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1. IEVADS
Saskana ar SIA ,,CrossChem”, reg.Nr. LV40003888244 (turpmak teksta

,CrossChem”) 2020.gada 26.februara garantijas véstuli Rigas Tehniskas universitates
(izglitibas iestades reg.Nr. 3341000709) Masinbiives un mehatronikas katedra (turpmak
teksta ,,MMK”) veica ligumdarbu 21399KK : “’Ellas tribologisko ipasibu noteikSanu ar
dazadam piedevas koncentracijam bazes ella’’.
Ligumdarba ietvaros tika veikti sekojosi darbi:

1. Merijumu paraugu sagatavosana;

2. Berzes koeficienta noteikSana;
3. Nodiluma noteikSana;
4

. Atskaites sagatavosSana.
2. MERIJUMA PARAUGU SAGATAVOSANA

Darba pasititajs SIA ,,CrossChem” izpilditajam MMK nodeva ellas piedevu “’Etex’’

divas pudel@s tas apzim&jot A un B (skat. 1.att.). Piedeva ir §kidra agregatstavokli.

1.attels Ellas piedevas pudeles A un B



Ellas piedeva tika sajaukta dazadas koncentracijas ar bazes ellu - industriala ella I-40A
(kinematiska viskozitate pie 40 °C atbilst 65 mm/s?), to pirmaja tribologisko mérijumu
s€rija pievienojot noteiktu tilpuma dalu uz 100 ml ellas no pudeles A, otraja un tresaja
mérfjumu sé€rija pievienojot noteiktu masas dalu gramos uz 100 g ellas no pudeles B.
Tribologiskie mérijumi tika sadaliti tris s€rijas, attiecigi, katra s€rija mainot mé&rijuma
uzstadijumus. Piedevas tilpuma dalas pievienoSanai tika izmantota Slirce ar iedalas
vertibu 0,1 ml, masas dalas pievienosSanai tika izmantoti laboratorijas svari ‘’Radwag
WTB-200"’ ar iedalas vertibu 0,001 g. P&c piedevas piejauksanas tirai ellai ta tika rupigi

samaisita.

2.att Ellas un piedevas maistjums traukos.

Lai veiktu mérijjumus tika sagatavoti te€rauda diski 31mm diametra materials terauds C45
(EN 10277-2). Diski tika virpoti no stiena materiala, termiski apstradati — raditi lidz
cietibai p&c HRC 51-55 vienibas, talak virsma tika plakanslip&ta, virsmas kvalitate atbilst
Ra= 1,15 — 1,23 pm, virsmas raupjuma mérijjumu pieméri tika veikti ar profilometru
“’Mitutoyo Surftest SJ-500°" (m&rfjuma pieméri redzami 3.pielikuma), virsmas cietibas
mérTjumi tika veikti ar PROCEQ Equostat 3 cietibas méritaju. Cietibas meritajs darbojas
péc portativas Rokvela cietibas meriSanas metodes, kuru t€raudu un citu metalu
parbaudém reglamenté standarts DIN 50157. Lai péc iesp&jas nodroSinatu katra
tribomérijjuma apstaklu lidzibu no visiem sagatavotajiem terauda diskiem tika atlasiti
diski, ar vistuvako virsmas cietibu un virsmas raupjuma parametriem. Berzes part esosa
tarauda lode diametrs 6 mm ir standartiz€ts lodiSu gultna elements, ta virsmas cietiba

atbilst HRC 61-63, virsmas raupjums Ra< 0,01 um , materials 100Cr6 (EN 683-17).



3. TRIBOLOGISKO IPASIBU NOTEIKSANA

Berzes koeficienta noteikSanai slides berzes apstaklos tika veikta uz CSM Instruments
tribometra TRB-S-EE-000, izmantojot specialu aprikojumu (skat 3.attelu).

Ar So tribometru var veikt slides berzes pétjjumus rotacijas un turp-atpakal linearai
kustibai. Dota eksperimenta tika izmantots tribometra rotacijas kustibas aprikojums.

Tribometrs atbilst ASTM G99 un DIN 50324 tribologijas parbauzu standartiem.

3.attéls Tribometrs CSM Instruments

Berzes koeficients tika noteikts péc shémas lode-plakne (skat.4.att.), kur plakni parstav
pétamais paraugs, bet lode ir tribometra statiskais elements. Pargjie mérijuma uzstadijumi

doti tabula 1.

4 .attels Berzes koeficienta mériSanas shéma



Berzes para nodilums tika mérits berzes pari esosajai t€rauda lodei, p&c katra berzes
koeficienta mérijuma, veicot lodes diluma laukuma mérijumu, ta savstarpgji salidzinot

katra mérijuma rezultatus.

5.attels Hirox KH-7700 optiskais mikroskops
Diluma laukuma mérijumi tika veikti ar optisko mikroskopu Hirox KH-7700, kurs

aprikots ar MXG-5040RZ 1&cu, diluma m&rijumu rezultati apkopoti tabula 3.

