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Research Regarding the Improvements
of Tribological Behavior in Three Cone
Bits Bearings

Sliding bearings in three cone bits are lubricated in heavy conditions. To
improve tribological behavior, samples of bearings materials were made
with implants of antifriction materials with different rapport between
implant and free base material in the presence of different greases.
Antifriction material has a greater dilatation coefficient than base
material. If the implant dimension is too small, the solid Ilubricant
capability to cover the base material does not enssure a proper friction
coefficient. If the implant dimension is too great the external load could
not be supported. On Amsler A135 the proper implant rapport, measuring
friction coefficient and wear were established. The behavior of the greases
containing PTFE was also established. In a second phase of the tests a
device for testing three cone bits bearings at real axial loads was designed
and realized. With SPIDER 8 device and inductive traducers we
established the friction coefficients and the temperature on friction surface,

depending on implants dimensions and grease lubricant type.

Keywords: three cone bits bearings, friction coefficient, temperature.

1. INTRODUCTION

In hydrocarbons, but not only, wells, drilling bits are of
great importance. This complex device works at great
deep supporting loads, especially at fast drilling, greater
than 300 kN and speed over 500 rpm [1]. In drill bit
active surfaces we have abrasive, erosive, corrosive,
adhesive and impact wear at variable loads. These heavy
working conditions are rarely met in surface industry, so
construction, materials and technology used in drill bits
manufacturing have to solve many problems.

In order to improve durability of drill bits, the paper
present the results and the solutions to raise the
durability in three cone bits sliding bearings. In Figure 1
we could see that sliding bearings 5 and 6 is close of
sealing 3. It’s very important that lubricant is not
contaminated with drilling fluid. Because properties of
rubber used at sealing are maintained till 80 °C, the
temperature in sliding bearings must not exceed this
temperature.

To diminish friction coefficient copper implants are
used [2,3]. Loading capacity of sliding bearings depends
of surface cover capacity of copper implants. Grease
lubricant type is also important above wear and friction
behavior. In this order this work establishes the proper
implant rapport and the behavior of a new lubricant
grease above wear, friction coefficient and temperature
in three cone bits sliding bearings.

2. EXPERIMENTS

The speed and grease influence, measuring friction
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coefficient, wear and temperature, were established on a
universal testing machine, type Amsler A135. It was
also established the behavior of the greases containing
PTFE. In a second phase of the tests a device for testing
three cone bits bearings at real axial loads was designed
and realized. With SPIDER 8 device and inductive
traducers we established the friction coefficients and the
temperature on friction surface, depending on implants
dimensions and grease lubricant type.

Figure 1. Sealing and lubrication of bearings

2.1 Experiments on the Amsler machine

The samples presented in Figure 2 [4,5] were made of:
e shoe material 20MoCrNi06 (0.17 — 0.23 % C,
0.60 — 0.90 % Mn, 0.20 — 0.35 % Si, 0.35 — 0.65
% Cr, 0.35-0.76 % Ni, 0.20 — 0.30 % Mo, max.
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0.025 % S and P and max. 0.3 % Cu) with
implants of copper;
o cylinder surface layer of METCO Stellite 20.
On shoe surface implants of copper were made, as
presented in Figure 3 [3].

1
1 — Cylinder (d; = 30, 40 and 60 mm); 2 — Shoe

Figure 2. Amsler samples

Temperature was measured with a thermocouple
type J and a multimeter type APPA 306. The
thermocouple was inserted in the shoe sample close to
the friction surface (Fig. 2).

