499 cc. Overhead-valve Royal Enfield Bullet





R.A. WILSON-JONES A.C.C.I., B.Sc., M.I.Mech.E., Royal Enfield Technical Manager, Gives ALAN BAKER Inside Information on the Latest of a Long Line of Sporting Singles





THE Royal Enfield Bullet range of motor cycles was introduced in 1933 to cater for the rider who wanted more performance than was given by the standard roadster models. Although of sporting type. the engines of the Bullets were not in any way super-tuned; wisely, the makers were not pre�pared to sacrifice too much in the way of low-speed tractability for a few rarely used m.p.h. at the top of the scale.





The Bullets achieved immediate success. Between their inception and the outbreak of war, they amassed a consider-able list of competition victories, as well as finding favor with the faster riders on the road.





The five hundred started life as a 488 c.c. (85.5 x 85 mm) inclined-engine model with four exposed valves operating in a pent-roof combustion chamber. In 1935, the design was altered to a three-valve layout with fully enclosed and lubricated valve gear, though the cylinder was still inclined. The following year saw a reversion to the four exposed valves, but the cylinder was vertical and the timing case shape became virtually what it is today. Also the bore and stroke were altered to 84 and 9C mm respectively, which dimensions were not subsequently altered





Post- war Designs





Two valves and total enclosure were again adopted for 1938, and that engine formed the basis of the post-war J2 model! which appeared late in 1945. A year or two later, Royal Enfield decided to produce a three-fifty endowed with more punch than the Model G which had performed well In the hands of Service riders. Much had been learned since before the war and it was determined to put those lessons into practice.





When it appeared at the 1948 Earls Court Show the new 346 c.c. Bullet created quite a sensation, with its light-alloy cylinder head, pivoted-fork rear suspension and thoroughly functional aspect. Its road performance was so well in the Bullet tradition that a strong demand arose for a more powerful five hundred than the rather sober J2-essentially a sidecar mount with the emphasis on low-speed pulling.





The outcome was the development of the new 499 c.c Bullet engine for 1953 Its general layout is strongly reminiscent of that of its smaller brother (indeed, apart from some stiffening-up necessary for the increased power output, the bottom half is the same), but the lessons learned during four years development of the three4ifty were embodied in the five-hundred design. The result is a clean looking, single-cylinder power unit of robust proportions, capable of propelling a 420 lb. motor cycle and bulkily clad rider it about 80 m.p.h. yet providing usefully high torque at moderate speeds.





As previously mentioned the flywheel] assembly is basically that of the three-fifty Bullet, so the forged-steel wheels, though fairly thick and heavy, appear rather small in diameter for a five hundred. Mr. Wilson-Jones agreed that larger-diameter wheels would give more flywheel effect for no increase in weight, but the larger wheels would result in an undesirably tall engine; also it was clearly beneficial from the economic angle to standardize as far as possible.





Question:





"The timing-side mainshaft is a taper fit in its flywheel and is keyed to ensure alignment of the oil holes. The drive-side shaft, on the other hand, is a parallel fit; it has a flange on its inboard end and is pressed through the wheel from the inside, with key location. What is the reason for the difference in construction?"





Answer:





"There are two reasons for the parallel fit of the drive-side shaft. In the first place, the wheel requires only a shallow recess to clear the flange, instead the deeper recess, which would be needed for a nut; hence a greater length of shaft is supported in the wheel. Secondly, we did try a taper fit originally but found that, with our locked-up bearing assembly, tightening of the sprocket nut could tend to loosen the shaft in its taper."





The drive-side mainshaft is supported on an inboard roller bearing and an outboard ball bearing; there are distance pieces between the inner races and the outer races, and the outer race of the outboard bearing is located by a circlip in the bearing housing. By means of a further distance-piece outside the case, the chain sprocket (which fits on splines) is locked up to the flywheel, as Mr. Wilson-Jones mentioned, and so completes a very robust drive-side assembly.





On the timing side is a double-row roller bearing, with a one-piece cage; the rollers run directly on the hardened shaft and the outer race is a hardened sleeve pressed into the case. Out board of the roller bearing is a bronze bush, grooved for oil distribution, which provides maximum support of the overhung timing pinion.





Question:





"The trapped crankpin is an interference fit in the flywheels and is secured by nuts; between the crankpin shoulders are hardened-steel thrust washers. Why do you prefer trapping the washers to having them floating on the pin?"





