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i WHY A DRIVELINE?

= For ground vehicles using a powertrain, a driveline system is
necessary to fit the powertrain characteristics to the vehicle
driving conditions
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i WHY A DRIVELINE?

= For ground vehicles using a powertrain, a driveline system is
necessary to:

Transfer the power from the engine /e-motor to the wheel
(localization problem)

Adapt the characteristic (rotation speed, torque) of the engine to
the vehicle motion requirement while minimizing the energy
consumption and taking advantage of the optimal performance of
the power plant

Functional adaptation as a sliding power: Interrupt and disconnect
the power from engine to wheels, start from rest and progressively
accelerate

Functional adaptation by enabling an optimal distribution of the
power between front / rear axles and right / left wheels

Enabling to reverse the rotation speed while this is impossible for
internal combustion engines
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WHY A DRIVELINE?

= Adaptation of the characteristic of the powertrain to the load
« Idle regime and maximal regime of the engine

= Modify the reduction ratio between the engine and the wheels to
adapt the tractive force/speed at the wheels with the engine
rotation speed and torque

=« Adapt the propulsive force to road driving conditions
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i WHY A DRIVELINE?

= Adapt the propulsive force at wheels to driving conditions and

adherence capabilities

ouple (N.m)

Caractéristiques moteur :

Régime (t./min.)
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Force propulsive a la roue
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i WHY A DRIVELINE?

TRACTIVE EFFORT

FIRST
- TRACTIVE EFFORT REQUIRED
— —— TRACTIVE EFFORT AVAILABLE
{ WITH GEAR REDUCTION )
——= TRACTIVE EFFORT AVAILABLE

{ NO REDUCTION STAGE )

SPEED

Derawrbar puill

Tractors have a
high number of
gears in an effort
to stay on constant
power line.

Constant power

Engina torgue lirmit

Gearn

Gearn + 1

Govgrnar limit

Speed

FIGURE 13-2 Tractor performance envelope.

« Modifying the gear ratio is necessary to deliver the maximum power within a

large range of driving speeds.

« Passenger cars: generally 4 to 6 gear speeds. For light duty vehicles, 5 to 15
gear ratios. For off road vehicles: more than 15 gear ratios 9



WHY A DRIVELINE?

= Functional adaptation as a sliding power
=« Enabling the interruption of the power flow to the wheels,

= Enabling the coupling and uncoupling of the engine and of the
wheels with a progressive maneuver

= Functional adaptation of the power by managing the repartition
of the power split between the tires :
= Optimal distribution between the front and left/right wheels
= Distribution in cornering
= Distribution of power in low grip conditions: anti-skip and limited
slip operation
= Stability control
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= The driveline systems generally

DRIVELINE SYSTEM

Axle shaft
tuming inside each

rear axle housing tube
transmits power from
the differential to the
rear wheels

Transmission,

includes several components and
subsystems: e
= A flywheel .
= A clutch device
= A gear box ‘

Driveshaft Differential
P )\ o trremissiono 96 Geiwees and slow
[ ] A Set Of tra nSI I I ISSIOn Shafts ( P the differential housing. one wheel to rotate ®
U-joints allow it to faster than the other
ride up and down on curves or when

with the rear axle traction differs
for a manual

= Differential devices X

the torque converter
- AXI es Engine for an automatic
provides the power transmission
(torque x speed) to

There are different kinds of e dhatan —
components to match these
functions, each of them having
different levels of complexity and
satisfaction of the requirements

Gillespie: Fig 2.4
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DRIVELINE SYSTEM

Gearbox

Propeller shaft fh

Differential




DRIVELINE SYSTEM

: R i F R :%j:(

Légende :

o000

Moteur

Boite de vitesses

Volant-moteur

Disque d’embrayage

Différentiel
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DRIVELINE SYSTEM

= There are different configurations of the driveline and
powertrain:

= Engine :
= At the front / at the rear / central position
= Transversal or longitudinal mounting

= Central (unique) position vs distributed (local) layout (in-wheel
motors)

= Tractive wheels

=« Front wheel drive / rear wheel drive / all wheel drive
= Differential and transfer boxes :

= At the front / at the rear

= Close to the engine or not

= With parallel rotation axes or skew rotation directions
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Layout of driveline systems

BMW Series 3
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Alfa Romeo 75
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i Layout of driveline systems
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Layout of driveline systems
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Citroén DS
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Citroén 2CV
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Configurations du systeme de transmission
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Renault Scenic VW Beetle
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Layout of driveline systems

./

Audi Quattro
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Porsche Carrera 4
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Layout of e-driveline systems