Tabula 1. Mérfjuma uzstadijumi

Piespiedéjspéks kontakta 1N,6N

Berzes paru linearais atrums | 0.1 m/s (1,2.sérija) , 0,15 m/s (3)

Berzes cela radiuss 6 mm (1,2), 8,5 mm (3)

Distance 377m+1km (1) , Ikm+1km (2) , 2km + 1km (3)
Lodes diametrs 6 mm

Virsmas tirisana Etilspirts 96%

Parauga un ellas temperatiira | 23£1°C

Tabula 2. Mérijums apkartgjas vides apstakli

Atmosféra Gaiss
Temperatiira 23+1°C (telpas)
Mitrums 32 % (telpas)

Talak tabula 3 doti berzes koeficienta mérijuma rezultati. Ellas paraugu veiktie piestrades
un mérijjuma berzes koeficienta liknes ir redzamas 1.pielikuma, atteli ir ekranuznémumi
no tribometra programmatiiras TriboX. Katra att€la redzama berzes koeficienta likne visa
mérijuma laika: berzes koeficienta minimala pmin, maksimala pmax un vidgja pvig vertiba.
Grafika att€lota berzes koeficienta likne atkariba no laika, distances un parauga
apgriezienu skaita. Merjjumi iedalijas tris s€rijas katra s€rija atSkiras mérijjuma
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uzstadijumi, galvenokart berzes para piestrades laiks ellas piedevas ietkm&. Merfjuma

uzstadijumi redzami tabula 1., iekavas redzami katras mérijjumu sé€rijas uzstadijuma

parametri.
Tabula 3. Berzes koeficienta veértibu un berzes para lodes nodiluma rezultati
Berzes koeficienta
Paraugs vidgja vertiba L odes nodiluma laukums; mm?
1.serija |-40A 0.119 0.232
I-40A + 5ml Etex
|-40A + Etex 0,2 g 0.116 0.18
I-40A 0.117 0.205
2.sérija | |-40A + Etex 0,1 g 0.13 0.18
I-40A + Etex 0,2 ¢ 0.129 0.199
I-40A 0.131 0.153
3.sérija | |-40A + Etex 0,1 g 0.13 0.161
1-40A + Etex0.2¢ [T 0Aa7 T Ose

Berzes koeficienta Iikném (skat. 1.pielikumu) veértibas péc katra mérfjuma sakotngjas
piestrades, praktiski visos gadijumos ir stabilas ar nemainigu vertibu, no piestrades beigu
briza lidz mérjjuma beigam, lidz ar to m&rfjuma vidgjo berzes koeficienta vertibu var

uzskatit par katra merijjuma rezultatu, kuri apkopoti tabula 3.



4. SECINAJUMI

Veicot tris tribo mérijumu sérijas pie noteiktiem mérijuma uzstadijumiem, var
secinat, ka ellas piedeva var negativi ietekm@t berzes para berzes koeficienta vertibu un
nodiluma raditaju, attieciga mérijjuma ar piedevas koncentraciju: 5 ml uz 100 ml -40A
ella (1.mérijjumu sérija), paaugstinot berzes koeficienta vértibu pa ~ 27 % un nodiluma
raditaju pa ~ 140 % attieciba pret ellu [-40A bez piedevas, ta ari pozitivi iedarbojoties uz
berzes pari, attiecigaja mérijuma (3.mérijjumu s&rija) ar piedevas koncentraciju 0,2 g uz
100 g I-40A ellas, pazeminot berzes koeficienta vértibu pa ~ 10 % un nodilumu pa ~ 11

% attieciba pret bazes ellu [-40A bez piedevas.



1.serijas berzes koeficienta liknes

Tribo parameters

Tribometer module / Version 4.4.U
-Date: 02.03.2020 12:33:38

Acquisiion
~Fladius : 6,00 [mm]

~Lin, Speed: 0,10 [m/s]
~Normalload : 1,00 [N]

- Stop condt. - 10000,0 [lap]
Orp> 200

~Effective Stop : Laps

- Acqisiion rate : 26,5 [hz]

Sample
- Substrate : C45 rudits
- Cleaning : Ethanol 96 %
- Supplier : CrossChem

Static partner
- Substiate : 100C16
~Cleaning : Ethanol 36 %
~Dimension : 6,00 [mm]
- Geometry : Bal

Environment
- Temperature : 24,00 [<deg>C]
~Humidity : 32,00 (%]

Tl

1.pielikums

Sample Static friction partner
Worn cap diameter
0005 m

Worn track section
0005 m2

Young's moduius
000% cpa

Poisson ratio
000

Young's modulus
0008 cpa

Poisson ratio
0005

Calculations
Static Partner Wear Rate

0.04—

0,000 +000 mm3/N/m
Max Herzian Stress

0,000E +000 GPa
Sample WearRate
10,000 +000 mm3/N/m
Comments
1-40 Piestrade (2)

o
|

T
753,00

T
1.51E03

T U
3.01E08 376E03

T
2E03

T
4E03

T 1
8E03 1E04]

d: 352,89 [m]
M p=0.1548

6.attéls I-40A piestrade (distance — 377m)

T
7540

#Laps : 9360,67 [laps]
Start: 0,103

time : 3522,81 [s]
Min : 0,061 Max: 0,163

T
151,00

Mean: 0,108

Stddev : 0,016

T Ul
30200 872.00)

»

Tribo parameters Edit

Tribometer module / Version 4.4.U
-Date : 02.03.2020 13:46:54

Acquisiion
~Radius : 6,00 mm]
~Lin, Speed: 0,10 [m/s]
~Normalload : 6,00 [N]
- Stop condi. - 1000,00 [m]
Orp> 200
~Effective Stop : Meters
- Acqisiion rate : 26,5 [h]

Sample
-Substrate : C45 rudts
~Cleaning : Ethanol 96 %
- Supplir : CrossChem

Staic partner
- Substrate : 100Ci6
- Cleaning : Ethanol 96 %
- Dimension : 6,00 [mm]
- Geometry : Ball

Environment
~Temperature : 24,00 [<deg>C]
- Humidity : 33,00 (%]

0.16—

i

Sample Static friction partner
Worn track section
0005 m2

Young's moduius

Worn cap diameter
000& im

Young's moduius

0005 cra
Poisson ratio
0008

000%
Poisson ratio
0005

GPa

Calculations
Static Partner Wear Rate

0,08

0.04—

0,000E +000 mm3/N/m
Max Herzian Stress
0.000+000 GPa
Sample WearRate

0,000E +000 mm3/N/m
Comments
140 1km (2)

