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THERMAL EFFECTS IN ROLLING/SLIDING CONTACTS

by

T. A. Dow, R. D. Stockwell,
T. L. Merriman and J. W. Kannel

This report discusses the results of a series of pressure and
temperature distributions measured between a pair of elastohydrodynamically
(EHD) lubricated disks. Three lubricants have been studied: a synthetic
paraffinic oil (XRM~109F), polyphenyl ether (0S-124), and a traction fluid
(Santotrac 50). Pressure and temperature readings throughout the contact
are presented as three-dimensional plots. Measurements of the EHD film
thickness, and the tractive force between disks under slip conditions are
also presented. Data are presented for one surface speed, three values of
disk load, and two values of slip. A method for one-dimensional mapping
of tractive force is introduced. An instrumental part of the method is the
data handling capability of an digitizing oscilliscope which captures signals
from a traction probe. The oscilliscope's capabilities are greatly expanded
by a microprocessor which controls its functions. Preliminary results from
this method of local traction measurement are presented.

INTRODUCTION

One of most important parameters of a rolling/sliding contact
is also one of the least defined, and that is the interface temperature.
In a journal bearing, the heat is generated by shear of the fluid between
the journal and shaft. Most of the heat generation occurs in the high
pressure region where the clearance is at a minimum. The heat generation
in this area affects the fluid properties and, thus, the friction through-
out the lubricant film.

In an EHD contact, the situation is more complicated. The elastic
deflections of the mating parts define the geometry of the contact and the
fluid flow through this region defines the heat generation, which in turn
influences the properties of the lubricant.




It has only been in recent years that the surface temperature
in EHD contacts has been measured. In a program for ONR, Kannel and Dow(l)*
have measured temperature distributions (as well as pressure) in EHD con-
tacts using surface transducers. These transducers are vapor-deposited thin
metallic films whose resistances are functions of temperature and pressure.
The technique allows simultaneous measurements of pressure and temperature
on one small region of the disk surface as it moves through the high pressure

(2)

region. This data has been used in an analysis of the sources and sinks

for heat generation in the contact. The analysis was carried out for several
oils, assuming a Newtonian fluid model. The results were extremely interest-
ing; however, the heating terms did not exactly balance the dissipation terms.

The past experiments have produced a picture of the temperature
and pressure distribution through the center of the contact. In the section
entitled, Mapping the Contact Pressure and Temperature, the current experi-~
ments extend that view to the whole interface and 3-D plots of the pressure
and temperature have been produced. These experiments have also included
measurements of the film thickness and traction which existed during the
pressure and temperature movements. In this manner, a complete picture of
the contact has been developed for the whole contact region.

The second part of this report, Mapping the Local Shear Stress,
deals with an innovation in traction measurement. In addition to the conven-
tional method of measuring a traction value which represents an average over
the entire contact region, a traction transducer which measures tractive
force as a function of position in the contact region has been devised. The
basis of this new device is a small paddle which is machined into a cylindri-
cal disk, When the paddle comes into rolling contact with another disk, the
traction produces a deflection of the paddle which can be used to determine
the tractive forces. Pufliminary theory and operation of this device is pre-

sented along with gome initial experimental results.

*References are listed on page 53.




MAPPING THE CONTACT PRESSURE AND TEMPERATURE

Apparatus

The data was generated on a twin-disk machine (described in

Reference 1) which consists of a pair of 35.6~mm (nominal diameter) disks,

independently driven by 1.25 hp drive motors. The nominal motor speed during
the experiments was 5,000 rpm. For operation at this speed, the motor can
generate a maximum force to produce slip between the disk of 89 N (20 pounds).
This situation was limited to the slip which could be imposed on the traction
fluid at the higher values of disk loading.

i The upper disk is a crowned, cylindrical disk whereas the lower
disk is a pure cylinder. The diameter of the lower disk is 35.7 mm (1.4
inches). The upper disk has a crown radius of 205.7 mm (8.1 inches) and a
diameter in the center of 35.458 mm (1.396 inches). This diameter variation
means that the disks must be run at a small indicated slip value to be in true
rolling contact.

