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During the operation of the brakes the behavior of the brake fluid in the brake piping is
one element that has a large effect on feel and on transient pressure characteristics. This paper
investigates the effect of fitting a brake pipe with different inner diameters to each wheel at the rear
axle on the brake performance.

Theoretical analysis and road tests were conducted and applied on a Fiat 128 vehicle to investi-
gate the changes in brake efficiency and brake force balance.

The theoretical and experimental results showed the improvement of the car brake efficiency and
the brake balance when fitting a brake pipe with the same inner diameter for each rear wheel.
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1. Introduction

The improvements seen in the power and dynamic performance
of vehicles in recent years have made the enhancement of brak-
ing performance an important issue. Attaining better braking
performance requires improvements in the characteristics of
the various elements of the brake system as well as optimization
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of the overall system. The distribution of the brake fluid pres-
sure between axle wheels is one element that has a large effect
on braking performance and vehicle dynamic behavior during
braking [1,2]. Khan et al. [3] presented models of analytic
dynamics for vehicle brake system with proportioning valve.
Fitting one load sensing valve for each wheel at rear and front
axle improves brake efficiency for the vehicle in its straight mo-
tion and in its cornering motion depending on the variation of
load distribution, road curvature and moving speed [4,5]. Ahn
and Park [6] introduced a new braking force distribution con-
trol system that improves vehicle dynamics behavior during
braking through the generation of a yawing moment by adjust-
ing the distribution of braking force to all four wheels. Marting
and Colarelli [7] investigated the measurement of brake force
on each wheel to determine brake balance. It also provides a
measure of side to side variation on both the front and rear
axle. Imbalance side to side can spot a potential handling prob-
lem in a panic brake application. Antanaitis et al. [8] introduced
the basic construction of automotive brake hoses, the test meth-
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Nomenclature

A e master cylinder cross-section area H pressure head

a distance from vehicle center of gravity to the front hy non-constant viscosity resistance
wheels center h height of center of gravity

B, brake factor J complex number

b distance from vehicle center of gravity to the rear k volume elastic modulus of brake fluid
wheels center P average pressure at piping cross section

c velocity of sound 0 flow rate

Fy brake force on front axle L wheel base

F,, brake force on rear axle R tire radius

Fyyr brake force on front left wheel r drum or effective disk radius

Fyy brake force on rear right wheel t time

Fo brake force on rear left wheel u average flow velocity at piping cross section

Fyr brake force on rear right wheel V vehicle longitudinal speed

F./max ~maximum brake force on front axle w vehicle weight

Fy; max maximum brake force on rear axle X axial coordinates of piping

F, centrifugal force X deceleration (m/s?)

F.r vertical force on the front axle Z deceleration (g-units)

F., vertical force on the rear axle p brake fluid density

F.yr normal force on front left wheel u coefficient of ground adhesion

F, normal force on rear left wheel n braking efficiency

F., normal force on front right wheel e wheel cylinder efficiency

F.,, normal force on rear right wheel or front brake force ratio

g acceleration of gravity o, rear brake force ratio

odologies and test results used to quantify brake hose fluid con-
sumption under various operating conditions, and it illustrates
the influence of hose performance on the vehicle — level using
simple analysis on sport car. Aliabadi et al. [9] performed stress
analysis by FEM to the crimped portion of hydraulic pressure
brake hose in order to promote the development of the automo-
bile hoses more efficiently. In [10] new analysis procedure has
been developed to evaluate a brake system performance based
on analysis of transient characteristics and frequency character-
istics in the brake piping. Using this procedure, analysis were
made on the effect of ABS operation on brake pressure changes
and on the influence of the orifice on the pressure transmission
characteristics.

The aim of the present paper is to investigate the effect of fit-
ting a brake pipe with different inner diameters to each wheel of
the car at rear axle on brake efficiency and brake force balance
between wheels, as compared to the conventional case of fitting
the same inner diameter to each wheel on the rear axle.

2. Theoretical analysis

This section can be divided, into two main groups: dynamic
characteristics analysis procedure of brake piping influence
of the orifice on the pressure transmission characteristics and
braking force distribution for each wheel. The details of each
group is given below.

2.1. Dynamic characteristics analysis of brake piping analytic
model

Fig. 1 shows the brake piping system model that was used in
transient characteristics analysis of anti-lock brake. Details
about this analytic model are given in [10].

The following assumptions were made in applying the char-
acteristics curve method.

1. Flow in the piping is laminar.

2. Since flow in the piping is symmetric to the axis, radial

flow can be ignored.

The temperature of the brake fluid is constant.

4. The basic equations of motion that are to be solved are
obtained by applying the foregoing assumption to the
Navier—Stokes equation and continuity, which are the
basic equations of flow.
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Figure 1  Analysis model of anti-lock brake system [10].
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