat worrisome.  What was also peculiar was that the pistons all seemed to have their crowns sloping slightly towards the front of the engine.  So I then set about measuring around the edge of the of the pistons to the block face with a depth micrometer.  In the case of No.3 piston the flywheel side was .009" proud, whereas at the front it was only .001".  Out came the rod and piston, and careful measuring revealed barely .001" difference in compression height from one side to the other.  Next I borrowed a connecting rod alignment gauge, and sure enough, the rod itself was bent, by about .008" measured over the length of the gudgeon pin.  I checked for twist, and it was true.  The error could have been due to inaccurate reaming of the little end bush, so the final check is to set the rod up on a surface plate (piece of plate glass) with an accurate spacer (ball bearing outer race) and measure the distance between the little end boss and the plate, then turn the rod over and repeat, and compare the readings to check whether the little end eye is central to the big end eye.  It was .008" out, so the rod needed straightening.  I did the straightening in a vice, using three blocks of wood.  It is very nerve-wracking as the rod is quite springy, and has to be bent a long way past the point before it will return true.  In fact I went .004" too far and had to bring it back.  I settled for an error of .001" as being as near as I could reasonably get, and very light finger pressure will move it that much.  The next rod out was No.4, which proved to be twisted as well, but with its little end eye true to big end.  First I took out the twist, by inserting an old gudgeon pin and then applying force to it by means of a socket spanner which fitted closely over it and an extension bar.  Then I set about straightening it, first bending at the bottom end of the rod, then at the top until the little end was parallel to and exactly above the big end.  I settled for .001" maximum error in any respect.  And so on through the set.  It is a pretty frightening procedure, and it was well past 1.30 a.m. before I finished.  Happily I rechecked the following morning before returning the aligning jig, as one of the rods had its big and little end bores parallel, but the little end eye was .0035 displaced so I had to redo it, bending one end at a time until I had got what was in effect a very slight "S" shape out.  At one point I had got .015" out, but eventually I got it right.  Then it was back into the block with them all to check the compression heights again.  They varied from flush to .005 proud, so I marked them, took them all out again, and made up an extra long gudgeon pin with holes at each end so that I could secure a piston to the face plate on the lathe to turn them off.  Next all the pistons had to be rebalanced again!

When I rebuilt the crankshaft damper a few thousand miles earlier I noticed that the spring plate RE3942 had cracks in four of the legs connecting the centre to the periphery, so I decided to strip it again and see what could be done about it.  The amount of sludge that had accumulated in 3000 miles or so was a bit horrifying - about an ounce. The damper seems to act as a centrifuge and the cracks looked to have been caused by corrosion making local weaknesses in the metal.  I decided to make a new plate out of a piece of stainless steel sheet which had previously done duty as part of a washing machine drum.  This entailed making up a jig to locate all the various bolt and rivet holes and a specially shaped punch which I used in conjunction with an annular recess in the jig to form the wavy bit which helps to permit the very slight axial movement needed for the pressure plate to press on the friction disc.  Actually I settled for a one way ripple rather than the "S" shape of the original, reasoning that the Tufnol discs now supplied are less compressible than the original cotton duck ones were.  The spring plate is secured to the presser plate with 1/8" rivets, 1/2" for the short ones and 3/8" for the longer ones which have to pass through the spring locating buttons.

I had had the friction faces machined at the last stripdown, but on checking them I found that the pressure plate was about .007" cone shaped, so I set about flattening it with emery on plate glass.  Very slow work.  I hope that the trouble was clumsy machining and not some mysterious distortion occurring in service.

Once the engine was finally up and running it made the most sickening clattering noise from the vicinity of the camshaft when running hot on a light load.  Investigation showed a broken exhaust valve spring, so I replaced all of them, but the noise persisted.  Various experts pontificated, and Haynes and Hall decided that it must be the exhaust valve spring washers which had been left out on assembly.  When it came to fitting them it turned out that the exhaust guides had been fitted upside down (they are imperceptibly tapered, and the fat end is supposed to be at the top).  This meant that the washers had to be filed out to fit over the guides.  But, although it cost over £300 to do, it didn't stop the noise.

Over the past 40,000 miles or so the noise has gradually abated, and my present theory is that the pistons were slapping the head because of the thin gasket, and they have now forged themselves into a shape which clears it!  We shall see when the head comes off.

At about 40,000 miles the car failed, for the first time in my ownership, to complete a journey.  Sudden death of the engine turned out to have been caused by failure of the camshaft drive  gear.  It had broken away from its hub.  I presume this was a delayed result of the swarf under the crank gear taper, which had set up cycling axial loads which had eventually fatigued the aluminium of the cam gear.  All the pundits said that failure of this gear was unheard-of but I think that with the high loads in the valve gear the helical gears probably live fairly near to the ragged edge, so attention to mass and/or acceleration might pay dividends in reliability.  I had to get the car repaired quickly as I was working away from home and hiring a car meanwhile.  Luckily, I thought, the people who towed the car off the motorway were prepared to do it if I could supply them with the special tools, manual and a new pair of gears.  These gears cost untold, partly because they are only sold as lapped pairs (I don't know how you lap an aluminium gear, and from the appearance of the remains of mine it would quickly forge its way into good and silent mesh) so I counted myself very lucky to have a second-hand pair in stock.

A week or so later I was back at the wheel, everything working and quiet, but the performance a bit off and fuel consumption 15mpg at 85mph instead of the usual 17.  It was a while before I had time to try and find out why, and it was soon clear that the ignition timing was not the culprit, so I checked the compressions.  Pretty erratic, though reasonable after oil was squirted down the plug holes.  Ulp.  Anyway, off came the rocker box, and before setting the valve clearance of no. 1 cylinder at .030" to check the valve timing, I checked the clearance as it was.  .002", and most of the others the same.  Lead free fuel?  I use perhaps two tanksful of lead-free to one of leaded.

Up went a rear wheel, and the crank was wound round to T.D.C.  No gap.  So I set the gap to "just nothing" - i.e. pushrod able to be rotated but resistance felt - and wound the engine over to the back of the cam, and measured the clearance.  .070", which translates, if you have the cam drawing, to  5 degrees of camshaft advance, or 10 degrees of crankshaft advance.  The corresponding distance at the flywheel rim is 3.5", and what this all means is that the garage had set the cam 2 teeth adrift from its proper mesh.  Quite a lot, when you consider that the adjustment is in increments of 1/4 tooth.

The moral is: do it yourself.

Now I've lent the damper tools to someone else...

And I'd better check the exhaust valve clearances - perhaps the nastiest job of all to do with the engine in situ.

