Part 4





Sissons gear





Back at the beginning of part 3, the possible use of Watt’s straight line linkage as a valve gear was mentioned, see fig 11. Voila Sissons’ valve gear, see fig 20. It will be noted that the vertical movement of the bottom end of the vibrating lever ‘g’ is much larger than that of the drive pin on the connecting rod ‘d’. For this reason, point ‘d’ is much closer to the crosshead than was the case in Joy gear. The force required at ‘d’ to drive the gear will similarly be larger, and any wear at this point will be magnified. Care should therefore be exercised in this gear to ensure adequate bearing areas. As drawn, the gear suffers from the same problem as Brown’s in that the valve rod slopes downhill, in this case quite steeply because the valve rod is shorter. This could be ameliorated by arbitrarily moving point ‘f ‘upwards, thus moving ‘j’ downwards in proportion, but this would introduce some small errors.


It might be thought that I am being pedantic over the valve rod sloping downhill, but it must be remembered that this causes the slide to be tilted at mid gear, by as much as 5 degrees for Sisson’s gear. This means that in full gear, the slide is tilted at 25 degrees instead of 20, leading to increased loading and wear. On an engine with relatively short stroke, all this would not apply.


 Design Methodology


Layout of this gear is dead easy, not many formulae, and those there are are simple by the standards of what has gone before. First thing to do is to calculate the lengths of the vibrating lever ‘gh’ and ‘mh’ using equation 36 and 35 from last episode. To reduce any angularity errors caused by inclination of ‘edg’, I suggest that we position ‘j’ such that point ‘g’ moves equally above and below horizontal as the crankpin moves along it’s mythical horizontal path. Thus 


		� EMBED Equation.2  ���  					Equation 47


It could be quite difficult to arrange this mechanically, I must admit that I have never seen a real example of this gear. It will probably be much simpler to arrange for pin ‘g’ to be always below the conrod, in which case it can go straight across. Perhaps someone can find a picture or drawing of a real engine?


Because of the inherent symmetry of this gear, the length of the anchor link ‘fe’ is the same as that of ‘gh’, and the vertical position of ‘f’ is a mirror of ‘j’.


Then calculate the length ‘cd’ to give an acceptable slide angle. For this use equation 24 from part 2, but because the link ‘edg’ doubles the vertical travel at ‘g’, we can halve the value of ‘cd’ calculated. Next we need to fix the horizontal positions of ‘j’ and ‘f’. Arbitrarily chose a nominal length for ‘dg’ and ‘de’, such that ‘e’ remains clear of  ‘c’. It can then be seen that 


	� EMBED Equation.2  ���						Equation 48a


	� EMBED Equation.2  ���						Equation 48b


Because link ‘edg’ is not horizontal at centres, we need to increase lengths ‘dg’ and ‘de’ slightly to compensate


	� EMBED Equation.2  ���				Equation 49


I must admit that I haven’t gone into the intricacies of manually calculating the ‘best’ slide radius, the computer does it, but results with radius equal to ‘pn’ are reasonable.


Worked example





Take again the vital statistics of  River Irt which were:-


ab=4.25	bc=40		aq=8.5		lap=0.43	lead=0.05 	outphase=0.774





From equation 35		� EMBED Equation.2  ��� 		





From Equation 36		� EMBED Equation.2  ���� EMBED Equation.2  ���	


From Equation 47		� EMBED Equation.2  ���  


					


From equation 24, remembering to divide by 2,											� EMBED Equation.2  ���


This is a minimum value, we can choose to make it say 10”. We can then choose a nominal length for ‘de’ and ‘dg’, say 8”.


				


from equation 48a		� EMBED Equation.2  ���						


from equation 48b		� EMBED Equation.2  ���						


 Now from equation 49 calculate the true lengths of  ‘de’ and ‘dg’





	� EMBED Equation.2  ���	








Results


Results are pretty good, see figures 21a,b,c





Computer programs





These are continually being developed and improved, so there is no point in giving detailed working instructions here. There will be a ‘README’ file on the disc to get you going. The programs were developed on a P75 Pentium IBM compatible, using a Borland Turbo C++ compiler, but you don’t need this last to run them. I have run them successfully on an IBM PS2 386, and a friend has run them on an Acorn Archimedes fitted with a 486 chip. They should therefore run on most things that resemble a PC and can speak DOS, although they might be a bit slow on some really old machines. With appropriate compiler and ability to rewrite the DOS graphics they could be re-compiled to run on almost anything, but I’m afraid I can’t offer to do this, although I would co-operate with anyone rash enough to try.





