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Elasto-Hydrodynamic Lubrication

Boundary Lubrication

Hydrodynamic Lubrication

A Lubrication regimes

Stribeck curve

\

Coefficient of friction

Beraring parameter

\ NN/pav
Boundary lubrication Mixed lubrication Hydrodynamic lubrication
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Lubricants

|
I I
Biological Non-biological
| |
I I I ]
Vegetable oils Animal fats Mineral oils Synthetic oils

» Castor ol * Lanolin « Paraffinic * Synthetic hydro-
» Rapeseed * Fish oil « Naphthenic carbon
v Palm oil ¢ Whale sperm o Aromatic + Silicon oil
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Base Oil Additives

Lubricants
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APIE ® A ON
Vi SATURATES | SULPHUR
% %
GROUP | 80-100 <90 >0.03
GROUP I 80-120 >90 <0.03
GROUP Il >120 >90 <0.03
GROUP IV POLY ALFA-OLEFINS (SYNTHETIC ORIGIN)
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H H >¢ Hy 2O K

C H ~H g %
H=C—H H—C—H Hig E/u ¥
H=G—H H=C=HH L WO
H-C—H He— = \ K oH %
H g—u H—C—HH "-f-s-? H—C—H
H=G—H H-C—HH H H H=C—H W S
g - —Gg—t-i i ”
H-C—H H-C—HH ¥ W H=f=H H-C—H

H M :
Paraffin Branch Paraffin Naphthenic Aromatic

Approximation of Component Matrix of Mineral Base Oil

% % %
Paraffins Nephthanes Aromatic % Wax Asphalt Sulfur
Paraffinic 45-60 20-30 15-25 1-10 0-5 0.5
\aphthenic 15-25 65-75 ~10 Trace 0-5 1
Aromatic ~5 60-75 20-25 0-0.5 0-20

S aly (€9 s lio
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Property Naphthenic oil Paraffinic oil
Density at 20°C ( kg/m’) 882.9 872.8
Kinematic viscosity 40°C (mm°/s) 9.655 10.06

Pour point (°C) -45 24

Flash point (°C) 140 159
Acidity (mg KOH/g) 0.01 0.022
Breakdown voltage 55 40

(2.5mm gap electrodes) (kV)

Corrosive sulphur non-corrosive non-corrosive




100C  Point C

Analysis

Lubricant base oil PAG(VG4
RViGo(esy | A Kinematic viscosity at 40°C 49.58
KV40 (cS1) AST™ fmm‘/s} s
. : : Kinematic viscosity at 100°C 10.72
ASTM D! [mm?/s] :
2“‘ Viscosity index 214
Density [g/em'] 0.9939

[*This property and oil were provided by Idem
DIN 313812 Kosan Co., Ltd.

AST™M D2549
FIMS

FIMS
FIMS

G g (Fome 4l €9 dmnlio

e symmenc

Millions of Molecule Molecules repeat

combination Structure .

Varies greatly Molecule Size Constant g
(weight)

Contains aromatic, Purity Very pure

nitrogen, sulfur, wax

Oxidation Stability

More
stable Polyalphaolefin (Synthetic)
Group I
Group It
Group |
Naphthenic Mineral Ol
Less
Stable Aromatic Mineral O#
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Alkylbenzenes
Naphthenic mineral oils
Paraffinic mineral oils
Hydrocracked mineral oils
Polyalphaolefines
Polyolesters

Poly(alkylene glycol)s
Silicones

Perfluorinated polyethers
Vegetable oils

A

25
25
20
1.5
1.0
15
20
1.0
1.0
3.0

B

1.0
20
3.0
3.0
1.0
1.5
1.5
1.0
15
20

C D E

25 30 20
20 25 20
20 2.5 20
20 20 20
1.0 20 1.5
20 1.0 1.5
20 1.5 1.5
1.0 1.0 1.5
1.0 1.5 1.5
30 1.0 1.0