Batteries

Générateur
Moteur thermique

r T &
Front motor Drive battery Rear motor

Motor drive Motor drive

Toyota Prius Mitsubishi Outlander PHEV



Usual reduction ratio systems

= Gear boxes
= Spur gears / helical gears
= Synchromesh
= Automatic gear boxes using planetary gears
= Continuous variables transmissions
« Infinitely variables transmissions
= Power split systems
= Differentials
= Transfer boxes
= Other systems
= Hydrostatic reduction
= Hydro mechanical systems
= Electrical systems
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!'- PERFORMANCE SPECIFICATIONS

22



Newton’s law of motion

= Newton’s law for longitudinal motion:

: dV
Fr = Fagro + Frr +mgsinf + Me—-

= The traction force F; is used to face the resistance forces and to
accelerate the vehicle

= Driving resistance forces:
= Aerodynamics forces
= Rolling resistance forces
= Slope forces

23



Driving resistance forces

= Aerodynamic drag

1
Fagro = 5,030:1: &

= Rolling resistance forces

Frr =mgcost frr

= Slope resistance

FSLOPE = mgsin@




Aerodynamic drag coefficient of automobiles

Coefficients et puissances de pénétration dans I'air de véhicules de différentes
formes

TABLE 3.3 Values of Aerodynamic Resistance S pAte e e P D
tion dans différentes vitesses')

Coefficient for Various Types of Vehicle ik

& 40km/h | 80 km/h | 120 km/h | 160 m/h

Acrodynamic Resistance
Vehicle T_',J‘pe: Cﬂﬂfﬁﬂient C” m Cabriolet décapoté |05..07 |1 79 27 63

Passenger cars 0.3-0.52 -
Vans 0.4-0.58 i

Buses 0.5-0.8
Tractor—semitrailers 0.64-1.1 o o 04085 |om |6

Truck—trailers (0.74-1.0 @ Coupé:phareset |03..04 |058 |46 16 37

pare-chocs
intégrés dans la

. coque, roues
Source: Reference 3,12, echunices:
plancher caréné
circulation
optimisée de I'air
de refroidissement

(Wong Table 3 . 1) & Pharesettoutes | 02..025 |037 30 10 24

05..06 091 72 24 58

les roues intégrés
dans la coque:
plancher recouvert

@ Forme K 023 038 |30 10 2
(faible

maitre-couple)

& Forme profilée 0.15..020 | 0.29 23 78 18

Camions. trains routiers 08..15 - - = s
Motocycles 06..07 - = - -
Autobus 06..07 - = = -
Autobus de forme aérodynamique 03..04 - - - -

') sans vent contraire (i, = 0)



Estimation of rolling resistance coefficient

= A typical formula given by Wong

Radial tires for passenger cars with a nominal inflation pressure p and
smooth road profile:

frr =0,0136 + 0,4107"V? Vin km/h

= Approximation provided by tables (ex Automotive handbook, Bosch)

Road surface o Coefficient of
rofling resistance f
Pneumatic car tires on
Large sett pavement 0.015
Small sett pavement 0.015
Concrete, asphalt gg; 3 v 5
Rolled gravel L —
Tarmacadam = 0.025 frr = fo + [2
Unpaved road 0.05
Field 0.1..0.35
Preumatic truck tires on
concrete, asphalt 0.006...0.01
Strake wheels in fieid 0.14...0.24
Track-type tractor :
in field N E 0.07..0.12
Wheel on rail B 0.001...0.002 26




General expression of the driving resistance forces

= It comes
Fres = Fapro + Frr + FsrLopPE
= (Generic expression
Frps=A + BV?
= withA, B>0

A =mgcosffy + mgsinf
B =1/2pSC, + mgcosf fs
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IC engines (gasoline and Diesel)

ICE are the most usual power plants for road vehicles

= The torque and power curves with respect to engine rotation

POWER

hp kw
1401

100
120~

80
100~
80—~ 60
80—

40
40—

20
201~

]

TORQUE

POWER

1

speed are typically given by

TORQUE
Nm ft-Ib

200 150

180 130

160
110

SPECIFIC FUEL
CONSUMPTION

kg/kw-h  (b/hp-h
0.32 ;

POWER

0.52

il SPECIFIC FUEL e
CONSUMPTION 0.30 ‘

048

028 0.46

2000

4000
SPEED (rpm)

Gasoline

6000

Gillespie, Fig.
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100

120 p—

100 —

40

2.1

TORQUE
o Nm ft-Ib
“TORQUE———____ T"‘” 250
300
200
POWER
e SPECIFIC FUEL
CONSUMPTION
kg/kw-h Ib/hp-h
| SPECIFIC FUEL 0.250 0.40
CONSUMPTION :
\_./ 0.225
0.35
1 1 1 0.200
1500 2000 2500 3000
SPEED (rpm)
Diesel
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Tractive power and forces

