By Brian Smith (team140), of racingpensacola.com, Enjoy: 

Here's how to tune your car to make it launch and bite like never before. 

Granted, these directions are for live axle, RWD setups. FWD and IRS setups are a little different. I'll have to spend some time under an IRS car and study the geometry and see if the same applies. It will, but things will need to be modified in this text. 

Leaf spring guys and four-bar setup guys, this info is for you. Most GM RWD cars since the early 70's have used the four-bar rear suspension. This is way better than leafsprings could ever be for drag launches. 

Fourteen years ago I was taught how to tune an efficient suspension by one of the great chassis builders in town who shall remain nameless. His method allowed me to see what I was trying to accomplish instead of throwing a bunch of math at me. I was at his shop one day and we were talking about how suspensions are tuned and why they work the way they do. He had me try an experiment when I was having difficulty grasping his way of describing the tuning process. This is what happened: 

There was a filing cabinet in the shop that was empty. He said my feet were the tires of a car. The center of gravity is somewhere about halfway up the cabinet. My hands were the Instant Center. He had me push the cabinet at the top and it wanted to tip over. The instant center (my hands) were too high. My feet had no problem holding me still. I had tons of traction, but the energy was wasted on pushing the cabinet over and not moving it. 

He then had me push the cabinet at the bottom - just above the floor. My feet slipped and the cabinet did nothing. I had no traction. The instant center was too low. 

Now, when I pushed the cabinet a little bit below the center of gravity, the cabinet moved easily and I had plenty of traction. This is the sweet spot you try and find when you tune your suspension. Your goal is to move the vehicle as efficiently as you can - easy and quick. 

First off, some Definitions: 

Center of Gravity (CG): 
This is the imaginary spot inside your car where it is perfectly balanced - front to rear, side to side, and yes, even on it's side it will stay perfectly still if you could lift it at this point. For most cars, it is roughly the height of the center of the camshaft in a normal V-8 engine. To figure the fore-aft measurement, do the following: 

Weigh your car somewhere that has truck scales. Weigh just the front and then just the back. Once you have these two numbers, you can determine the front to rear weight percentage. If you have a 1500 in the front and 1500 in the rear, the point will be exaclty half of your wheelbase. If you wind up with a 60/40 split with 60 being the front, the mark will be 60% of the distance FROM the rear wheel centerline TO the front wheel centerline. 


You have now found the center of gravity (CG) for your car. 

Instant Center (IC): 
Leaf Springs - With leaf springs, the IC changes dynamically with torque. The only way to tune a car with leaf springs to launch is to make the front half of the leaf as solid as possible. Slapper bars or a piece of solid steel clamped full length to the front half of the leaf spring will greatly improve how your car launches (and the ride quality will stay the same!) Once this is accomplished, follow the Ladder Bar instructions. 

Ladder Bar- The Instant Center (IC) is the front ladder bar mounting hole. 

Four-Link- The upper bars point slightly down and lower bars point slightly up. The IC is the imaginary point of intersection if you were to draw a line along the length of the lower and upper control arms forward. 

Percentage of Rise (PR): 
Imagine a line drawn down to the ground from the CG (probably your shifter handle). Now draw a line forward from the center of the rear wheel where it touches the ground through the line from the CG. This intersection is your Percentage of Rise (PR). 

Refer to this image for a better explanation. 

http://www.team140.com/diagram.jpg 

Anti Squat (AS): 
This is a term used to describe how much the rear of the car will Rise or Squat during launch. If a chassis has 160% of AS then the rear will rise drastically, planting the tires violently. By comparison if a chassis has 100% AS then the rear of the car will not rise or squat and if a chassis has less than 100% the rear of the car will squat. 

~A common problem with high horsepower cars running Too Much AS is that the tires will plant the tires very hard for the first several feet but then start to unload the tires and spin when the chassis starts to settle. If your car does this, then look into your AS. 

~A common problem with high horsepower cars running Too Little AS is that the suspension will cause the rear of the car to squat which tries to unload the tires. 

