RACING - DRIVING

From: Farzaan Kassam fkassam@direct.ca 

Subject: Launching from a stop

2. Launching:

Personally, I don't like losing in auto‑x because my car has no low end torque, so I've spent the whole year mastering a launch and I think I've got it down pack.  This launch is not an all‑or‑nothing type, it's not going to give you that last 1/10th at the drag track, but what it will do is give you consistent launches and similar launches to other non‑turbo cars.

I get up to the line and rev the engine to get a feel of what the car is feeling.  I rev it up to around 4500rpm, once the revs drop to around 3500rpm, I start to let out the clutch while I get on the gas.  This is kind of like slipping, but if done right, there is almost no slipping involved (except for a few rotations from the tires).  The car should accelerate at a rate that prevents the clutch or tires from slipping.

This launch technique was so successful on Saturday that I launched so hard, when I shifted into 2nd, I had the car completely wound up and on the edge of traction and had to make a kink.  This, of course, set into action the infamous 944 wag, or the new name I'm giving it, the Transaxle Toss, countersteer right, countersteer left, then right again and damn, lost it!  You shouldn't have problems like this though since most of you use those tame computer chips:) not the torque rise that the turbo cup units have.
Farzaan.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑----------------

From: gUmBy agambard@slate.Mines.EDU 

Subject: Re: launching a 951

I've had best results launching my 951 at about 5000‑5500 rpms.  The problem with lower rpms is that they are much more likely to drop.  Like people said earlier, you slip it out instead of dropping it. You don't want to spin your tires at all because then you lose acceleration.  Get a Centerforce Dual friction clutch and you won't have any problems.  As for the tranny wear and such, as long as you don't drop the clutch, they shouldn't wear excessively (dropping the clutch puts serious torque along everything while slipping lets the clutch and basically the clutch alone take the abuse).

andrew, '87 951

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑----------------

From: Farzaan Kassam fkassam@direct.ca 

Subject: Little tricks.

Here are some tricks that allowed Paul and I to be more competitive in autocrossing this year:

1. When waiting in the starting line, keep the engine running, DO NOT SHUT IT OFF.  Remember, it takes exhaust pressure AND heat to spin that turbine.  The colder the exhaust, the less boost can be created.  If the exhaust is only luke warm, the max I've been able to get in 1st is 12psi, and usually it's 10psi.  By the time you shift into 2nd, the exhaust should be hot enough to get up to 14psi.  If it's nice and hot and the coolant is hot, the car will be able to produce an easy 15psi in 1st gear.

2. Drag your brakes up to the start line, you'll need all the heat you can get.

3. Learn how to launch your 944T, it's worth 1‑2 seconds on a run.  If done properly, no undue stress should be placed on the car.  Learn to spin the tires, not the clutch, and even then, the tire spinning should be only for a few rotations.  Learn on something with a cheap clutch :)

4. Fill the gas tank full, unless you really like power‑on oversteer.  With the wonky boost chips I have, my car is almost uncontrollable with an empty tank on street tires.

5. Make sure your compressor bypass valve is operational.  I disconnected mine to know what it feels like if and when it goes bad.  The first time you apply throttle, there is no difference, but the second time when you get off it and on it quickly, the boost is not there and it has to build it again, think slalom, think on and off, think you are losing time if that cheap part is not working, not to mention the extra stress you've put on the turbo.

6. If you have stock suspension, huck the car around the course.  You'll be surprised with the results.  While being smooth is essential, getting the car over to the Apex as soon as possible is even more important.  Because of the soft suspension, fast "jerky like" actions feel like you are being jerky and therefore slow.  Wrong.  You need to get the car to take a set as quickly as possible, throw the car through the course and videotape your run.  From the outside, it looks like you are smooth as glass, but inside, you feel like a hack.  The only difference is your time will be much faster when you throw the car around a little.  If you have modified your suspension to make it stiffer, the car will take a set faster and you do not have to manhandle the car as you will automatically become more aggressive as you get more comfortable.  I watched a video clip of a 924 being driven by Hans Stuck and couldn't believe what he could make that car do.  I tried the hucking method the next auto‑x and we haven't looked back since.  Remember, smoothness with aggression is the ultimate fast way through a course.

7. Plough is your enemy, set the car up twitchy in auto‑x, it's faster than neutral.  I like a twitchy car on the track too if I have sticky tires.  If you are ploughing in an auto‑x, next time around, make a special effort to slow down there.  Even though it feels like you could run faster around the cone, you'll likely drop 0.3‑1.0 second off your run.

8. Steer with the rear.  Use the throttle at medium‑high speed corners to get the car through the corner faster.  It also allows you to develop boost for the exit, which is very important.

9. With turbo cars, slow‑in fast‑out works.  Come in hard, but make sure you are on the throttle as soon as you are turning in.  You only really need to use trail‑braking in some circumstances.  I know a lot of people use it for turning the car in, but that's what alignment is for.  All of the National calibre drivers I've been with have not used it except in very tight situations, it's much more important to get out of the corner with acceleration than to come into the corner harder.

10. Position yourself correctly in the seat, and sing a stupid song to yourself before going for a run, it calms your nerves.  At the start line, before running, hit your chest twice, this gets the adreneline flowing, but be careful the first time you do it, both Paul and I spun when we tried it for the first time.

I've taken a risk by giving this info out; there will definitely be people who think I'm an idiot and that all I've written is wrong.  Take it for what it's worth.  Paul and Darren both use advice like the above, and I feel that Paul is turning into a national calibre driver and Darren has also shown some serious promise.  

When you take all these little things and add them up, it makes quite a difference.

Happy autocrossing!
Farzaan.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑----------------

From: "Menelaos N. Karamichalis" menelaos@starnet.net 

To: Da 924/944/968 List 924‑944@porschefans.com 

Subject: re: downshifting

As far as preventing the over‑revving of an engine on a downshift, I found it easier to simply learn the speed each gear generates at 3krpm.  Ie 2nd @ 3kprm is 30mph and 3rd @3krpm is 45mph.  If I am going 48 and downshifting from 5th or 6th (I wish) before a turn, 4th gear will bog the engine, 2nd is probably too much and the tail may get kicked out(this is reserved for Mr. WOT), 3rd will do fine (no this is not the Goldilocks fairy tale).  Smoothness counts most, IMHO. Picking an engine speed that puts one close to the beginning of the torque curve seems appropriate.  This way I do not have to sequentially downshift and yes, I do double clutch, good transmission oil that has warmed up helps a lot.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑----------------

From: "Henry A. Watts" hank@CAMDesigns.com 

Subject: Re: "line" critiques

While much of what Ross said is certainly true, the more general truth is that lines don't differ too very much among most of the cars you'll see at a club race.  Get some motorcycles, NASCAR cars or F1 cars on  the track and the story begins to change.

The line can be thought of as both the path the car takes and what the driver is doing with throttle, brakes and steering along that line.  The biggest differences will be in the use of throttle, brakes and steering.  For those cases where you're not hiding the right path from a competitor, practicing alternate lines, avoiding surface problems or trying to keep someone from passing you, the PATH is pretty much dependent on a few factors: the extent to which the car will increase speed from the beginning of the corner to the exit point, the extent to which the driver is willing to accept increased risk by using an earlier apex whether the car has the ability to generate power‑based oversteer on this surface at this speed in this corner.

Cars that won't accelerate much in a corner (most 914 fours) should normally be on a line that is pretty much a constant radius curve, which ends up being more‑or‑less a neutral apex point.  The greater the ability of the car to accelerate in the corner, the later the apex will need to be, but, again, the differences in apex point are usually a very few feet at most.  The turnin point may be different by 10‑15 feed in the most extreme comparisons.

The safe line at the beginning (of a day, a career or learning a new track) involves somewhat later turnins and later apexes.  The search for optimal lap times pushes the turnin and apex points back to a more neutral position.

With a car that understeers mightily, the driver might be on the brakes (somewhat lightly) to the apex and beyond, while a 911 set to "twitchy" might have to put the loud pedal all the way down before even initiating the turn.  But the paths they are on will still be pretty similar.

A key exception to this is for certain turns where the optimal path isn't at all clear.  There are some turns that involve intricate tradeoffs between finishing one turn and beginning the next.  At issue may be where to be where you turn in to the second turn, with tradeoffs involving extra ground covered (to get wide enough for the second turn entry, for example) versus the higher speed through the corner if you do get wide enough.  The real truth of the matter will somewhat depend on the length of the straight after the second of these turns.  Turn 9 at Laguna Seca is like this, and there were also some issues at ThunderHill (original configuration) between three and four and 8 and 8A.  At Seca you can see the professional drivers taking a number of lines into 9.  The bikes (which are very much point‑and‑shoot vehicles, sort of the ultimate 930) usually don't even bother to set a proper entry for 9, heading from the exit of 8A to more‑or‑less the apex of 9, effectively creating the earliest apex conceivable.

Forgetting about formula, NASCAR and bikes, even within competent club racing you'll see a lot of variety in such corners.  Ask 5 good club racers/time‑trialers about their line in 9 at Seca and you'll get five different answers (six, if one of them went to Stanford!) 

hank

---------------------------------------------------------------------------------

Subject: proper line

I highly recommend Alan Johnson's book "Competition Driving." It is (in my opinion) the best primer for competition driving I've seen. There are many books out there, some of them VERY good. Henry Watt's book is also spoken highly of.

skip carter, trackside products, build4@aol.com 

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑----------------

From: paul.foster@micromuse.com 

Subject: Trail Braking

On Thu, 8 Jan 1998, Doug Donsbach wrote:

That is bang‑on. The purpose of trail braking is to induce oversteer.  Application of the brake while turning will cause the rear tires to be overstressed to the point where they are losing some adhesion, which is what you want. Anything abrupt at this stage will cause the rears to slide even more causing more oversteer. It is the opposite case of the 911 plague ‑ trailing throttle oversteer.


Paul Foster

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑----------------

From: Farzaan Kassam fkassam@direct.ca 

Subject: Accident.