002 [s]

T
2E03

T
4E03

T T U
7.99E08 9.99E03

'n [lap]

T
5,31E08

T
1,06E04

T L
212E04 2.65E04

T
0 [m]

T
200,00

T
400,00

T |
800,00 1E03

d: 101,11 m]
R u=01280

[ _-JQ@@AE -

#Laps : 2682,07 laps]
Start: 0,124

time : 1009,37 [s]
Min: 0,103 Max: 0,143

Mean: 0,113

Stddev : 0,005

7.attels I-40A mertjjums (1km)

»



Tribo parameters

Tribometer module / Version 4.4.U
-Date : 27.02.2020 15:02:21

Acquisition

~Fiadus : 6,00 [mm]

~Lin. Speed: 0,10 [m/s]

~Normal load : 1,00 [N]

- Stop condt. - 10000.0 [lap]
2,00

> 2
~Effective Stop : Laps
- Acquistion rate : 26,5 [h]

Sample
- Substrate : C45 rudits
- Cleaning : Ethanol 35 %
- Supplier : CrossChem

Static partner
-Substrate : 100Ci6
- Cleaning : Ethanol 36 %
- Dimension 6,00 {mm]
- Geometry : Ball

m

Environment
- Temperature : 23,00 [<deg>C]
- Humidity : 32,00 [%] &
Sample Static friction partner 008
Worn track section  Worn cap diameter 2
000 pm2 000& um
Profie. 1
Young's moduius Young's moduus
0003 cpa 00 era
Poisson ratio Poisson ratio 0.04—
0003 0003
Calculations
Static Partner Wear Rate 4
[ 0,000 +000 mm3/N/m
Max Herzian Stress
[ 0,000E+000 GPa ‘5
Sample WearRate T T T T T ]
0,000E-+000 mm3/N7m 002 (s 753,00 151E03 2.26E03 3.01E03 376E03
I T T T T 1
Comments 0 [ap) 2E03 4E03 6E03 8E03 1E04
1-40 + Etex Piestrade % T T T T T |
0 [m 7540 151,00 226,00 302,00 372.00
10 ~J@@aA ¢ C
d: 51,05 [m] #Laps : 1354,09 laps]  time : 509,98 [5]
Mu=0,1263 Start: 0,189 Min: 0,034 Max:0189  Mean:0113  Stddev: 0,010
Tribo parameters [ 0%
Tribometer module / Version 4.4.U A
-Date : 27.02.2020 16:06:55 ;
Acquisition
~Radius : 6,00 [mm]
Lin. Speed: 010 [m/s]
- Nommal load : 6,00 [N]
- Stop condt. : 1000.00 [rm]
Orp> 2,00
-Effective Stop : Meters
- cquistion rate : 26,5 [ha] L
Sample
- Substrate : C45 rudits
- Cleaning : Ethanol 6 %
- Supplier : CrossChem
Static partner
- Substrate : 100016
- Clearing : Ethanol 96 %
- Dimension : 6,00 [mm] L4
- Geometry : Bal
Environment
- Temperature : 24,00 [<deg>C]
- Humidiy : 32,00 [%] & |
Sample Static friction partner |
Worn track section  Worn cap diameter £
0003 pm2 0003 um
Profik.
Young's moduius Young's modulus
000% cpa 0003 epa
Poisson ratio Poisson ratio 0,07
0003 0003
Calculations
Static Partner Wear Rate 4
[ 0,000 +000 mm3/N/m
Max Herzian Stress
[ 0,000E+000 GPa ‘;
Sample WearRate T T T T T T ]
I 0.000E-+000 mm3/N7m 002 [s 2603 399E03 5.99E03 799E03 9.98E03
T T T T T 1
Comments 0 [ap) 531E03 1.06E04 1.59E04 212604 265E04
1-40 + Etex km - T T T T T T |
0 [m 200,00 400,00 600,00 800.00 1E03
10 -J@@a G
d: 51,05 [m] #Laps : 1354,09 laps]  time : 509,98 [5]
Mu=0,1263 Start: 0,216 Min: 0,123 Max:0337  Mean:0151  Stddev: 0015

9.att€ls 1-40A + ETEX 5ml mérijums (1km)
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Tribo parameters Edit

Tribometer modue / Version 4.4 1) "
-Date: 19,03 2020 105008

(Acqustion

-Fladus ; 6,00 fmm]

~Lin Speed: 10,00 [omn/s]
~Nowmalload : 1,00 [N]

- Stop condit - 10000,0 [lap]
Orp» 200

-Effective Stop : Laps

- Acquistion tate : 265 [re]

Sample
- Substrate : C45 rudts
+Cleaning: Ethanol 6 %
+Suppler: CrossChem

Static partner
Substrate : 100C6
+Cleaning: Ethanol 6 %
- Dimension : 6,00 [mm]
eometry  Bal
Envionment <

- Temperature : 2400 [cdegoC)
~Humdiy: 3300 %)

Lieicant | 140
+Volune : 30,00 fm]
- Application

Sample Static friction partner

Viom rack section  Worn cap dameter

00& w2 [ 0003]m ;
002 [

T
75300

T
151E08

T
226603

T
301E03

1
376E08

r
Young's nodiks 0 (]

T
2603

T
4E08

T
6E03

T
8E03

1
1E04

IS EHED U
Posson rato Possonrato

T oz o] [x0 vi@@Q /A
g e 4:09%8n)

Calculations 01282

Tribo parameters \ 0 016
Tribomeler modde / Version 44U "
-Date: 19032020 115310

Acquisibon
-Radus : 6,00 {mm]

