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Machine Components

Surface asperities under microscope



Machine Components

Silica dust particle

Surface asperities under microscope



Dynamic Qil Film

Oil film thickness:
Rolling element bearings / ball bearings: 0.1 — 3 microns

Journal, slide and sleeve bearings: 0.5 — 100 microns
Engines, ring/cylinder: 0.3 — 7 microns
Gears: 0.1 -1 micron
Servo and proportional valves: 1 — 3 microns
Gear pumps: 0.5 -5 microns
Piston pumps: 0.5 -5 microns
Hydraulic cylinders: 5 — 50 microns
Dynamic seals: 0.05 - 0.5 micron

Source: Noria Corporation



1. Theory

Abrasive Wear on Bearings and Gears

Qil film with particles Smooth and even oil film



1. Theory

Particle visibility

Human hair: 70 um




1. Theory

Particles and Water in Qil

Where do the particles in the oil come from?
* Built-in: assembly or transport

* Delivered in new oil and fuel

» Generated — from wear and oxidation

* Ingress — from the environment

Where does the water in the oil come from?

* Condensation — temperature changes and humidity
* Ingress — leakage from seals / cooler or accidents

* Delivered in new oll

*Faults in oil handling




Abrasion - seizing




1. Theory

Erosion — sand paper effect
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Fatigue Wear

§

Load

and stress,
cracks
spread
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1. Theory

Adhesive Wear

Fragment

' Juncture ~_ Material
! - " Transfer
: Cold Weld
- E—_ i A - h___ - 4 A .

Also called scuffing or galling
Metal-to-metal contact creates "spot welding”
Influencing factors:
» Qil film thickness (depending on oil viscosity, load, temperature)
* High loads, slow speed and large gear teeth
 Surface hardness and alignment of components
* Improper use of anti-scuff AW/EP additives
» Water or fuel in the lubrication oil

» Particle contamination is normally not a triggering factor

12



Corrosive Wear
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1. Theory

Particles in Oll

Dispersion of particles by size The importance of particles

Percentage of particles in the oil

100 I I I 1
920 In medium loaded oil systems 14 = 10° rotations
the dispersion of particles will
80 be as follows: 12
70 « Only approximately 10% of the The graph is based on a test
60 partic|es are> 10 um 10 with 10 bearingS. The lubricant
) was contaminated by wear of a
50 » Approximately 70-80% of the 8 gearbox.
particles are between 1-5

40 micrometre 6
30
20 4
10 2

" 10 15 20 25 0

0 10 20 30 40

Size of particles in ym

Level of filtration in pm
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ISO particle cleanliness

The I1SO 4406/1999 classification of particle contents
was introduced to facilitate comparions in particle
counting, using automatic particle counters.

ISO 4407/1999 is describing particle counting using
a microscope (particle sizes 2/5/15 um).

Sudden break-down in an oil system is often caused
by large particles (> 14 ym) in the oil while slower,
progressive faults, e.g. wear and tear, are caused
by the smaller particles (4-6 pm).

This is one of the explanations why the particle
reference sizes were setto 4 ym, 6 ym and 14 pm
in ISO 4406/1999. A typical sample from a wind
turbine gearbox, for example, contains in every 100
mL of oil:

450,000 particles > 4 micron
120,000 particles > 6 micron
14,000 particles = 14 micron

Introduced in the ISO classification table (on the right),
this oil sample has a contamination class of 19/17/14.

