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ABSTRACT 

The vehicle dynamics of non-collinear, low-velocity front-
to-rear collisions have received little formal study.  The 
twenty-three angled collisions conducted for this project 
revealed significant vehicle dynamic differences when 
compared with similar-energy collinear rear-end 
collisions.  Two recent model year vehicles were used to 
conduct non-collinear collisions at a nominal 12 km/h 
impact velocity.  The pre-collision angles between the 
test vehicles were established so that the striking 
vehicle’s line of action through its CG was either 15 or 
30 degrees from the stationary struck vehicle’s initial 
heading.   Both vehicles had accelerometers at their 
CG’s measuring longitudinal and lateral accelerations.  
The struck vehicle also had sensors to measure CG 
vertical accelerations, yaw rates, and longitudinal and 
lateral velocities.  Film from three high-speed 16-mm 
[film] cameras was digitized and analyzed for each 
collision.  The ∆V at various points within the struck 
vehicle was studied.  The time-history of the center of 
rotation of the struck vehicle was analyzed and 
correlated to tire slippage.  The ∆V of the struck vehicle 
decreased as the angle between vehicles increased 
from 15 to 30 degrees with energy dissipated by 
suspension motion and scrubbing of the struck vehicle’s 
tires.  For the struck vehicle, collisions at 15-degree 
angles were more akin to pure collinear rear-end 
collisions; collisions at 30-degree angles showed a more 
pronounced curvilinear-translation of the CG of the 
struck vehicle with rotation about a point near its left-
front tire.  Variations in translational and rotational 
vehicle dynamics with respect to impact angle were 
sufficient to alter the resulting occupant motion. 

INTRODUCTION 

The dynamics of vehicles in low-velocity rear-end 
collisions have been studied by many since the late 
1950’s and in more detail in the 1990’s [1, 2, 3, 4, and 
5].  However, all these studies have been with the 
striking and struck vehicles aligned collinearly and with 

no lateral offset.  The objective of this document is to 
describe the dynamics of non-collinear low-speed rear-
end collisions.  For this study, the striking vehicle’s 
orientation was chosen at two specific angles with 
respect to the struck vehicle.  Many non-collinear vehicle 
alignments are possible for these two angles, so a 
specific line of action was also chosen for each.  The 
scope of this document does not include the detailed 
analysis of the struck vehicle occupant kinematics.  
These aspects are discussed in another document. [6] 

METHODS 

TESTING PROTOCOL 
 
The testing consisted of a series of low-velocity front-to-
rear collisions between a striking vehicle traveling at a 
nominal impact speed of 12 Km/h and a stationary 
vehicle (in neutral with brakes off). A ramp and earth’s 
gravity were used to accelerate the striking vehicle into 
the target vehicle.  The pre-collision angles between the 
test vehicles were established so that the striking 
vehicle’s heading and velocity were either 15 or 30 
degrees from the stationary struck vehicle’s initial 
heading.  Figure 1 shows the two test configurations with 
the chosen line of action for each. The striking vehicle 
was a 1996 Buick Skylark (1,644 kg) and the struck 
vehicle was a 1996 Ford Taurus (1,592 kg).   The weight 
of the vehicles as tested and the location of their CG in 
the longitudinal and lateral directions were obtained by 
weighing the vehicles with separate scales under each 
wheel.  The contacting surfaces of the vehicles were 
inspected and repaired throughout the test series.  A 
portion of the inside tread of the left [driver] side tires 
and the outside tread of the right side tires was lightly 
painted with chalk to record the tire paths of the struck 
vehicle after each impact.  Five male human subjects 
and one Hybrid III 50th percentile male Anthropomorphic 
Test Device (ATD) were used as occupants of the struck 
vehicle.  The striking vehicle was unmanned and 
equipped with remotely controlled braking.  Twenty-three 
tests were performed with various occupant positions. 



 
Figure 1 – Test configurations. 

 
 

 
Figure 2 - Struck vehicle instrumentation. 

