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FEFe 4Ae AHEEE R4 Haln  we} RBS FZANHA 2B S YBAI7)| L F-
A AR g m Aol WARE Fgks w2 AZTAL A7 7] 8l A d4ES T3}
olwl sl &&HF xhale Hs 5wy == A7) e x| AbFolvt AR 7 A EEHA
slehA wshel 9 ¥-aqlel 23 Hele TEE dgaol A AT dAgse  FA
T et A3t FLEE shefof b ol A%

WA Esk e &8f2 ksl o&] A AhE < A R Aol Wil adAlrtes v
a2 ASR FE5G SR AL AR o)A A4 + §lg Hxel o]Brh AusE
2 FA7 2 AAEAS AT, AbsEe 2o 3 O] A (quality) 3k A 7HA|
Al ex, Az, EelodR FoH LA Ega @483 A5 @ARAAA L} Al
o} Aaralaell wel gelxich, BH7) AksbE @ NN ZAFTEA @ Fuleld web epalch
AL mA e e HE A3EFE L (Keton- obut A FAIZE He BEEAL 24 d4
es, ¢T)E FAIF}L o] T Foll Kr14ke & 3, 37 FYTELH A= EEE A
2 H3ehs AFdl = x| (g, rasin) % 25 A (ash)i Y= EAo|v)h, A4£ERL A
2 B84 BASE P48 AASHANE B B BtAE A +3Y T eR TAH
A2 F2 A& Ee] SIS AV &2l o] oleh, E 1ol Aol EAMsles 29 ¥
A BAFE FElAA 2ATEE @ AAA W Y 2 0 Akl Aol w2 o gk
gl 4] 4k8}7} dojvidd BHF @ o)o] A el g Felvk B2 & AFARE Al A o
B (B 2ME) 7L S7H8ha o g Wae] Aalalezde AR odE FHT  Azke}
AR chg B84 2HfE (deposit) & FA3HA 2 AAel AL Aeleh. AE A FHEEAS
=t A (ash) 2] F-f-aFo] 3 A A ==Fa) glet

28 ool @S mlAE ¥ sqlo= TEER L d22ie dojal 33
= TR £°§ii F dek 2] @Rk FE5 dedelA WA= 2855 (29, sooty)
F9 229k} g FHfo #Hel o2k s OIDP. v 7‘3.5% AAakale o] A2 A%
sl 2ol 4 2] ol A (sealing) o] Arelel] =2 A (R s & 4 2d=le] A g o
Al @S ek A o] A 53 7 rolv} AE A AL AL AHE FHolel e
Aol A= ZH73ecde] F5 Walol ek FAE HAgsl ngha) FeAol Frh Fe a3}
wheskals] gl A WA A 2 de A¢ 2E AEBE 2] o2k HAs A
weEl Agstd ohgak 2ok 7t AAHIEE BodFErl, AR Z4en A

LHod 7|2 T2 HolA 4L 2~4% AEE FHH

Hed 7lake] &2 Al FFol AFE AAE 3o AL vbEEREE A Eolr) F3lE e g
o] godg ek Uk oYL RE F < FEA el A e WEHE AEA A
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Lubricating oil

Oil darkening. Viscosity in-
crease. Tendency to lac-
quer formation-sedimenta-
tion. Oxidation suscepti-

bility increases

Fuel oil

0Oil blackening. Viscosity

increase. Tendency to

deposit formation

Intake air.

Fuel oil

Tendency to deposit forma-
tion. Tendency to abrasive

wear. Tendency to foam

Engine wear.

Corrosion.

Debris from manufacture

Catalyzes oil deterioration.
Tendency to deposit forma-
tion. Tendency to abrasive

wear

Leacks (pump, piping). In-
jection dribble.

Incomplete combustion

Oil stability lowered. Oil
Blowby. viscosity reduced. Tend-

ency to lacquer formation

gases.

Leaky cooler

Condensation of combustion

Leaky jackets.

Oil stability lowered. Tend-
dency to form sludge.
Tendency to rust and cor-

rode metal

sulfur fuel

Blowby of combustion gases

—especially from high-

Tendency to corrode metal.
Oil stability lowered.
Tendency to form sludge.
Tendency tolacquer

formation

s2 $ee RFch BE L@ ghakeh
= gga BAol AE 4l How
VES Pl AFOR B 4+ dn dow
A% AEHE FUY Ao B

Gas A14& <548 53 busvh 53§ E
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Gasoline. Lubricatingoil Gray discoloration due to lead
from fuel Tendency to
deposit formation.
Tendency to lacquer forma-
tton. Viscosity increase.
Oxidation susceptibility
increases.

