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INTRODUCTION

Traction and dynamic, fuel and economic calculation of the vehicle is an
important and integral part of a complex approach to vehicle design. According
to the results of traction calculation, the main dynamic parameters of the
vehicle are determined, the assessment of dynamic qualities is given by
comparing them with similar indicators of other existing construction. During
the traction calculation, such important parameters as the maximum power of
the internal combustion engine, the gear ratios of the transmission elements,
etc. are determined.

There are two main methods for traction and dynamic calculation. The
first method is a design traction calculation. It is performed when designing a
new vehicle. The second method is a test traction calculation, which is
performed for an existing vehicle. The test calculation is performed during the
diploma. It is related with the selection of the base vehicle for a specialized
vehicle or tractor for a road train.

The purpose of this work is to help students determine the main dynamic
and economic parameters of the vehicle and engine when changing the load
and speed modes of its operation; dynamic performance during acceleration, to
calculate the fuel efficiency of the vehicle. The proposed method of calculation
will help to form students' knowledge, skills and abilities to analyze and select
the parameters of the vehicle, which ensure the implementation of the specified
indicators of its performance properties.

The goal is achieved as a result of calculations and plotting of detailed
tractionand speed characteristics of the wvehicle, which characterize its
consumer properties, followed by analysis of the parameters of vehicles.

The peculiarity of this publication is to provide examples of determining
the parameters of dynamic, fuel and economic characteristics of the vehicle,
which allow to implement the concept of individual approach in the learning
process.

In the methodological instructive regulations the technique of check
tractioncalculation on an example of the car Opel Astra Classic is resulted.



1 INITIAL DATA AND MAIN CHARACTERISTICS OF A VEHICLE

During performing a test traction calculation of the vehicle as the
initial data, the values of its parameters specified by the manufacturer in the
technical data sheet of the vehicle are used.

1.1 Mass characteristics of the vehicle

Total mass M, (fully loaded) and mass of equipped vehicle M, (fully
filled and equipped with appropriate equipment and tools) are accepted
according to technical data sheet.

The weight of the vehicle, which is accounted for by the front axleM;and
rearM,, is also taken according to the technical data sheet characteristics. But if
M, and M, are not given, they can be determined when the percentage of load
distribution on the axles of the vehicle is known.

Approximately for a vehicle with front-wheel drive, the axle load
distribution is 60 % and 40 % (where 60 % of the load is on the front axle).

For a truck, the load distribution on the axle is approximately 30 % and
70% (where 30 % of the load is on the front axle).

Program listing:
Gray fields are filled with the values of the parameters given in the

technical data sheet characteristics of the vehicle or the results of preliminary
calculations.

Mass characteristics of the vehicle

Mo := 1320 (kg) — mass of the equipped vehicle
Ma := 1850 (kg) — total mass of the vehicle

M1 = 955 (kg) — load on the front axle of the vehicle
M2 := 895 (kg) — load on the rear axle of the vehicle



1.2 The selection of the vehicle tire and calculation of static radius of
wheel rolling

Tires greatly affect the dynamic and economic factors, traction and
braking properties, stability, handling, smoothness of the vehicle.

Tires are divided on purpose, the form of a profile, the form of tire tread
pattern, the principle of sealing, a design (radial, diagonal, wide-profile, low-
profile, etc.).

In marking of the tire its sizes, a design, loading capacity, date of
manufacturing are specified.

Under the action of a vertical load, as a result of deformation of the elastic
tire rim, the distance from the wheel axis to the bearing surface decreases. This
distance is called the static radius rg of the wheel. If the wheel is also under the
action of torque, this distance becomes even smaller due to the action of
tangential deformation of the tire, it is called the dynamic radius r. Due to the
small difference in size between static and dynamic radii the static radius given
in standard at movement of the vehicle without slipping and sliding in practical
calculations is equal to dynamic.

The static radius of the wheel is determined by the formula

r,=0,5-d-0,0254+k, -107%-B-107%- 4

sm?

(1.1)
where d —nominal landing diameter of a wheel rim, in inches (in the formula
it is converted to meters);
kSh — tire series — the nominal ratio of the height of the tire profile to its
width "H/B" in %;
B - nominal width of the tire profile in mm (in the formula it is
converted to meters);

A, — the coefficient, which takes into account the collapse of the tire

under load, is in the range: 0,8+0,85 — for cars [18, p. 10], and
0,86+0,935 — for trucks[14, p. 8].



Program listing:
Gray fields are filled with the values of the parameters given in the

technical data sheet characteristics of the vehicle or the results of preliminary
calculations.

Calculation of static wheel rolling radius

In the calculation the tires are selected for the technical data sheet
characteristics of the vehicle — 185/65 R15.

d := 15 (inch) — nominal diameter at wheel rim seat

ksh := 65 (%) — nominal ratio of profile height to its width
B := 185 (mm) — nominal width of the tire profile

Asm = 0.825 — coefficient of collapse of the tire under load

rki=0.5-d-0.0254+ ksh- 10" 2-B- 10 > - sm

tk =029 (m)



2 SELECTION OF THE ENGINE AND CONSTRUCTION OF ITS
EXTERNAL (SPEED) CHARACTERISTICS

For carrying out traction calculation the information on the form of a
curve of power and torque of the engine of the vehicle according to the graph
of external speed characteristic is necessary.

The external speed characteristics of the engine is the dependence of the
effective power N, torque M, (Fig. 2.1) and other indicators of the engine
from the crankshaft speed when the throttle valve fully open in the gasoline
engine or at the maximum (set by the manufacturer) cycle feed fuel in a diesel
engine.

If the actual external speed characteristic of the vehicle engine is absent,
but there are two points of this characteristic:

Minax, Nvmax — Maximum engine torque and crankshaft speed at maximum
torque, respectively, and

Nimax: Nmax — Maximum engine power and crankshaft speed corresponding
to it, which are usually given in the technical characteristics,

then the curve of the effective power of the engine is usually described
using the Leiderman formula, which is a polynomial of 3rd degree

2 3
N.=N_. -la: n +b-[ n ] —c-[ n j : (2.1)
nNmax nNmax nNmax

where N —maximum vehicle engine power, W;

n — crankshaft revolution corresponding to N

N max max ’

n — the current value of the engine crankshaft revolution in the range
fromn ton,.:;

a, band c —approximation coefficients.



The current value of torque is determined by the formula
M, =—¢, (2.2)
where @ — current value of angular speed of rotation of a crankshaft of the

vehicle engine, rad/s.

n-z

0=—,
30

where n —the current value of the engine crankshaft revolution in the range

(23)
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Figure 2.1 — External (speed) characteristics of the vehicle engine
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2.1 Calculation of coefficients a, b, ¢ which characterize the type of
engine

The approximation coefficients characterize a specific vehicle engine and
can be calculated by the following formulas

M, K, - 2-K

a=1 @ . 2.4
100 K, -1° 24
M K
=2 L. —92 _- (2.5)
100 Kw—lz
M (K Y
C=—2. @ , (2.6)
100 [Ka) —J

where M, — the magnitude of the torque reserve;

K, — the coefficient of adaptability of the engine by angular speed of

rotation.
The following formula is used to check the correctness of the calculation
of the approximation coefficients

a+b-c=1. 2.7
The amount of torque reserve is determined by the formula

M, = K, -1 -100, (28)

where K,, —the coefficient of adaptability of the engine by torque.

The coefficient of adaptability of the engine by torque is the ratio of the
value of the maximum torque to the value of the torque at maximum power

K, = —kma (2.9)



where M, .., — maximum torque of engine;

M

wmax — Value of the torque at maximum power.

M _ 30 Ni (2.10)

kN max
7+ N\ max

where N, — maximum power of engine;

n — value of the engine crankshaft speed at the maximum power.

N max
The coefficient of adaptability of the engine by torque is the ratio of the
value of the maximum torque to the value of the torque at maximum power

K, = nNﬂ, (2.11)
r]M max
where n .. —value of the engine crankshaft revolution at the maximum
power;
Ny max — Value of the engine crankshaft revolution at the maximum
torque.

The values of the coefficients K, and Ky, determine the ability of the
engine to automatically adapt to changes in load and range of steady engine
operation. The dependence M,=f(n) has a maximum at the revolution
Nvimax < Nmax- 1T N > Nymax, then the increase in load on the engine causes a
decrease in crankshaft speed n, which leads to an increase in torque M, i.e. the
engine automatically adapts to changes in load. This ability is estimated not
only by K, and Ky, but also by the value of the torque reserve M,in
percentage.

12



Program listing:
Gray fields are filled with the values of the parameters given in the

technical data sheet characteristics of the vehicle or the results of preliminary
calculations.

Calculation of coefficients a, b, ¢

Nmax := 100000 (W) — maximum power of engine

nNmax = 5800 (rpm) — engine crankshaft revolution at maximum power
Mmax := 203 (N-m) — maximum torque of engine

nMmax := 4000 (rpm) — engine crankshaft revolution at maximum torque
30 Nmax
- 7 - nNnax
MxNmax = 164.643 (N-m)

Mmax

MxkNmax — engine torque at maximum power

KM := ——— _the coefficient of adaptability of the engine by torque
MExkNmax

Km = 1.233
nNmax .. . .

Kw = — the coefficient of adaptability of the engine by angular speed
nMmax

of rotation
Kw = 1.450

Mz := (Km — 1) - 10C —the magnitude of the torque reserve
Mz = 23297 (%)

2

Mz KW-(Z—KW)b_ ) Mz Kw Mz ( Kw \
. —  h=2. = " -z

a=1-— : = .
100 12 100 2 100 \(Kw-1)

a=0.082 b=333 c=2419
a+b—c=1000 —check: the sum of the coefficients a, b and ¢ must be equal
to one

13



2.2 The initial data for the construction of the external characteristics
of the engine

The maximum engine power is selected according to the technical data
sheet of the vehicle, or determined by the formula

Ny o (2.12)

2 37’
r]N max nN max nN max

where N,, ... — the maximum engine power, which provides a given

max

a-

maximum speed V.« Of the vehicle.
Engine power N, ., is determined from the condition of the possibility

of moving the vehicle on the road with a given maximum speed V.« without a
trailer in direct gear (iz= 1) on a horizontal road with a hard surface. That is,
two conditions must be met: the power must be sufficient to accelerate the
vehicle to a given maximum speed, and in direct gear at angular speed of the
engine crankshaft, which corresponds to the maximum torque, the dynamic
factor D, must be not less than given.

This power is determined based on the equation of power balance, which
has the following form

3
N oGt Vi tky F VL 213

V max
T

where G, — total vehicle weight, N;
f — coefficient of rolling resistance of vehicle wheels;
V..« — given maximum speed of the vehicle movement, m/s;
k,, — coefficient of air resistant, N-s?/m*;

F — the area of frontal resistance of the vehicle, m%;

14



n, — efficiency of the vehicle transmission.

The total weight of the vehicle is determined by the formula

G,=M, -9, (2.14)
where ¢ — acceleration of gravity, m/s’.

The coefficient of rolling resistance of the wheels of the vehicle when
driving on a horizontal road with a hard surface is determined by the formula

f=f 1+A -V, (2.15)

where f_ — coefficient of rolling resistance of tires when driving a vehicle at
low speed, the approximate value of which is recommended to take
[2,p. 11, 12, p. 9]:
0,005...0,008 — for the tires with road tread pattern,
0,008...0,012 — for the tires with universal tread pattern,
0,008...0,014 — for off-road tires;
A, — coefficient that takes into account the effect of speed on the
rolling resistance of the vehicle wheels when driving on a road with
asphalt-concrete pavement; the approximate value of which is
recommended to take [1, 17, p. 11]:
(2,5...7,5)-10™s?/m? — for cars,
(3,5...10,5)-10™s*/m? — for trucks;
V, —the current value of the vehicle speed, m/s.

