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Braking systems

Braking systems for
passenger cars and light
utility vehicles

Control devices

The control device consists of:
— brake pedal, S
— vacuum brake booster,

~ haster cylinder,—
— brare-fluid réservoir,
~ devica 1o warn of a brake-circuit failure
| and.-'ndd ”% Iu_u't'.r__t:_nrﬁkawﬂﬂid lovel.
n addition to the basic equipment listed
ﬁboue. hyu‘rala ulic boosters gr hydraulic
on-muscular-energy  brakin ems
may be used in certain appﬁ;caﬁgﬁts, In
non-muscular-energy systems, the brake
booster and master cylinder are replaced
by a brake valve. The force at the pedal is
modulated to achieve the desired brake
pressure. High-pressure pumps and ac-
cumulators are included to generate ang
to store the requisite energy.

&w%%mmwemny
us ue to | sive and uncom-
pmﬁwﬁ%m-mtan
the force applied at the pedal regulates
thie amount of outside air which is applied
to a diaphragm, while vacuum remains
present on the diaphragm's other side.
The pressure differential at the diaphragm
generates force to supplement that ap-
pr:aq at the pedal. The simplified diagram
provides a ic 1 ;

i infl king
pressure; working losses and efficiency
levals are not considered: ——————
= Podalcofversion,
— boost factor,

— diaphragm surface area,
= VRECUUM pressure,

= surface area of master cylinder,

The brake pressure is the result of a com-
bination of the force at the pedal and an
auxiliary assist. The proportion repre-
sented by the assist increases steadily up
to full boost; the designed-in boost factor
determines the precise rate. At full boost,
the maximum pressure difference be-
tween outside air and vacuum has been
reached. Additional augmentation of the
output force is only possible via an unac-
customed increase in the force applied at

the pedal. Thus it is important that the
booster be designed to ensure that high
ra;ﬁs of deceleration can be achieved
without exceeding full boost to a

ciable degree. = s
_ The major determinant for force
is the surface area of the diaphragm. Two
diaphragms in tandem are employed to
satisfy higher pressure requirements.
Technical considerations limit the max-
mum feasible diaphragm diameter to ap-
prox. 250 mm. The maximum negative
pressure, as obtained at the intake mani-
fold of a spark-ignition engine with the

throttle closed, is approx. 0.8 bar. A vac- :..

uum pump is required on diesel engines.
As the demand for boost pressure In

heavy vehicles Is characteristically
greater, the logical choice is a hydraulic

booster, which can be designed to func:
tion on the same principles.

The energy is frequently provided by

the power-steering pump, with an inter-
mediate hydraulic accumulator being in-
corporated in the circuit to reduce the ten-
dency of brakes and steering to influence
each other,

A push rod carries the output force di-

rectly to the piston in the tandem master

cylinder. The hydraulic pressure thus gen-
erated Is transmitted to the “floating” inter-
mediate piston, resulting in roughly equal

pressures in the two chambers which

supply the respective circuits.

Failure in one of the brake circuits can =
have one of two results: Either the push
rod comes up against the intermediate
piston, or hydraulic force presses the i
termediate piston back against the wallof
the master cylinder. This condition willba

felt at the pedal, which will continue mov-

ing with virtually no resistance. e [
A master cylinder which respondsin

several stages has proven a useful expe-

dient on vehicles with the Il distribution
pattern. The intermediate piston, which
has a smaller diameter than the push-rod

piston, applies pressure to the rear-axlg

circuit. The system responds to failure in -
the front-axle circuit by increasing the
pressure which Is transmitted to the rear
circuit at a constant pedal pressure. Tha =
degree of pressure increase is based on
the ratio of the piston areas of the pushe &

rod and intermediate pistons.
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A brake-fluid reservolr is connected to
the master cylinder to compensate for the
effects of brake-lining wear and leakage.
When the brake is released, either a cen-
trally positioned valve in the master-cylin-
der piston opens or the piston seal opens
a balancing port. This arrangement en-
sures that the brake system is not under
pressure when released, while also pro-
viding compensation for fluid losses. The
chief disadvantage of this simple layout
lies In the fact that vapor bubbles in the
brake fluid, which have been generated
due to overheating, cause the fluid to

~ drain from the affected brake circuit when

the brakes are released. This could make
it impossible to build up pressure when
the brakes are applied again.

In order to prevent complete drainage in
the event of a major leak, the brake-fluid
reservoir is designed (at least as from a
given brake-fluid level) with two circuits.
One or two float-actuated switches trigger
an optical display once the fluid falls below
a certain level. The float-actuated switches
can be replaced by differential pressure
switches on the master cylinder, these
then indicate failure of a brake circuit.

Wheel brakes

The wheel brakes must meat the following
requirements:

= uniform effectiveness,

~ smooth, graduated response,

= resistance o contamination and corrosion,
— extreme reliability,

= durability,

= rasistance to wear,

- ease of maintenance.

Whereas on small passenger cars and
commercial vehicles, various types of drum
brakes fulfill these demands satisfactorily;
disc brakes represent the only means of
achieving even response and good control
on heavy, high-speed passenger cars.

