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“An introduction to why you should NEVER crank up the torsion bars”

Understanding Torsion Bar Suspension

A torsion bar suspension uses the properties of elastic twisting action in a bar of steel to provide suspension. This method is popular on many trucks, because it provides for ample clearance for the front drive shafts and makes packaging of the front suspension simpler on a four-wheel drive vehicle. It is important to remember that a torsion bar is simply a spring, just like a more conventional coil or leaf spring that you may be more used to seeing on a vehicle. Most torsion bar suspensions use an adjuster called a torsion key to facilitate installing and ride height adjustments.

Torsion keys are used to adjust the orientation of the torsion bar in relationship to the lower control arm of the suspension. This adjustment is necessary because unlike a coil spring, the initial ride height of a torsion bar equipped vehicle is not obvious. Also, the exact twist of a torsion spring can have a large effect on the ride height of a vehicle. In our testing, we have found as little as 3 degrees difference in twist can affect the ride by as much as one inch.

The load path of the front suspension of a torsion bar equipped truck passes through the tire, the spindle and the lower control arm, down the torsion bar, through the torsion key and down through the torsion key adjusting bolt and into the cross member of the frame. In other words, the entire load of the front of the vehicle is riding on the torsion key adjusting bolt. See figure 1 for a diagram of a torsion key and bolt.
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Figure 1 – Torsion Key at 0-degrees to adjusting bolt

Drawing supplied by General Motors

The amount of load carried by the front wheels varies from model to model, with the diesel powered trucks weighing more than their gas powered cousins. Other variables include the optional equipment that might be installed on the front of a vehicle, such as winches, large bumpers or snowplows. The varying weights of these accessories make it difficult to estimate their effects in the scope of this article, so we will ignore them for now. It should be noted that any extra weight would only aggravate the load on the front suspension, as well as increase the rake of the truck at rest.

To calculate the actual load on the front suspension of a modern truck, we will make a few assumptions. Let us assume that our sample truck weighs 5000 lbs, and that 60% of the weight of the vehicle is on the front axle. The control arm has an average length of 20 inches to the center of the wheel and the torsion key has a length of approximately 5 inches. This gives us a ratio of 4:1 for the leverage between the control arm and the torsion key. In figure 2 we can see that this gives us a static load of 6000 lbs on the torsion key adjusting bolt. 
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Figure 2 – Calculation of pressure on torsion key adjusting bolt

To calculate the axial load on the bolt, we multiply the total load with the cross sectional area to get a measurement in pounds-per-square-inch, or psi for short. This measurement is more useful because it will let us compare the loads on the bolt with the specification for the steel used in the bolt.  In figure 3 we see that this axial load is almost 50,000 psi  - a large number but still well within the safe zone for the steel used for torsion key adjusting bolts. 


[image: image4.wmf]Psi

in

lbs

A

A

P

bolt

in

stress

nly

AxialLoado

in

mm

A

Bolt

mm

Areaof

300

,

49

122

.

0

6000

6000

)

(

:

122

.

0

78

4

)

10

(

10

2

2

2

2

=

=

=

=

-

-

¶

=

=

=

=

p

f


Figure 3 – Calculation of axial load on torsion key adjusting bolt

	Head Markings
	Grade or Class
	Material
	Nominal Size Range (Inches)
	Proof Load (psi)
	Minimum Yield Strength (psi)
	Minimum Tensile Strength (psi)
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	Class 10.9
	Alloy Steel, Quenched and Tempered
	All Sizes thru 1-1/2
	120,000
	130,000
	150,000


Table 1. Specification of Grade 10.9 Metric bolts – Information supplied by the Society of Automotive Engineers (SAE)

In table 1 we can see that the proof load of the fastener is 120,000 psi, which is 2.4 times the load we calculated for the fastener in figure 3. Proof load refers to the load that the fastener must be able to withstand without permanent deformation. The other numbers represent loads at elongation and outright failure. 

