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1. INTRODUCTION

The stick-slip phenomenon as described in literature
plays an extraordinary important role for thermoplastic
and elastomer materials in many tribological
applications. Especially for seals, that phenomenon
causes friction induced vibrations which become
noticeable as acoustic waves or material damage [1].

The occurrence of the stick-slip is strongly
influenced by material properties and ambient conditions
[2]. Although there are many possibilities to measure
stick-slip we used a novel axial/torsional testing unit [3].
Both monotonic and cyclic tests can be performed using
this axial/torsional test set-up. For these experiments two
(one filled and one unfilled) thermoplastic polyurethane
(TPU) types were investigated to locate the stick-slip
under monotonic and cyclic conditions.
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Figure 1. Axial/torsional test set-up

2. EXPERIMENTAL
To adequately characterise the stick-slip phenomenon of
elastomers (TPUs), first monotonic and cyclic torque-
angular displacement curves were measured and the
critical/instability points were defined in terms of
max/min torque/stress and strain values. Furthermore,
these data were plotted as the function of normal load
sliding rate amplitude and frequency.
The applied test set-up is shown in Figure 1. The

used test specimen and counterpart are visible in Figure

2. Due to the very small friction instability range of the h
materials, one rebound difficulty was the time

consuming identification of the stick-slip region.

The shown test set-up (Fig. 1) displays where the Figure 2. (a) test specimen and (b) counterpart
test specimen and counterpart are implemented.
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2.1 Material

Both thermoplastic polyurethanes which are used for
these tests have the same basic polymer and only the
filler is the difference. TPU,; stands for the unfilled
grade and TPU: for the filled grade.

The test specimens (Fig. 2a) and the counterparts
(Fig. 2b) were produced with a turning centre under the
same conditions at the company partner SFK
ECONOMOS Austria GmbH. Table 1 shows the
measured surface roughness [4] for both testing parts
and materials after the production process.

Table 1. List of measured surface roughnesses according
to DIN 4768

Test i 1 rt
Roughness est specimen Counterpa
TPU,; | TPU; TPU,¢ TPU;
R, [pm] 2.71 2.54 0.71 0.70
R, [um] 3.89 3.31 0.90 0.89

Both data (R, and R,) show that the surface
roughnesses are almost at the same level. The roughness of
the test specimen from the unfilled TPU grade is slightly
lifted. The reason for that is the unfilled grade’s lower
modulus and the tolerances of the manufacturing method.

2.2 Monotonic tests

The measurement technique allows us to record the
specific stick-slip movement as demonstrated in Figure
3. To classify the intensity and the strength of the
occurrence of stick-slip, it was necessary to use the most
important points at that instability [5,6]. These are the
point at the maximum stick and the point at the
maximum slip, which are also outlined in the Figure 3.
The characterisation of the stick-slip phenomenon is
manageable with these two points.
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Figure 3. Definition of the important points (monotonic)
The knowledge of the different parameters ¢

(angular), F' (load applied as normal stress o,) and v

(velocity) gives a good basis to perform cyclic tests.

2.3 Cyclic tests

The used test settings for the monotonic tests have been
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transferred into cyclic test parameters and first stick-slip
hystereses were measured. In Figure 4 hystereses are
presented under different rotation amplitudes, from 0.5°

up to 4°.
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Figure 4. Definition of the important points (cyclic)

To verify the intensity and to compare the different
hysteresis two techniques were used and combined.

The first technique is similar to the monotonic tests.
We applied the maximum torque and rotation for every
hysteresis to compare the different parameters.

The second technique uses the same approach as the
quantification of the fretting damage where three
different sliding conditions where defined [7,8].

For the measured hysteresis we described three
different states for stick-slip which are leant on the
different regions of the fretting damage:

e The partial slip region, where the hysteresis
shape looks like the hysteresis with amplitude of
0.5° (see Figure 4). In this region the torque is
directly proportional to the displacement and
show linear elastic behaviour,

e The non linear region, where a transition from
partial slip to gross slip happens, and

e The gross slip region (see Figure 4, 4°) where a
continuous sliding over the whole contact zone
takes place and this region is defined by a
quadratic like hysteresis shape.

Based on these three regions defined and

determined, RCSSM were created and are shown in
Figures 7 and 8.

2.4 Data reduction and calculations

The measured torque as shown in Figure 3 is converted
to the torsion stress as shown in (1):

M
Tmax :W_d (D
p
_ ey —d}) @
P 6d,

The rotation is converted to the torsion strain at the
maximum radius (r,) of the test specimen. We used 7,
because at this radius exists the maximum strain (see

3):

FME Transactions



(€)

With (1) and (3) calculation it was possible to create
stress strain curves to perform further investigations.

3. RESULTS AND DISCUSSION
3.1 Results of monotonic tests

As described in the experimental part, the maximum
and the minimum amplitude (torque and rotation) of the
stick-slip movement are the interesting parameters for
our investigations, so we decided to set these two points
in relation. The minimum (stress and rotation) was
subtracted from the maximum (stress and rotation). The
result for the unfilled material is shown in Figure 5.
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Figure 5. Diagram of the stick-slip deltas in connection to
the load and velocity for TPU,

The intensity of the stick-slip is definitively
dependent on the load and velocity. Figure 5 shows also
a clear detachment of the load and velocity regions.

The same observations were made for the filled
material and are displayed in Figure 6.