ELECTRONIC INSTRUMENTATION 

Both vehicles were instrumented with translational, gas-
damped accelerometers at their CG’s measuring 
longitudinal (Acgx) and lateral (Acgy) accelerations.  The 
struck vehicle also had a translational accelerometer at 
its CG to measure vertical accelerations (Acgz), a yaw 
rate (ωz) sensor and two infra-red (IR) speed traps to 
measure longitudinal (Vcgx) and lateral (Vcgy) speeds at 
its CG (Fig. 2). 

PHOTOGRAPHIC INSTRUMENTATION 
 
Photographic data from the tests were recorded with 
three high-speed 16-mm motion picture cameras 
operating at nominally 500 frames/sec.  The cameras 
were positioned to view the front, side and rear of the 
struck vehicle to obtain a three-dimensional visual 
description of the motion of the struck vehicle occupants 
(Fig. 3).  For two tests, two of the 16-mm film cameras 
were used to record [at 500 frames/sec] the tires of the 
struck vehicle in 15° and 30° impact configurations. For 
one 30° test, the high-speed film cameras were used to 
record an overhead view of the struck vehicle.  
Overhead views of the impact zone of several 15° and 
30° tests were also recorded with digital video at 30 
frames/sec.  The 16-mm film was transferred frame-by-
frame to digital video files.  The vehicle, human subjects 
and ATD were marked so that a computerized image 

digitization/3D-motion analysis software system could be 
used to track these markers [7].  The markers on the 
struck vehicle were selected primarily to obtain a time-
history of the position of the vehicle’s CG and its tires 
(Fig. 4). 

 
Figure 3 - Basic camera layout. 

          
Figure 4 - Vehicle Markers. 

SYNCHRONIZATION OF ELECTRONIC AND 
PHOTOGRAPHIC INSTRUMENTATION 
 
The timing of the sensor and film data was synchronized 
with a strobe visible from all three cameras. The strobe 
was triggered by a tape-switch on the initial contact point 
of the rear bumper of the struck vehicle.  
Simultaneously, when the strobe was triggered, a pulse 
was recorded by the data acquisition system. 
 
ELECTRONIC SENSOR DATA PROCESSING 
 
All electronic sensor signals were recorded using a 12-
bit data-acquisition system sampling at 10,000 Hz per 
channel.  The signals were pre-filtered with an analog 4-
pole, low-pass Butterworth filter with a nominal cutoff 
frequency of 1650 Hz (SAE J211-1, CFC1000) [8]. 
 
Vehicle Accelerations 

The Power Spectral Densities (PSD’s) for the vehicle 
accelerations were obtained.  The PSD, SX of a signal 
X(t) , is defined as:                                              

∫
∞

∞−

−= ττ τπ deRfS fj
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2)()( ,                     (1) 



where RX is the autocorrelation function of the signal [9].  
The PSD’s for the acceleration components revealed 
that most of the power in the frequency spectra was 
concentrated in frequencies below 500 Hz.  Figures 5(a) 
and 5(b) show typical PSD’s obtained for the struck 
vehicle [sensor] acceleration signals. 

 

Fig. 5(a) – PSD for Struck Vehicle CG Accelerations (30°). 

 

Fig. 5(b) - PSD for Struck Vehicle CG Accelerations (15°). 

Prior to integrating into velocity and displacement, the 
vehicle accelerations were filtered with a CFC180 [8] 
digital, low-pass Butterworth filter with an upper cutoff of 
300-Hz.  The additional filtering reduced the higher 
frequency vibrations but did not attenuate the overall 
acceleration pulse.  The CFC180-filtered signals were 
compared with the original signals to verify the data 
were not attenuated significantly.  Figures 6(a) & (b) 
show typical vehicle accelerations comparing filtered 
versus original signals for 30° and 15° tests.  The 

velocities and displacements were then computed for 
comparison with film-derived signals. 

 

 
Fig. 6(a) – Typical Raw vs. Filtered Vehicle Acceleration Signal (30°). 

