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APPENDIX A: MAP OF SRI LANKAN MINERAL RESOURCE
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APPENDIX B: TRIBOMETER

CSM TRIBOMETERS

Nano & Micro range for Tribological studies

Friction and Wear Characterization
Pin-on-Disk, Flat-on-Flat, Ball-on-Disk, ...
High-Temperature and Vacuum options
Compliant to ISO & ASTM standards

.csm

Instruments
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CSM Tribometer

Introduction to the C5M Tribometers

I ribormetry, a sphere, a pinor Hal s loaved ocole
the test sarnple with a arecisely «mown foree. The
s mounted on 4 s0T lever, designed as & ric-
ticnless force transcuces The foction ooefficient is
determinen during the test by measuring the de-
flecticn of the elastic amm. Wear coefficients for
the pin and disk materia’s ane calculated fram the
velume of material lost during the test. This simple
melhod Tacililales the study ol Iriclion ano wesr
behaviour of almost every selid state matarial cor-
tination with or without Jubrizant. Furthermore,
the control of the lest paramelers such gs spesd,
frecusncy, Lonlact pressare, lrms and envinonmer-
tal parameters (lempereture, hurmidity ane [ubr-
cant) alows simulation of tha real lifs conditinns
af a practical wear situaton.

Tribomelers sre unigue nstioments gesigned for
uitrz high precision force measurerent. They can
concuct both linear reciprocating and rerating
maoces. One important feature of all 250 Tribor-
et s that the experment staps automatically
when the cnefficent of fricion reachas a prede-
finad taresnald valuz or whan a specified numbsar
af eyrles is reached. Alse, the trinameter = 2un-
plied with an enclozure so that controlled atmos-
preres of varyng burmedity or cormpositicn can be
used. Specializec versions of the Tribomsater have
been vevelopaed for high & lovw lermperalure opers-
ticns, reciprocating mation nd hgn vacuam test-
ing. The TSk Trihameters can be equipped witn
A depth messuring sensor for regl-time displey of
depth information which is irmpattant instudying
the tree cependent wear properties. Furthermiore,
an electrical conductivizy aption alows testing of
slectical insulation ef coatings,

Features of the CSM Tribometers

= High Kewalulicn abaines with urigue
fricticnless force sensor dasign

> Basy and aulornaied calibrabon procedures

= High-predision Teedback controlled imater
meTion

= Predisely calivreted instrument for fricion anc
wear

= Linear and Rotating sample displacement

= Sample Heating Oatice (U 1o 10007°0)

> Autamatic switch off at fricticn coeffinient
thrashold o total number of cycles

> Tesls comuliant to ASTA G349 & DIN 50324

= Tests in ligues, contralled humidity or inert

gaszs wilhin Plexiylas enclosure
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= CONTiNUCUS wear depth measurament {optionall
= Canstinurus electrcal contast recording (opticnal)
= Precision engineerad in Switzerand by TS0,

Linear Reciprocating Tribometer

The Linzar Trinomeler reoroduces the rediproce ling
mcdion pical of rmarry realworld mechansms. The
instrurnent massures & friction coefficiant for both
the forware and backward displarement of the
strake and the software generates data on Fertzian
pressure, static parmer and sample wear ates. Tne
reciprocating technigae s also very useful for stue-
ving the variation over time of the static coefficiant
of friction - as opposed ta the dynamic coelficient
rmeasured with the Fin-on-Disk configuration. Mast
corrlacl geomelriss can be reproduced  ncluding
Pin-on-Plate, Bal-on-Plate anc Flat-on-Plate (sthers
o request). The Linear Tibometar can be sgquippad
weith a beating and couling plate for (esting under a
wide variety of terperatures.

Vacuum Tribometers

Al CSM Instrarments Trinometers are alsa available
in a high vacuur configueation. This fully autormat-
ed instrumant allows perfact control of trkolcgical
corrd ibens,

Electrical contact resistance (option)

The zleclrica’ wontact oolion is 3 useful messure-
rment when variations of conductivicy could 2e ok-
served in g coslingdsubslirele sysiem.

For exammple, the cifference ot conductivity
between a coating anc a substrate can be cetected
and allbws datemmination of the ruprure of the
coating during 2 wear test,

Depth measurement (option)

The depth of the pin or ball in contact with the
sarple tan be continuously monitored daring a
Tribormeter test. The wear depth measurament
records he vertical displaceriznt of the ann during
Lhie lest.




CETR Multi Contact Tribometer
(CETR-MC)

The CETR-MC js o stafe-of-the-ort Tribological Stotion with inferchongeable moduwles
ailowing 't o perferm many tesis, either derived from the stendards (4 bells, Falex, Timken,
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APPENDIX C: TIMKEN TEST RIG

¥ FALEX TIMKEN
% Test Rig

The Falex Timken Extreme
Pressure Test Rig is one of
the first commercially
manufactured and most
widely recognized testers
for evaluating the Iload
carrying capacity of extreme
pressure  lubricants.
Criginally developed in the
1930's by The Timken
Company, this tester
evaluates fluid Ilubricants
and greases containing
extreme-pressure additives.

Manufactured by Falex Corporation since 1982, the Falex Timken Test Rig
is supplied as a complete system to conduct ASTM Standard Test Methods
D2508 and D2782.

Improvements include controlled rate test load and mechanical grease
feeder systems, a test fluid recirculation system with temperature control,
and an automatic fluid flow interrupter. Optional accessories include a
variable speed motor and reservoir cooling system to improve versatility
and performance.

