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A COMFORTABLE RIDE 

Perhaps rashly, I ended the article on Hawthorn's B20 (Viva Lancia Sept. '17) with the offer to attempt to analyse why so many claim the Aurelia is of one of the greatest cars of all time. It is one of a long line of great Lancia designs and embodies lessons from all of its predecessors so discussion of its attributes needs to be set in context. 
Lets start with the requirements for a comfortable ride and, one of my heroes, the great Dr. Frederic Lanchester.  Lanchester was a polymath whose achievements and contribution to twentieth century knowledge is far too varied to detail here. Suffice to mention that he developed the mathematics of warfare with an equation that Lord Nelson had intuitively followed to win the Battle of Trafalgar and also the mathematics of aircraft flight. Both of these helped the R.A.F. win the Battle of Britain. Among a wealth of other accomplishments he designed, and made Britain’s first car. 
Where others had taken a carriage and replaced the horse with an engine, Lanchester started from first principles. He argued that for comfort the occupants should be seated with their eyes at the same level as when walking and that the suspension should be designed to give the same bounce frequency that an adult experiences at a normal walking gait, about one cycle per second.  Bump frequency is directly related to spring static deflection, the difference between the suspension spring free length and its length when supporting the weight of the vehicle. A bump frequency of one cycle per second requires a static deflection of about ten inches but Lanchester settled for seven inches, an acknowledgement that anything greater was difficult for practical spring systems and extra compliance would come from the tyres and seat cushion (remember seven inches!).
Lanchester moved on to other things and car design ossified. Suspension was almost exclusively by beam axles and cart springs. Wheels got heavier as front brakes were added, tyres got softer and maximum speed increased. Front wheel “tramp”, a destructive and uncontrollable gyroscopic oscillation of the front wheel pair required ever stiffer front springs and stiff friction dampers to push the resonance above top speed. By the mid twenties front springs typically had a static deflection of two inches (about 135 cycles per second) while those at the rear were often as soft as eight inches (about 67 cycles per second). “Pitch” became a major problem. A chauffeur sitting at mid wheelbase had a comfortable ride but the dowager in the back, if a bad bump or humpback bridge was encountered could be catapulted into the roof. If the road was gently undulating, and most were, she merely got car sick!
Next we introduce Maurice Olley, my second hero. Olley was Henry Royce’s personal assistant during the First World War where he played a major role in the design of the Eagle, the first R-R aero engine and genesis of the WW2 Merlin. In 1919 he moved to the U.S.A. to set up and run the new Rolls-Royce factory in Springfield. This failed in the depression so in 1930 Olley moved to the Research and Development department of Cadillac. Here, using methods pioneered by Rolls-Royce, he investigated ride and directional stability and in the process invented the terms under and over steer. From a mixture of theory, testing and a subjective measure of ride comfort he concluded that Lanchester's choice of seven inches should serve for the front springs but that the rear springs, to prevent pitch, should be slightly stiffer with a deflection of about five inches and that the weight of the car should be disposed toward each end to give a dumbbell effect. To solve the problem of tramp the soft front suspension had to be independent (IFS). The effect of Olley’s work was so impressive that in just one year and in the middle of the depression all General Motors models adopted I.F.S and softer springs. This knowledge was disseminated in a number of technical papers and progressively the rest of the world followed suit.

Between times (and this is where the story really begins) Rolls-Royce, as was their practice, were continually assessing other manufacturer’s designs. Arthur Robotham was Technical Assistant to Ernest Hives in the Experimental Department in Derby. In a report dated August 1926, he summarises their findings on suspension. Among others he reviews the Lancia Lambda. Under the heading “ Unconventional Suspensions” he writes:
   “A diagram is given showing the arrangement of coil springs and hydraulic damper in the Lancia front suspension. Apart from the riding qualities, which are excellent over bad roads at high speeds, the suspension has other merits. The chief of these are:-

· Absolute control of braking torque.

· Facilities for excellent steering lock, the restriction of frame and spring being removed.

· No front axle and a considerable reduction in unsprung weight.

· An indication of the value of variable rate suspension can be gathered from the fact that the initial deflection of the Rolls-Royce front springs is 2 ins. while that of the Lancia is 73/4 .
Full advantage is hardly taken of this low rating on the Lancia, however, because it is specifically designed for high speed work over very bad roads”....! (Author’s exclamation mark).
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drawing of Lancia suspension found in Rolls Royce Archives, c. 1926

His reference to variable rate suspension (and he could have added variable rate hydraulic damping) is recognition that the Lambda has additional springs for bump and rebound to reduce the wheel travel to an acceptable amount. Then, in another section:

“An ideal car from a pitching point of view would be one with little weight in the centre of the wheelbase and the maximum amount of weight at each end. The car which conforms most nearly to these ideal conditions is the Lancia. The engine and gearbox are carried right forward under the bonnet, the spare wheels are carried far out behind the rear axle. Therefore, quite apart from the unconventional front suspension, we should expect this car to ride well because we can see why it should be free from pitch”.

Vincenzo Lancia, my third hero, after a broken front axle pitched him and his mother into a ditch on his way to Fobello, was intuitively inspired to demand that the Lambda have IFS. This led to the choice of sliding pillars with variable rate soft coil springs and variable rate hydraulic dampers that are soft on bump plus a stiff chassis with the weight concentrated at the ends. Attributes that were carried through to the Aurelia and beyond. These are precisely the elements defined by Olley for a comfortable ride. The Lambda preceded by TWELVE YEARS General Motors' first offerings in 1934 by which time The Lambda had ceased production. 

Three years after Olley got the credit for introducing soft springs and IFS Lancia unveiled the Aprilia with independent rear suspension for further ride enhancement. This prompts the subject of road holding and handling which, Jack willing, I will consider next. 