 

Fig. 6(b) – Typical Raw vs. Filtered Vehicle Acceleration Signal (15°). 

 

Rotational Rates 

The PSD’s for the vehicle yaw [rotational] rates were 
also obtained to determine if additional 
smoothing/filtering was appropriate using a method 
similar to that used to process the translational 
acceleration signals.  Figure 7 shows typical PSD’s for 
yaw rates for 30 and 15 degree tests.  To reduce higher 
frequency vibrations, the yaw rates were filtered with a 
CFC60 digital filter [8].  The yaw rates were then 
integrated and differentiated into rotational 
displacements and accelerations, respectively. 



RESULTS 

Twenty-three non-collinear tests were performed, 11 
were at 15° and 12 at 30°.  In addition, one test was 
performed with a 20° configuration and one in a collinear 
alignment.  For all tests, the closing speed of the striking 
vehicle ranged from 11.8 to 12.4 km/h with the 
corresponding impact energies of 8778 to 9663 N-m.  

The dynamics of the struck vehicle upon impact, in both 
the 15° and 30° configurations showed an initial period 
of yaw more so for the 30° configurations; the striking 
vehicle essentially continued its motion in a straight 
path.  The yawing of the struck vehicle produced a 
different ∆V at different locations within this vehicle.  The 
∆V of the struck vehicle measured at its CG ranged from 
5.9 to 7.1 km/h for the 30° tests, while the ∆V ranged 
from 9.0 to 9.4 km/h for the 15° tests.  The restitution 
coefficient for the 30° tests was between 0 and 0.20 
while for the 15 degree tests it was between 0.47 and 
0.53.  The peak yaw rate for the 30° tests ranged from 
0.57 to 0.60 rad/s; the peak yaw rate for the 15° tests 
ranged from 0.18 to 0.20 rad/s.  The details of the 20° 
test are included in the appendix (Fig. A1).  The struck 
vehicle ∆V for the collinear test was 9.1 km/h and the 
restitution coefficient was 0.49.  Table A1 in the 
appendix section includes a summary of the results for 
all the tests. 

 

Figure 7 – Typical PSDs for 30° and 15° Tests. 

FILM DATA PROCESSING 

The 16-mm film cameras recorded each of the events at 
a nominal rate of 500 frames/sec.  A 3D calibration 
frame with markers spaced at known distances was 
included in the footage at the end of each test.  The 
footage of this calibrator was included in the digital [AVI] 
files produced from each test.  The calibrator allowed the 
motion analysis software to scale and track, frame-by-
frame the 3D position of the vehicle and occupant’s 
markers in each test.  At a glance, the raw position-time 
data appeared smooth, but when numerically double-
differentiated, the resulting accelerations were extremely 
noisy.  The PSD’s for the digitized position-time data 
revealed that most of the power in the frequency spectra 
was concentrated in frequencies below 20-30 Hz.  
Figure 8 shows typical PSD’s observed for the vehicle 
CG (x) position-time signals from the digitized film.   The 
digitized film position data were filtered with a 20-Hz 
upper cutoff, low-pass Butterworth filter.  The results of 
the vehicle accelerations derived from the digitized film 
and those measured with the accelerometers are 
compared in the discussion section.  Further details of 
the processing and validation of the film data from this 
test series are discussed in a separate document [10].  

The vehicles were inspected prior to and subsequent to 
each test and the bumper assemblies including 
absorbers were replaced if damage was noted.  In all, 
there was little cumulative damage to the struck vehicle, 
but the front end of the striking vehicle progressively 
accumulated minor damage, despite recurrent interval 
repairs.  During the last 30° test, the [damaged] left-front 
of the striking vehicle “hooked” the left-rear bumper edge 
of the struck vehicle producing slightly more yaw than 
seen in the previous 30° runs. 

The coefficient of friction of the struck vehicle tires on 
the testing surface was measured by dragging the whole 
vehicle at the tested 15 & 30 degree angles.  This was 
repeated several times during and after the test series; 
the coefficient of friction of the system remained 
nominally at 0.6 throughout. 

