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Abstract—Vibration control is crucially important in ensuring
a smooth ride for vehicle passengers. This study sought to design
a suspension system for a car such that its mode of vibration
would be predominantly bouncing at lower speeds, and primarily
pitching at higher speeds. Our study used analytical and numer-
ical methods to choose appropriate springs and dampers for the
front and rear suspension. After an initial miscalculation, we
succeeded in arriving at appropriate shocks for the vehicle with
the desired modes of vibration at the specified frequencies.

We then assessed the maximum bouncing and pitching that
the vehicle would experience under a specific set of conditions:
travel at 40 km/hr over broken, rough terrain. Our testing showed
moderate success in our suspension design. We successfully
damped the force being transmitted to both the front and rear
quarter car somewhat, while ensuring that the modes of vibration
fell into the desired shapes at the desired frequency ranges.

I. INTRODUCTION

HE suspension system of a car heavily affects the stability

of the ride, and the comfort of the driver and passengers.
Minimizing impact to cargo is often a concern as well. Not
only the magnitude, but the mode of vibration experienced
must be considered. For a comfortable ride, it is generally
desired to have the bounce motion occur at lower frequencies,
and the pitching motion occur at higher frequencies for better
handling and control. Of course, the magnitude of these
vibrations should be minimized overall to the greatest extent
possible. We used a half-car model for our analysis. The fixed
parameters of the half-car model are given as follows:

TABLE 1
SIMULATION PARAMETERS
m = 1000 kg
Jo = 240 kg/m?
liotal = 2m

Half-car mass
Moment of Inertia about CoM
Wheel Base

Further design parameters specify that the vibration of the
vehicle be primarily bouncing for frequencies between 1.4 Hz
and 2.4 Hz (8.8 to 15.1 rad/sec), and predominantly pitching
at frequencies from 2.5 to 3.3 Hz (15.7 to 21. rad/sec). The
damping ratio ¢; for each quarter car had to fall in the range
of .4 to .6. The placement of the center of mass was left to
our discretion. Over the course of our analysis we ended up
using different damping ratios for the front and the rear. We
also had to change the location of our center of mass from its
initial position.

Our dynamic analysis of the problem yielded two equations
of motion, from which we created a matrix equation. Algebraic
manipulation of the matrix equation allowed us to derive
equations for the amplitudes of bouncing and pitching motion.
We assumed front and rear damping ratios, and an arbitrary
center of mass. Our numerical modeling showed us that our
initially chosen values would not be appropriate, and through

a trial and error process, we settled on our final values for
spring and damping constants, and settled on a center of mass
slightly to the rear of the center.

The second phase of our research involved testing our
vehicle traveling through conditions simulating broken terrain.
We sought to determine the maximum bouncing and pitching
displacements experienced by the car. We determined that
what we were concerned with was the steady state response
of the vehicle, since the long term vibrations as the vehicle
is in motion are what we are trying most to limit. Our steady
state response was developed from many small calculations,
but ultimately allowed us to describe the car’s response to
harmonic forcing.
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Fig. 1. Diagram of half-car.

II. ANALYSIS

We began our analysis by drawing a free-body diagram for
the entire half-car. This yielded two equations of motion in
terms of x and 6.

mx = 7]61(.% — 110) — kg(l’+120) — Cl(j? — 110) — CQ(d? — 129)
Joé = klll(I*llo)fkglg(llkkha)%’clll(i*llé)fcglg(iflgé)

TABLE 1T
DEFINITIONS OF VARIABLES

Distance from rear, front axles to CoM l1,l2

Spring constant for rear, front axles ki, ko
Damping constant for rear, front axles c1,C2

Damping ratio, for rear, front axles & = bi/2miwn,

Using the following relations,
z = Xe® and 6 = B¢t
z=sXe" and 0 = sQest
= s?Xe and 0 = s?Qe’?

we were able to put together a matrix expression for X and
© in terms of the complex variable s = o + jw.