Gray cast-iron brake discs with bilater-

ally acting calipers have proven to be the
most satisfactory layout. The brake disc is
usually located within the well of the
wheel rim. An arrangement which makes
it necessary to provide for adequate heat
dissipation through radiation, convection
and thermal conductance. Additional ex-
pedients such as internally-ventilated

L brake discs, alr ducts and optimal-flow

wheel designs are employed to reduce
disc temperatures, particularly on high-.
performance vehicles, T
Brake calipers fall into one of two cate-
gories: Fixed calipers or floating calipers.
In the case of the fixed caliper, the -
housing is rigid and “grips” the brake disc
from both sides. When the brakes are ap-
plied, two pistons in the caliper housing,
one on each side of the brake disc, force
the brake pads up against the brake disc.
Two basic subcategories of floating
caliper have established themselves. :
The sliding caliper and the so-called Mark
Il caliper. With both designs, the piston or
pistons act directly against brake pad on
the inner side of the disc. The sliding-
caliper frame or the caliper then pulls the
outer pad against the disc. Compared to
fixed calipers, the floating units offer the -~
following advantages: :
— Modest space requirement between
brake disc and wheel nave (comenient
where suspension employs small or
negative steering-roll radius},
— Reduced thermal stress on the fluid, as
no fluid lines are located in the critical
area directly above the brake disc.

Constructive measures effectively allevi-
ate inherent disadvantages (tendency to
rattle and squeak, uneven wear of friction
pads, corrosion In transmission elements). -
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Braking-force metering device

The braking-force metering device is nota
closed-loop control element, like the
brake-prassure regulating vahlve as used
for ABS, but rather an open-loop control
element. The individual metering devices
differ with respect to their function as
braking-force limiters or reducers, or their
control parameters, such as brake pres-
sura, axle load or rate of deceleration.

The braking force is apportioned be-
tween the front and rear axles in accor-
dance with the dimensions of the particu-
lar brakes. It is the job of the metering de-
vice to adjust this braking-force
apportionment in order to achieve a
closer approximation to the ideal distribu-
tion, i.e., the parabolic curve. The ideal
braking-force distribution is determined
solely by the vehicle's center of gravity
and the nature of the particular braking
maneuver. These relationships can be
shown in a dimensionless braking-force-
distribution diagram. The weight-related
braking forces at the front and rear axles
are entered on the coordinate axes. The
lines for identical braking appear as
straight lines with a negative slope (-1).
The Ideal braking-force-distribution
curves for the wehicle conditions “curb
weight" and “approved gross wehicle
weight” are in the form of parabolas. Dia-
gram “a" is for a braking-force limiter and
diagram “b" a braking-force reducer.

Pressure-sensitive metering  valves
achieve good approximation of ideal dis-
tribution with the wehicle in the “curb
weight” state. On the other hand, under
“approved gross vehicle weight” condi-
tions (upper parabola), they deviate from
the ideal once the limiter or reducer be-
comes operative (bend in the curve), i.e.,
the proportion of the total braking force di-
rected toward the rear axle decreases as
the rear-axle load increases.

The load-sensitive apportioning valve
responds to increased loads by displacing
the triggering point upward, allowing a
reasonable approximation of ideal brak-
ing-force distribution under all load condi-
tions.

The deceleration-sensitive apportion-
ing valve is triggered by a specific rate of
deceleration, and is thus basically insen-
sitive to load.

Braking-force-distribution disgram

&) Braking-force limiter, b) Braking-force
reducer. Fa, Rear braking force, Fa, Front
braking force, G Weight. 1 Loaded, 2 Empiy,
3 Loaded, according lo load, 4 Emply, ac-
conding io pressure; emply according fo de-
celeration, and loaded: empty according to
load, 5 Loaded, according lo pressure.
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The metering valve must be designed =
to ensure that the distribution of braking =
force remaing on or below the ideal curve.
The potential effects of fluctuations of the
pad friction coefficient, as well as of en-
gine torque and tolerances of the valve it- =
self, must all be considered in preventing
over-brake of the rear axle. In practice,
this means that actual installed distribu- =
tion (with bend in curve) should remah :
well below the ideal.

The critaria according ta which I:ha ma-
tering valve is designed Inr.ludu !ha hl-
Ic:rwin%

compatibility, = A +:_1
— Complexity in the case of split rear-mﬁu

braking circuits (e.g. X distribution), &6 =
~ Bypass function for dealing with brake-

circuit failure, especially with hra'lmgi

force limiters, o
= Facility inr testing of se’thng and -::pml-

tion. .

Vehicles with balanced load mnd :
are not necessarily equipped with a me- =
tering device, as the disadvantages of an
undetected del‘ec‘t in the device -::utwam :
its minimal advantages. 3

Y deulatOE
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XBS antilock braking
systems for passenger cars

ABS antilock braking systems are closed-
devices within the b‘r'EE:'_

; 'Es%am ich prevent wheel dur—
ing braking and,"as a result, retain the ve-

hicle's steerability and stability. The main
ABS components are:

wﬂrwﬂw
g%samé%ﬂnmm
and contr fﬂg_fﬁmﬁslgna!

_lamp and of the actuators in the hydraulic

Basic closed-loop control process

On initial braking, the brake pressure is in-
creased; e brake SNip LTSS and at the
mammum [E:iln‘t on the adMsmrifsllp

ble an s. From this mi |

on, & u ef INCreass in Drake i
g not cause -
ari Tce Fa. In

. rgely
deformation slip, it increasingly tends to-
wards skidding in the unstable range.

- Brake slip & = (Ue—Ua)f0e - 100%

Wheel speed Up=r- o

Braking force Fg = e - G

Latemi force Fs = fis - O

Hur Coefficient of friction,

Mg Lateral-force coefficient.