The coefficient of air resistant is determined by the formula

k,=0,5-C -p,, (2.16)
where C, — coefficient of frontal drag, determined experimentally;

p, —air density under normal conditions, i.e. at temperature 20°C and

pressure 101325 Pa, is 1,189 kg/m®.
15



The area of frontal resistance of the vehicle is determined by the formula

F=4-B-H, (2.17)
where S — the coefficient of filling the area, it is recommended to
take [19, p. 9]:
0,78...0,8 —for cars,
0,75...0,9 — for trucks;
B — overall width of the vehicle, m;
H — overall height of the vehicle, m.

During determining the efficiency, the transmission takes into account the
hydraulic losses caused by shaking and spraying of oil in the crankcase and
drive axle, and mechanical losses associated with friction between the teeth of
the gears, in the bearing units and in the universal joints.

The efficiency of the transmission is determined as the product of the
efficiency of all pairs of gears that are simultaneously in the catching and the
cardans that transmit torque by the formula

e =700 1oh T (2.18)
where 77, — the efficiency of a pair of cylindrical gears, approximately in the
range of 0,97+0,98;
Mo — the efficiency of a pair of bevel gears, approximately in the range
0,96+0,97;
Ny — the efficiency of the universal joint, approximately assumed to be

equal to 0,99;
n — the number of pairs of cylindrical gears;
m — the number of pairs of bevel gears;
k — the number of the universal joint, which transmit the torque.
In order to simplify the calculation of the efficiency of the transmission is
taken constant.

16



It is recommended to take the approximate values of vehicles
transmission efficiency [9]:
n, =0,90..0,92 - for cars;

n, = 0,88...0,90 — for trucks of small loading capacity;
n, = 0,86...0,88 —for trucks of medium loading capacity;
n, =084..0,86 - for trucks of big loading capacity.

Larger values of transmission efficiency refer to the direct gearin the
gearbox of the vehicle.

In off-road vehicles, the transmission efficiency is reduced by 0.02,
respectively.

In the presence of experimental data on the vehicle it is necessary to use
them for a selection of n .

Program listing:
Gray fields are filled with the values of the parameters given in the

technical data sheet characteristics of the vehicle or the results of preliminary
calculations.

The initial data for the construction of the external characteristics of the
engine

ORIGIN =1

ki := 150 - the number of points on which the revolution range is divided

nmin = 80C (rpm) — minimum steady no-load engine revolution

nVmaxD := nNmax — the crankshaft revolution of the diesel engine, which

corresponds to the maximum speed of the vehicle

nVmaxD = 5800 (rpm)

nVmaxB := nNmax - 1.25 — crankshaft revolution of the gasoline engine,
which corresponds to the maximum speed of the
vehicle

17



nVmaxB = 7250 (rpm)

nVmax = nVmaxB — "'nVmaxD" corresponds to the diesel engine and
gasoline one with a speed limiter, and

"nVmaxB" corresponds to a gasoline engine without a

speed limiter

nmax := nVmax — maximum engine revolution, which corresponds to the

revolution at maximum speed of the vehicle
nmax = 7250 (rpm)

i=1.kij = 1. kikj= o T

ni,j =nmin+j-k
1 2
n=f1 843000| 886000| (rpm)
843,000

pb = 1.189 (kg/m®) — air density

Cx := 0.33 — the coefficient of frontal drag

k:= 0.5 Cx- pb - the coefficient of air resistant

k=019 (N-sm®*

B = 0.8 (m) — the coefficient of filling the area

B := 1.753 (m) — overall width of the vehicle

H1 := 1.458 (m) — overall height of the vehicle

F:=p - B- H1 - cross-sectional area (frontal resistance) of the vehicle
F =2.045 (m?)

Ny = O-<—transmission efficiency

Vmin := 0 (m/s)
183 . .
Vmax = B - maximum speed of the vehicle

Vimax = 50.833 (m/s)

18



3 Vmax — Vmn

kj:=

! ki
Vaij::ijll+j-1<_
Val = VaT

f0 := 0.011 — coefficient of rolling resistance of the tire when the vehicle is
moving at low speed

Af:=5.5.10 | (s’/m?) — coefficient that takes into account the effect of speed
on the rolling resistance of the vehicle wheels

fl. .::ﬂ)-|_1+Af-\‘Va1. E
J | | 1’1\ |

1’
f == max(fl)
f=0.027
g := 9.81 (m/s”) — gravity coefficient

2.3 Plotting of the external characteristics of the engine

Plotting of the external characteristics of the vehicle engine is carried out
according to the previously given formulas (2.1) and (2.2). According to the
results of calculations, the graph of the dependence of the effective power N,
and torque M, on the revolution of the engine crankshaft n is built

Program listing:
Gray fields are filled with the values of the parameters given in the

technical data sheet characteristics of the vehicle or the results of preliminary
calculations.

Calculation of the angular velocity of the engine crankshaft

n. .-m
1,)

W. .
i 30

19



Calculation of engine power according to Leiderman's formula

2 3
() ()]
N.  :=Nmax-|a- ~— +b- : c- .

L] |_ nNmax nNmax } - nNmax } J
Calculation of engine torque
Ni .
M, =—2L
Ll w. .
19]
Calculation results
- - M. . =
Vij N ij
1 1 1
1 88.279 1 7504503 1 85.009
2 88,279 2 7504503 85.009
3 3

External (speed) characteristics of the vehicle engine

110 230

99 /" . 213
T 7D\

88 7 AN 196

77 / \ \ 179
66 162
) V{4 N

145

/ M,

7 128

33 / // \ 111

22 94
/ /

117

0 60

750 1475 2200 2295 3650 4375 5100 5825 6550 7275 8000

n;, Ny

44

77
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3 CALCULATION OF GEAR RATIOS OF POWER TRANSMISSION

In order to best adapt to different operating conditions, modern vehicles
are available in different configurations: engines with different power, different
gearboxes, different main gears.

When the vehicle is moving, the engine crankshaft develops up to
5000-6000 rpm, and the drive wheels rotate at a speed of not more than
1300 rpm.

So, even under favorable road conditions, the vehicle's wheels rotate four
and a half times slower than the crankshaft. And under adverse road conditions,
when the resistance of the vehicle increases and it is necessary to move at low
speed, this ratio increases.

When operating the vehicle there is a need to change not only the speed
and torque supplied to the drive wheels, but also to maneuver, stop, drive in
reverse.

All these steps are made possible by the fact that the torque developed by
the engine is fed to the drive wheels through the mechanisms that make up the
transmission of the vehicle. And it is the transmission of the vehicle allows to
vary widely by changing the torque transmitted from the engine to the drive
wheels of the vehicle.

3.1 Calculation of the gear ratio of the main transmission

The calculation of the transmission of a road vehicle begins with the main
transmission for the following reasons. In the transmission, the angular velocity
can be changed in several places: in an additional box (trucks), gearbox,
transfer box (off-road vehicles), main gear, wheel reducer (rarely used in cars).
However, only in the last two units of modern vehicles, the gear ratio is always
constant, while in gearboxes the gear ratio can change widely. But, as a rule, in
all boxes there is a so-called "direct gear" at which inclusion angular speeds of
input and output shafts coincide. At the same time intermediate shafts remain
not involved that promotes reduction of losses in transmission and achievement
of the maximum efficiency of the unit. When driving in direct gear, the vehicle

21



becomes the most economical. On a direct gear the majority of vehicles
develop the maximum speed (exceptions are, for example, BMW vehicles
which reach the maximum speed on an accelerating transfer in gearbox [1]).
Therefore, the total gear ratio of the constant gears (main gear) is determined
from the ratio of the angular velocities of the engine and the drive wheels at
maximum speed, assuming that the engine will run at maximum power.

: N max " 7%
1 :—~r, (31)
° v_-3 *

where n, .., —engine crankshaft revolution at maximum vehicle speedV,__, ;

V... — the set maximum speed of movement of the vehicle, m/s;

I, — static wheel radius, m.

Program listing:
Gray fields are filled with the values of the parameters given in the

technical data sheet characteristics of the vehicle or the results of preliminary
calculations.

Calculation of the gear ratio of the main transmission

. nmax - 7

0o =— -1k
Vmax - 30

io = 4.327

io := 3.95 — the gear ratio of the main transmission can be selected
according to the technical data sheet characteristics of the
vehicle

22



3.2 Calculation of the gear ratio of the first gear of the gearbox

The gear ratio of the first gear i, is determined with the condition that all
the traction force is spent on overcoming the specified maximum drag
according to the formula

j = Mo Ve Ty (32)
Ivlkmax Ao Ty

where M, — total weight of the vehicle, kg;

g - gravity, m/s%
W — the maximum total coefficient of resistance of the vehicle is

taken [19, Tabl. 1]:

0,35...0,40 — for single cars and trucks (for vehicles with front wheel
drive not more than 0,35),

0,20...0,24 — for road trains,

0,22...0,25 — for city and intercity buses,

0,28...0,32 — for buses of general purpose,

0,60...0,70 — for off-road vehicles;

r, — static wheel radius, m;

M — maximum torque of the vehicle engine, N-m;

k max

iO — gear ratio of the main transmission;

7, — transmission efficiency.

The obtained values of the gear ratio of the first gear should be checked in
the absence of slippage by formulas:
— if all vehicle wheels are driving

_M.-g-on (33)

i - :
Ivlkmax o7y

ol

23



where @ —the coefficient of adhesion of the wheels to the bearing surface.

— if only the front wheels of the vehicle are driving

Mg my e,
Mkmax 'i0'771r

where m_, — the coefficient of dynamic redistribution of vertical reactions on

" , (3.4)

the front drive axle.

. L L,—¢-h,
g1 —
L, - L—(p-hg

where L — longitudinal base of the vehicle, m;

, (35)

L, — the distance from the center of mass of the vehicle to the rear
axle, m;
hg — height of the center of mass of the vehicle, m.
— if only the rear wheels of the vehicle are driving
ilez'g'mgfz'(”'rk’ (3.6)
M max 1o 77y

where mg, - the coefficient of dynamic redistribution of vertical reactions on

the rear drive axle.

L

m,=——.
¢ L—¢-h,

3.7

To determine the distance from the center of mass of the vehicle to the
front axle L; and the distance to the rear axle L,it is necessary to calculate the
partial weight distribution of the vehicle on the axes according to the formulas

24



, (38)

(3.9)

Then the distances from the center of mass to the front and rear axles of
the vehicle are determined by formulas

L =L-n, (3.10)
L,=L-n,. (3.11)

The obtained value of the gear ratio of the first geari;by formula (3.2) is
compared with the value ofiycalculated by formulas (3.3), (3.4) and (3.6)
according to the engine scheme.

If

i, <i,,, (3.12)

then this result allows to provide overcoming by the vehicle of the maximum
resistance of the movement, which is set in the technical task, and as far as
possible to move away from slipping conditions.

If the test result is negative, it is necessary to recalculate the
valuei;byformula (3.2) changing ymax, Or indicate on which roads the vehicle
can be operated.

Program listing:
Gray fields are filled with the values of the parameters given in the

technical data sheet characteristics of the vehicle or the results of preliminary
calculations.