0> 200
- Effective Stop : Meters
- Acquistion tate : 265 [he]

Sample

-Substiae : C45 rudis

« Clearing : Ethanol 36 %
+Suppler : CrossChem

Stalic partnet
~Substrate : 10006

- Cleaning : Ethanol 36 %
- Dimension : 6,00 [ren]
- Gieomelry : Bal

Ervtonment

- Tempesature : 24,00 [cdegC]
-Humidly : 33,00 (%]
Lubicant 140+ Etex 008
~Volue : 30,00 ] :
- Application v

Sample Static friction partner

Vo track section  Wom cap diameter <

#Laps : 25,98 laps]
Start: 0134

7540

time : 9,61 [s]
Min: 0,086

Max: 0181

Mean: 0,102

T
15100

Stddev: 0.013

T
22600

10.attels 1-40A + ETEX 0,29 piestrade (377m)

30200

3700

0mg|m2 [ 000 im

T
o 002 )

T
203

T
39903

T
699E03

T
199€03

1
998€03

r
Yorgsnodks  Youngs modis I bl

T
BAIE0S

T
1.06E04

T
180E04

T
L1600

1
265E04

0005 | GPa 0005 | GPa =)
?a_swum
0003

e d:0,98 [m]
Calculations M1

k1o vAa@a /A

#Laps; 25,98 [laps)
Stat: 0127

11.attels 1-40A + ETEX 0,2g m&rijjums (1km)

T
20000

te:9,61s)
Vin: 008

Max: 0145

Mean: 0.116

11

T
40000

Stadey : 0,005

T
600,00

T
800,00

1
1E03



2.sérijas berzes koeficienta Iiknes

Tribo parameters

Tribometer module / Version 4.4.0
-Date: 20.03.2020 11:15:08

Acquistion
~FRadius : 6,00 [mm]

~Lin. Speed: 0,10 [m/s]
~Normal load : 1,00 [N]

- Stop condi. : 1000,00 [m]
Oip> 2,00

~Effective Stop - Meters

- Acquisition rate : 20,0 [h]

Sample
- Substrate : C45 rudits
- Cleaning : Ethanol 36 %
- Suppler : CrossChem

Static partner
-Substrate : 10016
- Cleaning : Ethanol 9 %
- Dimension : 6,00 {mm]
- Geometry ; Ball

Environment
- Temperature : 24,00 [<deg>C]
- Humidity : 32,00 [%]

]

Sample Static friction partner
(d
Worn track section Worn cap diameter
000& um2 000& um
Profie.
Young's moduius Young's moduius
000% era 0003 cpa
Poisson ratio Poisson ratio TR
00E 00E
Calculations
Static Partner Wear Rate 1
[ 0,000E +000 mm3/N/m
MaxHerzianStress 5
[ 0,000E 4000 GPa 0
Sample WearRate ! E ! ! L L ¢ |
SLLLEE s 003 2603 399E03 5,99E03 7.99E03 9,95E
[ 0,000E+000 mm3/N/m = k . » - 'gl - 'gl ; 'g, : 2 ns‘
e 0 [ml 200,00 400,00 600,00 800,00 1E08
r T ¥ 3 ¥ T x T ¥ 1
- 0 [lap] 531E03 10604 159604 2,12E04 2.65E04
10 ~JE@@lA ¢ C
d: 18,48 [m] #Laps: 490,15 [aps]  tme: 184,29 (5]
Mp=01133 Start: 0,125 Min: 0,042 Max: 0148 Mean:0083  Stddev: 0025
Tribo parameters Edit.

Tribometer module / Version 4.4.U
-Date : 20.03.2020 14:10:00

Acquisition
~Radius : 6,00 rm]
-Lin. Speed: 0,10 [m/s]
-Normal load : 6,00 [N]
- Stap cond. - 1000,00 [m]
Orp> 2,00
-Effective Stop : Meters
- Acquisition rate : 20,0 [h)

ample
- Substrate : C45 rudits
- Cleaning : Ethanol 3 %
- Supplier : CrossChem

Static partner
- Substrate : 100Ci6
- Cleaning : Ethanol 36 %
- Dimension : 6,00 [mm]
- Geometry : Ball

| Envionment
- Temperature : 24,00 [<deg>C]
- Humidity : 32,00 %]

Sample

Worn track section

Worn cap diameter

Static friction partner

00E pm2 0003 pm
| Young's modulus Young's modulus
000 Gpa 000 Gpa
| Poisson ratio Poisson ratio
0003 0003
| Calculations
| Static Partner Wear Rate
[ 0.000-+000 mm3/N/m
| Max Herzian Stress
0.000E+000 GPa
Sample WearRate
[ 0,000E+000 mm3/N/m
Comments

13.attels 1-40A merijums (1km)

12

W
0.10
T T T T T T T T T 1
003 [s] 2E03 399E03 599E03 7.99E03 9.98E03
T T T T T 1
0 [lap] 531E03 1.06E04 1.59E04 212E04 265E04
I T T T T T T T T T 1
0 [m) 200.00 400.00 600.00 300.00 1€03
(e Je@@ G
d: 18,48 [m] #laps: 490,15 laps]  tme : 184,29 [s]
Mp=01193 Start: 0,129 Min: 0,108 Max:0184  Mean:0117  Stddev: 0008




Tribo parameters

Tribometer module / Version 4.4.U
- Date : 24.03.2020 10:26:16

Acquisition
~Radius : 6,00 [mm]
~Lin, Speed: 0,10 [m/s]
-Normal loa

00 [N)
000,00 [m)
Meters

- Acquisiton rate : 26,5 [hz]

