Racing Weight

From: KGBELDEN@aol.com 

Subject: Re: Ride Height / Corner Balance

Dr. Steve Timmins wrote a very informative piece on this subject a while back. I hope he doesn't mind that I'm reposting it here.  It answers a lot of questions, and clears up many misconceptions about this subject.  Thanks, Steve.

Dr. Timmins wrote:

<<The question of corner weighting comes up frequently.  A common misconception is that corner weighting balances the car left to right or front to rear.  This is not true.  What it does do is most effectively transfer weight to all four tires.

The center of gravity of a car is fixed and can only be adjusted by moving physical parts of the car that have weight.  For example, you could move the battery of a car from the front to the rear or side to side to effect the total weight distribution.  Given all the parts of your car generally stay in the same place, you cannot change the center of gravity, and therefore you cannot change how much weight is on your front vs. rear axles, or on the left versus right sides of the car.

The goal, therefore, is to distribute the weight in the same manner on the front and rear axles, or on the left and right sides of the car.  As it turns out, satisfying one condition automatically satisfies the other.

The goal of corner weighting the car is always the same: (Notation lowercase side, UPPERCASE end)

l vs. r percentages are the same Front and Rear. ie: Fl/(Fl+Fr) = Rl/(Rl+Rr)

This must mean that:

Front vs Rear percentages are the same right and left. ie Fl/(Fl+Rl) = Fr/(Fr+Rr)

it can only be so.  The first implies the second.

Here's why:

Assuming the car is kept fairly level, it is impossible to move the center of gravity of the car by adjusting the suspension.  That is a physical property of how weight is distributed in the car.

That being the case, the following totals will remain constant:

 right side weight 
(Fr+Rr) 

 left side weight

(Fl+Rl)

 front axle weight
(Fl+Fr) 

 rear axle weight

(Rl+Rr)

Therefore, any car can be wight balanced by a single adjustment, as long as you don't care how level the car is.

Spring or torsion bar adjustment moves weight from one diagonal (Fr+Rl) to the other (Fl+Rr) and vice versa.

For example, moving a spring perch DOWN OR adjusting a spring plate UP on the Rr moves weight off that diagonal (Fl + Rr) to the other diagonal (Fr+Rl).

The reason for having adjustments front and rear, and left and right, is so a car can be leveled.

Example 911:

Begin

FRONT

500

400

LEFT




RIGHT
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Here we have car with 900lbs on the front axle and 1500 on the rear, for a total of 2500 lbs.

It can be quickly calculated that 36.0% is in the front and 64.0% inthe rear, and that the car is 48.0/52% left‑right overall.

The car can be balanced by making sure:

a) Each axle has a 48/52% split

or

b) Each side has a 36/64% split.

(Actually one cannot be true without the other)

The answer is 432/468 on the front and 768/832 on each rear wheel
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These are obtained by multipling the total axle weight by the desired percentages.

By adding up you'll notice the same l/r and F/R ratios as originally calculated.

This can be accomplished either by 

increasing the weight (raising) on Ll and/or Fr

or decreasing the springing (lowering) on Lr or Fl.

Note that corner balancing should be done with the driver in place, and generally with 1/2 tank of gas, i.e. in "as driven" configuration.

Now all you need are a set of scales!

Question:  Can I corner balance by setting ride heights?

Not usually.  It is possible to set ride heights and corner weights simultaneously.  This is done by adding weight to corners that are too low, and subtracting from corners that are too high.

Here's the problem:

Let's say, for example, that your car has an effective spring rate of 200 lb/in (this is not too far off for a 911), and that you set the car so all ender lips are at 25" (also pretty close).

For illustrative purposes, we'll pretend you have a C2 with springs, and the following measurements are taken from the lowest perch adjustment to current adjustment:
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2"
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RIGHT
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Note that if you take the same amount off two corners on the same side or on the same axle, the weights will not change, the car will just lean or rock end to end.  Again, you need to be concerned with adjustments to the diagonals.

And we'll use the same weights:

Begin
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How is this possible?

Well, cars generally aren't perfectly square.  The chassis is a bit off.  Also, because of the heavier right side loading of this car, the perches on the right side should be about 1/4" higher each (50 lbs/200 lbs/in = 0.25 in)

What is the optimal answer without changing ride heights?

You need to move 136 lbs from one diagonal to the other.

Here are the adjustments in inches and pounds:

Begin

FRONT

‑68 (‑.34")
+68(+.34")

LEFT




RIGHT

+68(+.34")
‑68(‑.34")

REAR

The car should stay level.