Normal/Neutral Line: 
This is an imaginary line drawn from the tire contact patch through the 50% mark of the Percentage of Rise (PR). 
The location of the IC relative to the CG and the Normal Line (or Neutral line) is what determines what the chassis is going to do. One term used to describe the chassis movement for a 4 link suspension is Anti Squat. An IC that is located ABOVE the Normal Line is said to have more than 100% Anti Squat. An IC located BELOW the Normal Line is said to have less than 100% Anti Squat. 

~4-link settings of 100% Anti Squat should accelerate the car w/o any raising or squatting of the rear of the car. 
~4-link settings with MORE than 100% Anti Squat will Raise the rear end and hit the tires HARDER. 
~4-link settings with LESS than 100% Anti Squat will cause the rear end to Squat and hit the tires SOFTER. 

~IC's that are located IN FRONT of the Center of Gravity (CG) will tend to lift the NOSE of the car. 
~IC's that are located BEHIND the Center of Gravity (CG) will tend to lift the REAR of the car. 


Let's talk about CG some more. Looking at the first image above, let's say the CG is 20" above the ground, sitting where your shifter is. The 20" mark is represented as 100% and 10" (halfway up from the ground) is 50%. 

When you drew the line from the center of the rear wheel where it meets the ground to the line coming down from the CG point, the PR it intersected it at, let's say 15" from the ground. Then the suspension is said to have a PR of 75% (15" / 20" = 75 or 75%). Automatic cars need a PR greater than 50%. Manual cars need a PR less than 50%. 

The HIGHER the PR the HARDER the suspension Hits the tires. The LOWER the PR the SOFTER the suspension Hits the tires. Manual cars already shock the tires hard when the clutch is dropped so they need less PR compared to an automatic. Automatic cars don't shock the tires hardly at all. 

FRONT SUSPENSION 

Most people assume a perfect launching car has a stiff, yet quickly extending front suspension and a super soft rear suspension that allows the car to squat. A FAST CAR DOES NOT SQUAT. That's wasted energy. We're going for the most efficient launch, and that means putting the energy in a forward motion, not losing it in a yaw of the chassis. 

The most efficient front end will rise slowly and settle slowly as the car accelerates and come back to normal at or around the 60' lights. You don't want the front end to jump up, then settle or rise slowly and settle fast. A smooth, fluid up and down is what you want. 

Your weight transfer stops when your front shocks are fully extended. It doesn't matter wether the suspension is completely unloaded and the fronts are just barely skimming the pavement or you're doing a four foot wheelstand. Either way you are putting as much weight as physically possible on the rear tires. 

If you have a soft front suspension that snaps up on launch, maximum weight transfer will only occur in the first two or three feet of your run. Once it starts coming down your rear suspension will start to unload. If you're running a powerful car you will start to wheelspin at this moment. If your car is underpowered, and cannot wheelspin at this moment you just wasted a lot of energy on lifting the front of the car and not going forward. 

Drag launching is not about traction, it's about launching efficiently. 

If the front end jumps up quickly because of a soft suspension, your 60' times will suffer because you're going up and forward - not forward and up. 


FRONT AND REAR WORKING TOGETHER 

Let's do an experiment to show you how the front and rear suspensions work together. You'll need a buddy, a bathroom scale and a long board or pipe - the longer the better. 

Stand on the scale and hold one end of the pipe. Your buddy should be standing and holding the other end, just resting in his/her hands. Your feet represent the rear tires and your friend represents the front suspension. 

Try lifting the pipe out of your friends hands from your end of the pipe. The pipe will feel very heavy and as you try to lift it, you will apply pressure to the scale. This is similar to the reaction that the tires will feel with stiff rebounding front shocks. 

Now do it again, but allow your buddy to help lift the board. As your friend is helping, the reading on the scale will read Less than when he wasn't helping. This is similar to the reaction that the rear tires feel with soft rebounding front shocks. This is good. Less stressful isn't it? 

REAR SUSPENSION 

Rear springs should be fairly stiff for a drag car. Like I mentioned earlier, people think that the car should "squat" during the launch so they install softer rear springs on the car to accomplish this. The only cars that should be squatting during the launch are those cars that shock the tires very hard (manual tranny cars) and with enough power where the car will overpower the tires. Pro-stock cars actually squat during launch because they develop enough torque and hit the tires so hard that the squatting helps absorb some of the shock and keeps from overpowering the tires. Setting up the car to squat is not a function of the springs. It is the position of the Instant Center (IC) that determines how the car squats. The springs still need to be stiff to transfer the force to the tires. 