Thanks are due to the Rolls-Royce Heritage Trust and their publication “Fundamentals of Car Performance” from which the above extracts were taken. Remarkably it was LMC Past President Don Williamson’s father who carried out the examination of the Lambda for Rolls-Royce. 

II.
HANDLING
In my last article (Viva Lancia Feb. 2018) I offered, as an historical prelude to an analysis of the Aurelia, the subject of ride.  Handling demands a similar review. I also introduced Maurice Olley who rediscovered the Lambda solution for a smooth level ride. His greatest legacy was to demystify the arcane subject of “handling” in a series of brilliant technical papers by introducing and measuring the concept of “slip angle” for  pneumatic tyres. This is the angle between the direction in which the wheel is pointing and its actual path and is fundamental to the determination of vehicle stability. For a given tyre and pressure, it depends on the side load, down load and camber (the angle of the wheel to the vertical) so for a wheel pair it is also a function of weight transfer from the inner to outer wheel during cornering. Olley demonstrated that for stability, he defined it as “understeer”, the front wheel pair slip angle must be larger than the rear and vice versa for unstable “oversteer”. An understeering car, when entering a corner too fast, ploughs into the hedge. With oversteer the car spins and has the same accident backwards! Good handling requires a very close match of the front and rear slip angles which is challenging with the number of interactive variables and is further exacerbated by non linearity as the adhesion limit is approach. 
Camber doesn't change with roll on cars with two beam axles but with the introduction of soft independent suspensions this became a major factor. A sound starting point is a centre of gravity near mid wheel base for similar loading at front and rear then some form of tuning of which the simplest is by varying roll stiffness with an anti roll bar. This changes weight transfer and also roll angle and hence camber with opposing effects on stability so the result is difficult to predict. Generally an anti roll bar on the front increases the front slip angle promoting under steer and vice versa at the rear. Tuning with roll stiffness demands a torsionally stiff chassis, a Lancia speciality. Lancia were well versed in the affect of IFS then faced a further challenge with IRS for the Aprilia. 
Contemporary efforts were largely based on swing axle systems adopted pragmatically for rear engined cars, e.g. Mercedes and Auto Union G.P. and Tatra copied by Volkswagen and Porsche. Swing axle designs had evil handling characteristics at the limit due to large camber changes with roll. This reached a climax in 1960 with the Chevrolet Corvair and Ralph Nader's “Unsafe at any Speed”. It led Auto Union to change to the de Dion design in 1938 and start a new fashion for competition cars. For the Aprilia IRS Lancia chose trailing arms. In consequence camber change with roll at front and rear was equal and the most difficult variable was eliminated. It required drive shafts that are articulated at each end and because the length changes with wheel movement, ball splines to prevent locking under torque. This configuration must have had unacceptable oversteer because it was found necessary to add a transverse spring in tension and pivoted in the middle. For a given bounce stiffness this has the effect of reducing the rear roll stiffness (an anti-anti roll bar!) probably because it is difficult to fit a front anti-roll bar to sliding pillars! 
This was a very effective but complicated and expensive design so set a challenge to do better as is clear from the following extracts from their 1947 patent for the Aurelia IRS:

“The point of this patent is to provide a vehicle with stability, be it on a straight road or on bends such that lateral deviations do not disturb the passengers and in which the suspension mounting can be adapted to the characteristics of any type of vehicle..........The trailing arm pivot axis meets the line joining the two wheel centres and the height of the pivot axis differs from that of the wheel centres...........By varying the angle of the pivot axis and its height relative to the wheel centres one can obtain any desired characteristic for the suspension and adapt it to the requirements of the vehicle”. 
This ingenious solution, allows any “effective swing axle length” and hence camber change with roll by choice of the pivot angle. For the Aurelia the effective swing axle length is about 2/3 of the track. Additional tuning of camber angle change with roll is provided by choice of the pivot height.
The result is a suspension,later named “semi trailing arm”, with no need for anti roll bars which raise single wheel bump stiffness and thus compromise ride. It is also more compact than a beam axle or the Aprilia design. This benefits packaging of the final drive and petrol tank and in turn increases passenger and boot space. 
The Aurelia was also the first car that was designed for the new Michelin X radial tyre. These tyres with braced treads improve handling by reducing slip angle by over a third and the flexible side walls enhance ride.
The remarkable handling of the early Aurelias, in the hands of expert drivers, is self evident from their Mille Miglia and Targa Florio successes and a quote from Giovanni Lurani after a drive with Bracco in a 2Ltr. G.T. “Its fantastic. He flits round a corner like a bat”. These cars oversteered as the limit was approached but keep pushing and they roll onto the pillar bump stops (effectively a front anti-roll bar) and stability is restored. Fine for an expert but scary for mere mortals at a time when most drivers were experiencing heavy understeer on other designs which were still coming to terms with IFS.
Lancia changed to de Dion, predictably with increased understeer, after an executive order by Gianni following the vogue for competition cars and Jano's choice for the D50. For passenger cars this was a retrograde step as is evident from the fact that BMW copied the Lancia IRS design in 1962, TWELVE YEARS after the first Aurelia, and subsequently became recognised for setting the industry standard for handling. In 1968 Mercedes, Porsche and Datsun followed and it progressively became the suspension of choice for rear wheel drive cars until superseded my multi link designs some fifty years after the Lancia patent. 
As in the case of ride, Lancia were so far ahead of the industry that their pioneering work was forgotten. Who was the architect of the Aurelia IRS? Francesco De Virgilio. In his own words “The Aurelia rear suspension sprang from an idea of mine developed by specialists in suspension design”. 
Next (and last!) I will follow with a piece that argues that the Aurelia was the culmination of great Lancia designs that led the world. 

