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1. naidaanu (Friction)
2. ms&nusa (Wear)

3. waznisuaaau (Lubrication)




1. usagaamu (Friction)
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anudaanuuuilaa (Sliding Friction) ANLAHIANIULLILING (Rolling Friction)
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1.1 anuasamuuuvlea Sliding Friction)
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Tribology: In Search of the Molecular Origins of Friction and Wear

Surfaces have roughness and these peaks are called asperities. When two surfaces are in contact, the real area of contactis
In the absence of sufficient fluid film separation, contact occurs made up of a collection of these microscopic contacts that are
across a very few number of peaks at any one time. distributed across the apparent area of contact.
friction coefficient

/ (ratio of friction force to normal force)
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Microscopic

adhesion fn A
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The contact pressures and temperatures within the real
area of contact are much higher than the nominal
conditions. During sliding, these extreme conditions
result in wear, which is distributed across the surfaces.
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1.2. anuaaamuuuunas (Rolling Friction)

ROIling Fl“iction Direction of travel
Moving Motion
Force

Tyre deformation — " Friction between tyre and road

A A
MInaa Uy

a Z/ U A
NANNAININNUNI

Rolling Friction

| d' d' [ v d v .&' a d' d' t: a Y v A Y Y] d' d'
Wlumsmasuiauiing sernaaesnuil maaasuiuuunas (ROl dalddnenii de desmsnasnulumsnaoun
; 1 d' - Vo a d? dd'u d! A v A A 1 :’J
mn’nmsmau‘laa Slide) amunmmﬂmummflunsmmﬂwmmnymmau H391NDUNANIMI U NAINVBINS
Ao UTIIUNG 19z do e T U SEAmTiE @dhesion) ammsflunmﬂaﬂmﬂ (deformatlon) HNoUN
msnaeufinuloa udfinnamandaiifamumsdm @pproach HaZMIIAAUIN (Separation) woq
Wnaduiadaznaluiametminsui TldReldiamavinumieumsloa




2. ﬂﬂllﬂﬂ1§a’ﬂ‘l"i§?) (Different types of wear)
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Adhesive wear
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o am Abrasive wear
Cavitations Wear
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Wear Surface Fatigue
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MIanrseanuUdafn (Adhesive Wear)

Adhesive Wear
XYXXX

Pitch Line

Scutfing occurs on bath sides of the pitch .'%I'i-. .M:‘I Piteh Arc )
line. Changes tooth profile. Drives load U %~ Scuffing and Adhesive Wear
density towards pitchline. Loss of involute
profile increases gear noise.
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Adhesive wear occurs in highly-loaded, poorly Infiluencing Factors:
lubricated slidingmaching contacts. » Similarity of mating surfaces
« Antiscuff, ER AW additives

Machine/components affectedby adhesive wear: « Film thickness (load, viscosity,
* Pistons/cylinders « Swash plates speed)
» Gear contacts * Hypoid gears » Gear tooth size

» Cams and followers * Rolling edement bearings = Surface roughness



M3ANHIDUVUYATA (Abrasive Wear)

. Abrasive wear
Abrasive wear

LOAD Two body abrasive wear
Thickness (UM
/
‘ Three body abrasive wear

v

Abrasive wear effects - Typical components subjected to Abrasion -

* Dimensional changes * Hydraulic pumps (gear, vane, piston pumps)

* Leakage * Hydraulic cylinders (rod seals, piston seals and bearings)

* Lower efficiency * Hydraulic motors

» Generated wear : more wear «» Journal bearings @ www.substech.com
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Surface Fatigue
o090 0D

hard particles

Surface fatigue often begins by
denting due 1o hard or soit particles.
This creates a stress riser (berm).
Repeat high loading (stress
reversals) on berm or particles
causes surface fatigue and
eventually pits form. This leads 1o
larger pits, then spals.
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af (Surface Fatigue)

Pitch Line
Pilch Anc

Faligue Wear

High Risk Contacls:
rolling element
bearings, gear teeth
al pitchling,cams and
rollers.

Controlling Surface Fatigue:

+ Increase film thickness

« Reduce surface roughness

» Maximize hardness

» Lower traction coefficient

+ High pressure-viscosity
coefficient

« Avoid particle contamination

+ Keep oil dry

Pits and dents disrupl
EHD film thickness
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Erosive wear

Particles impinge on the
component surface or edge and
remove material due to momentum effects

Erosive wear effects - Typical components subjected to Erosion -
» Slow response * Servo valves

* Spool jamming/stiction * Proportional valves

* Surface erosion + Directional control valves

» Solencid burnout




MINANTOU (Corrosive Wean)