POWER AT WHEELS

= The power that comes to the wheels is the engine power
multiplied by the efficiency of the transmission efficiency n

Po = nP,

= The driveline efficiency n :

I = TNeclutch Tlbox T]dif T]joints

= Order of magnitude:
= Manual gear box with direct connection: 100%
= Manual gear box with two pairs of gears reduction: 97,5%
= Differential and transfert boxes with 90° angle change: 97,5%
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Power and tractive effort at wheels

Global efficiency in various situations

Gear ratio Longitudinal Transversal
layout layout
Friction clutch | Normal 0,95 0,96
Direct 0,975 X
Hydraulic Normal 0,86 0,865
coupling
Direct 0,88 X




Tractive power and effort at wheels

TRACTIVE FORCE AT WHEELS
= Traction power at engine and at wheels

IPi'_U — F o v Pp — C_jp 'L’L;p

= Reduction ratio i>1

Wy = 1 Wy 1= ibor idif
= Vehicle velocity and engine rotation speed

U= Wy RE
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Traction power and forces at wheels

TRACTIVE FORCE AT WHEELS

= It comes N
Fﬂ; U = :'7 (zp f.,dp

W
- ~ “p

v

= S0 we get the tractive force at wheels

K2

=1 C,

P
U...J-w R’E




Traction power and forces at wheels

F(v)
A
/TN

I11

/IV N
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i Traction power and forces at wheels

A
PFOUES(V)

n PmaX A \
I IV

I1 I11
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Traction power and forces at wheels

TRACTIVE EFFORT

TRACTIVE EFFORT REQUIRED Envelop of the
— —— TRACTIVE EFFORT AVAILABLE -
(WITH GEAR REDUCTION ) tractive forces for

— . — TRACTIVE EFFORT AVA the_ different gear
(NO RED TAGE ) rations =2 max
constant power

// NPmax/V
I
o T S HIGH Tractive forces for a car
T Wong Fig 3.25
/ S~
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Traction power and forces at wheels

Output/Input Torque Ratio

—_
)]

wk
o

6 T T T T2E §

/\‘ﬂn

Turbine

S [ || L= |

20

I AN S S N (NN N

0
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Output/Input Speed Ratio

ki
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Efficiency (%)

Tractive Force (Ib)

Automatic gear box

3000

2500
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\
= e ———
e e e
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0 20 40 60 80 100
Speed (mph)

Gillespie, Fig 2.5, 2.6

36



Vehicle performance of the force diagram

F(v)
N

Vehicle max speed
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Vehicle performance of the force diagram

F(v)

A Maximum greadegbility
I (for a given geay/ ration)
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Vehicle performance of the force diagram

F(v)

N

— — — —

/
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!'- ENGINE FLYWHEEL
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ENGINE FLYWHEEL

The engine flywheel is involved in
several functions of the engine and of
the driveline

It enables a certain leveling of the
engine rotation speed due to uneven
engine working strokes

It is also a connection offered to the
starter electric motor

It is also the foundation for several
other parts

For dry friction clutches, the friction
plate is directly engaged onto the
flywheel

Heavy FI',.-'Wf‘nC_NF'_'I"-n.,,k

Crankshaft
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ENGINE FLYWHEEL

Fly wheel enables the leveling of the engine rotation speed due to uneven

engine working strokes

Turning Moment (Crank Effort) Diagram
for a 4-stroke | C engine

&

E Excess Energy

= i - Shaded area)

A

e Expansion
0 - 2n

Crank AnglM

Suction  Compression

Exhaust
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ENGINE FLYWHEEL

m Itis also a connection offered to the
starter electric motor

= It is also the foundation for several
other parts

Motor Armature

I

Terminal  Plunger
uggn

Ring Gear
(flywheel)

Over-running
Clutch

HOLD-IN GOt §
] ¥ CURRENT
. FROM BATTERY
\I. s
PINION ' i

#.' -
& I I
o {

:
D
?