For TPUs there is no clear dependence of the load
and velocity evident. In comparison to the unfilled

material (Fig. 5), especially in the area from 0° to 1° and
0 MPa to 0.1 MPa, no explicit distinction of the stick-
slip intensity is possible.
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Figure 6. Diagram of the stick-slip deltas in connection to
the load and velocity for TPUs

The main reason that there is no visible separation of
the load and velocity influences (in contrast to TPU ) is
the existence of the filler. The filler reduces the stick-
slip occurrence and intensity.

3.2 Results of cyclic tests

To combine all ambient conditions (load, frequency and
amplitude) for a better material selection we created a
“Running condition stick-slip map” which was proposed
by [9] and generated based on our experimental data.
The RCSSM displays different levels of stick-slip (Fig.
7).

For low amplitudes the friction behaviour is mostly
located in the partial slip region and for high amplitudes
in the so called gross slip region where normally steady
slip takes place.

To show the regions also for the filled material in
Figure 8 the RCSSM is displayed.

The influence of the filler is obvious. The material
with no filler has higher tendency to stick-slip as the

1,6 /
144 linear = 0.5 MPa at 0.003Hz
] / ‘ non linear I ® 1 MPaat 0.003Hz
w L2 1.5 MPa at 0.003Hz
= o A N i s 4 0.5 MPaat0.01Hz
e ¢ 1MPaat0.01Hz
o 08 ‘ " 1.5 MPa at 0.01Hz
2 1 \ | ® 0.5 MPa at 0.05Hz
£ 064 ‘—(73,' ¢ 1 MPaat0.05Hz
A N ,eé - - o 1.5 MPa at 0.05Hz
£ 04 = A 0.5MPaat0.1Hz
§ =3 A 1MPaat0.1Hz
0.2 } TPU,, 1.5 MPa at 0.1Hz
0,0 l

0,0 0,2 0,4 0,6 0,8 1,0 1,2

14

1,6 18 2,0

Displacement at maximum stress  ¢__., [°]

Figure 7. Running condition stick-slip map for TPU,
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Figure 9. Difference between TPU; and TPU,; for high
amplitudes

So we decided to look also at this phenomenon
because it affects the region of the gross slip. We found
out that there must be two possibilities for the gross slip
region.

There is a stable and an instable condition for the
gross slip and this state is highly influenced by the filler.

We looked at the critical displacements when the
instability began and plotted that for both materials and
for all amplitudes to characterise the occurrence of the
gross slip instability (see Figure 10).
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Figure 10. Mean value of the critical displacement at stick
for different amplitudes for both materials

The unfilled grade shows a clear linear progress for
low and for high amplitudes. In contrast the filled grade
starts also linear, but from 2° amplitude the curves begin
to buckle.

This appearance covers with the hysteresis shapes
for the filled material. This also shows that the filler is
responsible for this instability.

4. CONCLUSION AND OUTLOOK

Stable and reliable torque-angle curves were
measured in both monotonic and cyclic experiments.
The critical values for stick-slip transition conditions
were determined in terms of shear stress and strain
values.

The determination of running condition stick-slip
maps (RCSSM) can support both material selection and
development for a specific application.

To support further FEM simulations in previous
experiments load and frequency dependent surface
related bulk viscoelastic parameters were determined
(DMA, creep). Measurements based on hysteretic
stress-strain curves are ongoing. To establish a proper
surface/bulk property relationship, these surface related
parameters will be compared to the bulk viscoelastic
parameters.
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PA3BOJ IOCTYIIKA 3A MEXAHUYKO
HNCIIUTUBAILE TMHAMMUKE NOBPINIUHCKHUX
MMPOLECA KOJ TEPMOIIVTIACTUYHHUX
HOJINYPETAHA

Angpeac Xaycoeprep, Hmrsan I'ogop, Tomac
HIBapu, 3oaran Majop

[ojaBa cruk-ciun (stick-slip) edexra kox enecromepa,
npu oaroeapajyhuM pagHuM ycJIOBHMA, je jako OuUTHA
KOJI MHOTHX TPHOOJIOIIKUX NPHUMEHa OBHX Marepujaia.
VY npaxcu HepaBHOMEPHOCT Tpolieca Tpema (CTUK-CIIUI
edekar) MMa HeraTMBaH YTHIA] Ha KapaKTEpPHCTHKE
KIIM3alka pa3lIMuUTHX KOMIIOHEHaTa (HIp. 3alTHBKH,
Opucada, IpUTYIIUBaYa U aMOpTH3Epa). 3a oxpehuBame
KapaKTepUCTHKA IOJIMMepa y YCIIOBUMa KiHM3ama ca
MIPUCYTHAM CTHK-CIIAI ePeKToM KopuirheHa je moceOHa
armapaTypa Ha IPHUHLMIY pOTalujeé TUma ,,IpCTeH Ha
JMCKY“, Koja je wWHCTanupaHa Ha ypehajy ca
JMHAMUYKMM aKCHjaJJHUM M MOMEHTHUM omTepehemeM
(BOSE 3200AT). OBaj pan omnucyje MO KOjUM
yCJIOBUMA HACcTaje CTUK-CIHUI eeKar (IIpyU CTaTHIKOM U
npu ITUHaMH4YKoM ontepehemy) M Kako ce J00HjeHH
pe3yiITaTH MOTy MCKOPUCTHUTH 32 KBAJIMTETHHjH H300p
Marepujasia. Y Ty CBpXy cy napamerpu omntepehema,
Op3uHE M aMIUIMTyJe KpeTama IaTH AWjarpaMCcKH |
o0jemMeHN Yy Mamy ,,CTHK-CIUI e(eKkaT W YCIOBH
Kperama‘.
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