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CATEGORY  STATUS

SERVICE

SN CURRENT

CURRENT
CURRENT
CURRENT
OBSOLETE
OBSOLETE
OBSOLETE
OBSOLETE

Introduced in October 2010 for 2011 and older vehicles, designed to provide improved high temperature
deposit protection for pistons, more stringent sludge control, and seal compatibility. APl SN with Resource
Consernving matches ILSAC GF-5 by combining API SN performance with improved fuel economy, turbocharger
protection, emission control system compatibility, and protection of engines operating on ethanol-containing
fuels up to EBS.

For 2010 and older automotive engines.

For 2004 and older automotive engines.

For 2001 and older automotive engines.

CAUTION: Not suitable for use in gasoline-powered automotive engines built after 1979,

gla 2 g g e e g

OBSOLETE

3

OBSOLETE

OBSOLETE

SA OBSOLETE

CAUTION: Not suitable for use in gasoline-powered automotive engines built after 1971. Use in more modern
engines may cause unsatisfactory performance or equipment harm,

CAUTION: Not suitable for use in gasoline-powered automotive engines built after 1967. Use in more modermn
engines may cause unsalisfactory performance or equipment harm.

CAUTION: Not suitable for use in gasoline-powered automotive engines built after 1951. Use in more moderm
engines may cause unsatisfaclory performance or equipment harm.

CAUTION: Contains no additives. Not suitable for use in gasoline-powered automotive engines built after
1930. Use in more modem engines may cause unsatisfactory performance or equipment harm,

AMERICAN PETROLEUM INSTITUTE | ENGINE OIL LICENSING AND CERTIRCATION SYSTEM
1220 L Street, NW | Washingion, DC 200054070 | USA | Sales: T13:964. 2062 | Service: 2026828510 | Fux: 2029024739 | Emad colts@Op.ong | www.dpe o0/ e0ics
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Low Temp. Sludge/Deposit (Seq. VG) Test:
Oil Pick-up Screen

AP| SL (ILSAC GF-3): Pass API SA: Fail

Completed only 168 hrs of 216
hour test.
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API SL (ILSAC GF-3): Pass API SA: Fal
Completed only 168 hrs

of 216 hour test.
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API SL (ILSAC GF-3): API SA: Fail

Pass Completed only 168 hrs of 216
hour test.
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DIN 51517-3 D I N

ICS 75.100 Supersedes
DIN 51517-3:2011-08

Lubricants -

Lubricating oils -

Part 3: Lubricating oils CLP, Minimum requirements,
English translation of DIN 51517-3:2014-02

Schmierstoffe —

Schmieréle —

Teil 3: Schmierdle CLP, Mindestanforderungen,
Englische Ubersetzung von DIN 51517-3:2014-02

Lubrifiants —

Huiles lubrifiantes —

Partie 3: Huiles lubrifiantes CLP, Exigences minimales,
Traduction anglaise de DIN 51517-3:2014-02




DIN 51517-3:2014-02

Table 1 — Minimum requirements

Minimum requirements

Viscosity grade as in DIN 130 3448

r

150 VG
45

68

150

220

460

G680

150 VG
1 000

Eﬁ%ﬁ';g;““”"“ oil*, symbol as in cLP 32 |cLe 48 | cLe s |cLe 100 cLe 150 cLp 220| cLe 220 | cLP 480 | cLP 820 | cLP 1 000 | cLP 1 500
Symbol as in ISO 12925-1 e Ty e W ol el ol sl ol S R

ISO VG
1500 |

F
, min, 28.8 41.4 61.2 80 135 188 288 414 612 200 1350 § DINENISO
Kinematic viscosity at 40 *°C | mm</s
i IGonY max.| 352| S506| 74.8| 110 165 | 242 | 352 506 748 1100 1 650 3104
Viscosity index — |min.| 90 90 80 90 90 90 g0 80 85 85 85 D!?h;égc:
Density at 15 *C" kg/m? | — To be specified DIN 51757
lash point determined by DIN EN IS0
the Cleveland open cup *c |min.| 180 | 180 | 180 | 200 200 | 200 | 200 | 200 200 200 200
Imethod 2592
Pour point *C |max.| -12 -12 -12 -12 -9 -9 -9 -9 -3 -3 -3 Dg’é :gﬂ
g‘:ﬂﬁf““"" fumbet Hgﬁrg max. To be specified DIN 515581
xﬁr r;:;;e;f r::ﬁ a; % |max. <01 DIN 51777-2
Fu-nming-{:haraclm'_isﬂcs“ at
;;:rﬂj'nb:‘i‘:'ﬂ::mﬁﬂ“ mi |max.| 100110 | 100/10 | 100110 | 10010 | 10010 | 100110 | 100110 | 1500 | 15080 | 1s0/0 | 1500 | 1506247
m
Demulsibihty®
at 54 °C min., | max. 30 30 30 —_ —_ —_— —_ —_ —_— —_ —_ DIN ISO
L]
- ﬁfgh‘grg'm VG100and | uh Imax| — = = 30 30 30 30 a5 60 60 60 6614
Cornrosiveness to copper, — v ] DIN EN 50
3 h100 °C : 2160
Rust-preventing properties > ? DIN IS0
— staal. mathod A = | mn. Pass required 7120
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Your machine’s message in a bottle.
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Corrosive Wear
. N N BN N N
Fluid

