Part 3 Outside Joy, Chas. Brown’s and Heywood gears





Outside Joy gear





Whilst the vast majority of locos fitted with Joy gear had inside cylinders and valvegear, a few had them outside. The one’s of which I am aware are the locos on the Lynton & Barnstaple, and a rather nice crane tank seen at the Keighley & Worth Valley. Instead of point ‘e’ being connected to a fixed point on the frame by  the anchor link ‘fe’ (fig 8), point ‘g’ is connected to a return crank ‘bf’ fastened to the main crankpin (fig 10). Results have been found to be at least as good as outside on the one example studied, I suspect because point ‘f’ goes up and down in sympathy with point ‘d’ and so the angularity of the anchor link is much reduced. Design is fairly straightforward. Firstly design the gear as though it were as shown in fig 8. I have not fully investigated the effect of angularity of the anchor link, and suggest that until some-one does, it be ignored. Equation 27 should then be re-written as 


		� EMBED Equation.2  ���


calculation of slide radius proceeding as before. The radius of the return crankpin ‘f’ is equal to the horizontal motion of point ‘g’:


		� EMBED Equation.2  ���  						Equation 32


and the length of the anchor link can be calculated from Pythagoras as:





		� EMBED Equation.2  ���			Equation 33








Chas Brown’s gear





Back at the beginning of part 2 it was explained that a corrected gear embodies some form of straight line motion. Chas Brown’s uses an inversion of the oldest of all, Watt’s linkage. The normal form of Watt’s linkage is shown in fig 11. Points ‘a’ and ‘d’ are fixed, and for small angles of movement, if the links are proportioned such that 


		� EMBED Equation.2  ���


then point ‘e’ will move in a substantially straight line.  Note that for larger angles of swing as would be adopted in a valvegear of reasonable proportions, this relationship needs to be modified. If we then invert ‘be’ and ‘ab’ as shown on fig 12, the straight line effect still works, and we have the basis of Chas Brown’s gear as shown in fig 13. It is easy to visualise that as point ‘d’ moves to the right along its mythical straight line, the correcting link ‘ef’ pivots around point ‘f’, point ‘e’ moves down and so point ‘g’ moves down but by less, and so if the vibrating lever ‘gh’ has been correctly proportioned,  point h stays on the slide axis as required. In this manifestation I have shown the drive beam connected to an extension of the conrod at ‘d’. It would work equally well if connected directly to the crank pin, but with this setup the pin at ‘d’ only sees a small angular movement rather than full rotation at the crankpin. This gear is used on the locos of the Snowdon Mountain Railway, where it seems to perform moe than adequately.


�



Design methodology





Firstly make ‘bd’ some convenient length. Then decide the angle of swing of the vibrating lever ‘(‘. KNH’s recommendation was not more than 25 degrees. The slide axis will then be positioned above the axle by


		� EMBED Equation.2  ���							Equation 34


				


Lengths ‘mh’and ‘gh’ can then be calculated as


		� EMBED Equation.2  ��� 						Equation 35


		� EMBED Equation.2  ���							Equation 36


Next step is to size the drive beam and correcting link. Imagine the crankpin following it’s imaginary vertical path. Because the conrod is much longer than the stroke it’s movement above and below the horizontal is small, and so point ‘d’ will move in a reasonably straight line, but the angularity of ‘de’ will cause points ‘e’ and ‘g’ to move from side. This horizontal movement of the bottom of the vibrating lever will cause distortion of the valve events, and so it is important to keep this angularity small. Heywood sized his links such that ‘de’ did not go more than 13 degrees above or below horizontal, so I have adopted this as a maximum. We can then see that	� EMBED Equation.2  ���	or if the 13 degree limit has been adopted 


		� EMBED Equation.2  ���					Equation 37


Length ‘dg’ is then chosen such that there is sufficient vertical movement at ‘g’ to drive the out_phase component of the valve motion with the slide angled at no more than 20 degrees. This calculation is very similar to that used to arrive at equation 24, and so the derivation need not be repeated


		� EMBED Equation.2  ���		Equation  38


			





If ‘dg’ is made shorter, then slide angle will be reduced but vertical travel of the die block increased, if longer, vice versa.


Next size the correcting link ‘ef’ and fix the position of point ‘f’.