Contamination classes according to the new ISO

4406/1999 standard

More than Till
8,000,000 16,000,000
4,000,000 8,000,000
2,000,000 4,000,000
1,000,000 2,000,000

500,000

130,000

2,000
1,000
500
260
130
64

32

1,000,000

250,000

8,000
4,000
2,000
1,000
500
250
130
64

Class
24
23
22
21
20
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1. Theory

21/19/16 20/18/15 19/17/14 18/16/13 17/15/12 16/14/11 15/13/10 14/12/9 13/11/8 12/10/7
24/22/19\’ 2 16 3 2 4 25 6 3 7 3.5 8 >10 5 1|1>10 6 >10 7 >10 >10
1.8 13 23 17 3 2 35 25 |45 3 55 (35 7 4 8 5 10 5.5 >10 8.5
23/21/18 15 15 2 1.7 3 2 4 25 5 3 7 35 9 4 [>10 5 >10 7 >10 10
15 13 18 14 |22 16 3 2 35 25 |45 3 5 3.5 7 4 9 55 10 8
22/20/17 1.3 1.2 16 1.5 2 1.7 3 2 4 25 5 3 7 4 9 5 >10 7 >10 9
12 105 |15 13 |18 14 |23 17 3 2 35 25 5 3 6 4 8 55 10 7
21/19/16 13 12 |16 15 2 1.7 3 2 4 25 5 3 7 4 9 6 >10 8
1.2 11 15 13 |18 15 |22 17 3 2 35 25 5 35 7 4.5 9 6
20/18/15 13 12 |16 15 2 1.7 3 2 4 2.5 5 3 7 46 | >10 6
1.2 1.1 15 13 |18 15 |23 17 3 2 |35 25 |55 37 8 5
19/17/14 13 12 |16 1.5 2 1.7 3 2 4 25 6 3 8 5
1.2 11 15 13 |18 15 |23 17| 3 2 4 25 6 3.5
18/16/13 13 12 |16 15 2 1.7 1 3 2 4 3.5 6 4
i i 1.2 11 15 13 |18 15|23 18 |37 3 45 3.5

Hydraulics Rolling
17/15/12 and Diesel Element 13 12 |16 15| 2 1.7 3 2 4 25
Engines Bearings 1.2 11 15 14118 15 23 1.8 3 22
16/14/11 Journal 13 13 ]16 1.6 2 1.8 3 2
Bearings Gear Boxes 13 12116 14 19 15 (23 1.8

and Turbo and others
15/13/10 Machinery 14 1.2 18 15 (25 1.8
1.2 1.1 16 1.3 2 1.6
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Current Moisture Level

Moisture Life Extension Method*

1. Theory

Life Extension Factor (LEF)

PPM\ 2 3 4 CS) 6 7 8 9 10
50,000 12,500 6,500 4,500 3,125 2,500 2,000 1,500 1,000 782
25,000 6,250 3,250 2,250 1,563 1,250 1,000 750 500 391
10,000 2,500 1,300 900 625 500 400 300 200 156
5,000 1,250 650 450 313 250 200 150 100 78
S 2,5(?, 625 325 225 < 156) 125 100 75 50 39
1,000 250 130 90 63 50 40 30 20 16
500 125 65 45 31 25 20 15 10 8
260 63 33 23 16 13 10 8 5 4
100 25 13 9 6 5 <A 3 2 2

1% water = 10,000 ppm

Example:

*Estimated life extension for mechanical
systems utilizing mineral-based fluids

By reducing average fluid moisture levels from 2500 ppm
to 156 ppm machine life (MTBF) is extended by a factor of 5.

Source: Noria

17



” filter

System
pump

Clean oil

Contaminated oil

Why “kidney-loop”, or “offline” filter?

Independent: can always run
No disturbance to the system
Ideal flow rate
No pressure fluctuation
Draws from lowest point
Removes sediment
Ideal oil sample port:

- Worst case oil quality

- Sampled on an ideal
circulating point

18 18



Surface Filtration Depth Filtration

Typical Surface Filter Typical Depth Filter
for Inline Filters for Offline Filters

Two-disc filter sandwich

Filtered oil returns
to the oil circuit

k—»Unfiltered oil enters

under pressure

Element housing
End cap seal

Core

Medium support

Filtered oil returns

Pleat ————p
support . to the oil circuit ‘
band Function " ,‘: .*
End cap > e _;_'!'
= 11 =
= i = —
*

i Function
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2. Application

Filters

particles

Adsorbs
Varnish/resins
(oxidation)