>stoplight in the outside lane of a two lane left turn.  Very wet roads but only >light rain at the time.  I have an 88 951 with 3 month old SP8000s in the rear >and old SP8's with about half the tread left on the front

----------

You've asked for comments, so I will give them, but please realize that I was not there, so it's difficult to figure out what happened.  I am very sorry to hear about your accident, and I feel that you did all that you really could to save the day.  The most important thing is that you are ok.  So, what would I have done different?  I would have given in earlier. I don't know about others on this list, but I find that once the tail starts to slide in a 944TS, you get one chance to catch it, after that, it's best to ease off the throttle or if you are already spinning, put two feet in.  Basically, if the rear steps to the right, you countersteer, if it comes back and swings to the left (I call this the transaxle toss), at that point, if you countersteer again, there is a good chance you are just increasing the velocity of the rear when it comes back to slide again to the right, so instead, I don't countersteer and keep light pressure on the throttle and keep the steering straight.  That seems to bring the back into a straight line again without the second round of "t‑tossing".  When it does straighten though, I find it comes into line really hard with a very sudden jerk, but it does straighten.

>straightened the wheel but ran out of road.  By this point, I was doing under >10mph when I caught the curb with the right front at a slight angle (<15 >degrees).  My control arm snapped right in half while my wheel suffered only a >1/4 inch gouge at the rim.  From there, things only got

----------

Depending on how you hit the curb, damage can be super variable.  I've seen some cars tap curbs where wheels and control arms are broken or even worse, the strut goes through the hood!  I've also driven a car over a curb where the damage was a wheel with a 90 degree pie‑chunk taken out of it with control arms and alignment still perfect (previous car).

>brain is working under those circumstances :‑(  I also know I let the car try >to ride it out for 2 "wiggles" as it tried to grab.  I did not come off the gas. >Should I have?  I'm sure the rpms went up as the rears spun but I don't >remember.  

----------

This is an area where I'm looking forward to other people's responses. Like I said above, I give myself one chance, one movement to the side, countersteer, if it slaps the other way, then I ease it into center and ease back the throttle, so far it's worked.  One thing I should mention here is that your tires are NOT helping you at all.  I love the feel of SP8000's, I like the grip and the wear, but for some reason they do not slide straight in the rain.  I have a hard time of making the S‑02 slide sideways in the rain, they light both rear tires up and the car still goes straight.  With SP8000's, the car used to pitch IMMEDIATELY when the rears broke loose (this is in wet conditions that would not take the better hydroplaning ability of the S‑02 into consideration).

>Reviewing the accident in my mind, I'm very disappointed.  First, I'm unhappy >with the hardware (car).  I don't feel like the fronts should have

----------

You shouldn't be unhappy, you came out safe and that's all that really matters. There are incredible forces taken by a car when it hits a curb at any speed; you get quite a jolt going up a on a poorly designed entrance ramp at 2mph, imagine the jolt of going up a 4" high curb at 10mph!

>had (relatively) plenty of time to react.  Yet I seem to have reacted with my >testicles rather than my brain.  By the way, I found these appendages

----------

All of my spins have been at an auto‑x or a track event and even there, it's hard to think properly when it's all happening.  I think a key thing to remember is to know when to give up.  Sometimes, it's better to give up, then to try to save it, trying to save it in some circumstances can lead to a higher speed or more dangerous situation.  I want to make it clear that I am not saying that you did anything wrong, just a comment on my part.

>lodged firmly at about mid chest later that evening.  I should have gone into >the turn more slowly, I might have been able to turn into the skid more >smoothly, I could have ridden it out (even into the curb), I could have let the >counterslide finish it's course.  I distinctly remember a "freeze frame" of >being almost in control of the car at 90 degrees.

----------

You came out safe and didn't hit another, that's what matters.  Should've, could've, would've doesn't matter, no one was hurt, a control arm is cheap compared to a human arm!

>Comments welcome.  Please try to keep the recriminations down as I feel bad >enough already :‑(  About the only small note of >sunshine in this is that I

----------

I hope I haven't come across harshly.  I've seen other VERY GOOD drivers spin their 944's on the street, all seem to have the M030 suspension. Paul and I have not, but we drive VERY slowly in the rain after some scarey close calls.  And, especially having driven in the rain on the track, I think we know what can happen in a split second and a split second is too short of a time to correct something on the street, with all the variables around.

Anyhow, I hope you feel better as the days go on and don't feel bad, even Hans Stuck spins his GT‑1 once in a while!  Wait till you drive your 951 in the rain on slicks, anyone that has seen my video saw me do a doosey at Kent in the rain with the Hoosiers on, almost no warning, just turned right around!
Farzaan.

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑----------------

Subject: Re: Lifting in A Corner, 11/3/98L

From: "James S. Bricken" j911brick@sprintmail.com 

>If so, that's different from the load transfer that takes place when you >accelerate or decelerate.

----------

Yes, this is actually what I ment.

>However, as you point out, it will also cause the bike to "oversteer" because >the increase in traction will be more than offset by the increased centrifugal >force acting on the rear wheel (due to rearward movement of the c of g).

----------

Exactly!

>Lateral forces acting on the front and rear don't change as long as speed, >turning radius and c of g remain constant,

----------

Agreed.

> but traction increases (with more load) or decreases (with less load).

----------

Pehaps I'm just reading you wrong, but this sentance seems to be in contradiction to the last sentance of the first paragraph, and my experiance.  Otherwise I agree with your analisis.


james

---------------------------------------------------------------------------------

Subject: Re: Suspension Balance and Weight Shift, 11/3/98L

From: scott@winders.com 

<< I have been a car nut long enough to understand the basic principle that says that, all other things being equal, increasing spring rates at one end of the car will increase weight transfer to that end of the car when the suspension is loaded.  In other words, stiffening rear sway bars will tend to increase the tendency to oversteer. >>

----------

>Not exactly.  Increasing roll stiffness (using, for example, either stiffer >springs or swaybars) at one end will increase the LATERAL load transfer at that >end relative to the other end at a given cornering force.  It won't actually >cause weight transfer from one end of the car to the other.  For example, if a >car has a 50/50 front/rear weight distribution, it will maintain it regardless >of front and rear spring rate and roll resistance.  However, the stiffer end >will transfer more load from the inside tire to the outside tire, thereby >diminishing total traction at that end of the car, relative to the other end. >Therefore, a stiffer rear swaybar will increase oversteer. 

----------

Not quite right, I'm afraid. Roll stiffness variations front to rear will indeed affect the actual body roll induced weight transfer distribution.  If the front and rear roll stiffness are not exactly equal, a car with a 50/50 static weight distribution will not maintain that weight distribution once a lateral force is involved. Heck, it does not maintain that weight distribution when accelerating or decelerating either. In other words, the only time we actually have the 50/50 weight distribution is when the car is at a standstill on level ground or is moving at a constant speed on level ground. Not something we see very often with our race cars when we are racing them.

The end of the car with the highest roll stiffness will see most of the weight transfer caused by body roll. I believe that you are attempting to call this "load transfer" which is really the same thing. What is "load"? It is weight!

To make an extreme example, design a car with a front suspension that has zero roll stiffness and a rear suspension that has a certain amount of roll stiffness. When cornering, all the weight transfer caused by body roll will be at the rear of the car. The mass will not be there, but the weight will be.

>That's a simplistic, and incomplete explanation.  There are books written on >this topic.  Good ones have been done by Carroll Smith, Fred Puhn and Paul >Frere, among others.  That said, I'll take a simple cut at your other >questions, to convey the basic idea.

>

<< 1) why?  what happens in the suspension that causes the weight transfer? >>

> 

>Weight transfer (maybe better referred to as load transfer) isn't caused by the >suspension.  In the case of cornering, it's a factor of centrifugal force, >center of gravity height, and track width.  In fact, a vehicle with no >suspension at all will transfer weight or load in a turn.  However, in a car >with a suspension, given that the c of g is above the roll center of the >"sprung" part of the car, then the stiffer end will transfer more weight from >the inside wheel to the outside wheel at that end of the car as the body rolls >under the effects of centrifugal force.  This is due, in simple terms, to the >greater resistance to the roll couple provided by the stiffer suspension. 

Weight transfer (the correct term to use here) is caused by body roll, roll center height, and unsprung weight. While weight transfer is not caused by the suspension, the suspension clearly affects the weight transfer distribution front to rear.

<<2)  There seem to be some paradoxes in how cars handle in general.  In other words, weight transfer, as defined by changing suspension balance, increases oversteer as weight shifts towards the rear of the car (in above example). However, weight transfer to the rear, in a 911 anyway, is good in the sense that traction is increased.  Another example:  Conventional wisdom says increasing the front spring rates increases weight transfer to the front, and thereby, increases understeer.  However, braking or lifting, also increases weight transfer to the front but is often more likely to induce oversteer.  HMMMMM..... >>

>

>Again, you can't transfer weight from the front to the rear by altering >suspension stiffness.  The stiffer end transfers more load to the outside tire >at that end.  The reason it reduces overall traction at that end is that >traction goes up at a diminishing rate as load on the outside tire increases, >because the coefficient of friction goes down as load goes up.  Conversely, >traction at the inside tire decreases at a rising rate as load comes off.  >Consequently, total traction at that end is diminished.  Look at it this way: >if two front tires each generate 400 lbs of lateral traction force when loaded >by a force of 500 lbs, total traction force is 800 lbs at the front.  If the >outside tire is loaded to 700 lbs, its traction may increase to something like >550 lbs, but the inside tire -- now loaded with 300 lbs, may decrease to 200 >lbs, resulting in total traction force at the front of only 750 lbs. 

Again, you do indeed transfer weight from the front to the rear by altering the roll stiffness. Otherwise there would be no load to transfer to the outside tire.

You have the tire scenario a little mixed up as well. The more vertical force (weight) you put on the outside tire, the more side force the tire can exert against the pavement. The problem is that the increase in side force is not in proportion to the increase in vertical force so overall grip is reduced. The inside tire actually gains grip due to the decrease in vertical force but it does not gain enough grip to offset the loss of grip by the outside tire. Your example with the 800 pounds is exactly backwards.

