REPORT No. 3 dated 18.11.2016
Tests of SUPROTEC Tribotechnical Compounds
on 11-5018 Friction Machine

Tests of SUPROTEC tribotechnical compounds in LUKOIL LUX lubrication oil SAE 10W-40 were
carried out on a 115018 friction machine by comparing tribotechnical characteristics. Test No. 1 - TC
SUPROTEC, Batch 451. Test No. 2 - TC SUPROTEC, Batch 452. Test No. 3 - LUKOIL LUX oil, 10W-40.

The tests were performed in the presence of Yu.V. Shumlyansky, chief specialist of Federal
Autonomous Institution "Russian Maritime Register of Shipping” Main Administration, Department for
Certification of Management Systems, Products and Services.

Test pattern: - "disk on disk" (moving disk - d=50. h=12. fixed disk - d=50. h=10), lubrication is
carried out by splashing by the moving sample (immersed in oil by 1-2 cm).

Samples were run in on "clean" LUKOIL LUX 10W-40 oil, the SUPROTEC material was added for
30 thous. cycles (30 minutes) of tests. Subsequently, tests continued until 100 thous. cycles (70 minutes
more).
Sample and countersample material: 30KhGSA steel (tempered, ground Ra=0.5-1 pum)
Operation mode: - n=1100 min ! (V= 2.88 m/s), Load P = 150 N;
Registered parameters:
- frictional resistance moment M (N*m);
- oil temperature in the chamber T (°C);
- number of cycles N.

The wear of the sample (bottom disc - - Am,) was determined by weighing it before and after tests on
electronic analytical scales AB210M-01A accurate within 0.1 mg. The kinematic diagram of the friction

machine is presented in Figure 1.



Figure 1 Kinematic Diagram of 11-5018 Friction Machine
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1 - sample; 2 - countersample; 3 - spindle; 4 - torque sensor; 5 - carriage;
6 - load sensor; 7- clutch; 8 - rotation velocity sensor; 9 - electric motor;
10 - belt transmission; 11 - cycle sensor; 12 - temperature sensor.

The results of the tests are presented in Table 1 and in Figures 2-4.

Table 1. Tribotechnical Characteristics of Compounds.

Ne Grease Average Cfr| Average Cfr Average Temp. Sample
Value Reduction, % | T Value, °C Reduction, Wear, mg
Final, %
1 | Testsdate: 17.11.2016 0.082 26.1 47.0 12.1 0.9
2 | Tests date: 18.11.2016 0.066 46.9 44.5 36.6 0.7
3 | "clean" oil 0.096 7.1 59.5 -21.3 0.7

Av. Cfr reduction, % - average friction coefficient value referred to friction coefficient after 30 minutes

running in;

Temp. reduction final, %- oil temperature value at the end of the tests referred to the sample temperature
after 30 minutes' running in.
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The results of the tests are shown in Table 2.

Table 2. Friction coefficient and oil temperature dynamics

Test N,
thous. 0 5 10 20 30 32 40 50 60 70 80 90 100
cycles
Nel Cfr. 0.065 | 0.068 | 0.088 | 0.11 | 0.084 | 0.091 | 0.081 | 0.071 | 0.081 | 0.081 | 0.071 | 0.091 | 0.065
T, °C 22.7 41 50.4 55.4 50.8 51.9 514 48.7 47.6 48.4 46.7 48.7 22.7
No2 Cfr. 0.078 | 0.084 | 0.084 | 0.104 | 0.078 | 0.078 | 0.065 | 0.045 | 0.049 | 0.042 | 0.042 | 0.042 | 0.078
T, °C 22.1 36.1 53.1 58.8 52.8 53.2 49 46.3 43.7 42 394 37.3 22.1
Ne3 Cfr. 0.085 | 0.079 | 0.097 | 0.105 | 0.068 | 0.091 | 0.097 | 0.091 | 0.11 | 0.11 | 0.091 | 0.122 | 0.085
T, °C 31.68 | 43.02 | 53.28 | 59.58 | 60.48 | 59.52 | 64.16 65.0 66.3 | 68.25 70.5 72.3 | 31.68

The dynamics of samples friction coefficient and temperature is presented in Figures 6 and 7.
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Figure 6 Friction coefficient dynamics.
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Visual analysis of friction surfaces before and after the tests was performed on a LaboMet-1
metallographic microscope. Photos of the surfaces taken with X500 magnification are presented in Figure 8.

Initial After working with TC SUPROTEC

Figure 8 Photos of friction samples

Analysis of roughness of the initial (polished) sample and the sample after 2 hours of work with TC
SUPROTEC with the help of a MarSurf PS1 profile meter. Profilograms and the Abbot curve are presented
in Appendix 1. Profile analysis demonstrates reduction of roughness indicators from 0.678 to 0.433. Rz
from 4.26 to 2.6. and increase of vo from 0.003 to 0.009. This gives evidence of increased smoothness level

and increased oil-retaining ability of friction surfaces.

CONCLUSIONS:

Control tests of SUPROTEC materials have demonstrated conformity of protective layer formation
parameters to the requirements the norms of friction coefficient reduction (more than 20%), oil
temperature (more than 5%) in the chamber and wear (less than 2 mg).

Admit a batch of SUPROTEC materials to the production of SUPROTEC Lubrication Composition.

