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Abstract.

In order to deepen the understanding of vehicle motion and load
transfer in the longitudinal steady state and the lateral acceleration state,
and to test the use of vehicle behavior analysis and simulation software,
this article uses the basic performance simulator to design and run a set of
vehicle tests. This paper studies how the roll stiffness distribution affects
the steady-state load distribution of the vehicle model, and then
demonstrates the correctness and practicability of the vehicle load transfer
prediction equation. At the same time, through the study of how the
aerodynamic setting affects the load distribution of the vehicle, it can
deeper perception of the effects of aerodynamic forces on the overall

balance of the vehicle.




Experimental process.

Firstly, it needs to learn the use of the base performance simulator
and extensively research data to determine vehicle parameter settings in
the simulated environment. After that, group members cooperate to
complete the task of designing and running the vehicle test using the
basic performance simulator and complete the experimental data
collection work. After obtaining the experimental data, combined with the
course presentation documents and notes, the experimental principles and
experimental formulas will be comprehended to prepare for the
subsequent analysis.

For task one, add wheel load channels in the analysis software
Motec to read the load changes of each wheel in the whole process of the
vehicle for longitudinal comparison, and compare the load changes of

each wheel under different settings to evaluate the effect of stiffness

distribution on the load condition of each wheel during vehicle travel.

Figure 1.
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Figure 2

In Motec, the relevant vehicle parameters (Figure 2) are set in the
corresponding excel model (Figure 1) and the relevant weight transfer
prediction formula introduced by the teacher is inputted into Motec. The
relevant weight transfer parameters of the vehicle at any position can be
obtained and the ratio of front axle weight transfer over the whole weight
transfer can be calculated which is defined as the magic number.

With a steady state with the same velocity and a section of the steady
state data and use average values over a time period, compare the
calculated weight transfer prediction and the magic number with the
actual measured weight transfer amount and the magic number to
evaluate the correctness and applicability of the weight transfer prediction

equation under steady state.
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In order to test the correctness and applicability of the weight
transfer prediction equation in the unsteady state, the data points with
similar speeds in the acceleration process and the deceleration process of
the vehicle are selected. The experimental data read is analyzed and the
magic number curves set by the three parameters are compared in these
two processes.

For task two, with the calculation formula programmed in Excel, the
load distribution of each wheel in nine different settings at constant speed
is read in Motec and inputted into Excel. The lift coefficients and
resistance coefficients under each setting is calculated. Take a data point
at a constant steady state under each setting for the lift coefficients. For
the resistance coefficients of the vehicle, two adjacent data points are
taken in the high-speed state during the coast down process, and two
adjacent data points are taken in the ground speed state, and the

calculation formula explained in the classroom is used for calculation.




Experimental principle.

For the task one
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Roll angle(Figure 3) is one of the Euler angles (1lang, 2017), itis a

Figure 3

very important parameter during the lap process. On the vehicle, it can be

expressed according to the picture as:

o, _0_ 8
M =aA = 0sT

The roll angle is not too big usually, so with the small angle

assumption (baidu, 2016) it can be also expressed as follows:

)

0 =——
0.5T

So we can get this for the further calculation.




It is a comprehensive performance parameter related to the roll

stiffness and it can be achieved by these formulas:

wa - (stx Msz) ; g me'bf

Kyr = (Ko X MR:'Z) + Kwarp

The anti roll moment is the moment produced by the springs and

ARM which opposes the body or chassis roll.

Mg=68XKyXT ———
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Roll stiffness describes the amount of torque required to roll the

chassis through a rad.

Mg
Kqa =
N

T20K T2K,
Mo=—g— — Ko=—3

Which measures in N*m/rad.
Every suspension has its unique roll stiffness and the total roll

stiffness is the sum of the front and rear roll stiffness.
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Overturning moment is the moment created by the lateral
acceleration which tries to rotate the sprung mass about the roll center. It
should be equal to the anti roll moment on account of resisted by it on the

steady state.

H is the distance between the roll center and the gravity center.
Chassis roll angle can be obtained by dividing the overturning
moment by the total roll stiffness for the chassis can only have one roll

angle.

. M 9 Mg X a, X H
orque ot = 7m2 2
Bma m) 0 = T.2K,, T.2K.

Angular Stif fness Kg = (’r zwf+ . zwr)

The corresponding suspension deflections and wheel load due to the

weight transfer can be obtained after the roll angle being calculated.