Calculation of the gear ratio of the first gear

wmax = 0.35 — the maximum total coefficient of resistance of the vehicle
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Kl - Ma - g - ymax- 1k

Mmax - i0 - Ny,
ikl =2.550
Determination of h, distances L,, L, and coefficients m; and m,
¢ := 0.7 — the coefficient of adhesion of the wheels to the bearing surface
L := 2.806 (m) — longitudinal base of the vehicle
h = 0.39 - H1 - height of the center of mass of the vehicle
h =0.569 (m)

M1 . .
nl = v the proportion of mass that falls on the front axle of the vehicle
a

nl = 0.516
n2:= %z — the proportion of mass that falls on the rear axle of the vehicle
n2 = 0.4%4
L1:=L-n2 —the distance from the center of mass of the vehicle to the
front axle
L1 = 1357 (m)
I[2:=L-nl-the distance from the center of mass of the vehicle to the
rear axle
12 =1.449 (m)
ml = Laz-¢-h the coefficient of dynamic redistribution of vertical
[2-(L-¢ -h)
reactions on the front drive axle
ml = 0.845
L
= L——d)h — the coefficient of dynamic redistribution of vertical reactions
on the rear drive axle
m2 = 1.165
. Ma-g-¢ -tk . . .
ill .= ———— —if all vehicle wheels are driving

Mnax - io - .
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i1l = 5.100
~Ml-g-¢ -ml-rk

ill: - — if only the front wheels of the vehicle are driving
Mnax - 10 - 1,

ill =2.225

: M2-g-¢ -m2-tk | . -

i1l = - — if only the rear wheels of the vehicle are driving
Mnex - i0 - 1y,

ill =2.875

Checking the first gear ratio for slippage conditions
il11 := 2.225 — substitute the value of i11 to the corresponding engine formula

sl:= |sl « "conditionis met" if ikl <ill
s1 < "condition is not net" if ikl > ill

sl

s1 = "condition is not met"

3.3 Calculation of gear ratios "2, 3, ..., n"* gearbox transmission

The gear ratios of the second, third and fifth gears are determined by
different progressions: the gear ratios of vehicles are most often carried out
using a hyperbolic series, which provides the best dynamics of the vehicle at
high speeds (higher gears, such as 3 and 4, are close)
L (3.13)

i —1"'
1+ np-1 .12
P k1

l, =

where NP — the number of gear ratio, which is calculated,;
K, — the number of direct gear.

For off-road vehicles, trucks and buses, for which traction characteristics
are important in the whole range of speeds, the calculation of gearbox is
usually carried out by geometric progression, which allows to switch gears
without shocks, driving at low speeds in difficult road conditions and when
maneuvering, overcoming given the largest upgrades.
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i, =i (3.14)
where NP - the number of gear ratio, which is calculated;

k,, —the number of direct gear.

At intensive acceleration of the vehicle (the engine "spins" to turns of the
maximum power) and if gearbox is calculated on a geometrical number at the
next gear change the angular speed of the engine always falls to the same size.

If the gearbox is calculated on a hyperbolic series, then as the gear
changes, the minimum angular speed of the engine increases. Such a vehicle
will have an advantage during accelerating, especially at high speeds.

If the vehicle is more often operated on hard-surface roads, though it
belongs to off-road vehicles, it is possible to calculate gearbox of such vehicle
on both progressions depending on wishes of the customer.

Also, the value of acceleration (economic) transmission can be obtained
by solving the cubic equation of power balance for optimal engine load in
terms of power and angular velocity. To use Cardano's formula

k,=M_-g-f -A +k,-F, (3.15)
k, = Ma—gfo (3.16)
k2
‘- _(MJ (317)
k2

o -(5] (1. o1

V., =§/—%+,/Dr +§/—k—2°—«/Dr, (3.19)
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0,75 0y 1y K

oy (3.20)
Vek "o

where @, — angular velocity of the engine crankshaft at maximum

N max

power, rad/s.

n

wNmM==—i%§§L—, (3.21)

where ny ... —engine crankshaft revolution at maximum power, rpm.

The reversing of vehicles is used for maneuvering and is not involved in
the acceleration of the vehicle. The gear ratio is determined by the layout of the
gearbox, usually by the formula

i, = 10..13 -i. (3.22)

Program listing:
Gray fields are filled with the values of the parameters given in the

technical data sheet characteristics of the vehicle or the results of preliminary
calculations.

ikl =2.550 - the calculated value of the gear ratio of the first gear
kpr := 4 — the number of direct gear

Calculation of the value of the gear ratios of the gearbox by hyperbolic

progression
np = 2-second gear
ik2 = ikl -
I+ (np-1)- ikl -1
kpr -1
ik2 = 1.681
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np := 3 —third gear

ik3 = ikl -
1+ (np—1)- ikl -1
kpr — 1
k3 =1.254
np :=4 —forth gear
ik4 = ikl -
I+ (mp-1)- ikt - 1
kpr — 1
ik4 = 1.000
np = 5 —fifth gear
ik5 = ikl -
Il+(mp-1)- ikl -1
kpr — 1
k5 = 0.832

Calculation of the value of the gear ratios of the gearbox by geometric
progression

np := 2 —second gear

kpr-1
2= kPP
ik2 = 1.866
np = 3 —third gear

kpr-1
3= ik
ik3 = 1.366
np = 4 —forth gear

kpr-1
= ikl
ik4 = 1.000
np = 5 —fifth gear
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kpr—1
iks = -\/ ik <PT-TP

ik5 =0.732

Calculation of the gear ratio of the accelerator transmission

Nnnx - . . .
oONmax = % —angular velocity of the engine crankshaft at maximum

power
oNmax = 607.375 (rad/s)

k2=Ma-g-f0- Af+k-F

Wl e Ma-g- 10
k2
(0.75-Nmax'ntr)
\ k2 )

Dr_(kl\ (kO\
v) \7)

3
kO kO
Vek := —(—\ + +/Dr + \/—(—\ — /D1
J 2 ) )
Vek = 48.374 (m/s)
0.75 - ®Nmax - rk
Vek - io

iek = 0.691 — the gear ratio of the accelerator transmission according to the

iek ==

Cardano formula

Calculation of the gear ratio of gear of the reversing of vehicles
izx:= 1.15 - ikl
izx = 4.117

Also, the gear ratios of the gearbox can be selected according to the technical
data sheet characteristics of the vehicle
ikl := 3.58 1k2:=2.02 ik3:= 1.35 ik4 := 0.98 ik5 := 0.81
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3.4 Calculation of the gear ratio of the reduction of the transfer case

The calculation of the gear ratio of the reduced transmission of the
distributor box i, can be done based on the requirements of the absence of
wheel slipping. To do this, use the formula

i Ma'g_‘”_'rk . (3.23)
Mkmax 'Il'IO Ty

pk

As a rule, the reduction of the downshift is when overcoming difficult
road conditions. The dynamics of acceleration of the vehicle to maximum
speed is not considered. Therefore, for further calculation of the dynamic
characteristics of the vehicle, the gear ratio of the distributor box can be taken
equal to the gear ratio of the highest gear according to the technical data sheet
characteristics of the vehicle (if this number is not known then its value is
accepted equal to one).

If the transmission of the vehicle does not have a distributor box, then its
gear ratio is taken equal to one.

Program listing:
Gray fields are filled with the values of the parameters given in the
technical data sheet characteristics of the vehicle or the results of preliminary
calculations.

Calculation of the gear ratio of the downshift of the distributor box
. Ma-g-¢ -1k
Mnax - ikl - io - ny,

irk = 1.425
irk := 1 — in the transmission of the vehicle there is no distributor box
therefore its gear ratio is accepted equal to one
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3.5 Speed character rustics of the vehicle

The gear ratios are one of the main parameters of the gearbox, which
shows the acceleration-traction ratio/maximum speed of the vehicle in each
gear. For example, if the gear ratio of the 1st gear of the gearbox is 4, and the
2nd gear is 2 (2 times the difference), it means that the maximum speed in the
2nd gear will be twice as high, and the acceleration-traction twice as weak as
on the first at the same engine crankshaft revolution.

When the gear ratios are high, such a gearbox is called "short", i.e. the
maximum speed in each gear is not so high, and it is necessary to switch more
often (the gears are short). Such gear ratios provide, other things being equal,
better acceleration and traction, so they are typical for supercars and sports cars
with the most efficient acceleration dynamics or for SUVs (sports utility
vehicles) with two-speed transfer cases for maximum traction in difficult road
conditions at low speeds.

The situation with low gear ratios is reversed. Such boxes are called
"long" and they provide greater maximum speed in each gear and better
efficiency in exchange for less traction and acceleration. It is important that
"long" gearboxes with low gear ratios are not synonymous with greater top
speed of the vehicle as a whole. The final maximum speed of the vehicle
equipped with such box, as a rule, is reached on lower gears (for example, on
the 6th speed, and the following 7th and the 8th gears are necessary only for
increase of economy and cannot increase the maximum speed reached on the
6th gear. Whereas in vehicles with "short" gearboxes, the final maximum speed
is reached in higher gear, and there are no additional economic gears.

The gear ratio of the gearbox, designed to achieve the maximum speed of
the vehicle, is selected so that when driving at maximum speed, the engine of
the vehicle operates at maximum power. This is the only way to ensure

maximum torque on the wheels to most effectively overcome the aerodynamic
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drag from the air flow. If the gear ratios of the gearbox are calculated
geometrically, the acceleration in each gear begins at the same engine
revolution n, and ends at the same revolution n,.

Namely

! 2
5

LY PR (3.24)
i, 1 n

1

i2 min

This makes it possible to use the same average engine power for
acceleration in all gears. When designing the gearing of a real gearbox, its gear
ratios are inevitably "deformed"”. At the same time, it is desirable that higher

gears converge

_|—1>!—2>!—3>!i. (3.25)
L I,

If the gear ratios of the gearbox are calculated in a hyperbolic series, then
as the gear changes, the minimum angular speed of the engine increases. Such
a vehicle will have advantages in acceleration, especially at high speeds.
Plotting of the speed characteristic of the vehicle is the dependence of the
speed on a particular gear on the number of revolutions of the engine

crankshaft (Fig. 3.1). To do this, the following formula is used

n. -z
o =K (3.26)
30y, g iy

where NP — the gear number on which the speed of the vehicle is calculated.
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Figure 3.1 — Speed characteristics of the vehicle:
1 — first gear speed; 2 — second gear speed; 3 — third gear speed; 4 — forth gear
speed; 5 — fifth gear speed; N — engine power; M — torque of the vehicle engine



Program listing:
Gray fields are filled with the values of the parameters given in the
technical data sheet characteristics of the vehicle or the results of preliminary
calculations.

Calculation of a vehicle speed in 1st gear
7 -1k

n. .-
1,]
L) 30ik1 - io - irk
Calculation of a vehicle speed in 2nd gear

n..-m-rk

b

LiT 30-ik2 - o - ik

n2mmn ::%n)-ild
ikl

n2min = 4090.782 (rpm)
nl2:= (max(n) J Vimax = (max(Vl) \

n2min \ max(V1) )
Calculation of a vehicle speed in 3rd gear
ni -m -1k
V3, = —d
L] 30-1k3 - 10 - irk
n3min = 12X g
ik2
n3min = 4845.297 (rpm)
max(n max( V2
n23::( X()\) Wnax;:( X( )\
\ n3min ) kmax(V2))
Calculation of a vehicle speed in 4th gear
n..-m-rk
17_]

V4, =
L) 30-ik4-io - irk

ndmin = 5262.963 (rpm)
36



_ max(n) o max(V3)
n34 = ( i ) V3 : (max(%) j

Calculation of a vehicle speed in 5th gear

noem- rk
V5. .= L R
L] 30-ik5-io0 - irk
nSmin = max(n) - ik5
ik4
nSmin = 5992.347 (rpm)
V4
n4s = (max(n) \ Vdmax = (max( ) \
\ nSmin ) \ max(V4) )

Speed characteristics of Opel Astra Classic
110 230

99 s \\ 213
V1,
V2, 88 el 7< A\ 196
Vi” G / \ 179
A V1T TN N
V5, 66 y ¢ 162
Vimax / / \// \ 145 M,
Vames / |/ X =
V3max 44 / 7 /' \\ 128
= -
Vé4max 33 / / / / // 111

N] J / / /// L / \

@0 22 / // = / /’/ \ 94

1 //A ; /é/:__::—-’/ 77

__éﬁ""—/ 60

0
0 800 1600 2400 3200 4000 4800 5600 6400 7200 8000

N, Dygjp Mygys Ny Ny, 112, 023, 134, nd5, 0,
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4 PLOTTING OF UNIVERSAL DYNAMIC CHARACTERISTICS OF
THE VEHICLE

Productivity of the wvehicle, is characterized by average speed of
movement and depends on its traction and speed qualities. These qualities are
determined by all longitudinal forces acting on the vehicle, the balance of
which in the case of linear non-uniform movement allows to determine the
traction force required to move the vehicle in a particular gear at a certain
speed in a given road conditions.