Sample

- Substrate : C45 rudits
- Cleaning : Ethanol 3 %
- Supplier : CrossChem

Static partner
~Substrate : 100C/E
- Cleaning : Ethanol 9 %
- Dimension : 6,00 [mm]
- Geometry : Ball

Envionment
- Temperature : 24,00 [<deg>C]
- Humidity : 32,00 %]

Lubricant : 1-40 + Etex 0.1g
~Volume : 30,00 [ml)

Sample Static friction partner
Worn track section  Worn cap diameter
0003 ym2 0003 ym
Young's moduis Young's moduis 0,083
0003 cpa 0003 ca
Poisson ratio Poisson ratio
0% 0% ]
| Calculations
| Static Partner Wear Rate W
[ 0,000E +000 rm3/N./m oss_| i ; ; | j
Max Herzian Stress 002 [s] 2603 4E03 5,99E03 79903 93903
I 0,000E +000 GPa r - - - - : : : : )
e 0 [ispl 531E08 1,06E04 159604 212604 28504
[ o000 ol N 20000 40000 50000 80000 103
| Comments " s
i d:192,19m]  #Laps:5098,00 faps] time: 1920,22 5]
M u=01238 Stat:0128  Min: 0,064 Max: 0176 Mean:0104  Stddev: 0,021

14 attels 1-40A + ETEX 0,1 g piestrade (1km)

Tribo parameters

Tribometer module / Version 4.4.U
-Date : 24.03.2020 13:16:01

Acquistion
~FRiadius : 6,00 [mm]
~Lin. Speed: 0,10 [m/s]
~Normal load : 6,00 [N]

- Stop condi. - 100,00 [m]
Orp> 2,00

~Effective Stop : Meters

- Acquistion rate : 26,5 [h]

Sample

- Substrate : C45 rudits

- Cleaning : Ethanol 35 %
- Supplier : CrossChem

Static partner
-Substrate : 100Ci6
- Cleaning : Ethanol 36 %
- Dimension : 6,00 {mm]
- Geometry : Ball

Environment
- Temperature : 24,00 [<deg>C]
- Humidity : 32,00 (%]

Lubricant : 1-40 + Etex 0.1
~Volume : 30,00 (mi]

]

018

017+

15.attéls 1-40A + ETEX 0,1g m&rijjums (1km)

13

Sample Static friction partner
Worn racksecton  Worn cap diameter
0% ym2 0005 ym
Profie.
011
Young's modhius Young's modulus
000 cpa 000 cpa
Poisson ratio Poisson ratio
0nE 0003 ]
Calculations
Static Partner Wear Rate "
[ 0,000E +000 mm3/N/m 009 | | i i | ]
MaxHerzanStress 002 [s) 203 4£03 5.99E03 7.99E03 999603
[ 0,000E +000 GPa r T T T T - T - T 1
e 0 [apl 531E03 1.06E04 159E04 212604 265E04
- ; T T T T )
I L0000 T 0 [m) 20000 400,00 600,00 800,00 1E03
Comments — | [xte -J@@QIL G
d:337,68[m]  #Laps:8957,320aps] tme:3373,94[5)
W u=0.1044 Start: 0,131 Min: 0,109 Max:0180  Mean: 0130 Stddev: 0,006




Tribo parameters

Tribometer module / Version 4.4.U -
-Date : 23.03.2020 11:13:02 E

Acquisition
- Radius : 6,00 [mm]
-Lin. Speed: 0,10 [m/s]
-Nomal load : 1,00 [N]
- Stop condit. : 1000,00 [m]
Orp> 2,00
- Effective Stop : Meters
- Acquisition rate : 26,5 [hz]

m

Sample
- Substrate : C45 rudits
- Cleaning : Ethanol 96 %
- Supplier : CrossChem

Stalic pattner
- Substiate : 100C16
- Cleaning : Ethanol 36 %
~Dimension : 6,00 [mm]
- Geomelry : Bal

Environment
- Temperature : 24,00 [<deg>C]
- Humnidity : 32,00 [%]

Sample Static friction partner
I
|
Worn track section Worn cap diameter
0008 pm2 000 um
Young's moduius Young's moduius |
0005 ePa 0005 cpa ;
Poisson ratio Poisson ratio 051 I
[ 0005 |
Calculations
Static Partner Wear Rate
0,000E+000 mm3/N/m
Max Herzian Stress B ) " |
0,000E +000 GPa 003 |
Sample WearRate T ! T J T 1 T T T 1
; 002 2603 4E03 599E03 7.99E03 999E03)
‘ 0,000E-+000 mm3/N/m 2 Gl ; - ; - : : ; : : {
Comments 0 [apl 531E03 1.08E04 159E04 2,12E04 2,65E04
r T - T r T - T :
i 0 [m 20000 400,00 600,00 800,00 1E03
10 ~[@@@ ‘ ’
d: 289,92 [m] #Laps : 7690,29 laps]  time : 2893,69 [s]
Mu=01276 Start: 0,136 Min: 0,054 Max:0185  Mean: 0105  Stddev: 0,020
16.attels 1-40A + ETEX 0,2 g piestrade (1km)
Tribo parameters Edit 020 |
Tribometer module / Version 4.4.U . |
-Date : 23.03.2020 14:08:23 v |
Aoisiion ] !
- Radius : 6,00 [mm] |
Lin. Speed: 0,10 [m/s] |
~Normal load : 6,00 [N] |
- Stop condit. : 1000,00 [m] | 018 |
Orp>200 L |
- Effective Stop : Meters |
- Acquisiion rate : 26,5 [hz] L |
Sample ‘
- Substrate : C45 rudits 1 |
- Cleaning : Ethanol 36 % |
- Supplier : CrossChem |
Static partner 016 i
- Substrate : 100016 d |
- Cleaning : Ethanol 96 % |
- Dimension : 6,00 [mm] |
- Geometry : Ball = |
| Environment 1
- Temperature : 24,00 [<deg>C] |
‘ - Hurmidity - 32,00 (%] o |
|
|
Sample Static friction partner ‘
| Worn track secton  Worn cap diameter |
000 pm2 0003 pm 1
‘
| Young's modulus Young's modulus |
0003 Gpa 0005 Gpa \
| Poisson ratio Poisson ratio |
(S [ |
| Calculations |
| Static Partner Wear Rate i
| 0,000E +000 mm3/N/m |
| Max Herzian Stress u 1
Il 0,000E+000 GPa 010 |
| Sample WearRate ! T ! T ! T ! T ! T |
2 e - 002 2603 399E03 599E03 799E03 998E03
Il 0,000E +000 mm3/N/m : il : : : : : : : > :
| Comments 0 [lap] 531E03 1.06E04 159E04 212604 2.65E04
| = r T T T T T T T T T
" 0 [m) 20000 400,00 600.00 200,00 1E03
x10 ~[@@AK )
d: 289,92 [m] #Laps : 7690,29 flaps]  time : 2893,69 [s]
M u=01278 Start: 0,132 Min: 0,120 Max:0161  Mean:0123  Stddev: 0,005

