Influence of oil-soluble additive Valena on the friction in a “journal-bush” tribological system
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Abstract – The paper considers the coefficient of friction change and temperature distribution in the contact zone of “journal-bush” tribological system under the drop-like (mixed-to-boundary) lubrication with SAE 80W transmission oil. Experimental results of the coefficient of friction vs. sliding time and the contact temperature variation in four characteristic points, for three values of normal load, are obtained in the comparative study carried out for the cases of sliding without and with Valena additive in the lubricant.
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Introduction

A trend in the decrease of friction and wear under conditions of boundary and mixed lubrication is the development of new lubricants and additives. The so-called repair-restoration additives play particular role in this progress. These additives partly restore the worn surfaces in certain lubrication regimes, reducing also the coefficient of friction in tribo-pairs. The metal-containing oil-soluble additives [1–4] are among them. Their influence is related to the self-organization processes in systems [5–6] and the phenomenon of selective transfer of materials [1, 7–9]. The metal-plating additive Valena is a metal-containing oil-soluble material, registered as patent by Kornik et al. [2]. This additive aims improvement of friction, wear and seizure properties in tribo-pairs as a result of the formation of 1 – 4 μm thick protective metal film on the surfaces of tribo-elements in the contact zone.

The purpose of the presented work was to investigate the influence of Valena metal-plating additive on some contact characteristics of the “journal-bush” tribological system. Results of the comparative study of coefficient of friction and contact temperature, in case of drop-like (mixed-to-boundary) lubrication with transmission oil SAE 80W, without and with Valena additive, at three normal loads, are presented.

Experimental details

The coefficient of friction measurements were carried out on the test device “DM 29M”, shown in Fig. 1. The device includes “journal-bush” system (plain bearing unit), driving and loading mechanisms, measuring and lubricating systems, embedded in the cage (1). The shaft (14) supported in two ball bearings is set in motion by the DC motor (12) by means of three-stage wedge-shaped belt drive (13). The studied “journal-bush” system is located in a duraluminium housing (15), and the bronze bush (16) is mounted at the end of the shaft (14) with bracket suspension fixing. Turning of the hand-grip (8) results in upward movement of the loading screw (9), so the loading frame (19) transmits the load to the bearing from below upwards. The load is read on the dynamometer (10) scale calibrated in kilogram force units (9.81 N). The tip of the upper strain indicator (7) touches a strain measuring beam (5) and the tip of the lower strain indicator (4) touches the measuring sheet connected to the beam (5), which is fastened to the duraluminium housing. During anticlockwise shaft rotation, the measuring beam (5) bends as a result of the frictional moment in a bearing and the indicator (4) indicates the displacement δ. Lubrication of the “journal-bush” system is provided through the oil hole on the upper part of the bush, and then through the oil groove to the contact zone. Lubricant is delivered from the reservoir (18) by the gravity flow though the delivery pipe and regulated by the regulating tap (17).

Dimensions and materials of the investigated plain bearing unit are shown in Table 1. The lubricant mixture with Valena additive is prepared by using a special procedure.

The procedure for determination of the coefficient of friction was as follows:
· Setting of the necessary rotational frequency n = 1350 min–1 = const. by regulating the three-stage wedge-shaped belt drive;
· Starting of the lubricating system by the regulating tap (17) allowing drop-like lubrication (30 to 40 drops per minute) with transmission oil SAE 80W, without and with Valena additive;
· Setting of the test normal load Р = 500/1250/1500 N by the loading screw (9) and reading of it on the scale of the dynamometer (10); after the load of 500 N, the experiment is repeated for the loads 1250 N and 1500 N without interruption of the operation of the system;
· Resetting to zero the both strain indicators (4) and (7);
· Switching on the DC motor;
· Reading of the value δ on the lower strain indicator (4) every 20 s, i.e. after 20, 40, 60, 80, 100 and 120 seconds; the value on the upper strain indicator (7) should be zero during the reading;
· Calculating of the coefficient of friction μ for each time step, for a given load P, using the formula:
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where: k = 0.23 is the constant of the device; δ in is the value on the lower strain indicator (4) and P is given normal load.

