
Introduction
This report will focus on the comparison of the 
vehicle kinematics data measured with sensors and 
simulated in OptimumK, OptimumG’s kinematics 
software. Specifically the steer and camber angles 
and the suspension motion ratio will be compared. 
Then the tests performed as well as the calculations 
and constants used for the data analysis will be 
reviewed. Finally the results of the comparison will 
be presented.   

The data used for the motion ratio comparison in 
this report is from the double lane change at the 
Cabalen road course. This data was used because the 
damper and wheel movements were large, and in 
both directions, giving a large range of data to use.  
The data for the steer and camber comparison is from 
the constant velocity skidpad tests at the Berta Test 
Track. 

Math Channels and Constants
The motion ratio was calculated from the damper 
and wheel position channels. The damper position 
channels were sampled at 500 Hz. The wheel position 
channels from the Corrsys Datron RV-4 were sampled 
at 100 Hz. The steering wheel channels from the 
Corrsys Datron MSW were measured at 250 Hz. 

The damper position channels and the steering wheel 
angle channel were inputted into OptimumK to 
mimic the heave, roll, pitch and steering motion of the 
vehicle. The channels that were input into OptimumK 
were down sampled to 25 Hz to improve the speed of 
the simulation. 

Motion Ratio Comparison
The motion ratio between the wheel and damper is 
one of the important suspension characteristics. It is 
used during the dynamic analysis of the suspension 
to transform the characteristics of the suspension 
elements (typically the spring stiffness and damper 
ratio) in the damper coordinate system to the wheel 
coordinate system. The motion ratio can change with 
the suspension movement in most suspension types, 
but it will be treated as a constant in this report. This 
assumption was checked against both the OptimumK 
simulation results and the measured results to ensure 
it is reasonable. As will be seen in this report the 
motion ratio stays relatively constant throughout 
the travel of the suspension.  The motion ratio will 
be calculated from two sources: from damper and 
wheel position measurement comparison, and from 
suspension kinematics. 

Figure 2 shows the front left damper and wheel 
position channels in the time domain. The damper and 
wheel movements obviously have strong correlation, 
but the ratio between them is hard to determine from 
the time graph.
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Figure 2: Damper and wheel movement in the time domain (FL)

Figure 3: Scatter plot of wheel vs. damper movement (FL)

Figure 3 is a scatter plot of the same data. This gives 
us a better understanding of the relationship between 
the damper and wheel movement. The wheel position 
channel (y axis) was plotted against the damper 
position channel (x axis). Therefore each individual 
point in this plot represents values measured from 
the two sensors at the same time. A linear equation 
was fit to the data to relate the two channels. The red 
line in the figure is this equation. The equation is:

wheel position = 1.6 * damper position + constant



Thus the motion ratio is approximately 1.6 between 
the wheel and damper. The points are colored by 
damper speed. It can be seen that the outlier points 
are most of the high-speed points, and the low-speed 
points are close to the estimated equation. Difference 
between high-speed and low-speed points can be 
explained mostly by different wheel and damper 
sensor response to higher frequencies, and by the fact 
that the suspension links are not infinitely rigid.

In order to compare these results with simulation, 
very accurate information regarding the suspension 
points is required. A FARO measuring arm was 
used to accurately measure the suspension points 
and sensor locations. Then the suspension was easily 
input into OptimumK by defining the suspension 
point coordinates. Figure 4 shows the suspension 
model. The motion ratio was then calculated from the 
suspension kinematics with OptimumK.

The software simulated 100 mm of vertical suspension 
movement (heave), 50 mm in rebound and 50 mm in 
compression. The motion ratio calculated from this 
motion is shown in Figure 5. It can be seen that the 
motion ratio is approximately 1.52 and it does not 
change significantly with suspension movement. 
The discrepancy between the measured and calculated 
values is small, but not insignificant. This result is not 
unexpected as the compliance of the suspension is 
not taken into account in the simulation.