I picked a nice example with constant rate springs.  In reality, you look for a corner that's a tad low and raise it, or one that's a bit high and lower it.

Since you have 4 corners to choose from it's not too bad!  For example, if the Fl was too high, you could take an 1.36" out of that, the car would pivot slightly on the Fr and Rl diag, and you should end up fairly close.  It ends up being iterative, which is what having 4 adjustments is very handy.
Steve>>

Subject: 951 Corner balance results, 8/15/99L

From: hensonator@yahoo.com 

A week or so ago I asked if a regular '86 951 could be corner balanced.  I got a few affirmative replies so I plopped down $50 and rented a set of corner scales from a friend who races in my club.  The results before and after adjusting each rear spring plate once:

Total weight (1/2 tank gas) 3031 lbs

Before:

FL: 704 lbs  

FR: 857 lbs

RL: 804 lbs 638mm

RR: 678 lbs 623 mm

After:

FL: 757 lbs 

FR: 796 lbs

RL: 736 lbs 636mm

RR: 742 lbs 634mm

W/ 120lb ballast in driver's seat (wife):

FL: 809

FR: 801

RL: 783

RR: 770

That's a diagonol balance within 6 lbs!! Not bad for only 1 iteration, eh?

So, I learned a few things from this experience.

1) These cars can be corner balanced.  Or at least mine can.

2) You don't really need scales to balance a stock car - just set the passenger's side a few mm below the driver's and you'll be set.

3) The car will be pretty much 50/50 distribution if you run with a full tank of gas.

4) That spring plate adjuster is a real PITA if you only have a set of vice grips to adjust it.  And who the heck torqued that thing down, superman?

Subject: Re: who has measured the weight of his 944/951? 9/20/99L

From: Fireball fireball@funtv.com Jim Richmond

The PO of my 951 track car gave me a weigh station printout that the car weighed 2540 lbs.  This is with everything gutted, manual steering, plastics manual side windows and hatch, no A/C, a full 4130 cage and two race seats.  He said the tank was about half full so add another 60 lbs for full fuel.  This will give you an idea of what can be done with a few hundred man hours of labor.

Subject: Re: Who has measured the weight of his 944/951? 9/20/99L

From: "Claus Groth" bora450@gte.net 

I weighed my '86 951 at the track a few weeks ago.  The car is stock with the exception of a race seat on the driver's side, Autopower rollbar.  Almost full tank of gas -- one thirty minute session had been run on a high speed track.

Phone dials with street tires.  Rear removable carpet removed.  Spare tire, jack and tools removed.

Without driver:  total weight 3026 pounds

Left front:     794 pounds

Right front:  788

Left rear:     699

Right rear:  745

With 180 pound driver, suit & helmet:  total weight 3203 pounds

Left front      851 pounds

Right front:  802

Left rear:     776

Right rear:  774

Subject: unsprung weight, 10/12/99R

From: mark kibort mkibort@compuserve.com 

If you save 5 lbs of weight on each wheel, the effects are the same as if you dropped about 8 lbs off the car.  So, with a 20-lb savings on the wheels it would have an effect in the neighborhood of 30 lbs off the car.  (as far as acceleration braking, etc).

Subject: RE: LIGHT! Taking off the Weight from a 951, 11/29/99 951

From: Andrew Sweetenham Andrew_Sweetenham@compuserve.com 

Wings and bonnet are worth replacing with Fibre or Carbon. Bonnet is very heavy, try lifting it without the bonnet supports! Potential 30kg saving here (depending on replacement material used).

Underseal can be worth about 45kg. Rear glass very heavy too. Wheels are a good place to lose weight. I think they weigh about 20kg each, I use a 3-piece split rim alloy wheel that saves a good 5kg per wheel.

Tyres. By using a good road homologated competition tyre you can save a good few kilos also. Pirelli P-Zero C is much lighter than the pure road equivalent. I have driven with these on the road and they only lasted about 4-5 months (including track days), but gave useful extra grip as well as saving weight (I now keep a set just for track use).

My road legal race car (UK Pirelli Porsche Cup car) weighs about 1175kg and has a lightweight battery, lightweight fasteners, unwanted wiring removed etc. It is only used for racing though - hence, it retains little of the interior but we have to retain all body parts other than bonnet and wings.