There is a more or less sharp drop in the
coefficient of friction pur, depending upon
the shape of the slip curve. The resulting
excess forque causes the wheel to lock-
up very quickly (when braking without
ABS); this is expressed as a sharp in-
crease in wheel deceleration.

The wheel-speed sensors monitor the
mafion of the wheels. If one of tha whests
shows signs of IoCk-up;there-is—a- sharp
1iSe in_ peripheral wheel deceleration and
in"wiEal Sp. If these exceed defined crit=
ical values, i@ controller sends corr

ands 1o the Solénoid-valve unit to stop
or reduce the—bulldip of wheel-brake
pressure uniil e danger-of ock-up has.
passed. The tfake pressure must then be

inerder-toen

built up again- sure 1t the

. wheel-is—net-undertraked. During auto-
. maticbrake control, it is constantly neces-

sary for the stability or instability of the
wheel motion to be detected, and the

G Force due o weight, Fy Braking forcs,

Fs Lateral force, ur Vishicle speed,

a Slip angle, w Angular velocity, n Casler.

£
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Adheslon/sllp curve
The curve shape differs greatly as a function
of road surface and tire condition.
Stable Unstable
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ABS control loop

1 Solencid-valve unit, 2 Master cylinder,
3 Wheel-brake cylinder, 4 Electronic control
unit (ECLY), 5 Wheel-spead sansor.

Conirollad system
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o L""ﬂ—iﬂr‘t{fdﬂ‘m% i g

ger cars)

wheel must be i with
mﬁ%hn
M“mmm
Eﬂﬂ'ﬂ’m‘swm}ng phases.

isturba in the closed control
The system must take the following
disturbances into account:

— Changes in the ion between the
tires & road surface caused by dif-

ferant of road surface and
Pﬁmﬁm_mﬂm_:ms, e.g.
en comnering,

= Irregularities in the road surface cau

ElL_CiMCUmMiersncas,
for instance when the spare wheel is fit-
Eriteria of control

] teria for control quality
must be fulfilled by efficient antilock brak-
ing systems:

- Maintenance of driving stability through
provision of sufficient |ateral guiding
& rear wheels,
- Maintenance of _steerabi
Provision of adequa

forces af the front wheels,

— Reduction j i as op-
Posed to braking with locked-up wheels
through optimum utilization of the adhe-

B

sion between tires and road.
- Rapid matching of the braking force to

stance when driving through deep water
or driving over patches of ice or harg
SNOW.

~ Guaranteeing low braking-torque con-
trol amplitudes to prevent vibrations in
the running gear,

-H

ators—and Jow-feedbasck- through the
brake pedal.

ABS system variants

A variety of versions are available de-

pending upon the braking-force-distribu-

tion concept, the type of vehicle drive con-

cerned, functional stipulations, and costs

factor. The i

tem variants, which are described in the
ng according to the number of

channels and sensors.

S&-syslems permit the individual con-
i[nl of the whe 5l of each
"wheel for the rear axlafront axle {11} and
for the diagonal (X) braking-force-distriby-
tion concepts. When braking on split-co-
efficient road surfaces though, measures
must be taken to ensure that the yaw mo-

ment (torque around the vertical axis) :

cannot adversely affect driving stability.
The ion here is to control the wheels

n#’_’t/hgmmg_inul
the rear axle in accordance with the “se-

lect-low” principle Tthat is, the rear whaal

ABS system variants
Bl Control channsl, 4 Sansor, <1 Sensor (alternative to sensor on differential).
4-channe| 3-channel 2-channs| L
4 sensors 3 sensors 3 sensors 2 sansors
frant — rear front — rear frant — rear fromt — ,
Variant 1 Variant 3 Variant 4

Firz i [/ g
AUy, do [ € Seyost
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with the lowest coefficient of friction deter- ~ whesls locks up. This is accompanied by

Mines the braking pressure—applied to
_ ar wheels).

’ system (variant 3)
e yaw moment when braking on split-

coafficient road suriaces is reduced to
such an extent (due to the system's oper-
ating principle) that passenger cars with a
long wheelbase, and a high moment of
mass inertia about the vertical axis, are
well able to control this braking situation,

In the case of the 3- and 4-channel sys-
tems, passenger cars with a short whesl-
base and a low moment of mass inartia,
however, require electronic delay of the
yaw-moment buildup. When braking on
split-coefficient road surfaces, this causes
& delayed buildup of the braking torque at
the front wheel with the high coefficient of
friction. As & result, the driver has enough
time to correct the yaw by an appropriate
steering adjustment.

‘@ systems (variants 4, 5, 6)

The 2-channel systems on the one hand
need less components than the 3- and 4-

nnel versions this makes them
1&ss costly fo manufacture. On the other
hand though, this is accompanied by a
number of functi imi !

With variant 4 in the select-high mode
(the front wheel with the higher coefficient
of friction determines the brake pressure
applied jointly to both front wheels), prac-
tically every time the driver hits the brakes

a high level of tire wear and reduced
steerability. With version 5, this always oc-
curs when the "sensed” front wheel sud-
denly encounters a higher level of friction
coefficient than the “non-sensed” wheal,
Variant 6 can be used only with diagonal
braking-force distribution (X). In this ver-
sion, the brake pressures at the front
wheels are controlled individually, while
the brake pressures at the rear wheels
are jointly controlled. Because the front-
to-rear distribution of braking force bears
the responsibility for ensuring that the
rear wheels do not lock, this system pro-
vides somewhat lower deceleration rates
than a 3- or 4-channel system.