IR
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where

A=ms?+ (c1 +c2)s + (k1 + k2)

B = (Cclz — clll)s + (leQ — /{1111)

C = (caly — c1l1)s + (ko — k1)

D = Jos? + (c113 + cald)s + (k113 + kal3)

At this point, we now had an expression to evaluate the
bouncing and pitching modes of vibration, (%) Using the as-
sumption the real component of s is negligible, i.e. s = jw, we
used C++ code to iterate through the full range of frequencies
with which we were concerned, from 8.8 to 21 radians/sec.
This necessitated that we choose an arbitrary damping ratio
for the front and rear that we chose to set at &1 = & = 4.
At this point we assumed that the real component of s was
negligible. That is to say, we assumed s = jw.

Initially, we set the center of mass at .8 meters from the front
axle arbitrarily. Using C++ code, we solved for spring and
damper values for the front and rear that exhibited appropriate
bouncing and pitching behavior at the desired frequencies. Us-
ing MATLAB, however, we returned to our earlier calculations
and solved for the roots of the determinant of the impedance
matrix, four values of s, in two complex conjugate pairs. We
discovered that due to our earlier assumption, s = jw, one pair
of complex conjugate roots was outside our desired frequency
range. We then adjusted our inputs to the C++ code, and
using a trial and error process ultimately changed the damping
ratio of the front axle to £&; = .5 and set the center of mass
1.2 meters from the front. This yielded spring and damping
constants which met our design specifications.

TABLE III
FINAL CHOSEN PHYSICAL CONSTANTS

Front spring constant ko = 250.0 kN/m

Front damping constant co2 =10 kN - s/m

Rear spring constant k1 = 464.64 kN/m

Rear damping constant c1 = 4.224 kN - s/m

Location of center of mass | 1.2 meters from front of car (I = 1.2 m)

Using these constants with the C++ code developed earlier,
we were able to develop a data set describing the vibrational
modes over the frequency spectrum of interest. We exported
this code to an Excel spreadsheet, included in the appendix,
from which we produced the graph shown in Fig. 2.

The second part of our analysis involved testing the vehicle
to determine the maximum amplitude of the bouncing and
pitching experienced by the car traveling at a speed of ¥ = 40
km/hr over rugged terrain. This terrain was modeled by a
harmonic displacement of amplitude .1 meters, over a period
of 4 meters. For these calculations we assumed a steady
state response. This seemed reasonable, since we were mostly
concerned with the ongoing vibrations, and not momentary
perturbations. The steady state response for a two degree of
freedom system grows out of the ss solution for a single degree
of freedom system,

zss = Yo[TR]sin(wt + ¢)
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Fig. 2. Modes of vibration across the frequency spectrum

where

)2
[TR); = ( L+ (26r:) and r; = =
V)7 + (26 Wni
and Y, is the amplitude of the harmonic displacement. In
a single degree of freedom system, the 7 subscripts are not
necessary of course, as there is only one damping ratio, natural
frequency, etc. Having a system with two degrees of freedom
gives us two steady state solutions in terms of x(t) and 6(t),
each somewhat more complicated than the equation above. The
phase shift of m occurs in the second term of each equation
as a result of the length of the wheel base being 2 meters to
the 4 meter period of the road surface.

Zss = Yo([T R]2sin(wt+¢1+aq)+ [T R]y sin(wt+m+pa+asz))

—|TR TR
0y = YO(%sin(thrgleral)qL[ l h
2 1

We used a few standard formulas to find values for
@1, @2, a1, a2, wp1, and wyo

¢i = tanil( 257‘7,22 )7 QG = tanil(—Q&ri)? Wn4i = ﬁ
1—rf m;
TABLE IV
CALCULATED VALUES
r .6981
T2 1.983
[TR]; 7894
[TR], 7423
b1 —.9374 rad
b2 3.637 rad
aq —.6094 rad
a2 —1.008 rad
Wn1 25.00 rad/s
Wno 8.80 rad/s

Using the information above, we were able to plot the
resultant functions in MATLAB and calculate the maximum
bouncing and pitching motions in Fig. 3. Our maximum
bounce displacement is .0758 meters, or 7.58 cm. The maxi-
mum angular displacement is .1407 radians, or about 8.1°.

sin(wt+m+dotas2))
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Fig. 3. Bouncing and pitching motion as a function of time