<< Also, one other point.  Left foot braking is a great technique, IMHO, because it gives you the ability to fine-tune weight transfer. However, has anyone other than me ever noticed that using a handbrake (rear brakes only) in a straight line INCREASES weight transfer to the rear of the car?  It seems to me that the moment created by a braking force would increase transfer to the front.  >>

>

>Never noticed that.  What makes you think it's happening?

----------

I have not examined the physics of this but I can tell you that using the rear brake on my motorcycle causes the rear end to squat. The implication is that weight is transfered to the rear when the rear brake is used. When racing my motorcycle I know that I use the rear brake to load the rear tire. This is evidence that using only the rear brake transfer weight to the rear. 

I don't see why the results would be any different in a car. 

Scott Winders, scott@winders.com 

---------------------------------------------------------------------------------

Subject: Re: Suspension Balance and Weight Shift, 11/3/98L

From: KGBELDEN@aol.com 

<<Not quite right, I'm afraid. Roll stiffness variations front to rear will indeed affect the actual body roll induced weight transfer distribution.  If the front and rear roll stiffness are not exactly equal, a car with a 50/50 static weight distribution will not maintain that weight distribution once a lateral force is involved.>> 

----------

Roll stiffness variations will only affect the weight transfer distribution between the two outside tires.   There'll be no change in the overall front/rear weight distribution.  For example, let's say a 2000 lb. car with a static 50/50 weight distribution and equal front/rear roll stiffness cornering at a given steady state transfers 500 lbs from the inside tires to the outside tires.  The outside tires will each be loaded at 750 lbs; the inside tires at 250 each.  Now let's theoretically stiffen the front of the car and soften the rear, making no other changes.  In fact, lets stiffen the front to the point where the inside front wheel just lifts off the pavement in the same steady state turn.  All 500 lbs of lateral weight transfer will be at the front (1000 lbs on the outside front; 0 on the inside front).  However, the front/rear weight distribution has not changed.  There's still 1000 lbs on the front pair of tires and 1000 lbs on the rear. 

<< Heck, it does not maintain that weight distribution when accelerating or

decelerating either. >>

----------

True, but that's a different matter.  Now you're introducing longitudinal weight transfer.   That shifts weight between the front and rear by definition.

<< To make an extreme example, design a car with a front suspension that has zero roll stiffness and a rear suspension that has a certain amount of roll stiffness. When cornering, all the weight transfer caused by body roll will be at the rear of the car. The mass will not be there, but the weight will be.>>  

----------

See example above.  You're right that all the weight transfer will be at the back, but that doesn't mean that weight is being shifted from the front to the rear.  That can only happen if you physically change the center of gravity, change the wheel base or introduce a longitudinal acceleration.  It does mean,

however, that the outside wheels will not be loaded 50/50.  In my example above, the car's overall front/rear weight distribution is 50/50, but under the given circumstances, the outside tire load is distributed 1/3 rear and 2/3 front. 

<<Weight transfer (the correct term to use here) is caused by body roll, roll center height, and unsprung weight. >>

----------

No.  Lateral weight transfer (or load transfer; call it either) is determined by lateral acceleration (g) x weight (sprung and unsprung) x center of gravity height, divided by track width.  Roll center height and unsprung weight are factors in body roll, and yes, body roll and roll resistance in the suspension will affect weight transfer distribution to the outside tires (not total front to rear).

<< Again, you do indeed transfer weight from the front to the rear by altering the roll stiffness. Otherwise there would be no load to transfer to the outside tire.>>

----------

Sorry; I don't understand the statement.

<<You have the tire scenario a little mixed up as well. The more vertical force (weight) you put on the outside tire, the more side force the tire can exert against the pavement. The problem is that the increase in side  force is not in proportion to the increase in vertical force so overall grip is reduced. The inside tire actually gains grip due to the decrease in vertical force but it does not gain enough grip to offset the loss of grip by the outside tire. Your example with the 800 pounds is exactly backwards.>>

----------

The first part of what you're saying is right; same thing I was saying.  The second part, regarding the inside tire, is wrong. A tire doesn't gain grip when vertical force is decreased.  If it did, they'd turn the wings on race cars upside down.  You may be referring to the fact that a tire's coefficient of friction goes up when load is decreased and goes down when it's increased. However, coefficient of friction is merely a ratio, used in determining grip or traction.  It's meaningless until you introduce vertical load (or weight). 

Here's a simple example.  Let's say a tire is loaded with 1000 lbs of vertical force and has a coefficient of friction at that load of 1.  That tire can theoretically generate 1000 lbs of cornering force.  Now let's load it with another 500 lbs.  The coefficient of friction will decrease to, say, .9 (for sake of arguement) but the cornering force (traction, grip, whatever) will increase to 1350 lbs.   Conversely, if the same tire is unloaded by 500 lbs (to a vertical force of 500 lbs), the coefficient of friction will increase to, say, 1.1 but traction will be reduced to 550 lbs.  In this example, the increased traction resulting from the additional load of 500 lbs. is 350 lbs. but the decreased traction resulting from the loss of 500 lbs of vertical force is 450 lbs.  If these were the inside and outside tires at one end of a car, experiencing 500 lbs of weight transfer, then overall traction at the front would be reduced by 100 lbs.  That's what causes a car to understeer if front roll stiffness is increased (all other things equal, and many other factors ignored for simplicity's sake).

My original example is correct.

<< I have not examined the physics of this but I can tell you that using the rear brake on my motorcycle causes the rear end to squat. The implication is that weight is transfered to the rear when the rear brake is used. When racing my motorcycle I know that I use the rear brake to load the rear tire. This is evidence that using only the rear brake transfer weight to the rear.  I don't see why the results would be any different in a car. >>

----------

Squat doesn't equate to weight transfer, and has little effect on it.  I suspect what you're experiencing is the effect of the anti-dive geometry designed into your bike's suspension, combined with the torgue reaction of applying the rear brake.  If a vehicle is decelerating, regardless of whether due to front braking, rear braking or engine braking, weight will transfer forward. If it's accelerating, it will transfer weight rearward, whether it has front-wheel or rear-wheel drive.


 Kevin Belden

---------------------------------------------------------------------------------

Subject: Re: Lifting in A Corner (long), 11/3/98L

From: "James S. Bricken" j911brick@sprintmail.com 

Welcome Mr Watts, I've been expecting you. Your book, as well as many others, has been the topic of discussion among many of my friends and myself, on this very subject. We've been hashing this out for about a year now. Thanks to Fred Puhn, I winning.

Let me start where its easiest for me...

>And tell me, under what conditions, on a bike, did you want the front to slide, >or are we talking just rear tire here?

----------

No, we are in fact talking about sliding the front as well. This technique <had to look it up this time> is used by most all competitive riders. Primarily, if you get into a corner too tight, you can back off the throttle, and induce a front drift/slide, to widen the corner; its called pushing (understeer). The really good riders can enter a corner under this condition (rear wheel in the air), set the bike neutral for the apex,  and power slide (oversteer) on the way out with the front wheel in the air. The only place I could get this right in its entirety was Turn one at Hochinheim Ring; I tried it in One at Daytona, but it

only proved to be a quick route to the Med. Station. So now you know. 

>Do you suppose there's a reason that dragsters tend to have the motors placed >somewhat rearward, in that exact spot where, under substantial forward >acceleration the weight will be almost directly over the rear, driven wheels?

True indeed (I knew somebody would use this as an example)! ...when, as in this example, we are only discussing a vertical componate gravity.  But our discussion is in relation to horizontal/lateral componates of gravity. Lets say for example we want to actually corner this dragster; we'll need to add a little weight and tire to the front, so it will in fact turn realistically, and what do we have? A 26 foot 911. This really isn't an apples to apples comparison.

Which brings us to case-in-point... Front heavy cars tend to have a natural tendancy to understeer, and rear heavy cars have a natural tendancy to oversteer. This logic does not agree with the asumption: "shift/transfer weight to end you want to increase traction", as you suggest. 

>Be sure not to confuse slip angle with sliding.

----------

I'm not.

>Even before sliding, adding weight to a tire (other factors remaining more or >less constant) will cause the slip angle to reduce.

----------

Not. If we're talking about cornering, and you add weight, you increase the vertical force; but you also increase the lateral force as well. When you increase the lateral (cornering force), you also increase the slip angle. I quote from Puhn (and I hope I'm not out of context); pg. 45: "Thus increasing the lateral weight transfer increases the average slip angle for the pair of tires. This means a total increase in tire distortion, or a net loss of grip for that pair of tires" 

Think of it like this: assume you have a 944 and a Viper (yuk). You can achieve X cornering speed, in corner A, in the 944 on 225/50 tires. Now lets add some weight to the 944; say, to equal the weight of the Viper (yuk). At this point it would just be easier to put the 944 tires on the Viper (yuk). Now, do you think the Viper, with the narrower 944 tires, will have a lessor or greater cornering speed than the 944 with the same tires?

Moral of the story: weight,and weight transfer, is bad. Puhn; pg 44.

I learned this lesson in Turn Nine at Nuerburgring, in training: on my GSXR 750, I was in a perfect two-wheeled drift on track-out at about 105mph, when a 125cc bike, with his bicycle size tires, got under me and passed me like I was tied to the fence post. How? he weighed 300lbs less, and thus exerted less lateral. Even though I had more than twice the horsepower, and twice the tire, he could still lap faster than me.  

>Actually, my hunch is that the fwd example is more in line with your theory, >especially with regard to left-foot braking.

----------

No, I'm pretty confidant I had it right. I've never done left foot braking so I can't really comment.

>The ability to tighten a line (turn in a bit more) is available from a SLIGHT >LIFT of the throttle, even if the engine is still pulling the car forward.

Are we talking pushing or pulling here? I consider a rear wheel drive car to be pushing forward, not pulling; so, for the sake of simplicty, since most Porsches are rear drivers, lets confine are discussion to rear drive cars.

>It's often called 'breathing out'.