Note: For some light-truck madels with
front-rear brake-circuit split in the Ameri-
can market there Is a simple system con-
sisting of a sensor on the rear differential
and a control channel (without return
pump) which prevents the rear wheels
locking. The front wheels can lock up with
sufficiently high braking pressures with
the consequent loss of steering function.
This system is not an ABS with the range
of functions describad at the beginning of
this section and is used only for certain
specialized typas of vehicle,

ABS versions
ABS 25-3-channal/-4-channel sysiems

{Bosch)
In this system, the ABS and the Brake

hard (panic braking), one of the front 1 booster are separate units.

Functional diagrams

D Damper, HZ Master cylinder, M Eleciric motor,
RZ Wheel-brake cylinder, § Accumulator
a

RZ

8) Three-channel hydraulic modulator, b) Four-channe! hydrawlic modulator:

N
MV Salenoid valve, P Pumg, R Control channel,

e e

b Pl

P e
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ABS control cycle for high friction
coefficients

Speed

i

Peripheral whiaal
——
-
L X-%1
1
[

acoeleration

Brake pressune p
in whaal cylinder
-

+ The 3-channel hydraulic modulator for
the Il braking-force-distribution version
(frontirear) comprises three solenoid
valves with three possible positions, and a
return pump with electric drive motor.

= Inthe first, de-energized position, there

T%Lw_mmer
e result that -

aufomafic brake control. In th d,
semr-snerized_ostion, Tie_passage
f r cylinder to the whesl-

13 | I
sulf that fhe wheel-brake pressure is kept
Wﬂ.ﬂhﬂ@m
. the wheel-brake cylin i C
gturn and the wheel-brake
Pressure dissipation takes only about
20 ms so that the wheel does not lock up;
pressure build-up, on the other hand,
takes place in several stages with inter-
vening holding phases and typically takes

argund 200 ms.

The d4-channel hydraulic-modulator
valve for diagonal braking-force distribu-

— P

tion calls for four solencid valves, be-
cause the rear-wheel brakes belong to
different brake circuits, However, both the
rear-wheel valves are jointly energized,
so that there is the same pressure in each
of the rear-wheel-brakes, and the "selact-
low" control mode is easy to implement.
The depicted control cycle shows auto-
matic brake control in the case of a high
friction coefficient. The change in wheel
SpﬁBd {decﬁlﬁrﬂtiﬂ | T8 CaICIIE T I e
ECOr After the valus falls hala =

umiTTs switched to the pressure-halding
memm
@ sl itchi reshold 4, the

; this is done
Bsent. Duri

C ely as it enters the
stable TENGE of the adhesiondslin o B,
After the (+a) signal has d out, the
hwmm. .m%_unul,
when the whesl acceleration again falls
f5€low the (—a) Threshold, the second con-
trol eycle is initiated, this time with an im-
mediate pressure reduction. In the first
control cycle, a short pressure-holding
phase was necessary initially for the filtar-
ing of disturbances. In the case of high
wheel moments of inertla, low friction co-
efficient and slow pressure rise in the
wheel-brake cylinder (cautious - initlal
braking, e.g., on’ black'ice), the whes|
might lock-up’ without ‘the deceleration
switching threshold having responded. In
this case, therefore, the wheel slip, too; is
used in automatic brake control.; . !

Under certain road-surface conditio
passenger cars with all-wheel drive and
with differential locks engaged pose prob-
lems when the ABS system is in opera-
tion; this calls for special measures ta
support the reference speed, lower the
wheel-deceleration thresholds, and re-
duce the engine drag torque. % |
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Bulldup of yaw moment induced by large
ifdﬂfmarmelm friction coefficlents
Yaw moment, Fg Braking-force,
HH:. Coefficient of friction,
1 "High" wheel, 2 “Low" whesl,

&

r-is:..-

Curves for brake pressure/steering angle
with delayed yaw-moment bulldup (GMA)
1 Master-cylinder pressure pyw;, 2 Braking

PressuUre Prg, wio GMA, 3 Puy, with GMA 1,
4 Pragn H'J'm'g.‘&iﬂ 2, 5 Py at wheal, &

Steering angle o wie GMA, 7 Steering angle
@ with GMA.

| wi =

il
When the brakes are applied on an asym-
metrical road surface (for instance, left
wheels on dry asphalt, right wheels on
ice), the result Is vastly different braking
forces at the front wheels. This difference
induces a turning motion (yaw moment)
around the vehicle's vertical axis.

When a heavy passenger car with ABS
is braked, the resulting yaw sets in slowly
and the driver has time for comective
steering maneuvers. On smaller cars, the
ABS must be supplemented by an addi-
tional yaw-moment buildup-delay device
{GMA) to ensure that control i main-
tained during panic stops on asymmetri-
cal surfaces. GMA delays the pressure
buildup In the wheel cylinder of the front
wheel with the higher coefficient of brak-
ing force at the road surface (“high"
wheel).

The GMA concept is demonstrated in
the diagram: Curve 1 represents the mas-
ter-cylinder pressure puc. Without GMA,
the wheel on asphalt soon arrives at the
Pressure prg (Curve 2), while the wheel
which Is running on ice goes 1o P, (Curve
5); each wheel achieves the maximum re-
tardation available under the given cir-
cumstances (individual control). ;

The GMA 1 System (Curve 3) is suited
for use with vehicles with a less critical re-
sponse pattern, while GMA 2 is designed
for cars which display an especially
marked tendency toward yaw-induced in-
stability (Curve 4).