17.attels 1-40A + ETEX 0,2 g meérijjums (1km)

14



3.sérijas berzes koeficienta Iiknes

Tribo parameters

Tribometer module / Version 4.4.U -~
- Date : 25.03.2020 10:45:06 F

Acquisiion
~Fladius : 8,50 [mm]
~Lin. Speed: 0,15 [m/s]
-Normal load : 1,00 [N]
- Stop condi. - 2000,00 m]
Orp> 200
-Effective Stop : Meters
- Acquisition rate : 28,1 [h]

Sample
- Substrate : C45 rudits
- Cleaning : Ethanol 36 %
- Supplier: CrossChem

m

Static partner
-Substrate : 100Ci6
- Cleaning : Ethanol 36 %
- Dimension : 6,00 {mm]
- Geometry : Bal

Environment
- Temperature : 24,00 [<deg>C]
- Humidity : 32,00 (%]

Lubricant : 1-40
- Volume : 30,00 [ml]

- Application : + le

Sample Static friction partner
Worn track section Worn cap diameter

000 pm2 000& um

Profie.

Young's moduius Young's moduius

0003 cpa 0003 ara
Poisson ratio Poisson ratio

000 000
Calculations "
Static Partner Wear Rate 0,03
[ 0,000E +000 mm3/N/m = T T T T
e N ' z.salzus ' 5.az|£os ' 7.98IE03 . 1.ns|£m . 1.33E0 |
I 0.000E+000 GPa 749E03 15E04 225604 3E04 374E04
Sample WearRate T T 3 T T T T T =
i 0,000E 000 mm3/N/m 400,00 800.00 1.2E03 15E03 2E03
Comments 10 ~J@@aAd ¢ ;

- d: 26,09 [m] #Laps : 488,57 flaps]  time : 173,41 [s]
Mu=01470 Start: 0,150 Min: 0,053 Max: 0180 Mean: 0101  Stddev: 0,022

18.attéls 1-40A piestrade (2km)

Tribo parameters

Tribomneter module / Version 4.4.U -
- Date : 25.03.2020 14:40:50 B

Acquisition
Radius : 8,50 (]

.0
- Stop condt. - 1000,00 [m]
Orp> 200
Effective Stop : Meters
- Acquision rate : 20,0 [h]

Sample |
- Substrate : C45 rudits
- Cleaning : Ethanol 36 %
- Supplier : CrossChem

n

Static partner
- Substrate : 100C6
- Cleaning : Ethanol 96 %
- Dimension : 6,00 [mm]
- Geometry : Bal

Envionment
- Temperature : 24,00 [<deg>C]
- Humidity : 32,00 %]

Lubricant : 1-40
“Volume : 30,00 [mi]

- Application 2l
Sample Static friction partner |
@ |
| Worn track section Worn cap diameter
00F m2 00& pm
| Young's modulus Young's moduus
00F ra 00F ra
| Poisson ratio Poisson ratio i
00E 000E |
| Calculations ; |
| Static Partner Wear Rate 012 |
Il 0,000E+000 mm3/N/m T T T T T .}
e In,ns [s] . |.33|Ens 2.ss|Ena . a,sglsna . mlsna . ﬁ_ssEnaI1
I 0.000E+000 GPa 0 [lap] 3,74E08 7.49E03 1.12E04 1.5E04 1.87E04|
| Sample WearRate r T T T T U
Il 0,000E +000 mm3/N/m 0 [m) 200.00 400.00 600.00 800.00 1E03]
| Conments x10 ~[E@@@Ad '
| - d:271,46 [m] #Laps : 5082,87 laps]  time : 1806,10 [s]
M p=01282 Start: 0,140 Min: 0,124 Max: 0167  Mean:0131  Stddev: 0,004

19.attéls 1-40A mérjjums (1km)

15



| Tribo parameters

-Normal load : 1,00 [N]

- Stop candt. : 2000,00 ]
Orp> 200

Effecive Stop : Meters

- Acquisiion rate : 20,0 [h]

Sample
- Substrate : C45 rudits
- Cleaning : Ethanol 36 % =
- Supplier : CrossChem

Static partner
- Substrate : 100Ci6
- Cleaning - Ethanol 36 %
- Dimension : 6,00 {mm]
- Geometry : Bal

