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WELCOME

Mark Ortiz Automotive is a chassis consulting service primarily serving oval track and road racers. This newsletter is a free service intended to benefit racers and enthusiasts by offering useful insights into chassis engineering and answers to questions.  Readers may mail questions to: 155 Wankel Dr., Kannapolis, NC 28083-8200; submit questions by phone at 704-933-8876; or submit questions by    e-mail to: mortiz49@earthlink.net.  Readers are invited to subscribe to this newsletter by e-mail.  Just e-mail me and request to be added to the list.

TALL VS. SHORT SIDEWALLS

I am a Racecar Engineering subscriber and have enjoyed your later articles regarding tyre width and grip.

I seem to recall another one regarding wheel and tyre profile effects as well, but can't find it.  Was it written by you?  Do you remember in which issue it was published?

Basically, there have been some discussions about why the current trend to big wheels/small tyre profiles and why some racecars like F1 don't use a small-profile tyre.  One of the opinions is that F1 is limited to 13" wheels (to limit brake size), but if it wasn't, bigger wheels would be of benefit.  Personally I think the bigger wheels/smaller profiles are (beyond a certain point) just a styling and marketing exercise.
Any insight on this point?

I think I can recall having discussions about this, but I don't think I've addressed the subject in the newsletter or column before.  Perhaps I have done so on a forum at some time, or in private correspondence.  Checking my newsletter back issues list, I don't see any such article listed – only the one on why wide tires are better than narrow ones.
Are big wheels with low-profile tires just a styling fad or marketing gimmick?  In some market sectors they have become that, but this is a styling fad with some basis in engineering.
Actually, the trend to very low tire aspect ratios began in racing.  Low-profile tires are still used in racing, where they are allowed: Trans-Am cars, touring sedans and other production-based road racing cars, autocross cars, sports racing cars.  Tall sidewalls are only seen where the rules limit wheel diameter, and on the driven wheels in drag racing.

Thirty-five years ago, there were no street tires below a 60% aspect ratio.  If you wanted the low-profile look that the racing cars had, you had to buy racing tires.  People sometimes ran racing tires on the street, although of course that was illegal.  But that was the only way to get racy-looking tires with stiff sidewalls and sticky tread rubber.  Car shows were full of display-only vehicles with race tires.  The reason we now see low profiles on the street, and tall profiles in F1, is that street tire technology has belatedly caught up with discoveries originally made in racing, while racing rules have restricted F1 cars, and some other classes as well, to anachronistic wheel sizes.
Is this a bad thing?  Not necessarily, although it is a bit odd.  If you are running a racing series, it makes economic sense to restrict any technological progress that would require competitors to replace equipment or require manufacturers to retool.  If you are trying to keep speeds down and keep fields full, why would you permit anything that raises both speeds and costs?  As long as the cars go fast enough and make enough noise to put on a good show, that's enough, isn't it?
Certainly it is if you are openly promoting budget racing, with technologically restricted cars.  But if you are billing your series as the premier class in motorsports; if you are charging an arm and a leg for tickets; if everybody knows the expense to compete is ridiculous but this is part of the draw – then it becomes harder to defend draconian restrictions on tires and wheels.  And if you are still trying to justify the show as an exercise in "improving the breed", that really does get rather awkward.  Wide, low-profile tires are the main street-applicable technological advancement that racing can claim to have originated during the last forty years.
Are they really an advancement?  The questioner appears to have some doubt.

I say yes, they are an advancement, although they are something of a mixed blessing and have become a customizing fad.
Making the sidewall shorter and the wheel diameter bigger has two, or perhaps three, advantages.  First, it makes the sidewall stiffer.  Second, it makes room for bigger brakes.  And, if we don't use all the extra room for bigger brakes, we can get more air through the wheel.  If we shape the fenders properly, that lets us extract more air from under the car through the wheel wells.  This not only helps brake cooling, but also aids lift reduction/downforce creation.  This assumes, of course, that the car has fenders.
Are stiffer sidewalls always better?  I think we can say that for racing and for high performance applications, we want as much lateral stiffness as we can get.  There is some penalty in directional stability, because the car will have more tendency to "tramline", or follow edges in the road surface that nearly parallel the vehicle's direction of travel.  But a performance-oriented driver will generally put up with this to get more responsiveness and greater cornering power.  Greater lateral stiffness helps keep the tread flat to the road and prevent the tire from rolling under and concentrating load on the outside shoulder of the tread.
Greater vertical stiffness is more of a mixed blessing, and a more complex issue.  The tire is to some extent a secondary suspension system, acting in series with the main suspension system.  In stiffly sprung winged formula and sports racing cars, tire compliance may be as much as half of the total: the suspension may be as stiff as the tire sidewalls.
Considered as a suspension system, a set of tires is very good in some respects, and horrible in others.  For unsprung weight, it's unbeatable.  The only unsprung components are the contact patch and some material near it.  It has no camber change in ride.  On the other hand, it has no camber recovery in roll, and it is seriously underdamped.
We might be tempted to decide that we could accept a very high vertical stiffness from the tire, i.e. a very high tire spring rate, and get our compliance from the suspension proper, where we can get camber recovery in roll and control the damping properties.
However, there is one other factor: the tire's vertical spring rate is inextricably related to the contact patch size, and the contact patch size is related to the amount of grip we have.  As the tire spring rate approaches infinity, the contact patch length and area approach zero.  If the spring rate were truly infinitely large, the contact patch would be a line of zero width front to back, and the contact area would be zero.