Load Material Transfer or e W
| Particle Formation :

Uniform Attack Intergranular Attack

Fluid

- Fluid . & ", ‘

Pitting Attack * Subsurface Attack




Stress risers

1. First, stresses at component
surface develop and lead to elastic
deformation and plastic flow of material.

Cracks and faults coalesce
Ropaated siross

3. The faults then join to form larger
voids undermining component surface.

Crack forms
Force
=
Particie ‘

2. Then, small surface micro cracks

develop at or just beneath the solid
surface during component use.

Panicles released

6 4

-

4. Surface material then breaks away.



{@Lﬁi&ﬂéé) ;,ACM‘&LHQ

SOl o il
S92 ol yd

(G el




T

O3y 33 99290 polic g DIyd 05 g (505 0l ;

LS GUL yts) Rigal 53 Syage Sili3 5 peslie I 5 a3 5 a8 el
1kl i e o By i

09 STl el o) il g ped T olfiwd luluyd Cundy

oal Fe
el Cl.l

v PO

ﬁ pyeagll Al
Cr

l
G

c:l p-g-lﬂ-lu-
F & '
Zn &2
Mg e

G9d 5l )eis b 31 BT 9 5 a5 ojlail ggay LT
Tagls sgny o pud 5 Coplumy Lallily rphumsy By sl T e lalad] adile 3 (9 apmady paidis 5 pelpd gl G

e el T | a g



1OE9) 43905)d 39290 1) 9 peolic 1y yioio

b )d ) 9 yuolic ©

03T wl)yd 9 yuolic ©

w3393l puolic ©



inlnpd Sl 9 juolic 4y bgs yo uledbl

>

J‘hﬁﬁ .

S 031wl &9 393/ 0 311 ©
s -

hﬂ) .

1"-3 ®



:uah:hp : ! | :
3bw )9 puolic 9 D) (g3 yieye

Fe ol °
Cu ® e
Al posizegll ¢
Cr gy«









digos ) S Lc 9 wulyd

(Fe, Cu, Sn, Pb, Al, ...) sT sl x5 =l 3J8 @
(FEO’ FEZOB‘: ) ~—l-!,5’)-1" =) 9o .;;I)Jj 5
(D).:_n.'c 2 Q_)“-.‘.l:‘.-"“} ﬁJJJ_,l’T =)y @

(Ca, Mg, /n, ) 339 33l yuolic ®



OCM 4ol 3L 3390 slodateT
(O < 90k g milo 4 diuslg)

Opble £oi ¢

SO pwlun o el @

louxe 5 )W doyl ol ®

J8 Slptnle ST 9 il juass/ d Balgas

sl paes3s & sl ady 0/ ppble b)) 0

OE9) £ 5 pra ¢



OCM , ypslo 3T 33 35 Juol

(Spectroscopy) (s juaic juliT

(L350 V /= )l )x595) Bale Liulw »3 ala jeo s wl)d Slwlis @
(£55 7 Jl L) £ 5ite il 58 )3 Slwlid

hS 35 il wlrd Alulis

(0 3u 9 Cualaw) AT (6348 jud wilrd SSlwlih ©

(03,5 )15 Ly 95 (yE9) S 9 £95) (339 33l polic lulis *



S50 piaaw 4 221y HleNb!
alwyd polie 2U5,
ol y® Comdg (b5, "
ol y9 Wigy Sl o ®
ool b Jolge (Sluliss ®

b s ™






TAELE § Sources of inorgankc Elemants in il
Perm—Birenae allis typscally contan B % coppen, B e 100% (50, and 2 a4 % zine. Babbait allays tapleally conlakn B4 e 92 %, 4 10 8 % copper,
pmd 4 o B % antimony, Lead-based babbitis typseally contain 75 s B0 % lead, $ 0o 105 1, and 15 % astimaony,
Elerngty Waar Primary Secongary
- o SO Coieeine Sources Soures
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R wif. Hruss, onpes convarin. baaring cages. hoosings and codes
pump vanea
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CakiumiCa X K ntivad LTE e R
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mant badrings. sl found in el
el
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il o B Pusd,
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ol ol
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Interaction of Moving Parts

Motion

Particles of similar size to the clearance between
moving parts cause the most abrasive wear.
Larger particles cannot enter clearance, smaller

particles pass through without contact.
Lo i

.*_,
-QM !