----------

Sorry, but in 10 years of racing, I've never heard this term. I've even read your book. Perhaphs I keep missing it in the two dozen or so books that I've read (sometimes I miss things). If you have a referance, I'd be more than happy to bring myself up to date. I've checked the indexes of both books I have at hand, yours and Puhn's; nothing!

>This does not induce decellerating drag or sliding of the rear tires, it just >lets a little weight transfer from the back to the front (the fact that much of >the weight is on the outside of the car is true by not particularly relevant

>to this discussion).

---------- 

Actually, I think lateral weight transfer is the discussion; since the mass is attempting to move to the outside of the corner, at a tangent 90deg to the direction of travel (or something like that). We are in fact discussing the behvior of the car in this attitude. 

>In fact, and especially on big tracks (in contrast to autocross), it is normally >counter-productive to actually induce a slide. 

----------

Not true; especialy in a 911 (which we are both familiar with), you steer a 911 with the throttle, even on a fast course. At TWS, I'm throttle steering in turns 1, 1A, and 2 (its sortof all the same turn like the sweeper at Willow) at 130mph (entry speed, exit speed is more like 100mph for me).

>One is simply trying to increase grip at the front by providing more weight (the >mass is already there and trying to work itself off the track to the outside of >the corner).

----------

IF, the front end is not drifting, it already has adiquate grip. Nothing you do will increase the grip if your not sliding allready. This is not totaly relivent to TTO since you can induce a TTO condition without ever having drifted the front. I do it all the time.

>Same deal with trail-braking.

----------

Can you elaborate a little better here?

>You won't see the formula folks doing a lot of slewing the backend around to >reposition the car, but I can assure you that they are using throttle and brakes >to balance the car out to achieve whatever objectives are immediately on their >mind.

----------

This is true, the F-1 guys are smooth, so you don't really see it, but where are you going with this?

>It's my impression that the reason left-foot braking works better on fwd is >that, in addition to the weight transfer and slip angle changes, the extent to >which the braking bias allows brakes to be applied to the rear tires creates <drag,

----------

Not entirely true; my Audi Coupe GT (ran H-stock for two years) had a proportioning valve that released the rear brakes as the rear got light.  So, when rear wheels were in the air, they were still spinning, even though I was on the brake. I may have a picture of this somewhere.

>removing some of the cornering capability and helping to rotate the car (again >without actual, full-bore sliding if it's done correctly).  back end get looser, >but that has no relevance to the cars.  

----------

I mainly use this as an example to solicet perspective; but it seldom works because most people have less of an understanding of motorcycle dynamics, than they do automobile dynamics.

>Partially true, but does not yield the answer you want.  See Puhn's book.

----------

I'd be more than happy to investigate any specific referance in Puhn's book. If I'm wrong, I want to be the first to know. I suggest a review of pages 10-12, and 44-45.

>If both tires are at maximum traction (a somewhat unlikely scenario, given

----------

Have you ever heard of a 4-wheel drift?

>the idiosyncracies of even well-setup cars and the fact that we are accelerating >as much as possible, most likely, and we haven't specified the shape or speed >of the corner . . 

----------

Again, for the sake of simplicty, lets keep generic. How bout we just use a simple model: 90 deg., constant radius, 75 mph, turn; at the apex.  Nothing fancy, no tricks, no special conditions; just constant, steady state cornering.

>but let's go with it) it is nevertheless true that the effectiveness of the tire >from which weight is removed will decrease faster than the tire to which weight >is added.  So by lifting, the front tire traction may degrade, but not as fast >as the rear tire traction.

----------

Thats basicaly correct; I think.

>Au contraire.  If THE ONLY THING that weight did was increase traction, we >certainly would be adding it.  Unfortunately, the weight has to be accelerated, >decelerated, and hustled around the corners, so it becomes a net negative.

----------

OK, we agree on this; sortof: Puhn, pg.44.

I hope we're not arguing the same point. Its been fun Hank, But its 4am and I can no longer think right. I have more, and I'd be happy to continue later.

Keep in mind, the discussion is about the cause and effect of lifting in a corner (or TTO). Something we have both failed to consider is how the suspension geometry changes in this process.

Regards,james

---------------------------------------------------------------------------------

Subject: Re: Suspension Balance and Weight Shift, 11/3/98L

From: scott@winders.com 

<<Not quite right, I'm afraid. Roll stiffness variations front to rear will indeed affect the actual body roll induced weight transfer distribution.  If the front and rear roll stiffness are not exactly equal, a car with a 50/50 static weight distribution will not maintain that weight distribution once a lateral force is involved.>> 

>

>Roll stiffness variations will only affect the weight transfer distribution >between the two outside tires.  There'll be no change in the overall front/rear >weight distribution.  For example, let's say a 2000 lb. car with a static 50/50 >weight distribution and equal front/rear roll stiffness cornering at a given >steady state transfers 500 lbs from the inside tires to the outside tires.  The >outside tires will each be loaded at 750 lbs; the inside tires at 250 each.  Now >let's theoretically stiffen the front of the car and soften the rear, making no >other changes.  In fact, lets stiffen the front to the point where the inside >front wheel just lifts off the pavement in the same steady state turn.  All 500 >lbs of lateral weight transfer will be at the front (1000 lbs on the outside >front; 0 on the inside front).  However, the front/rear weight distribution has >not changed.  There's still 1000 lbs on the front pair of tires and 1000 lbs on >the rear.

----------

The first point that needs to be made here is that the only weight transfer I am talking about is the weight transfer due to body roll. That is all we can adjust with the roll stiffness of the suspension.

Think about what you are saying here. If it were not possible to distribute the weight transfer to the front or the rear using roll stiffness changes, we could not adjust the oversteer/understeer characteristics of our cars using springs and sway bars.

I am sorry, but the actual weight distribution is changed when going around a corner. Let me quote Puhn directly (Page 41):

   Here is the secret of chassis tuning: The suspension with the

   highest roll stiffness will receive the largest portion of

   weight transfer caused by body roll.

If there is 200 pounds of weight transfer due to body roll, the end of the car with the highest roll stiffness will receive the majority of that 200 pounds. If this were not true, adjusting a sway bar would have no affect on the understeer/oversteer characteristics of a car.

This weight transfer is just as real as the weight transfer that occurs when braking or accelerating.

<< Heck, it does not maintain that weight distribution when accelerating or decelerating either. >>

---------- 

>True, but that's a different matter.  Now you're introducing longitudinal weight >transfer.  That shifts weight between the front and rear by definition.

----------

Sure, but does this affect the weight distribution on the suspension while

accelerating or braking in a corner? Yes, it does!

<< To make an extreme example, design a car with a front suspension that has zero roll stiffness and a rear suspension that has a certain amount of roll stiffness. When cornering, all the weight transfer caused by body roll will be at the rear of the car. The mass will not be there, but the weight will be.>>  

>See example above.  You're right that all the weight transfer will be at the >back, but that doesn't mean that weight is being shifted from the front to the >rear.  That can only happen if you physically change the center of gravity, >change the wheel base or introduce a longitudinal acceleration.  It does mean, >however, that the outside wheels will not be loaded 50/50.  In my example above, >the car's overall front/rear weight distribution is 50/50, but under the given >circumstances, the outside tire load is distributed 1/3 rear and 2/3 front. 

---------

Huh? The location of the mass is not changing. But where the weight from that mass is distributed is shifted and it is no longer 50/50 front to rear if the roll stiffness of the front and rear are not equal.

<<Weight transfer (the correct term to use here) is caused by body roll, roll center height, and unsprung weight. >>

> 

>No.  Lateral weight transfer (or load transfer; call it either) is determined >by lateral acceleration (g) x weight (sprung and unsprung) x center of gravity >height, divided by track width.  Roll center height and unsprung weight are >factors in body roll, and yes, body roll and roll resistance in the suspension >will affect weight transfer distribution to the outside tires (not total front >to rear).

----------

To be precise, here is the formula:

                                     Centrifugal force x CG Height

   Total lateral weight transfer =  -------------------------------

                                              Track width

The formula for lateral acceleration is:

                            Centrifugal force

   Lateral acceleration  = -------------------

                               Car weight

To be complete, here is the formula for centrifugal force:

                        Car weight x (Cornering speed)^2

   Centrifugal force = ----------------------------------

                             14.97 x Corner radius

The first formula assumes a car with no suspension.

I could type in all the formulas that show that lateral weight transfer on a car with a front and rear suspension is a sum of the weight transfer due to body roll, roll center height, and unsprung weight. However, all this information is on pages 39 to 44.

Note: For those of you that do not believe that centrifugal force actually exists, please substitute "inertial force" or whatever term works for you.

<< Again, you do indeed transfer weight from the front to the rear by altering the roll stiffness. Otherwise there would be no load to transfer to the outside tire.>>

> 

> Sorry; I don't understand the statement.

>  

<<You have the tire scenario a little mixed up as well. The more vertical force (weight) you put on the outside tire, the more side force the tire can exert against the pavement. The problem is that the increase in side force is not in proportion to the increase in vertical force so overall grip is reduced. The inside tire actually gains grip due to the decrease in vertical force but it does not gain enough grip to offset the loss of grip by the outside tire. Your example with the 800 pounds is exactly backwards.>>

> 

>The first part of what you're saying is right; same thing I was saying.  The >second part, regarding the inside tire, is wrong. A tire doesn't gain grip when >vertical force is decreased.  If it did, they'd turn the wings on race cars >upside down.  You may be referring to the fact that a tire's coefficient of >friction goes up when load is decreased and goes down when it's increased. >However, coefficient of friction is merely a ratio, used in determining grip or >traction.  It's meaningless until you introduce vertical load (or weight). 