Figure 3. Implants on shoe surface

The testing conditions were:
« normal load 1250 N in wear tests;
e cylinder rotation speed 200 rpm;
e lubricant classical grease and new grease with
PTFE.
In Figure 4 are presented the results for friction
coefficients.
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Figure 4. Friction coefficient vs. normal load

The cylinder samples diameters were 30, 40 and 60
mm. The capability of shoe copper implants to cover the
cylinder surface is maximum at the minimum tested
diameter. As it is shown in Figure 4 the friction
coefficients are smaller at 0.314 m/s (diameter 30 mm)
and in the presence of new grease with PTFE.
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Figure 5 represents the gravimetric wear curves at
sliding speed of 0.418 m/s.
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Figure 5. Wear curves at sliding speed of 0.418 m/s

Similar wear curves were obtained at 0.314 m/s and
0.628 m/s. The wear values are smaller at minimum
sliding speed (friction length is smaller) and in the
presence with a new lubricant grease.

In Table 1 are presented the temperature results.

Table 1. Temperature results on Amsler shoe sample

Sliding speed, . Time | Temperature
v, [m/s] Lubricant [min.] [°C]
0314 Classical grease 82

Grease with PTFE 76
0.418 Classical grease 60 84
Grease with PTFE 81
0.628 Classical grease 88
Grease with PTFE 83

From the values presented in Table 1 it could be
observed that temperatures were smaller in the presence
of a new grease with PTFE powder. Because the
lubrication was realized manually, in an open system,
the obtained temperature values were rather over the
recommended values.

2.2 Experiments on a device for testing three cone
bits bearings at real axial loads

Plain axial sliding bearing has the purpose to support
the entire axial load which acts on cone during the
drilling.

In Figure 6 is represented the construction of the
axial sliding bearing and in Figure 7 the relative
position of the copper implants, depending on the zone
covered with stellite [2,3].

Figure 6. Construction of axial sliding bearing
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Figure 7. Relative position of implants

Taking into account that:
e n—represents the implant number;
e [—distance between two implants;

e« K= L the covering coefficient.

D;

In Table 2 are presented the dimensions for axial
sliding bearing drill bit type S — 8 % GJ.

Table 2. Dimensions of axial sliding bearing

Type and
drill d¢ [mm] | d; [mm] | b [mm] |dy [mm]|D¢ [mm]
dimension
50 35 7.5 425 45
_83 n
S=874GI\D; [mm] implants /[mm] K| s (mm]
5 6 18.55 3.71 0

To evaluate the friction coefficient and temperature
a device, as shown in Figure 8 [2], was designed and
realized.

Figure 8. Device for testing three cone bits axial sliding
bearings

Axial load and friction torque are measured using
two strain gauges and a strain traducer type SPIDER 8
and Catman Easy software program. Temperature was
measured with a J type thermocouple. Figure 9 shows
the samples dimensions [2].

Samples with 6, 8 and 12 copper implants were
tested at an axial load of 5000 N and rotation speed of
120 rpm in the presence of classical grease and a new
grease with PTFE.
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Figure 9. Samples dimensions: (a) fixed sample button type
with stellite layer and (b) mobile sample type con with
implants

In Figure 10 the friction coefficients results are
represented at couple button with stellite layer and cone
carburized and with 8 copper implants in the presence
of grease with PTFE and in Figure 11 the classical drill
bit grease was used.
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Figure 10. Friction coefficient at couple materials with 8
copper implants and grease with PTFE
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Figure 11. Friction coefficient at couple materials with 8
copper implants and classical drill bit grease

In Figure 12 it is shown the temperature variation at
couple button with stellite layer and cone carburized and
with 8 copper implants in the presence of grease with
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PTFE and in Figure 13 the medium was classical drill
bit grease.
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Figure 12. Temperature variation at couple materials with 8
copper implants and grease with PTFE
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Figure 13. Temperature variation at couple materials with 8
copper implants and classical drill bit grease

Similar results were obtained for different tests
conditions and are presented in Table 3.