III. CONCLUSION

The spring and damping constants we arrived at, while
large, seem reasonable for a 2000 kilogram vehicle. We
were pleased with our efforts to constrain the vibrational
motion to the correct modes at the desired frequencies. Given
more time to refine our input parameters, we would seek
to improve our result by increasing the slope of our curve
to achieve even higher mode vibrations(more predominantly
bouncing) at the low end of the frequency range, and smaller
mode vibrations(more predominantly pitching) at the higher

frequencies. Overall, our max bounce mode of % = 2.02 and
X

5 = .59 seem like reasonable

our max pitching mode of
results.

While we are not completely thrilled by our car’s perfor-
mance under road conditions, the fact that both transmission
ratios are less than zero indicates that our efforts have not
been in vain. The maximum pitching motion of 8.1° seems
acceptable for a vehicle traveling over such rough terrain.
We were somewhat disappointed with the maximum bounce
of 7.58 cm. It seems like we should have been able to
reduce the transmitted force more than we succeeded in doing.
Despite this, we were otherwise satisfied with our efforts at
constraining the vibrational modes to the desired frequency
ranges. The vehicle as we designed it seems like a heavily
loaded truck, probably for military or industrial use, in light
of the rough terrain that we tested it over, and the location of
the center of mass behind the geometric center of the truck.
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IV. APPENDIX A

C++ Code
/%
* File: vibproj .cpp
% Author: Paul
*
* Created on November 12, 2015, 11:15 AM
*/

#include <cstdlib>
#include <stdio.h>
#include <string.h>
#include <math.h>

using namespace std;

/%
*
*/
int main(int argc, charx* argv) {
double totalMass = 1000.0;
double xiFront = 0.5;
double xiRear = 0.4;
double length = 2.0;
double frontRatio = .4;
double mFront = totalMass *x frontRatio;

double 1Front length — (frontRatio % length);
double wnFront = 8.8;

double kFront = wnFront * wnFront x mFront;
double cFront = 2 x xiFront % wnFront * mFront;

double mRear = totalMass x (1 — frontRatio);
double wnRear = 8.8;

double kRear wnRear * wnRearxmRear;

double cRear 2 % xiRear *x wnRearsmRear;
double IRear length — 1Front;

double JO = 240.0;
double wMode = 8.80;

double modeMag = O0;

double max = 0;

double min = 1;

double step = .05;

/1 printf ("%0.2f, %0.2f, %0.2f, %0.2f, %0.2f\n”, mFront, 1Front, wnFront, kFront, cFront);
while (wMode < 21) {

while (wnRear < 20) {
wnFront = 8.80;

kFront = wnFront x wnFrontsxmFront;
cFront = 2 % xiFront x wnFrontxmFront;
kRear = wnRear * wnRearsxmRear;

cRear = 2 % xiRear *x wnRearxmRear;

while (wnFront <= 25.05) {

double A = (cRear % 1Rear — cFront % lFront) x wMode;
double B = kRear * 1Rear — kFrontxl1Front;

double E = wMode * wMode x totalMass ;

double F = wMode * (cRear + cFront);

modeMag = sqrt(A = A + B * B) / sqrt(E « E + F % F);
if (modeMag > max) {

/1 printf (”wMode: %0.2f\n”, wMode);

/1 printf (”Front: Wn: %0.3f\tc: %0.3f\tk: %0.3f\n”, wnFront, cFront, kFront);
/1 printf (”Rear: Wn: %0.3f\tc: %0.3f\tk: %0.3f\n”, wnRear, cRear, kRear);

11/ printf ("maxMag = %0.3f\n”, max);

max = modeMag;
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if (modeMag < min) {

// printf ("wMode: %0.2f\n”, wMode);