The disk speeds are measured by electronic counters which read
the pulses from a 60-tooth pickup on each motor shaft. The value of the
slip between the disk surfaces is measured by a ratio meter which gives the
ratio of the upper disk speed to the lower disk speed. For the disk diameters
given above, the indicated slip for the case of pure rolling would be 1.0068.
This value was corroborated during the slip experiments for the traction
fluid where if the disks were taken out of contact at this value of slip,
little or no change in traction occurred.

The disk load was applied by a deadweight system with a mechanical
advantage of 11.4 to 1.0. Table 1 shows the disk load and the dimensions of
the contact for each of the load values studied. The equivalent Hertzian
stress for each load is also shown in the table and the values range from
0.9 GPa (130.0 ksi) to 1.4 GPa (203.8 ksi). This load range includes severe

loading for common machine elements.




TABLE 1. DISK LOAD AND RESULTING CONTACT GEOMETRY

Hanger Disk Half-Width Half-length Maximum .
load, load, of Hertzian Contact, of Hertzian Contact, Hertzian Stress,

N N mm mm GPa

22 254 1.026 .132 0.89

40 454 1.250 .160 1.07

58 658 1.417 .183 1.22

85 970 1.605 .206 1.39

Lubricant Properties

Three lubricant properties were studied during the experiments
reported. Two of these lubricaqts (XRM-109F and 0S-124) were supplied by
Mr. R. J. Parker of NASA-Lewis Research Center. Limited property data for

these lubricants are shown in Table 2.

TABLE 2. LUBRICANT PROPERTIES

Test Test
Lubricant Viscosity, cp temp, viscosity,
Designation Description 38°C 100°C °c cp {
XRM-109F Synthetic paraffinic 360 32 58 130
hydrocarbon
0S-124 Polyphenyl ether 450 15 77 40
SANTOTRAC 50 39 5 25 53

The lubricant temperature during the experiments was selected

to produce sufficiently low viscosity to allow easy pumping of the lubri-

cant but high enough to produce thick hydrodynamic films both to nrotect

the pressure and temperature transducers from damage and to produce EHD

rather than boundary lubricated contact. |
The test temperature and viscosity of each fluid is also shown

in Table 2. The lubricant with the highest viscosity was the synthetic




paraffinic (XRM-109F) at 130 cp and the polyphenyl ether (0S-124) had
the lowest viscosity at 40 cp.

Experimental Procedure

The main objective of the experiments was to develop simultaneous
pressure and temperature data for different lubricants under EHD operating
conditions. As described in an earlier section, the surface pressure and
temperature were sensed by surface coatings whose active dimensions were
0.05 mm (0.002 inch) along the length of the contact and 0.10 mm (0.0039
inch) across the width of the contact. For the lowest load, these dimensions
are less than 20 percent of the length and 5 percent of the width and at
the maximum load they become 12 percent and 3 percent, respectively. These
relative dimensions show that the pressure transducer is long compared to
the length of the contact and, therefore, some details of the pressure trace
(e.g., the "pressure spike" at the outlet edge of the contact) were lost due
to the pressure signal being averaged over the width of the transducer.

During the experiments, it was noted that neither the pressure
nor the temperature trace was steady, but rather the signals varied slightly
for each passage through the conjunction region. Therefore, both the pres-
sure and temperature signals were averaged over 25 revolutions of the disk.