> 

>Here's a simple example.  Let's say a tire is loaded with 1000 lbs of vertical >force and has a coefficient of friction at that load of 1.  That tire can >theoretically generate 1000 lbs of cornering force.  Now let's load it with >another 500 lbs.  The coefficient of friction will decrease to, say, .9 (for >sake of arguement) but the cornering force (traction, grip, whatever) will >increase to 1350 lbs.   Conversely, if the same tire is unloaded by 500 lbs (to >a vertical force of 500 lbs), the coefficient of friction will increase to, say, >1.1 but traction will be reduced to 550 lbs.  In this example, the increased >traction resulting from the additional load of 500 lbs. is 350 lbs. but the >decreased traction resulting from the loss of 500 lbs of vertical force is 450 >lbs.  If these were the inside and outside tires at one end of a car, >experiencing 500 lbs of weight transfer, then overall traction at the front >would be reduced by 100 lbs.  That's what causes a car to understeer if front >roll stiffness is increased (all other things equal, and many other factors >ignored for simplicity's sake).

> 

>My original example is correct.

----------

Let me quote Puhn again (page 45 which also contains a graph):

   To illustrate what weight transfer does to a pair of tires let's

   take and example. Assume a pair of tires supports a vertical force

   of 2200 pounds, this means each tire supports 1100 pounds when

   there is no lateral weight transfer. If the car was somehow

   designed to have zero weight transfer at that end of the car, both

   tires would operate at an 8 degree slip angle at a lateral

   acceleration of 0.6 g's. This can be seen from Figure 15 (the

   aforementioned graph). Now let's assume we adjust the car to a

   lateral weight transfer of 200 pounds. This means that the inside

   tire supports a 900-pound force in the turn, and the outside tire

   supports 1300 pounds. Again looking at Figure 15 we find that the

   inside tire would operate at a slip angle of 6 1/2 degrees and the

   outside tire at 10 3/4 degrees. This averages to a slip angle of

   approximately 8 1/2 degrees for the pair of tires. This is greater

   than the 8 degree angle corresponding to zero weight transfer. This

   increasing the lateral weight transfer increases the average slip

   angle for the pair of tires. This means a total increase in tire

   distortion, or a net loss of grip for that pair of tires.

If you increase vertical force on a tire, it distorts more and its grip is

reduced.

<< I have not examined the physics of this but I can tell you that using the rear brake on my motorcycle causes the rear end to squat. The implication is that weight is transfered to the rear when the rear brake is used. When racing my motorcycle I know that I use the rear brake to load the rear tire. This is evidence that using only the rear brake transfer weight to the rear.  I don't see why the results would be any different in a car. >>

>

>Squat doesn't equate to weight transfer, and has little effect on it.  I suspect >what you're experiencing is the effect of the anti-dive geometry designed into >your bike's suspension, combined with the torgue reaction of applying the rear >brake.  If a vehicle is decelerating, regardless of whether due to front >braking, rear braking or engine braking, weight will transfer forward.  If it's >accelerating, it will transfer weight rearward, whether it has front-wheel or >rear-wheel drive.

----------

Like I said, I have not examined the physics of of this. All I can tell you is that for the rear suspension to compress there has to be some kind of force acting on the rear shock. Since the rear shock is in front of the rear tire, it is likely that weight transfer is still forward but affects the rear shock directly....


Scott Winders, scott@winders.com 

---------------------------------------------------------------------------------

Subject: Re: Suspension Balance and Weight Shift, 11/3/98L

From: "Barry Lenoble" lenobleb@symbol.com 

Now THIS stuff is why I subscribe to PList!

Scott writes:

Let me quote Puhn again (page 45 which also contains a graph):

   To illustrate what weight transfer does to a pair of tires let's

   take and example. Assume a pair of tires supports a vertical force

   of 2200 pounds, this means each tire supports 1100 pounds when

   there is no lateral weight transfer. If the car was somehow

   designed to have zero weight transfer at that end of the car, both

   tires would operate at an 8 degree slip angle at a lateral

   acceleration of 0.6 g's. This can be seen from Figure 15 (the

   aforementioned graph). Now let's assume we adjust the car to a

   lateral weight transfer of 200 pounds. This means that the inside

   tire supports a 900-pound force in the turn, and the outside tire

   supports 1300 pounds. Again looking at Figure 15 we find that the

   inside tire would operate at a slip angle of 6 1/2 degrees and the

   outside tire at 10 3/4 degrees. This averages to a slip angle of

   approximately 8 1/2 degrees for the pair of tires. This is greater

   than the 8 degree angle corresponding to zero weight transfer. This

   increasing the lateral weight transfer increases the average slip

   angle for the pair of tires. This means a total increase in tire

   distortion, or a net loss of grip for that pair of tires.

If you increase vertical force on a tire, it distorts more and its grip is reduced.

----------

Sorry Scott, but you have it mixed up a little.

Adding vertical force on a tire INCREASES grip. That's why race cars use wings that generate downforce. The increased vertical force on the car results in increased grip. Modern Champ, F1, IRL cars can generate enough downforce to run upside down. If the increased vertical force didn't increase grip, that would not be possible.

What Puhn was describing was the loss of traction resulting from weight transfer. In your example the loss of grip resulted from the inner tire losing more grip than the outer tire gained. This is the same thing that Kevin described.

If you'd like, I can also quote from a book. I left my copy of Puhn's book at home, but I did bring "Performance Handling - How to make your car handle, techniques for the 90's" By Don Alexander. Personally, I found Puhn's book to be very dated compared to Alexander's, but I digress.  On page 21, there is a graph that relates vertical load vs traction.  As vertical load increases, traction increases as well.

---------------------------------------------------------------------------------

Subject: Re: Suspension Balance and Weight Shift, 11/3/98L

From: scott@winders.com 

On Tue, 3 Nov 1998, Barry Lenoble wrote:

> Now THIS stuff is why I subscribe to PList!

> 

> Scott writes:

> Let me quote Puhn again (page 45 which also contains a graph):

> 

>To illustrate what weight transfer does to a pair of tires let's take and example. Assume a pair of tires supports a vertical force of 2200 pounds, this means each tire supports 1100 pounds when there is no lateral weight transfer. If the car was somehow designed to have zero weight transfer at that end of the car, both tires would operate at an 8 degree slip angle at a lateral acceleration of 0.6 g's. This can be seen from Figure 15 (the aforementioned graph). Now let's assume we adjust the car to a lateral weight transfer of 200 pounds. This means that the outside tire supports a 900-pound force in the turn, and the outside tire supports 1300 pounds. Again looking at Figure 15 we find that the inside tire would operate at a slip angle of 6 1/2 degrees and the outside tire at 10 3/4 degrees. This averages to a slip angle of approximately 8 1/2 degrees for the pair of tires. This is greater than the 8 degree angle corresponding to zero weight transfer. This increasing the lateral weight transfer increases the average slip angle for the pair of tires. This means a total increase in tire distortion, or a net loss of grip for that pair of tires.

> 

>If you increase vertical force on a tire, it distorts more and its grip is >reduced.

> 

>Sorry Scott, but you have it mixed up a little.

> 

>Adding vertical force on a tire INCREASES grip. That's why race cars use wings >that generate downforce. The increased vertical force on the car results in >increased grip. Modern Champ, F1, IRL cars can generate enough downforce to run >upside down. If the increased vertical force didn't increase grip, that would >not be possible.

----------

Barry,

You are forgetting something quite major here. When using an aerodynamic device to increase vertical force there is no corresponding increase in centrifugal force since the vehicle weight has not increased. A tire will generate more side force against the road when more vertical force is applied. In a normal situation, any increase in vertical force would have an increase in weight involved. Since this is not the case with an aerodynamic device, the increase in vertical force increases the tires ability to grip the road surface.

>What Puhn was describing was the loss of traction resulting from weight >transfer. In your example the loss of grip resulted from the inner tire losing >more grip than the outer tire gained. This is the same thing that Kevin >described.

Please see page 45 of Puhn. Specifically figure 15. To quote Puhn:

The curve indicates that with lateral weight transfer on a air of tires, the outside tire tends to lose more grip than the inside tire gains.

Assuming no aerodynamic aids, the outside tire does have the ability to transmit more side force but the weight associated with the increase in vertical force is more than the increase in side force can offset. In other words, a net loss in grip. 

>If you'd like, I can also quote from a book. I left my copy of Puhn's book at >home, but I did bring "Performance Handling - How to make your car handle, >techniques for the 90's" By Don Alexander. Personally, I found Puhn's book to >be very dated compared to Alexander's, but I digress.  On page 21, there is a >graph that relates vertical load vs traction.  As vertical load increases, >traction increases as well.

----------

Well, I don't have that book. But if what you are saying is true, a 3000 pound 911 with 205 tires all the way around would stick better than a 2000 pound 911 with 205 tires all the way around. Does that make any sense?  No, it does not. We all know that lighter cars corner better.  Why is that?  Because there is less vertical force on the tires!!!


Scott Winders, scott@winders.com 

---------------------------------------------------------------------------------

Subject: Re: Suspension Balance and Weight Shift, 11/3/98L

From: KGBELDEN@aol.com, Kevin Belden

Scott et al,

Puhn's book is difficult to follow and there are some points I'd challenge. Looking through it again for the first time in many years, I can understand why it causes so much confusion on this topic.  Carroll Smith's books are much better.  However, if we look carefully at each of the references Scott makes to Puhn's book, I think you'll see how it supports my arguments.

I wrote:

>Roll stiffness variations will only affect the weight transfer distribution >between the two outside tires.  There'll be no change in the overall front/rear >weight distribution.  For example, let's say a 2000 lb. car with a static 50/50 >weight distribution and equal front/rear roll stiffness cornering at a given >steady state transfers 500 lbs from the inside tires to the outside tires.  The >outside tires will each be loaded at 750 lbs; the inside tires at 250 each.  Now >et's theoretically stiffen the front of the car and soften the rear, making no >other changes.  In fact, lets stiffen the front to the point where the inside >front wheel just lifts off the pavement in the same steady state turn.  All 500 >lbs of lateral weight transfer will be at the front (1000 lbs on the outside >front; 0 on the inside front).  However, the front/rear weight distribution has >not changed.  There's still 1000 lbs on the front pair of tires and 1000 lbs on >the rear.

----------

That's basically the same thing Puhn says on p. 42: 

"It is possible to design a suspension with zero roll stiffness at one end of the car.  This has been tried on several racing cars to get an absolute minimum of weight transfer on the rear driving wheels.  In such a case, the rear roll couple is zero and the total roll couple is resisted by the front suspension."