Answer:





"Our floating big-end bearing precludes the use of a flanged crankpin1 and the difference in diameter between the journal portion of the pin and its ends allows only a small shoulder which would bed into the flywheel material when pulled up tight. The thrust washers trapped behind the shoulder prevent such bedding in. Were we to employ loose washers we would have a less solid abutment, and the washers would rub against the faces of wheels and cause wear."





Question:





"I notice that the oil feed hole in the crankpin is at the outside, on a radius from the crankshaft axis through the crankpin axis. There is a school of thought which believes that such an arrangement results in the efficient lubri�cation of the outer portion of the bearing only, because centrifugal force resists the of oil in the inner face of the bearing. Since you obviously disagree with that view, what is the reason governing your own layout?"


Answer:





"Big-end lubrication becomes critical only at high engine speeds. In such circumstances the inertia loading exceeds that caused by gas pressure, so the inner side of the bearing (i.e., that nearest to the crankshaft axis) is the most heavily loaded. Under the wedge theory of plain-bearing lubrication, oil should be fed in at the region of lowest pressure, where the clearance is greatest, and will be carried round to the region of highest pressure by the wedging effect. For that reason we have our oil hole on the outside."





Question:





"The plain big-end bearings common on vertical-twin engines are of the split type but you favor a bush which floats both in the connecting-rod eye and on the crankpin. This bush is of steel with white metal on both sides; it has 12 evenly spaced radial holes for oil distribution and a circumferential internal groove. What caused you to adopt this type of plain bearing, which is reminiscent of radial aircraft-engine practice, and why is it only grooved internally?"





Floating Big-end Bearing





Answer:





"We adopted this bearing for the 1939 Bullet engines because we found, by destruction tests, that it was more durable and stood up to high-speed running much better than the uncaged roller pattern used earlier. The only type of roller bearing, which we consider to be comparable with our plain floating bush, is one with a cage having slots broached out of the solid-a type which is difficult to obtain in sufficient quantities. In our experience, riveted eases or those with open-ended slots are liable to fracture owing to the cyclic acceleration and deceleration, which occur in a big-end bearing.





"The internal groove in the bush and the radial oil holes ensure the passage of oil to the outer surface even if the bush should momentarily cease to revolve on the crankpin.  Once the oil reaches the outer surface, its distribution is automatic, so there is no need for any external grooving; such grooving would, in fact, be detrimental as it would permit the oil to escape without wetting the bearing surface."





The floating bush runs in a hardened sleeve in the big-end eye of the connecting rod, which is a massive RRS6 light-alloy forging. Light alloy was chosen rather than steel to save weight and thus improve balance by reducing the out-of-balance forces.





The small end of the connecting rod runs directly on the gudgeon pin. In reply to a query on the desirability of this practice, since wear of the eye would seem to necessitate replacement of the rod, Mr. Wilson-Jones said that the rod could be bored out and bushed when the wear had become sufficient. Service rods were available, some of which had been so treated, and oversize gudgeon pins could also be obtained. Royal Enfield have long believed in having the oil container cast integrally with the crankcase. Pre-war Bullets had the container in front of the crankshaft, but on the post-war models it is to the rear. The dry-sump system of lubrication is employed.





Advantages claimed for this integral construction of crankcase and oil con�tainer (as distinct from the separate-tank arrangement) are rapid warming-up of the oil-which reduces the possibility of semi-starvation before the oil is properly in circulation-and the absence of external oil pipes except from timing case to rocker gear. Mr. Wilson-Jones said that, with a separate oil tank, more than 20 minutes of normal running might ensue before the oil viscosity dropped sufficiently to give full flow in cold weather. With the Royal Enfield design, however, full flow should be attained in little more than five minutes.





Another traditional feature of the Bullet engine is the oil pumps, which are worm-driven from the end of the crankshaft. The pumps are of oscillating plunger type in which the plunger, driven by a small crank on the end of the worm shaft, reciprocates in a bronze body housed in the timing case. The body is thus given an oscillating, part-rotary motion, which causes its inlet and outlet ports to line up with suction and delivery ports in the housing on the appropriate stroke of the pump.








Double-acting Oil Pumps





Question:





"I understand that these pumps, which are driven at only one-twelfth of engine speed1 are of the double-acting type. Will you please explain how that is arranged?"





Answer:





“The double action is achieved by having two suitably located additional ports in the pump body and using the displacement of the plunger. As the plunger goes into the pump body on the main delivery stroke, the volume of the plunger's crank chamber is increased and oil is drawn through the suction port, which is exposed by one of the additional ports. Then, as the plunger comes out of the body on the main suction stroke, the reduction in volume of the crank chamber pushes the oil out through the delivery port by way of the second extra port."