The experimental procedure which was developed involved loading
the disks in contact at the specified test conditions (disk load, temperature,
and slip). At the start of each test, the lower disk was positioned such
that the transducer was near the center of the contact. The pressure and
temperature traces were recorded successively (average of 25 revolutions
each), then the disk was unloaded, the lower disk moved 0.050 mm (0.0020 inch)
to the right (or left), and reloaded. The lower disk was moved in 0.51-mm
steps until the pressure and temperature readings went to zero. This disk
was then moved back to the center and moved through the other side of the
contact. When the entire contact was plotted, the next load was applied
and the procedure repeated. For each lubricant, the pregssure and temperature
traces were plotted for 0.0 percent slip at each load and then for the 5.0
percent slip condition.
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While the pressure and temperature data were being generated,
the X-ray system was used to measure the minimum separation of the disks
and the traction load cell recorded the tractive force between the disks.
This data should fully describe the contact conditions for future thermal

analysis of the contact.
Experimental Results

The pressure and temperature data generated during the experi-
ments are shown in Figures 1 through 17 and measured data for film thick-
ness and traction are shown in Table 3. The figures are presented in two
parts: Part A is the pressure distribution and Part B is the matching
temperature distribution.

The pressure and temperature profiles are presented on a coordi-
nate system whose relative proportions are similar to the actual geometry
of the contact. The length direction is the direction of rolling and each

division represents 3.12 x 10—3 mm (0.123 x 10'3 inch). The width dimension

is along the cylinder axis and each division represents 0.51 mm (0.020 inch).

The pressure and temperature readings were taken at each width division
and each 10th point is connected by a straight line to produce the surfaces
shown.

Figure 1A and 1B show the pressure and temperature distribution
at a disk loading of 254 Newtons. The peak pressure is 0.89 GPa (130 ksi)
and the peak temperature is 13°C. It is clear from the figure that these
two peaks do not coincide; the pressure peak occurs at about 400 length
units whereas the teﬁperature peak occurs at about 350 units. The relative
length of the contact for these figures is 85 units. Therefore, for this
pure rolling condition, the peak temperature occurs in the inlet region.
This same result was described in the earlier work(l).

Figures 2 and 3 are for 102 and 218 pounds (454 and 970 N) disk
loading respectively. For Figure 2, the peak pressure is nearly 1.07 GPa
(156 ksi) and the peak temperature is 14°C. The peak pressure in Figure 3
is 1.39 GPa (203 ksi) and the temperature peak is 15°C.




0¢ (0°g) z-ee <t (s%) T°1 8¢ 18 %21-S0 (e et A
Lz (0°2) 6°8 VA (%9) VAR 19 9L %¢1-S0 (9¢T) (0°1 11
9t (s°0) z°¢ 6°S (69) 8°1 7€ LL %¢1-80 (0£T) 68°0 ot
S (0'0) o0°0 0°0 (s%) 1 oY 9L %21-50 (e0z7) 6£°1 6
- (0'0) o0°0 0°0 (0%) €1 oY 08 %21-S0 (en) et - :
S (0°0) o0°0 0°0 (%9) VAR oYy 9L qwﬂanA (9¢T) £0°T 8 .
L (0°0) o0°0 0'0 (69) ST 9t 08 %21-50 (0eT) 68°0 L w
8¢ (0°S) ezt z°9 (09) €1 01T £9 J60T-HdX (€02) 6£°T 9 m
81 (0°2) 8'8 £°s (z29) 9°1 0t1 8¢ 460 T-WIX (9s1) (0°1 S - ~
ST (0°1>) 0°% 8°¢ (12) 8°1 otl 8¢ 460T-WaX (0ET) 68°0 4 m
Sl (0'0) o0°0 0°0 (€0) 8°'1 1 TA ! %9 d60T-WiX (€02) 6¢L°1 13 W
- (0'0) o0°0 0°0 (€6) £°C 1TA S 09 460T-WiX (e et -
KA (0°0) 0°0 0°0 (86) ¢ sct s9 J60T-HiX (9sT) L0°1 4
£l (0°0) o0°0 0°0 (€€T) €'t 1 1A 119 460T-WIX (0£1) 68°0 T
e (sq1) N jugdaad 0T X "UT QI X um do 9, ‘(e)dudy juedtagng (rs) ®d9 2an314
¢ due uorjoeag ¢dr1s SSOUITYL ¢£311S028TA ASTA 2anssaiyg
aoeJINS WwiTq jead