// printf (”Front: Wn: %0.3f\tc: %0.3f\tk: %0.3f\n”, wnFront, cFront, kFront);
// printf (”Rear: Wn: %0.3f\tc: %0.3f\tk: %0.3f\n”, wnRear, cRear, kRear);
// printf ("minMag = %0.3f\n”, min);

min = modeMag;

if (wnFront >= 24.96 && wnRear <= 8.81) {
printf (”%0.2f,%0.2f”, wMode, modeMag);
printf(”,%0.2f,%0.2f,%0.2f,%0.2f\n”, kFront, cFront, kRear, cRear);

wnFront += step;
kFront = wnFront * wnFrontxmFront;
cFront = 2 x xiFront x wnFrontxmFront;

}

wnRear += step;

wMode += step;

wnFront = 8.80;

kFront = wnFront x wnFrontxmFront;
cFront = 2 % xiFront *x wnFrontxmFront;

wnRear = 8.80;

kRear = wnRear * wnRearsmRear;
cRear = 2 x xiRear x wnRearxmRear;

printf (” N

return 0;
}

V. APPENDIX B
MATLAB Code

% Part 1
syms m s ¢l c2 k1l k2 J 11 12 t;
cle
m =1000;
11 = 1.2;
12 = .8;
J = 240;
cl = 10000;
k1l = 250000.0;
k2 = 46464,
c2 = 4224,
%s = —37.884 + 18.6275x11i;
A =m.x*xs."2 + (cl+c2).xs+(kl+k2);
B = (c2.%x12—cl.x11).xs + (k2.%x12 — kl.x11);
C = (c2.%x12—cl.x11).xs + (k2.%x12 — kl.x11);
D=1T.%xs."2 4+ (cl.x11"2 + ¢c2.%12.72).%s + (kl.x11."2 + k2.%x12.72);
M = [A B:CDJ;
9w = 17.4533;
I%F = [—.1.xkl.*sin(w.xt) — .1.xk2.xcos(w.xt); .l.xkl.xsin(w.xt)—.1.xk2.%xcos(w.xt)];
%inv (M) «F
D = det(M);
P =sym2poly(det(M));
r = roots (P)
A=mx*xr."2 + (cl+c2).xr+(kl+k2);
B = (c2.%12—cl.x11).%xr + (k2.%x12 — kl.x11);
mag = abs(—B/A)
9%
% Part 2
t = 0: .01: 1;
w = 17.4533;
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X = .07423.xsin(w.xt —1.547)+.07894.xsin(w.xt —3.654);

theta = —.06186.«sin(w.xt —1.547)+.09868.xsin(w.xt —3.654);

xmax = max(Xx)

thetamax = max(theta)

hold on

xlabel (’Time (s)’)

plot (t,x,’b’”)

plot(t, theta,’r’), legend(’x(t) in meters’, ’\theta(t) in radians ’)

