














Series
Top ring location turbocharging
and cooled piston

High Pressure
Common Rail

geometry

: turbocharger




Pilot injection and ramp-up injection are
feasible thanks to electronics, in pursuit of
stoichiometric combustion

For this reason, engines run hotter

Engines breathe better through additional
valves and more advanced turbocharging

Room for mistakes in maintenance has
narrowed, especially on engine
overheating tolerance, TBN/TAN ratio
and fuel cleanliness




a Oils contain less TBN and still need to |

cope with increased acid R

neutralization and oxidation SRR

resistance requirements S

o Oil flow has increased so it can be [

used to complement cooling R

Coolants- Because of added heat, R

they new coolants are the norm o

Fuel is injected at pressures that are |

12 times higher than 20 years ago o

and at speeds that exceed 1250 MPH. |

Fuel needs to be much cleaner than SRS

hydraulic fluid i

QO Fuel dilution is occurring RSN

QO Fuel relies on additives to protect SR

injection system SRR

a Soot formation could be a challenge |-

DEF is now in the equation R
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Point where the oil should\

be changed in engines




|l Electrolyte

Can you really
mix them?

]| Conventional Inorganic Inhibitors
) Insulating
Area

Layered Inhibitor Additive Protection

-] Organic Additive Technology ?ﬁL{f';WeS

blanket

o ©

Electrolyte

Cathodic
Area




0 Engines need to cope with |-~

light loads and long idling |~

periods G

1o They need to perform in ER

high altitudes o

O They need to cope with T

intermittent or stable R

continuous loads AR

0 They might experience fuel = -

dilution as part of B

application and/or design |-

0 They might produce soot o
















High Pressure Tandem Axial
Flow Pumps

Increased Pressure,
Faster Hydraulics, Higher
Break out Forces

attachments

New fluids




Increased pressures

QO Increased break-out forces

Smaller reservoirs

O Fluid has less time to cool and release air

More environmental concerns with
fluids

Hydraulic electronic control

O Squeezes the power of engine and
hydraulics

Room for mistakes in maintenance |
has narrowed

Q Especially on fluid cross
contamination

O Water tolerance

0 Fluid temperature and external
contaminants




Fluid needs to release air in
shorter times

Fluid needs to be much
cleaner

Fluid need to cope with
increased temperature and
acids/oxidation resistance
requirements

New fluids are becoming
popular
= Zinc free

= Bio degradable
= All season
= Fire resistant







 Application

Hydraulics need to perform |-

in extreme arctic RIS

temperatures o

Hydraulics need to cope T

with high loads and high e

temperature periods S

Hydraulics are exposed to |-

humid conditions R

Hydraulics may be used Snas

with high impact tools like |

hydraulic hammers s

Hydraulics need to cope e

with corrosive environment |




Pitting and
discoloration to the

- cylinder’s sealing
surface.
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:'::::: Cu
- fCr

K
- JTi (Report Only)
- A*Si (Limit If Hrs are unknown is same as crit

Hydraulic
.. Excavators

22 | 500 hours

.. AFiltered System

Mormal

Abnormal Critical

‘W’Fe  (Limit If Hrs are unknown is same as cfri

<32

=60

=5

=10

=15

=27

=5

=10

“JA” (Limit If Hrs are unknown is same as critical

<7

=11

-lNi (Report Only)

=B

Ag (Report Only)

o lsn {(Report Only)

- ANa

Otherwise your
results have no
real meaning

. Hydraulic
-} Sealed (Axial Pumps)
-| Excavators (270D)

41000 Hours

.- JFiltered System

Mormal

Abnorma

Critical

(Limit If Hrs are unknown is same as critical ley

=100

100

=150

<7

=15

=10

=20

=9

=15

- QA (Limit If Hrs are unknown is same as critical level)

=9

=15

. Ni (Report Only)

<5

=8

Ag (Report Only)

<5

=8

~Sn (Report Only)

<5

=10

~Ina

=21

=30

8

=30

=50

- JTi (Report Only)

=5

Sl [E N ||| oo | [~

=10

- | Silicon Excavators® HN46

=1

=22




Have your

lab calculate
those for you




........... 7 OIL TYPE

OIL GRADE Unknown Unknown
OIL ADDED
. R Not Applicable
T 7 ik CraweeD Not Changed  Not Provided
T OIL CHANGE
....... :::f Metals (ppm)
N A VAT L I I - Iron (Fe) 11 7
- AR Chromium (Cr) 1 <1
el T e T T T T T L T T Lead (Pb) 3 1
identification:: 2 - Copper(Cu) 22 - —
. J Tin (Sn) <1 <t
..... LT Alum/n/um(A/) o >
- Nickel (Ni) <3 &
....................................... ¥ i Silver (Ag) <1 <1
L L D L Titanium (Ti) <1 <1
L Vanadium (V) <4 -
Y, Contaminants (ppm)
Silicon (i) -
Sodium (Na) [ 445 )
Potassium (K) 255 ]
CWa;er(%) 00 =
00olant A -
Fuel (%) -~ (_1 [ Yes ] B
Additives (ppm) - 0.03 -
Magnesium (mg) i
Calcium (Ca) 1748 61 {
Barium (Ba) i 3632
Phosphorus (p) <1
Zinc (Zn) 1800 1436 =
Molybdenum (o) 123 1685 -
Boron (B) 338 107 b
Physical Tests - 132 i
VlSCOsi{y (cSt 100C ) " “.: :
Physical / Chemicay 2 L
Base Numper (MgKOH/g)