He describes "couple" in a sidebar on that page as two equal forces in the same plane, acting in opposite directions.... Therefore, if there is zero roll stiffness at the rear, and 500 lbs of weight is transferred to the outside wheels due to body roll, 500 of it will transfer to the outside front wheel AND 500 lbs will come off the inside front wheel.  None will transfer at

the rear.  The front/rear weight distribution stays the same. 

Scott replied:

<<The first point that needs to be made here is that the only weight Think about what you are saying here. If it were not possible to distribute the weight transfer to the front or the rear using roll stiffness changes, we could not adjust the oversteer/understeer characteristics of our cars using springs <<and sway bars.  I am sorry, but the actual weight distribution is changed when going around a corner. Let me quote Puhn directly (Page 41):>>

<<Here is the secret of chassis tuning: The suspension with the highest roll stiffness will receive the largest portion of weight transfer caused by body roll.>>

----------

The key word in the Puhn quote is "portion" -- we're talking about relative weight transfer distribution to the outside tires (see his next sentence, following the quote). 

>If there is 200 pounds of weight transfer due to body roll, the end of the car >with the highest roll stiffness will receive the majority of that 200 pounds. >If this were not true, adjusting a sway bar would have no affect on the >understeer/oversteer characteristics of a car.

That's exactly right. But where did the 200 lbs come from? In my example above, and Puhn's on page 42, where there is no roll stiffness at the rear, all 200 lbs comes of the inside front tire and is applied as a vertical force on the outside front tire.  No weight transferred at the rear.  Front/rear weight distribution is unchanged.  Using a more realistic example, if both ends have roll stiffness, then the end that is relatively stiffer transfers more weight.  Let's say 150 lbs is transferred to the outside front and the 50 lbs is transferred to the outside rear.  Where did it come from?  150 lbs from the inside front and 50 lbs from the inside rear.  Again, front/rear weight distribution is unchanged.  It's right there on pages 39 through 45.

As to how that affects the understeer/oversteer characteristics of the car, to understand that we need to clear up a misunderstanding about the effect of vertical load on tires.  On page 12, Puhn talks about coefficient of friction, but then explains that he prefers to refer to it as "grip," since in his assessment that avoids confusion involving different types of friction, or something like that.  In any event, he defines it the same way coefficient of friction is defined.  That's fine, as long as everybody has defined terms the same way.  Unfortunately, that's not the case.  Most of us who do and teach this stuff, as well as Carroll Smith in his books, uses "grip" in a rather loose sense to mean traction, stick or cornering force.  Where I (and Barry in his note) used "grip", if you substitute the more technically accurate term "cornering force", then a lot of the confusion, and hopefully our disagreement on this point, go away.  

Here's a restatement of my arguement using Puhn's terms.  As vertical load on a tire increases, "grip" (or what I referred to as coefficient of friction in my earlier note) decreases.  However, "grip" as defined by Puhn is simply a ratio. As he points out on page 44, if you increase the vertical force on a tire, it does have the ability to transmit more side force (he calls this cornering power or cornering force) against the pavement, but not in proportion to the increase in vertical force.  Using my earlier example, let's say a tire is loaded with 1000 lbs of vertical force and has a "grip" (coefficient of friction) of 1 at that load.  That tire can theoretically generate a maximum of 1000 lbs of cornering force.  Now let's load it with another 500 lbs. by transferring weight in a turn.  The "grip" will decrease to, say, .9 (for sake of arguement) but the cornering force the tire is capable of generating will increase to 1350 lbs (.9 x 1500 lbs).   Conversely, if the same tire is unloaded by 500 lbs (to a vertical force of 500 lbs), the "grip" will increase to, say, 1.1 but cornering force will be reduced to 550 lbs (1.1 x 500 lbs).  In this example, the increased max. cornering force (or traction) resulting from the additional load of 500 lbs. on the outside tire is 350 lbs. but the decreased max. cornering force resulting from the loss of 500 lbs of vertical force from the inside tire is 450 lbs.  If these were the inside and outside tires at the front of a car experiencing 500 lbs of weight transfer, then overall cornering force at the front would be reduced by 100 lbs.  That's what causes a car to understeer if front roll stiffness is increased (all other things equal, and many other factors ignored for simplicity's sake).

Puhn and I are, in effect, saying the same thing, but in my opinion Puhn's explanation is confusing and counter-intuitive.  To the casual reader, his description makes it sound as if increasing vertical load on a tire decreases the cornering force that can be generated by that tire, but that's certainly not the case.  

Finally, from Scott's response to Barry LeNoble:

Barry wrote:

>If you'd like, I can also quote from a book. I left my copy of Puhn's book at >home, but I did bring "Performance Handling - How to make your car handle, >techniques for the 90's" By Don Alexander. Personally, I found Puhn's book to >be very dated compared to Alexander's, but I digress.  On page 21, there is a >graph that relates vertical load vs traction.  As vertical load increases, >traction increases as well.

Scott responded:

<Well, I don't have that book. But if what you are saying is true, a 3000 pound <911 with 205 tires all the way around would stick better than a 2000 pound 911 <with 205 tires all the way around. Does that make any sense?  No, it does not. <We all know that lighter cars corner better.  Why is that?  Because there is <less vertical force on the tires!!!

First, we're still talking about weight transfer, right?  I assume, therefore, that Barry's referring to the effect of increases in vertical force due to weight transfer; not due to adding weight to the car.  Second, apparently we don't all know why lighter cars corner better.  It's most certainly NOT because there's less vertical force on the tires!  In fact, a light car would corner even better with increased vertical force on the tires (as applied through aerodynamic aids, for example).  Lighter cars corner better, all other things being equal, because lateral or centrifugal acceleration increases with increased weight (Force = (mass x velocity squared) divided by turn radius).  Consequently, on the same tires, a lighter car will corner faster.

---------------------------------------------------------------------------------

Learning to drive the Porsche 944 (with apologies to George Carlin)

Are you a good driver? I’ve never met a man who said otherwise. What I don’t understand is where are all the average, mediocre drivers? If everyone says "Yes, I’m a good driver," then where are all the bad drivers? The crazed drivers?  The lost-in-time-and-space drivers? The inconsiderate drivers? The careless drivers? 

I know the answer. You know the answer. They’re all around us. They are us.  So you want to improve? Good. I’ve been trying to improve my driving for almost 15 years now. By driving, I mean, "performance driving." Performance driving to me is driving a vehicle as close to its limits as I am able to in a smooth, controlled manner while retaining bowel control. Even though I never come close to these limits in regular driving on public roads, what I learn when driving on a track or course is directly applicable and directly improves my street driving.

What I’m going to describe now is how I wished I started, knowing what I know now. I am not an expert. I’m still learning. I still have a lot to learn. What is written below may or may not suit you. Your mileage may vary. I never said I was right. Apply the usual legal disclaimers. I have received contingency funds/items from firms and brands mentioned below. I don't work for an insurance company. Address any comments to craig@seko.ca.  No flames, please.

Start by buying one book. At this early stage more books are interesting reading, but optional. One can’t learn driving from a book, so spend the money elsewhere. Besides, the fundamentals are the same in every book. Piero Taruffi published his ideas back in 1958 and all performance driving instruction has been based on Mr. Taruffi’s work since. The book to buy is "Secrets of Solo Racing," written by Hank Watts (a Porschelist member). It is a book worth keeping and re-reading every year.

The book is full of content and various sections appeal to various levels of experience. The main thing to learn from the book to start with is all the jargon. Every specialised activity has its own lingo that makes absolutely no sense. Autocross, driver's education, etc., terms can be just as confusing as the doctor’s or the lawyer’s or the <insert your choices here>’s dialect. "Autocross" itself means different things in the U.S. than Canada (officially) or Britain (in reality). The kind of autocross I’m talking about involves pylons in a paved area and a bunch of folk who use "cone" as a verb.

Look for local autocross events. They could be run by the local SCCA (or functional regional equivalent) club. It could be a marque club, like the Porsche club or the Miata club. (Marque clubs often have "open" events where any manufacturer’s cars are allowed.) It could be a company or recreation association club. Find out when they hold events, whether you have to be a member/drive a certain marque (ugh) to attend and go. Inquire about subscribing to a series - it may be quite a bit cheaper than pay as you play. Many clubs have autocross schools. Find out when one is and attend. Reading Mr. Watt’s book is excellent preparation for autocross at any level.

Do as much autocross as you can stand. Note some people get pretty tired of autocross pretty quick. Some last a few years. Some will do it all their lives. At the risk of being flamed, I’d say it autocross is an acquired taste. However, it works. It will make you a better driver.

Autocross (and performance driving generally) require some skills not commonly used in commuting to work. Get familiar with heel-toe downshifting, double clutching, left-foot braking, and shifting without a clutch. Heel-toe is the important one. Double clutch is no longer the necessity it once was, but it is a good skill to have. Many people never left foot brake, some do it rarely, and others swear by it. Right now I do it rarely. Shifting without a clutch is something only done in a 944 under duress. The great thing is these skills are easy to learn "at home" with the help of videotape. I recommend the older video production, "Drive to Win, with Mario Andretti." This video explains the dance step that is downshifting in a clear, easy-to-understand manner. No text will ever be as clear. (I chose "Drive to Win" over a number of other better-organized videos because of its re-play value. Much of the video takes years to understand.)

As all these things done with my usual lack of finesse can stress the car, so I practice on a winter beater. Everybody has a winter beater, right? J A regular practice time (usually *really* early in the morning) on a rarely used parking lot/road is the way to do it. Practice during one’s commute is not recommended. There are too many distractions already. You will soon learn driving means waking up at ungodly hours. Get used to it.