VI. APPENDIX C
Specific Frequency Data

mode | mag | kFront | cFront | kRear | cRear
8.8 2.02 | 249001 | 7984 | 46464 | 4224
885 |2 249001 | 7984 | 46464 | 4224
8.9 1.99 | 249001 | 7984 | 46464 | 4224
8.95 | 1.97 | 249001 | 7984 | 46464 | 4224
9 1.96 | 249001 | 7984 | 46464 | 4224
9.05 | 1.95 | 249001 | 7984 | 46464 | 4224
9.1 1.93 | 249001 | 7984 | 46464 | 4224
9.15 | 1.92 | 249001 | 7984 | 46464 | 4224
9.2 1.9 | 249001 | 7984 | 46464 | 4224
9.25 | 1.89 | 249001 | 7984 | 46464 | 4224
9.3 1.88 | 249001 | 7984 | 46464 | 4224
9.35 | 1.86 | 249001 | 7984 | 46464 | 4224
94 1.85 | 249001 | 7984 | 46464 | 4224
945 | 1.84 | 249001 | 7984 | 46464 | 4224
9.5 1.82 | 249001 | 7984 | 46464 | 4224
9.55 | 1.81 | 249001 | 7984 | 46464 | 4224
9.6 1.8 | 249001 | 7984 | 46464 | 4224
9.65 | 1.79 | 249001 | 7984 | 46464 | 4224
9.7 1.77 | 249001 | 7984 | 46464 | 4224
9.75 | 1.76 | 249001 | 7984 | 46464 | 4224
9.8 1.75 | 249001 | 7984 | 46464 | 4224
9.85 | 1.74 | 249001 | 7984 | 46464 | 4224
9.9 1.73 | 249001 | 7984 | 46464 | 4224
9.95 | 1.72 | 249001 | 7984 | 46464 | 4224
10 1.7 | 249001 | 7984 | 46464 | 4224
10.05 | 1.69 | 249001 | 7984 | 46464 | 4224
10.1 1.68 | 249001 | 7984 | 46464 | 4224
10.15 | 1.67 | 249001 | 7984 | 46464 | 4224
10.2 | 1.66 | 249001 | 7984 | 46464 | 4224
10.25 | 1.65 | 249001 | 7984 | 46464 | 4224
10.3 | 1.64 | 249001 | 7984 | 46464 | 4224
10.35 | 1.63 | 249001 | 7984 | 46464 | 4224
104 | 1.62 | 249001 | 7984 | 46464 | 4224
10.45 | 1.61 | 249001 | 7984 | 46464 | 4224
10.5 | 1.59 | 249001 | 7984 | 46464 | 4224
10.55 | 1.58 | 249001 | 7984 | 46464 | 4224
10.6 | 1.57 | 249001 | 7984 | 46464 | 4224
10.65 | 1.56 | 249001 | 7984 | 46464 | 4224
10.7 | 1.55 | 249001 | 7984 | 46464 | 4224
10.75 | 1.54 | 249001 | 7984 | 46464 | 4224
10.8 | 1.53 | 249001 | 7984 | 46464 | 4224
10.85 | 1.52 | 249001 | 7984 | 46464 | 4224
10.9 | 1.51 | 249001 | 7984 | 46464 | 4224
10.95 | 1.51 | 249001 | 7984 | 46464 | 4224
11 1.5 | 249001 | 7984 | 46464 | 4224
11.05 | 1.49 | 249001 | 7984 | 46464 | 4224
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mode | mag | kFront | cFront | kRear | cRear
11.1 1.48 | 249001 | 7984 | 46464 | 4224
11.15 | 1.47 | 249001 | 7984 | 46464 | 4224
11.2 | 1.46 | 249001 | 7984 | 46464 | 4224
11.25 | 1.45 | 249001 | 7984 | 46464 | 4224
11.3 1.44 | 249001 | 7984 | 46464 | 4224
11.35 | 1.43 | 249001 | 7984 | 46464 | 4224
11.4 | 1.42 | 249001 | 7984 | 46464 | 4224
11.45 | 1.41 | 249001 | 7984 | 46464 | 4224
11.5 1.41 | 249001 | 7984 | 46464 | 4224
11.55 | 1.4 | 249001 | 7984 | 46464 | 4224
11.6 | 1.39 | 249001 | 7984 | 46464 | 4224
11.65 | 1.38 | 249001 | 7984 | 46464 | 4224
11.7 1.37 | 249001 | 7984 | 46464 | 4224
11.75 | 1.36 | 249001 | 7984 | 46464 | 4224
11.8 | 1.36 | 249001 | 7984 | 46464 | 4224
11.85 | 1.35 | 249001 | 7984 | 46464 | 4224
11.9 | 1.34 | 249001 | 7984 | 46464 | 4224
11.95 | 1.33 | 249001 | 7984 | 46464 | 4224
12 1.32 | 249001 | 7984 | 46464 | 4224
12.05 | 1.32 | 249001 | 7984 | 46464 | 4224
12.1 1.31 | 249001 | 7984 | 46464 | 4224
12.15 | 1.3 | 249001 | 7984 | 46464 | 4224
12.2 1.29 | 249001 | 7984 | 46464 | 4224
12.25 | 1.29 | 249001 | 7984 | 46464 | 4224
12.3 1.28 | 249001 | 7984 | 46464 | 4224
12.35 | 1.27 | 249001 | 7984 | 46464 | 4224