Environment
- Temperature : 24,00 [<deg>C]
- Humidity : 32,00 [%]

Lubricant : 1-40 + 0.1g Etex |
-Volume : 30,00 [mi]

Tribometer module / Version 4.4.U -
- Date : 25.03.2020 17:26:57 (T |

- Application -

| Sample Static friction partner
Worn cap diameter
000% um

| Worn track section
000% m2
| Young's moduius Young's moduius
003 ara 0003 ara
| Paisson ratio Poisson ratio
00 & 000 &
| Calculations
| Static Partner Wear Rate
Il 0.000E+000 mm3/N/m
| Max Herzian Stress
Il 0,000 +000 GPa
|Sample WearRate
Il 0,000 -+000 mm3/N/m

| Comments

0.10—

0.08—

n
0.06

002 [s]

T
5,32E03

T
7.98E03

T
1.06E04

1
1.33E04

'n [Iap]

T
1.5E04

T
2.25E04

T
3E04

1
374E04

T
0 [m]

T
800,00

T
1.2E08

T
1.6E03

1
2E03

10 ~Je@@d <

d: 317,07 [m]
Mu=01235

#Laps : 5936,79 laps]  time : 2109,43 [s]
Start: 0,131 Min: 0,107

Max : 0,155

Mean: 0,118

Stddev : 0,008

20.attels I-40A + ETEX 0,1 g piestrade (2km)

»

Tribo parameters

-Date : 26.03.2020 3:22:16

Acquistion
~FRladus : 850 [mm]

~Lin. Speed: 0,15 [m/s]
~Normal load : 6,00 [N]

- Stop condi. - 100,00 [m]
0> 2,00

~Effective Stop : Meters

- Acquisition rate : 28,1 [h]

Sample
- Substrate : C45 rudits
- Cleaning - Ethanol 36 %
- Supplier : CrossChem

Static paitner
- Substrate : 10016
- Cleaning : Ethanol 3 %
- Dimension : 6,00 mm]
- Geometry : Ball

Envitorment
- Temperature : 24,00 [<deg>C]
- Humidity : 32,00 [%]

Lubricant : 1-40 + 0.1g Etex
~Volume : 30,00 [mi]
- Application :

Tribometer module / Version 4.4.U -

Sample Static friction partner

Worn track section
000 pm2

Young's modulus
0003 cpa

Worn cap diameter
005 m

Young's modulus
0003 opa

Poisson ratio. Poisson ratio
0003 0008

Calculations

Static Partner Wear Rate

[ 0,000E+000 mm3/N/m
Max Herzian Stress

[ 0,000E+000 GPa
Sample WearRate

[ 0,000E +000 mm3/N/m

Comments

0,20

0,18—

0.16—

0.10

T T
002 [s] 1.33E08

T
2.66E03

T
3.99E03

T
5.32E08

6.65E03

r T
0 [lap] 3.74E03

T
7.49E03

T
1.12E04

T
1.5E04

1.87E04

r T
0 [m 200,00

ko -J@@@ -

d: 243,24 [m]
K y=0,1298

21.attels I1-40A + ETEX 0,1 g mérijjums (1km)

#Laps : 4554,39 [laps] time : 1617,09 [s]
Start: 0,132 Min: 0,116

16

Max: 0,174

T
400,00

Mean : 0,130 Stddev : 0,005

T
600,00

T
800,00

1E03

»




Tribo parameters

Tribometer module / Version 4.4.U -
-Date : 26.03.2020 12:30:44

Acquisiion
~Rladus : 850 [mm]
~Lin. Speed: 0,15 [m/s]
~Normal load : 1,00 [N]
-Stop condi. - 200,00 {m]

Orp> 200

~Effective Stop : Meters

- Acqisiion rate : 20,0 [h]

Sample
-Substrate : C45 rudits
Cleaning : Ethanol 96 %
- Supplier : CrossChem

Static partner
- Substate : 100C16
- Cleaning : Ethanol 96 %
~Dimension 6,00 [mm]
~Geometry: Bal

Envionment
~Temperature : 24.00 [<deg>C]
~Humidity : 32,00 (%]

Lubricant: 1-40 + 0.2g Etex
“Valume : 30,00 [mi]
- Application:

Sample Static friction partner

Worn track section
0008 pm2

Young's moduius
0003 cpa

Worn cap diameter
000% um

Young's moduus
00E cpa

Poisson ratio
0005

Poisson ratio
=
[T

Calculations
Static Partner Wear Rate

0,000E+000 mm3/N/m
Max Herzian Stress
. 0000E+D00GPa
Sample WearRate

0,000E+000 mm3/N/m

Comments

0.06—

003 [s]

T
2.66E03

T
5,32E03

T
7.98E03

T
1.06E04

1
1.33E04

Iu [1ap]

T
7.49E03

T
1.5E04

T
2,25E04

T
3E04

1
374E04

r
0 [m]

Q@@

d:243,24 [m]

M u=01298 Start: 0,141

#Laps : 454,39 [aps]

Min: 0,083

T
800,00

time : 1617,08 [§]

Max: 0,153 Mean: 0,111 Stddev : 0,008

T
1.2E08

22.attels 1-40A + ETEX 0,2 g piestrade (2km)

T
1.6E03

]
2E03

b

| Tribo parameters

Tribometer module / Version 4.4.U -

- Date : 26.03.2020 16:18:52

| Acqistion
~Radius : 850 (mm]
~Lin. Speed: 0,15 [m/s]
~Normal load : 6,00 [N]
- Stop cond. : 100,00 [m]
Ory> 200
Effective Stop : Meters
- Aqisiton rate : 28.1 [he]

| Sample
- Substrate : C45 rudits
- Cleaning : Ethanol 96 %
- Supplier : CrossChem

| Static partner
- Substiate - 100Ci6
- Cleaning : Ethanol 36 %
- Dimension : 6,00 [mm]
- Geometry : Ball

| Enyionment
|- Temperature : 24,00 [<deg>C]
- Humidity : 32,00 (%]

| Lubricant : 1-40 + 0.2q Etex
“Volume : 30,00 [mi]
- Application :