OVERRUNNING CLUTCH

-
FLYWHEEL

PINION FULLY ENGAGED AND
STARTING MOTOR CRANKING
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ENGINE FLYWHEEL

Ford Truck Crankshaft & Flywheel Assembly
1953 Trucks with 239 Flathead V8

3577 B, 1576545

* 0

6306 6362
351590-S

741535
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!'- CLUTCH SYSTEMS
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CLUTCH

= Functions:

= The clutch is necessary to connect / disconnect the engine and the
wheels

= In a vehicle, the clutch is used to transmit the power flowing from
the engine to the wheels while enabling to disconnect it during
gear changes

= The clutch enables also to comply with engine idling speed while
the vehicle is at rest without using the neutral position of the gear
box

46



i CLUTCH

= Different technologies of clutches
= Friction clutches

= With a manual command or with robotized command systems
= Dry friction / Lubricated
= Centrifugal coupler

=« Hydraulic torque converter

= Electromagnetic clutches




Dry friction clutch

= Components ‘ Jrr—
= Engine flywheel e
= Friction disk
= Pressure plate
= Actuation mechanism

= Advantage:
= Simplicity
= High efficiency =100% when
closed

—




Dry friction clutch

Diaphragm clutch

Flywheel Locauing studs attach
diaphragm spring to cover
vet allow spring to flex

Clutch cover is
bolted to flywheel
and pressure plate

Fulcrum rings

Clutch disc

Throw-out
bearing

Diaphragm spring

Release
fork

Pressure plate Throw-out bearing pin

Springs between hub
and disc absorb shock
as clutch is engaged

49



Dry friction clutch

©2000 How Stult Warks

Diaphragm spring and pressure plate

B 2000 How Stult Warks

Friction plate
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Dry friction clutch

"
CLUTCHIN CLUTCH"OUT=
CLUTCH
PEDAL
e : CLUTCH
—--FA-" —re - P PIVOT
-~Ara CLUTCH -=- A
G Ve ®) serine O) "
— ENGINE S
= SHAET =
I UTCH CLUTCH SHAFT
- . ggﬁ:T‘ &Lkr;g".\\" = 1:/7. .J|TO TRANSM,
o oo TURNS FREE == FRICTION CONE.
IN FLY= ==
WHEEL HUB~BALL LEATHER FACE
BEARINGS ARE 1 ‘ON CONE.
USUALLY PROVIDED “FUY WHEEL

Conic clutch device : Old system



i Dry friction clutch

Clutch closed Clutch open
Plate clutch device : Modern system
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Dry friction clutch

RETRACTING
SPRING

PIVOT RING
BETAINING RIVET

y THROW-OUT BEARKING
—— FORCES SPRING IN
THIS DIRECTION

FLYWHEEL—

SPRING NOW

PIVOTS DN
THIS RING

Diaphragm spring

Spring technologies: diaphragm vs helical springs

CLUTCH COHL SPRING

ENGINE
CLUTCH FLYWHEEL
RELEASE LEVER .
! % *
T l-.. . \
CLUTCH —-7 \.\ CLUTCH
i e O R A DRIVEN |
RGNS DISC
QUIGH | v %\ / TRANSMISSION
BELEASE % —X\ ‘- ) INPUT SHAFT
LINKAGE .\, — - s
| —— "4
DA | //
- r ¢
@ |
T0 i of » FROM
TRANSMISSION ~_~ T ENGINE
I/ A
s R
CLUTCH - o
RELEASE ENGINE
BEARING CRANKSHAF]
CLUTCH PRESSURE ——
PLATE u

Helical spring system
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Dry friction clutch

master Cylhinder

Hydraulic actuation (VN = Cable actuation

MECHANICAL
CABLE

Clutch operating systems

Actuation mechanism 54



Dry friction clutch — robotic actuation

Principle: replace the rigid body
mechanism by an electric or

hydraulic actuation system 0)OJ O, o
controlled by electro valves <%\<
_|
__|
Advantages: -
= Simplicity O g
= High efficiency = 100% ]

= No clutch pedal

Drawbacks:

= Energy consumption of the actuation
system

= Feeling of a slow gear change time

0000
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Multidisc clutch

s Often used on motorbikes
= Can be lubricated or not
= More compact

= Qil ensures the evacuation of the heat generated

Friction Clus
Pressure plate boss

)

Clutch
housing

Clutch
springs
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* Multidisc clutch
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Hydraulic transmission

= Using the kinetic energy of the fluid
(oil) to transfer without shock the
power from the engine to the wheels
while magnifying the torque

= The input wheel, the impeller acts as
a pump and provides some kinetic
energy and momentum to the
working fluid

= The output wheel connected to the
wheels acts as a turbine and
recovers the kinetic energy from the
fluid
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Hydraulic transmission

= One distinguishes:
= Torgue couplers or hydraulic clutches:

= Two identical elements facing each
other: a pump and a turbine

= Input and output torques are identical

s [orque converters:
= Include a pump and a turbine

= A third element, the stator that
creates a reaction torque when fixed,
and free to rotate over a certain
speed (free wheel).

= Torque is magnified between input
and output

impeller turbinE



i Hydraulic coupling

Principle of basic torque converter
60



Hydraulic coupling

= The pump is driven by the engine.