For each experiment, after 120 s of operation, a thermographic picture is obtained with the thermal infrared camera FLIR P640, with the reading of the temperature values in four points (Sp1, Sp2, Sp3 and Sp4) of the “journal-bush” system contact zone. These four points were regularly deployed on the contact zone at 90° distance. Together with the temperature values in these four points, the ambient temperature and relative humidity were also read. The basic technical specifications of the camera are as follows: Infrared resolution: 640 × 480 pixels; Thermal sensitivity: 30 mK at 30°C; Temperature range: – 40 to 500°C (accuracy: ± 2°C or ± 2% of reading); Laser pointer for more accurate orientation; Field of view: 12 × 9°; Minimum focus distance: 1.2 m; Spatial resolution (IFOV): 0.33 mrad. The study is carried out at 1m distance from the device. The emissivity coefficient ε depends on the type of the material, and in the particular case of this study it was 0.55 [10].
RESULTS AND DISCUSSION
Tables 2, 3 and 4 show the experimental results for the coefficient of friction at the normal loads of 500, 1250 and 1500 N, respectively. The values are calculated for each time step of 20 s, up to the total test time of 120 s. Thermographic pictures, ambient conditions and contact temperatures in four points are given for each load. Figs. 2, 4 and 6 represent the case when the lubricant was transmission oil, and Figs. 3, 5 and 7 represent the case when the lubricant was transmission oil with Valena additive.
From the Tables 2, 3 and 4 it could be noticed that the presence of Valena additive in transmission oil lowered the coefficient of friction for all applied loads. In addition, presence of Valena influences the character of the coefficient of friction change with time, i.e. steady-state is obtained almost from the beginning of the test, which was not the case when Valena was not present in the transmission oil. Nevertheless, the final value of the coefficient of friction (after 120 s) was used for comparison (Fig. 8), since the contact temperature was also measured at the end of test (after 120 s).

The contact temperature shows non-homogeneous distribution in four points (Sp1, Sp2, Sp3 and Sp4) for all applied loads. For each load the highest value is measured in Sp4 point. This is expected, since this point is the most loaded of all points. Generally, the presence of Valena additive in transmission oil lowered the contact temperature.
Figs. 8 and 9 show the comparative diagram of the coefficients of friction and average contact temperatures at the end of each experiment (different applied load) in cases without and with Valena additive. Average contact temperature is used for comparison, since the coefficient of friction is also an average value for the whole “journal-bush” system.
Steady-state coefficient of friction values were from 0.015 to 0.055, which suggests that the sliding was performed in the mixed-to-boundary lubrication regime, since the approximate values of the coefficient of friction for the boundary lubrication are from 0.05 to 0.15 [11]. We have boundary lubrication only for the lowest load of 500 N, and mixed lubrication for other two loads. The tribological characteristics in the mixed lubrication depend on the hydrodynamic effects, contacting bodies surface layer properties and composition of the lubricant. This makes the mixed lubrication very complicate to describe and prediction of the performance of contacts functioning in the mixed lubrication regime is generally obtained through numerical modelling [12].

As already mentioned, presence of the Valena additive in transmission oil lowered the coefficient of friction for all applied loads (Fig. 8). This reduction was approximately 11, 14 and 21% for normal loads of 500, 1250 and 1500 N, respectively. The highest reduction of the coefficient of friction was for the highest applied load (1500 N) and highest contact temperature (Fig. 9). This could be related to the activation of tribochemical processes of the copper containing additive and the contacting surfaces leading to the formation of protective copper layer on the surfaces of journal and bush after a selective material transfer. It also leads to increasing of the real contact area and decreasing of the tangential component of the contact interaction.
The decrease of the coefficient of friction with the increase of applied load occurs in both cases, i.e. without and with Valena additive (Fig. 8). This means that the hydrodynamic effect was more pronounced for the higher loads, i.e. hydrodynamic lubrication was present in bigger share. This is in accordance with the Stribeck curve [12].