Using the programs you can analyse existing gears, make modifications and assess their effects, or design from scratch.





The programs use the equations derived in earlier parts of this series except where indicated below. In part two it was found impossible to solve the relevant equations to find the height of the slide in Joy gear so what the computer does is to guess the length of ‘dg’, calculate the error in travel of point ‘h’ above and below ‘j’ and then use this answer to refine the guess, recalculate and so on until an acceptably low error is achieved, all in much less than the blink of an eye. Similarly the length of the anchor link in Sisson’s gear is “guessculated” to give equal rise and fall of the die block.


The manual calculation of slide radii, and the length of the anchor link is based on reasonable ground, but it contains the phrase but if we ignore the angularity of the con rod . Call me nit-picking if you like but I felt that something better could be achieved. Some of the programs, probably all by the time this is published, use a different approach, which again involves a “guessculation”, and so would be very difficult by hand. (I think a little more effort on my part would produce an analytical solution, but this would still be very tedious, computers make you lazy!). The slide radius is immaterial at top and bottom centres since ‘h’ is coincident with ‘j’. We can therefore calculate the valve position at both centres, and hence the mean position. This is where we want the valve to be when the piston is at half stroke, so we can then calculate where point ‘j’ should be for the two half stroke positions. This gives us three positions for ‘j’, and three points define a circle, so we can  “guessculate” the slide radius, and as a bonus the mid gear slide angle.





You can display the results as oval diagrams as shown in this series, or, for a bit of harmless amusement, have a scale model moving picture. 





To get a copy of the disc send a cheque for £** made payable to ************** to *********************. I make nothing out of this, the payment is to cover cost of disc, postage and some contribution towards the time of the poor unfortunate who has to copy them, not me thank the Lord





.





Replacing the slide with a linkage.





Slides, especially curved ones, are not the easiest of things to make, and in this type of gear where the die block is continually sliding end to end, they are subject to wear. A worn bush can be easily replaced, but a worn slide requires strip down and machining. It is not surprising therefore that various attempts have been made over the years to replace slides with linkages, of varying degrees of sophistication. The simplest of all is a single link as used in Marshall’s version of Hackworth. One of the problems is immediately apparent. To maintain reasonable proportions, the link ‘zh’ is much shorter than the valve rod ‘pn’. The ‘straight slide’ error discussed in part 1 pales into insignificance compared with the error resulting here. To produce the curves shown in fig 22a,b,c, I set the slide radius to 15 inches. The results are pretty horrible! You might think that if offsetting the top joint forward could ameliorate the error caused by a straight (i.e. too large radius) slide, then offsetting it backwards could help with a slide of too small radius. I have tried this with some really comical results. I suspect that the error between straight slide and one curved to the ‘correct’ radius is much smaller than between ‘correct ‘ radius and this very short one. The computer program will not let you try this, the computer thinks that offset top joints only go with straight slides. If you really want to tinker, then you will need to have a C compiler and know how to use it to modify the source code, although I will be happy to help.





Hackworth type gears with relatively short valve rods, and where the valve rod is not sloping downhill, Southern gear for one, can work quite well with small radius slide. On the computer program try running Hackworth with the following modifications:


	slide = curved


	height of valve above cylinder = 19.437


	pn = 18.5


	slide radius = 15


Fore gear and mid gear are not bad, back gear is not too good, see fig 23a,b,c. How can fore gear be so good in an uncorrected gear? What I suspect is happening, but have not checked in detail, is that a curved slide brings errors of it’s own, which can be ignored when the radius is large compared to the vertical travel but not in this case, see figure 24. The horizontal motion in the top half of travel is less than in the bottom for equal vertical travels. In Hackworth gear we do not have equal travels, the die goes further up than down and the errors cancel out. However you can’t have it both ways, so they add up in back gear.





A much better bet is to use one of the recognised straight line linkages. Heywood used Scott_Russell’s, Jack used Watt’s. Compared to what has gone before, calculating the link lengths is a doddle, and so unless there is a popular outcry I will leave it to the reader, I must get back to cutting metal for my real engine. What is not immediately obvious is that by subtly changing the link lengths these linkages can be persuaded to follow a shallow curve, but no more on that for the present.








The End