 

COLLISIONS AT 30-DEGREES 

In this test configuration, the rear tires of the struck 
vehicle lost lateral traction side-slipping a total of 10 to 
22 inches rightward as the vehicle moved forward.  The 
front tires did not sideslip, but the chalk tracks indicated 
that the whole vehicle rotated around a point located 
near the left-front tire.  Figure 9 shows typical [CG] 
longitudinal and lateral accelerations and speeds for a 
30° test. 

 Fig. 8 – Typical PSDs for Vehicle Displacements (from Film). 



 
Figure 9 – Struck Vehicle CG Translational Speeds and Accelerations (30°). 

 

Figure 10 – Struck Vehicle CG Translational Speeds and Accelerations (15°). 

 

Figure 11 – Struck Vehicle CG Translational Speeds and Accelerations (0°).

COLLISIONS AT 15-DEGREES 

In the 15° tests, the rear of the car moved rightward but 
did not slip sideways.  Only the suspension was noted to 
“heave” rightward during the early impact period.  The 
result was that the rear body of the vehicle yawed 
rightward perceptibly while the final vehicle trajectory did 

not change from its original 15° heading.  Figure 10 
shows typical [CG] longitudinal and lateral accelerations 
and speeds for a 15° test.  For comparison, the [CG] 
longitudinal and lateral accelerations and speeds of the 
collinear (i.e. 0°) test performed with the same vehicles 
is shown in figure 11.  Also, Figure 12 shows a 
comparison of typical yaw rates for 15° and 30° tests.  



 

 

Figure 12 – Typical yaw rates for 15° and 30° tests. 
Figure 13 – 30° test, right-rear tire track (Arrows). 

DISCUSSION 
Figure 14 shows the darker track of the yawing right 
[front] wheel as the direction of the vehicle changed 
during impact.  Average yaw was approximately 6 to 10 
degrees for the 30 degree test series.  Figure 15 shows 
the final position of the struck vehicle after a 30 degree 
test.  The total angle shown in figure 15 was measured 
to be approximately 8-9 degrees. 

Comparing the 15° and 30° tests, it was noted that as 
the angle of the struck vehicle off the striking vehicle’s 
direction increased, the overall ∆V of the struck vehicle 
decreased despite the similar input energies.  This is 
evident in the magnitude of the CG acceleration pulses 
of figures 9 and 10 above.  Furthermore, the [CG] 
longitudinal acceleration pulses for the 30°, 15° and 0° 
collisions were characterized by a bimodal waveform 
with an initial pulse approximately 130-150-ms long 
followed by a second lower magnitude pulse 
approximately 70-80-ms long.  The second peak in 
these waveforms appears to be associated with the 
slight override of the striking vehicle’s bumper over the 
bumper of the struck vehicle.  The [CG] lateral 
acceleration pulses were typically lower in magnitude for 
the 15° and 0° tests than the magnitude of the pulses in 
the 30° tests. 

 

In the 30° tests, the rear end of the struck vehicle slewed 
rightward, scrubbing the rear tire treads across the 
pavement.  In effect, a portion of the struck vehicle’s 
kinetic energy was in the form of rotational energy rather 
than translational energy.  Therefore, the translational 
velocity change was lower.  Figure 13 shows a right rear 
tire mark from a 30 degree test. (The terminal 
perturbation is from a late second strike by the Buick).   

 
Figure 13 – 30° test, right-rear tire track (Arrows). 

 
Figure 14 – 30° test, right-front tire track (Arrows). 



 

Figure 16(b) – Typical yaw rate and yaw angle for 15° test. 

The amount of rotation as determined by integration of 
the yaw rate sensor data was in the range of 6.5 
degrees for the 30° tests.  In the 15° tests, the struck 
vehicle only rocked on its suspension.  Figures 16(a) 
and 16(b) show the yaw rate and the yaw rotation versus 
time for the struck vehicle in the 30° and 15° tests, 
respectively. 