PAG o5 o LSIT L (¥

Sl Oland 5 ol Ly caal go (Y

F

30
25
20
1.5
1.5
1.5
1.5
1.0
1.5
20

b

23
22
23
20
13
1.5
1.7
1.1
1.3
20

== C=—CHy—C=—CHy—C—CH

)
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CH, CHj
Loofdo)
HO— I i—O II—Oa—?l——OH
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Log (Viscosity)
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Cold Normal .
e st ‘ LS Current Fluid
\ ——r | Reduced Visc Fluid
Dispersant Detergent
‘ effect effect Neutralizing
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cnemical im

_—
Chemical Wear

Oiliness Agent Highly polar, organic, metal wetting additive. Form ductile adherent  Fatty acids
film: a microscopic carpet. Under load, a metal soap result. Not
effective at contact temperature above 65 C
Antiwear (AW) Polar metal wetting additive usually produced from salt of zinc, Zine dialkyldithiophospate (ZDDP),
phosphorous, and sulfur. Form ductile ash-like film at moderate to Tricresylphosphate (TCP)
high contact temperature (65-110 C). Light chemical wear.

After Load

Extreme Pressure (EP) (1) Chemically aggressive which form adherent surface film (2) i lid lik
Suspension of microscoplc solid borate (<0.5 microns) & MoS2 (<5
microns)
Gear oll with EP
Perafinic base Paraffinic base stock only additive
stock N
§ § __4 E e
Gear ol with reaction
With olfiness and oliness .
\""“ \ With AW agent
& C,.G’))' Gﬂ.ﬂ.’)é OOLG.H&‘ \))5.0 Y @é’ﬁ'
|
|
| Additive Turbine  Compressor Gear Hyaraulic Engine Grease
and Pump
Dispersant - - = = .- N
Detergent - - *% - '
AW / EP - - - - - -
(ash less (AW) (AW and (AW) (AW) (AW and
AW) EP) EP)
Oxidation and . . . . . P
Corrosion Inhibitor
| Friction Modifier - - - - P -
|
| Pour Point . .- - . .-
Depressant
Anti Foam - - - = = -
Anti Emulsifier s e
‘ VI Improver - - - = - =
Other (a) 2 s P . B P
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SAE J306 Automotive Gear Viscosity Classifications Axle
and M I Tr ission Lubri t Vi ity Classifications
T0W | 75W | BOW | 85W | 80 85 90 | 110 | 140 | 190 | 250

| Min,mm2/s | 4.1 | 4.1 | 7.0 [11.0] 7.0 [11.0[13.5[18.5|24.0 [ 32.5 | 41.0
at 100°C | Max,mm2/s | .. wee |11.0(13.5(18.5 | 24,0325 | 41.0 | ...

Viscosity of 150,000 | 45 | 40 | 26 | -12
mPa.s max. temp'C
20hr. KRL Shear
(CRCL-45-t-93) ,
KV100, after Shear
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Lubricants have additives that protect from corrosion, axidation and wear, plus

e, ", L/ ny additives increasing their viscosity index (VI >140, pressure >100 bar)
" e R lubricants have additives from corrosion, oxidation and wearing (VI >80-100,
pressure >100bar)
nts have additives protecting from corrosion and oxidation (VG >80-100,
H Hi ’
L L LHL o goben.
L-HS Synthetic Oil (non-fire resistant)
~

'ommon ISO VG: 10, 15, ZZ’ 46, 68, 100

ommon Additive: Ann!
Oxi

Corrosion Inhibitor, Anti-wear, Anti
Anti-Foam, Demulsifier, VI Improver
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Refined mineral oils with Oxidation stability, anti-corrosion (ferrous and

O
2
nonferrous metal) and anti-foam properties (DIN 51517-2 CL)
L-CKC CKB + EP or AW (DIN 51517 CLP)
Enclosed

L-CKB

L-CKD  CKC + Thermal/Oxidative Stability (DIN 51517 CLP)
4 Gear  |.CKE CKB + Friction Modifier (DIN 51517 CGLP)

L-CKS CKD + High EP, and may containing Synthetic Base Stock

For very extreme temperature (Low or High), Having VI Improver and PPD, and

L-CKI
c may containing synthetic base stock

L-CKH Product usually bituminous type with anti-corrosion properties
Gear L-CKJ CKH + EP or AW

L-CKM Grease type

What is The Common ISO VG Available in The Market ?
Please Name The Common Additives Which Usually Required / Added?