4.1 Traction characteristics of the vehicle — power (traction) balance

For uniform or accelerated linear movement of the vehicle it is necessary
that the total tangential reaction on all driving wheels was not less than the sum
of all forces of external resistances to its translational movement.

P =P +P +PR, (4.1)

where P, — total circumferential force on all driving wheels at uniform
movement, is called as traction force of the vehicle, N;
P, — the force of the total road resistance of vehicle movement, N;
P;—total force of inertia of masses that move and rotate
progressively, N;
P, — the drag force, N.
The force of the total road resistance of vehicle movement is determine
by the formula

Ff/, =P +P, 4.2)

where P; — total rolling resistance force of the vehicle wheels, N;
P, —the component of the weight force of the vehicle that is parallel to
the bearing surface or the force of resistance of the vehicle to rise, N.
The traction force, which is supplied to the driving wheels of the vehicle
when it is moving in any gear, is generally determined by the formula
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M, i ot T (4.3)

P
ki
np rk

np =
Total rolling resistance force of the vehicle wheels is determined as
product of the gravity force of the vehicle and the coefficient of rolling

resistance
P, =G, f. (4.9)

a

When moving on the rise there is a component of weight force, which is
directed towards the movement of the vehicle

P, =G, sina, (4.5)
where o — angle of rise.

When changing the speed of the vehicle (during transients) there are
forces of inertia, the value of which depends on the magnitude of the moving
masses and accelerations. When the vehicle accelerates, the forces of inertia
resist the movement; when the movement slows down, the forces of inertia
prevent the deceleration. The force of inertia of the vehicle masses, which are
progressively moving and rotating, is determined by the formula

P=M,-5,, (4.6)

where 5, —the rotational inertia coefficient. It shows how many times the

force required to accelerate with a given acceleration of the translational
masses and the rotational masses of the vehicle, more than the force
required to accelerate only its translational masses.

The rotational inertia coefficient

2
5"[, =146, +0, - ot 4.7
where 5k — the rotation al inertia coefficient of vehicle wheels, approximately

accepted equal0,03+0,05[6];
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5tr — the rotational inertia coefficient of transmission and engine units,

approximately accepted equal0,04-0,06 [6].
Since the vehicle moves in an air environment that has a certain density,
there are drag forces of the vehicle. To determine the drag force use
expressions from aerodynamics

2
P, =k, -F-V, (4.8)
where k , — air drag coefficient, N-s’/m*,

F — the area of frontal drag of vehicle, m%
Vnp — the current value of the vehicle speed at a particular gear, m/s.

At uniform movement on a horizontal surface forces P,and P;are equal to
zero. In the case of an inclination and deceleration they become negative.
Taking into account the above, formula (4.1) takes the form

PR>P +P, (4.9)

This equation of movement is called the traction balance of the vehicle. It
is used in the design of new and to assess the traction and speed characteristics
of existing vehicle models. Traction and speed characteristics of the vehicle
with the help of equations of its movement is most conveniently determined by
graph analysis. To do this, the traction balance of the vehicle should be
presented in the form of a graph (Fig. 4.1).On this graph in the coordinate
system P -V, the traction-speed characteristic and resistance forces of the
movement P; , P, and total resistance force of the vehicle movement Ps + P,
are put.
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Figure 4.1 — Vehicle power (traction) balance:
1 — tangential traction force when driving in 1st gear; 2 — tangential traction
force when driving in 2nd gear; 3 — tangential traction force when driving in
3rd gear; 4 — tangential traction force when driving in 4th gear; 5 — tangential
traction force when driving in 5th gear; Py — total rolling resistance force of the
vehicle wheels; P, —the drag force; P;+ P, — total resistance force of the
vehicle movement
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Program listing:
Gray fields are filled with the values of the parameters given in the

technical data sheet characteristics of the vehicle or the results of preliminary
calculations.

Data

Mamin := Mo + 2 - 80 + 2C — weight of the equipped vehicle with the
driver (80 kg), the passenger (80 kg) and
luggage (20 kg).

Mamin = 1500 (kg)

Manuax := Ma — total vehicle mass

_ Manax — Mamin

- ki

Ma. j '=Mamin + j - k

>

kj:

Mal = MaT
Traction force when driving in 1st gear and drag force
0 Mgy
Pkl. . =M. .- ikl - - 1rk
1,] 1,] k

Pwl, . =k-F- VI 2
I’J | 1"

Traction force when driving in 2nd gear and drag force

o - My
Pk2. . =M. .-ik2-
1] 1] rk

- irk

Pw2, =k -F-|v2 7
i L

5

Traction force when driving in 3rd gear and drag force

io - Ner
Pk3. . =M. . -ik3-
1,] 1,] rk

- irk

Pws, =k -F-| V3 7
L] L)

>
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Traction force when driving in 4th gear and drag force

0Ny
Pk4. . =M. .- ik4-
1,] 1,] rk

- irk

Pwd =k F- va °
i.j i

>

Traction force when driving in 5th gear and drag force

io - Ngr
Pk5. . =M. .-ik5- —— - irk
1,] 1,] rk

PwS. . ==k-F. V5 |2
1,] 1]

Total rolling resistance force of the vehicle wheels
PfL i —Mal ‘g fl

19
Total reS|stance force of the vehicle movement
Pfle§ = Pfl + PwS i

Vehicle power (traction) balance of Opel Astra Classic
9000

8100 //\\
Pila 7200
s ™
P, 600 /
Pkd,, 5400 /
PkSei 4500 /N
Pw5,, | \ \
3600
L TN
Pf1PwS5,; 2700 / /’ —
1800 ;,/ \\\ =
L —
e =1 ] -
0
0 7 14 21 28 35 42 49 56 63

V1, V2., V3., V4, V5., V5., Val,, V5,
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4.2 Characteristics of vehicle power — power balance

To analyze the dynamic characteristics of the vehicle instead of the
balance of forces, it is possible to use the balance of power supplied to the
drive wheels, with the power needed to overcome the total drag.

By analogy with the equation of traction (power) balance (4.1), the
equation of power balance can be written as

N, =N; +N,+N; +N,, (4.10)

where Ny — power supplied to the driving wheels of the vehicle, W,

N; — power consumed to overcome the total rolling resistance of the

vehicle wheels, W;

N, —power consumed to overcome the resistance of the vehicle

to rise, W;

N; — power consumed to accelerate the vehicle, W;

N — power consumed to overcome the drag force, W.

The power supplied to the driving wheels of the vehicle is determined by

the formula

N, =B -V, (4.11)
The power consumed to overcome the total rolling resistance of the
vehicle wheels is determined by the formula
N; =P -V,. (4.12)
The power consumed to overcome the resistance of the vehicle to rise is
determined by the formula
N, =P, -V, (4.13)
The power consumed to accelerate the vehicle is determined by the
formula
N, =P -V,. (4.14)

The power consumed to overcome the drag force is determined by the
formula

N,=P, V.. (4.15)



The graph of power balance is plotted for the given vehicle in coordinates
N -V, (Fig. 4.2). On the basis of its analysis the same tasks, as at use of the
graph of power balance are solved.

gfng
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Figure 4.2 — The power balance of the vehicle:
1 — power supplied to the wheels when the vehicle is in 1st gear; 2 — power
supplied to the wheels when the vehicle is in 2nd gear; 3 — power supplied to
the wheels when the vehicle is in 3rd gear; 4 — power supplied to the wheels
when the vehicle is in 4th gear; 5— power supplied to the wheels when the
vehicle is in 5th gear
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Program listing:
Gray fields are filled with the values of the parameters given in the

technical data sheet characteristics of the vehicle or the results of preliminary
calculations.

The values of Ny and N, when the vehicle is in 1st gear
NkL . :=PkL . -VIi i

1] 1]
Nwl .. =Pwl .- VL .
1] 1) 1)

The values of N, and N,, when the vehicle is in 2nd gear
Nk2 .:=Pk2 .- V2 .
1] L] L)

Nw2 .=Pw2 .-V2 .
1] 1) 1)

The values of N, and N, when the vehicle is in 3rd gear
NKk3, . :=Pk3 .- V3, i

I’J 1’.]

Nw3 . =Pw3 .-V3 .
L] 1] 1]

The values of N, and N, when the vehicle is in 4th gear
Nk4 .:=Pk4 .- V4 .
L] 1] L]

Nw4 . =Pw4 .- V4 .
L] L] L]

The values of N, and N, when the vehicle is in 5th gear
NK5, . :=Pk3 .- V5 i

l’J I’J

Nws . =Pw5 .- V5 .
1] 1] 1]

The power consumed to overcome the rolling resistance
Nf1. . :=Pfl .Valij

i,j 1,j

The value of the sum of the power consumed by the engine to overcome the
forces of rolling resistance and drag
NfINwS . :=Nfl. . + Nw5. .
1’.] 17.] 1’
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The power balance of Opel Astra Classic
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4.3 Dynamic characteristics of the vehicle — a dynamic factor

The methods of traction balance and power balance are difficult to apply
when comparing the traction and dynamic characteristics of vehicles with
different equipped masses and load capacity, because when moving them under
the same conditions, the force and power required to overcome total road
resistance are different. The method of solving the equation of movement by
means of a dynamic characteristic was proposed by Academician
E. A. Chudakov [16].

The dynamic characteristic allows to solve a number of problems of
vehicle movement taking into account design and operational parameters
which allow to estimate efficiency of vehicle use.
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For this purpose, use a dimensionless factor D, (dynamic traction factor),
which is equal to the ratio of free traction Py - P, to the weight of the
vehicle G,

— w
D, = G e . (4.16)
where P, — free traction that is independent of road conditions and
accelerations and is a function of vehicle speed V,.

Thus, expression (4.16) is an equation of force balance in dimensionless
form. This ratio eliminates the influence of vehicle weight on the assessment of
its properties. The values of the dynamic traction factor allow to estimate the
traction and speed characteristics of a particular vehicle at different loads and
to compare the traction and speed characteristics of different vehicles
regardless of their weight. Thus the more dynamic factor on traction, the better
traction-speed characteristics and higher passability of the vehicle. A vehicle is
capable to develop bigger accelerations, to overcome steeper rises and to tow
trailers of bigger weight.

In uniform movement, when the acceleration of the vehicle is zero, the
dynamic factor must be numerically equal in magnitude to the coefficient of
total road resistance, i.e. D, = y. On the horizontal section, the value of the
coefficient of resistance of the road can be equal to the coefficient of rolling
resistance y = f. In all other cases, the coefficient y includes other parameters
that affect the resistance of the vehicle.

It should also be noted that in low gears the dynamic factor is greater than
in higher. This is due to an increase in the force P, and a decrease in the
force Py,

Graphic representation of the dependence of the dynamic factor on the
vehicle speed in different gears in the gearbox and at full load on the vehicle is
called the dynamic characteristic of the vehicle, i.e. D, = y(V,) (Fig. 4.3).

