2012 STLE Annual Meeting & Exhibition

May 6-10, 2012

Renaissance Grand Hotel & America’s Center
St. Louis, Missouri, USA

THERMOELECTRIC MEASUREMENTS OF SLIDING ASPERITY CONTACT FLASH
TEMPERATURES

TRACK OR CATEGORY
Contact Mechanics

AUTHORS AND INSTITUTIONS
R. A. Erck, O. O. Ajayi, and G. R. Fenske, Energy Systems Division, Argonne National
Laboratory, Argonne, IL 60439

INTRODUCTION
A knowledge of flash asperity heating of sliding surfaces is important for the understanding friction, wear,
and the generation of chemical reaction films that may form in oil-lubricated systems. When two materials
are brought together to form a sliding contact, friction and/or deformation at asperities causes a local and
momentary increase in temperature at the contacting points. The surface temperature also important for
understanding scuffing, which has been attributed to adiabatic shear instability under high loads and
speeds [1]. Several predictive models have been published for dry [2] and lubricated sliding [3] under
various conditions.
A direct means of measuring surface flash temperature rise is by using a dissimilar material
thermoelectric method. If the counterfaces are dissimilar materials that generate a thermoelectric voltage,
the dynamic thermocouple method can be used to measure surface temperatures during sliding.
This method has the advantage of good temperature calibration, but suffers from the drawback that the
flash temperatures of the steel-steel sliding system cannot be measured. In addition, if multiple asperities
at different temperatures are in contact, the measured temperature will be a value midway between these
temperatures. Only rarely will a single asperity be making contact. Nevertheless, this technique can be
useful is used properly.
Sliding couples that have been reported on include constantan-steel [3,], alumel-steel [4], Ni-brass and
others [5]. The article in Ref. 5 is noteworthy due to the very high rate of data acquisition.

EXPERIMENT
In this work, sliding flash temperatures were measured using unidirectional (block on ring) sliding
machine that incorporated a type K 35-mm diameter alumel ring that was slid against a stationary
chromel block. Data were obtained at rates up to 100 kHz, and an air motor was used to minimize
electrical interference. Fig. 1. shows a graph of data from two 20N load tests using a polished ring
immersed in either an unadditized PAO basestock (2 cP at 100C), or a synthetic 70W90 gear oil. The
instantaneous asperity temperature signal is very erratic, as junctions are created and broken during
rotation of the ring against the block.
Fig. 1 shows that low sliding speeds and coefficient of friction, maximum asperity heating does not
exceed a few tens of degrees, with occasional spikes to a few hundred C, thought to be due to a single or
few asperities in contact. But the combination of a large coefficient of friction and high sliding speed
produces temperatures up to 800C. The apparent periodicity is thought to be due to irregularities that
develop on the rotating ring.
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Fig. 1 Graphs of instantaneous asperity contact temperature, average asperity contact temperature,
coefficient of friction, and sliding speed as a function of time for a 20 N test. 1a) 75w90 oil. 1b) PAO2
basestock oil.

Fig. 2 is a histogram of the data from Fig. 1b
between 0.5 and 0.7s that shows that for -
sliding speeds near 4 m/s and a COF near =
0.6, where the sliding surfaces are poorly
separated by fluid, there is a broad
distribution of temperature centered around
400C. The spike at 100C is thought to be
due to a bulk rise of temperature in near- -
surface region that contributes to the overall s
“background” temperature.
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Scuffing may be described as a sudden Fig. 2. Histogram of data from Fig. 1b between
catastrophic failure of lubricated sliding 0.5and 0.7s

contact, and is usually accompanied by a

large sudden rise in friction, contact temperature and noise. The problem with scuffing, aside from its
technological importance, is that it usually gives no warning when it is about to happen. Scuffing is of
considerable importance in highly loaded steel contacts, but has been studied in many other systems.
Fig. 3 shows the behavior of a test at constant 50 N load in which an apparent low friction and
temperature steady state running seems
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Fia. 3. Graph of scuffina event that occurs after slidina at

For light loads, irregularities in the

surface will cause the sliding surfaces to be momentarily separated. Fig. X.

. For light-load oil-lubricated sliding up to 0.4 m/s, maximum and average temperatures were on the order
of 100 C and 50 C. For higher-load scuffing conditions, large increases in coefficient of friction to 0.6
were accompanied by large jumps in temperature to 800 C, although average temperatures did not
exceed 250 C during scuffing. Results are compared to analytical models of asperity heating.
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