John Gray’s Horse Leg Valvegear





Introduction


After my recent series on Radial valve gears, I had hoped to get on with some metal bashing and at least complete the chassis of my H1. I got it nearly finished when our worthy editor sent me a cutting from Professional Engineer, the magazine of the Institute of Mechanical Engineers (IMechE). I had seen this before when my copy arrived back in May ‘97, but I had successfully resisted the urge to investigate it. This time, however, Ted issued a challenge, so I had to have a go. No complicated equations this time, as it is very  simple to lay out on CAD, and no computer model as I can’t really imagine anyone wanting to build a loco with this gear.





History


This section has been lifted verbatim from the pages of Professional Engineer, to whom grateful thanks are due, especially for permission to reproduce the original drawing.


John  Gray was elected to the IMechE in April 1847. He originated in the Northumbrian coalfields and was trained by the Robert Stephenson Company. Gray joined George Stephenson’s endeavours on the Liverpool and Manchester Railway in 1826, eventually becoming locomotive superintendent of the Hull and Selby railway.


Gray had an inventive streak; his best known device, pictured here, was a locomotive valve gear, occasionally known as a “horse leg” motion. He patented the mechanism, incorporating it in locomotive designs built by Fenton & Co of Leeds. The patent would become crucial to Gray’s own personal future as a venture into a Chester iron foundry collapsed, leaving him bankrupt by 1850.


An action against the London & North western Railway, based on supposed infringement of the Gray patent, started in 1847. However, formal proceedings did not begin until 1851 when the case went to arbitration at the Law Society in London. Gray lost and died soon afterwards, leaving his widow and children in relative poverty.


Little more is known of Gray, but the transcripts of the evidence, including the opinions of IKBrunel, William Fairbairn and others are preserved in the IMechE archives.





How it works


The original drawing is somewhat confusing, and has the appearance of having been prepared with more than a dash of artists licence, some features of it just do not tie up. I have therefore taken the liberty of preparing a slightly amended version, figure 1.


The horse leg link A is pivoted at its bottom end on pin B. It has a curved slot machined in either side, and the valve rod is connected to the top. This horse leg link is driven by eccentric rods G or F, which have protruding pins C which engage in the curved slots. Obviously only one eccentric rod can be engaged at once. The eccentric rods are supported by links F1 and G1 from lifting arms F2 and G2. These lifting links are integral with linear cam tracks  H and J respectively. The cam tracks engage with pins protruding from the slider K, which itself slides on pins L fixed to the frame. This is all made a bit clearer by reference to figure 2, where a, b & c have only the foregear parts shown, and d, e & f show only the backgear parts. At a & d, the slider is fully forward, F2 is fully down thus fully engaging the foregear eccentric rod, and G2 is fully lifted, thus disengaging the backgear eccentric rod. At b & e, the slider is halfway back. F2 is now fully up, as is G2. This with a modern valve gear would be mid gear, but perhaps should be called neutral in this case as the valve is not connected to the motion. As the slider moves further back to c & f, the backgear eccentric rod G2 comes down into the slot, the tapered entry to the slot allowing the protruding pin to push over the horse leg link to the required position.





So far it appears to be a type of gab gear, similar in principle to that fitted to many other early locomotives.





Speculation


Close examination of the drawing reveals that with the piston at its back centre as drawn, the fore gear eccentric can be lifted in the lot without moving the horse leg link. A very small adjustment of the position of B, as in figure 1, allows this happy event to occur at both front and back centres. As the eccentric rod is lifted up, the effective angle of advance of the eccentric is also increased, and the motion of the valve is reduced. As drawn in Figure 1, the angle of advance is 39 degrees, and the valve travel is 26. This gives cut off when the crank has rotated 102 degrees, at 60% stroke. If we arbitrarily lift up the eccentric rod to horizontal, the angle of advance increases to 60 degrees, and the valve travel reduces to 17. This gives cut off when the crank has rotated 60 degrees, at 25% stroke. In the absence of information to the contrary, lead is assumed to be zero, it makes the sums very much easier and probably introduces less inaccuracy than scaling dimensions from the drawing. 60% maximum cut off might seem a bit on the low side, but remember the dimensions are scaled from what I suspect is a not too accurate drawing, so should not be taken too literally. 





We appear to have a constant lead, variable cut-off valve gear. This situation cannot occur in reverse, so it will only function in full gear when going backwards. This was probably not too much of a disadvantage if you usually turned locos at termini.





Whether Gray intended this I do not know, perhaps some retired  MIMechE reading this, and who lives in or near 