Gasoline Oil blackening. Tendency to
deposit formation.
Viscosity increase

Intake air. Air cleaner and Tendency to abrasive wear.

crankcase breather Tendency to deposit
formation

Engine wear. Rust scale Tendency to deposit forma-

Engine debris from manu- tion. Catalyzes oil deterio-

facture or overhaul

ration. Tendency to abra-

sive wear

Fuel
idling,

Frequent starts,

excessive choking

cold | Viscosity reduced. Oil sta-
bility lowered. Tendency to

lacquer formation

Condensation.

leaks

Head gasket

Tendency to lacquer forma-
tion (permanent-type anti-
freeze). Tendency to rust
and corrode metal parts.
Tendency to emulsify.
Oxidation susceptibility in-
creases. Tendency to form

deposits

Combusation gases

Tendency to corrode metals.
Tendency to sludge forma-
tion. Tendency to lacquer

formation.
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E2. A 2493 R8Tl et X4 wnE

2,300 miles 2, 100hr
68 68 62 59
............... 420 380
Nil 4.0 Nil 2 -4
* 0.05 0.56
Nil 1.9 Nil 0.2
Nil 1.7 Nil
Nil Nil Nil Nil
0.60 0.93 Nil 0.02

* e F83kx FsS ov3h
AE A RAATRI
AE B AANE & 47

Ale AbsHE, wre} shRe)xbEo] geh o £3. AT Huode] LA
Q- AR ALEA, 2AEs 2y

EE FEF AL 9% A-$s) wkrh mlek &

59 Exbol w4 FER A ¥

< esfoll o & st et el SHsn A

2ypel ool Yaislo] ael Paw 04
c},

B 4% (sealing) o FAZEH AAY o I R
AT T EE 7 del 72 $550) 0.02| 0.62 0.05
fdole] "Arh, Bol ARHW FE F A5t ol o '
ee] opu WY, ABLATel A7 N 020 Lrace
FHHL Azl 4Rt ERI RN 0 Ni | 0.100cesh} Ni
ol MR Atel olal A& Aolvh &3 ql % F2 0 QAEEsL oF2ke) AbshA
T FF Ble e $AAS B35} 2el

AEAE B3 4F(AAE. sediment)ol] 2 £ e HskA g3 odFE FAIE AEolvh
) =3t Aeiol Wk SAIEE A Fobe) mw 2 ool gk edle] dao] HF
A 299 A H3s 4SS BedEe w} o2 AEALH Aok
B AEE k7 FobAeh o Aol o] 4 AamE(Hydraunc Systems>
Aodew LAl HE (emulsion) & Y AR BNl 48 o5 2E A
S o] Ao Alstrt sbEHeh. whebd B & g old 2 £EG AT RALd
o] AFE FolFEE sofitet. FFL o o]l gom A4l A £9L vk AEY F
o) AEHE 3} ol ols) HAHeh Ex FFE 7} mL Akstel] & Aela =7} s
A olskal o] o ode wbEYarR Abelol gla A A o & FA7 glol Q@] HY3
AT AP E A4ggo 2 AL 2go] s} %_9_%}%]% ok 2y HEkgol Ak B
T3tk AE B Al edBr}l g wiE 7HE Aol AFWel F-Fe] AesE AXIFHA
< AEY AeMe g o] AT e U FRAoR B £Xd AT Aol 27
= doltes & 4 dvh el F3ko o Foll Zabs] Wopok qrvh. Abshgo] Wela
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ARNE 5 FFo Y4HT Boko] Lo s
o el A3 Yol YAHh E kw4
st Aol FoET AFE S5 £
e obBEL F4ste 20U FRel4 A
T 09 %S Pagch FHAAZAE 2
o) Aol Fasheh oL 298 4meFe
FANA L FHAS BAY FEe] ode B
4 A) 70 E

AlA 7 Aol A =3 E = o de Bolv A}
E otod$ (roll oil) & Ac}gh = =)o )%t
o .°ﬂ Agte}l, wela] F287F A4 A
] AR 270} F4od-L s, o

a2

_,d
g <k
fo

B qfedft Aolwl Tl 292 Hellse
YA ol el ot TAIE B R25)S
S84 chakel ool g ARgstm
ek8- I ASF Q).
Hx|IZae) 28
A =) F el A &2