Absorb
water

Cut-down in a used
CJC Filter Insert
type HDU 27/27

CJC Filter Inserts
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2. Application
THE RESULT
General Average AVERAGE Oil Sample
0il Sample Examples AFTER 12 Months
WITHOUT WITH

CJC™ Hiltration CJC™ Hltration
Particles = 4 um 458,400 h2,000
Particles = 6 um 223,290 20,200
Particles = 14 um 17,420 1,500
IS0 Code 4406:99 23122119 16/15/11

C.C.JENSEN, AW, Cooling Tower Fan Gears
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3. Examples
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3. Examples

Open velvertlln off pump.
to checkilevel Close_ =~
valve to use filtef

il

e

=]

R : \Oil-levelindicator, - .-
) Gearbox L ol and filter suction line }
edunda

d@fn val

l—

Gear-pump suction valve; iilas

close when adding oil

C.C.JENSEN, AW, Cooling Tower Fan Gears 23



oil Why is the kidney-loop the ideal
place for the monitor?

- Independent: can always run
- Ideal oil sample port:
- Worst case oil quality

- Sampled on an ideal
circulating point

Clean oil 6

@ ‘ Contaminated oil

24 24



4. Remote Monitoring
Two options:

Recommended for smaller equipment,
like ACC fan gear:

Connect 2 signals to the control room:
- filter pump On / Off
- high pressure alarm

Pretty safe conclusion:

a) Filteris on?

b) Not high pressure?
c) =Youroil is clean!

25



4. Remote Monitoring

Two options:

Recommended for critical equipment,

like Turbines:

B) Continuous monitoring of Oil Quality:
- ISO particle count

- Water content

- Oxidation

- Resistivity




4. Remote Monitoring

B) Continuous monitoring of Oil Quality:

PA' 201 RIGHTEOUS RIDGE i X

Details User: Axel Wegner

Select umespan

Raw data 2018-07-01 2018-07-07
Select preset

Default Preset 1

CHARTS

Jul 06

o 1o gy o

S

COMMENTS

STATU

ADD COMMENT

CURRENT

'CJC FILTER MAINTENANCE PLAN
Jul 03




5. Benefits

Summary of Benefits with dedicated gearbox kidney-loop filter

Always clean oil ISO 16/14/11 or better

Always dry oil, < 100ppm

Typically, no o oil changes necessary

Use filter pump to add fresh oil to the gear box while it is running
Take repeatable oil samples while gear is running

Cooler gear oil by 10-15F

Add lubrication to upper gear bearing

Get immediate alerts for water ingress if gear seal breaks

Easy to connect remote monitoring
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Gear Qil