124 | 1.26 | 249001 | 7984 | 46464 | 4224
12.45 | 1.26 | 249001 | 7984 | 46464 | 4224
12.5 1.25 | 249001 | 7984 | 46464 | 4224
12.55 | 1.24 | 249001 | 7984 | 46464 | 4224
12.6 | 1.24 | 249001 | 7984 | 46464 | 4224
12.65 | 1.23 | 249001 | 7984 | 46464 | 4224
12.7 | 1.22 | 249001 | 7984 | 46464 | 4224
12.75 | 1.21 | 249001 | 7984 | 46464 | 4224
12.8 | 1.21 | 249001 | 7984 | 46464 | 4224
12.85 | 1.2 | 249001 | 7984 | 46464 | 4224
12.9 | 1.19 | 249001 | 7984 | 46464 | 4224
12.95 | 1.19 | 249001 | 7984 | 46464 | 4224
13 1.18 | 249001 | 7984 | 46464 | 4224
13.05 | 1.17 | 249001 | 7984 | 46464 | 4224
13.1 1.17 | 249001 | 7984 | 46464 | 4224
13.15 | 1.16 | 249001 | 7984 | 46464 | 4224
13.2 | 1.16 | 249001 | 7984 | 46464 | 4224
13.25 | 1.15 | 249001 | 7984 | 46464 | 4224
13.3 1.14 | 249001 | 7984 | 46464 | 4224
13.35 | 1.14 | 249001 | 7984 | 46464 | 4224
134 | 1.13 | 249001 | 7984 | 46464 | 4224
13.45 | 1.12 | 249001 | 7984 | 46464 | 4224
13.5 1.12 | 249001 | 7984 | 46464 | 4224
13.55 | 1.11 | 249001 | 7984 | 46464 | 4224
13.6 | 1.11 | 249001 | 7984 | 46464 | 4224
13.65 | 1.1 | 249001 | 7984 | 46464 | 4224
13.7 | 1.09 | 249001 | 7984 | 46464 | 4224
13.75 | 1.09 | 249001 | 7984 | 46464 | 4224
13.8 1.08 | 249001 | 7984 | 46464 | 4224
13.85 | 1.08 | 249001 | 7984 | 46464 | 4224
13.9 | 1.07 | 249001 | 7984 | 46464 | 4224
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mode | mag | kFront | cFront | kRear | cRear
13.95 | 1.07 | 249001 | 7984 | 46464 | 4224
14 1.06 | 249001 | 7984 | 46464 | 4224
14.05 | 1.05 | 249001 | 7984 | 46464 | 4224
14.1 1.05 | 249001 | 7984 | 46464 | 4224
14.15 | 1.04 | 249001 | 7984 | 46464 | 4224
14.2 | 1.04 | 249001 | 7984 | 46464 | 4224
14.25 | 1.03 | 249001 | 7984 | 46464 | 4224
14.3 1.03 | 249001 | 7984 | 46464 | 4224
1435 | 1.02 | 249001 | 7984 | 46464 | 4224
144 | 1.02 | 249001 | 7984 | 46464 | 4224
14.45 | 1.01 | 249001 | 7984 | 46464 | 4224
14.5 1.01 | 249001 | 7984 | 46464 | 4224
1455 | 1 249001 | 7984 | 46464 | 4224
146 |1 249001 | 7984 | 46464 | 4224
14.65 | 0.99 | 249001 | 7984 | 46464 | 4224
14.7 | 0.99 | 249001 | 7984 | 46464 | 4224
14.75 | 0.98 | 249001 | 7984 | 46464 | 4224
14.8 | 0.98 | 249001 | 7984 | 46464 | 4224
14.85 | 0.97 | 249001 | 7984 | 46464 | 4224
14.9 | 097 | 249001 | 7984 | 46464 | 4224
14.95 | 0.96 | 249001 | 7984 | 46464 | 4224
15 0.96 | 249001 | 7984 | 46464 | 4224
15.05 | 0.95 | 249001 | 7984 | 46464 | 4224
15.1 | 0.95 | 249001 | 7984 | 46464 | 4224
15.15 | 0.94 | 249001 | 7984 | 46464 | 4224
15.2 | 0.94 | 249001 | 7984 | 46464 | 4224
15.25 | 0.93 | 249001 | 7984 | 46464 | 4224
153 | 0.93 | 249001 | 7984 | 46464 | 4224
15.35 | 0.92 | 249001 | 7984 | 46464 | 4224
154 | 092 | 249001 | 7984 | 46464 | 4224
15.45 | 0.92 | 249001 | 7984 | 46464 | 4224
15.5 | 091 | 249001 | 7984 | 46464 | 4224
15.55 | 0.91 | 249001 | 7984 | 46464 | 4224
15.6 | 0.9 | 249001 | 7984 | 46464 | 4224
15.65 | 0.9 | 249001 | 7984 | 46464 | 4224
157 | 0.89 | 249001 | 7984 | 46464 | 4224
15.75 | 0.89 | 249001 | 7984 | 46464 | 4224
15.8 | 0.89 | 249001 | 7984 | 46464 | 4224
15.85 | 0.88 | 249001 | 7984 | 46464 | 4224
15.9 | 0.88 | 249001 | 7984 | 46464 | 4224
1595 | 0.87 | 249001 | 7984 | 46464 | 4224
16 0.87 | 249001 | 7984 | 46464 | 4224