If the rear end squats that means that the rear springs/shocks are not pushing the rear tires into the ground. They are just compressing. For the most part you don't want the rear to squat because you want some resistance from the springs/shocks to transfer the force/weight to the tires. 

FOUR-LINKs, INSTANT CENTER and ANTI-SQUAT 

The goal in tuning suspension is to apply just enough force to the tires to keep them from spinning. Too much and you have wasted energy that could be propelling the car forward. Too little and you will have wheelspin. You want to be on the verge of spinning. The most a 600HP car should spin out of the hole is roughly 3/4 of one turn. By that time, weight will have transferred and the full weight of the car should be on the rear tires. 

Where the IC (Instant Center) is located compared to the CG (Center of Gravity) is what determines how the force of the suspension acts on the car to get it moving. If the IC is too high then there will be too much energy wasted lifting the front of the car. If the IC is too low then there won't be enough force applied to the rear tires and the tires will spin. There are also variables if the IC is in front of the CG or behind the CG. Somewhere there is going to be a position that will apply just enough force to the tires to keep them from spinning and the rest of the force will push the car forward. 

The IC starts working during the first .001 second of the launch and doesn't stop for the next 40 feet or so. After the first .001 seconds the shocks are very important in maintaining the traction and allowing the IC to apply the force to the tires. For the most part, the IC is what is adjusted to get the initial hook and the shocks are then adjusted to maintain the traction throughout the 60'. 


IC's to shoot for: 

Automatics: 
*90%-130% Anti Squat with the IC located approx. 5"-15" behind the CG. 
With a T-brake, bump it down to 80%-100%. 

Manual: 
85%-120% Anti Squat with the IC located approx. 0"-15" in front or behind the CG depending on combo. 


***************************************************** 

A couple of tricks for you: 

Preload: Preload your rear suspension by using one airbag or jack-bolts in the passenger's side spring. Have it to where - on a level surface and jacking the car up in the center of the differential, the driver's side tire lifts off the ground about 3/8" (10mm) before the passenger's side does. 

Pinion angle: Have your pinion point down in front roughly 2-3 degrees compared to the driveshaft. When under launch, the pinion and driveshaft should be perfectly in line. 

I've got more tricks up my sleeve, but this should get you started on learning how suspensions work. 

More info he posted later: 

By the way, if you want to know how well your car hooks going down the track, multiply your ET by your MPH. 

654-665 are good numbers for a traction filled run. 
1320-1330 are the numbers to shoot for int the 1/4 

Bigger numbers means you're loosing traction and smaller numbers mean you lifted too early or your car loses steam on the top end. 

Even more (Posted by Will's Fiero): 

Ok, been a while, but I'd like to deliver some of the aforementioned IRS info. 

There are several different types of IRS. The best is short/long a-arm (SLA), so I'll focus on that. 

Looking at the suspension from the side of the car, the intersection of a line drawn through the upper control arm pivots and a line drawn through the lower control arm pivots is the instant center. The other dynamics work as Brian laid out. One thing that is important to note is that the location of the instant center relative to the chassis does not change as the suspension compresses or extends. With a solid axle the location of the instant center relative to the chassis does change with suspension jounce and rebound. 


My background and focus on suspension design and tuning are in the area of maximizing handling, rather than maximizing straight line traction. There are quite a few differences. The biggest is point of view for determining instant centers and roll center. While drag racers are concerned with "side view" instant center on the rear only, road racers are concerned with "front view" instant centers on both ends. The difference between front and side view instant centers should be self explanatory: perspective. Look at the car from the front, and each side of an SLA suspension works the same way as a 4 link would in side view. Instant centers are located the same way, but desired positions are much different. 
There are of course two instant centers at each end of the car, and all four affect handling. 

However, the instant centers are of much less direct importance than the roll center. The roll center is the point about which the car will roll in a corner. The roll center is at the intersection of lines drawn from each instant center through the contact patch of the same side tire. 
The instant center for the right side suspension may be well beyond the left side of the car (and in fact should be). The line for determining roll center is still drawn from this instant center through the right contact patch, and similarly for the left side. 