Sample Static friction partner

Worn cap diameter
0005 pm

| Worn track section
0005 m2
Young's modulus
00035 cpa
| Poisson ratio
[

Young's modulus
00% cea

Poisson ratio
00E

| Calculations
| Static Partner WearRate

| 0,000 +000 mm3/N/m
ian Stress

Max

0.000E +000 GPa

Sample WearRate
Il 0,000E +000 mm3/N/m

Comments

0.14—

002 [s]

T
1.33E08

T
2.66E03

T
3.99E08

T
532603

6.65E08

'n [Iap]

T
374E03

T
7.49E03

T
1.12E04

T
1.5E04

1.87E04

T

0 [m]
10 ~J@@@A -
d: 248,66 [m]
01205 Start:

126

#Laps : 4655,91 [laps]

T
200,00

Min: 0,105

T
400,00

time : 1653,07 [s]

Max: 0,138 Mean: 0,117 Stddev : 0,003

T
600,00

23.attels 1-40A + ETEX 0,2 g mérijjums (1km)

17

T
800,00

1E03
»




2.pielikums
1.sérijas berzes para lodes nodiluma laukuma attéeli

L1 = 0.573 mm

=PGlare = 0.232 mm~2

24 attels [-40A

25.attels 1-40A + ETEX 5ml

18



L1 =0.512 mm

PGlare = 0.180 mm~2

26.attels 1-40A + ETEX 0,29

19



2.sérijas berzes para lodes nodiluma laukuma attéeli

L1 = 0.549 mm

Resutt
0549 mm
0205 mm"2

27 .attels 1-40A

L1 = 0.515 mm

28.attels I-40A + ETEX 0,1 g

20



L1 = 0.530 mm

29.attéls 1-40A + ETEX 0,2g

21



3.sérijas berzes para lodes nodiluma laukuma atteli

L1 = 0.494 mm

31l.attels I-40A + ETEX 0,1 g

22



Result

0471 mm
0136 mm"2

32.attels I-40A + ETEX 0,2 g

23



Berzes para diska virsmas raupjuma parametri

3.pielikums

1- Apr -2020

CERHFEICATE OF INSPECHON

Evaluation Profile

40

E
= 20
Im , i i Al bt (L Ml T 8
I H“' LM G
20
4.0
6.0 F
-8.0
0.0 05 1.0 15 25 30 35 40 45
[mm]
Work Name Sample Operator Mitutoyo
Measuring Tool SurfTest SJ-210 Comment Ver2.00
Standard 1SO 1997 N 6
Profile R Cut-Off 0.8mm
As 8.0um Filter GAUSS
Ra 1.15um Rmr 0.042%
Rq 1.47um Rmir(c) 0.042%
Rz 7.90pum Rdc 0.83um
Rp 3.21um Rdc 0.63um
Rv 4.69um Rdc 0.52um
Rt 9.13um Rk 3.35um
Rsk -0.437 Rpk 1.19um
Rky 3.505 Rvk 2.18um
Rc 2.82um Mr1 10.604%
RSm 41.9um Mr2 86.708%
Rz1max 8.76um A1 6.33
RDg 0.232 A2 14.48

24

Copyright (C) 2010 Mitutoyo Corporation



1- Apr -2020

CERTIFICATE OF INSPECTION

Evaluation Profile

0.0 0.5 1.0 1.5 2.0 25 3.0 4.0 4.5
[mm]
Work Name Sample Operator Mitutoyo
Measuring Tool SurfTest SJ-210 Comment Ver2.00
Standard ISO 1997 N 6
Profile R Cut-Off 0.8mm
As 8.0um Filter GAUSS
Ra 117um Rmr 0.042%
Rq 1.52um Rmr(c) 0.042%
Rz 8.93um Rdc 0.76um
Rp 3.45um Rdc 0.62um
Rv 5.48um Rdc 0.54pm
Rt 11.57um Rk 3.48um
Rsk -0.663 Rpk 1.12uym
Rky 4.083 Rvk 2.36um
Rc 3.04pm Mr1 9.000%
RSm 39.7um Mr2 87.229%
Rz1max 11.57um A1 5.04
RDq 0.259 A2 15.04

25

Copyright (C) 2010 Mitutoyo Corporation



[um]

6.0

40

20

0.0

-2.0

40 |

8.0 |

-8.0

1- Apr -2020

CERTIEICATE OF INSPECTION

Evaluation Profile

0.0 05 10 15 20 25 30 35 40 45
[mm]
Work Name Sample Operator Mitutoyo
Measuring Tool SurfTest SJ-210 Comment Ver2.00
Standard SO 1997 N 6
Profile R Cut-Off 0.8mm
As 8.0pum Filter GAUSS
Ra 1.19um Rmr 0.167%
Rq 1.49um Rmr(c) 0.167%
Rz 7.57um Rdc 0.75um
Rp 3.29um Rdc 0.57um
Rv 4.27um Rdc 0.51um
Rt 9.53um Rk 3.44um
Rsk -0.400 Rpk 1.25um
Rku 2.960 Rvk 1.98um
Rc 3.20pm Mr1 8.313%
RSm 46.1um Mr2 83.854%
Rz1max 8.69um A1 5.21
RDq 0.242 A2 15.98

26

Copyright (C) 2010 Mitutoyo Corporation