Question:





"On the Bullet engine the rockers are lubricated from the scavenge pump by means of a pipe from the timing case; this pipe divides and one branch goes to the front of the cylinder head, on the timing side, and the other to the rear. Rocker lubrication from the scavenge pump has been criticized on the grounds  that  the combination of low pressure and small pipe diameter results in the oil supply  being  too scanty to do much good. What are your views on this point?”





Answer:





"No great quantity or pressure of oil is needed for efficient rocker lubrication having regard to the ample bearing area and part-rotary motion. In our system there is a spring-loaded ball valve which can be set to build up any desired pressure, and we could, in fact, return all oil via the rocker bearings; that however, would result in over-oiling, with the likelihood of carbonizing the exhaust-valve stem and, in a worn engine, excessive oil consumption by way of the inlet-valve guide.





"One advantage of using oil from the scavenge pump Is that the oil is always warm, so the comparatively small-bore piping does not impose any serious restriction on the oil flow.





"Were we to adopt lubrication from the feed pump, with some form of restrictor, we should have to increase the output of the pump in order to maintain an adequate supply to the big-end bearing-a design change which is not warranted in view of our experience with the present system.





The surplus oil from the overhead rocker gear drains down the push rod tunnels on to the tappets and cams. Oil which collects in the timing case is picked up by the gears: the inlet cam wheel and the first idler gear are shrouded to act as an oil pump, and they deliver excess oil to the main gallery which leads from the scavenge pump to the oil container.





The crankshaft pinion of the timing train drives the exhaust cam wheel which, in turn, drives the inlet cam wheel. Since the timing gear layout is identical with that used on the pre-war side-valve engines (on which the distance  between  the  valves  was  limited  by  combustion-chamber considerations), the arrangement was continued in preference to adopting a layout in which both cam wheels are separately driven by the crank-shaft pinion.'





Equal-length Tappets





As a result, the inlet-cam spindle is on a slightly higher level than exhaust -cam spindle. The manufacturers were thus faced with the choice of having either the tappets or push rods of different lengths. It was decided that as the tappets are fully machined components, whereas the push rods are lengths of Duralumin tube, it would be better from the production viewpoint to have identical tappets; hence the inlet is the shorter of the two push rods.





Cam wheels and idlers are bronze-bushed and run on fixed spindles located in both the crankcase and the timing cover. Flat-base steel tappets are em�ployed: they run in bronze guides and their axes are offset slightly from the center line of the cams-to encourage rotation and the consequent distribution of wear"





Question:





"The cams and wheels are integral and there is a hole through the wheel, level with the cam lobe, for balancing purposes. In view of the fact that the cams require a very wear resistant surface while the wheel teeth should be tough, why do you employ this integral construction rather than pressed-on cams of different material?"





Answer:





"Integral cams and wheels are better than two components because all possibility of relative movement is prevented. The material is a high-grade, straight carbon case-hardening steel and we get the different properties required by a special heat treatment which gives us a thick case on the cam and a thinner case on the teeth"


An uncommon feature of the crankcase is that the halves are not spigoted together but are located by two dowels; these are tubular and two of the crankcase hold-together bolts pass through them. The absence of a spigot is primarily a manufacturing consideration as it means that large-diameter turning operations on the case are eliminated, and a milling machine or shaper can be used to finish the mating faces.





The cast iron cylinder barrel incorporates the push rod tunnels and is deeply spigoted into the extended crankcase mouth. The barrel is held down by five long studs which pass through the cylinder-head casting. An additional shorter stud on top of the barrel, between the push rods, ensures even pulling down of the head.


The piston has a split skirt in the interests of closer skirt clearance and hence less slap when cold; it has a domed crown, with no valve cutaways. The top piston ring is chromium plated to ensure long bore life.  A disadvantage of this type of ring is that, having a hard surface; it beds down slowly and so does not seal effectively until a fair mileage has been covered. To ensure adequate oil and gas control during the bedding-in of the top and scraper rings, the second ring has a taper face which becomes run-in very quickly and exerts a scraper action in addition to providing a compression seal.





Bronze Valve Guides





For the cylinder head, DTD424 heat-treated light alloy is utilized. The valve seats are shrunk in and are of austenitic iron, which has a high coefficient of thermal expansion to match that of the head material, thus minimizing any tendency for the seats to loosen. Both valve guides are of bronze, which also has a fairly high coefficient of expansion.