= Oil is sent to the external diameters
and leaves the pump with an axial
speed V, and a tangential speed V,
due to the velocity of the wheel.

= The fluid hits the blades of the
turbine wheel and drives the rotation
of the output shaft

= The kinetic energy produces a
circumferential force F, and an axial
force F,

= The oil follows the turbine walls and
flows back to the pump through the
central path
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Hydraulic coupling

= Because of its working principle, the torque coupler naturally
involves a slippage, that is difference of rotation speed between
the input and output shafts

= Thus, it is well adapted to start functions.

360
= 100 )/
280
Percent slip
N
240
g / / /14}2 10 8
§ 200 / /7 7(\'\ ///7/
% —— Electric motor ,/‘_ +Z ///,/ \1, A6
£ 160 torque curve LA // A/ ‘/)<
B AN AU
120 - / /// // / \
i T X
56 torquecurve/ /// ///// /,/// /3./\\
A e
40 P /’%2% ZoaPd ok
e 447// L~
L1 LA e

I I : A 1 400 1
Juv|na|_ F|g].910 and 1911 0 200 400 600 lnpios(;eedl;??zm) 200 1,400 1,600 1,800 62



Hydraulic coupling

The torque that can be transferred by the
coupler is given by:

T:kpwf)D5

0.8

k : sliding factor e

o : fluid density (0il=870 kg/m3) - /

]
slip factor k

= o, : rotation speed of the pump 04— S
= D : clutch diameter /
0.2
The sliding factor depends on the design ; /
and on the slip of the clutch 0 025 05 075 1

clutch slip sgc
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1: Impeller
2: Turbine
3: Stator device

Hydraulic torque converter

To increase the output torque 1
beyond the input torque, it is

necessary to add a third torque-
contributing element: the stator

The stator acts a reaction element

The reaction torque of the stator is
there to magnify the output torque

S

A

T, + T+ T, =0

It also contributes to improving the
efficiency of the converter

S
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i Hydraulic torque converter

Torque converter
with three elements



Hydraulic torque converter

Direction of rotation

Direction of rotation

heref

Direction of rotation

Fluid enters here

© 2000 How Stuff W

© 2000 How Stuff Works. 66



Hydraulic torque converter

Turbine rotates Impeller driven
the drive line by the engine

Stator redirects the oil flow

Thisdiagram shows how fluid flows through
the various parts of atorque converter.
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Hydraulic torque converter

drive

___ dnve to

from Y X DLroad
. y

sngme

flow from
C pump

whegls

The stator device realizes a
flux directional control.

The bended stator walls act
as supports for the fluid
filets reducing the turbulence
and losses.

Because of the control of the
fluid flow in the stator, the
fluid returns to the impeller
with a higher and a better
orientation of velocity,
saving some energy, so
improving the efficiency
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Hydraulic Torque Converter

= At low speed the stator is blocked
due to the free wheel and there is a
magnification factor

TO’lL
C‘tfr = T,L L > 1

= Qver a certain speed, the fluid flow is
such that the reaction disappear and .
the stator free to spin. The torque
converter operates as a hydraulic

N
3]

o
o
1 1 1T 1T T1T,7T T

80

()]
o

N [N NN I N (N B
N
o

e
©
o
(]
=2
. =3
(o]
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a 15
Tout £
Cip = — 1 2
tr T o g 1.0 20
mn
W L 11 1 1 1 11 1o
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Hydraulic torque converter

. Pout . Tout Wout C C
Te = P - T = U X Cgp
in in  Win

— 3.2
thr' — T
Impeller m \
2.8 100
Converter efficiency 7
/“"‘"‘"\\ s

One-way 2.4 80
Reactor  clutch P
: # Coupling 32
s x’f efficiency
; 60

1.6 . 40
s \ Converter
Vg wque ratio
7z
1.2 7 20
7 Coupling torque ratio
sl
P
P

Turbine

N

S

Torque ratio
N
(@]
T
prd
~
Efficiency (%)

Characteristic curves of a torque

converter with 3 parts B aenie e e

0.8 0
0 0.2 0.4 0.6 0.8 1.0

JUVlnal Flg. 19.13 & 19.14 Csr _ Wout Speed ratio
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Hydraulic torque converter

clutch

Olsque a gamiture

(embrayage de pontage
du convenissour)

Piston —
(embrayage de pontage
du conventisseur)

Cowverch du diffsrentiol ~

Pivot du convertissour
{raccordement au volant moteur)

Fization
au volant moteur

_ Pompe

. Turbine

Stator

Roue ¥bre

Axe du differentied

Arbire du stator

T Arbro de turbine

- n N
(6 o 6
| | |

Output/Input Torque Ratio
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o
|

] S SO [ | .