What ic The Ranoe nf Initial TAN?
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COMPRESSOR BASIC TYPES ¥
DYNAMIC POSI p "
1 -

DISPLACEMENT
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Bushing

Current Transformer

Pressure Relief Device

NI Level Gauge Cooler

Connecting Valve

Cooling Fa
Buchholz Relay 9

Dehydrating
Breather

Radiator
Dial Thermometer

SIU s b (29,

5.5&).,51.@,1L.,.,.q..A.::;:}qawl)&ﬁo)il_o.cl.?05).:.@)154.3Lg)Lf&LLaQL,.Lo.c)eW)jmydwldjlflﬂ@ub&ﬁkjp
WS o 1) ones S



Sl Sdalie g o Gadhie ;0 LS 0gzg - )

A, 55 6,50 @l iy b Sl (SElasl ol g @yl 2l ogdle 5 — Il g ool - 5l eled Zabw o Slasl ) -Y
Gy, oS o col) 05 b wl> gl 5 axhd glos ralS (6,155,8 9 (J) S ;0 Logas a) o oly 050 5 yad (9o

e S0 S92 9,15 skl golal LS v5ege Gl )90 SIS 5 o

:
2

ottt b

| DE®E0

o
3,00 el e g dulx Sl e 5 aliloe 0L 69505 sl o clatie 5l CI8H38 lads Jsoy8 b s )5

< (Fillers) oaiss j (ygas b 0aisS 5 S5 L) gl sz oS 5 L( gl g (i Slaios 5l aSs pl> aes b ael> ol (gl oole s ,5
el ol G5 lan sl 05 (oo 5 sl S

a5 olge plo adl.canla o il éq, 3o o (Thickener) coiss ;5 o oS 5 5l 4 auls aes b auls ol gl oole o ,S°

ogd b S ISl (Sen T 50 55 wylia o] Cols s wilgn

JLied b adls (g9, ot g oo S oo Slakad b ilgn B oo soliiwl 0usiS 5l o] Sl j0 aS cawl (5, lg, eole o S
Oguid laz dalad 515 SIS



Yvhat is Lubricating Grease Mmade rrom¢

&F o S 1

Vegetable Oil - Rape Complex Soap - Ca, Na Li, Al Ba
PAO - Poly Alpha Olefin Clay - Bentonite
PAG - Poly Alkyene Glycol Polyurea Friction
Silicone Polymer - PTFE Passivation

Esters- Natural, Synthetic Pigments Adhesion

OmS 38 iy
< :'s" :12 :25 351051 Billae U Siiys w“‘"l; : Greases for gear
IN 51 312l Slhae wians (st 8353 (5, Mg, transmissions.
o st 0as (5, ity oG o a0-a0 fuid and centraized
Ak /5] (sleSi () Wity M "
° 355235 Semi Fluid
S5 Slge a b, ledbl 1 10-320 Very Soft
(aadge jpalpee U ol Jio) sale (slm,)iSly, F Roller and pl
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St E 2 265295 Soft ool
12)9slh (5 (31)S9, 30 FK
JsSNS Gb o] 3 22025 SemiSolid
nSabas k) s
(EP) y251as )L Jasi gaiv3! L 4 175208 Solid
Sealing Greases.
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N AU 2 H -40

Lower Operating Temperature (*C)
Upper Oparating Temperature and Behaviour with Wal

NLGI Grade (Consistency)
Base Ol Type and Additives

Type of Lubricating Groase

K PF2 K-30

Lower application temperature in °C

@ upper application temperature,
water-repelling performance

@ NLGI-grade

@ Additional labelling for
base-oil type and additive

@ grease lubricants for
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