Sensor Comparison
The wheel and damper position signals were analyzed 
in the frequency domain to gain a better understanding 
of the relation between the two sensors. Magnitude-
phase graphs can be created to compare two signals 
(referred to as output and input). A magnitude of less 
than one indicates that the output has lower values at 
the observed frequency than the input. A phase of less 
than zero indicates that that the output has a delay at 
the observed frequency compared to the input. Note 
that a constant time delay results in increasing phase 
delay with frequency. 

Magnitude-phase graphs were estimated by 
performing a Fast Fourier Transform on the two 
signals, and then smoothing them with a moving 
average filter. The wheel position sensor signal is 
treated here as the output and the damper position 
sensor signal is the input. The minimal sampling 
frequency of the signals is 100 Hz, so it is theoretically 
possible to estimate magnitude-phase graphs between 
0-50 Hz. Figure 6 shows the frequency content of the 
wheel and damper position signals calculated with the 
Fast Fourier Transform. It can be seen that the signals 
have high frequency content until 3 Hz; therefore 
the magnitude-phase graph was calculated between 
0-3 Hz. Note the extremely low frequency content 
for the wheel position at 8 Hz, while the damper 
position frequency content is relatively high. The 
cause of this could be the suspension characteristics 
(eigenfrequency), or sensor characteristics (sensor 
filter characteristics, or sensor attachment on the car 
which acts like a filter).
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Figure 4: Front suspension model in OptimumK

Figure 5: Motion ratio calculated by OptimumK 
from suspension kinematics (FL)
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Figure 6: Frequency content of wheel 
and damper position signals (FL)

Figure 7: Magnitude-phase graph of 
motion ratio from measurements (FL)

The same analysis was made for the front right 
suspension. The results can be seen in Figure 8 through 
Figure 10. The time graph and scatter plot based result 
do not appear to correlate as well with the simulation 
results than results from the front left suspension. The 
measurement in Figure 9 gives a motion ratio that is 
20% greater than that from the kinematic simulation. 
However the frequency analysis in Figure 10shows 
that the steady-state motion ratio is approximately 
1.7 which is much closer to the simulated motion 
ratio of 1.52. The magnitude has high deviations, but 
overall it increases with the frequency in the 0-3 Hz 
range which is the expected behavior. The peak in the 
magnitude at approximately 1 Hz could be attributed 
to the track surface, potentially the curbing at the edge 
of the corners, or the mounting of the sensor itself.

Figure 8: Damper and wheel movement 
in the time domain (FR)

Figure 9: Scatter plot of wheel vs. damper displacement (FR)

Figure 10: Magnitude-phase graph of the motion ratio 
from measurements (FR)



Steer and Camber Angles
The steer and camber angles for the front tires are also 
measured by the RV-4, and can be compared to the 
values calculated by OptimumK. Data from constant 
velocity skidpad tests will be used for comparison 
with simulation results. Damper position channels 
and the Steering wheel angle channel were imported 
into OptimumK directly from the Motec i2 output file. 
Figure 11 shows the damper position and steering 
wheel angle channels.

Since the wheelbase, track and motion ratio have 
already been determined, OptimumK can calculate 
the heave, roll and pitch channels directly from the 
damper positions and the steer angle. Figure 12 shows 
the OptimumK input interface for motion generation 
from logged damper position and steering wheel 
angle channels.

Figure 13 shows the OptimumK suspension model.  
The suspension kinematic simulation was performed 
for both right hand and left hand skidpad motions. 
Figure 14 through Figure 17 show the comparison of 
simulated and measured camber and steer angles for 
the front left and front right wheels.
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Figure 11: Damper position and steering wheel angle 
time graphs (left hander skidpad)

Figure 12: OptimumK motion import interface

Figure 13: TC2000 suspension model in OptimumK

Figure 14 shows the data from the left hand skidpad 
results. It can be seen that the vehicle speed is constant 
at approximately 81 km/h. The steering wheel is 
turned to the left by about 108 degrees. The wheel 
camber and steer angles measured by theRV-4 sensors 
are nearly constant as well. The average camber is -3.4 
(FL) and -6.4 (FR) degrees. The average wheel steer 
angle is 4.6 (FL) and 5.3 (FR) degrees.

