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Abstract

The phenomenon of friction reduces the efficiency of almost all
machines in practice. For reduce the deficits we have to
understand this phenomenon and we have to take it in all cases
into consideration during design. Nevertheless in certain cases
the describing of a friction process is very difficult; because this
depends on a lot of parameters. In case of polymers, granular
materials or in geology the rate- and state dependent friction have
great importance. In this paper velocity- and time dependent
friction of polyamide and steel is examined with the help of a
direct shear apparatus, which was developed in our earlier work.
Based on the results of experimental measurements the previously
developed apparatus is suitable for examine time dependent
properties of friction.
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1. Introduction

The friction process was examined first almost three centuries
ago by Coulomb [5] and it was discovered that the kinetic friction
does not depend on the shear velocity. Later with more precise
experiments showed that this phenomenon depends on a lot of
parameters, such as materials, roughness, temperature or the shear
velocity. Due to the diverse parameters the description of a
friction process is very difficult in certain cases. In geology,
mining- and earthquake science, in case of polymers, granular
materials or other special materials the time- and velocity-
dependent friction (creep and relaxation) have great importance
and only few researchers investigate the thermodynamic aspects
of this time dependence of friction [6, 7, 8]. The aim of our work
is to examine the velocity dependent friction of polyamide and
steel and the revise of the previously by our developed direct
shear testing apparatus.

1.1 Friction test
The knowledge on the shear strength is very important in
description of a friction process. This parameter means the

relationship between the displacement and the shear force and a
lot of parameters have influence on this [1]. The shear strength
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can be evaluated by using direct shear test; in course of this the
surfaces are pressed together with constant normal load
meanwhile moving on each other. During the shear process, the
shear force is measured as function of displacement. The material
properties, the roughness and the shear velocity have great
influence on shear strength [1].

During the direct shear test of two smooth surfaces (under
constant normal load and constant shear velocity) the shear
strength increases to an initial peak, which is followed by slowly
displacement weakening and then stabilization at a residual shear
strength, which does not change or increases very slowly with
additional displacement [1].

Based on shear tests with different normal loads, the shear
strength is in linear correlation with normal strength. The slope
of this line is the friction coefficient concerning to the materials,
the designate constant of this line is the cohesion between the
surfaces. The shear strength is based on the Mohr-Coulomb
equation [5]:

T(¢)=C+O'n'l‘g¢’ 1

where ¢ is the cohesion,
surfaces.
The residual strength is [5]:

T(¢) =0, tg¢r 2

where is the residual friction angle between the surfaces.

is the friction angle between the

1.2 Time- and velocity-dependent experiments

The time- and velocity-dependent friction have great importance
in geology: faults may undergo decelerating postseismic slip
(afterslip), long term stable slip (fault creep) in the absence of
carthquake instability, and perhaps slow postseismic slip [2]. For
this reason Dietrich et al. made laboratory shear experiments with
clean surfaces of granite [3, 4] and with a layer of simulated fault
gouge consisting of crushed and sieved granite [2]. These
experiments were made with different shear parameters (normal
load, shear velocity). The sample assembly consists of a three
blocks, sandwich type direct shear configuration (Fig. 1.).
Three different types of tests were made: constant velocity,
multiple velocity and time dependence shear tests. The constant
velocity tests were made at 2.5 um/s (Fig. 2/a). In the multiply-



velocity tests the shear wvelocity was constant for a
predeterminated displacement, then suddenly changed by a factor
of 10, held constant for another displacement then changed again
and so on (Fig. 2/b). The third group of shear test was the time-
dependence tests, in which constant velocity shear was
interrupted at a specified displacement where the control
displacement is held at zero for a specified time interval (Fig. 2/c)

(2].

DISPLACEMENT

Figure 1. The sample assembly by Dietrich [2]

The aim of the constant velocity tests were to examine the
overall form of stress-displacement curves (Fig. 2/d) to permit
reasonably direct comparison to be made for the control of
strength by the fault parameters. Based on these curves the shear
strength increases to an initial peak, which is followed by a slow
displacement weakening and then stabilization at residual shear
strength (Fig. 2/d). If the shear stress cycling to zero after
reaching residual strength, acts to restore the peak in the stress-
displacement curves. This cycling increases the total
displacement and also the peak and residual strength [2].
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Figure 2. a) Constant velocity test; b) Multiply velocity-test;
¢) Time dependence test; d) Shear diagram with constant
velocity and normal stress [2]

The purpose of the multiply-velocity tests was to look for
variations of strength as a function of velocity. A step increase of
shear velocity results an immediate jump in frictional coefficient
followed by displacement dependent decay and stabilization at a
new steady-state friction. The reverse is seen if the shear speed
is decreased (Fig. 3.) [3].
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Figure 3. Effect of steps in shear speed on a friction coefficient, the case of velocity weakening [3]

Dietrich and Kilgore [3] made a shear rate- and state-dependent
constitutive formulation for fault tests. This formulation provides
a descriptive framework for the interpretation of the transient
shearing phenomenon. The coefficient of friction can be
represented [3]:

yzizyo+A-ln(L*+lj+B-ln(£*+1] 3
c vV ®

where and are shear and normal stress V is a shear speed and
is a state variable. Parameters , A and B are experimentally
determined constants and V* and are normalizing constants [3].