The original objective of radial tires was to have greater vertical compliance and a longer contact patch, while still keeping the contact patch flat to the road in cornering.
Theoretical considerations aside, for most purposes practical considerations limit our sidewall height.  We have to have enough distance between the rim and the ground so that we don't damage the rim on pavement slab edges and potholes.  One of the features that has made today's short sidewalls possible has been the development of sidewall designs with a meaty region near the rim flange that protects the rim aginst both curb scuffs and pothole damage.  This is combined with a flexible zone closer to the tread shoulder that provides vertical compliance, albeit over a smaller range than with traditional construction.
It is important to note that sidewall height is not the sole determinant of sidewall properties.  It is quite possible to put a big, strong bead stiffener in a tall sidewall, and make it act like a short sidewall.  It will weigh a bit more, and the brake size will suffer, but the car will corner about the same as would with a short sidewall.  I am told that most "radial" racing tires are not actually radials at all anyway.  The main plies are actually not as close to 90 degrees as physically possible.  They are more like 70 or 80 degrees – closer to radial than a true bias-ply or the bias-belted street tires we saw in the '70's, but not truly radial.  In other words, relatively stiff construction is still favored where cornering performance is paramount, and therefore the trend toward short sidewalls for performance tires is fundamentally sound.

BRAKING DISTANCE, BRAKE TORQUE, AND TIRE TRACTION

I recently saw a quote by John Barnard about the early days of carbon fiber, where he said that Niki Lauda was braking for a certain corner at 100m but when carbon brakes were tried he could brake from 60m.

I have always been under the impression that if the brakes on a car were powerful enough to lock up the wheels, then the shortest braking distance would be dictated by the load on the tires and the coefficient of friction between the tires on the road.  Given the same tires and road surface, how can one type of brake stop a car faster than another one?

Perhaps John Barnard reads Racecar Engineering, and perhaps he will see this when it appears in my column, and perhaps he will favor us with his own explanation.  Absent this, I will speculate as best I can.

In theory at least, braking is primarily limited by tire traction, provided the brakes can lock the wheels.  The brakes can only stop the tires.  The tires then have to stop the car.  However, real world braking at the end of a straightaway is constrained by some additional factors besides sheer braking power.

First of all, the driver is not locking the wheels. The driver must avoid locking the wheels, in order to maintain directional control and not flat-spot the tires.  That means it is crucial that the brakes exert a predictable and consistent torque, and that the front-rear balance be appropriate.

It is important for the brakes to come up to desired torque promptly: they must have good initial "bite".  They must apply equally on both sides of the car throughout the braking event, so that no large yaw moments result.  Any problems in these areas will require the driver to brake earlier to compensate.
Brake release is more important than many people realize.  If the brakes continue to drag after the pedal is released, not only does that heat the brakes unnecessarily, it saps cornering power from the tires.  That lowers cornering speed, again requiring earlier braking.

Finally, brakes relate to driving technique, particularly as regards the ability to trail brake.  It is commonly believed that trail braking was adopted primarily because certain drivers, such as Mark Donohue, recognized that it could improve lap time by allowing braking to be delayed.  This is true, but it is also true that trail braking as we know it was not possible until the advent of brakes with good directional stability and consistency, and controllable release properties.  In the days of drum brakes, drivers had to do their braking in a straight line because brakes were not controllable enough to allow the driver to turn and brake at the same time, or to controllably reduce braking while feeding in steering.

Any combination of these factors could allow one set of brakes to outperform another approaching a particular turn, even if both designs can lock the wheels.
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