Ky T0O
WT, = § X Ky o 5:?=WTS=WT

The elastic weight transfer can be calculated at whichever end of the

vehicle.
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The sprung mass geometric weight transfer is coursed by the sprung

mass acting at roll center height.
hr

WTsper =

Mg X ay X hy
j ¢

WTsRC

The unsprung mass acts at wheel center height leads to the unsprung

mass geometric weight transfer.
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The total weight transfer is the integration of the elastic weight
transfer, the sprung mass geometric weight transfer and the unsprung
mass geometric weight transfer.

WT; = WTsp + WTsger + WTysy
WTJ WTST i WTsRCr . WTus

WTy = WT; + WT,
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The actual weight transfer can be calculated by the formulas

introduced within lectures as follows:

B TireLoadFL — TireLoadFR

WT, = 3
TireLoadRL — TireLoadRR
Wwr, = -
WTT -
TGUE‘

For the task two

Aerodynamic loads can be achieved by the coefficient of lift which

is different on every axle and independent from weight transfer.
' 1
Llftfront = 5 X CLf XpX v?

1
Lift :ExCLrXvaZ

rear
When we have the load of a constant speed and stopped, we can

calculate the aero load through these equations:
Ry = FLy + FRg Ry = (FLo+FRy) + Aeros

R, = RLy + RRg R, = (RLy+RRy) + Aero,

and

Then we can calculate the coefficient of lift for both axles and the

contribution of the front lift in the total lift as follows:

10j
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_ 2% [(RL+RR) — (RLy + RRy)]
p X V? p X vair?

CL,
y

As for the aerodynamic drag, when it is on a high speed, it can be
assumed that the decelerating force is made up of aerodynamic drag and

rolling resistance.

Aerodynamic Drag + Rolling Resistance = ma,

The rolling resistance can be treated as the only decelerating force

when in a very low speed.

Rolling Resistance = ma,

So the aerodynamic drag can be calculated by this formula.

" e 1
ma, — ma, = Aerodynamic Drag = > pv,2ChA

Finally, the CD can be calculated by the following formulas:

1
= pvm?CqA + RR = ma,

2(may;—mas,)

el Co=CaxA=  P'n’
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Where

v
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v, +V,




Experimental results.

According to the data analysis of the tire load mass channel (Figure

4), it can be seen that

with the approximate speed, the contribution to the

roll stiffness of the vehicle gradually increases with the increase of the

roll stiffness of the front axle, the load on the outer wheel of the front axle

increases continuously, and the inner load decreases continuously as the

wheel load on the outer side of the rear axle decreases, the load on the

inner wheel increases.
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Figure S.

According to the quality transfer prediction equation and the actual
mass transfer calculation equation introduced in the class, create the math
channels (Figure 5) in the above picture to prepare for the processing

calculation and reading of the subsequent data.

Figure 6.

For the roll angle mass channel (Figure 6), it can be seen that the
measured value of the stable phase is in good agreement with the
predicted value, and the difference between the measured value and the

predicted value remains substantially unchanged.
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The mass transfer prediction equation and the actual mass transfer
calculation equation are used to create mass channels and select the
steady state for the mass transfer amount. The predicted value of the front
axle mass transfer amount is smaller than the actual calculated value, and
the predicted value of the rear axle mass transfer amount is also smaller
than the actual calculated value. But the total mass transfer amount
predicted value is greater than the actual calculated value. The front axle,
the rear axle and the mass transfer amount of the three settings are
inputted into excel, and the ratio of the mass transfer amount of the front
axle to the mass transfer amount of the whole vehicle and the contribution
of the front axle roll stiffness to the roll stiffness of the vehicle are
calculated.

One point(Figure 7) is chosen on which the speeds of three setups

are very similar less than 0.1km/h.

A B C (v} E F G H | J K L M N o P
Front RS Rear RS RS distnbutior Predicted Actual
Setups Tim)  Ke(N/m) < (Nemi) T(m)  Kwi{N/m) KrN=m] K Front WT Rear WT Total WT Magic Nu Front WT Rear WT Total WT Magec Nu
Setupl 1636 160000 2141197 1635 T2000 §6353.06 6896551724 1543 1317 2859 0535699 2044 853 2657  0.76828%
Setup2 1636 280000 3747094 1635 48000 542359 8536580360 1852 1082 2934 063122 2423 %87 2727 0.988522
Setup3 1636 400000 5352992 1636 12000 1605898 9708737884 2115 870 2085 0708543 2579 1041 2774 0929704
—
o g

Figure 7.
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Figure 8.
A section of the steady state data (Figure 8) is taken and the average

values over a time period was calculated for the further calculation.

RS distribution Predicted

Figure 9.