1.3 The developed shear testing apparatus

The design of our test apparatus was made on the basis of
Dietrich’s vertical shear tester [2]. In case of Dietrich’s
arrangement the displacement was vertical and the normal force
was horizontal, while in our case the normal force is provided by
an INSTRON 5581 type universal material testing machine, so it
should be vertical thus the displacement must be horizontal. The
shear force was measured by a load cell which is at the holding
point of the fixed part; the displacement was measured by an
inductive displacement transducer at the moving part. The
displacement provided by a stepper motor (Fig. 4.).
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1 - End part
2 - Load cell
3 - Moving probe

4 - Fixed probe
5 - Nut
6 - Screw shaft

7- Stepper motor

Figure 4. The test assembly and the finished apparatus

On Fig. 4 the finished shear apparatus can be seen: 1 — stepper
motor; 2 — screw shaft and cased coupling; 3 — displacement
transducer; 4 — nut; 5 — fixed part; 6 — moving part; 7 — load cell;
8 — INSTRON 5581. The normal load was provided by the
INSTRON 5581 type universal material testing machine the load
was transferred trough a steel ball that ensures the punctual load
to the fixed part.

The chosen motor is a three phase stepper motor that divides a
full rotation into a number of equal steps; therefore in order to
achieve the minimum speed a XINJE DP-7022 digital stepper
drive was used. With its microstep function no more than 65535
step/rotation can be set up which ensures the low and exact
angular velocity of the stepper motor. Microstepping is a way of
moving a stepper smoothly. The measurement system of the
appliance is a separate module. The displacement is measured by
an HBM WETA 1/10 inductive economic displacement
transducer, the shear force by an HBM U9B 5 kN force
transducer. The Spider 8 and the Catman 4.5 software carry out
the data acquisition. [9]

2. Experimental measurements and results

Experimental measurements were carried out with polyamide and
steel probes. The usual experimental protocol for evaluating slip
rate and state dependence of friction of changing the shear
velocity in a stepwise manner under of constant normal stress.
Normal stress was held constant during the measurements which
were ensured by the force regulated INSTRON 5581 universal
material testing machine. Multiple velocity tests were carried out
with constant shear velocity for a predetermined displacement,
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then suddenly changed by a factor of 10, then held constant for
another displacement and changed back to the first velocity. The
tests were carried out with two different speed levels, 2 and 4
um/s, for both materials. Additionally two different normal stress
levels were investigated, 20 and 40 kPa. During the tests the shear
force and the displacement were measured and the shear diagrams
were determined (Fig. 5.).

The purpose of these multiple-velocity tests was to look the
time dependent friction coefficient as seen in the earlier rock
friction experiments of Dietrich [2, 4, 6]. In these earlier works
two different velocity effects was observed, the step increase of
shear velocity results in an immediate jump in frictional
coefficient followed by displacement dependent decay and
stabilization at a new steady-state friction. The reverse is seen if
the shear speed is decreased. This friction coefficient jump on the
higher speed level and the decrease on lower speed level can be
seen on the shear diagrams (Fig. 5.).

Step changes of velocity results residual and transient changes
in friction coefficient. Firstly at constant sliding velocity has
proceeded for a sufficient distance for p to have stabilized at a
residual value (u1) then due to the suddenly increase of velocity
produces an immediate increase in friction coefficient then this
followed by a decrease (u2) to a new residual value. This new
residual value is generally less than the residual coefficient on the
previous slower velocity phase. After predetermined sliding
displacement the shear velocity abruptly decrease to the
previously lower level results a positive jump in the friction
coefficient to a new residual value (u3), which is greater than the
residual coefficient at the first phase of the test with the same
sliding velocity.
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Figure 7. The changes of residual strengths in case of different normal stress

Based on the different measurements determinable that the p1,
p2, u3 values depend on the normal stress and the material. In
case of rigid materials (steel) the residual friction coefficient
decrease and increase are greater than a less rigid material
(polyamide). Based on these observation verifiable that our shear
apparatus (which based on Dietrich’s work) is suitable for
examine the time- and velocity-dependence of friction.

3. Summary

We have developed a simple experimental device for testing time-
and velocity dependent properties of friction. The first
measurements were performed with poliamid and steel. They
show velocity weakening and stick-slip phenomena at the higher
velocity level for both materials.  Therefore we have
demonstrated, that the apparatus is able to reproduce several
important time dependent friction phenomena and therefore it is
suitable for experimental investigations. We have also
investigated effects related to shear strhength.
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