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The Changes of Mechanical Properties of
Used QOil in Gasoline Engine

Suk-Choon Kang, Sung-Chul Sin, Dong-Gil Kim and Jang-Sup Rho
Dept. of Mechanical Engineering, Korea Air Force Academy

Abstract—This study is concerned with the changes (deterioration) of the mechanical properties
of used oil in the gasoline engine. The analysed properties of used oil were friction, antiwear,
wear debris, load-carrying ability and the formation of surface film. From this study, it was found
that the oil used in engine was deteriorated to increase the wear and fricion and decrease the
load-carrying ability as the running distance of oil was increased. Also the main cause of deteriora-
tion was related to the formation of the protective film on the contact zone. When the film was
composed with rich additives (sulfur), this could properly protect contact zone from the increase

of wear and friction. But as oil was deteriorated,

it could not form such a film and therefore

the protective ability of sliding surface diminished.
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tester

D odsl 25 B TAZ b FAY 7|F]
2 5 ee ¥ 5+ ek

o822 4-ball A|§EF ball®] v}3H Ax1E Fig 4
o dAsteick. G wlgol 100M2H vherle] o
AR o)} vle g e RelFch vhEFd by
AS7E B4 Aol o) AT A
e 429 Qo2 nlE Fo] AR VAL
g5 9 FY A& 8ol T glot
WEh g 30417 S 1YY 2de $AT
A9 fAUA T2 FEol R 9l 270
Y42 A7 e 2 glek olE ol gle
A kel 4] 33 Fste] ohsbyel A
BAXA ekl WEeln o) whet vhEst A3
shaASe) 27t s e AeE fdEch

A ede} Abgel wE ZAA e it B AT 39

Fig. 5. Ferrogram of used oil tested with dynamometer

70417} AHef-Ele mlagel 23 FutebA] AR
£ #Adl 9o sute] WIAXHA FHUE P

& BoJF3 qirh

AR e Foll TE wpRYA} F4E& 13te] Fe-
rrography & ©]4-8}¢] Ferrogram$ "HE% 2 A
75 Fig. 50lA 2eyFa gk

olWlof] A3t dlzle] A AR AFe|r] HAE
AR e Aoz ZAEo)r] FHA e wlmial A
AollA] ]a} HArol} A7) 5-& BAE F Uk AL
10217} 2FEg 292 ferrogramel+= AHAE 2HA
232 Acier gixle} BA) 59 AHFEALY] AF)7H
Ho] ZxHYY F& 53] AAS e A AES
W& o] Fw Al o7int F-X5le] 0| FIF| Wi
ago] 2o EE o} o} o)A o
FH=A] edskS& By Frl 2EAgte]l AelAFE
H)ZA ]i=be] ) Zo)7) Aelx|z Al el A

Vol. 9, No. 2, 1993



40 73R % - AdA
g o
é 0.8 R 5=z _/:
— 0" ot
3] - e
L _.x_/! Y
E 0.4 } :—A—!t.:ﬁ‘ !"‘/ B
B
L o3l J
§ o2 —(O—A oil in city |
“ ’ —A—A oil on highway
§ o1 | — X —B oil on highway

0 1 2 3 4 H 3 7 8 $ 10

. X1000 Km
distance
Fig. 6. Wear scar diameter of A and B oil used by
real car
— 1000 Xm
—- 2000 =TT -
~== 3000
o == 4000
2
=
.2
fF=
St
]
o =
£
<]
(]

sliding time (min)

Fig.
ball

7. Friction coefficient of A oil used in city by 4-
tester

Fol Z7t=]o] 90417} 100417H& AHE-
v g 2 opE gizte] F4 o] 24
Egse] USS AT gAML 2
AE0)7)7F 30417t ol Felle Bt Ao
o]71& A Ao 7PEAE sk
1000~2000 km Ao M 2 Aolck.

&
fo
s
flo

3-2. HX FHAEAM ABRS S4HE

3-2-1. 71&ddg g FPA|EF 2o F-A

Fig. 62 vt d& A337] $13he] AR8-U(A}
4-)oll HaF ASTM D-22669] Ax}el] wlz} 4-ballA|
e ARE wpr Ao g vwdk Holth ALYUR
AW Fepgk 292 5000 km HEA AF2 AS
¥} wpmalAdo] 0.l mmr}t o oEET 7,000 km
Aol r] o] ulma]Ae UL Bl A ¥ 71
‘}F“?‘ﬁ 02mm7} t] Z715 0.6 mm o]Ale] wix
HAee RoiFoh 2o 2E5EE FHo] F$l

Journal of the KSLE

coef. of friction

sliding time (min)

Fig. 8. Friction coefficient of A oil used on highway
by 4-ball tester

A, B2 2% 8000 kmoll A4 v}R & Aol 0.5 mmEH
0.1 mm7} ] 27}s43 10,000 kmell 4] B2.dde] 0.6
mm7} delen Aedx A e fFd muE
AE & Folck