qe=ad

] VIVQ NOILOVEL GNV SSINNOIHL WIId QIUNSVAW °€ 374V

| |




*8373131 2an37J uo paisy] sanyea asoul woaJ ATIY81(s Liea sainjeaadwal HSIp awos (B)
- (0°'0) o0°0 0°0 (v2) 09° - 44 0s .oﬂaoaﬁm MmMNV am.ﬂ- -
== (0°0) o0°0 0°0 (s2) €9’ - ¢ 06 OVMIOINVS  (LLT) TT°1 - _
- (0°0) 0°0 0°0 (s2) €9° - 9¢ 0§ OVMIOINVS  (9ST) (£0°T -
- (0°0) o0°0 0°0 (€€) £8° - oL 0S OVYIOINVS  (OET) 68°0 -
ot (¢2°6) 6°0% 0°2 (69) 81 1% 62 06 OVMIOINVS  (9ST) ([0°T L1 ®
0s (8°1) 8°¢ S°sS (70) 6°1 119 XA 0S OVIIOINVS (OET) 68°0 91
9 (0°0) 00 0°0 (99) vl Ls 6€ 0S OVHIOINVS  (£0Z) 6E°T S1
- (0°0) o0°0 0°0 (e2) 81 LS 9t 0S JDVMIOINVS  (£LT) z2°1 --
9 (0°0) 0°0 0°0 (62) 0°¢ LS 43 0S¢ OVHIOINVS  (9ST) (0°T 7T
6 (0°0) o0°0 0°0 (6) £°e LS 1€ 0S OVMLOINVS  (OET) 68°0 €1
2 (s41) N Juadaad Q0T X “Uf QT X um do o .Amvasma Juedfaqn (1s1) edo aan814
¢‘dwa3 uogjloei] ‘drt1s SS3UNITYL ¢£3¥S00STA A8TIq EXULTES ¥
aoejans uyryd Nead
Aead
QANNIINOD “¢ JT14V1




T

For these three pure rolling cases, (Figures 1, 2, and 3), the
peak temperature occurs in the inlet zone of the contact. Figures 4 through
6 show the pressure and temperature for 5~6 percent slip. As shown in
Table 3, the peak temperature is proportional to the load (and therefore
the traction), the peak temperature for the highest load being twice that
of the pure rolling condition.

Figures 7 through 9 are for pure rolling conditions using the
polyphenyl ether (0S-124). These pure rolling cases show very low surface
temperatures, about half the values measured for the synthetic paraffinic
lubricant previously discussed. The surface temperatures measured using
the 05-124 were essentially independent of the loading.

The slip cases studied for polyphenyl ether are shown in Figures
10 through 12. Table 3 shows the slip is not constant for these three
cases due to experimental control; however, the peak temperatures measured
during these experiments are above 20°C or more than 4 times the pure
rolling values.

The pure rolling experiments with the traction fluid (Santotrac
50) are shown in Figures 13 through 15. These pure rolling cases show
peak temperatures in the range measured for the other two oils 6-9°C.
However, when slip is developed using this lubricant, the tractive
force and the peak temperature rise rapidly. The highest surface tempera-
ture rise was measured with this lubricant at the low disk load and 5.5
percent slip; this surface temperature peak was 50°C (figure 16B). At
the higher disk loading (Figure 17), the slip was conservatively limited
to 2.0 percent, but the temperature rise still exceeded 30°C.

Discussion

The objective of these experiments has been to generate experimental
temperature and pressure data for a variety of lubricant chemistries. These
data will be used to refine a thermal model of contact process which can be
used to estimate the heating and the temperature rise for other lubricants
and operating conditions.