For example, one activity that demands early rising are driver’s education events. These are a favourite of many – I even know people who have made whole vacations of driving across the country, going from track to track, attending Porsche club driver’s education events on the weekends. Note there are a lot of very wise people who believe you should do quite a bit of autocross before heading out to the track. They’re right, but let’s face it, driving on the track is fun. I do think you should have heel-toe downshifting down pat, and know what to do in various emergencies. Many regions put on ground schools for the inexperienced. Some clubs will put on a skid-pad school or a special for-first-timer driver's education event. Why not go to all of them? The important things to remember are to go at your own pace, check your ego at the door, and be aware. I find autocross and driver’s education complement each other.

Autocross and driver’s ed. events also share some common equipment requirements. A current Snell-approved motorcycle or motorsports helmet is usually required (check your rules and regulations to make sure). You will often hear advice to buy the best helmet you can afford, a $100 head rates a $100 helmet, etc. At the beginning, I don’t think this advice holds. I know a lot of track junkies. I also know a lot of people who did a couple of events, enjoyed them, but that’s all they needed. That’s fine too, but why buy a $700 helmet to find out? Buying a used helmet is, well, I wouldn’t. Helmets do not have a resale value. Motorcycle helmets are cheaper than motorsports helmets in a large part due to demand, not because of quality or inferior materials (for beginner driver’s ed. use). High-end motorcycle helmets often have features that cost and can not be used in a closed car – for example high-tech venting and wind tunnel shell design. Buy the basic Snell M-approved full-face model from a reputable manufacturer and drive with the visor cocked partway open. 

A helmet is all you need for an autocross. I wear a pair of driving gloves just because I like the feel. I also wear them on the track. At the track I also wear a neck collar. A neck injury is very dangerous, very painful, and very annoying. Go-kart racers know where to get a good collar. If you plan on long-term participation, get gloves and a collar that meet sanctioning body requirements.  All this adds up to a big expense. The trick to saving money is this: With one exception, do not spend a dime on making the car faster or handle better unless existing parts have to be replaced. The 944 is exceedingly capable. 

Modifications are something to consider later. Once you're hooked, fine. When learning to drive, spend the money on seat time. The payback is higher. Of course the car should be in absolute top shape, especially the tires and brakes. Running out of brake pads at the track is very embarrassing, not to mention potentially disruptive. Be very anal about brakes. Learn how to service your brakes, even if you don't normally do-it-yourself. Inspect the brakes daily at the track. Do not run an event on brand new brakes or brand new tires.

Get a height adjustment and an alignment. Replace tires first (if necessary). When the car is on the alignment rack, have the mechanic check that the car is level. On many 944's the rear is raised. There is an eccentric that offers a limited range of rear height adjustment. Get as close as possible to horizontal using only the eccentric (evenly on both sides, use the bottom edge of the door opening as a guide). Unless things are really bad it is best to put off indexing the torsion bars until replacement/upgrade. For alignment specifications of a 944 family car with factory suspension I would start with (NOT WITHIN FACTORY TOLERANCES) -1 degree camber front, -1.5 rear. 0 toe all around. Set front caster at 3 degrees 45' with 17" rims, 3 degrees even for 16" or less. Find a good mechanic (ask around at club meetings) and expect to pay. This is not a $39.95 four-wheel alignment. Expect to pay for two to four hours at the going hourly rate (and occasionally a surcharge. Good high-performance alignment mechanics are relatively rare and are compensated for it.)

No doubt I would want to replace tires. Some candidates include Firehawk SZ50, Yokohama AVS-S1Z, Bridgestone S-02, or Yokohama A032R. Find a good performance tire dealer, one that handles a number of brands, one that you see trackside at local events, tell him/her exactly what you plan to do and when, and go with their recommendation (and buy from them). Yes, there is 'net wisdom, and a lot of it - and the local shop may be a bit more expensive than a mail-order house. In the long run, good service is worth it. I have bought tires from the same place (Talon Tire in Montreal) for over 10 years now and am very happy with both their price and service. A mail-order place doesn't call around the country looking for that last set of R-compounds for you.

So, that about covers the first season - say 10 autocross, a ground school, and two driver's education events. Why not enter a rally or two for good measure? I myself find rallies incredibly stressful and relationship-straining, but some love them. I can understand why. At this point too, some will say, fine, that's enough. Been there, done that. Got a t-shirt at the Goodie Store. J And that's great. Please excuse the rest of us, who are hooked. 

The 944 - Making it Stick

After either a gentle drive on your favorite winding road or a perfect lap around your favorite track, it is plainly obvious that the thrill of driving our wonderful cars is not all due to power and top speed. In fact, the most wonderful of all sensations experienced by the driver is the feeling that man and machine have become one. The single greatest contributor to this euphoric feeling is your car’s handling. If you are looking for euphoria in your 944 then keep reading. The purpose of this article is to introduce you to a proven entry-level suspension upgrade path for the stock normally aspirated (NA) 944.  Because for many years the 944 has been a popular subject for suspension upgrades and handling improvements, we are now able to buy handling component packages that have been thoroughly tried and tested by fellow 944 enthusiasts.  This makes the entry-level street/track handling component selection for the normally aspirated (NA) 944 a relatively simple process. Porsche 944’s could be purchased from the factory with various levels of performance oriented suspension hardware installed (i.e., M030, etc.). This article will use as example my recent experience in upgrading the suspension of my 1986 NA 944 from its most basic stock form. 

It is obvious that the standard stock suspension package for the 944 is a compromise between ride comfort and performance handling. If you’re looking for a change in your car’s handling, than you’ll love your 944 after you make the changes that I’ll be describing. While some might be concerned that a 944 having undergone these changes will be too "stiff" for daily driving, it is my opinion (others may disagree) that this set up will put a smile on your face and keep your kidneys happy. The car will feel responsive and precise on the street and incredibly safe and controllable on the track. The only change that you will notice from the outside is that the car will sit lower to the ground. However, if you wish to maintain your existing ride height you can install spacers with the new coil springs. All 944 owners with the cast aluminum type front lower control arms (1985.5 +) should be aware that you are required to maintain a minimum of 13 inches between the lower lip of the front fender and the wheel center in order to meet the requirements of the pre-track Technical Inspection. Changes in wheel diameter will not affect this parameter. The 250 lbs./in. springs used in this package have brought my otherwise stock ’86 944 to 13.25 inches. I have not experienced any driveability problems (i.e. speed bumps, curbs, etc.) as a result of the car being lowered.

The entire process that I will describe will involve the replacement of the front struts and springs, rear dampers (shock absorbers), torsion bars, both front and rear anti-roll bars, and finally tires. Please excuse any lack of accuracy in precise technical terminology. 

This common package, as presently used by several Rennsport 944 owners, begins 

with the replacement of the stock front struts (or strut cartridges) and rear dampers with the adjustable "KONI Sport" variety. This would be followed by the substitution of the stock front coil springs and rear torsion bars, with those having increased rates of 250 lbs./in. and increased diameter of 26 mm respectively. These changes would be followed by the replacement of the front 

and rear anti-roll bars with larger adjustable 28mm and 22mm diameter bars. And finally, last but not least, the installation of new lower profile performance tires to make it all come together. The key to this package is that it is well balanced and provides what I consider an improvement to this car’s stock handling characteristics. 

The manufacturers of the components that I used in this package are Koni for the dampers, Weltmeister for the springs and anti-roll bars, Sway-A-Way for the torsion bars, and Bridgestone for the tires.

The installation of these components each represent varying degrees of technical difficulty. While the complete installation of these components is within the reach of the average conscientious owner, you must possess a good understanding of your limitations and stay within them. Before attempting to make any of these modifications, it is imperative that you get yourself a shop manual and read the appropriate sections. I have both the Haynes ’83 - ’89 SOHC 944 repair manual and the Porsche 944 workshop manuals. Both have their good points and bad points. Together you will have almost all of the information you will ever need except for torsion bar replacement. You’ll want to get a hold of a 911 manual for that (Oh, imagine that!). The Haynes manual can be purchased at most Canadian Tire stores for $16.95. The Porsche workshop manual will cost you approximately $350.00. 

By far, the easiest of these components to install are the rear dampers (shocks). Pretty simple really, raise the vehicle and safely support it on proper jackstands. Remove the rear wheels and support the trailing arm with a suitable jack. Raise the trailing arm enough to unload the damper and remove the lower mounting fastener (i.e., bolt or nut depending on style of trailing arm).  Next, remove the fastener from the upper damper mount and remove the shock.  Pretty simple right? Great, now the installation of the new damper is performed in the reverse order. 

Attention Please! Before installing the Koni adjustable rear dampers, makecertain that you set them to full hard by following the manufacturer’s instructions to the letter. Unlike the front Koni’s, the rear ones are not externally adjustable once installed. You’ll have to take them back out to re-adjust. The full hard setting works well for this setup. The Koni adjustment can be tricky to perform if you’ve never done it before. I would recommend that you take the time to get to know your Koni by essentially playing with it at your workbench for a few minutes. Try to set it to full soft then go to full hard and back to soft again, etc. Once you feel confident that you are in fact making the adjustment properly (you’ll feel it when you get it right) set it to full hard while remembering that you must back it out by half a turn or you’ll wreck the shock in no time(read your Koni instructions!). (If you want to get technical, compress your damper and time the rebound rate. Match the other damper to this rate.)

Replacing the front springs and strut cartridge could present an obstacle to many weekend mechanics. The Haynes manual does not describe the strut cartridge and spring replacement procedure. They state "Disassembly and overhaul of MacPherson struts requires specialized equipment and training. Do not attempt to service the strut yourself." This is good advice if you don’t have the required tools. However, removal of the complete strut unit from the car is quite simple.