The load situation changes when the torsion key adjusting bolt is tightened all the way in an attempt to lift the vehicle. This might be done for several reasons, such as compensating for weak torsion bars, or trying to lift the front of the truck to maximum ride height for appearance reasons. It is important to understand the load characteristics of the torsion key in this situation. In figure 4 we have an illustration of a torsion key that has been adjusted to the limit of bolt travel. The angle represented by the diagonal line shows the actual load path, here displayed at 10 degrees from the direction the bolt is facing. We might be tempted to think that this is an insignificant amount of angle, and we would be mistaken.
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Figure 4 – Torsion Key at 10-degree angle to adjusting bolt

Drawing supplied by General Motors

Again we are forced to make assumptions to perform the load calculations, so for the purposes of simplicity we will re-use our previous load calculations and assume that the angle of load is 10 degrees (this 10 degree angle change is not enough to level the vehicle in most cases)

	degrees rotation
	Load on Torsion Key
	Vertical Load on Torsion Key Bold
	Side Load on Torsion Key Bolt
	Axial Load
	Extension

of Bolt

(inches)
	M = Bending Moment (inch-lbs)
	Bending

Load
	Total Load Compression side
	Total Load Tension side

	0
	6,000
	6,000
	-
	49,312
	0.20
	-
	-
	49,312
	49,312

	1
	6,000
	5,999
	105
	49,304
	0.25
	26
	4,372
	53,676
	44,932

	2
	6,000
	5,996
	209
	49,282
	0.30
	63
	10,491
	59,772
	38,791

	3
	6,000
	5,992
	314
	49,244
	0.35
	110
	18,354
	67,598
	30,890

	4
	6,000
	5,985
	419
	49,191
	0.40
	167
	27,959
	77,150
	21,233

	5
	6,000
	5,977
	523
	49,124
	0.50
	261
	43,666
	92,789
	5,458

	6
	6,000
	5,967
	627
	49,041
	0.60
	376
	62,843
	111,885
	(13,802)

	7
	6,000
	5,955
	731
	48,944
	0.70
	512
	85,480
	134,424
	(36,536)

	8
	6,000
	5,942
	835
	48,832
	0.80
	668
	111,562
	160,394
	(62,731)

	9
	6,000
	5,926
	939
	48,704
	0.90
	845
	141,074
	189,779
	(92,370)

	10
	6,000
	5,909
	1,042
	48,562
	1.00
	1,042
	173,997
	222,560
	(125,435)


What do all of these numbers mean?

Essentially that the load on the torsion key adjustment bolt is past it’s failure rate when the truck is at rest and it is extended only one inch outside of the torsion key and keeper…on a stock torsion key this adjustment amount will not level the truck but it will get the front close to level with the rear.

What can happen?

You are putting a load of more than three times what the bolt was designed to handle, so like most things have to deal with three times what they can take, you end up with catastrophic failure.

This same type of failure is what happens to cast torsion keys that are not broached in manufacture, the cast has flaws which allow for failure when the demands placed upon it are more than the casting process will allow. Broaching makes a uniform consistent surface, a manufacturing process that helps to eliminate these flaws, the torsion key failure will occur in the broaching process.

As well, it is important to remember that increasing preload ruins the ride quality of the truck, normal movement of the suspension in dealing with the small bumps that occur in 80% of daily driving is impaired due to this increased preload. 

Those little ridges on the Interstate, ripples in the roadway caused by everyday use, small urban potholes, washboard ripples on dirt roads, basically almost every aspect of every day driving becomes affected by this increased preload on the torsion bar when it is adjusted to tight as in the explanation above. 

One of the easiest ways to tell if a vehicle has too much spring preload or over adjusted torsion keys is to push on the front bumper of the vehicle and see if it moves with a small amount of pressure from one arm. When the torsion keys are cranked up to lift the vehicle and increasing the spring preload it will take both arms and most of your body weight to get any movement and even then if you watch the front tires you will see movement in the sidewalls. 

Any type of torsion key can be adjusted this way, but I am using the truck being leveled as the point of free movement. Even with our TRUXXX keys, you can increase spring preload to ruin the ride…the front of the truck will just be 2” higher than the rear!

Other competition comes in the form of replacing keys in GM 6 and 8 lug vehicles with those from a FORD truck or from one GM vehicle to another (1500 keys into a 2500/3500). While this works to lift the front end, it does not retain the ride the truck was designed to have and once again it relies on a lot of sidewall suspension to keep the small bump absorption. When you do the bumper check on these vehicles as well you can find more movement than with the stock torsion keys adjusted, but there is still little or no movement in the front bumper when the truck is sitting level.

Most aftermarket cast torsion keys on the market are just replica’s ( with small cosmetic changes ) of Ford F150 keys into GM 1500’s, GM 1500’s into GM 2500/3500 and obviously these keys not optimally designed to work with the vehicle. They are cast (see above) and are shipped without alignment specs or detailed instructions.
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