The curve(Figure 9) drawn by the mean value over a period of time
is consistent with the overall trend of the curve drawn by selecting a point
with the same velocity, but the curve of the curve drawn by the mean
value is more coincident with the predicted curve. The performance of the
curve drawn by the selected data points is gradually increasing and the
proportion of the front axle roll stiffness in the vehicle roll stiffness is
increasing. The mass transfer of the front axle shifts the mass of the
vehicle. The impact is also getting bigger and bigger, but the growth trend

is gradually slowing down, but the growth trend of the mean value

16
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calculation curve is selected to be gradually accelerated and coincides
with the prediction curve. On the one hand, it shows that the correlation
calculation over a period of time is more real and accurate. On the other
hand, it also explains the theoretical correctness of the vehicle mass
transfer prediction equation, but its accuracy needs to be improved.
Aiming at the accuracy and effectiveness of the prediction equation
under non-steady state, a certain point with similar speed in the linear
acceleration process is selected for data processing to obtain the

following curves:

A5 distmbunior Pradicted Actual

Kn{N+m) K Front WT Rear WT Total WT Magec Nu Front WT | Rear WT  Toral WT Magic Nu
24 51 60 1

2 "

248 03 352 0

Figure 10.

It can be seen from the figure (Figure 10) that the actual measured
value and the predicted value at this time have large errors, and the trends
of the two are completely different. In order to prevent accidental errors
in individual points, the mass channel of the magic number is compared

as shown below:

S
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Figure 11.

It can be seen that the mass transfer prediction equation has poor
accuracy and applicability in an unstable state.

Most of the computational analysis for aerodynamics is done in
excel. The research method uses the control variable method to plot the
aero force, CL, CoP, Drag force and CD while the splitter length is the

same as the wing angle changes. When the wing angle is the same, the

curve changes with the splitter length. As shown below:

Figure 12.

As we can from the following figure(Figure 13), the front

aerodynamic force is decreasing and the rear is increasing as the wing
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angle increases and splitter lengthen steady. The total aerodynamic force
is increasing. The front aerodynamic force is increasing and the rear is
decreasing while the splitter length is increasing. The total aerodynamic
force is increasing.

For the coefficient of lift, the front coefficient of lift is decreasing and
the rear coefficient of lift is increasing while only the wing angle increases.
The total coefficient of lift is increasing.

The front coefficient of lift is increasing and the rear coefficient of lift
is decreasing while only the splitter length increases. But the total

coefficient of lift is still increasing.
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CoP{%) with different Wing Angles
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It is easy to understand that as the wing angle increasing, rear load

increases and the CoP decreases. But while the splitter length increases,

front load increases and the CoP increases.
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The drag force decreases whatever as the wing angle or splitter

length increase. But there is some problem with one of the coast down
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setups, so the data point can only be chosen from a speed which is not so

high.




Analysis.

For the weight transfer, even the outer wheels afford more lateral
forces with higher loads than the inner wheels, the total weight transfer will
increase when the entire roll stiffness increases. The weight transfer of the
front axle will be more and more with the front roll stiffness increases
which means the front springs become more and more stiff.

Aerodynamic negative lift is caused by the pressure difference which
is made from the difference in air velocity around the wing. The air will be
divided into two sides around the wings after passes through the leading
edge. The lower air flow rate through the upper part will be faster on
account of the distance which passed is longer. This special structure leads
to a low pressure under the wing and a higher pressure on the wing. Then

the down force and negative lift are formed.




Areas of concern.

First, before starting to prepare for the calculation work, pay attention
to the consistency of the unit when inputting the basic parameters of the
vehicle to simplify the programming of the calculation process.

Secondly, for the calculation of H, the h at the centroid position can
be directly calculated using the similar triangle principle, and then H can
be obtained by the value of (H+h).

After that, the selection of data points should be fully scientific and
rigorous, and efforts should be made to avoid contingency.

Finally, for the part of the team cooperation, it is better to add mutual
inspection steps based on your own inspection to avoid data problems

similar to this one.




Conclusion.

For the weight transfer, the predicted outcomes are constant with the
actual result on the steady state which means the validity of the load
transfer prediction equations are useful. The proportion of the front roll
stiffness to the entire roll stiffness is bigger, the bigger front weight transfer
is. But the weight transfer predict formulas are not quite suitable for the
non-steady state.

For the aerodynamic part, the front load decreases while the rear load
and total load increases as the wing angle increases which lead to the
coefficient of front lift force’s decreasing and the increasing of coefficient
of rear lift force and total force. As the splitter length increases, the rear

load is decreasing and the front load and total load is increasing. The drag

force and coefficient of drag are decreasing while the wing angle increasing.
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