You can easily remove both front struts and bring them to your favorite qualified mechanic. Hand him your new Koni’s and 250 lb springs and have him change the cartridge and spring for you (make sure you check for broken dust boots and bumper stops; also check, clean, and lubricate the upper strut bearing - replace as required). Once you have the complete upgraded strut assemblies in hand, proceed to reinstall as described in the Haynes manual. One point of caution, the Haynes manual has the incorrect torque setting for the "strut-to-upper mount nuts". They list it as 57 ft-lbs and it should be 18 ft-lbs. Guess how I found out? For those who wish to attempt this work yourself, the front struts and spring are easy to change, as long as you have a proper coil spring compressor and a good workbench vise. My favorite type of spring compressor is a hinged "clam shell" type with upper and lower jaws (Snap-On makes a nice one - I think you can rent them at most equipment rental shops ). I don’t recommend using the cheap ($20.00) threaded rod type compressors, as my experience has shown that they are not inherently safe. On two occasions, I’ve have had them slip off the spring and literally launch the coil just past my head. If you feel comfortable using them, it’s your choice, but I personally do not recommend them and would rather see you go to a specialized shop instead. Refer to the Porsche factory manual for the procedures on overhauling your struts. 

The installation of the front and rear Weltmeister anti-roll bars is very straightforward and does not require any special tools or techniques. All I can say is read the instructions carefully and do what they tell you to do. One note to remember is that if your existing stock 944 does not have the factory rear anti roll bar, then you will have to remember to buy an additional adapter kit for proper installation. The Weltmeister bars are fully adjustable, which means you can alter two parameters; pre-load force, and effective stiffness. The pre-load force will alter the static loading at the affected corner of the car. 

This is accomplished by changing the length of the drop link that connects the anti-roll bar to the suspension’s member (i.e. lower control arm). This parameter becomes critical when attempting to "weight balance" the car. The second parameter, effective stiffness (anti-roll force), can be changed by altering the mechanical advantage of the drop link mounting point on the bar itself. This is accomplished by sliding the drop link mounting point either towards the rear (decrease in stiffness) or towards the front (increase stiffness) of the bar. Think of the anti-roll bar as the dependent part of an independent suspension. In other words, the anti-roll bar provides a mechanical link between the left and right sides of your car’s suspension. It’s how the right side of your car tells the left side what it’s doing and vice versa. The bars effectively limit the vertical travel of one side of the suspension in response to a change in the opposite side’s vertical position. This is how they ultimately reduce the "roll" of the car, hence the name "anti-roll" bar.

Adjustable anti-roll bars will allow you to make significant changes in the handling characteristics of your 944. A full description of the changes you can make is beyond the scope of this article, however it may make for interesting material for a future article. Suffice to say that I my case, the use of the recommended initial settings, as described in the manufacturer’s instructions, has proven to be satisfactory in this package.

Now for the bad news. Replacing torsion bars in a 944 is a royal pain in the 

#%@. Replacing torsion bars in a 944 is not for the faint of heart! 

Unfortunately, the 944 does not have an easily removable torsion bar end cap 

cover like the 911. The 944 end caps are also the chassis mounts for the torsion tube itself. This means you have to drop the entire rear suspension to get at the torsion bars. And once you get to the point of installing the new ones, it seems that nobody can tell you at exactly what angle to locate the spring plates in order to get the final ride height you’re looking for. So it’s a hit and miss process because you can’t tell if the torsion bars are properly set until you put the car back down on it’s wheels and settle the suspension. What you're trying to do is get the torsion bars set so that the car sits level when on the road. All this to say that this job should be left to only the VERY patient and conscientious as my initial experience took me three tries before getting it right ("read S-L-O-W-L-Y" : suspension off - suspension on - suspension off - suspension on - suspension off - suspension on). Get the point! A colorful vocabulary will also help, as you’ll need a few choice words to describe the process to your friends as you drive your car to the track with the left rear riding two inches lower than the right rear.

And finally the tires. A new set of high performance tires will also be required as your all-season 70 series Motomasters won’t cut it. While I’m certain opinions will vary, the stock 7x15 inch wheels with 225/50 - 15’s seem to be a wonderful combination for the NA 944. With this set-up, I’ve been very happy with the Bridgestone RE-71’s (225/50-15’s) on all four corners. If you only have one set of rims and you’re doing street and DEW driving, I really recommend this tire, as it seems to do everything well. 

The total cost for the parts described in this project will run you approximately $2,275.00CDN (not including tires). This does not include the cost of other items you might require as a result of your upgrade process. I refer to this as the "while I’m there" syndrome. "I might as well change the motor mounts, rubber bushings, clutch, and lower control arms, etc.($), etc.($), etc.($), while I’m there". In fact, I just took at look at my receipts (Oh God!), and my total cost including tires and "while I’m there" parts, totaled $4,300.00 (so much for letting my wife Kristine proofread this article!). If this is to much for one bite (or your better half reads this article) it is suggested that you phase-in these items in the following order: Konis all around, then tires, then anti-roll bars, and finally springs and torsion bars. I would also like to stress that you should carefully inspect all other affected suspension components during this upgrade. Repair or replace any under spec. components (i.e. ball joints, bearings, bushings, etc.). Please also keep in mind that you’ll want to get an alignment done pronto. What alignment settings to use, you ask? That’s another article for sure.

My thanks to the Rennsport members who helped me with this project as well as 

those who provided input for this article.  Marc Bélanger marc_b@sympatico.ca 

Subject: Driving faster, 4/14/99R

From: Scott  Sanda Stamper@tromfg.com 

>Easy...  your exit speed was slower than those that blew by you...

----------

Don't be so quick to dis exit speed differentials. I had a data Acquisition system in all weekend, and we had David Murray drive my car for a while on Thursday to get a comparison.

I finally got within 2 seconds of his time, but it was a lot of work, and here is one of the things we found.

Going under the bridge and down to 12 we were shifting at the exact same point, and carrying the exact same speed. David got on the throttle a little earlier going into 12, and exited at approx 5MPH faster than I did. At the braking zone for 1, he was 15 MPH faster than I was. This is all from about .5 seconds more throttle going into the previous corner.

As another example, David was 2 MPH faster at track out for 7, but we were both at 130.8MPH at the braking zone for 10. Why? Because David didn't know my cars torque curve and was shifting at to high an RPM. It was obvious from the data that I got a teeny little bit more speed because of where I shifted, but it took the ENTIRE back straight to make up a lousy 2 mph exit speed differential.

I have always felt that I was a pretty good driver, and I am, but this showed me the difference between a good club racer and a good pro racer.

In truth, in essentially equivalent cars, exit speed, not braking or entry speed, is the only thing that matters. I was initially carrying 2-3 MPH more speed into the corners than David was, but he almost always carried more speed out, for a shorter total segment time.

 Subject: Expert Tips on Driving, 11/5/99R

From: LBUJENOVIC@aol.com 

Well I just read a couple of good books by Code and since I summarized them for myself I thought I would share it. 

Notes 

Be willing to try.  To predict traction and speed you must develop a speed sense by experience - and you must take careful chances. Experience is the only thing that will tell you how fast to go.  

Since straights are a no brainer one must go faster in turns to improve lap times.  Divide the track diagram into turns. Establish reference points for breaking, turn-in, and apex. For all turns pick a reference point which is at the edge of the track or within a foot of the edge. Focus on reference these points for breaking, turning in, and apexes. In the race you are fighting the track not your competition.

Get a stopwatch and time your laps. When experimenting remember never to change the reference point and turn-in speed at the same time. Assess individual turns by looking at the tachometer if higher rpm than before- then the turn was done with higher speed. 

Goal in turns: go hard and deep before turning and keep control and speed up. Try to figure out what designers are challenging you with this turn.  Faster means deeper.  Significant improvements will not be made using the brakes harder or just going in deeper before turning ....you must also go faster.  To go faster you must find balance --when and how to brake is a key.  It is critical to have a reference point and determined maximum entry speed.  Do not use the engine as a brake.  Brakes should not determine the entry speed, entry speed needs to be determined first. Consider getting a sense of speed by not using the brakes for a lap or two to determine maximum entry speed because braking heavily before a turn is a distraction away from focusing on determining proper entry speed.

When you increase speed into a turn the reference point for turning must be deeper and actual turning must be more abrupt because the car will not want to turn as easily.  One trick is to let off the gas for a moment just before turning. This will cause over steer and the front will come down and assist with rotating the car.

Remember: Most people do not lose traction on the turn in. If you do come into the turn too hot brake, let off the gas, turn and punch the throttle.  Select a gear at the end of braking and use the tallest gear possible within the power band through the turns.  It is best not to shift during the turn and do not use the engine as a brake.  A little faster in the fast turns will decrease lap times more than a little faster in the slow ones because the fast turns are longer. Take the shortest line out when exiting a turn.  You do not always have to use up all of the track at the exit.  Do not go wide unless you need too, the next time try more speed into the turn since more room is available.  Regardless, always take tightest line possible on exiting out of a turn.

Tips:

GENERAL:

Lap times are better with a track that has rubber on it.

Long sweeping turns accentuated mistakes-- be sure to have a mid-turn reference point.

Turning in too early or soon to the apex will make you run wide on the exit.

Taking a wide entry into a flat turn only gives someone else a chance to pass you on the inside.  

The radius of a turn is of secondary importance to its camber.

Better to delay turning in a late apex turn so as to have a long exit with faster speed.

High speed chicanes require careful throttle control followed by a smooth exit.

Use ear plugs: you will go faster because you will not be distracted by noise.

Consider adjusting the idle speed up to keep the flywheel and revs up even between shifts.

CAMBERED Turns:

You can go faster in banked turns than you think. On a bank turn start high and moved down and late apex the turn ...you can go faster than you think.  Off camber turns go slower and take the shortest line.

DECREASING RADIUS TURNS:

In decreasing radius turns and enter slowly and give gentle gas.

CONSTANT RADIUS TURNS:

In a constant radius turn it is still necessary to apply some gas to keep a constant speed and if it is a long sweeper accelerate out. Trying to ride the inside line on constant radius turns.

INCREASING RADIUS TURNS:

Increasing radius turns require an early apex ---go fast because there is plenty of room at the exit.

HILLS:

Uphill or downhill sections are not problems unless accompanied by camber or radius changes.  

Cresting a hill gives less traction ...wait until the car lands and the suspension loads.  Some bumps or depression's on the track increase traction find them and use them.

STRAIGHTS:

Gearing, horsepower, aerodynamics and exit speed. The latter is the only thing you can do anything about during the race...so go faster in through the turns.

Straightways are good to check gauges and lap times.