Generally, in tribological contacts, most of the energy lost due to the friction is released as heat. That is why the contact pairs with the lowest coefficient of friction (Fig. 8) should give the lowest contact temperature at the end of the test (Fig. 9), and vice versa. The reason why this is not the case is that after the load of 500 N, the experiment is repeated for the loads 1250 and 1500 N without interruption of the operation of the system. In other words, the experiments were not stopped and wait for the system to cool down to the ambient temperature.

Average contact temperature increases with the increase of applied load and shows a tendency to stabilize to the temperature of approximately 70°C (Fig. 9). This increase was slower in the presence of Valena additive in transmission oil. In addition, average contact temperature was lower in the presence of Valena additive for all applied loads, so the lower coefficient of friction gives lower contact temperature. Only the contact temperature measured in Sp4 point (most loaded of all points) was higher in the presence of Valena additive (Figs. 2 to 7), and it happens only in case of mixed lubrication (1250 and 1500 N loads). In case of boundary lubrication (500 N load), presence of the Valena additive shows the effect and lowers the Sp4 contact temperature.
conclusion
The paper presents a comparative study of the coefficient of friction change and temperature distribution in the contact zone of “journal-bush” tribological system under the drop-like (mixed-to-boundary) lubrication with transmission oil SAE 80W, without and with Valena additive. Experimental results have shown that:

· Steady-state coefficient of friction values suggests that the sliding was performed mainly in the mixed lubrication regime. Boundary lubrication occurs only at lowest applied load. The decrease of the coefficient of friction with the increase of applied load occurs in both cases, i.e. without and with Valena additive. The lowest coefficients of friction were obtained for the highest normal load.
· Presence of the Valena additive in transmission oil lowered the coefficient of friction for all applied loads, and influenced the character of the coefficient of friction change with time, i.e. steady-state is obtained almost from the beginning of the test. The reduction of the coefficient of friction was from 11 to 21%, depending on the applied normal load, and the highest was for the highest applied load.
· The contact temperature shows different values in different points of the “journal-bush” system contact zone, for all applied loads. For each load the highest value is measured in the most loaded point. Average contact temperature increases with the increase of applied load and shows a tendency to stabilize in both cases, i.e. without and with Valena additive. Presence of the Valena additive in transmission oil lowered the average contact temperature for all applied loads.
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Table 1. Characteristics of the plain bearing unit
	Journal diameter
	d = 60 mm

	Bush length
	l = 60 mm

	Diametral clearance
	C = 0.06 mm

	Shaft (journal) material
	Structural carbon steel 45 (GOST 8731-87); HRC = 35

	Bush material
	Lead bronze БрО5Ц5С5 (GOST 613-79); 60 HB

	Lubricant
	Transmission oil SAE 80W, without and with 8 wt.% Valena additive


Table 2. Coefficient of friction variation with sliding time (n = 1350 min–1; P = 500 N).

	Transmission oil

	Sliding time, s
	20
	40
	60
	80
	100
	120

	Coefficient of friction
	0.100
	0.090
	0.070
	0.070
	0.060
	0.055

	Transmission oil with Valena additive

	Sliding time, s
	20
	40
	60
	80
	100
	120

	Coefficient of friction
	0.059
	0.057
	0.056
	0.052
	0.050
	0.049


Table 3. Coefficient of friction variation with sliding time (n = 1350 min–1; P = 1250 N).