STANDARD TEST METHODS

ASTM D 2508 - Standard Test Method for Measurement of Load-Carrying
Capacity of Lubricating Grease (Timken Methad)

ASTM D 2782 - Standard Test Method for Measurement of Extreme-Pressure
Properties of Lubricating Fluids (Timken Method)
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APPENDIX D: COMMERCIAL SIEVE MESH DIMENSIONS

Commercial Sieve Mesh Dimensions

Sieve size| Opening | Standard Mesh Tensile Bolting Cloth Mill Grade Market Grade
(mm}) {in) us Tyler Mesh Opening |\Wire Mesh Opening Wire Mesh Opening Wire
11.2 438 7167 - - - - 2 466 054 2 A37 _063
6.3 -250 1747 - - - - 3 292 041 3 279 _054
5.6 223 35 35 - - - 4 215 -035 4 2023 -0475
4.75 187 4 4 - - - - - - 4 187 063
4.0 157 5 5 - - - 5 168 032 5 -159 _041
335 132 6 6 - - - 3] 139 028 6 132 0348
2.80 110 T T - - - I _115 -028 T _108 _035
2.36 0937 8 8 - - - 8 _100 025 8 _0964 |.0286
20 0787 10 9 - - - 2] 088 023 10 0742 |.0258
1.85 - - - - - - 10 080 020 11 073 _018
1.7 0661 12 10 14 062 009 12 065 018 12 0603 023
1.4 _0555 14 12 16 _0535 -009 14 _054 017 14 -051 -0204
1.18 0469 16 14 18 04586 009 16 04865 016 16 0445 0181
1.04 - - - 20 _0410 009 - - - - - -
1.0 0394 18 16 22 0380 |.0075| 18 0406 015 18 0386 |.0173
.85 -0331 20 20 24 -0342 0075 | 20 _0360 -014 20 _034 0162
787 - - - 26 -0310 0075 | 22 -0320 -0135 - - -
71 0278 25 24 28 _0282 |.0075| 24 0287 013 | 24 0277 _014
_681 - - - 30 0268 |.0065| 26 0275 011 - - -
63 - - - 3z 0248 |.0065| 28 0275 010 - - -
_B0 0234 30 28 34 _0225 |.0065| 30 0238 | .0095 - - -
541 - - - 36 0213 |.0065| 32 0223 009 - - -
50 0197 35 32 38 0198 |.0065| 34 0204 009 30 0203 |.0128
AT - - - 40 0185 |.0065| 36 0188 009 - - -
465 - - - 42 0183 |.0055| 38 0178 | .0085 - - -
A3T - - - 44 0172  |.0055 - - - 35 0176 |.0118
425 _0165 40 35 45 0162 |.0055| 40 0165 | .0085 - - -
.389 - - - 48 _0153 _00&5 - - - 40 0150 -0104
_368 - - - 50 -0145 _0055 - - - - - -
355 0138 | 45 a2 52| o137 |lo055] 45 0142 | o008 | - - -
33 - - - 54 .0130 |.0055 - - - - - -
323 5 - - 58 | .0127 |.0045| - - - - - -
3 - - - 60 0122 |.0045| 50 0125 | .0075 - - -
_30 0117 50 48 52 0118 |.0045| 55 0112 007 - - -
282 - - - 54 0111 |.0045 - - - 50 0110 |.0090
27 - - - 70 _0108 |.0037 - - - - - -
26 = = = T2 0102 |.0037 = = = = = =
25 _0098 60 60 T4 _009s8 0037 | 60 -0102 _00B5 - - -
241 - - - 76 _009s5 _0037 - - - - - -
231 - - - T8 _0091 | .0037 - - - 60 0092  |.0075
224 - - - 80 _0088 |.0037 - - - - - -
212 0083 70 65 84 _0084 |.0035 - - - - - -
_20 - - - 88 _0079 |.0035 - - - - - -
193 - - - 20 0076 |.0035 - - - - - -
18 0070 a0 80 94 _0071  |.0035 - - - 80 0070 |.0055
_165 - - - 108 _00B65 |.0030 - - - - - -
15 0059 100 100 120 _00s8  |.0025 - - - 100 0055 |.0045
125 0049 120 115 145 0047 |.0022 - - - 120 0048 | .0037
_106 0041 140 150 165 _0042  |.0019 - - - 150 0041 |.0026
_0s0 -0035 170 170 200 -0034 _0016 - - - 180 -0033 -0023
075 -0029 200 200 230 -0029 _0014 - - - 200 -0029 -0021
063 0025 230 250 - - - - - - 250 0024 |.0018
053 0021 270 270 300 _0021  |.0012 - - - 270 0021 |.00186
045 0017 325 325 - - - - - - 325 0017 |.0014
_038 0015 400 400 - - - - - - 400 _0015 0010
025 -0010 500 - - - - - - - 500 _.0010 L0010
_020 .0008 632 - - - - - - - 635 _.0oos  |.o008
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APPENDIX E: TIME INTERVALS OF NANO/SUB MICRON
GRINDING

Subtotal of

Ball Size RPM Time(min) .
time

5mm 1000
1000
1000
1000
1000
3mm 1000
900
900
900
950
950
950
950
Imm 900
900
950
950
950
950

v »nn b

IR
o

29

24

17

0.5mm 950
950
950
950
950
950
950
950

U L1 L1 L1 U1 W W W W W W W NN WW W W w w w w w

34

Grand Total of Time 104
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