In &ll cases in which GMA comes into
effect, the *High" wheel is under-braked at
first. This means that the GMA must al-
ways ba very carefully adapted to the ve-
hicle in question in order to limit increases
in stopping distances.

ABS 2E (Bosch)
This economical full ABS" design (a 3-
position solencid valve with electronic
control - stage is replaced by a
plungerfloating piston arrangement) of-
fers the same safety features and func-
fions as the ABS2S system with only min-
imal loss of comfort in terms of brake
pedal feedback and noise.

Under mormal braking, without active
ABS, brake fluld flows to the right rear
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wheel through the rear-axle solenoid
valve (4), while the plunger's central valve
(6) supplies the left rear wheal,

When the ABS is activated, each of the
left-side solenoid valves (2) controlz a
front brake, while the rear-axle sclenoid
(4) directly controls the rear right whesl
(HR). The rear-axle solenoid valve (4)
switches to position 3 upon receiving the
“pressure-reduce” command from the
ECLU. In the process, fluid is released from
the rear right wheel (HR) into the accu-
mulator chamber (3) via the valve (4) so
that the pressure at the wheel brake (HR)
is reduced. Since the upper side of the
floating piston (7) is hydraulically con-
nected to the wheel brake (HR), this pres-
sure reduction is also applied above the
fioating piston (7). The underside of the
piston (7) is subjected to pressure from
the master cylinder (1), and the resulting
force on the piston (7) causes the floating
piston assembly to move upwards. Tha
upper plunger now comes into contact
with the central valve pin (8) so that the
central valve closes and volume can be
accepted from the rear brake (HL) when

upward movement continues. At the
same timea, the pressure in the brake (LR)
and on the underside of the top plunger
also drops as required. The movement of
the plunger then comes to a standstill
when the resulting force on the plunger
assembly has dropped to zero. This is the
case when the pressure in the two brakes
(HL) and {HR) is equal. The processes for
“pressure hold” and “pressure buildup®
are analogous fo the pressure-reduction
process and are controlled by the position
of the solenoid valve (4),

ily (Bosch)

As a result of the development of solencid
valves with two hydraulic positions it has
been possible to thoroughly revolutionize
the ABS system while retaining the range
of functions of the ABS2S. The ABSS is
based upon the tried and proven retum
principle as used in the ABS2S. It con-
tains the following components for each
brake circult (with X and Il braking-force
distribution):

— Return pump,

- Accumulator,

V front, H rear, R right, L left

=

ABSZ2E hydraullc system (X braking-force distribution)
1 Brake booster, 2 Solenold vaives, 3 Accumulator chambers, 4 Rear-axle solenold vake
5 2-circyit return pump, § Central valve, 7 Plunger pistor, :
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- Damper chamber, and

—2/2 solenoid valves with two hydraulic
positions and two hydraullc connec-
tions.

Each wheel (or the rear axle in the case of
1l braking-force distribution) is allocated a

solenoid-valve pair, a solenoid
- open when de-energi 1€ pres-

inletl and a solenoid valve

(AV_—_closed_when_de-energized) for _

D:mﬁﬂrﬂ_mmlnu_mm In order to
achieve rapid release of pressure at the
brakes when the pedal is released, the in-
let valves each have a non-retum valve
which is integrated in the valve body (e. g.
non-return valve sleeves or unsprung
non-return vahes),

Pressure increase and decrease are
each allocated a solenoid valve which
features only 1 active (energized) posi-
tion. This leads 1o compact valve designs
with only 2 hydraulic connections, smaller
volume, lower waight, and low magnetic
forces. The design means that only a sin-
gle switching transistor is needed for the
electrical triggering, with the attendant re-

5wltd1ln% times and even pulse-widih-
“modu cycht operation which sub-

duced electrical power loss In the solen-
oid coils and in the ECU. The valve block
for mounting the 2/2 solendid valves Te~
sults in_a_smaller and lighter hydraulic

m that the ECU can

b%mummqmwmum mod-
ulator. This has the advantage that the ve-
jri n

Enoid_valves

stantially improves function (e.g. adapta-
tion to changes in coefficient of friction)
and control convenlence (e. g. smaller de-
lay fluctuations with the aid of pressure
stages and lower levels of valve noise).
By coordinated development of me-
chanical valve design and pulse-width-
miodulated control {mechatronic optimiza-
tion), it has been possible to produce an
ABS systern with “quiet” solenoid valves
which represents a new milestone in
terms of nolse genaration and pedal feed-

c-motor variants, fogether with
hydraulic throttling (re ion Cl

6 Accumulator, T Infef valves, 8 Oullet valves.
V front, H rear, B right, L left.

ABSS hydraulic system (X braking-force distribution)
1 Master cylinder, 2 Hydraulic modwator, 3 Damper chamber, 4 Return pump, 5 Electric mator,

