ME 106/227

Spring 2002

Assignment #7 - Vehicle Ride Quality with the Three Mass Model

Due Tuesday, May 28

Purpose of Assignment #7


The purpose of this assignment is to put together a simulation model of the three mass vehicle for investigating front/rear suspension tuning together with sprung/unsprung mass interactions.  This assignment sets up the model for use in the final project.    

Problem 1 – The Three Mass Model in State Space Form 

Put the state-space model we discussed in class for the three mass vehicle model into MATLAB and develop output vectors that you can use to get the sprung mass vertical acceleration and sprung mass pitch acceleration.  Matt has a brief tutorial up on the web that shows how to put together a model like this for the two mass model so you should be able to follow that and get the model in place.  Assume that the car has a 50-50 weight distribution, tire stiffnesses of 3375000 N/m front and rear, rear spring stiffness of 38000 N/m, front spring stiffness of 30000 N/m, front and rear damping values of 1500 N/(m/s), a sprung mass of 1440 kg (so M = 720 kg since we are considering only half of the car), unsprung masses front and rear of 40kg, a pitch dynamic index of 1 and a wheelbase of 2.7m.  This is (rather roughly) comparable to values you might find on the Mercedes test vehicle.  

(1) Use lsim to simulate the vehicle moving over the bump from the last assignment at 2 m/s.  Recall that this bump was described by: 
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where the parameters for the bump are:
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Since our input this week is position, we can take this directly without having to calculate acceleration.  Make a time vector of 10 seconds in length with an interval of 0.001s and a position vector for the front tire corresponding to the bump assuming the vehicle is traveling at 2 m/s.  Make a rear tire position vector by shifting the front vector 1.35 seconds later in time.  Using lsim, simulate the response of the vehicle to the bump.  Plot the pitch and bounce accelerations as a function of time.  Can you see an effect from the stiffness variation front to rear?  If so, why?  If not, why not?  

(2) Pick a frequency where you think the vehicle should experience mainly pitch motion and one where you believe the vehicle should experience mainly bounce motion when you are traveling at 10 m/s.  Using lsim, simulate the vehicle going over a sinusoidal road of amplitude 0.005m at these two frequencies and plot the pitch and bounce accelerations as a function of time.  Can you see wheelbase filtering effects in these simulations?  

Problem 2 – Fourier Transforms of the Data Get Started on the Project


So here we were going to ask you to look at Fourier transforms of the road data.  This really isn’t hard, but can be a bit confusing.  We’ll discuss this in class on Thursday and set you up for everything you need to know on the final project.  In lieu of a question on this, get started on the project and with this assignment let us know:

(1) A list of the people on your team.

(2) The “extra” thing you intend to do for the project (different suspension type, active suspension, etc.) and where you think you might need our help with this.  
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