STEPHENSON’S VALVE GEAR PROGRAM SUPPLEMENT
In the process of converting rotary motion to the linear motion required by the valve the basic premise of serving two cylinder ports equally is upset, rather more by the main crank than by the eccentric and sufficient to warrant amelioration.  The means are readily at our disposal but several designers chose to disregard this either through ignorance or perversity.  The more astute have incorporated amelioration ever since the gear was invented.

It is clear that because the angularity of the eccentric rods when open is increased when they are crossed, ie. on opposed dead centres, the distance from axle to dieblock is different, causing the travel of the die to be different about a central position and the leads unequal.  A small addition to the eccentric rod nominal length (see my book) will equalise leads for the full working range.  Designers rarely used this feature, probably because the hideous but universal method of valve setting by eccentric rod jumping would destroy the advantage.  My program assumes that the corrected length is used, though it can be bypassed if required.
In addition to correcting the dead centre performance the much greater influence of the half stroke angular errors can be corrected by offsetting the expansion link trunnion, behind the link for launch-type links and ahead for locomotive links.  The offset cannot calculate to become zero, so a design not offset is not optimised.
In the Stephenson’s program, first choose the correct driveline sheet, where the nominal parameters are input.  The values may be adjusted to achieve the desired starting cut off and by noting the calculated total lead increase towards midgear a decision can be made on the lead pattern.  On completion proceed to sheet two.

Two columns represent instroke and outstroke of the main crank.  D1O refers to the dieblock/axle measurements and the relative proportions of the expansion link slot above and below the gear centreline are o and i. In other words, at dead centre and in midgear o = i.  At half stroke and 50% cut off o is always different to i in the two columns, as link slip at maximum swings of the working expansion link differ, and this is the state under scrutiny.  The quantity entered for o may need to account for the scale of the gear – full size obviously requires a much greater numerical entry than a model.  Take guidance from the previously existing example(s) to produce what is at this stage an educated guess.  Precision is not necessary.
Then enter D1O in the relevant columns B and E, using the figures already calculated in H28 and H29.  Three decimal places is sufficient.  The two typical graphs show the slightly non-linear nature of the o/i relationship and the formula applied automatically to give in H28 and H29 the appropriate D1O entries to match the initial entries for o.  In most cases this is sufficient to produce angular answers to all the geometry in the subsequent columns.  If any cells show hash marks o must be well out of scale: if any cell has a negative value simply go back to try a different o input and its relevant D1O.  Solver cannot function until either of these cases has been rectified.  DO (calculated) should now be fairly close to DO (required).  All the other contents of cells present the trigonometry of the linkage and need not intimidate the user.  The essentials are highlighted.  In fact one ‘triangle’ treated as a right-angled triangle has one of its sides very slightly curved, but since the sides are all of minute length this does not invalidate the process!
Solver is now invoked from the Tools Menu.  If this option does not appear, choose Add-ins.  Excel may ask for the original disc but once installed Solver will appear in the Menu subsequently.  This essential tool juggles o, i, and D1O until the eccentric rod length specified in Solver agrees with the Check in the column.  Repeat the process for column E. The results are immediate!
Further results of calculation lead to a box containing two figures that must agree in order to become the specified trunnion offset necessary to equalise events by deliberately causing the die to conform to our exact valve placement at the half strokes, and at 50% cut off – midway in the working range of the gear. Simply enter a likely figure (between PQ min. and PQ max.) in the given cell above the box until both box results are equal. All other cut offs should then be within 2% equality and probably closer.  At the half strokes and 50% cut off the lifting link should be perpendicular to the gear centreline so as to swing symmetrically about this mean. Its distance from the axle is calculated so that the weighshaft position and lifting arm length can comply with the gear design.  Failure to do so will destroy the equalisation.  Both offset and lifting link dimensions are automatically transferred to sheet one.
Instroke and outstroke refer to forward rotation.  The whole design process takes only minutes once the values are understood and the minimum of trial should answer.  Excel must have actual positive figures in the calculation cells before Solver will cooperate.  Additionally, the data sheet now has dimensions for simulator input.
This program may be used for initial design in end suspension cases before maximising the suspension in a simulator.  Remember to use dimensions relative to the gear centreline and not those to the frame.