HL VR
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| (D)3

". &4

| =56

|

| T a8 T -]

| T :

| ey i M PERIE G

w (Z)
O

VL HR




666

Braking systems (passenger cars)

cross sections in the solenoid valves, and

afions in E] umes,

-family represents a

new generation of ABS systems suitable

for installation in all series-production
passenger cars,

ABS with TCS (Bosch)
See chapter “TCS traction confrol sys-
tem,” P. 606

ABS and ESP hydraulics (Bosch)
Froper control of vehicle-handling dynam-

ics by means of ESP Electronic Stability
Program (previously known as VDC Vehi-
cle Dynamics Control) requires suffi-
ciently rapid build-up of braking force in
the brakes. On the one hand, low temper-
atures and low coefficients of friction are
the conditions under which the ESP is
called upon most often. On the other
though, at low temperatures the brake-
fluid viscosity increases considerably,
thus making it necessary to modify the hy-
draulic concept compared to that used
with ABS/TCS. The ABS/TCS5 system as

described in the Chapter "ABS with TCS
{Bosch)" was taken as the basic system.
Here, the pre-charge pump (VLP) was in-
corporated to ensure the return-pump de-
livery capacity when the ESP is needed
under cold-weather conditions, The re-
quirement for closed and separate brake
circults meant that this pre-charge pump
could not be connected hydraulically di-
rectly uj of the: return pump. In-
stead it is applied to a charge-plunger unit
(LKE) connected between the master
cylinder and the ABS/TCS hydraulics. As
soon as brake pressure is needed, the
pre-charge pump switches on (together
with the pre-charge valves (VLV) and the
changeover valves (USV)) and delivers
brake fluid to the charge-plunger unit
(LKE) so that the two plungers in the unit
move apart, k

This mechanically closes the central
valves of the LKE and the brake-fluid vol-
ume from the twa LKE mm is lfm*cadh
through the opened p rge valves
the rglum pumps -of the ABS/TCS. hy-
draulics. The pre-charging of the return

ulle for ABS and ESP
VLP Pre-chame
LKE Cha unit, USV

pump, VLV Pre-cha valve, RFP Raturn purnp, AVA Mon-retum valve, . ..
Q&WW,DMMAUMME*JWNM
HZMasa‘ercy.u'ndenSmmﬂam«:UAFrmraxfs,HAHmraﬂe.?ant.HHeanHHaghLLm

e |
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pumps means that sufficiently rapid
brake-pressure buildup is ensured at the
wheal brakes even at low temperatures. A
separate line with a small restriction is
provided between the LKE and the reser-
wvoir in order that the brake fluid in the pre-
charge circuit can be bled, and the LKE
plungers return to their initial position
when the pre-charge pump s switched
off.

By further optimization of the master
cylinder and the ABS/TCSS induction
valves with the aim of increasing the hy-
draulic flow cross-section, it has been
possible to produce an ESP hydraulic
modulator that enables adequate pres-
sure generation dynamics even without a
precharger pump at low temperatures
and thus further reduces the number of
system components.

MK 2 (Teves)

The hydraulic components - brake
booster and ABS - form a compact inte-
grated unit for installation on the firewall.
Under normal braking, the booster piston

impels brake fluid directly to the rear
brakes while pushing the master cylinder
piston to the left, supplying braks fluid to
the front brakes.

When the ABS Is activated, the main
valve opens, connecting the booster
chamber with the primary side of the mas-
ter cylinder piston while closing off the
connaction between the primary side and
the reservoir. Brake fluid flows from the
booster chamber to the front brakes via
the connecting line and seal of the mas-
ter-cylinder piston. During ABS-conftrolled
braking, booster pressure is exerted
against the left side of the positioning
gleeve, maintaining master cylinder and
booster piston in a middle position. This
ensures that sufficient piston travel re-
mains available for front-wheel braking in
the event of ABS failure.

The supply and discharge valves pro-
vide optimal regulation of the pressures in
the - wheel ' cylinders * during : ABS-con-
trolled braking maneuvers, with the brake
fluid which is ejected from the wheel cylin-
der flowing back to the reservoir,

Schematic diagram: ABS MK 2 (Tevas)
Brakes nof acluated.

pistan, 12 Inist valves.
VLAVR Front axie leftiright, HA Rear axie.

1 Main vaive, 2 Connecting lina, 3 Master-cylinder piston, 4 Positioning
& Servo chamber, 7 Fluid reservoir, 8 Pressure accumulator, 9 Pump, 10 Brake vaive, 11 Senvo

sleeve, 5 Outlet valves,
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The front brakes are controlled individ-
ually. The rear brakes are regulated to-
gether, whereby the wheel with the lower
coefficient of traction determines the level
of prassure (select low).

MK 4 with TCS (Teves) :
This version is used with a conventional
vacuum booster to provide “separate
ABS". The system can also be extended
to include TCS.

When the start of aclive ABS control
makes it necessary to reduce the brake
pressure at one of the wheels, the dis-
charge valve is opened while the supply
valve remains closed, allowing brake fluid
to flow back to the reservoir from the
brake. When the supply valve opens to in-
crease the pressure, brake fluid flows
from the master-cylinder chamber, and
the pedal gives way somewhat. The hy-
draulic unit must supply new energy, as
repeated cycles would otherwise cause
the pedal to drop too far. j

The ABS hydraulic energy-supply unit
employs an electrically-driven, dual piston
pump which is triggered when the system

recognizes incipient wheel lock. The
pump extracts brake fluid from the reser-
volr and pumps it through the supply-
valve orifice and to the brake at a suitably
increased pressure,

The excess flow quantity from the pump
flows into the chambers of the master
cylinder, where It presses back the mas-
ter-cylinder piston and the brake pedal.
The position sensor triggers and switches
off the pump so0 as to ensure that the in-
termittent flow which it produces results in
adequate feel and travel at the padal,

The hydraulics can be expanded for
traction control by adding 2 TCS solenoid
valves, which serve to isolate the master
cylinder from the TCS, and 2 pressure-
relief valves, responsible for regulating
pressura in the TCS system.

The rotation sensor is a security device
for monitoring the operation of the pump
motor.