This characteristic can be plotted for the given vehicle and the given
movement conditions.
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If the dependence f =f(V,) is applied to the dynamic characteristic, then
with the help of the obtained graph it is possible to solve the same problems as
with the help of the graph of power balance or traction balance.
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0,5 p——— .
D, =0.49
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Figure 4.3 — The graph of the dependence of the dynamic factor on the speed of
the vehicle:

1-the dynamic factor when moving the vehicle in 1st gear;
2 —the dynamic factor when moving the wvehicle in 2nd gear;
3—the dynamic factor when moving the wvehicle in 3rd gear;
4 —the dynamic factor when moving the wvehicle in 4th gear;
5—the dynamic factor when moving the wvehicle in 5th gear;
f — the coefficient of rolling resistance of vehicle wheels
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Program listing:
Gray fields are filled with the values of the parameters given in the

technical data sheet characteristics of the vehicle or the results of preliminary
calculations.

The dynamic factor when moving the vehicle in 1st gear

PKI, . - Pwl, |
DI = 5] 5]l

19.] .
Mali,j g

The dynamic factor when moving the vehicle in 2nd gear

Pk2. . — Pw2.
1, L, ]|

D2. .=

The dynamic factor when moving the vehicle in 3rd gear

Pk3. . — Pw3.
1, L]

D3. .=

The dynamic factor when moving the vehicle in 4th gear

D4i i R R
> Mali,j - g

Pk4. . — Pw4.
1,] 1

The dynamic factor when moving the vehicle in 5th gear

Pk5. . — Pw5. .
1’.] 17_]\
DS5. . =

15J .
Mali,j g
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The graph of the dependence of the dynamic factor on the vehicle speed of
Opel Astra Classic
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4.4 Dynamic passport of vehicle

The dynamic characteristics of the vehicle greatly depends on its weight.
Part of the time during operation, the vehicle is not fully loaded, but only
partially, so of particular interest is the impact of vehicle load on its dynamic
characteristics. Thus the universal dynamic characteristic allows to solve a
number of problems of movement of the vehicle, including at change of its
weight and road conditions.

In order not to determine the dynamic characteristic every time, the load
nomogram (Fig. 4.4) complements it. For this purpose the
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X-axis continues to the left and on it the scale of payload in units or in percent
is put

G, -100
H=—&8 " 4.17)
G

ach

where G, ¢, — changed payload of the vehicle;
G, cn — maximum payload of the vehicle.

G

where G, — total vehicle weight, N;
G, — the weight of the equipped vehicle, N;

The number of passengers may be specified for passenger vehicles. A
vertical line parallel to the Y-axis is drawn through the beginning of the load
scale, and the values of the dynamic factor of the vehicle without load (for
example, a vehicle in the equipped state) are plotted on it.

The dynamic factor increases with decreasing weight. The new value of
the dynamic factor D, of the vehicle, the weight of which is changed, can be
determined by the formula

=G, -G, (4.18)

ach a o

D =—2a “a (4.19)

where D, — the dynamic factor of a fully loaded vehicle;
G, — total vehicle weight;
G, — changed vehicle weight.
In this form, the graph of the universal dynamic characteristics allows to
solve the following problems of vehicle dynamics:
1. To determine the maximum value of road resistance y that can overcome
a vehicle with a given load H as a percentage of the total payload G, ¢, at a
steady movement at a given speed V in top gear.
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2. To determine the speed V that the vehicle can develop if the load H and

the total road resistance are known.
3. To determine the load H that can carry the vehicle when driving at a

given speed V on the road with a known resistance .

DU 957 'Da
0,62
9
D;QA 0.54
/T, A’}ﬁ 3 ==
/ D/O s /l l _n Dmm:o ,49
1
]
Ea— D=0,17 __o,lzz.. // ( ;
|
D|:0,117 0,144 Ve “( y
D=0,063 | // N
. 0,06 —
D=0,01 7 V,m/s
¥ ALY
0 22,5 45 67,5 90 [ 125 35 575\ 80
Hr, % | | | 0,1 V,.=50,8 m/s

Figure 4.4 — Dynamic vehicle passport:

1 — the dynamic factor when moving the vehicle in 1st gear;

2 — the dynamic factor when moving the vehicle in 2nd gear;
3 — the dynamic factor when moving the vehicle in 3rd gear;
4 — the dynamic factor when moving the vehicle in 4th gear;
5 — the dynamic factor when moving the vehicle in 5th gear
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Program listing:
Gray fields are filled with the values of the parameters given in the

technical data sheet characteristics of the vehicle or the results of preliminary
calculations.

The graph of dynamic factor with load nomogram

Damin := 0.01 — the minimum value of D on the load nomogram
Damax := | Damax < 0
for ie ki

for jel. ki

Damax < D1, . .
ki, j

>

if D1,. . > Damax
ki, j

Danmax
Damax = 0490 — the maximum calculated value of D in first gear for a fully
loaded vehicle.

Damax — Damin

Dx:=
9
Dml := Damin Dm2 := Damin + D>
Mal Mal
Dy . T2 (Mal) D2 - max(Mal)
min(Mal) min(Mal)
Dal = Mal Da2 = Mal
Dm . ex(Mal) Dnp . exMal)
max(Mal) max(Mal)
Dm3 := Damin + 2 - Dx D4 := Damin + 3 - Dx
D3 - max(Mal) Dird - max(Mal)
min(Mal) min(Mal)
Da3 = Mal Da4 = Mal
Dm3 - max(Mal) D - max(Mal)
k max(Mal) k max(Mal) )
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DmS5 ;= Damin + 4 - Dx Dm6 := Damin + 5 - Dx

DS - max(Mal) D6 - max(Mal)
min(Mal) min(Mal)
Da5 = Mal Da6 = Mal
Dm5 - M Dm6 - M
max(Mal) { max(Mal) )
Dm7 := Damin + 6 - Dx DmS := Damin + 7 - Dx
D - max(Mal) D - max(Mal)
min(Mal) min(Mal)
Da7 := Mal Da8 = Mal
Dm7 - M DmS - M
max(Mal) max(Mal)
Dm9 := Damin + 8- Dx Dml0 := Damax
Mal Mal
Dmo . Tax(Mal) Dmio . x(Mal)
min(Mal) min(Mal)
Da9 = Mal Dal0 = Mal
Do - max(Mal) Dmlo - max(Mal)
max(Mal) max(Mal)
0
Hrl = (
\ ~100 )

Each line on the load nomogram (left part of the graph) corresponds to a
certain fixed value of the dynamic factor Da, respectively:

Dml =0.010 Dm2=0.063 Dm3=0.117 Dm4=0170 DmS5 = 0223
Dm6 =0.277 Dm7=0330 Dm8=038 Dm9 =043 Dm0 = 0.49

On this graph, the load scale Hrl (left part of the graph) must be
reversed, i.e. -100 = 0%, and 0 = 100%, this is due to the limited capabilities
of MathCad guring plotting graphs.
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The dynamic passport Opel Astra Classic
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4.5 Calculation of values of limit accelerations of the vehicle

The time of uniform movement of the vehicle is usually small in
comparison with the total time of its operation. At operation in the cities
vehicles move evenly only 15-20 % of time, 40-45 % — accelerated and
30-40 % — decelerated. Acceleration is often used when driving outside the city
on highways and even off-road.

An indicator of the dynamic characteristics of the wvehicle during
acceleration is the intensity of acceleration or capacity of the vehicle.

Acceptability (acceleration intensity) of the vehicle characterizes its

ability to move quickly from a place and to increase speed of movement at
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acceleration. This property of the vehicle is especially important in urban
traffic with frequent stops and starts, and also characterizes the speed of
overtaking in suburban traffic. The acceleration intensity of the vehicle is
measured by the magnitude of its acceleration.

The acceleration of the vehicle is determined experimentally or calculated
according to a horizontal road with a good quality hard surface, provided that
the maximum use of engine power (throttle is fully open) and the absence of
wheel slippage.

The movement of the vehicle from a place is short-lived and is defined
mainly by individual features of the driver. Therefore, it is believed that
acceleration begins with the minimum speed Vi, (Fig. 4.5) on the gear, from
which the vehicle starts moving.

The minimum speed value V., corresponds to the minimum stable
revolution of the engine crankshaft ny,,. In the speed range 0 - Vi, the vehicle
starts from a place at slippage of connection and gradual increase in fuel
supply.

To determine the acceleration of the vehicle, we use the equation of force
balance (4.1) and convert it to a dimensionless form.

To group in the left part of this equation the forces which depend on
speed of movement of the vehicle and do not depend on its weight. In the right
part of the equation to leave the forces that depend on the weight of the vehicle
and the condition of the road. Then, dividing both parts of the equation by the
weight of the vehicle, to obtain

B-R _R*H (4.20)
G G

a a

Substituting in this equation the calculation formulas for the forces
included in it and making the appropriate transformations, to obtain
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J
D,=y+ a -5, (4.21)
Solving equation (4.21) with respect to the acceleration J, to obtain

J=D. -y ~5i. 4.22)

np

Since the acceleration is proportional to the difference between the
dynamic factor of the wvehicle and the coefficient of road resistant v, to
determine the acceleration as a function of the speed of the vehicle,
i.e. J=f(V), it is necessary to use the dynamic characteristics of the vehicle.
Based on the results of the calculation, a graph of vehicle accelerations on
gears is built depending on the speed of movement (Fig. 4.5).

In vehicles at maximum speed V., the acceleration is usually zero,
because there is no power reserve. Trucks with V.« have a power reserve, but
it is not used for acceleration, because the engine speed limiter is triggered. For
trucks and buses, the maximum acceleration Jy,x in 1st gear may be lower than
in 2nd or approximately the same. This is due to the large value of the gear
ratio of the transmission in these gears, resulting the coefficient of taking into
account the rotational mass of the vehicle §,, increases rapidly.

Acceleration curves depending on the speed allow not only to estimate the
acceleration intensity and select the optimal modes of gear shifting, but also to
determine the time and path of acceleration of the vehicle.
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Figure 4.5 — The graph of the dependence of the limiting accelerations on the
vehicle speed:
1 — acceleration of the vehicle when moving the vehicle in 1st gear;
2 — acceleration of the vehicle when moving the vehicle in 2nd gear;
3 — acceleration of the vehicle when moving the vehicle in 3rd gear;
4
5

— acceleration of the vehicle when moving the vehicle in 4th gear;
— acceleration of the vehicle when moving the vehicle in 5th gear

Program listing:
Gray fields are filled with the values of the parameters given in the

technical data sheet characteristics of the vehicle or the results of preliminary
calculations.
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Calculation of the coefficient of the given masses

ol = 0.03
o2 = 0.05

Slml+ol +02- kI R=1+0l +02 ik? 8:=1+cl +02-ik¥
81 = 1671 ® = 123 8 = 1121

A=ltol+02 -k &S=1+ol+c2-iks
8 = 1.078 55 = 1.063

Acceleration of the vehicle when moving the vehicle in 1st gear

i =01+ af vi 2
1) | L] |
g
N, =Dl vyl -2
L] L) v L) 81

Acceleration of the vehicle when moving the vehicle in 2nd gear

vz =101+ af vz 2

1) | L] |

2, . =D2 . —y2 . =
1] L] L] &

Acceleration of the vehicle when moving the vehicle in 3rd gear

w3 =101+ Af va 2
1) | L] |
g
BB, .= D3 —y3 =
S A R e

Acceleration of the vehicle when moving the vehicle in 4th gear

w4

o f1ear va 2
L] | L] |

J4i i = D4i,j — W4i,]

>

£
34
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Acceleration of the vehicle when moving the vehicle in 5th gear

5.

.:=ﬂ)-r1+Af-\‘V5. 2
ij | RN

15 5= D3 =

& o

The graph of the dependence of the limiting accelerations on the vehicle speed
of Opel Astra Classic
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5 DETERMINATION OF ACCELERATION CHARACTERISTICS OF
THE VEHICLE

More convenient and clear estimating measures of intensity of
acceleration of the vehicle are time t and a path S of acceleration of the vehicle
in the given speed range. These parameters can be determined experimentally
or by calculation.