INSTANTANEOUS CENTER OF ROTATION OF THE 
STRUCK VEHICLE 

 
Analysis of the high-speed photography of the struck 
vehicle’s tires indicated that in the 30° tests, the vehicle 
initially rotated (yawed) about a translating point on the 
ground under or near the left-front tire.  An overhead 
view of the struck vehicle’s motion showed that the left-
front tire essentially traveled in a straight line while the 
rear of the vehicle yawed to the right.  However, in the 
15° tests, the struck vehicle essentially rocked on its 
suspension while rolling forward.  Based on this, the 
estimation of the instantaneous center of rotation of the 
struck vehicle was focused on the 30° tests as follows.  
First, the motion of the struck vehicle was divided into 
three phases: Phase 1, from first contact to 
approximately 40 ms involved compression of the 
vehicles’ bumpers.  Phase 2, from approximately 40 to 
130 ms involved pronounced rotation of the struck 
vehicle; and Phase 3 from approximately 130 to about 
340 ms involved continuing rotation combined with 
significant translation forward.  After approximately 300-
340 ms, the vehicles began to separate and the struck 
vehicle translated forward to a stop with no appreciable 
rotation.  Figures 17(a)-(c) show the struck vehicle’s 
phases for the 30° tests.  In Phase1, there was no 
observable vehicle motion; the predominant rotation in 
phase 2, allowed estimation of the instantaneous center 
of rotation during this phase. 

 

Figure 16(a) – Typical yaw rate and yaw angle for 30° test. 

 

 

Figure 15 – Approximate total rotation of struck vehicle (30° Test). 

Initial 
Orientation 

Final 
Orientation 



  
Fig. 17(c) – Phase 3, rotation and translation (approx. 130-340 ms). Fig. 17(a) – Phase 1, bumper compression (approx. 40 ms). 

 
 
 
Phase 2 
 

 

During this phase, the yaw rate and the CG’s lateral ∆V 
reached their peaks and the vehicle’s rotation was 
mostly about an area under its left-front tire.  The 
predominant rotation of the vehicle was evident when 
comparing the digitized displacement of the left-side 
tires.  The displacement with the steepest slope (i.e. 
highest rate) and greatest magnitude was the left-rear 
tire’s lateral displacement.  The left-front tire’s forward 
displacement was the lowest.  Figure 18 compares 
these displacements and figures 19(a) & (b) show the 
vehicle’s typical rotational and translational rates and 
accelerations for this phase. 

Displacement of Left-Side Tires vs. Time
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Fig. 17(b) – Phase 2, pronounced rotation (approx. 40-130 ms). 

Figure 18 – Digitized displacement of vehicle’s left-side tires (phase 2). 
 



Figure 19(a) – Translational accelerations and velocities for phase 2. 
 

 
Figure 19(b) – Rotational [yaw] velocity and displacement for phase 2. 
 

The acceleration at the vehicle’s CG ( CGA ) was defined 

as the acceleration of the left-front tire ( LFTireA ) plus the 
acceleration at the CG with respect to the left-front tire 

( LFTireCGA / ) or: 
 

LFTireCGLFTireCG AAA /+=                                  (2) 

RRwwAA LFTireCG ×+××+= α)(        (3) 
 
The acceleration of the left-front tire was much lower 

than that of the CG during this phase; therefore, LFTireA  
does not contribute significantly to equation (3) and the 
acceleration of the CG with respect to the ground 
becomes: 
 

RRwACG ×+×= α2r
                                   (3B) 

 
Therefore, the magnitude of the tangential and radial 
accelerations of the vehicle’s CG can be written as: 
 
                                 An=ω2R,                                      (4) 
and 
                                 At=αR,                                        (5) 
 
The yaw [rotational] acceleration, α was determined by 
numerical differentiation of the measured yaw rate and R 
was the distance to the instantaneous center of rotation.  
As shown later, a mean distance for R (during phase 2) 
was calculated to be 90 inches.  Figure 20 illustrates 

these components and the typical rotational components 
calculated for a 30° test are shown in figure 21.  