Clearance-size particles interact with both faces
simultaneously. Extra contamination is generated
by the disintegration of the moving surface. Larger
particles are “ground up” by the interaction in the
clearances.
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Critical Clearances in an Axial Piston Pump

Wear area: Wear area: SiaaIte
piston to shoe piston to cylinder block s

Waear area:
shoa to Wear area:
swashplale cylinder block

fo valve plate

Valve plate
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& Silt cobects in tight clearance leak paths causing increased resistance to shifting



Valve Spool Critical Clearance

One large particle can bridge gap

Working pressure

Break in oil film due to Silt build-up
dift concentration



Pressure port

| Fluid flow




Bearing Wear
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Typical clearance between

the rolling elements of a bearing
and the outer and inner race

can be less than 2um.

Particles in the lubrication fluid

are rolled into this critical clearance
causing a surface micro crack,
Initiating the spalling process.
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Rolling elements

Fame s R
..........

QOuter race
(Stationary)



Effect of Water in Oil on Bearing Life

250
2 ol
= 00025% = 25pm __
*5 i 001% = 100ppm
= | 005% = 500ppm
¢ 010% = 1000ppm __
ﬁ i 015% = 1500ppm
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Relative Sizes of Particles

Grain of table salt 100

Lower limit of visibility

Red blood cells




= Typical Hydraulic Component Clearances

e

Anti-friction bearings

Gear pump (gear to side plate)

Hydrostatic Bearings

Servo valves flapper wall

Qarun valvee nrifice



~ Range Number of particles per mi
Number More than Up to and including

24 80,000 160,000
23 40,000 80,000
22 20,000 40,000
21 10,000 20,000
20 5,000 10,000
19 2,500 5,000
[ 18 1,300 2,500 ]
17 640 1,300
| 16 320 640 ]
15 160 320
14 80 160
EE 40 80 )
12 20 40
11 10 20
10 5 10
9 25 5
8 1.3 2.5

7 .64 1.3



ISO CODE

Particles
> 4 microns

Particles
> 6 microns

18 / 16 / 13

Particles
> 14 microns



Fluid Cleanliness Required for
Typical Hydraulic Componentis

Components ISO Code

. Servo control valves 16 /14 / 11

- Proportional valves 17/15/12

- Valve & piston pumps / motors 18/16/13

’ Directional & pressure control valves 18/16/13
Gear pumps / motors 19/17 /14

' Flow control valves, cylinders 20/18/15

~ New unused fluid 20/18/15
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Dozvoljeni broj ¢vrstih ¢estica u 100 ml uzorka ulja

Klasa
cistoce 5do 15 15 do 25 25do 50 | 50do 100 | > 100um
Hm um pm pum
00 125 22 4 1 0
0 250 44 8 2 0
1 500 |~ 89 16 3 1
2 1.000 178 32 6 1
3 2.000 356 63 11 2
4 4.000 712 126 22 -
5 8.000 1.425 253 45 8
6 16.000 2.850 506 90 16
7 32.000 5.700 1.012 180 32
8 64.000 11.400 2.025 360 64
9 128.000 22.800 4.050 720 128
10 256.000 .600 8.100 1.440 256
11 512.000 91.200 16.200 2.880 512
12 1.024.000 182.400 32.400 5.760 1.024
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/n,P,Ca,Ba,Mg
Si,Na,B,V
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Large particles deposit Smaller particles deposit
at entry point where the along the slide as the
magnetic pull is the weakest.  magnetic pull strengthens.
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Particle Analyzer
ISO 4406, NAS 1638
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Magnetic Enﬁr

Particle size distribution
ISO 4406 cleanliness codes
Other codessuch as NAS, Navair, and Gost
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Artificial intelligence Automatic shape classification

Large coil set
Total ferrous content (PPM)

Small coil set
Large ferrous particle count and size distribution
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Metallic plecCe,
hair and
non-melallic
debris (brown)

Layered debris of
lube degradabon
malenals - silica

and wear melals.

Large amount of
melallic debris &
light silica (dirt).

Heavy
concentration of
silica (abrasive
dirt).
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CRACKLE TEST

Yy Y

No visible or audible change:
No free or emulsified water

Very Small Bubbles (0.5 mm) produced
and quickly disappear:
0.05 - 0.1% 500-1000 ppm

Bubbles approximately 2 mm are produced,
gather to center, enlarge to 4mm,
and disappear quickly:
0.1 - 0.2% 1000-2000 ppm

LI

Bubbles 2-3 mm are produced growing to 4 mm,

process repeats, possible violent bubbling
and audible crackling:

0.2 and more >2000 ppm

Fitch, J. (1998). 0il Analysis for Maintenance
Professionals, Tulsa OK, Nona Corp.
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Henry's Law:
The concentration of fuel
vapor present in the
headspace of a closed bottle
at equilibrium is proportional
to the amount of fuel
present in solution
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Restora Contents
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applied to touch grease

walls of cup

Heat
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7 cup until drop

emerges
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