Cooling Tower Fan Gears - Combined Cycle Power Plant

“Case Studies & /

CLEAN OIL
BRIGHT IDEAS
CUSTOMER
Apslication Study WAES (North American Energy Services]
writien by: Operated power plant: New Harquzhala, Coaling Towers at the Power Station
Tonapah, AZ
Axel Wegner
CL s THE SYSTEM
System:  Cooling Tower Fan Gear:
) Al
il Type:  GONOEO Multipurpose R&D 220
i Volume: 53 L122 gal
THE PROBLEM
One ot af 18 cacling towers fan gears neaded
tn be replaced per year due to premsture fai-
ure caused by contamingtd o [water and par-
tices).
THE SOLUTION
A CJC™ Fine Filter HDU 15/25 PY with a flow
rate of 55 LIh was installed, wsing CJC™
Filter Insert BE 15/25 (3 micron) with a dirt
holding capacity of 151
Puanp type PYZ-7-4 and 0.75 gomn.
FINANCIAL BENEFITS
The instalstion has paid for fself after one year
with no ol changes and no fauly gear hoxes.
THE TEST
The installstion of the CJC™ Fine Fiters was THE RESULT
completed in August 2009 and the filters have Beneral Average AVERAGE 0l Sample
r ir ir il Sample Examples AFTER 12 Bomths
been runing sontinuously since then = i
CJE™ Filratian CJC™ Fittragon
THE RESULT
After 12 months of continuous aperation ol Parkcles > 4pm 25400 i
samples were taken with excellent results. foos= oo il o
In sverage an 150 cade of 16/15/11 is being Farices = Vum A 150
maintained with not detectable water contents. 150 Code 440533 23p313 51511
One year after installation ot one gear bag had oo o e e 10
e e e o CUSTOMER COMMENTS
oil candition for particles and water with the Mr. Joe Hill, NAES (Warth American Energy Services!
furst set of inserts. “Befare the instailarion of the CIC™ Filters it was hard ro add of ro
the gears and fo monitor it's condition. With tie CIC™ Filters mow
instalied we can take of samples and 3 pressure reading of the fiter
25 indfcator of the gear's candition. The ail stays in 2 better than new
condition and we can now even add fresh oil te tie gesr box with the
‘casfing towsr in aperation.
ASINS123-UK C.C.JENSEN A/S
Power | Levhalmen 13 * DK-5700 St Denmark.
Gooing Trwas Gazrberas: Phone: +456321 2014 « Fax: +456222 4615
2811.2010

firerBeje.dk * www cie.dk

ensen.co

COMBINED
TVWCLE Journal

User group gets an assist on
earbox lube-oil solution

en by ownerlopera-
TOIE At USET-ETOWp mectings
typically was down abour
0% in 2009 compared to

2008. Thgmsungenara]]sg;wnwaa
“budget cuts,” which seemed short-
alg]:tei People in authority who

are positively impacting
the p].nnt budzet with a 51500 cut
{about what 1t costs to send someone
to a meeting sponsored by an inde-
pendent user group) might reconsid-
er their position.

These conferences are not boon-
doggles; they are working meetings
where attendses learn continuous-
Iy—even during social events, which
are paid for by sponsors, not the
power producer. It's the Tare par-
ticipant who doesn't bring back ideas
that when implemented at the deck-

New Harquahala Generati
Emvgy SGTE-6000G (W501G) enginas

plates level fail to pay at
least a ten-fold rerurn on the

standing examples of how
user groups facilitated solu-
tions that resulted in very
ignificant returns for plant

frus-

trated by tube leaks, and an engi-
neering firm at a Western Turkine
Users meeting lead to the first -ypl.\-
cation of a new econmomizer desigm
that has eliminated monthly tube
repairs and associated outage time.
These “hig-ticket” items were cost-
ing the plant tens of thousands of
dollars axmually—and had been

1

years, with no end in sight.

The second article is this
cne on the llOO-HW New
Harquahala Ges
in Tomopak, Anx, about SD
miles west of Phoenix. It iz
equipped with three nat-
ural-gas-fired 1 * 1 com-
bined cycles powered by
mens Energy S[}TS—SU[I)G
(W501G) engines. The plant
iz operated by NAES Corp,
Tssaquah, Wash

Dean Motl was challenged by
lu'be-ml 'unﬁgnrvnmum dehydratar

th the plant’s steam tur-

binee (3Ts) back in 2008 when he
met Axel Wezner, C C Jensen Ine,
Atlanta, at the 501F/G vendor fan
Motl was O&M marnager then, plant
manager today. He d.eecnhed the

naDol:anﬁD(;MWplmwnnmrseI ®1 mbnadcyclespuwmmbyswmms
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Questions:

.
el

contact:
axel@ccjensen.com

Mobile: 770-853-1589

www.linkedin.com/in/axelwegner67

30


mailto:axel@ccjensen.com
http://www.linkedin.com/in/axelwegner67

	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	 
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	 
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30