Metals (ppm)
Lead (Pb)
Iron (Fe)
gluminium (A1) Coolant

opper (Cu)

Visual Appearance Report
Clarity
Petroleum Layer
Sediment
Color

Physical / Chemical
Glycol Content(D3321)

Reserve Alkalinity (ml HCI/10ml)

Additional
Freeze Point (D3321 Refractometer)
pH (D1287/Meter)

Nitrites (Titrimetric/ IC D5827)

Clear
None
None
Green

64
46

-72
74
319
142
119

Coolant Leaks Through Oil Cooler

Matching Reports




COOLANT LEAKS I
FLOW PATHS

Is Na and/or K B

YES, BOTH—

Abnormal/Critical S

I ANy

Is PB and/or  [INNE

Only K Only Na |7 Sn abnormal? S

[ S

Posﬁ)l Possibly NO s S

IDly environment TS

No | fertilizer | | ocion salt, [T R

dirt S

Keep an eye on Pb and Sn

and look for Fe generation YTS AN

— S — > Coolant Leak

Is Na and K in the o

high normal range? —‘ ! TR,

NOJ NO Is Cu abnormal

l 3 \IK_ES R

Is Fe ANy

YES Abnormal i HONRNS

NO LEAK I Oil cooler - nnNe

NO RN

YES failure N

Liner

. Cavitation SRR

Is your lab going o
to the trouble of i = Is Fe Critical? NO i
interpreting this vEs! l g

A T
7. Monitor | oo




FLOW PATHS for S| AND AL

YES, BOTH

| Is Crand/or Fe only Si Only Al
abnormal? ’_|
YJES Isthe | [ Piston

erﬁ;lipe | erosion
stillin+~ 7

Break-in || N

period? |

L NO— 4 188 ab.n'ormal |
Y ! or critical
YES

Is Pb and/or Sn !
abnormal? | }_}
Silicone
- U
maker
material YES N

Compressor
on ADT'S

Is your lab up to
Speed o Complex Follow path for
interpretations? | coolant leaks on

graphic for coolant
leaks

—

Foam
Inhibitor




L AT g g e e e L - TIME ON UNIT Hrs 3500

YL “NIYADIN/CI1C ik TIME O QL Hrs 3602
NG P VAN Y DD - L BRAND She
e e e e e e e e T e e T e e e e e e e e e -0 CiL TYPE
. 1 bl < V4 ~S - Ol SRADE 2. g w1 450
o R YT R e L R T TR -0 OlL ADDED
Sl o sl FILTER Naot Applicabie
"""" e il CHANGED Mot Provided
. WO NUMBER
1 Metals [ppmi)
Iron {Fe) 3
Chrommaum {Cr =1
Lead (Pb)
Copper (Cu) @
=
] <1
<i
Silver (Ag) =i

Titanmem (Ti) <
Vanadum (V) <

Contaminants (ppm)
S Silicon (Si) >
----- ST TG

Potassium {i{:l <5
Water by Karl Fj % =0.01
Solids {3 01

ves [ppm)

Magnesium (Mg} 10
Calcium [Ca) 1831
Barium (Ba) 1
Phasphomes [P} 1121
£inc: (Zn) 1048
Molybdenum (Mo) =1
Boron (B) <5
“-- Physical Tests
j Viscosity (o5t 40C) =]
Physical { Chemical
.. Acid Number (mgkOHig) 1.03
Farﬁw
. |50 4406 Rating
- = 4 Micron (particles/mi)
- = £ Micron [particlesimi) 4574
i = 14 Micron (particles/ml) 12
= 23 Micron (particle/ml) ]
= 50 Micron (particles/ml) 1




| PARTICLE COUNTS — PRECISE QTY __




1000 PPM 2000 PPM

I/—J% I

HIDDEN INFRARED

BT

EYE DEPENDAN
" Dissolved
 water HUMIDITY SENSOR -




DATE SAMPLED
DATE RECEIVED
DATE REPORTED

LaB MO,
SIF NQ.