Figure 14: Camber and steer angle data in Motec i2 
(steady state left hand turn)
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Figure 15: Camber and steer angle simulation results in 
OptimumK (steady state left hand turn)

The simulated wheel camber and steer angles for 
a left hand skidpad are shown in Figure 15. The 
average camber is -3.5 (FL) and -6.7 (FR) degrees. The 
average wheel steer angle is -5.5 (FL) and -5.4 (FR) 
degrees. Some of this difference can be attributed to 
the compliance in the steering linkage including the 
power steering system.

Figure 16 shows the right hander skidpad 
measurement results. It can be seen that the vehicle 
speed is constant, and around 79 km/h. The steering 
wheel is turned into right by about 101 degrees. The 
wheel camber and steer angles measured by RV4 
sensors are constant also. The vehicle is in steady-
state right hand turn. The average camber is -6.5 (FL) 
and -3.8 (FR) degrees. The average wheel steer angle 
is -5.0 (FL) and -4.7 (FR) degrees.

The simulated wheel camber and steer angles for right 
hand skidpad are shown in Figure 17. The average 
camber is -6.6 (FL) and -3.6 (FR) degrees. The average 
wheel steer angle is 5.1 (FL) and 5.2 (FR) degrees.

Figure 16: Camber and steer angle measurement results 
(steady state right hand turn)

Figure 17: Camber and steer angle simulation results in 
OptimumK (steady state right hand turn)

FL FR FL FR FL FR FL FR
Simulation -3.5 -6.7 5.5 5.4 -6.6 -3.6 -5.1 -5.2
Measurement -3.4 -6.4 4.6 5.3 -6.5 -3.8 -5.0 -4.7
Difference (%) 2 4 20 4 1 6 2 10

camber               steer              camber               steer

The following table summarizes the measurement 
and simulation results (simulated steer angle signs 
were inverted):

 Left Hand Turn              Right Hand Turn
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Conclusion
The motion ratio between the wheel and damper 
was calculated from measured wheel and damper 
position with the Motec i2 software, and simulated 
with OptimumK. Frequency domain analysis was 
performed on the wheel and damper position signals 
also. There was a 5% difference (1.6 vs. 1.52) on the 
front left suspension, and a 20% difference (1.9 vs. 1.52) 
on the front right suspension when calculated with a 
linear equation in the time domain. The magnitude-
phase graphs based calculations showed a 10% (1.7 
vs. 1.52) difference at steady-state on both left and 
right suspension. The differences can most likely be 
attributed to the compliance in the suspension links 
and chassis, and the different characteristics of the 
sensors. 

A comparison of the front steer and camber angles 
from the measured data to the OptimumK simulation 
was also performed.  Constant velocity skidpad 
tests (both left and right hand turns) were used for 

comparison with simulation results. There are 1 to 20% 
differences between measured and simulated values. 
These differences could be caused by compliance in 
the suspension links, chassis and wheel.

Appendix
Some inconsistencies were found on the RV4 camber 
channel signals logged on 22 February, 2010 at 
Cabalen. The smaller problem is that the front and 
left camber channels are not the same when going 
straight, there is about 1.5 degree difference between 
front left and front right measured camber, which is 
probably a sensor  offset. The primary problem is that 
the change in the camber angles is the opposite of 
that predicted by OptimumK, and what is expected 
from the suspension geometry. Figure 18 and Figure 
19 show the measured and simulated camber for the 
same run. It can be seen that the changes are opposite. 
Maybe the cables were mixed between the two 
sensors; that can explain the offset also.

Figure 18: Camber and steer angle measurement results

Figure 19: Camber and steer angle simulation results