 
 

Figure 20 – Phase 2, CG resultant acceleration, resolved into rotational 
components. 

 
Figure 21 – Phase 2, tangential and normal accelerations. 

From figure 21, it can be observed that for this phase, 
the radial/normal acceleration component An is small 
compared to the tangential acceleration At, that is: 

If An << At, then: 

resultCGyCGxt AAAAA ==+≅ 22
            (6) 

resultt ARA ≅=α                                                           (7) 

where, Acgx and Acgy are the accelerations of the struck 
vehicle’s CG as measured by the translational 
accelerometers; Aresult is the struck vehicle’s CG 
resultant acceleration; and R is the distance from the 
instantaneous center of rotation to the vehicle’s CG.  An 
estimate of the time-history of R for this phase can be 



For this phase, the resultant accelerations at various 
regions of the vehicle can be estimated (in the yaw 
plane) using the tangential and normal acceleration 
components (Eqns. 4 and 5), and the measured yaw 
rate and acceleration.  Figure 23 is an example of 
several 
estimates.

 

obtained by the following approximation based on 
equation (7): 

α
CGyCGx AAtR

22

)( +
≅                                              (8) 

Figure 22(a) shows an example of an estimate of the 
radius of rotation (R) of the struck vehicle’s CG while the 
vehicle sustained pronounced yaw.  The distance from 
the center of the left-front tire on the struck vehicle to the 
vehicle’s estimated CG [in the yaw plane] was measured 
to be 60 inches.  The mean radius estimated using 
equation (8) (phase 2 only) was 90±5 inches based on 
data from the 30° tests.  A comparison of the resultant 
acceleration of the struck vehicle CG calculated from the 
translational accelerometer signals (Acgx and Acgy) and 
the resultant acceleration using equations (4) and (5) 
with a constant R of 95 inches [as an example] is shown 
in Figure 22(b). 

 

Figure 23 – Phase 2, resultant accelerations at various points in the 
vehicle. 

Phase 3 
 
During this phase, the vehicle still rotated about an area 
near the left-front tire but also experienced significant 
forward translation.  This was observed in the digitized 
displacement of the left-side tires during this phase 
(figure 24).  The left-front tire traveled in a straight line 
while the left-rear tire traveled forward and to the right.  
For this phase, the slope (i.e. rate) of the forward 
displacement of the left-front tire was the steepest.  
Based on this, the speed and acceleration of the 
vehicle’s left-front tire would be considerably higher than 
in phase 2 and the instantaneous center of rotation for 
the vehicle could not be estimated as in phase 2. 

Fig. 22(a) –Estimate of radius of rotation. 
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Figure 24 – Digitized displacement of vehicle’s left-side tires (phase 3). Fig. 22(b) – Struck vehicle CG resultant accelerations. 



Nevertheless, the vehicle’s acceleration measured at its 
CG decreased and its yaw rate and CG’s lateral ∆V 
decreased while the CG’s forward ∆V reached its peak.  
Figures 25(a) & (b) show the typical rotational and 
translational rates and accelerations for this phase. 

 

 

Figure 25(b) – Rotational [yaw] velocity and displacement for phase 3. 
 

 
Figure 25(a) – Translational accelerations and velocities for phase 3. 

 

HIGH-SPEED FILM DATA VS SENSOR DATA 

The digitized displacement of the struck vehicle’s CG in 
the longitudinal and lateral directions was numerically 
differentiated and compared with the accelerometer 
signals and with the integrated accelerometer signals. 
The film data showed good correlation with the 
accelerometer data (see Figures 26(a) and 26(b)). 

VEHICLE RESULTANT ACCELERATION AND SPEED MAGNITUDE VS. TIME (15° TEST)
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Figure 26(a) – Comparison of film vs. sensor data (15° Test). 