 Imagine again the crankpin moving along its horizontal path to the half stroke position. Point ‘g’ will move down by � EMBED Equation.2  ���, and by extrapolation it will be seen that point ‘e’ will move down by 	� EMBED Equation.2  ���					Equation 39


Ignoring angularity of the drive beam, point ’e’ has been displaced sideways by � EMBED Equation.2  ���and so we can calculate that the vertical movement of ‘e’ is


		� EMBED Equation.2  ���						


This can be re-arranged to give � EMBED Equation.2  ���			Equation 40


It is obvious from fig 12 that to have symmetry between TDC and BDC the slide axis is positioned behind the axle by � EMBED Equation.2  ��� , and that ‘f’ is positioned behind the  axle by � EMBED Equation.2  ���, and above the axle by � EMBED Equation.2  ��� 








All that is now left to do is to decide on a slide radius, or if using straight slide, the offset of the top joint.


Derivation of link curvature is similar to Joy gear, equations 26 onwards , with certain modifications. There is no anchor link to worry about, but as the drive beam relatively short, its angularity will start to become important. Imagine point ‘c’ moving along its mythical vertical path to the 270 degree position. The drive beam ‘de’ will rise above horizontal by


		� EMBED Equation.2  ���					Equation 41





and ‘g’ will come forward by		� EMBED Equation.2  ���	Equation 42


The vertical travel of  ‘g’ is		� EMBED Equation.2  ���			Equation 43


� EMBED Equation.2  ���	can be found from equation 29,  � EMBED Equation.2  ��� can be found using equation 30


and the slide radius found using equation 31. Because ‘pm’ is longer in these gears than in Joy, the improvement due to correct slide radius will be even less, but it may as well be included.





Worked example





For our worked example this time we will take River Irt, of the Ravenglass & Eskdale Railway (Irt is Heywood’s biggest loco, Muriel, rebuilt with a proper boiler, over 100 years old and still managing over 5000 miles a year. The R&ER is England’s most beautiful narrow gauge railway, running from the Cumbrian coast to the foot of England’s highest mountains: end of commercial).


 I do not have a full set of dimensions, so any comparisons are approximate. Does anyone have Heywood’s original drawings? The dimensions which we need to start are


stroke=8.5		lap=0.43		cb=40.0		bd=3.0


aq=8.5			lead=0.05


Where measured values are available I have included them in brackets after the calculated value


From equation 34		� EMBED Equation.2  ���							





From equation 35		� EMBED Equation.2  ��� 		(1.125)


and from equation 36 		� EMBED Equation.2  ���			(10.0)








From equation 37, the recommended minimum for ‘de’ is


	� EMBED Equation.2  ���		(20.75)


Still good agreement, but this would be expected as I used a rule derived from Irt’s valvegear! We might as well stick with Heywood’s figure. Now to calculate ‘dg’.


From equation 5	� EMBED Equation.2  ���


From equation 38	� EMBED Equation.2  ���	(10.375)


Heywood chose a larger than minimum value, so we expect he would get full gear at less than 20 degrees slide angle. The computer model confirms this. To maintain comparability between the calculated and measured gears it will be necessary to adopt Heywood’s figure. Now to find ‘fe’ and position of point ‘f’.


From equation 39	� EMBED Equation.2  ���


so from equation 40	� EMBED Equation.2  ���


Heywood used 5.6 , the reason for this discrepancy will become clear later.





It will be noted that ‘fe’ swings either side of vertical by more than the 45 degrees recommended for link ‘de’ in Joy gear. This didn’t worry Heywood, so it isn’t going to worry me. To reduce it you could either increase ‘dg’ , or reduce (.


‘f’ is behind the axle by  20.750+3=23.750 and above the axle by � EMBED Equation.2  ���


Point ‘j’, the slide axis is behind the axle by 3+10.375 = 13.375





If using a curved slide,now would be the time to calculate it’s radius.


From equation 41	� EMBED Equation.2  ���					


From equation 45	� EMBED Equation.2  ���


It should be noted immediately that this is a much larger effect than occurs in Joy gear, the ‘out of verticality’ of the vibrating lever due to the error_at_g in the Joy example was � EMBED Equation.2  ��� whereas in this case it is � EMBED Equation.2  ���.


 From equation 43	� EMBED Equation.2  ���	





From equation 29 	� EMBED Equation.2  ��� 


from equation 30	� EMBED Equation.2  ���


from equation 31	� EMBED Equation.2  ���





Results are shown in Fig 14. As will be seen, a pretty good valve gear.					