Some assumptions are taken into account in the calculation. So, at the
vehicle with mechanical transmission at moving from a place and gear
switching some time transfer of a torque from the engine to driving wheels
occurs with slippage of catching. In the calculations, this process is despised,
and it is believed that after the transmission to the wheels immediately
transmits engine power, which corresponds to the full supply of fuel. In
addition, it is believed that at each time the wheels are supplied with power
determined by the external speed characteristic of the engine for the revolution
that corresponds to the speed of the vehicle during acceleration.

The time and path of acceleration of the vehicle is calculated with the
assumption that it accelerates on a flat horizontal road with full fuel supply on
a section of length 2000 m [5].

5.1 Determining the moment (points) of gear shift

Starting from a place begins on the gear which provides the maximum
acceleration. To determine the most intense acceleration in the calculation is
introduced acceleration corresponding to the maximum allowable speed of the
vehicle in this gear.

The points of intersection of the acceleration curves on two adjacent gears
(Fig. 4.5) determine the speeds V1.5, Va3, Va4 and Vg, at which it is necessary
to switch in order to maximize the acceleration intensity.

If the lines on the graph do not intersect, then the switching point is the
point of the corresponding maximum speed of the vehicle in this gear.

If shifting from one gear to another occurs earlier or later when these
speeds are reached, the vehicle will accelerate less intensely over time.
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When shifting gears, there is a break in the power flow and the vehicle
moves in coasting, there is a loss of speed. The shift time depends on the
driver's qualifications, the design of the gearbox and the type of engine.

In the process of shifting gears, the speed of the vehicle decreases. The
magnitude of the decrease in velocity AV, during the movement of the vehicle
in the process of shifting, can be found by solving the equation of power
balance (4.9)

Since the engine and transmission are separated, when the vehicle moves
in coasting, the traction force on the drive wheels is zero (Px = 0).To take the
drag force approximately equal to zero when shifting gears (P,, = 0). Then the

dynamic factor D, will be equal to zero

D = w ~Q. (5.1)

After the appropriate transformations of expression (4.22) to take into
account the influence of inertial rotational masses, the loss of speed during gear
shift can be determined by the formula

.-t
Av =¥ 9% (5.2)

np
where t, — gear shift time depends on the driver's qualifications, gearbox design
and engine type, is approximately accepted [13, c. 31]:
0,5 ...1,5 sec — for vehicles with a gasoline engine,
0,8...2,5 sec — for vehicles with a diesel engine.
To simplify the calculation during the shift period, the movement

resistance is assumed to be constant.
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Program listing:
Gray fields are filled with the values of the parameters given in the

technical data sheet characteristics of the vehicle or the results of preliminary
calculations.

Determining the moment of gear shift
tn := 1 () — gear shift time from lower to higher for all gears is assumed to be

the same

Switching point from 1st gear to 2nd one
V12nax := 13.179 (m/s) —the speed at which the transmission is switched is
determined by the graph of limiting accelerations using
the "Trace™ command.

JImax := [|J1lmax <— 0
for iel. ki
for jel.ki

Jlrrax(—Jlkij

B

if VI, . . < VI2max
ki,j

JImax

Jlmax = 2.027 (m/s?)

Vimax = | Vimax < 0
for iel.ki
for jel.ki
Vimax <« Vlki j

>

if Jlki,j = J1lmax

Vimax

Vimax = 13.156 (m/s)
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nlmax := |nlmax < 0
for iel. ki
for jel. ki

nlmx < n, . . if VI, . .= Vimax
ki,j ki,j

nlmax
nlmax = 6132.000 (rpm)
Decrease in speed when shifting from 1st gear to 2nd one

yl = 10- rl + Af - (Vlma>)2—|
yl=0012
g-yl-tn

3l
Vi2n = 0.071 (m/s)

Acceleration start point in 2nd gear
V23min = Vimax — V12n
V23min = 13.085 (m/s)
V2min = | V2min <« 0
for iel. ki
for jel. ki
V2min <— Vzki,j if V2ki,j < V23min

VI2n =

V2min

V2min = 13.015 (m/s)

n2min := |n2mn <« 0

for iel.ki
for jel. ki

n2mn < n,. . if V2 . .= V2min
ki, j ki, j

>

n2min

n2min = 3423.000 (rpm)
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Switching point from 2nd gear to 3rd one

V23max = 23.479 (m/s) — the speed at which the transmission is switched is
determined by the graph of limiting accelerations using
the "Trace" command.

J2max ;= | J2max < 0

for iel. ki

for jel.. ki
J2max <« J2ki j

, if Vzki,j < V23max
J2max
J2max = 1.385  (M/s°)
V2max = [ V2max < 0
for iel.ki
for jel. ki

V2max < V2. . . if J2. . . = J2max
ki, j ki, j

V2max

V2max = 23.479 (m/s)

n2max = [n2max < 0

for iel. ki
for jel. ki

n2mx < n,. . if V2 .
ki

ki, j j= v2mex

B

n2max
n2nmax = 6175.000 (rpm)
Decrease in speed when shifting from 2nd gear to 3rd one

y2 = f0- Irl + Af - (V2ma))2—‘
y2=0014

g-y2-tn
52

V25n =
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V23n =0.114 (m/s)

Acceleration start point in 3rd gear

V34min = V2max — V23n
V34min = 23.365 (M/s)

V3min =

V3min < 0
for iel.ki
for jel.ki
V3min <« V3ki,j if V3ki,j < V34min

V3min

V3min = 23.144 (m/s)

n3min =

n3mn < 0
for iel. ki
for jel.ki

n3mn < n,. . if V3,. .= V3mn
ki, j ki, j

n3min

n3min = 4068.000 (rpm)

Switching point from 3rd gear to 4th one

V34max := 34.887 (m/s) — the speed at which the transmission is switched is

J3max =

determined by the graph of limiting accelerations using
the "Trace" command.
J3max < 0
for iel. ki
for jel.ki
J3max <« ‘Bki j

>

if V3. . . < V34max
ki,j

J3max

J3max = 0.795 (m/s?)
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V3max = | V3max < 0
for iel. ki
for jel. ki
V3nax <« V3ki,j if ‘Bki,j = J3max

V3max

V3max = 34.887 (m/s)

n3max ;= [n3nmax < 0

for iel. ki
for jel. ki

n3max < n, . . if V3 .. = Vimx
ki, j ki, j

n3mx
n3max = 6132.000 (rpm)
Decrease in speed when shifting from 3rd gear to 4th one

w3 = f0- |71 + Af - (V3ma))2—|
W3 = 0018
Vadn = £2¥3 00
V34n = 0.161 (M/s)
Acceleration start point in 4th gear
V45min := V3max — V34n
V45min = 34.726 (M/s)
V4min := | V4min <« 0
for iel. ki
for jel.ki
VAmin < V4ki

. if V4, . . < V45min
J ki, j

B

VAmin
Vamin = 34.578 (m/s)
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ndmn = |ndmn <« 0
for iel. ki
for jel.ki

ndmn < n, . . if V4, . .= Vimn
ki, j ki,j

n4min
ndmin = 4412.000 (rpm)

Acceleration in 4th gear is done to speed 0,95 Vmax
V45max = 0.95 - Vmax

J4nax = [J4max < 0
for ie 1. ki
for jel. ki
J4max < J4ki j

>

if V4 . . < V45max
ki,j

J4max

J4max = 0.208 (M/s?)

Vdmax .= | VAmax < 0
for iel. ki
for jel. ki

Vdmax < V4, . . if J4 . . = J4max
ki, j ki, j

>

V4max

Vdmax = 48.058 (m/s)

n4nax = |nd4mx < 0

for iel. ki
for jel. ki

ndmax <— n, . . if V4 . . = Vdmx
ki,j ki,j

n4max

ndmax = 6132.000 (rpm)
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Decrease in speed when shifting from 4th gear to 5th one

I 2]
w4:=10-| 1+ Af - (V4may |
w4 = 0.025

V45n = 0.227 (m/s)

5.2 Determining the acceleration time of the vehicle

Acceleration curves depending on speed allow not only to estimate
intensity of acceleration and to select optimum modes of gear shift, but also to
define time and a path of acceleration of the vehicle.

The acceleration time of the vehicle on the transmission in the speed
range from Vi, 10 Vinax (Fig. 5.1) is based on the following ratios

av
J=—0, 5.3
pm (5.3)
1
dt ==dV, (6.4
J
V max
t= j 1clv, (5.5)
V min

where J — acceleration of the vehicle during supplemental motion, m/s?.

When accelerating the vehicle from a place calculation needs to be
conducted from speed which corresponds to the minimum steady revolution of
a cranked shaft of the engine ny;, at full supply of fuel on the first gear.

As the speed approaches the maximum, the acceleration of the vehicle
approaches zero, as a result of which the value of 1/J asymptotically
approaches the ordinate, which corresponds to V... This means that the
vehicle accelerates to maximum speed, theoretically approaching infinity. In
fact, the acceleration of the vehicle becomes almost imperceptible when
reaching a speed (0,9 +0.95) Vyax-
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Program listing:
Gray fields are filled with the values of the parameters given in the

technical data sheet characteristics of the vehicle or the results of preliminary

calculations.
Acceleration time when the vehicle is in 1st gear
i=1.ki ji=1.Kki kazm—_"m
ki
nl. . =nmmn+j-k
I’J )
nli . nli . 2 nli . 3
NI. .:=Nmax-|a- J o Lp. L P
L] nNmax nNmax nNmax
nli .
wl. .= >J

L] 30

NI. .

1,]

Ml. . =
L) wl. .
1,]
W1i,j Tk _dormy
VI = — Pkl. .:=MI. . - ikl - - irk

L) ikl - o - irk L] L] rk

Pwl =k-F- VI 7
I’J | 1’.]

PKI, . —Pwl,
DI, j= vy bl
> Mali,j g
yl. P VAR
1] | L] |
g
JI. =Dl . -yl | -=
L) ‘\ L] v L) 81
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tlki,J = —dVi
J ki, j
Vg 1
g =
1
1 0.000
2 | 0065 maxtl) =5.605 (s)
3 0.126
4 .