Andrew Sweetenham, '89 951 2.8, '89 951 Porsche Cup, '88 924S Porsche Cup

http://ourworld.compuserve.com/homepages/Andrew_Sweetenham
Subject: [racing] Re: Weight removal= How much HP? 1/24/00

From: DonNewton dmbnewton@erols.com 

ROT (Rule of Thumb): 1 hp gained for every (~) 6 lbs removed.  Your values 

may vary, but a good place to start.

Subject: [racing] HP/Weight, 1/24/00

From: Jeff Fortenbery omegamarketing@fuse.net 

Date: Monday, January 24, 2000 12:15 PM

It depends on you current hp/weight ratio.  If you have a stock car, your hp/weight ration can be found in the Club Rules.  Otherwise, divide your hp by the curb weight to obtain the ratio.

If it's 10.5 / 1, then you'll gain 1 horsepower (equivalent) for every 10.5 pounds removed.

If it's 14.0 / 1, then you'll gain 1 horsepower (equivalent) for every 14 pounds removed.

This applies to vehicle weight.  If the weight being removed is rotational (flywheel or rotors, etc.) or reciprocating weight (pistons, rods, valves, etc.) the gains are MUCH more significant.  You'll have to talk to someone a lot smarter than me, however, if you want to calculate that.

Subject: [racing] Re: Weight removal= How much HP? 1/24/00

From: William T Wilson fluffy@snurgle.org 

It's fairly simple.  Calculate the HP/weight ratio before and after.  For example let's say your car weighs 3000 pounds and has 300 HP.  That's 10 pounds per HP.  Suppose you manage to cut 500 pounds off and reduce it to 2500 pounds.  You now have 2500/300 or 8.3 pounds per HP.  To get the same ratio with the 3000 pound car you would need approximately 3000/8.3 or 360 HP.

This doesn't factor in aerodynamics, which don't usually improve with weight reductions.  So at high speed where aerodynamics are more important, your acceleration will improve less than the weight ratio method would calculate.  However, a lighter car usually has better handling.  So I guess it all works out in the end. :}

Subject: [racing] Re: corner-balancing, 3/14/00

From: mike piera AnalogMike@aol.com 

"Stephan Wilkinson" stephwilkinson@worldnet.att.net asked:

> Your sprint-car methodology for corner-balancing--a $200 tool 

----------

Actually $154.95 from speedway motors, NE 402/474-4411.  They have 2 models that will work for Porsches: 0-600lbs or 0-1000lbs. They also have a "liquid level" for $20 that is a pair of graduated cylinders attached with a tube, for finding/making level places in your garage to do the measurements.

> that lifts each wheel off the ground one at a time and registers the weights  > sounds too good to be true, but I'm certainly going to pursue the idea.  First > by asking experienced weight-jackers on the list, _is_ it too good to be true?

----------

It does work but require patience and a strong back. It also helps to have someone read the numbers off the gauge when you say "MARK" as they are hard to read when you are back a few feet pushing with all your might on the heavy butt of a 911.

> Also, do you still need basically a milled-flat surface to do it on, or is an > ordinary "level" driveway adequate?

----------

I don’t think a driveway will work, but most garages should be flat enough and with liquid level you can put some tiles under the low areas. An average track 911 has a spring rate of about 200 pounds per inch, so if your floor is off by 1/4" your reading will be off by 50 pounds which is quite significant.

"Walter Fricke" FrickeW@ci.boulder.co.us  replied:

> You guys are referring to the Wacho (spelling something like that) 

----------

I had one of those several years ago and it worked similar to the "DECO" model sold by speedway. A 90-degree fitting and a better calibrated gauge would help the DECO a lot.

> I think it weighs to maybe 20 lbs anyway

----------

I can see about 10 pounds, you will not get closer than that but it is good enough for racing.

> Not all rims have the surface you need to hoist them with it, and for fancy   > rims one might worry about cosmetic damage

----------

Yes, there needs to be room to put the tool under the lip of the rim. I made an aluminum piece contoured to fit the rims with some duct tape on it so it will not scratch, and an indentation on the bottom for the tool's tip to rest in.  Three people have borrowed my DECO and had good luck with it.

> My procedure is to raise the tire and slip a piece of paper under it, then    > lower it and raise it again until the paper just comes out 

----------

right.

This tool is the poor mans way to get an accurate corner balancing, and for someone like me who changes suspension and/or settings every month it is indispensable. I also used the Ruggles Scales but found them to be no easier to use and no more accurate. Bob Spindel's method with the planks may be the answer, it is a lot like the ruggles scales.

