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An automobile suspension is modeled in the figure. The dashpot , with coefficient β ~ (kg/s), represents a shock absorber.The spring has a force constant

 k ~ (N/m). The input  x1(t), is the profile of the road and is given.
The vertical displacement of the car body , x2(t) , is the unknown output.
The equation of motion is 

d2 x2 /dt2 =  (1/M) * { - β( dx2 /dt  - d x1/dt) – k (x2 – x1 ) }      (1)

                = a (x1 , x2 , v1 , v2)

The equation is solved by finite differences

xn  =   2* xn-1 – xn-2  + (∆t)2 a n-1 (x1 , x2 , v1 , v2)                       (2)
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Fig. 15-13




In the present example the natural oscillation of the auto is of the order of 0.5 s and the damping time scale is set to 1.0 s.
Tha automobile mass is 1.2E3 kg and goes at 20 km/hr .

The road profile is sinusoidal with an amplitude A= .15 meters . 

The tires have a radius of 0.30 m.

Output x2 due to  input of a sinusoidal road x1(t).
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Plot of x2 (in meters) vs t (s)

The input x1 has been scaled down dividing by   10*A.

At approximately  5 m/s, the automobile has taveled  nearly 10 meters.
c   problem 15.7 Schaums BEE

      real mass , k

      data tosc,tdamp/.5,1./

      x1(t)=A*cos( vauto*t/rtire)

      v1(t)=-(vauto/rtire)*a*sin(vauto*t/rtire)

      a2(t,x20,x21)= (1./mass)*(- beta*( (x21-x20)/dt -v1(t) )

     $ -k*(x21-x1(t)) )

      pi=2.*asin(1.)

      rtire=0.3

      a=0.15

      vauto=20.*1.E3/(3.6E3)

      mass=1.2E3

      k=(4.*pi**2*mass/tosc)

      beta=mass/tdamp

      x20=0.

      x21=0.

      tscale=amin1(tdamp,tosc,rtire/vauto)

      dt=tscale/100.

      tfinal=15.*tscale

      nstep=int(tfinal/dt)

      kp=int(float(nstep)/90.)

      kount=kp

      print 100, 0., x20,x1(0.)/(10.*a)

      do 10 i=2,nstep

      t=dt*float(i)

      x22=2.*x21-x20+ dt**2 * a2(t-dt,x20,x21)

      if (i.eq.kount ) then

      print 100,t,x22, x1(t)/(10.*a)

      kount=kount+kp

      endif

      x20=x21

      x21=x22

10    continue

100   format (1x,'t,x22,x1/a=',3(4x,e11.4))

      stop

      end