MK 20 Family (Teves)
In contrast to the MK4, the MK 20 system

operates according to the return principle
using sealed brake circuits. Pressure

Schematic diagram: ABS/TCS MK 4 (Teves)
Energy supply, 2 Wheel-speed sensor, 3 Masfer

front, H rear, R right, L feft.

P

[
5 Pressure-relief valve, 8 ASH solenold valves, 7 Inlsf valve, 8§ Outlat valve.
v

piston, 4 Position sensor,
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modulation is by means of a pair of 2/2
solencid valves (inletioutlet) for each
wheel and the system can be upgraded to
TCS/ESP by the addition of two
changeover valves and two induction
valves. The hydraulic components thus
correspond exactly to the arrangement
employed by the Bosch ABS5 Family,

Pumpless ABS (Denso)

For a certain section of the Japanese
market, a greatly simplified ABS system
was developed which dispenses with
damper chambers and return pumps to-
gether with their electric motors and con-
frol systems. It operates according to the
following principle:

If the wheel-speed sensors detect that
wheels are about to lock under braking,
the appropriate inlet valves are closed in
order to prevent further increase of pres-
sure in the wheel cylinders. If this does
not succeed in preventing the wheels
locking, the corresponding pressure re-
lease valve is opened until the wheel
stops slipping and Is then closed again.
The brake fluid that flows out of the wheel

cylinders in the process retums to the
reservoir chambers. Once the wheel
speed becomes stable again, the inlet
valves concerned are opened again. The
process described repeats itself continu-
ally until the driver stops braking or the ve-
hicle comes to a standstill. When the
brake pedal is released by the driver, the
brake fluid that has collected in the reser-
voir chambers flows back through the
reservoir-chamber springs and the non-
return valves to the master cylinder. The
system is then ready for ABS braking
again,

The smaller number of components
compared with conventional systems of-
fers considerable cost savings but the
system has significant functional deficien-
cies. Among other things, under extended
periods of ABS braking (e.g. from high
speeds on road surfaces with poor adhe-
sion or in situations where adhesion flug-
tuates dramatically), the reservoir cham-
bers can reach their capacity while at the
same time the brake-pedal travel in-
creases considerably in an unfamiliar
way. Apart from the loss in pedal-opera-

Schematic diagram: ABS MK 20 il

HZ 1,2 Master cyfinder 1,2, D 1,2 Damper chamber 1.2, RFP 1,2 Return pump 1,2,
Spk 1,2 Reservoir chambers 1,2, EV HL,... Infet valve, LR, ate, AV HL,... Qutiet valve, LR, elc.
HL rear feft, HR rear right, .

VL front left, VR front right,
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tion comfort, this means that the pressure
in tha wheel cylinders can not be reduced
any further with the result that the wheals
could lock up. For that reason, this type of
system is only used on certain vehicles
with limited top speeds and has not as yet
become established in the European or
American automobile markets.

ABS components (Bosch)

Wheel-speed sensor
The inductive wheel-speed sensor pro-

vides the control unit (ECU) with informa-
tion on wheel speed.

ECU unit with vehicle-specific LS| circuits
The ECU shown in schematic form in a
4-channel system receives, filters and
amplifies the speed-sensor signals and
ascertains from them the degree of wheel
slip and the acceleration of the individual
wheels as well as the reference speed,
which Is the best possible calculation of
vehicle road speed.

The input circuit consists of a low-pass
filter and input amplifier; the circuit sup-
presses interference and amplifies the

signals from all wheel-speed sensors
(Channels 1...4).

Digital controller:
The digital controller consists in the case

of ABS2S of two identical but indepen-
dent digital vehicle-specific LS| circuits
which each process the information from
two wheels (channels 142 or 3+4) simul-
taneously and perform the logical
processes. Once processed, the wheel
frequency data continues in the circuit to
a serlal arithmetic-logic unit. This logic
unit, in turn, uses the data to calculate the
values for “wheel slip” and “circumferen-
tial deceleration”® or “circumferantial ac-
celeration” required for closed-loop con-
trol. A self-adapting, complex controller
logic converts the control signals into po-
sition commands for the solenold valves.
A serial interface, connected to the input
stage, arithmetic-logle unit and controller
logic via data link, maintains data commu-
nications between the two digital LSI cir-
cuits.

Yet ancther function block contains
the monitoring circuit for error recognition
and analysis. Should the ECU malfunc-
tion, & waming lamp informs the vehicle
operator that the ABS Is no longer opera-

Schematic diagram of pumpless ABS (Danso)
Only one of each component is labelied,

EV Infet valve, AV Outlel valve,

Spk Aesenvoir chamber, AV Non-refurn valve,
HZ Master cylinder, RZ Whesl cylinder.

S

£
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tional. However, the braking system re-
tains full normal operating capability
when the ABS is deactivated.

Qutput circuits:

Two oulput circuits function as current
regulators for Channels 1 + 2and 3 + 4
while receiving the position commands
employed for solenoid excitation from the
LS| circuits.

Qutput stage:

The output stage employs the input from
the current regulators in the two output
circuits in providing the excitation current
for the solencid valves.

Voltage stabilizer, fault memory:
This function block stabilizes the supply

voltage and maonitors it to ensure that it re-
mains within the tolerances required for
reliable cperation. The block also incorpo-
rates undervoltage recognition, which re-
acts to insufficient on-board voltage by
shutting down the unit, as well as relays
and the warning-lamp control circuit.