Offset top joint





I rather suspect that Chas. Brown’s gear with the offset top joint has previusly been called Greenly’s Corrected Gear. At first I thought that calculation of the offset top joint/straight slide combination could proceed much as for Joy gear with small amendments to allow for different drive to vibrating lever, but I was wrong! Doing the appropriate sums gives 


	


	� EMBED Equation.2  ���		(1.0)


	� EMBED Equation.2  ���		(41.5)





Results shown in figure 15 and are again reasonably good, but it will be noticed that the lead has increased! This is because the valve rod ‘pn’ is sloping downhill. As the vibrating lever goes between TDC and BDC, point ‘n’ goes up and down, but ‘pn ‘ is not disposed symetrically about the horizontal, so it’s changing angularity causes the lead to increase. This can be checked by temporarily increasing ‘aq’ so that the valve rod is disposed symetrically about horizontal, fig16. It can now be seen that the offset top joint has not quite worked, the mid gear line is curved. The error is very small, and would hardly be noticeable on a real engine, but can I think be improved. What I think is happening is that the always forward � EMBED Equation.2  ��� is causing ‘gh’ to be not vertical at the 90 and 270 degree positions, and so is compromising the calculation of the top joint offset. I have constructed the required equations to properly allow for this effect, but have abandoned attempts to arrive at an analytical solution. By the time this is published, I hope to have added a routine to the computer program to do the calculation by iterative guesswork. In the meantime, the result of using Heywood’s figure is shown in fig 17, the line will be seen to be  straighter.





 The inclined valve rod  would also cause wear at the valve stuffing box unless properly guided, and there would have been a problem accomodating the high mounted slide below the running boards.





Heywood’s gear





The pioneer of 15” gauge railways, the Hon. Arthur Percival Heywood, overcame this problem by the simple expedient of bending the drive beam (fig 18). This introduces further angularity effects, which will be investigated further. It will also be noted that he used a straight slide with the offset top joint. On his early locos Heywood used straight slides, but later he replaced the slide with a Scott Russell straight line linkage. It might be thought that this multiplicity of pin joints would give rise to a lot of lost motion, but River Irt seems to work very well indeed.





Design differences





When designing Heywood’s gear we can either position the slide axis at some convenient point, or calculate it such that the valve rod is horizontal at TDC and BDC, in which case


		� EMBED Equation.2  ���						Equation 44


The bend in the drive beam, defined as the perpendicular distance from g to g1 is


		� EMBED Equation.2  ���					Equation 45


So far so good, but bending the drive beam in Heywood gear has introduced errors. At crank angles of 90 and 270  degrees, ‘gg1’ is inclined from vertical and so is lifting the foot of the vibrating lever. Because ‘e’ is at the time below the axle, the two errors are not equal, but to make a manageable calculation this will have to be ignored. The swing of ‘de’ about the horizontal can be calculated as before from equation 41 and then the lift of the foot of the vibrating lever at ‘g’ is � EMBED Equation.2  ���


We must therefore arrange for the correcting link to lower point ‘g’ by this distance, which when translated to point ‘e’ is


		� EMBED Equation.2  ���					Equation 46


and instead of � EMBED Equation.2  ��� in equation 40 use � EMBED Equation.2  ��� to give


		� EMBED Equation.2  ���					Equation 40a


‘f’ is positioned behind the axle by	� EMBED Equation.2  ��� and above the axle by � EMBED Equation.2  ���





Those of you who are still awake will notice that at the 90 degree position, ‘g’ actually comes less far forward than ‘g1’, but at the 270 degree position, it comes further forward, this will have further significance later.





More workings 


From equation 44	� EMBED Equation.2  ���		(7.687)	


encouragingly close agreement.


From equation 45 	� EMBED Equation.2  ���	(2.814)


Obviously we have parted company here! I do not understand why.





We already know from equation 43	� EMBED Equation.2  ���


so from equation 46 	� EMBED Equation.2  ���


From equation 40a	� EMBED Equation.2  ���		(5.6)


excellent agreement here at least.


Point ‘f’ is now above the axle by � EMBED Equation.2  ���





Once again we will take Heywood’s figure for the top joint offset.





Running this through the computer gives the results shown in fig 19. It is expected that we should get mid gear with the slide vertical, since the height of the slide was calculated to achieve this. What we actually get is a very short cutoff backgear! Why? Remember previously that when the crankpin follows its mythical vertical path, ‘g’ moves in front of and behind ‘g1’. This movement drives the valve, and it is necessary to incline the slide by approximately 2 degrees to cancel this out and achieve true midgear. (The original displays the same effect, so it is not the design differences that are the cause). Once this is allowed for, the results are quite good.





That’s enough for this time, the next episode w