	Transmission oil

	Sliding time, s
	20
	40
	60
	80
	100
	120

	Coefficient of friction
	0.036
	0.027
	0.025
	0.024
	0.023
	0.022

	Transmission oil with Valena additive

	Sliding time, s
	20
	40
	60
	80
	100
	120

	Coefficient of friction
	0.023
	0.023
	0.022
	0.022
	0.021
	0.019


Table 4. Coefficient of friction variation with sliding time (n = 1350 min–1; P = 1500 N).

	Transmission oil

	Sliding time, s
	20
	40
	60
	80
	100
	120

	Coefficient of friction
	0.026
	0.020
	0.020
	0.019
	0.019
	0.019

	Transmission oil with Valena additive

	Sliding time, s
	20
	40
	60
	80
	100
	120

	Coefficient of friction
	0.015
	0.015
	0.015
	0.015
	0.015
	0.015
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Fig. 1. Schematic drawing of the used test device: 1 – cage; 2 – regulating screw; 3 – mobile beam; 4 and 7 – strain indicators; 5 – strain measurement beam; 6 – fixed beam; 8 – hand-grip; 9 – loading screw; 10 – dynamometer; 11 – balance weight; 12 – DC motor; 13 – wedge-shaped belt drive; 14 – shaft (journal); 15 – duraluminium housing; 16 – plain bearing (bush); 17 – regulating tap; 18 – oil reservoir; 19 – loading frame.
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	Ambient temperature
	21.8°C

	Ambient relative humidity
	43.0%

	Sp1 temperature
	58.4°C

	Sp2 temperature
	60.4°C

	Sp3 temperature
	59.5°C

	Sp4 temperature
	67.4°C

	Average contact temperature
	64.42°C


Fig. 2. Thermographic picture, ambient conditions and contact temperatures for transmission oil without Valena at Р = 500 N.
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	Ambient temperature
	22.5°C

	Ambient relative humidity
	37.0%


	Sp1 temperature
	49.9°C

	Sp2 temperature
	50.1°C

	Sp3 temperature
	52.5°C

	Sp4 temperature
	65.6°C

	Average contact temperature
	54.52°C


Fig. 3. Thermographic picture, ambient conditions and contact temperatures for transmission oil with Valena at Р = 500 N.
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	Ambient temperature
	21.8°C
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Fig. 4. Thermographic picture, ambient conditions and contact temperatures for transmission oil without Valena at Р = 1250 N.
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	Ambient temperature
	20.0°C

	Ambient relative humidity
	50.0%

	Sp1 temperature
	58.8°C

	Sp2 temperature
	60.8°C

	Sp3 temperature
	59.2°C

	Sp4 temperature
	80.4°C

	Average contact temperature
	64.80°C


Fig. 5. Thermographic picture, ambient conditions and contact temperatures for transmission oil with Valena at Р = 1250 N.
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	Ambient temperature
	21.8°C

	Ambient relative humidity
	43.0%

	Sp1 temperature
	66.5°C

	Sp2 temperature
	65.8°C

	Sp3 temperature
	66.1°C

	Sp4 temperature
	84.6°C

	Average contact temperature
	70.75°C


Fig. 6. Thermographic picture, ambient conditions and contact temperatures for transmission oil without Valena at Р = 1500 N.
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	Ambient temperature
	22.5°C

	Ambient relative humidity
	37.0%

	Sp1 temperature
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Fig. 7. Thermographic picture, ambient conditions and contact temperatures for transmission oil with Valena at Р = 1500 N.
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Fig. 8. Steady-state coefficient of friction (after 120 s) for transmission oil without and with Valena at applied normal loads.
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Fig. 9. Average contact temperature (after 120 s) for transmission oil without and with Valena at applied normal loads.
PAGE  
1

[image: image1.wmf]k

P

d

m=

[image: image11.wmf]Sp1

Sp2

Sp3

Sp4

28.1

65.5 °C

30

40

50

60

[image: image12.wmf]Sp1

Sp2

Sp3

Sp4

28.6

61.2 °C

30

40

50

60

_1502280565.unknown