16.05 | 0.86 | 249001 | 7984 | 46464 | 4224
16.1 0.86 | 249001 | 7984 | 46464 | 4224
16.15 | 0.86 | 249001 | 7984 | 46464 | 4224
16.2 | 0.85 | 249001 | 7984 | 46464 | 4224
16.25 | 0.85 | 249001 | 7984 | 46464 | 4224
16.3 | 0.84 | 249001 | 7984 | 46464 | 4224
16.35 | 0.84 | 249001 | 7984 | 46464 | 4224
16.4 | 0.84 | 249001 | 7984 | 46464 | 4224
16.45 | 0.83 | 249001 | 7984 | 46464 | 4224
16.5 | 0.83 | 249001 | 7984 | 46464 | 4224
16.55 | 0.83 | 249001 | 7984 | 46464 | 4224
16.6 | 0.82 | 249001 | 7984 | 46464 | 4224
16.65 | 0.82 | 249001 | 7984 | 46464 | 4224
16.7 | 0.81 | 249001 | 7984 | 46464 | 4224
16.75 | 0.81 | 249001 | 7984 | 46464 | 4224
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mode | mag | kFront | cFront | kRear | cRear
16.8 | 0.81 | 249001 | 7984 | 46464 | 4224
16.85 | 0.8 | 249001 | 7984 | 46464 | 4224
169 | 0.8 | 249001 | 7984 | 46464 | 4224
16.95 | 0.8 | 249001 | 7984 | 46464 | 4224
17 0.79 | 249001 | 7984 | 46464 | 4224
17.05 | 0.79 | 249001 | 7984 | 46464 | 4224
17.1 0.79 | 249001 | 7984 | 46464 | 4224
17.15 | 0.78 | 249001 | 7984 | 46464 | 4224
172 | 0.78 | 249001 | 7984 | 46464 | 4224
17.25 | 0.78 | 249001 | 7984 | 46464 | 4224
17.3 | 0.77 | 249001 | 7984 | 46464 | 4224
17.35 | 0.77 | 249001 | 7984 | 46464 | 4224
174 | 0.77 | 249001 | 7984 | 46464 | 4224
17.45 | 0.76 | 249001 | 7984 | 46464 | 4224
17.5 | 0.76 | 249001 | 7984 | 46464 | 4224
17.55 | 0.76 | 249001 | 7984 | 46464 | 4224
17.6 | 0.75 | 249001 | 7984 | 46464 | 4224
17.65 | 0.75 | 249001 | 7984 | 46464 | 4224
177 | 0.75 | 249001 | 7984 | 46464 | 4224
17.75 | 0.74 | 249001 | 7984 | 46464 | 4224
17.8 | 0.74 | 249001 | 7984 | 46464 | 4224
17.85 | 0.74 | 249001 | 7984 | 46464 | 4224
17.9 | 0.73 | 249001 | 7984 | 46464 | 4224
17.95 | 0.73 | 249001 | 7984 | 46464 | 4224
18 0.73 | 249001 | 7984 | 46464 | 4224
18.05 | 0.72 | 249001 | 7984 | 46464 | 4224
18.1 | 0.72 | 249001 | 7984 | 46464 | 4224
18.15 | 0.72 | 249001 | 7984 | 46464 | 4224
182 | 0.71 | 249001 | 7984 | 46464 | 4224
18.25 | 0.71 | 249001 | 7984 | 46464 | 4224
18.3 | 0.71 | 249001 | 7984 | 46464 | 4224
18.35 | 0.71 | 249001 | 7984 | 46464 | 4224
184 | 0.7 | 249001 | 7984 | 46464 | 4224
18.45 | 0.7 | 249001 | 7984 | 46464 | 4224
185 | 0.7 | 249001 | 7984 | 46464 | 4224
18.55 | 0.69 | 249001 | 7984 | 46464 | 4224
18.6 | 0.69 | 249001 | 7984 | 46464 | 4224
18.65 | 0.69 | 249001 | 7984 | 46464 | 4224
18.7 | 0.69 | 249001 | 7984 | 46464 | 4224
18.75 | 0.68 | 249001 | 7984 | 46464 | 4224
18.8 | 0.68 | 249001 | 7984 | 46464 | 4224
18.85 | 0.68 | 249001 | 7984 | 46464 | 4224
18.9 | 0.67 | 249001 | 7984 | 46464 | 4224
18.95 | 0.67 | 249001 | 7984 | 46464 | 4224
19 0.67 | 249001 | 7984 | 46464 | 4224
19.05 | 0.67 | 249001 | 7984 | 46464 | 4224
19.1 | 0.66 | 249001 | 7984 | 46464 | 4224
19.15 | 0.66 | 249001 | 7984 | 46464 | 4224
19.2 | 0.66 | 249001 | 7984 | 46464 | 4224
19.25 | 0.66 | 249001 | 7984 | 46464 | 4224
19.3 | 0.65 | 249001 | 7984 | 46464 | 4224
1935 | 0.65 | 249001 | 7984 | 46464 | 4224
19.4 | 0.65 | 249001 | 7984 | 46464 | 4224
19.45 | 0.65 | 249001 | 7984 | 46464 | 4224
19.5 | 0.64 | 249001 | 7984 | 46464 | 4224
19.55 | 0.64 | 249001 | 7984 | 46464 | 4224
19.6 | 0.64 | 249001 | 7984 | 46464 | 4224




