SOME ANALYSES OF CSBs IN AN 8-COUPLED MODEL LOCOMOTIVE CHASSIS 

The heated debate that has dominated E4um for some weeks has largely centred on the applicability or otherwise of Continuous Springy Beam (CSB) principles to 8-coupled locomotives. People on both sides of the debate have been making unsubstantiated claims about the way CSBs work or indeed that they do not work. I undertook to run some analyses of an 8-coupled chassis which I hoped would support or counter some of these claims. I am aware that Will Litchfield has extended my original spreadsheet to cater for the 4-axle case but for this exercise I did my own extension because I was not sure if I could use his easily to run the various cases that I wanted to consider and to generate some additional data that might help explain what is going on.
Examination of Russ Elliott’s work and contributions from various others on the CLAG website gives a clear indication of the extent to which CSBs have been taken up by both modellers and traders and it is obvious that there is generally a good understanding of some of the key factors to be addressed in designing CSBs and other suspension systems for a range of locomotive configurations.

For this investigation, I have analysed the driving axles of a GWR 28xx class 2-8-0. At some time, I hope to retrofit CSBs to mine which I built with individual coil springs some decades ago. At this stage of analysis, I have made no adjustments for the contribution of the carrying axle at the front or the effect of the unsprung mass of the drive train on the powered axle. I have simply weighed my existing 28xx model and aimed for each driving axle to carry 25% of the total. The main aim in these analyses is to test the sensitivity of the system to a number of track irregularities.
There is a view held by some that satisfactory results can be achieved without analysis by placing CSB supports midway between adjacent axles. I have tested that as well.
I have applied 0.5mm holes (track depressions) under each axle in turn (4 cases) and under the inner and outer axles to test the sag and crest situations at change of gradient. All cases have been calculated with each of two wire diameters, namely 0.3mm and 0.25mm.
Support locations:
The following chart illustrates the adopted spacings of the axles and beam supports. It also includes a table which shows the effect of placing the inner supports midway between adjacent axles instead of at the optimum position.
The axles and supports are labelled using the convention adopted in the spreadsheet, with axles P, Q, R and S in order from the leading driver and supports labelled A, B, C, D and E. The midway support locations are all within a millimetre of the theoretical optimum but the departures from a uniform distribution are noticeable in the tabulation of axle loads.
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Figure 1

Effects of track vertical misalignments

Charts follow for each of the track irregularity cases analysed. 

In each of these graphs, the track profile is shown together with chassis deflections for level track and for the irregular track case. The chassis plots are shown for two wire diameters, 0.3mm and 0.25mm. Axle locations are at 0, 21.6666, 43.3332 and 67.3332. The chosen chart form uses straight line connectors between plotted points. This does not adversely affect the reading of the graphs. 

The depressions in the track show up as v-shaped depressions extending between the adjacent axles. Obviously, the shape of the depressions is immaterial for these analyses.

For the crest and sag cases, the plots show localised depressions with level track on either side of the locomotive wheelbase. This does not invalidate the use of the terminology “crest” and “sag”. For the 28xx class, the crest and the sag depressions are equivalent to vertical curves of approximately 1035mm radius. Typical prototype vertical curve limits for operating speeds less than 80km/hr are of the order of 1300m which scales to 17000mm in 4mm scale. Conversely, R17000mm corresponds to offset values of 0.03mm compared with 0.5mm used in these analyses.
Each chart has a tabulation of the calculated axle loads and the percentage variation in these relative to the optimum uniform axle load.
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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Figure 7

Conclusions

The acceptability of any variation from the optimum uniform axle load case should be considered in the context of what results can be achieved in practice by other suspension systems.
For example, equalisation systems which achieve 3-point support can achieve uniformity of axle loads but sometimes this uniformity needs to be compromised in order to preserve an acceptable degree of stability. Reference to Digest 41.0 Section 15.3 and Figure 42(b) in particular shows how it might be considered necessary to use a configuration where the fixed axle of a six-coupled chassis carries twice the optimum and the others each carry only half of optimum

If using individual springs for each wheel, some way of adjusting them is needed and, together with some means of determining when the adjustment is “right”. If the “spring-assisted hornblock” regime is adopted, (re digest 41.0 Section 8.3) the spring adjustment is much less critical but the control over axle load distribution is almost non-existent. Section 10.1 of Digest 41.0 deals with the main features of the more-proto-typical but harder-to-adjust scenario where the chassis floats on all springs. Examination of typical coil springs will reveal the relatively small amount of displacement available between zero load and the compressed-solid maximum load state.
By comparison, CSBs can be designed to ensure a high degree of uniformity of axle loads when running on track with good vertical alignment. For a given arrangement of beam supports, spring replacements, made for whatever reason, can be made with no need for adjustment to achieve the designed axle load distribution. They are guaranteed to lose some of that uniformity when negotiating vertical mis-alignments but the extent of the compromise can be predicted by the type of analysis reported here.
Comparison of the results for the two different wire diameters analysed shows that the loss of uniformity due to uneven track can be minimised by choosing a softer spring, with a correspondingly greater deflection leading to a proportionately smaller force/displacement ratio. In the example analysed, the 0.3mm wire gives a uniform deflection of about 0.5mm, which is the figure which has been widely adopted as a target. The worst deviations from optimum axle load can then be as high as 56% in one of the cases examined, but generally not worse than 30%. These figures will probably be regarded as acceptable, but they reduce to 29% and 16% respectively if the wire diameter is reduced to 0.25mm with a uniform deflection of about 1mm. Quantification of dynamic pitch and roll effects is difficult but feedback from users of CSBs might indicate whether this softer option causes any unwanted side effects.
Analysis and report prepared by Roger Wyatt, November 2011