10

— 60

—20

0 20 40 60 80
Output/Input Speed Ratio

100

Blocking the rotation of the input
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efficiency

/1

Efficiency (%)



Hydraulic torque converter

= Advantages:

Simplicity of the working principle
Suppression of the clutch pedal
Higher progressivity compared to dry friction clutches

Magnification of the torque for high load torques and low rotation
speed of the output shaft

No contact, no wear = Longer lifetime

= Drawbacks:

Lower efficiency because of the presence of a velocity slip even
when closed. Zero efficiency when the output shaft experiences
high slip
Irreversible character: no torque transmitted when the output shaft
spins in the reverse way. So, no engine brake is possible
Higher weight
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MANUAL GEAR BOXES
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GEAR BOXES

= Adapt the rotation speed and the torque to driving conditions

= To be able to deliver the maximum power of the power plant
whatever be the driving speed

= To be able to match the operating range of ICE with the range of
the wheel rotation speeds under various driving conditions from
rest to maximum speed

= Idle regime
= Maximum speed regime
= The gear box is not the sole element to introduce a reduction

ratio. The differential generally provides a fixed (final) gear
ratio. This reduces the size and the weight of the gear box.

= The gear box is often the sole component to have a variable
gear ratio
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GEAR BOXES
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GEAR BOXES

= Several types of gear pairs
= Spur gears
= Helical gears
= Synchromesh
= Epicyclical

= Several types of gear boxes
= Manual gear boxes (MT)
= Automatic gear boxes (AMT)
=« Continuous Variable Transmission (CVT)
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MANUAL GEAR BOXES

= Typical gear ratios for automobiles

3 Gear Ratio

4 Gear Ratio

5 Gear Ratio

1stgear: 3:1 1stgear: 3,5:1 1stgear : 3,2:1
2nd gear : 2:1 2nd gear : 2:1 2nd gear : 2:1
3rd gear : 1:1 3rd gear : 1,5:1 3rd gear : 1,4:1

Reverse gear: 2,5:1

4th gear : 1:1

4th gear : 1:1
(direct drive)

Reverse gear : 3:1

5th gear : 0,853:1
(overdrive)

Reverse gear : 3:1
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MANUAL GEAR BOXES
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MANUAL GEAR BOXES

= Input Shaft 4%—’
= Intermediate or layshaft
= Output shaft
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Gear box with spur gears

Working principle: Changing the
gear ratio is operated by opening
the clutch, then by sliding one gear
and separating the meshes. Then
one selects another gear element
and pushes it along the spline shaft
to mesh with another pair

Advantages:
= Simplicity
= Robustness
Inconvenient:
= Noisy when operating
= Lower efficiency (spur gear)
= Difficult to operate for large gears
= Need to stop to change the gear

|

Fig. Memeteau
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Helical gear boxes

Because of helical geometry, the two
gear elements are in constant mesh.
For each pair, the pinion spins freely
generally about the secondary shaft.
The gear change is operated by
sliding a drive hub so that dog teeth
can mesh into the flanks of the gear
wheel,

Advantage:
= Reduction of the noise emissions
= A clutch is necessary

Inconvenient:

= The pinions and wheels can not be
meshed easily

= Usual solution in agricultural vehicles

Fig. Memeteau
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The synchromesh

During the gear change, the initial rotating
speed of the two gear elements are generally
different.

To avoid the shocks and grinding noise when
contact is engaged, one has to synchronize the
rotating speeds before meshing the dog teeth.

This is the aim of the synchromesh

This device is a small conical clutch placed on
the collar and the flanks of the gear wheel

When the clutch has synchronized the rotation
speed of the two elements, the two dog teeth
can penetrate each other with grinding
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The synchromesh

Dog teeth
Dog teeth (on front
Dog gear (on inside of fourth

of dog gear)  spline gear)

Selector fork slides dog gear backwards
on splined shaft so that dog teeth engage.
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i 4 phases of synchronization
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realize positive engagement
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The synchromesh

Fig. Memeteau
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i The synchromesh

Fig. Memeteau
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i The synchromesh
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Gear box selection mechanism

A
@
‘ -
AL Choix du
% 4 rapport
’ v
> < —>
m* Ch0|_x du
coulisseau

Fork and selector mechanism Selection of the fork
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Gear selection mechanism

Gear Gear
Selector Selector
Fork Fork

FROM ENGINE TO DIFFERENTIAL FROM ENGINE TO DIFFERENTIAL

Collar

©2003 HowStutfworks Layshaft ©2003 HowStulfWorks Layshaft

Gear selection mechanism
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Gear box selection mechanism

Stick Positions MNeutral

FROM
ENGIME

TO

L2003 HowStuffWorks Layshaft

Selection of gear and of a
selection stick

s .

