Engine power requirements
Engine and powertrain matching




Power Requirement

* The power requirement at the drive wheels is determined by the driving resistance

wheel resistance Fr, Fz ron = /7 Gr

* Wheel resistance comprises the resisting forces acting on the rolling wheel. It is made up of rolling resistance, road surface

resistance and slip resistance.

. . 1 5
air resistance Fi, FL=7pp oy A0

e

* The air resistance is made up of the pressure drag including induced drag (turbulence induced by differences in pressure),

surface resistance and internal (through-flow) resistance.

gradient resistance Fst o y
gt = Mp g SM0ig

* The gradient resistance or downhill force relates to the slope descending force and is calculated from the weight acting at

the centre of gravity

acceleration resistance Fa F.=Amga

* In addition to the driving resistance occurring in steady state motion (v = const), inertial forces also occur during

acceleration and braking.



Power units

Energy supplies with an energy
density as high as possible are
desirable.

The weight of the Energy
accumulator is factored in, as is
the transmission efficiency.
Rapid recharging of the energy
accumulator and the necessary
infrastructure.
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Selection of power unit

In selecting a suitable power unit, the following factors must be considered:

e operating performance:

drive characteristics, ease of control, startability, energy accumulator etc.,

*economy.

specific energy consumption, specific manufacturing cost etc.

e environment friendliness:

pollutant emissions, noise, vibration etc.
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Engine characteristic

The engine characteristic is a decisive technical consideration in selecting the
prime mover, i.e. the power available at full load across the engine speed range.

* There are two typical characteristic curves to describe the engine characteristic
1. the torque/engine speed curve at full load (100% accelerator pedal position)

2. the corresponding full-load power curve (engine characteristic)
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Engine Spread,

The driver uses the accelerator pedal to indicate the power desired
from the engine.

When the accelerator pedal is fully depressed (100%) this
corresponds to the engine full-load curve, and when the accelerator
pedal is not depressed (0%), to the thrust characteristic curve.

The almost equidistant pattern is typical of diesel engines.

The term “throttle valve angle” is often used instead of “relative
accelerator pedal position”.

A throttle valve angle of 902 then corresponds to the engine full-

load line.

The lines for the same accelerator pedal position for the two engines
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Consumption Map

* the specific consumption b.is shown in g/kWh,
the term “onion diagram”

* There is a minimum consumption bemin just below
the full-load characteristic curve in the lower
engine speed range.

* The precise position depends on the engine. in the
case of spark ignition passenger car engines the minimum

consumption is around 250 g/kWh,

In the engine map the effective average pressure p~.in the
cylinder is often plotted instead of the engine torque. The
following relationship applies

Iy2r : : 2
Poe =2 =" with i=

i number of strokes

Engine torque T
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200

Consumption Map

* The transmission exploits the fuelefficient areas of
the engine performance map.
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Powertrain matching

The powertrain components — engine, moving-off element, selector gearbox, final drive etc. -
must be “harmoniously” combined

The main optimisation criteria in this process are
* performance,
e fuel consumption,
* emissions and
« comfort. “Engine spread” Overall gear ratio Traction available
from the engine/
A A transmission

combination
Traction —
Fz a available

from the engine

Traction Fz
Traction f>z
Moving-off range

Velocity v Velocity v



Traction Diagram

The traction Fzerequired at the drive wheels is made up of the driving resistance forces
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Traction Diagram
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The maximum speed, the maximum climbing performance and excess traction in the various gears can be
found from the traction diagram.



Traction Diagram,
Calculation

The maximum speed, the maximum climbing performance and excess traction in the various gears can be
found from the traction diagram. The excess traction F:«is given by the formula

Frpy =Fgp —Fzp=Fzp —Fgp—Fg —F1L - F,

T(rn )i, . . 1 7 :
_T0n) i Niot —MF g fg cOsg +smn g |——pp o Av” —mp Aa
Tavn 2
The traction diagram shows unaccelerated movement, i.e. when a = 0 m/s.. To interpret the climbing and

acceleration performance of a vehicle, the excess power available at the operating point, Fz&, can be written in
two ways.

climbing performance during unaccelerated movement acceleration performance during movement on the level