ECU unit with microcontrollers

Instead of the vehicle-specific LS| circuits,
this control unit has two microcontrollars
which take care of signal processing,
“running” the controller program and self-
monitoring on the part of the ABS system.
The unit also carries out diagnosis in ac-
cordance with 1S0O standards, making it
possible to track down defective ABS
components with the aid of either the
warning lamp or an “intelligent” tester.

The wuse of microcontrollers could
achieve substantial optimization of con-
troller  algorithms  incorporating  cus-
tomization to wehicle and driver require-
ments. For example, more precise calcu-
lation of wheel slip enables early
detection of excessive rear-wheel braking
which can then be corrected in time by
changes in brake pressure with the result
that, on some wvehicles, the rear-wheel
pressure reducer can be dispensed with.
This achieves better overall vehicle brak-
ing (electronic brake balancing).

Further hybridization of the electronic
components has succeeded in consider-
ably reducing their number and thereby
the size of the control unit as well.

ECU (Bosch, 4-channel layout).

1 Wheel-speed sensars, 2 Battary, 3 Input
circult, 4 Digital controlier, 5 LST circuit T,

6 LS| circuit 2, 7 Voltage stebilizenfault mem-
ory, 8 Output cireult 1, 8 Output cincuit 2;

10 Output stage, 11 Solenoid valves,

12 Safety relay, 13 Stabilized balery vollage,
14 Warning lamp.

Sensors ECU Actu-

Hydrawlic modulator (for ABS2S and
ABS5S with |l and X braking-force
distribution)

For each brake circuit, the hydraulic mod-
ulator consists of:

- Electric-motor-driven return pump P,

— Accumulator chamber 5,

~ Damper chamber D, and

— Various solenoid valves.

Beaturn pump P:
The return pump retumns the brake fluid
from the wheel-brake cylinders to the
master cylinder,

Accumulator 5:

The accumulators provide temporary
storage of the large gquantity of brake fluid
which accompanies pressure reduction.

Darmnper chamber D:
The dampers and their downstream throt-

tling devices serve fo smooth the high lev-
els of pulsation which occur during the re-
turn of brake-fluid to the master cylinder.
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They ensure that the noise level is kept to
a mininmum.

4/3 solenoid valves on ABS2S: _
Each wheel is allocated a 33 solenoid
valve, The valve servas to modulate the
pressure in the wheel cylinders during ac-
tive ABS control. The modulation takes
place in 3 modes (build-up, hold, and re-
duce).

2/2 solenoid valves on ABSS:

Each wheel is allocated an Exﬁ; Iva_rm
pair. The sama pressure- ulation
modes as above can be achieved for each
wheel brake by appropriate control of tha
valves,

- In addition to the effect of the damper
chambers, PWM control of the 2/2 solen-
oid valves allows the required pressure
changes in the wheel cylinders to be
achieved with a greater degree of driver
comfort in terms of noise, initiation of sus-
pension vibration and pedal feedback.

Schematic diagram of h ullc modulator
a) ABS25 system, b) ABS5 system.
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Master cylinder, M Electric motor, P Plunger pump, D Damper, S Violume accumulator,
uﬁ /9 solencid valve, EV 22 inlet valves, AV 272 outlst valve, RZ Wheel cyfindar.
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Electrohydraulic Brakes
(EHB)

In contrast to antilock braking systems
(ABS), the traction control system (TCR)
and electronic stability program (ESP)
can generate pressure in the whael cylin-
ders independently of driver action. This
capability forms an important basis for
electrohydraulic brakes.

Function

In conventional car braking systems, the
force applied by the driver is transmitted
mechanically by the lever action of the
brake pedal to the vacuum brake servo
and from there in amplified form to the
master cylinder. The pressure thus gener-
ated is used 1o achieve the desired braking
effect with the individual brakes on each
wheel. With electrohydraulic brakes, that
purely machanical-hydraulic sequence of
actions is broken and replaced by sen-
sors, an ECU and a hydraulic pressure
supply. Under normal operating condi-
tions, there is no mechanical link between
the brake pedal and the wheel brake.

Design
An electrohydraulic braking system con-
sists of the following components (see di-

— Hydraulic pressura modulator

— Sensors (e.g. wheel-speed sensor),

— Add-on ECU (at the hydraulic pressure
modulator),

— or separate ECU,

= Control and pressure lines.

Mode of operation
For safety reasons, two separafe sensors
(one on the actuator unit for detecting the
padal travel and a pressure sensor on the
hydraulic modulator) are used to detect a
"braking request” and transmit it to the
ECU. Using software, this ECU also in-
corporates the brake servo, ABS, TCS
and ESP functions. The other sensors in
the ABS, TCS and ESP systems provide
the ECU with data relating to aspects of
vehicle dynamics such as road speed,
cornering, and the motion of the wheels.
Using this information, the ECU caleu-
lates the signals to be sent to the hy-
draulic modulator which are converted by
the wheel pressure modulators into the
brake pressures for the individual whesls.
An alectrically driven hydraulic pump with
a high-pressure accumulator and a pres-
sure monitoring system provides the hy-
draulic pressure supply.

For safety reasons, in the event of a
fault in thé system it switches to an oper-

agram): ating mode In which the vehicle can be
— Actuator unit, braked without power assistance,
Electrohydraulic brake EHB
_________ Brake functions Vehicle control systems
[ B achmio == 1B bocsing
== 1 PLA: Braking-force Interface signals
= e Birieode

modula- .
| ({ valves |/ B 15 |
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