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FORCES AND MOMENT ON VEHICLE
When the vehicle is moving at a considerable speed. the air passing over it
imposes various forces and moment on the vehicle. The Figure 1.4 shows the details
sketch view of the various forces and moment acting on the vehicle body.

-V, N T(D)
¥ }37\; o —t—>
-
/, l >l

Figure 1.4 Sketch views of the various forces and moment on vehicle body [24]
The vertical force acting on the body indicated by the letter “L” is known as Lift

force. This force causes the vehicle to get lifted in air as applied in the positive direction,
whereas it can result in excessive wheel down force if it is applied in negative direction.

Engineers try to keep this value to a required limit to avoid excess down force or lift.

The formula usaally used to define this force is wrtten as:

L=1pV2C A (1)
where-
L, = Lift Force
C; = Lifi Coefficient
A = Frontal Area of the WVehicle

Aerodynammic drag force is the force acong oo the wehicle body resistinge ots
forward moton. Thiz force is an mopaortant force to be considersd while designing the
extermal body af the wehicle, since it oovers about §5%: of the toml force achne on the

complets body. The Aerodynamic drag fiorce is caloolated by the follewing formrda:

D =ZaV3Cpd x
Cp = Aesrodynamic Drag coefficient
4 = Frooml Atea of the Wehicle
g = Air Density

The sideforce is crosswind actms oo the wehicle and onder the steady state wind
conditions the agoation for sideforce calonlation is expressed as:



¥ :5 Vg, — (3

where
¥ = GSideforce
¥ = Total Wmd Velocity
£; = Sideforce Coefficient {(Function of the Relative Wind Angle)

A = Frootal Area of the Vehicle

The pitching mement, N, ransfers weight between the font and rear axles and is

representad by the following equation:

N = pV* CppedL )

Where-

Pinching Moment

=
i

Pitching Moment Coefficient

4 = Frontal Area of the Vehicle

L = Wheslhas=

Crosswinds produce a sideforce on a wvehicle that acts at the middle of the
wheelbase, and when the crosswinds do not act at the middle of the wheelbase a vawmge
moment is produced. The yawing moment is represanted by the following egquation

T e A —— T ————

A = Frontal Area of the Vehicle
L = Wheelbaza

Crosswinds produce a sideforce on a vehicle that acts at the muddle of the
wheelbase, and when the crosswinds do pof act af the middle of the wheelbase a vawing

moment is produced. The yawing moment is represanted by the following equation



R = ipwr,,,a.a — (3]

wWhere

B = Yawing Moment

Cyw = Yawng Moment Coefficient (Varies with Wind Direction)

e
Il

Frontal Area of the Vehicle

I = Wheelhaze

When the crosswind produces a sideforce af an elevaied point on a vehicls, a
rolling moment & produced and 15 represented by the follownne equatson:

M = - oV ()
where
M = F.ﬂ]]mg Moment
Cpy = HRoling Moment Coefficient (Varies with Wind Direction)

A = Frontal Area of the Vehicle

L = Wheelbaze
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the
Oxygen sensor is located on the exhaust line; one before the catalytic
converter (upstream/pre cat sensor) and one after the catalytic
converter (downstream/post cat sensor).

ECM

Downstream/Post
Cat Sensor

Catalytic

Exhaust Converter

Mainfold Upstream/Pre

Cat Sensor
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Exhaust
gases

Catalytic

High pressure and temperature Converter
exhaust gases leaving the

engine cylinder during the . w
exhaust stroke, travel through - = =
the exhaust manifold and \ \
come in contact with the : "‘\

oxygen sensor placed before % \
the catalytic converter. -
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the
Oxygen sensor is located on the exhaust line; one before the catalytic
converter (upstream/pre cat sensor) and one after the catalytic
converter (downstream/post cat sensor).

ECM

Downstream/Post
Cat Sensor

Catalytic
Converter

Exhaust
R Upstream/Pre
Mainfold Cat Sensor

Upstream/Pre Cat Sensor
is used for regulating the
fuel supply

Downstream/Post Cat Sensor
monitors the efficiency of the
catalytic converter.

High pressure and temperature
\J exhaust gases leaving the
ﬁ engine cylinder during the
exhaust stroke, travel through
/<- the exhaust manifold and
come in contact with the
oxygen sensor placed before
the catalytic converter.




Exhaust
gases

High pressure and temperature gc::e'eyrttl:r

exhaust gases leaving the
engine cylinder during the
exhaust stroke, travel through
the exhaust manifold and
come in contact with the
oxygen sensor placed before
the catalytic converter.
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Zirconium Dioxide Element

The sensing element at the front of the sensor consists of a zirconium
dioxid ing el it | d within a steel shell. The sensing element
is further connected to platinum electrodes and wire leads down the line.

i Ceramic i Heater
Heatin r
Elemengt Zirconium Dioxide Element Holder connection

The sensing element at the front of the sensor consists of a zirconium
dioxide sensing element enclosed within a steel shell. The sensing element
is further connected to platinum electrodes and wire leads down the line.
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Drilled holes

Exhaust gas consisting of
Oxygen molecules contacts the
ing after flowing
Gas through the slots/holes on the
steel shell.

Exhaust gas consisting of
Oxygen molecules contacts the

after ing
through the slots/holes on the
steel shell.

the
( Outside air is made to flow through the gaps between the connecting cables. hﬁm
This air is then heated to enable the ions to produce Voltage.

o

Outside Air

Outside air is made to flow cables. P '.

gh the gaps the i
This air is then heated to enable the ions to produce Voltage.
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