Acceleration time when the vehicle is in 2nd gear

= 1.ki ji= ki k. D2MBX — n2mn

ki
n2i j =n2min+ j - k
’7 n2ij ( n2ij 12 n2ij \3—‘
N2, .:=Nmax -|a- ~— +b- - -c-| —=—
L) | nNmax \ nNnux ) nNnax ) |
n2i LT
w2, =
L) 30
N2, .
M2, = —)
LI w2, .
17.]
W21,J -1k 10 - ntr )
V2., . = ————— Pk2. . = M2 ik2 irk
LiT k2.0 - itk 1] L] rk
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v =01+ At v %
1,] | 1] |
2oo=D2 -2 -2
i,]j i,j L] &
[VZki Jj
tzki,j = — dV2 + max(tl) + tn
ki, j
V24 1
2 j =
1
1 6.605 tlki, ki Vlki, -
2| 6640| max(t2) =14.109 (s) t12:= , vize=|
t2, . :
3| 6674 \ ki, 1) \ ki 1)
4
Acceleration time when the vehicle is in 3rd gear
i=1.ki j:=1.k kj::M
ki
n3i .=n3min+j -k
n31. . n3i . 2 n3i . 3
N3. .:=Nmax -|a- J Ly :J -c- >J
L] nNmax nNmax nNmax
n3i .
W3 — 7J
L] 30
N3. .
17.]
M3. .=
L) w3, .
15_]
t
S - PK3, .= M3. . - ik3 - © . irk
L) ik3-io0-irk L] L] rk

Pw3. .:=k-F- V3. \
1 | 1>Jw



PK3. . — Pw3, .
_ | 1,] L]

D3. .:

l’_] .
Mali,j g

w3, .::ﬂ)-r1+Af-\‘v3. 2
_] | | 17.] |

17

g
J3..=|D3. . —y3. | =
L] | L] v I,J\‘ 83

V3ki ,J
t3ki,j = dV3 + max(t2) + tn
ki, j
V31
Byij =
1
1| 15109 2
2 | 15165 max(t3) =29.772 (¢) t23:= 5 ’ V23 =
3| 1522 i, 1
4

n4i . n4i . n4i .
.:=Nmax -|a- J o 4p. L -c- -
L] nNmax nNmax nNmax

Acceleration time when the vehicle is in 4th gear

ndmx — n4min

i=1.ki j=1.k k=
ki

n4ij::n4min+j-k

2

.. T
L b]
L 30

74
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i’j
M4. =
Ll w4, .
15]
W4i,j -tk ' 0 Mgy
I — - Pk4. . = M4 . - ik4- :
L] ik4-io - irk L] L) tk
| 2
Pwd. . =k-F-| V4. .
L) L)
P4, . - Pwd, |
D41 J = 5) s Jl
> Mali,j - g
va =f0-l1+af va 2
L) | L] |
g
J4. . =D4. . —y4. . - —
1] r\ 1] v LI &4
Vi i .
t4 . = — dV4 + t3) +t
ki, j J4. .. max(t3) n
ki,
Vi 1
i, =
1
1 30.772 t3,. ..
ki, ki
2 | 30884| max(t4)=95234 (s) t34:= ) V34 =
t4, .
3| 30997 \ ki 1)
4
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5.3 Determining the speeding-up path of the vehicle
The acceleration path of the vehicle is determined from the fact that the
speed is the first derivative of the path in time

ds
V =—, 5.6
dt (58)
then
dsS =Vdt. (5.7)

Therefore, the path traveled by the vehicle during acceleration (Fig. 5.1)
in the time range from t, t0 tyx Which corresponds to the speed range from
Vmin 10 Vinax 1S determined by the expression

tmax
S = j V. (5.8)

nin

The path traveled by the vehicle during the shift t, from lower to higher
gear is determined by the formula

AS =V . —05-AV -t. (5.9)

n

Program listing:
Gray fields are filled with the values of the parameters given in the
technical data sheet characteristics of the vehicle or the results of preliminary
calculations.

The path that the vehicle travels during acceleration in 1st gear

tlki N

Slki,j = Vlki jdtl

s

th 1

76



S1. .=

ki, j
1
1 0.000
2 0.122 max(S1) = 73.743 (m)
3 0.245
4

The path that the vehicle travels during acceleration in 2nd gear
S12n:= VI, ,.—0.5-VI2n - tn — the path that the vehicle travels when

gear shift
S12n = 13.120 (m)
tzki 5
2.5 = J V2, 2+ max(S1) + S12n
251
S j =
1
1| 86.863 SL. . VI
2 | 87.313| max(S2) =26304 (m) SI2:= ’ 12:= ’
. V2, .
3| 87767 ki, 1 \ ki, 1)
4

The path that the vehicle travels during acceleration in 3rd gear
S23n:= V2. ,.—0.5-V23n - tn — the path that the vehicle travels when

gear shift
S23n = 2342 (m)
(t3ki i
3= V3 dt3 + max(S2) + S23n
ki1
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ki, j
1
1| 286459 2 ki V2 i
2 | 287.770| max(S3) = 79801 (m) S$23:= V23 =
S3. . V3, .
3| 289093 ki, 1 ki, 1
4

The path that the vehicle travels during acceleration in 4th gear
S34n:= V3. ,,-0.5 V34r1‘ -tn — the path that the vehicle travels when
s |

gear shift
S34n = 34.806 (m)
2 N
4 ;= J VA, ;dt4+ max(S3) + S34n
thi 1
S4ki, i
1
1 832814 S3ki, i V3ki, i
2 836.714 | max(S4) = 3930.70 (m) S34:= V34 =
S4. . V4. .
3 840.667 ki, 1 ki, 1
4

5.4 Determining the time and path that the vehicle travels at
accelerating to a given speed

In accordance with standard [5] when determining the acceleration time
from place to a given speed set the following values of the final acceleration
speed:

100 km/h — for vehicles of all types with a total weight of up to 3,5 tons;

80 km/h — for trucks, buses (except city) with a total weight of more than

3,5 tons and road trains;

60 km/h — for city buses.
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For vehicles that have a maximum speed below or above the given speed
of not more than 5 km/h, the nearest lower speed, a multiple of ten, is accepted.

l,s S, m
120 4500
108 4050
96 é 3600
1

84 {3150
1
1

72 —2700
1
/ i

60 / : 2250

'1\ /47 | 1800
48 :
A/
1

36 ,, 11350
3 N /)/\i :

241+ 00 b =18,7s /,)/ : 900

- —-——--—-=|-=-==-=-94=-=49=

2 / | S0 1 =386 m!

12 1 “ﬁ, e k== 4450

|
T V... =483 mis|
0_4 & 3 1 | 0

0 5 10 15 20 25 30 35 40 45 50
V=100 km/h V,m/ls

Figure 5.1 — Acceleration characteristics of the vehicle:
1 — time and path traveled when accelerating the vehicle in 1st gear;
2 — time and path traveled when accelerating the vehicle in 2nd gear;
3 —time and path traveled when accelerating the vehicle in 3rd gear;
4 — time and path traveled when accelerating the vehicle in 4th gear
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Program listing:
Gray fields are filled with the values of the parameters given in the

technical data sheet characteristics of the vehicle or the results of preliminary
calculations.

Determining the acceleration time tr for which the vehicle reaches
speed Vr

Vr := 100 (km/h) — the speed reached by the vehicle and at which it is
necessary to determine the time and path of acceleration

tri= |tr< 0
for iel. ki
for jel. ki
tr«tl .. if VL . .SE
ki, kij™ 36
for iel. ki
for jel. ki
. Vr
tr « tzki,j if Vzki,j < %
for iel.ki
for jel. ki
tr «— t3ki,j if V3ki,j < %
for iel.ki
for jel. ki
tr « t4ki,j if V4ki,j < %
tr

tr = 18.71 (s) —acceleration time of the vehicle to the speed V,
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Determining the path Sr that the vehicle travels during acceleration to the

speed Vr
Sr:= |sr<« 0
for 1el..ki
for jel.. ki
. Vr
Sr « SIki,j if Vlki,j < %
for iel..ki
for jel. ki
Sr« S2.. . if V2 . .sﬁ
ki, j ki, j 36
for 1el. .k
for jel. ki
. Vr
Sr « S3ki,j if V3ki,j < %
for 1el..ki
for jel. ki
Sr« S4. . . ifV4..£E
ki, j ki,j = 3¢

Sr

Sr = 38634 (m) — the path Sr that the vehicle travels during acceleration to
the speed Vr
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Plotting of the acceleration characteristics of the vehicle

G 0
(0 [t | 36 1':( rwr-_ 0 12 = >
trl '_(tr}rz'_(tr) Vrl: e Viz: k%)SI'_(Sr)SZI_(Sr}

3.6

Acceleration characteristics of Opel Astra Classic

120 4500
108 4050
96 3600
ﬂi 84 3150
2y Sk,
By, 7 2700 83
4,
12 60 f—{ 2250 812

) //
B4 4 1800 S34

trl
2 36

Lz
g N

7 900

12 waRy 450
0 == 0
0 5 10 15 20 25 30 35 40 45 50

V1, V2, V3., VA, V12, V23, V34, Vil, Vi2, VI, V2, V3,, V4, V12, V23, V34
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6 CALCULATION OF FUEL AND ECONOMIC CHARACTERISTICS
OF THE VEHICLE

6.1 Estimates of fuel efficiency

Fuel economy of the vehicle is called a set of properties that determine
the fuel consumption when the vehicle operates in different conditions.

Fuel efficiency mainly depends on the design of the vehicle and its
operating conditions. It is determined by the degree of perfection of the
working process in the engine, efficiency and gear ratio, the ratio between the
equipped and total weight of the vehicle, the intensity of its movement, as well
as the resistance to the movement of the vehicle environment.

Thus, the fuel efficiency of the wvehicle characterizes its ability to
rationally use fuel energy. The lower the fuel consumption, the cheaper the
operation of the vehicle.

The energy source for the movement of the vehicle is the engine installed
on it. Therefore, the fuel efficiency of the vehicle is largely determined by such
indicators of the engine as time fuel consumption G, kg/h (mass of fuel
consumed per hour of engine operation) and specific fuel consumption
0s, g/(kW-h) (mass of fuel, which consumed per hour per unit of engine power).

The main indicator of fuel efficiency of the vehicle in the CIS countries
and the majority of the European countries is a fuel consumption in | on
100 km of the passed way, or path(linear) fuel consumption Qs, 1/100 km.

To assess the efficiency of fuel use in the performance of transport work
using fuel consumption in 1 1 per unit of transport work (100 t-km)
Qw, /(100 tkm), i.e. the ratio of actual fuel consumption to the performed
transport work.

Accordingly standard "Vehicles. Fuel economy. Test methods" [4]

estimates of fuel efficiency are:
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— control fuel consumption;

— fuel consumption in the main cycle on the road;

— fuel consumption in the city cycle on the road;

— fuel consumption in the city cycle on the stand;

— fuel characteristics of steady movement;

— fuel-speed characteristic on the main-hilly road.

These estimates do not have standardized values, they are used in the
comparative assessment of the level of fuel economy with foreign counterparts
and indirect assessment of the technical condition of vehicles.

Usually, the fuel efficiency of vehicles is determined experimentally [4].
While the control fuel consumption is determined for all categories of vehicles
when driving on a straight horizontal road with a length of 2000 m or more in
higher gear with a given speed with an accuracy of + 2 km/h.

Depending on the type of vehicle and the maximum speed, the following
values of the speeds V are set:

40 and 60 km/h — for city buses and all-wheel drive cars with total weight
of more than 3,5 tons;

60 and 80 km/h — for trucks (including all-wheel drive), special purpose
buses, long-distance and international buses, road trains weighing more than
3,5 tons;

90 and 120 km/h — for cars (including all-wheel drive), buses and trucks
with total weight of up to 3,5 tons.

If the maximum speed is less than 120 km/h, the fuel consumption at
120 km/h is not determined. If the maximum speed is less than the set speed or
exceeds it by 5 km/h, then the speed should be set to the nearest smaller one

multiple of 10.
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6.2 Calculation of estimated indicators of fuel efficiency of stable
vehicle movement

The specific effective fuel consumption g (Fig. 6.1, 6.2) is a variable, and
depends on the speed and load modes of the engine and is determined
experimentally. In the absence of experimental data, the specific fuel
consumption at steady movement of the vehicle is determined by the formula
proposed by I. S. Schlippe [8, 15].

Qe = Oenmax Kn : KN J (6.1)

where genmax — Specific fuel consumption at maximum engine power according

to the external speed characteristic, approximately can be taken[10]:

200...290 g/kW-h —gasoline internal combustion engines with electronic

fuel injection,

230 ... 310 g/kW-h — carburetor internal combustion engines,

200 ... 325 g/kW-h — diesel internal combustion engines with undivided

chambers,

200 ... 260 g/kW-h — diesel internal combustion engine chambers vortex

and pre-chamber (pre-chamber),

223 ... 257 g/kW-h — two-stroke diesel internal combustion engines,

202 ... 235 g/kW-h — four-stroke diesel internal combustion engines

without inflation,

188 ... 223 g/kW-h — four-stroke diesel internal combustion engines with

inflatable,

234 ... 327 g/kW-h — four-stroke internal combustion engines with spark

ignition without inflation;

K, — the coefficient that takes into account the impact on the specific

fuel consumption of the engine speed operation mode;

Ky — the coefficient that takes into account the impact on the specific

fuel consumption of the engine load operation mode.
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The coefficients K, and Ky are defined by empirical formulas [3, 7, 12],
wich are obtained by statistical processing of the results of experimental data
conducted to build the load characteristics of internal combustion engines.