Fa E3 49 s
B2 oA AT ek B3 FeolwlA
T 7 2 e Tdo g wioly 4= (se-

ol &3t =g F 14 714. F4LE =Zaxw
AN A A8 oA B4 oot of 7] 4
dL FAuat e B RS I

2
+ sleh

710iHI 82 BER

Zlefell A4E5E 04 AE HARXE Aol
QAR et 714 22 AFt= A AHE
o] W2 A deluteh vt AFZRAC] E
At sty dojud AEst FokEln
A7 AAEE A2 Tl o8 fAlvt

o] Frteh AFLEs FobAlch Y= £ A
AEL 7le) Aol e ¥4 A ARR
AAS L 2ol gt 7ol Lol Al =t
o] 5L wdAgS AN WAL whshde
W7 G3E FaADch A A zsE 0o
o] shatatge AR shEsEle Aol Ark =

Gray
0.7 0.7
Nil 1.8

......... Largely aluminum
flakes and flnes

0.12 0.51
Additives Aluminum
""""" Additives

* FRulEe weld o A% A LAY,

glA E3}71E S B9 ARE HER
Ho] FAlz)l opabE Ao o7t vEEE 21T
th, 5% 4AdE oA FANA AFF 2
9] Bdz 1 sl 48w ode e F
FRE2 AEs) Z78L9ch Aol B
faFo]l A9 glx FE&MNA L waH e
= 253 A (ash)odl &= HFERE o A
atRst AL §L-g RogFcl o] #FE ¢
de] Axz fAstaA Fe Az o g 4
o}FE e AL spxHl Ao sfok g E 4
' e AE EFAEE A A2AE
et

Nil
2.00 1.96

1 Additives - Additives

et&7|
Z-7) tE A A =AL ST 2
A 2 o] RS sAbe] el 3] A 4lQk
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56, b e AT 24
Oil, Db «evereesesrranoatetuone ettt ittt ettt s s s s e 30.7
Soaps, oxidized 0il, 96 ++rterrrrsrerrrarrrriaiii et 19.9
Carbonaceous, metallic, % -ererrreesrreeresrriorctoicaaninreietoennenens M
TOUAL, G errevereeeerseammmnentesettias et aas st et se sttt 100. 0
Nature, micro. examination : k
1. Iron flNes  eeeresestereeesessensieeneecniiiiiesiettirniaas e seaeaiiinas Small portion
2 Mineral Matter s+++<rerereisesereerorennresrsintrrtmiimararienmauanessoss Moderate portion
3. Water-soluble material «+i-tererrsrmrmonmreremmmmiieeciaen Large portion
. Alkalinity «-e-eeeeeeereesssmrrrsniennneteres st Strong
b, Carbonates «++reeessesrerseersaseessseruassiviesentomsasansinenseesss Present
ASh,  Qfprrrrrneereeerertnintt ettt 35.6
In ash(spectrograPhic)
MLAJOT ==vtrersemmrsseessnnnssesiaiinsreteieistestaatbtessan st sttt Sodium, silicon
IMLINOL ++vesesrersessrrarsannersnssseensreasmeersettsosessessassnsannuassanessoees Aluminum, iron, potassium

571 o]l ZFE wadl= YA (lac- °l BAH A dEe] B¢ 8 TFE Aol Akst
quering) & A&t S5 orHr)s WB APAL A7l Ae & FAL otva (RHF2
oF2 mholl 4 4b3lEl 29 FHow WryL E7b o) WE) ool AR At vhEedd
< vhel A el 2G4 = AR sole] A (F2H) ol o A AR s "ol Fastet
olal A4S shals] =HAZ —’f—% W #43) et QR e rE oS AAta At
g ubdlo] FAlel A e]u, ol=& 44 Hgeke] eolol Ewe EUEF Fosio}
ALda F2AEE A A —r]-cﬂ Ax & A% ghc},
AAEo] FASE 345 L5 Ao v} &2 T2|A (Lubricating Greases)
@A stel. o] HAESedlE odd wA, oF A &8 1L ﬂl;?}-‘i" gl
Ee A3 54 g spRatE T v AZF 1ol AH&st=s At et
F717F obd FFEE FHAH Atdle &2 ol AL w3 LelE ZP«] T2 H3s 3
stel g A S medl ok ek At A 7ZE AR dolvt 2els AAE v H
Zu 'k Al G ki e HfAd 2 da 28 sl A17]1 7] #Eeleh
Ha #3/FE AHAAEH. del 4 AEE = O 48 Hsh
ook 33, Abdt AL MbEAdE 7lAl +2E aeast AT Lo e E
A Afdle 55 FEH 298 A& A o8 e 2ohAIAE deb o] HEke WAEE 43
= whygS Faof gheh E 6] FFA oY dasle] et AEER ZEjEE W]l A
Az e Az AL gleh, 2423 7*151—“: AbstadAbo] dojuba 4L aofdk WA
off o3t HA-EA ) WH AR a8 le] E nATel ol® AlSbyh dejvkd L9
TE&4 el whabdolnl. o714 dvteld %Eﬂ} z 4] Hata 2 Az 2L st sl
Hol AL FAo2 Ag3A Zn @FulFol 2 Ak wwba) Avk wpAbsbA R a2 E F
U A2 AL Fodel] TEHARE o F Hiol AAZ BastdAg §-& S Hste] A
o Aolvh A2 mpRd] 2ol wiTv Ak el FE ok 4o IR Fride=
stod2 %EHrVP 7tezRe AAdse] B 257 gt XS slslesle] T3t =
ANEDE AFAT = ¢S & Aok Fol Eoll 2&54 547 ol &
JIHRESHF BET =
Z1A4 &%5-%% (Machine way) el A}-&=& & O Ah-goll 2]3t W3}
2o g2 n3LF AL A HBEHA FAHOE dutdo g oelagde] B3te ZEANS
5 zA = Zelrh. el dAE U7l #H wel Fobsle ARbg e T2 sha T2
At &R/ b§EA Zoto st A (Gum) (1801l A=)
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3. All2x A 13 L% FHol & 715 wAoh 3l
4. A7x] FA A7 Bl Sk aF =}