FLUID ANALYSIS e o T

TIME CM OIL

UIN 0319FCE Eebai

OIL GRADE
Hydraulic System OIL ADDED

. FILTER
Unit No. TO0850JX181479 OIL CHANGED
Unit:

WO NUMBER i :
n Deere Metals (ppm}) - -
Model P s e  You won’t catch
SeriaiNo.  TEERHERE Lead () g this water with

Copper (Cu)

site DM10003 Tin (Sn) R infrared only

Aluminium (Al)
Mickel (Mi)
Compartment: Silver (Ag)
Name Hydraulic System Titanium (Ti)
Make Vanadium (V)
Model Contaminants (ppm
Serial No. Silicon (1)
PP Sodium (Ma)
ool Potassium (K)
Water by Karl Fis
Customer: (E203/D6304)
Solids (%)
Additives (ppm) o o
Magnesium (Mg) .
Calcium (Ca) iy This odd
Barium (Ba) -

DIAGNOSIS Phosphorus (P) 3 §  particle count

Fﬁgh&ﬂ;fﬂ;ﬁ;r%ﬁm{ﬂlmhﬂﬁ?i 3mum (Mo} readings are
il grade. : Particle 2vels appear igh. Boron (B) tell]ng yOU

High silicon {abrasives}-check for source of eniry. -
Elevated chromium-possible valve andior cylinder rod Physical Tests N - .

wear. High iron readings suggest some hydraulic Viscosity (¢St 40C) 2 O K there 1s water
cylinder wear or rust. Copper level exceads values for Physical { Chemical - N

this component. Contact your dealer for additional Acid Number (mgKOH/g) - -

information. Hydraulic pump wear is indicated. Particle Count

Recommend use of off-ine filration cart. ISO 4406 Rating @

> 4 Micron (particlesiml) 212418

= & Micron (particlesiml) 185574

> 14 Micron (particlesiml) 53589

= 23 Micron (particle/mi) 4092

= 50 Micron (particlesiml) 24

" AMNALYST: EdMatthews




NO. It may cause High Particle
Counts

Hydraulic o
zinc- : Ogil
S 15W-40

Hydraulic
zinc-free

Engines YES SN
Hydraulics, limited




22/22/22 Engine oil 22/18/13
20/20/20 Hydraulic fluid19/15/12




- Detroit
-1 16V 159 o
0.11
<0.01
0.02
<0.01
<0.01
<0.01
<0.01
<0.01

<0.01




" Chlorates

Sulfates
Sodium
PH

-~~~ Hardness

" Sample from engine

. Total Dissolved Solids

Lab Results

322
<10
114
7.3
410
11.1

Caterpillar

Cummins

Detroit

John Deere

Chlorates

50

100

40

5

Sulfates

50

100

100

5

- Total

dissolved
" solids TDS

' Total
Hardness







+—1 5cm {8")
x—+—_Top sample . )
%—— Upper sample Upper third

contents ¥— Middle sample Middle third

¥—— Lower sample .
1 —%—Outlet sample Lowerthird

Bottom sample



Fue g

Appearance-Distillate Fuel (ASTM D4176)
Clear and Bright
Free Water Excessive
Particulate Excessive
Distillation (ASTM D86)
Initial Boiling Point 365 *F
10% Recovered 403 *F
50% Recovered 500 F
90% Recovered 620 ‘F
End Point 665 °F
% Recovered 971 Volume %
Physical / Chemical
AP Gravity @ 60F (ASTM D287) 359 * API
Calculated Cetane Index (ASTM D4737) 462 CCl
Cold Filter Plugging Point (IP309%/D6371) °F
Water by Karl Fischer (ASTM E203/D6304) ppm
Sulfur (ASTM D4294/D5453/D7039) ppm
Water by Distillation (ASTM D95) Volume %
Biodiesel Blend Content (ALS 2001) Volume %
Acid Number (mgKOH/g)
Cloud Point (ASTM D2500)
Additional
Total Particulate (ASTM D5452/D6217)




Appearance-Distillate Fuel (ASTM D4176)
Clear and Bright
Free Water
Particulate

Distillation (ASTM D86)
Initial Boiling Point °F
10% Recovered °F
&0% Recovered °F
90% Recovered *F
End Point *F
% Recovered Yolume %

Physical / Chemical
AP Gravity @ 60F (ASTM ; * API
D287)
Calculated Cetane Index (ASTM k CCl
D4737)
Cold Filter Plugging Point °F
{IP309/DE3T1)
Water by Karl Fischer (ASTM ppm
E203/D6304)
Sulfur (ASTM ppm
D4284/D5453/D7039)
Water by Distillation (ASTM X Yolume %
Das)
Biodiesel Blend Content (ALS X Yolume %
2001)
Acid Number {(mgKOH/fg) mgkOH/g
Cloud Point (ASTM D2500)

Additional
Total Particulate (ASTM
D5452/D6217)







UREA TANK

TEERATLEE DIESEL EXHAUST SCR [+
TECHNOLOGY

REGULATOR

[ TEMPERATURE | 3~
—SENSOR _PUMP .

SCR TECHNOLOGY USES U ( _ ~
AMMONIA TO REDUCE NOx . = ) EXHAUST

TO ELEMENTAL NITROGEN s 5 SENSOR [&.".".
AND WATER ] a¥ R




2 Are machine

inspections done?

2 Are you checking the =

r]ght areas? R

2 Are you uploading the

inspections to a

maintenance

application? o

a1 Are inspections

crossed over oil

analysis or telematics @

data? g







-'::::: Periodic Summa ry Chart View
Machine Utilization







~Remem

The torque converter lock- up is sending | - | The transmission shows high
: fault codes S aluminum







