Terms used in Chassis Constuction

(By Trevor Lash September 2005)
The following is a guide for Formula SAE chassis team members who are beginning to do research on chassis design. 

Frequently used Terms and Definitions. 

Poisson's ratio  is the ratio of transverse contraction strain to longitudinal extension strain in the direction of stretching force. Tensile deformation is considered positive and compressive deformation is considered negative. Poisson's ratio is an indication of how compressible a material is. Most metals how a Poisson's ratio of 0.25 – 0.35. Cork and rubber are the two extremes of passions ratio values. Cork has a P.R of almost zero, meaning that it barely pushes out when it is compressed. Rubber has a P.R. value of about 0.5, meaning when it is compressed the volume doesn't change and the material is pushed to the outside. Ref: http://silver.neep.wisc.edu/~lakes/PoissonIntro.html
Elastic Modulus (Young Modulus) is the ratio of stress vs. strain. It is the measure of the stiffness of a material. 

Yield Strength is the amount of stress a material can take before it starts to plastic deform. Plastic deformation is when a material will not return to its original state after being stressed. Stress in a chassis member should never closely approach the yield point. A factor of safety should be considered to prevent yielding. 

Tensile strength is the amount of stress a material can take before failing.

Reduction of Area is the amount in a percentage, of how much the cross sectional area of a material will change when being stressed to failure in tension. 

Elongation is the amount in a percentage, of how much a materials length will change when being stressed to failure in tension. 

Bulk Modulus refers to the compressibility of a substance. Refer to http://www.engineeringtoolbox.com/21_585.html for more information.. 

STEEL TUBING
ERW (Electric Resistance Welded) -  Tube is made by a sheet of steel being rolled up like a news paper without overlap and electric resistance welded along the seam. Below are three types of ERW tubes.  
HREW (Hot Rolled Electric Resistance Welded) – Tube is rolled into shape at elevated temperatures. The higher temperatures make the steel malleable. HREW tubes is the cheapest among the three and the least strongest. The typical yield strength of HREW is around 40 KPSI.  

CREW (Cold Rolled Electric Resistance Welded) – Tube is rolled into shape at room or close to room temperature. This process allows the grains to become longer in the metal making it stronger and less ductile. The typical yield strength of CREW is around 60 KPSI.  
DOM (Drawn over Mandrel) – A CREW tube is drawn over a mandrel (a cone

shaped spear) and pushed through a die to allow the pipe dimensions to be 

more precise. The process of drawing the steel over a mandrel cold works the steel and it has superior strength properties. The typical yield strength of DOM tubing is around 80 KPSI depending on the steel type and process.  

Alloy Steel (Chrome-Molly 4130)  Chrome-Molly is an Alloy (important to note all steels are alloys and have the same Elastic Modulus of 207 GPa, however the term “alloy steel” in many cases refers to the 4000 series steels.) with 0.3 % carbon. The 41 term represents the amount of chrome and molybdenum. 

Critical Designing Points
· It is essential that when designing a chassis that the designers are aware that all steels have the same Elastic Modulus of 207 GPa, (30 KPSI). The Elastic Modulus governs the stiffness of a bar. Therefore, give a tube of equal dimensions (outer / inner diameter and length) made from any different steel (4130, 1020, 4140, 1026 … etc.) shall have the exact same stiffness. The important difference between these steels is their yield strength. The yield strength is the given pressure it will take to plastically deform the tube. By changing the yield strength of a tube you are increasing its strength. For example we build a chassis entirely from 4130 (Sy=120 ksi) and find its torsional rigidity (stiffness in torsion) to be 1800 ft*lbs/degree. We build an identical chassis from 1020 HREW (Sy=40 ksi). The torsional rigidity will be exactly the same since the steels share the same elastic modulus. Why do teams use 4130 then (Note that 4130 is almost 2 times the cost of 1020!!)? When applying torsion to the 4130 frame it will take much more force to yield the frame. Now you’re probably wondering isn’t that mean it’s stiffer? Picture a bar made from 1020. You pick it up and try to bend it. The amount of force it will take you to bend it will be almost three times less then if it were 4130 (Stiffness=Force/displacement, displacement and stiffness are constant). Stiffness can be defined by the resistance of an elastic body to deflection by an applied force. Both 4130 and 1020 will resist by the same about in bending, however the 4130 will deform plastically at a must greater force. 
· A chassis designer must beware that every point on the chassis is correctly noded. A proper chassis node is a MINIMUM of 3 members joining at a common point. I stress minimum because the more members that make a node the stronger it will be. It is essential that all forces coming into the chassis (suspension points) be noded properly. The judges will look for this and comment on it. To start designing a chassis try to picture a frame consisting of many triangles. Remember the triangle is the strongest shape. We can justify this by examining a bridge or an electrical tower. Strength is also improved by having the points converge out of plane from each other.    

· Be sure to include packaging of components into the chassis design. For instance, side pods incorporate room for the gas tank and radiator and other components if needed. The driver should be comfortable (not too comfortable…remember this is a race car). The car must fit a 90 percentile driver. We have a dummy made up to show this. It is in the rules !!  

· It is important for a chassis member to know why a certain material is chosen. “Because it is stronger” is not a good answer. The materials that are chosen are chosen for mainly; strength, cost, weldability, manufacturability, and availability. You are not going to build your chassis from titanium because its availability is poor, its cost is high, and its manufacturability would also be poor because of its high strength would require special tooling and it would be also hard to bend. Many of these characteristics oppose each other but selecting a proper material may be based on the specific team goals. For example one of our team goals were to reduce weight of each teams major components by 7%. Iterations should be done on each characteristic to justify why it was chosen. For instance you should know the strength to cost ratio of your material. These are not the only characteristics that are used, and are in no particular order, when selecting a chassis material.
· Square tubing (lb for lb) is around 69% stiffer then round tubing. However in torsion round tubing is superior. Please read the webpages I have outlined below for further explanations on this.
Excellent Webpages:

Square Tubing Vs. Round Tubing

http://mnhpva.org/tech/frame_tubes.html
http://www.erareplicas.com/factory5.htm

http://mnhpva.org/tech/tubes_mark.html
http://64.27.117.87/cobraframe.htm
http://www.ptcalliance.com/dom/default.asp
http://www.chicagotube.com/stockbook/round/tech_t5_mandrel.html
http://www.lincolnelectric.com/knowledge/articles/content/chrome-moly.asp
http://www.geocities.com/lashtrevor/engineer/fsae.htm