= A BSa BE 2000~3000km Aol uim
NAe @A77 HAE vehba] stellq AR
2.do] AR Foll WimlR A o] S8 A= AE 2
E3 3 olFo Mz} wlust F71 51 e B
£t}

vbdA o] Wil AE FE FHI Azl
298 Fig. 7014 Beol Fo] 4000 kmel+ Hz}
uldA g7l b 7] 9ot 1000~3000 km

ol A& scoring Are] dejubA] ekstth = 5000 km
o] Aol A= scoring® scuffing dAte] W3t vl

o] Ful=E3 ojep] mlEwe] Fubadel AT
$7 4ee o 4 ok Fig 8& TEHEZ 79 3
oA AS UL Y IEEZE £ FY3I A9
&k vhaA o) WskE vebd Ao 24 2000 kmot
3000 kmoll A& dAF g& KAt U ZE
£.dL scoring S Yo7 9,000 kme} 10,000
kmollAdE scuffing EA4E dodg HoFErh =
TEE2E FY% A=k ede] B4 o3 Amo}
AlNE FAez F3Y3 A 2] d3H T B}
Hge ¢ 5 stk

Z Jule A vl o 3,000 km AHE9] =fo)
7} gl mpated o e 2k 4,000km HEE VEEEE
F3 zeke)] P& o] A3t AlFYA| B
XA JeS RodFE)h = Bedd dlile] dx
&2l Fa3 apeke] A9 24 uniRAdS
Aedd Bt} Z7|d= wpR A o] ZA JehpE ey
W wieido] ¢4k kS o 4 912} 6,000 km
ool M A2 wlsgt AHE HodFrh oebd
Wtz Asd e 2358 Bedel Ago wsh A



7HEd AR e de] Abgel @B ZAIA AL Wt U]} AT 41

] 2000 %2

o W i

Fig. 9. Photograph of wear scars of A oil used on hi-
ghway

Z7F A3 AL ARge] wE UmiRAe] A
vhelzlg oF 4 gk

Fig. 9+ vlhatwdel] oiq &v)7 Ablosm Aeds
TEE2 F3ajol] AR 3S-olrh 1,000 km AHS-F-
Aol M= FHute] AAZE Al SR 218
Fol3 2,000 km AS-Fol A F7bel A HE FHe
2 goixs] mfm AAHe mv|x 7} =R 3000
kme} 4,000 km AH-f= vhEWe] R3sute]
Ao 9l&E B Frk 5000 km AH-HE AE
vham o2 He] sgbe] A7} o)Foixjam HA} A
#a|7ko] Frlsldd A mlR 27 =7] Frle} A
Hupg o] K| o] FojR| i gl 5§ BeEr) =iy
o] Adte] z7] YA wuts} Fod FHARAE A
28 Fwo] gt ¥k

Fig 102 A2l A1g3 vpaHe Apzlees 1,
000 kmE F33 A W wl2r]sg e o]
ol o} gloma g BAR L Sl S
Bo] F3 thgo] Alq o ANEE FEHeR

Fig. 10. Photograph of wear scars of A oil used in

city

BIAAHA 5000km o]l nfEAAHE AR
Futo] BIARE &HAde] tield vehix ot &
o] 299 A4 1w A% 2L 1,000 kmol| A 3,000
km Apelol} vebti 9l&-E o F T 299 )
utR s A EHIEEA nlre] &30 o3
Z7H8 zdsta ik

Fig. 112 Ae<de] AU58 &<} Bede] 2
Ex 2 F3 AlgFol ¥ Ferrogram2 50 mm %]
Holl A} 2edgl 100uh 9] AR E-E A7 % Aot} =4
FYE T2 2] 5ol vpEA} FE7} Falol
et Gzl WolAlx s 2o F3 nErg F
Yol e vlegial BE7} ALE Axo] dis) AlA
28 zo|7} H-E-& e EZ N AlWFYoM oL
7HEgE QA9 wlEs) o] RelA 1 9l8-& HolFTh
E3 2452 FPF 2d-e 2,000 kmel 4t} 10,000
kme] gl M2 F o]z} ot AT Al
Aedde A= AFE B vlEgRE AAsles
Aoeode] AWl ARl wAE oigke] WS-
Ax dste] F483 el IE o4 4 ok Fig 12+
Ag el AW F ALEH-E 4-ballA 3 F nprg]a)

Vol. 9, No.2, 1993



42 AHE - ALE - AEE - 2

2000 Ko

2000 Km

6000 Km

8000 Ko 8000 Km

A oll In city B oil on highway

Fig. 11. Ferrogram of the oil ued in city and on high-
way

2000 Km 4000 Km

8000 Ko

6000 Ko

Fig. 12. Ferrogram of the A oil used in city tested with
4-ball tester

Journal of the KSLE

T ] T T T T
L 4
0.8 L. e
—_
g /x
IS Q9.7 i e G
St 7,
4
08 L - e e e
b 0
E o5t _.__.._.7’.//37-'5./_4.__ 4
= PP SISy o
—E 0.4 b 3 4
3 0.3 L
f A oil - - {
[ 8 oil -0 -
gOZL 4
0.1 L J
(] L 1. | L 1 1 . 1
o 1 2 31 4« s & 1 3
distance X1000 Ka