K
i
Jo
ek
2
2
o
9

N
2L

5. Al22z Al 13A 13 (%A kol vldsted AF-5 abolshe F9) 2 49 E 7 A
M7= (84) otg 439 16l sigsle 2= 1dolshe] Fo =& 300ukdolste] HFol 3t
t},
1. A 8ZA 13 222 TR 97 Ql7be ¥R ohstn AFAANE =, FF3AY &
B =k
2. AEA 189 FRH 9 ATE §kx otV AFFE2Y9qL T =}
3. AM12zA 18 kA ¢ FAA 9 ALE A ot HFal g & =k

2.
4. M13ZE] FA gt Aheje] HAB
5. Al6E 59 FA ¥ $UE A b Af =v Adrt£s] FUATY FF
Aok A AZAY 2 AGlEE WA I AL
6. A20%A) 13 E+= A 23] T 11& AE AY 5-.% 1218k A}
H28= GHH ) D b A58 1ol sl sk 2k 300uk4 o}she] BPEHE_OH x gk},
1. 1922 FA) ojF AXE wA3kA) oAU Aol 3919 AFgHS A7 =}
2. Al20ZA) 13 =L A 2389 FAA o8 BaE stA obUsAY 39 RIE g =}
@utE 2459 16 HAwshe 2 1009H4 o]é]-ﬁ] Shef 2ol 2 ghe,
1. A9 ZA 238 Gk AF A ¢4 §) B ALRZA 43 A fbal =12 A9 SA )
o] Al 27t AnE kA obsHAY 04104 o AnE & =}
2. HllOZ O¢Are] =21 - A4 9 el A Y Alm) o] FA 27 AlnE kA oAU

3L
%‘01] —r] H]'i]' Z]-
\

2] Al g 3 =},

3. AllZA 25]’(924‘—'}%—’?%@9] A) e FA Qj ADE A b AU HYY AnE
g =}

4. AUZ (x50 F - H2) AR) B A16E A xUF - A2 %%J?fﬂ 59 Ala)

o FHol P ALE A ohIaAY AN AnE F z}.
H29Z (P TH) Walel AEA BE gelolvt A2l dhFal, gl Flek FAol 2 gal =
AN AFol Baked MAUE W) 2728 FHo| AT el : BIAE AsHE o] 2
g EE Ao et E 4 Bxe) WaY$ Aabeh

f'

o Rl B i%‘oﬂﬂlf& TEA Wi}
o] olsh 4 deitel H{Ald 2dS EF
222 E Bl —50C~180T 7 A& of¥-29 |
atEgalstel, 2e|A s T wlo] o _‘
A e B AvtglAe dubdor F2 ,
7} Agled el 2ElA£8] AAAH kA Ae] =
rhAlel o] A wleFsls el /A (semifl-
uid)Atel 2 52 wlojgl o g R AR} o (
o) wo]EEHo AT woRE T &4}
°1 Rojukrt, T aejigAely B2 o =
£ EgAeel sl LelA TR o of gk
—’le FEE= dAY RA3A AFch. o] AL &
=, Acglk&(rate of shear) U E&w)d =te}

chz e},