Fppy =Fz 4 — Fg — FL =mp g sinag; Frpy =Fza —Fr—Fp=mg Aa



Traction Diagram,
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Traction Diagram,

Calculation

4. Entering the traction available/speed values on a diagram:
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Traction Diagram,
Calculation

Determining the Driving Resistance Lines

1. Determining the initial values
2. Calculating the traction required at several speeds and gradients
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For gradients greater than 10%, the approximations cos a <= 1 and
sin o = tan a ssare no longer acceptable. Entering the speed-
dependent rolling resistance coefficient f :gives
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3. Entering the traction required/speed values on the diagram:
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Traction Diagram,
Calculation

Reading of Relevant Data

1. Maximum speed:

The maximum speed of the vehicle on a level surface is
achieved in 4th gear, and is approximately 218 km/h. It is

found at the intersection of the traction available line and
the driving resistance line for g' = 0%.

2. Other performance data:
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at at at at at

Tipax T, y — T, Toax T, T T, Thax T,
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Climbing Performance
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Acceleration Performance

I

da
3
'
NS
—
2

* In commercial vehicles the lowest gear is often given a high
ratio to give the vehicle good climbing performance, even
when fully loaded.

* The coefficient of rotational inertia can thus become very
large, with the result that acceleration may be better in
second gear than in first.

Acceleration performance
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Engine Braking Force

* Fast downhill speeds are required for trucks to achieve high average speeds and hence

economic transport
* Attainable downhill speeds are those which can be travelled without acceleration and without

activating the service brake (friction brake)

» steady-state braking:

preventing unwanted acceleration on downhill runs,

* deceleration braking:

reducing speed and stopping if necessary and

* braking at rest:

preventing undesired movement of the vehicle at rest



Engine Braking Force

The engine braking power available Fsxis incorporated in the traction diagram in a similar way to the

traction available Fza.
Power flow in overrun conditions is from the wheels to the engine. Whereas the traction diagram is calculated

from the full load characteristic curve of the engine when power flow is from the engine to the road

If the variation in the powertrain efficiency n«:= f (ratio, speed, torque) is taken into account in calculating engine braking force,
then it must be remembered that the ratio is defined in the direction of power flow. That means that in overrun conditions “the
ratio is reversed”.
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The fuel consumption of a vehicle is expressed either as

Fuel Consumption

consumption per distance travelled bsin / /100 km

consumption per unit time btin g/h.

The specific fuel consumption b. at any momentary
operating point may be read off the engine
performance map

This requires the engine speed nv and the associated
engine torque T(nw)

The engine torque required Tzs(nw) is
calculated from the traction required at the

The engine speed is
calculated from the road

speed wheels and the powertrain efficiency
g = — A . FzB Tayn 1
M e "TE.B (?'?I'vl )= )
= Tdyn A Mot

The fuel consumption per unit distance
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i 5th gear 4th gear
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Fuel Consumption .
Calculation ] /

100km
1 ‘ 1st gear 4Ath gear
16
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e The driver can thus have a decisive effect on fuel E. g 1o I
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consumption by the gear selection and the timing of g 2 . | 2nd gear _
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LS 8 /

* In each gear there is a speed at which fuel ] QLQEQF/ |
6

consumption is optimal.
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Because air resistance increases as the square of 0 20 40 80 80 100 120 140 160 180 kmih 220
speed, the power requirement, and thus fuel Velocity v

. : : Fuel consumption related to gear for the vehicle
consumption, increases rapidly at high speed.



Fuel Consumption

Reduction

* Optimising the efficiency of the internal combustion engine, in particular by reducing part-load consumption.

* Appropriate engine performance characteristics, i.e. the vehicle must be neither over-powered nor under-
powered.

* Reducing driving resistance, for example rolling resistance and drag.

* Reducing the power draw of accessories such as servo pumps, air conditioning etc.

* Improving the efficiency of the transmission. This relates principally to continuously variable transmissions,
which includes torque converters.

* Traffic management systems to reduce stationary periods.

* Improved driving. Intelligent control systems, which protect the driver against his own misjudgement. There

are many factors involved in determining how far this “usurping” of control can go.
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