Corrosive Wear
. X N N N

[ Schematic Corrosive Wear
uid
W Corrogion rate (rust)

typically doubles for every

Uniform Attack Intergranular Attack 10°C (18°F) increase in
temperature.
Fluid Technigues to Reduce Corrosion: .
v Sl v L = Corrosion-resistant Metallurgy o Conciont o
. * Fluid Contamination Control (haat,
Pitting Attack Subsurface Attack ) ‘

moisture, waler, acids, bacleria)
« Protective Barrier (coatings, surface

Corrosion wear is surface damage resulting from reatments, elc.) - Fo + H,SO, (aq) —» FeSO, + H,
exposure 1o a reaclive environment (atmosphere, = Corrosion-controfling Additives (rust
maisture accumulation, bacteria, acids, electrolyies, inhibitors, metal deactivators, overbase

process chemicals or lubricant by-products). additive, efc.)



msanvsauuuInssamaluszuulansoan
(cavitation Wear)

Surface
Damage

Initial Bubble

Collapse

Collapsing
Bubble

Cavity i Growth
Generatio

Microjet
Source

CAVITATION DAMAGE

Bronze Flex Plate of

Hydraulic Vane Pump Operating SOlld
on Diesel Engine Lubricating Oil

Magnification 20x

Surface Schematic Cavitation Damage

Initial Asymmetric Liquid Jet Jot
Cavity Collapse Formation Impingement




3. msvdeau (Lubrication)

Preventive Maintenance

Fixed Time Maintenance Condition Based Condition
Cleaning
Changing
of filter
T A
NIavau

One of important

Lubrication | ¢ ..
activities of PM
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Reduce
Friction
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Objective of Lubrication
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Coating to seal
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anazlénsuaadu visanisuaadunuuwsis (Dry Lubrication)
- Sludnensae Ui funuU i (Dry film)
anazmsuaasuLuLLauais (Boundary Lubrication)

- Lﬂwﬁg’/u?\lﬁmfﬂﬁmmmﬂmmﬂ (Thin wet film)
anznisuaaduuuufesuysa (Mixed Lubrication)
aqumwdaﬁlutmuauyﬁfﬁ (Full film)
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n. Adunnnanniasaasaaswan (Hydrodynamic Film)

9, Wdutinsfuy aweed (Elasto Hydrodynamic : EHD)
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1. anzldnisuanau vianisuaaauuuuuie (Dry Friction)
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Microscopic

contact points
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2. asnzmsvaeaunuuuiias (Boundary Lubrication)
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3. asmzmsvasaunuuisanysa (Mixed Lubrication)
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Lubrication regimes

v Apparent area of contact%%
/ %
Boundary lubrication Mixed lubrication Hydrodynamic lubrication
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3. @N1IzMIHadaMNUUNIaNy ol (Mixed Lubrication) o)

n. uuulnan (Polar type)

x wnfS (EP type)

3 S | Without EP or AW

- Load - :
Sliding Material Transfer or
Before Load ‘V e
Solid or Semisolid ‘ '
Soap-like Chemical : / . ; | ‘ -
- Soft Soapike -
Chemical Film

Film
Under boundary conditions, antiwear
film shears instead of surface material, ~ Bulk Lubricant
However, mild chemical wear (chemical ;014 or Semisolid Interface
polishing) does result. Film

With EP or AW

Frictional Heat
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4. asmzmsvaeausuuanysar (Full Film)

41 Waunneanniaszesaesvan (Hydrodynamic Film)
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Fluid Film Bearing



LUBRICATION IN BEARINGS

START UP > RUNNING
NO OIL PRESSURE LOW OIL PRESSURE FULL OIL PRESSURE
OIL SUPPLY
| I\ /‘ ;

LOAD OIL PRESSURE

i 1 : | ll ¢ A

BOUNDARY MIXED HYDRODYNAMIC
LUBRICATION LUBRICATION LUBRICATION
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4.2 Tdintuoy Beed (Elasto Hydrodynamic : EHD)
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Rolling element

rolling velocity
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rolling

lubricant

Inner ring



Elastohydrodynamic (EHD)

ELASTOHYRODYNAMIC LUBRICATION

Direction of |

Rotation Direction

of Rolling

Lubricant
Film

Theoretical pressure
distridution on
' 1bricant Film

J v A 4 Y] ] 1 a 4
a: AULIIAULTTINY (Hertzian pressure), b : ANHULNITNTEVDULTIAU TUBI EHD, c: igmﬂmgwmcn Petrusevith point,
ad ¥ o A ' ' a
d : ANUHUIVeIN AN UaBAY(Lubricant film), d : ¥09N19(Inlet zone), f : ¥BIN19BON (Outlet zone), g : VIIUAT

Y ] ar d %I v o o
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fanan igunsaeiuielasnguives HD Tagialunimmuvesiiduiniuly EHD wwiimszmnamareiiumives
AnwevesTlsuiniy as.mnldiuiuanunila SAE 30 fiaanz EHD wlinnunilagene 30 Mpas (ae.msine
EHDlugudugunsaimana Aag1))
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