Table 3. Friction coefficients and temperature results

Materials Lubricant Friction | Temperature
couple coefficient [°C]
Carburized | Classical grease 1.30 80
stratum/ Grease with
Stellite layer PTFE 0.87 70
Carburized | Classical grease 0.90 67
stratum with 6 G h
implants/ rease wi 0.82-0.87 63
Stellite layer PTFE
Carburized | Classical grease 0.75 66
stratum with 8 ]
implants/ Grease with 03-06 62
Stellite layer PTFE
Carburized | Classical grease | 0.55 —0.80 74
stratum with ]
12 implants/ Grease with 0.75 70
Stellite layer PTFE

3. CONCLUSIONS

The main conclusions resulted after the tests are:

o using PTFE powder in the actual drill grease to
obtain a new grease, the friction coefficient and
temperature on the friction surface were reduced;

« in the presence of actual drill grease the friction
coefficient rises;

e in the presence of drill grease with PTFE the
friction coefficient decreases with a tendency to
stabilize at a smaller value than at the friction start;

e temperature rises with a smaller gradient in the
presence of drill grease with PTFE;

e copper implants on the frontal carburised surface
of axial sliding bearing diminish friction
coefficient and temperature;
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e in drill bit 8 % GJ for the three types of implants
number, the best solution was with 8 copper
implants when the smallest values for friction
coefficient and temperature were obtained,

e friction coefficient at drill grease with PTFE
powder has important variation due to forming
and disbonding the Teflon layer.
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HNCTPAXKHNBABE ITOBOJ/BITABA
TPUBOJIOIIKUX KAPAKTEPUCTHUKA
JIEIKAJA 3A TP KOHUYHA YMETKA

Jon 3unapy, Pa3Ban I'eopr Puneany, Joan Tynop,
Anpujan Karaaun {pymeany

Kiusan nexaju ca Tpu KOHHMYHA YMETKa ce MoaMasyjy
IPU pajly y OTEKaHUM YCIOBUMA. Y IHJbY MOOOJbIIAHA
TPHUOOJIOMIKIX KapaKTepUCTHUKA H3pal)eH! Cy y30pIH O]
MaTepHjana 3a JieKaje ca UMIUIaHTAMa Of MaTepHjaiia
KOjU Jajy MajJo Tpeme, a ca pPa3IMYUTUM OJHOCOM
n3mehy marepujana UMIUIAaHTA U OCHOBHOT MaTepHjaia.
VY30puu cy MCHHTHBAaHH y YCIIOBUMa MOAMAa3HMBamba ca
pa3IMuUTHM BpCTaMa TEXHUYKUX MacTd. Marepujan
UMIUIaHTa je uMao Behu KoeHUIMjeHT wucre3ama y
OIHOCY Ha OCHOBHH Marepwjajl. AKO Cy IUMEH3Hje
UMIUIaHTa [peMaje 4YBpPCTO Mas3MBO He Qopmupa
NOTIYHH CJI0j) Ha OCHOBHOM Marepujaly H HE
06e30ehyje ce onroapajyhu koeduiujeHT Tpema. Ako
Cy IMMEH3Mje MMIUIaHTa IPEBEJMKE OHJIAa HE MOXKE Ja
ce M3ApXKHU croJeammbe ontepehemwe. [IpaBunan ogHoC
UMIUIaHTa je yTBpheH Ha ypehajy Amsler Al35,
MepemeM Koe(UIijeHTa Tpemha U BemnunHe xabama. Ha
uctoM ypehajy je UCIUTaH U yTUIA] TEXHHYKUX MACTH
koje campxe y cebu IITDE. VY npyroj oda3u
HCIUTHBamka MPOjeKTOBaH je W peanu3oBaH ypehaj 3a
WCIIUTHBAKE JieXkKaja ca TPU KOHMYHA YMETKa IpH
peannoM akcujanHoM ontepehemy. I[Tomohy ypehaja
SPIDER 8 yrBpheHH cy KoeQHIHjeHT Tpema |
TeMIlepaTypa Ha KJIM3HO] HNOBPLIMHHU y 3aBHCHOCTH O]
[ll/IMeHSI/lja HUMILJIaHTa U BPCTC TCXHUYKE MACTH.
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