For LLC NTPK SUPROTEC For the Main Administration of
Federal Autonomous Institution ""Russian
Maritime Register of Shipping"*

Head of R&D Department Chief specialist of the Department For Certification
LLC NTPK SUPROTEC of Management Systems, Products and Services
Yu.G. Lavrov Yu.V. Shumlyansky

November 18. 2016 November 18. 2016




BusyanbHblif aHamu3 NoBepXHOCTEH TPpEeHUs JO U MOCJe UCTIBITAaHUH TPOBOAMIICS HA
MeTajutorpaduueckoM MuUKpockorne JlaboMert-1. dorto nosepxHocTeii ¢ yBenuyeHueM x500,

IpeCTaBJIeHbl Ha PUCYHKe §.

Hcxonubrit [Tocne pabotel ¢ TC « CYTTPOTEK»

PucyHok 8 ®oTo 00pa3LoB TpeHHs.

AHaJu3 epoxXoBaTOCTH HCXOTHOTO (IOJHPOBAHHOr0) obpasna u oOpasia nocie 2 4acoB paboThI
¢ TC «CYITPOTEK» ¢ momouisto mpodunomerpa «MarSurf PS1». [IpodunorpaMMmer 1 kpuBas
AboTa npeacTaBiieHbl B MPUIOKEHHH 1. AHanu3 mpoduiis moKa3blBaeT CHHXXEHHE IoKa3aTeen
mepoxoBatoct Ra ¢ 0,678 no 0,433, Rz ¢ 4,26 no 2,62 u yBenuyenune vo ¢ 0,003 no 0,009. Uto
CBHJIETEJILCTBYET O IMOBBIUIEHHH YPOBHS YHCTOTHI M YBEJIMUYEHHHM MaclOoyIepXHBaroIei

CIIOCOOHOCTH HOBerHOCTCﬁ TPEHHA.

BbIBO/IbI:

KonTponsusie ucneiranus Marepuana CYIIPOTEK noka3any cooTBETCTBHE apaMeTpOB
($bopMHpOBaHHS 3aIUTHOTO CJIOS TPeOOBAHUSIM HOPM CHHIKEHHS KO3QPHUIHEHTa TPeHUS
(6onee 20 %), Temnepatypsl Macia (6osee 5 %) B kamepe U H3HOCa (MeHee 2 MT).

[Taptuto marepuana CYIIPOTEK nonmyctuts Kk npousBoactBy CMa3o4HON KOMIIO3HLIMU
«CYTIPOTEK»

Ot 000 «HIITK «CYIIPOTEK» Ot I'maBHOrO ynpaBJieHHSI
DAY «Poccuiicknii MOpPCKOH perverp

Hauanpuuk nenapramenta HTP
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Appendix 1

Mahr GmbH
PS1
Explorer

Object: Lt: 5.60 mm
Number: Ls: 2.5 pm
Comment: VB: 350 pm

vt: 0.50 mm/s

References: 11200

Gauge: PHT 350

Polishing. PCD: R[LC ISO 13565: 0.8mm] Abbott Curve 18.11.2016 12:30
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10.8 mm/div.] 4.0mm 100 %

Ra 0.678 pm Rq 0.828 pm Rz 4.26 pym

Rz] 2.44 um Rmax 5.00 um Rp 1.67 um

Rpm 1.83 um Rpk 0.46 pm Rk 243 um

Rvk 0.81 um Mr1 7.91 % Mr2 91.4 %

Al 18.02 pm2/mm A2 34.8 ym2/mm Vo 0.003 mm3/pm?2

Rt 5.07 pm R3z 3.17 um RPc (0.5; -5.0) 70 /sm

Rmr1 (-1.0; 5.0) 35.0 % Rmr2 (-2.0; 5.0) 76.0 % Rmr3 (-3.0; 5.0) 98.0 %

RSm 116 um RSk -0.023 S 22 um

CR (5.0; 15.0) 0.46 um CF (20.0; 80.0) 1.48 um CL (85.0; 98.0) 0.84 um

R 2.23 um Ar 127 um Rx 5.4 um




Mahr GmbH

PS1
Explorer
Object: Lt: 5.60 mm
Number: Ls: 2.5 pm
Comment: VB: 350 pm
vt: 0.50 mm/s
References: 11200
Gauge: PHT 350
Suprotek 2 h Running PCD: R[LC ISO 13565: 0.8mm] Abbott Curve 18.11.2018 15:35
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[0.8 mm/div.] 4,0 mm 100 %
Ra 0.433 um Rq 0.550 um Rz 2.62 um
Rz] 1.53 um Rmax 3.27 um Rp 0.91 pm
Rpm 1.21 pm Rpk 0.34 um Rk 1.11 pm
Rvk 0.83 um Mr1 7.55 % Mr2 77.8 %
Al 12.75 um2/mm A2 93 um2/mm Vo 0.009 mm3/pm?2
Rt 3.31 um R3z 1.97 um RPc (0.5; -5.0) 50 /sm
Rmr1 (-1.0; 5.0) 68.0 % Rmr2 (-2.0; 5.0) 97.0 % Rmr3 (-3.0; 5.0) 100.0 %
RSm 116 um RSk -0.702 S 35 um
CR (5.0; 15.0) 0.28 um CF (20.0; 80.0) 0.89 um CL (85.0; 98.0) 0.70 um
R 1.53 um Ar 193 um Rx 3.2 um
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