Fifth Reverse 90



Gear box selection mechanism

nla i

H a Deuxiéme quatriéme

& Interblocage

Fig. Memeteau

Locking of the selection mechanism: location spring and ball system

% .
_-E ) Deuxieme -
“ Marche arriere ” £ *
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Path of the power for the different gear ratios

3rd

IDING LOW AND REVERSE HIGH AND SECOND
N SLIDING GEAR
N
\

Neutral point

INPUT SHAFT AND SECCND
GEAR LOCKED TOGETHER
A
A

R

DLER GEARY
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DUAL CLUTCH GEAR BOX

Clutch 1
(disengaged)

Clutch 2 (engaged)
Input shaft 2

Crankshhaft —r g

Axe d'entrée

Input shaft 1 7

(preselected)

Principle: two coaxial shafts are powered by two clutches and operated
by a hydraulic system
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GEAR RATIO SELECTION

= The choice of the gear ratios is realized on the following bases:

= The highest ratio is calculated to match the maximum speed of the
vehicle

= [The first gear ratio is based on the maximum gradeability and on
the drawbar pull specifications

= The selection of the intermediate gear ratios are made following a
strategy

= Geometric distribution
= Fuel consumption minimization
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Maximum speed

For a given vehicle, tires, and engine, one can calculate the
transmission ratio that gives the greatest maximum speed

Solve equality of tractive power and dissipative power of road
resistance
Pﬂ; — P?‘ES

= With p}=55 — 4’41; —|‘ BI}E 44? B > ()

As the power of resistance forces is steadily increasing, the
maximum speed is obtained when using the maximum power of
the power plant

Av + B __3;3 — 'mear
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Maximum speed

= [terative scheme to solve the third order equation (fixed
point algorithm of Picard)

Uy = 0

1/3
o _ ?7 /P-mam o 44'1;-” !
?-"'ﬂ-—|—1 — B

= Once the maximum speed is determined the optimal
transmission ratio can be easily calculated since it occurs for
the nominal rotation speed:

R\ ™ pMax
' L max

i . P |
! “nom
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Max speed for a given reduction ratio

n

Rapport plus court

i Rapport plus long
ptimal
/I gjrésistance(v)
/
EPmax - —- -~
/‘ /: -— \
/7 \
/\.// \
/.
// E o
VR —— Optimal

— — Rapport plus long
— - — Rapport plus court

max

V Lax(court) Vo
V,.x(long)

Max speed is always reduced compared to v, ., ™
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Selection of a gear ratio for a given max speed

= There are two solutions : one over the nominal speed and one below

the nominal speed.
Wp = Wnom (1 £ @)

- PrEs 1
- L — -3
Pp - — ( Avma:c + vaam) Wp
_ max Wnom
Umax S vma:r:
Rapport plus court / Rapport plus long
A i /
Optl mal /I gjrésistance(v)
n ‘,L -— ~
- S
s \

5 \

= Optimal

= = Rapport plus long
= « = Rapport plus court




Selection of the final gear ratio

= Design specifications related to the maximum speed (from
Wong)

= To be able to drive at the maximum speed with the given engine

= T0 be able to keep a constant speed between 88 and 96 kph while
climbing a slope of at least 3% on the final gear ratio

= These specifications enable to calculate the final gear ratio
= The specification about the maximum speed gives a final gear ratio

= If two choices are possible, one will choose the gear ratio that is a
bit above the nominal speed in order to keep a certain power
reserve against the ageing or the engine, gust winds, etc.
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Selection of the final gear ratio

Influence of the
overdrive of the final
gear ratio
Wong, Fig. 3.26

= 100
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Maximum slope

= For the maximum slope the vehicle can climb, two criteria must
be checked:

= The maximum tractive force available at wheel to balance the
grading force

Faope = mgsiné

= The maximum force that can be transmitted to the road
because of the limited tire-road friction and the weight transfer
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Selection of first gear ration

= Maximum slope to be overcome, for instance 6., = 33%
Frps = mg sinf,,0: + mg frr coS0,0x

= [ractive force at wheels

3 .
Fil_,y — T} E (.f' P

= Sizing of first gear ration

RE FPES . RE mg s Qnmr

2 mar - bmaxr = ~
1 Craz 1N Cnaz
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Selection of first gear ration

= The first gear ratio
Re F:r‘és
N Crnaz
= If we neglect the rolling resistance

l maxr

R.mg sinf,,q,
1 Crnaz

l maxr T

= May be generally a bit too large. One then has to moderate the
proposed value:

Zl 7 08 rz-"m.a.x
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Selection of intermediate gear ratios

% VallVs
D / ~
8 ,b\b/ e
(%) 4 //
)]
= ST
=4 s
g
-§—1 = -é—?- = -E'ﬁ = Constant
2 3 4
Road Speed

Gillespie. Fig. 2.7 Selection of
intermediate gear ratio following a
geometry ratio

Engine Speed

1989 Taurus SHO

Road Speed

Gillespie. Fig. 2.8 Selection of the
gear ration for a Ford Taurus
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Selection of intermediate gear ratios

= As a first guess, one can assume that the engine operates in the
constant range of speed between a minimum rotating speed N,
and a high rotating regime N,,.

= The gear change between ratio 1 and 2 happens at the
following speed :
R. R,
— — WL —/—

U152 = WH

19 Wr -
— = — = [&
11 Wy

SO
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Selection of intermediate gear ratios

= It comes that is
Z_EZW_L:[( ZZZI{ZL
iz Wn is = K iy = K14
Z_“l — CU_L — K Iy = K I3 = I{B 1, etc.
L3 WH
etc.

= This shows that the gear ratios follow a geometric progression
with a ratio K = N /N:

Zk_Ifk 1}
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Selection of intermediate gear ratios

= If we know the first and the final gear ratios, we can determine
the ratio K:

= This rule is generally rather well followed by light-duty vehicles
that have a large number of gear ratios.

= Conversely it is not verified by passenger cars that have a small
number of gear ratios. The gaps between the highest gear

ratios are shrinking to compensate the loss of vehicle speed
while changing the gear
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Selection of intermediate gear ratios

TABLE 3.4 Gear Ratios of Transmissions for Heavy Cummerl:ial-\"eiiclﬂ TABLE 3.5 Gear Ratios of Transmissions for Passenger Cars
Allison  Eaton Fuller  Eaton Fuller  Eaton Fuller ZF I - . Final
Gear HTT0  RT-11608 RT/RTO-15615  RT-6613 15?: Eﬂ Transmission Transmission Ratios Drive
| 0 T 5 79 . Vehicle Type Iss: 2nd 3nd  4th  S5th Ratio
2 2.28 7.23 6.00 14.04 10.07 Audi 80 1.85 Manual 3.545 1.857 1.156 0.838 0.683 4.111
3 1.73 3.24 4.63 10.96 B.40 100 Manual 3.545 2,105 1.429 1.029 0.838 4.111
: 1‘;('_ 3.82 3.57 8.61 7.13 100 Quattro 2.8E Manual  3.500 1.842 1300 0943 0.789 4.111
6 0.76 . - e - BMW 325i Manual 4202 249 167 124 100 3.5
7 1.37 168 4' i 3-.'93' 535 Manual 383 220 1.40 1.00  0.81 .64
3 100 o 1.29 317 7504 Automatic 248 148 100 0.73 315
g 1.00 2 61 299 Buick Park Avenue Automatic 292 1.57  1.00  0.70 2.84
10 0.78 305 7.54 Cadillac Seville Automatic 292 1,57 1.00 070 2.97
i1 1.60 2,12 Chrysler Voyager SE Automatic 284 137 1.00 069 347
12 1.25 1,80 Ford Mustang GT Manual 397 23 146 100 079 345
13 100 1.44 Crown Victoria Automatic 240  1.47  1.00  0.67 308
14 1.2 Honda Accord GT2.2i Manual 3307 1.809 1.230 0.933 0.757 4.266
- 1.00 Mazda 323 1.6i GLX Manual 342 184 129 092 073 411
mﬂ;“ﬂ k 0.85 929 3.0i GLX Manual 348 202 139 100 076 373
Calodaied 0.76 - e e 0,83 Mercedes-Benz 230CE Manual 391 217 13T 100 081 346
from Egq. 3.29 . J00E Automatic 38T 225 144 100 3.27
G600SEL  Automatic 387 225 1.44 1.00 2.65
Mercury Cougar LS Manual 240 147 100 067 i
Nissan Micra LX Manual 341 196 126 092 072 3.8
Toyota Camry 2.0G i Manual 3285 2041 1,322 1028 O0.820 3944
Volkswagen Passat GT Manual 378 12 143 103 0B84 368
Wong Table 3.4 & 3.5: Volvo 960 Automatic  2.80 153  1.00  0.75 3.73

typical gear ratios
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Selection of intermediate gear ratios

= However nowadays, the selection of the gear ratios has become
a very complex problems because of its strong impact on fuel
consumption and emissions, because of the driving comfort.
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Selection of intermediate gear ratios
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