VEHICLE RESULTANT ACCELERATION AND SPEED MAGNITUDE VS. TIME  (30° TEST)
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Figure 26(b) – Comparison of film vs. sensor data (30°). 
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APPENDIX 

Table A1 summarizes the test results including the 20° 
and the collinear test results.  Figure A1 shows the 
accelerations and speeds of the struck vehicle in the 20° 
test.  The struck vehicle ∆V for the 20° test was 8.7 km/h 
and the restitution coefficient was 0.43; the peak yaw 
rate for this latter test was 0.32 rad/s. 

 

Figure A1 – Struck Vehicle CG Translational Speeds and Accelerations 
(20° Test). 



TABLE A1.  SUMMARY OF TEST RESULTS 

Striking Vehicle Struck Vehicle 

# Closing 
Speed 
[mph] 

Closing 
Speed 
[km/h] 

Input 
Energy 
[lbs-ft] 

Input 
Energy 
[N-m] 

∆VCG 
[mph] 

∆VCG  
[km/h] 

Angle 
[°] 

Resultant  
∆VCG 

 [mph] 

Resultant 
∆VCG 

[km/h] 

Estimated GX, 
Initial Pulse 
Width [ms] 

Peak 
Yaw 
Rate 

[rad/s] 

Restitution 
Coefficient 

1             7.4 12.0 6670 9044 5.4 8.7 15 5.6 9.0 137 0.20 0.48
2             7.5 12.1 6814 9240 5.5 8.8 15 5.6 9.0 135 0.18 0.47
3             7.4 11.9 6616 8971 5.5 8.9 15 5.8 9.3 150 0.19 0.53
4             7.5 12.1 6778 9191 3.9 6.2 30 4.0 6.4 135 0.60 0.05
5             7.5 12.0 6706 9093 3.9 6.3 30 4.1 6.5 128 0.58 0.07
6             7.4 11.8 6527 8850 4.0 6.5 30 4.1 6.6 131 0.57 0.11
7             7.5 12.0 6706 9093 4.0 6.4 30 4.1 6.6 140 0.58 0.09
8             7.4 11.8 6545 8874 4.2 6.8 30 4.4 7.1 - - 0.17
9             7.4 11.9 6562 8899 5.5 8.8 15 5.7 9.1 136 - 0.51

10             7.7 12.4 7126 9663 5.6 9.1 15 5.8 9.4 170 - 0.49
11             7.4 12.0 6670 9044 5.6 9.0 15 5.8 9.3 173 - 0.53
12             7.3 11.8 6474 8778 3.9 6.3 30 4.1 6.6 128 - 0.09
13             7.5 12.1 6778 9191 3.9 6.2 30 4.0 6.4 150 - 0.04
14             7.5 12.1 6850 9289 3.9 6.2 30 4.0 6.4 120 - 0.04
15             7.5 12.0 6724 9117 3.6 5.7 30 3.7 5.9 135 - 0.00
16             7.5 12.1 6778 9191 3.8 6.1 30 3.9 6.3 135 - 0.03
17             7.4 11.9 6634 8995 5.4 8.6 15 5.6 9.0 135 - 0.48
18             7.4 11.9 6634 8995 5.4 8.8 15 5.6 9.0 146 - 0.49
19             7.3 11.8 6509 8826 5.5 8.9 15 5.7 9.1 135 - 0.52
20             7.4 11.9 6580 8923 5.5 8.8 15 5.7 9.2 150 - 0.52
21             7.5 12.1 6869 9314 5.6 8.9 15 5.7 9.2 140 - 0.49
22             7.4 11.9 6634 8995 3.6 5.7 30 3.7 6.0 150 - 0.00
23             7.6 12.2 6905 9363 3.7 6.0 30 3.9 6.2 128 - 0.00
A             7.4 12.0 6688 9068 5.2 8.4 20 5.4 8.7 140 0.32 0.43
B             7.5 12.0 6760 9166 2.0 3.2 0 5.6 9.1 126 - 0.49

 