The data presented in this report shows marked differences in

temperature as a function of the lubricant, both at pure rolling and




rolling/sliding conditions. This data should provide the necessary experi-

mental corroboration for the analytical heat balance, which will be developed

in another project.

MAPPING THE LOCAL SHEAR STRESS

Approach

As a lubricant enters into the elastohydrodynamic contact region,

its behavior changes markedly from that at ambient conditions. For example,

the pressure and temperatures discussed previously cause significant change

in lubricant viscosity and, possibly, even in the physical state of the

fluid. It is possible, for example, that the fluid enters into a glass

3)

transition state

. Various researchers(a-s) have attempted to define

this state of the fluid by theoretical and indirect experimental measure-

ment.

One goal of these models is to understand the

shear stress in

the fluid with the objective of predicting fluid traction. If it were

possible to measure shear stress at a point and then sweep this point

through the contact region, you would have a shear measurement which is

only a function of position. The integral of this shear stress over the

contact area is the tractive force, FT'

FT-f'I‘(x)dA .
A

Here T(x) is the shear stress as a function of position and A is the contact

area.

Figure 18 is a schematic drawing of a method of measuring the shear

stress. The diagram shows two disks in rolling contact.

The lower disk has

slots milled into the surface to form a paddle. The shear stress on the

paddle from the contact with the other disk deflects the paddle as a simple

beam which is end loaded. The beam is extended axially
for a proximity probe to bear on to measure deflection.

are described in detail in the experimental apparatus.

10

to provide a surface
The paddle and probe
The output from the
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the probe represents the integral of the shear stress over the entire con-
tact region. The derivative of this signal is a continuous function which

shows the tractive force level at each position of the contact zone.

Apparatus

The traction measurement device consist of two 36.118-mm (1.422
inches) center diameter disks, mounted in the same twin disk machine used
in the experiments described earlier. These disks are shown in Figures
19 and 20. Both disks are 6.350 mm (0.250 inch) wide. The upper disk has
a 139.7-mm (5.5 inches) crown radius.

The lower disk is cylindrical with the following modifications.
Three .203 mm (.008 inch) slots have been machined across the face, by the
electric discharge method, to form two paddles. These paddles are .508 mm
(.020 inch) thick circumferentially, 2.54 mm (0.10 inch) deep radially, and
are 6.350 mm (.250 inch) wide at the base. The tip of the paddle has a
flap which extends axially. This flap provides a surface for a proximity
probe to bear on. These details of the flap are shown in Figure 20. The
proximity probe used is a Kaman KD2300-5SU, which is sensitive to motions
on the order of 254 x 10-% mm (10 x 10~6 inch).

The output from the probe is received by a microprocessor-controlled

digitizing oscilliscope which stores and manipulates results as described in

the experimental procedure.

Experimental Procedure and Results

The two disk were brought into contact and the lower disk driven
at approximately 120 rpm. They were then loaded to approximately 1.4 GPa
(200 ksi). Approximately 31 Newtons (7 pounds) of traction was applied to
the upper disk. The disks were coated with a light film of high viscosity
oil.

The deflection of the paddle on the lower disk was picked up by
the proximity probe and transferred through a slip ring to the oscilliscope.

The oscilliscope digitizes analog signals at a high resolution of 1012 points

per pulse (10 cm screen, horizontally). Since the traction signal varied

slightly with each pass, the capability of the oscilliscope controller to

11




acquire an average signal was applied over 10-25 revolutions. The
signal was next smoothed. Smoothing of the signal removes system noise
which imposes a high frequency ripple on top of the proximity probe's
output. Without this smoothing capability, the derivative of the signal
is rendered undecipherable by the derivative of the noise component. The
resultant acquired, averaged, 4iid smoothed signal is shown in Figure 21(a).
The next step was to perform a differentiating algorithm on
the signal, as previously discussed, to arrive at Figure 21(b). The
oscilliscope further allows us to section off the inlet and outlet por-
tions of this traction signal and invert the inlet section. This pro-
duces the comparison of Figures 22(a) and 22(b) which shows these two

traces offset by one vertical division.