Question:





"I note that the inlet-valve seat is radiused into the port and that the valve head also has a radius from seat to throat. What is the reason for these unusual features?





Answer:





"We have found by flow tests that these radii increase the gas flow past the valve, particularly at part lift, so that volumetric efficiency is improved.  The radius on the seat is particularly effective in this regard, and on test gave a better rate of flow than did a port opened out S to the inner diameter of the seat but with-out a radius."





The included angle between the valves is 80 degrees, and the combustion chamber is not quite a full hemisphere. Mr. Wilson-Jones explained that this lay out gives a compact and efficient combustion chamber and permits the employment of a horizontal-choke carburetor without too much of a bend in the inlet tract. A smaller included angle would mean either greater curvature in the port or an angle of down draught which would increase installation difficulties and reduce carburetor accessibility.





My mentor said that1 while excessive curvature of the inlet port was unfavorable from the volumetric efficiency viewpoint, he did not approve of straightening out the port too much. A straight port at not too flat an angle to the valve seat demanded a longer valve stem than did a curved port; a longer valve meant increased reciprocating weight of the valve gear, which was undesirable in an engine of reasonably high performance.





The rockers are one-piece, nickel-steel stampings, polished on the arms and hardened at the ends and journals; hardening of the arms is avoided by copper-plating the arms before the carburizing process. Split bearings house the rockers and are bolted to the cylinder head.





Question:





"These rocker bearings appear to be of cast iron but have a good finish all over, which is rather unusual for such components. Would it not have been cheaper to cast the bottom half of the bearing integrally with the head and to use light-alloy caps?





Answer:





"The rocker housings are molded exactly to size in sintered iron and the bores require no subsequent machining. Since we use the same parts on other o.h.v. engines, the quantity produced is large and the cost is not high. We have found sintered iron a very good bearing material for this duty as it wears well and has no tendency to pick up on the rocker journal.





Servicing Complication





"We have not tried light alloy caps but did once experiment with phosphor bronze, which did not wear very well. If the bottom half of the bearing were made integral with the head, a little money might be saved in the first instance but servicing would be complicated since it would be difficult to ensure that the caps were interchangeable. Also the rocker box area gets fairly hot1 with the result that the clearances in light-alloy bearings would increase considerably at running temperatures and so cause noisier operation.





"This method of rocker mounting is one which we have used satisfactorily for many years on the iron-head engines. and it has proved equally good with the alloy heads."





For ease of starting. a decompressor is fitted in the cylinder head instead of the more common exhaust-valve lifter. The models G and J2 have a valve lifter, and the change was made on the sports engines because of the difficulty of sealing the valve-lifter spindle from oil leakage.





Although it is mainly of academic interest, I obtained from Mr. Wilson-Jones the information that the peak power of the average five hundred Bullet engine, with standard silencer, is 25 b.h.p. at 5,250 r.p.m. Peak torque amounts to 350in4b and occurs at 3,600 r.p.m., but the engine produces useful torque over an unusually wide speed range; indeed, the torque at 2,000 r.p.m. is no less than 3OOin-1b1 and it does not drop below that figure until just past the power peak.





TECHNICAL DATA


CAPACITY: 499 cc





BORE: 84 mm.





STROKE: 9Omm.





COMPRESSION RATIO : 6.5 to I.





PISTON CLEARANCES:  top  land, 0.025 in.;  bottom of skirt, 0.002 in. 





PISTON RING END GAP: compression and scraper (nominal), 0.010 to 0.0141n. 





PISTON RING SIDE CLEARANCE: compression  and  scraper  (minimum), 0.OoISin.





VALVE CLEARANCE :  engine cold-inlet, pushrod just binding  exhaust, push-rod just free to rotate.





VALVE SPRING FRI! LENGTHS: inner, 2 in.;  outer; 2 1/8 in. 





YALVE TIMING:  with 0.Ol2in valve clear�ence inlet valve opens 40 degrees before top dead centre and closes 70 degrees after bottom dead centre;  exhaust valve opens 75 degrees before bottom dead center and closes 35 degrees after top dead center.





IGNITION TIMING : on full advance, points begin to separate 30 degrees before top dead center.





CARBURETTOR: Amal  type 289T/ IA, 1 1/8 in  choke  diameter,  horizontal; 180 main jet;  29/3 throttle valve; needle clip fitted in second groove from the top.