The coefficient K,,, according to average data, for both gasoline and diesel
engines can be calculated by the same formula

n

2 3
+0,98-( n ]—0,24-( n J (6.2)
r-]Nmalx r]Nmax rlNmax

— engine crankshaft revolutions that correspond to N

K,=125-0,99-

where n

N max max ’

n — the current value of the engine crankshaft revolution in the range of
fromn_,, o N ;

The coefficient Ky that takes into account the effect on the specific fuel
consumption of the load engine operation mode can be calculated by the
formula:

— for carburetor engines

[N +N j [N,+N jz [N +N ]3

K, =327-822| ~L—|+913:| - T =318 L—=1, (6.3)

Nmax The Nmax The Nmax The

where N, — power consumed to overcome the total rolling resistance of the
wheels of the vehicle, W (when driving on a horizontal section of road
can be taken N, = Ny);

N., — power consumed to overcome the drag force, W;
Nmax — Maximum engine power of the vehicle, W;

n,, — efficiency of vehicle transmission.

— for diesel and gasoline engines with fuel injection

N, +N, N +N, ) N +N, Y
K,=12-014| v | gg v | g4 v | (64
Nmax 'ﬂTp Nmax 'nTp Nmax 'nTp
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Figure 6.1 — The graph of the dependence of the specific fuel consumption on
the engine crankshaft revolution:
1 — specific fuel consumption when moving the vehicle in 1st gear;
2 — specific fuel consumption when moving the vehicle in 2nd gear;
3 —specific fuel consumption when moving the vehicle in 3rd gear;
4 — specific fuel consumption when moving the vehicle in 4th gear;
5 — specific fuel consumption when moving the vehicle in 5th gear

87



e g/kW-ht
350 g

335 l
AN |

305 \ \\ ‘M\ s //
290 \ \\AN@ //
RSN /

3
275 L—

260 \\
245 AN
N

~L

0 6 12 18 24 30 36 42 48 54 60
V,mls

Figure 6.2 — The graph of the dependence of the specific fuel consumption on
the speed of steady movement of the vehicle:
1 — specific fuel consumption when moving the vehicle in 1st gear;
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215

2 — specific fuel consumption when moving the vehicle in 2nd gear;
3 —specific fuel consumption when moving the vehicle in 3rd gear;
4 — specific fuel consumption when moving the vehicle in 4th gear;
5 — specific fuel consumption when moving the vehicle in 5th gear

Fuel consumption in 11per 100 km of path, or path (linear) fuel
consumption at constant speeds (Fig. 6.3, 6.4) is determined by the formula

q,-102- N, +N, -10°
Qs = s -100, (6.5)
Vnp '3,6'/)[ e
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where p, — fuel density, approximately can be taken [10]:
0,725... 0,77 kg/l (g/cm®) — gasoline,
0,825... 0,86 kg/I (g/cm®) — diesel fuel.

LA/ 100km
15Qs

2/
12,4 //
/]
Z

s

4/
/

N

A3

—
—
—

/|

9.8 /
77

72 A/ L 21
ST
4,6 /// / 7 L
ol L L

0 800 1600 2400 3200 4000 4800 5600 6400 7200 8000
nrpm

Figure 6.3 — The graph of the dependence of the path fuel consumption on the
engine crankshaft revolution:
1 — path fuel consumption when moving the vehicle in 1st gear;
2 — path fuel consumption when moving the vehicle in 2nd gear;
3 —path fuel consumption when moving the vehicle in 3rd gear;
4 — path fuel consumption when moving the vehicle in 4th gear;
5 — path fuel consumption when moving the vehicle in 5th gear
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Figure 6.4 — The graph of the dependence of the path fuel consumption on the
speed of steady movement of the vehicle:
1 — path fuel consumption when moving the vehicle in 1st gear;
2 — path fuel consumption when moving the vehicle in 2nd gear;
3 —path fuel consumption when moving the vehicle in 3rd gear;
4 — path fuel consumption when moving the vehicle in 4th gear;
5 — path fuel consumption when moving the vehicle in 5th gear

Program listing:
Gray fields are filled with the values of the parameters given in the

technical data sheet characteristics of the vehicle or the results of preliminary
calculations.
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geNmax := 245 (g/kW-h) — specific fuel consumption at maximum engine
power according to the external speed
characteristic

pt:= 0.725 (kg/l) — fuel density

The coefficient that takes into account the effect on the specific fuel
consumption of the speed engine operation mode

2

n. . n. . n. .
1,] 1,] 1,]
Kn. .:=1.25-0.99 + 0.98 -0.24
1] nNmax nNnmax nNmax

3

Estimates of fuel economy at steady movement of the vehicle on the 1st gear

W -1k
VI =
LT ikl - o - irk
10 - Nyp 5
Pkl . =M. .- ikl - itk Pwl, .:=k-F- VL .
1,] 1,] I‘k I,J | 1’.]

wl. .;:ﬂ).|_1+Af-\V1. .\ﬂ

L] | L] |
Pwli,j = Mali,j - g- Wli,j

Nwyl. . =Pyl

. .- VL . Nwl . =Pwl .- V1 .
1,] 1,] 1,] 1,] 1, 1

] >J

The coefficient that takes into account the effect on the specific fuel
consumption of the load engine operation mode

2 3
Nwli,j + NWli,j .+ L. Nwli,j + NWli,j
k Nmax - 1. ) k Nmax - ;. ) k Nmax - 1, )
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Specific fuel consumption

gel. . = geNmax- Kn. . - KNI. .
L) L) L]

Path (linear) fuel consumption

qel. .- 10> Nyl. . + Nwl. .| - 10 °
1 . laJ | laJ 17J\ l()O
Qs ijo V1. .-3.6-pt-n
1,] tr

>

Estimates of fuel economy at steady movement of the vehicle on the 2nd gear

w. .- -1k
. 17J
Li" k2o - irk

i0 - N¢r

Pk2. =M. . -ik2- citk Pw2 =k-F.[V2 | °
1] 1] rk L] LJi
y2. .:=ﬂ)-r1+Af-\‘vz. "‘2‘|
L) | | L] |
P\Vzi,j = Mali,j -g- Wzi,j
Ny2. . =Py2. .- V2 . Nw2 . =Pw2 .-V2 .
1’_] 1’.] 1’_] 1’.] 1’.] I’J

The coefficient that takes into account the effect on the specific fuel
consumption of the load engine operation mode

(N\‘uz. C+ Nw2. . Ny2. . + Nw2. . 2 Ny2. . + Nw2. . 3
i, bl g ij i i j

KN2. . =12+ 0.14- .
L) Nmax - 1, ) s Nmax - 1y, ) ¥ Nmax - 1, )
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Specific fuel consumption

ge2. . := geNmax- Kni i KNZi .

1] )

>

Path (linear) fuel consumption

qe2, . - 10 3. Ny2, .+ Nw2, | .10
Qs2. . == ) ) 2l - 100
L) V2. . -3.6-pt- My,

L)

>

3

Estimates of fuel economy at steady movement of the vehicle on the 3rd gear

W, .otk
V3 e
Ll k3.0 -irk
io-nt ‘ 2
Pk3, =M.  -ik3. ——— -irk Pw3, .:=k-F- V3 .
1,] 1,] rk 5] | )

3, R VR
i,j | ij |

5

Py3. .::Mali g3,

L] ) 1,]
Nq;3i i =Py3. .- V3 . Nw3 . =Pw3 .. V3i .

i ij 1, Lj L

The coefficient that takes into account the effect on the specific fuel
consumption of the load engine operation mode

(N\y& + Nw3, Ny3. . +Nw3. )2 Ny3. . + Nw3.
ij Wil e i i i

KN3. .=12+014| —— 8 —= ) 0 e
LJ L Nmax - 1. ) \ Nmax - ¢, ) \ Nmax - ¢,
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Specific fuel consumption

qe?ai j = geNmax- Kni,j . KN3i,j

>

Path (linear) fuel consumption

— 3 | — 3
qe3i,j -10 " - ‘NW?’i,j + Nw3i,j‘\ - 10

Qs3i L= - 10C
>J \/3ij - 3.6 pt- Ny,

>

Estimates of fuel economy at steady movement of the vehicle on the 4th gear

W -1k
V4 =
L) ik4-io-irk
. oMy 2
Pk4. . =M. .-ikd.- — - irk Pw4. .=k-F- V4. .
1’_] 15.] rk 1’_] I’J‘

s .::fo-r1+Af-\‘V4. .\ﬂ
L) | | L] |

5>

P\V4i,j = Mali,j -g- U'I4i,j

Ny4. . =Py4. .. V4 . Nw4 . =Pw4 .. V4 .
L] L] L] L] L] L]

>

The coefficient that takes into account the effect on the specific fuel
consumption of the load engine operation mode

N\u41. '+NW4i . N\|J4i . +Nw4]. . 2 N\p4]. .+ Nw4. . 3
KN4, =12+ 0.14- S s JPr:] QP E— S —

Nmax - 1, ) ’ L Nmax - 1¢, ) L Nmax - 1¢,
Specific fuel consumption

qe4i i = geNmax- Kni,j . KN4i .

> >
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Path (linear) fuel consumption

qed. .- 10 > Ny4. . + Nwd. | - 107 °
Qs4, . = — SN =2 - 100
1,] V4i,j -3.6- pt- Ner

Estimates of fuel economy at steady movement of the vehicle on the 5th gear

w. . -1k
1,]

V5., . = ————

L] ik5-io - itk

oMy ‘
e - ikS - " ik Pws. .=k-F- V5 2
15_] 1>J rk 1] | 1,]

5.

1

R VR
j | ij |

5

PWSi,j = Mali,j ‘g Wsi,j

Nys5. . =Py5. .- V5. . Nws . =Pw5 .- V5 .
L] L] L] L] L] L]

>

The coefficient that takes into account the effect on the specific fuel
consumption of the load engine operation mode

(N\u& + NwS. Ny5. .+ Nws. )2 3
i Lil_is ij i

KNS5 . =12+014.| ——— 8 —= > ) 0 e
LJ k Nmax - 1. ) k Nmax - ¢, } k Nmax - ¢, )

Specific fuel consumption
. := qgeNmax- Kni i KNSi .

i,

>

qes

>

Path (linear) fuel consumption

qes. .- 107> NyS. . + Nws. | - 10>
5 . la_] | 1’_] 17.]\ lOC
Qs5;5= V5. .-3.6-pt-n
i,] tr

>
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The graph of the dependence of g. on the crankshaft revolution of Opel Astra

Classic engine
350

335

I
320 \ I
qely, 305 N\ ’
2:2? 290 \\___E__’//
| /

==

\71\-..&

275

0 NN
245 NN /
230 \\ \,\
215 \/
200

0 800 1600 2400 3200 4000 4800 5600 6400 7200 8000
P Piigs Py Pajo P

The graph of the dependence of g, on the speed of Opel Astra Classic
350

335 I
320 \ \\\\\\ I l
305 \ \\\\ ”

RANC Ve |
qeZy; 290 N e

qe3 6 275 \> \\‘E: / /
g . i

qeski‘i 260 N

245 \ /
230 \\ /
%

0 6 12 18 24 30 36 42 48 54 60
Vlh‘,is Vzuy V3ki‘js V4ki,js VSki,j

215

96



The graph of the dependence of Q, on the crankshaft revolution of Opel Astra

Classic
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