Discussion

This effort in shear stress measurement is, of course, very
rudimentary and must be considered quite tentative. However, it is in-
teresting to speculate what these measurements show, or at least, can
show about lubricant shear stresses. The data of Figure 21(a) have been
manipulated, as previously described, to show inferred shear stress for
both the inlet side of the measurement and the outlet side (Figures 22(a)
and 22(b)). The two curves are considerably different. Further, this
difference was very repeatable in the experiments.

The "inlet" shear stress curve, Figure 22(a) tends to show a
higher peak and tends to conform to the Hertz contact pressure ellipse.
This suggests that as the transducer enters into contact, the slot causes
any lubricant to be depleted and only dry contact occurs. For this case,
the shear stress would be a constant friction coefficient times the
Hertz pressure.

The "outlet" shear stress, Figure 22(b), is measured as a result
of the shear stress transducer being unloaded (in shear). For this case,
lubricant could be trapped on the transducer by the normal elastohydro-
dynamic process. For this situation, the shear stress magnitude is reduced

and spread out over a wide region.
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The goal of these studies was to explore the feasibility of
a shear stress transducer and the technique looks very promising. In
future projects, it should be possible to refine this type of technique
to obtain a new dimension in EHD measurements. These measurements will
furnish critical inputs to understanding the lubricant behavior in con-

centrated contacts.
CONCLUSIONS

Two types of techniques for evaluating EHD lubrication have
been presented in this report. The essence of the first technique has
been described in previous reports and involves direct pressure and
temperature measurements by the use of vapor-deposited transducer. In
the current study, this technique was extended to include three-dimensional
temperature-pressure mapping for the contact zone. The data are quite
informative about the EHD contact and are to be evaluated, under separate
ONR contract, by Dr. T. A. Dow at North Cagolina State University.

The second technique discussed is a new concept for measuring
traction distribution (or shear stresses) in the contact region. This
technique incorporates two recently developed research tools,

(1) a sensitive (and stable) proximity probe,

(2) a computer-coupled oscilloscope.

The proximity probe allows for minor deflection of the shear transducer

to be detected. The oscilloscope allows for the integrated traction
measurements to be reduced to local shear stress. The preliminary measure-
ments with the transducer indicate that it may be a powerful tool for

EHD experiments.

13




PRESSURE DISTRIBUTION

Figure 1A. Surface pressure and typical distribution for
XRM-109F at 59C and 0.0 percent slip.
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TEMPERATURE DISTRIBUTION

Figure 1B. Disk Load = 254 N (57 pounds)
Peak Pressure = 0.89 GPa (130 ksi)
Peak Temperature = 13C -3
Length Calibration = 3.12 x 10 ~ mm/div (0.123 inch/div)
Width Calibration = 0.51 mm/div (0.020 inch/div)
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PRESSURE DISTRIBUTION

Figure 6A. Surface pressure and temperature distribution for
XRM-109F at 63C and 6.2 percent slip.
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TEMPERATURE DISTRIBUTION
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Figure 6B. Disk Load = 970 N (218 pounds)
Peak Pressure = 1.39 GPa (203 ksi)
Peak Temperature = 28C -3
Length Calibration = 3.12 x 10 ~ mm/div (0.123 inch/div)
Width Calibration = 0.51 mm/div (0.020 inch/div)
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Figure 7B. Disk Load = 254 N (57 pounds)
Peak Pressure = 0.89 GPa (130 ksi)
Peak Temperature = 7C

Length Calibration = 3.12 x 10~2 mm/div (0.123 inch/div)
inch/div)

Width Calibration = 0.51 mm/div (0.020
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Figure 8A. Surface pressure
0S-124 at 72C an

and temp

e
d 0.0 percent
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TEMPERATURE DISTRIBUTION

Figure 8B.