The location of the roll center determines the handling characteristics of the car. A good roll center location is less than three inches off the ground. The roll center moves around as the car rolls however. The left/right movement of the roll center should be as restricted as possible, preferably less than 3 inches each direction at maximum body roll angle. 

The roll moment is the torque on the chassis in the direction of body roll. It is determined basically by the vertical distance between the roll center and the car's CG. However, it's not that simple. If you cut your car in half behind the driver's seat, the height of the CG of the front half will not be the same as the height of the CG of the rear half. This concept touches on the idea of the centroid axis of the car. If you cut your car in a transverse/vertical plane into several slices, then found the CG of each slice, then put the car back together and drew a best-fit line through all the cg's, that line would be the centroid axis. Now draw a line through the front and rear roll centers. This line is the roll axis. The distance between the centroid axis and roll axis is the roll moment. This distance should be constant along the length of the car. IE, the roll axis and centroid axis should be parallel. This means that the roll moment at each end of the car is the same. Having equal roll moments front and rear greatly simplifies and removes many compromises from suspension tuning. 

So in order to design a really good handling suspension, you must have intimate knowledge of the weight distribution of the chassis. The depth of knowledge is such that unless you have a computerized 3 dimensional model of the chassis, in very good detail, you don't have enough knowledge. 

Camber in an independent suspension is analagous to pinion angle in a four link. In addition to having good roll center characteristics, a good independent suspension should also have good camber characteristics. This means that as the suspension compresses, the camber increases, and vice versa for extension. When a suspension has good camber characteristics, the outside tires stay vertical relative to the road as the chassis rolls. When a suspension has really good camber characteristics, the inside tire does too, but it is much less critical than the outside tire. 

Now there are a couple of reasons that you fundamentally can not build a suspension that both hooks and handles extremely well. 

The easiest to grasp is camber. Camber increase with jounce on a handling suspension is good. Camber increases with jounce on a hooking suspension is bad. When you try to launch a handling car, it will squat, and the rear tires will tilt inward, reducing the rear contact patch and reducing traction. 

The next reason that in a handling suspension, anti-squat is the devil. Anti-squat effectively adds a spring rate to the drive axle that is proportional to how much torque the engine is producing. The suspension tuning effectively changes depending on how hard the driver is into the gas. This does not make for consistent cornering performance. Anti-dive works the same way: it changes the suspension tuning based on how hard the driver is on the brakes. It also is not desirable for a car that must handle extremely well. 

And a little about AWD (by Will's Fiero): 

In Brian's post and in my previous post, we have both been assuming that the car in question is RWD. Things get more interesting when AWD is considered. 

A front axle with no drive torque obviously can not have any anti-squat properties, however a front axle that drive CAN have anti-squat. Front anti-squat is figured in basically the same way as rear anti-squat: by the position of the side-view instant center relative to the car's CG. 

Some people ask "why use AWD when you can get a RWD car to hook so well that it lifts the front tires?" Obviously, adding AWD to a car that totes the fronts would be useless. However, thinking along those lines is approaching an AWD car the same way one would approach a rear wheel drive car, which is not necessarily the best approach. 

With way more than 100% anti squat, a RWD car will hit the rear tires very hard, with full engine power, and may not be able to sustain traction. 

However, and AWD car with more than 100% anti-squat at both ends will hit the rear tires very hard, but with only ~50% of engine power. The extremely high anti-squat on the rear will transfer weight to the front tires, and the extremely high anti-squat on the front will serve to pull the front of the car down and load the front contact patches by a little more still. The AWD car will be heavier, but it could have twice the available rubber. It's contact patch pressure will be lower, and its available grip (in lateral g's) will consequently be higher. 

On an ideal launching surface, RWD will always be the best for the highest levels of drag racing. 
However, on less than ideal surfaces, AWD is the king. AWD isn't handicapped by a bad surface nearly as much as RWD is. 

There's a saying that the street is the ultimate equalizer, and that is the case in this situation. Even a Mustang on slicks can be taken out of the hole by a relatively stock AWD car on all season tires. It's happened. Talk to ALLTRBO. 