Fig. 13. Wear scar diameter of A and B oil used by
LPG taxi

o

2

T e J
= s =
e I 1000 Ka T
© l —-= 2000

2 g0 —-=~ 3000 4
L

> [I ——= 4000

3

% 1 12 i 3 4] i

() sliding time (min)

of friction

coef

B 2 B

(b)  sliding time (min)

B

Fig. 14. Friction coefficient of A oil used by LPG taxi

FES vebd Azl g e9le) Azt whE upg]
FHollA vhEslal Ao A wlwg Rolck

6,000 km2} 8,000 kmol| A we wimglzly} BE 5
o Qo B2 A8-39] olxle uprsl AlshAl Aot
ALE B Fo)

3-2-2. LPG =} xlo] F3§ 2813t 9ale] 24

el A Al A} 2 A B ool g A]g
oM & FA2]7} 70,000 kmel LPG =x]¢l] A%
4E WA Felsta A1¥E ddel Bed2wdsiy
7t FEAIENA 8000 km¥E S Ue A2 b
L000 kmuteh eolo) WME-g Mzt FAsigich



7HE AL Abgel WE V1A Ao wste] AT AF 43

Fig. 13& AE 2 A(AHE-)ol D&t 4-ball A|& el A
2] vlRAA Z7)1E JYehd Felrh viraAe] =
717} 2] AR Azlel wie} ZrlaiAnt FA)
Aol Ao} o] F7tol| Zthdhe A$E BF 21
Aed I A7l ALY 5000km AXel4 e}
13 B2 & 2,000 kmoll 4] ®HAsle] ot o}E ALg
2909 AgeM He} zha Amrl wwA "9k
Z7]el& wlRA 7] ZFrlge] 2=|=E 3000km o
AHHE A ARL UEE 2 F3 A 249
st 7AEet 0.1l mmeld ksl Fde A

00

A oll B oil

Fig. 15. Micrographs of wear scar of A and B oil used

Bed E% 4,000 kmol A vebta 6,000 kmel] A=
02mm7} o} el wiR=oel FHA 2 Ad(7]-$)F
Foll =ealgich o] FRElE nlrzHo] A3 &
7}8ted 8,000 kma3) ¥ A2 U2 083mm, Boe
0.74 mm= o}F Alg vlRAtE HoFoza
Ao wWetEAe] 7| SEETh o U e
234988 & 5 ek

4-ball Aol A2 g 233} A e E
Fig. 14ol 4 Bof F3 ik 7F&de g2 =l
ARERE 2l wlamsty elEALL AAE HeE
A B2 B A2 oA veluba] ki b4 sco-
ringoll A scuffing3} A 0 2 WH3l= Ho) FaA=E §,
000 km= 3%k A2 -2 33]9 scuffing FAe] =
A717E Foll dodg HolFrk & UL dsiul
el A Al AbgsA S A58 e EEe
wtFA = S A 7] ddol A abE o] g
&4do] HH AA 4 &g 9nidn

Fig. 15% 4-ball 1§ & v}l digh A& o
7%k Zolch ARE-A17te] ZS7)sbE A vz o) HA
A A, Beo] MZ wv|ssA Wsta 958 o
T ek = EE 2delA Bsuute] dolgl At
Mo AARET e dido] g Ae] sM&d
Az 2l et FHA Ao A9-9) ol

i

@ fo ro o

X

3-3. AlB229| 7|AX MaWse| Hlm

3-3-1. A& sl &gk X|F(ASTD D2266)

AE-f-o] 71AE A HEE 2 s 4-ball A
ol vha Fell scuffing dabe]l 7w v}@A S}
2A F7kEHA =i dieprAde] Aaghe] dellA gl
ZEdch

7k Aol AbE-E 29l9] Mol scuffing &Abo)
717 AlFEhe 2208 Ae)sbd Table 154 2t}

A ede] Abg-Aut A7kl wbE 4-ball vhE ]
el 27] viwel A A2 H$ AH-Eot 0.1 mmot
Zrkske 279 71 Al 06 mmel EuEE
A8z 72 Table 22} ztch

by LPG taxi FHA Al A A A AL 10047
Table 1. Condition to occur scuffing
Dynamo-test, hr Gasoline car, Km LPG car, Km
Test condition -
1'st 2'nd 3'rd A oil* A oil** | B oil** A oil* B oil*
Scuffing occur 90 150 170 5,000 8,000 10,000 4,000 4,000
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Table 2. Wear of used oils

Test oil Dynamo test Road test
(A oil) (A, B oil), km
Wear scar dia. | 1'st | 2'nd |in city |highway | LPG
0.1 mm increase |90 hr [200 hr| 5000 | 8000 |4000
Same wear as 7,000 | 10,000 |6,000
base oil
new oil
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Q
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Fig. 16. Changes of friction by step loading test of
used oil by LPG taxi
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Fig. 18. Optical micrographs of wear zone slid by 4-ball tester.
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