Disk Load = 454 N (102 pounds)

Peak Pregsure = 1.07 GPa (156 ksi)

Peak Temperature = 5C -3

Length Calibration = 3.12 x 10 ~ mm/div (0.123 inch/div)
Width Calibration = 0.51 mm/div (0.020 inch/div)
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PRESSURE DISTRIBUTION

0°00%

Figure 9A. Surface pressure and temperature distribution for
0S-124 at 72C and 0.0 percent slip.
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TEMPERATURE DISTRIBUTION
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Figure 9B.
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Disk Load = 970 N (218 pounds)

Peak Pressure = 1.39 GPa (203 ksi)

Peak Temperature = 5C -3

Length Calibration = 3,12 x 10"~ mm/div (0.123 inch/div)
Width Calibration = 0,51 mm/div (0.020 inch/div)
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TEMPERATURE DISTRIBUTION

Figure 10B.

Disk Load = 254 N (57 pounds)

Peak Pressure = 0.89 GPa (130 ksi)

Peak Temperature = 24C -3

Length Calibration = 3.12 x 10 ~ mm/div (0.123 inch/div)
Width Calibration = 0.51 mm/div (0.020 inch/div)
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0°00%

Figure 11A.

Surface pressure and temperature distribution for
0S~124 at 76C and 4.4 percent slip.
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Figure 11A,

0‘@ 3’ ‘6“31'

Disk Load = 454 N (102 pounds)

Peak Pressure = 1.07 GPa (156 ksi)

Peak Temperature = 27C -3

Length Calibration = 3,12 x 10 ~ mm/div (0.123 inch/div)
Width Calibration = 0.51 mm/div (0.020 inch/div)
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PRESSURE DISTRIBUTION

Figure 12A. Surface pressure
0S-124 at 81C an
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TEMPERATURE OISTRIBUTION

0°0v

Figure 12B.

0
0'& D° CANBL

Disk Load = 658 N (148 pounds)

Peak Pressure = 1.22 GPa (177 ksi)

Peak Temperature = 20C -3

Length Calibration = 3.12 x 10 ~ mm/div (0.123 inch/div)
width Calibration = 0.51 mm/div (0.020 inch/div)
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Figure 15A., Surface pressure and temperature distribution for
Santotrac 50 at 24C and 0.0 percent slip.
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TEMPERATURE DISTRIBUTION

Figure 16B.

Disk Load = 254 N (57 pounds)

Peak Pressure = 0,89 GPa (130 ksi)

Peak Temperature = 50C -3

Length Calibration = 3,12 x 10 ~ mm/div (0.123 inch/div)
Width Calibration = 0.51 mm/div (0.020 inch/div)
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Figure 17B. i

454 N (102 pounds)
essure = 1,07 GPa (156 ksi)

Disk Load =

Peak Pr

Peak Temperature = 30C -3

Length Calibration = 3.12 x 10 ~ mm/div (0.123 inch/div)
Width Calibration = 0.51 mm/div (0.020 inch/div)
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Contact zone

e

Figure 18, Traction transducer entering contact region
of rolling disk.




Figure 19. Local traction transducer and mated test disk.
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Contact point of
proximity probe
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Figure 20. Cross section of disc showing details of
traction measurement paddle.
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Figure 21. Traction transducer output. |

Speed: 120 rpm 36,118 mm diameter disk (1.422 inches)
Load: 1.4 GPa (200 ksi)
Traction: 31 N (7 pounds)
Scope Sweep: 10ms/div (upper trace)
4.803ms/div (lower trace)
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(a) 1inlet contact region

(b) outlet contact region

Figure 22. Differentiated traction transducer output.

Speed: 120 rpm 36.118 mm diameter disk (1.422 inches)

Load: 1.4 GPa (200 ksi)
Traction: 31 N (7 pounds)
Scope Sweep: 2.5ms/div
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