MAE 315 DYNAMICS OF MACHINES

mode | mag | kFront | cFront | kRear | cRear
19.65 | 0.63 | 249001 | 7984 | 46464 | 4224
19.7 | 0.63 | 249001 | 7984 | 46464 | 4224
19.75 | 0.63 | 249001 | 7984 | 46464 | 4224
19.8 | 0.63 | 249001 | 7984 | 46464 | 4224
19.85 | 0.63 | 249001 | 7984 | 46464 | 4224
19.9 | 0.62 | 249001 | 7984 | 46464 | 4224
19.95 | 0.62 | 249001 | 7984 | 46464 | 4224
20 0.62 | 249001 | 7984 | 46464 | 4224
20.05 | 0.62 | 249001 | 7984 | 46464 | 4224
20.1 | 0.61 | 249001 | 7984 | 46464 | 4224
20.15 | 0.61 | 249001 | 7984 | 46464 | 4224
20.2 | 0.61 | 249001 | 7984 | 46464 | 4224
20.25 | 0.61 | 249001 | 7984 | 46464 | 4224
203 | 0.6 | 249001 | 7984 | 46464 | 4224
20.35 | 0.6 | 249001 | 7984 | 46464 | 4224
204 | 0.6 | 249001 | 7984 | 46464 | 4224
2045 | 0.6 | 249001 | 7984 | 46464 | 4224
20.5 | 0.59 | 249001 | 7984 | 46464 | 4224
20.55 | 0.59 | 249001 | 7984 | 46464 | 4224
20.6 | 0.59 | 249001 | 7984 | 46464 | 4224
20.65 | 0.59 | 249001 | 7984 | 46464 | 4224
20.7 | 0.59 | 249001 | 7984 | 46464 | 4224




