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Abstract—It is very difficult to express the state of a tested engine objectively concerning the mal-
function, failure and wear of an engine. The general method of engine evaluation is to express
evaluator's opinion for the engine state after testing. However, these methods is only subjective evalu-
ation because test engineers, designers, and evaluators does not easily coincide in opinion. Therefore,
in this article, the method of engine rating are introduced in order to represent the qualitative trends
into quantitative value. The purpose of Engine Rating is to assign a quantified value to the tribology
state of a tested engines. Originally, this Engine Rating method have been used to evaluate the per-
formance of engine oil quantitavely. Using this method, we can predict the proper interval of engine
oil change due to its objectivity. So, we can prevent the frequent change of engine oil and protect the
environmental contamination. Furthermore, this method can be used to tell the general state of a tested
engine after finishing engine durability tests. A single merit scale is used to evaluate numerically the
state of cleanliness and the mechanical condition. Generally, a part which is absolutely clean or shows
no wear, is rated merit 10. A part which is absolutely dirty or very worn, is rated merit 0.
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Fig. 1. Rating point location on piston groove and land.
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Table 1. Deposit 7} 441[1]

DESCRIPTION ASF

From not affected to sensibly clean 0 A
From sensibly clean to very light deposit, attack or component functional detect 1 B
From very light to light deposit, attack or component funcitonal defect 2.5 C
From light to moderate deposit, attack or component funcitonal defect D
From moderate to heavy deposit, attack or component funcitonal defect 7.5 E
From heavy to the most extreme condition of a deposit, an attack or a component funcitonal defect 10 F
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Table 2. Piston groove deposit rating I

ASF STATUS
0(A) no deposit clean or varnish
1(B) 15% < soot < 35%

2.5(0) 35% < soot < 60%

7.5(F) 60% < soot < Y0%
1O(F) 90% < soot < all soot
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Fig. 4. Ring groove deposit [2].
Table 3. Piston groove deposit rating 11
ASF STATUS
O(A) Clean
1{B) Soot; shen scraped, dust occured
2.5(0) Soot; shen scraped, small particles jumped, can see al meterial directly
5(D) More comsistant deposit; have to scrape several times to see al meterial
7.5(E) Even thicker; can hardly sce al when crapping hard
10(F) The ring has touched deposit; there are rear side ring shape or shinning arca appeared

Vol 13, No. 2, 1997



12

=

SEVEHIIY ROALE

T

LR H COASE

A Re, 2% 741:*1, oo H=, 2o ¥, el
WE Ad ol o 4

[

1 g2 e

%, oae] oo} %o vhepibe. R 7)ol -
s & A

a2k =

ax o
fo
0>'
ol
l'g m
ofm
i

h=]
=]$ sludges=

o) Oil s ump sludge rating

sl W =qke] sludge rating2 w1x] 2.U-& wiEA|
7l & ok 8A]7ko] AtEl t}d ratingS A Aot
Sludge ratingS- sludge7b 4 79)l& #%]2] Sludge

o] @ m e ©]&&kr}. Sludge A& sludge Qo|H
2 ozb 8ol g Eyz mEsS ek
Sludge7} &8igliz FwAo] B3 A% /W &

wd el WH 89 Fal §Abgicl. Sludge Zol+ Fig.
6o} <z)x] Zo] Ao]x ¥ Table 4¢] CRC Z&i#] 7}
o] zoAll & Abgate] FHch o1FA HAE e

Journal of the KSTLE

oz
ofL

CRC SLUDGE DEPTH GAGE
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Fig. 6. Sludge depth gauge [4].
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Table 4. CRC Sludge depth scale [4]

CRC SLUDGE DEPTH SCALE

Clean Surface free from any deposit other than normal

oil film.

1/4A  Sludge of the depth illustrated in the typical "1/4A"
photographs.

1/2A  Sludge of the depth illustrated in the typical "1/2A"
photographs.

3/4A  Sludge of the depth illustrated in the typical "3/4A"
photographs.

A Sludge of the depth illustrated in the typical "A"
photographs.

AB  Sludge of the depth illustrated in the typical "AB"
photographs.

B Sludge of the depth illustrated in the typical "B"
photographs.

BC  Sludge of the depth illustrated in the typical "BC"
photographs.

*C 1/128" (0.0078") (198 mm) average depth as
measured with the CRC gage.

1/64" (0.0156") (.397 mm) average depth of deposit.
1/32" (0.0313") (.794 mm) average depth of deposit.
1/16" (0.0625") (1.588 mm) average depth of deposit.
1/8" (0.0125") (3.17 mm) average depth of deposit.
1/4" (0.025") (6.35 mm) average depth of deposit.
1/2" (0.5") (12.7 mm) average depth of deposit.

1" (1.0") (25.4 mm) average depth of deposit.

c-nommy

*A photograph of typical "C" depth, determined by use
of the CRC depth gage, is included on the photograph rat-
ing aid scale for information purposes.

F¥ st Zlolet F, vhro} gk 19
Wl R-8-2 AlAbsle] Hr)gbc}. Figo 70 7
EY $9f e 2ol gt olmsAhy P

ZAHASH)E jehd Zlolv). =3F ©rEL] i
gl vlu ol ulzl 23 Meit ratingS 8= 3¢
slrh. o] Eof sl 2t whEHE R Zheks] Ao o
Table 59} Zc}.

fed

i

3-5. CHE2| J|SMEH

Table 5. gF& vl 8lel g &7y

i
i
|
|

Light Pitting

DEMERIT 2 r

DEMERIT 3}

NEMERH 4

DEMERIT 5 ( Modrrated i1iling

DOI-mME OZ——-HPI OZ——~-—T

DEMERIT &
DEMERIT 7 |
‘
|
:
|
i ]
DEMERIT uk lleavy Pilting
DEMERI ‘)JJ ‘
DEMERIT 10 B Silace desiroved 1
\
J

2] "%"»‘lc’n% % ghs] % P“PI el A= chet

A=HASFE

« Free ring(ASF=0): 8 & ,Z]— ) -“,’—71] } o2 7
A ol 2 groovesholl 4 2 olui FpR A Lo

3 7hapy

& vl 5 5 el
Tappets and cam Pitting
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Cylinder liner Bore polishing
Scratches
Metal bearings Scratches
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Compare only area(Black & Color Picture)
Compare depth of scratch

Percent of polished area

Scratch depth 2 rating

Scratch depth i rating

Scratch depth & rating
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Table 6. 591 Rating Parameters

Rating %% Rating Parameters

Skirt

Deposit, lacquer,
Mechnical state,

Grooves 1, 2,3 Deposit, lacquer,

Land 1, 2, 3 Deposit, lacquer,
Crownland Deposit, lacquer,

Mechnical state,
Undercrown Deposit, lacquer,

Interior skirt Deposit, lacquer
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EXAMPLE OF PISTON GROOVE RATING

SEVERITY FACTORS ON ASF(DEMERIT)
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Fig. 8. Piston ring groove rating .

Journal of the KSTLE



Pl %1:24 oll ]

B Aol 280 rating oS E7|2 3o}
Al Table 62] rating Q1 2F5-& 9 7}8l7] ko] WA
< Fig. 13} Fig. 29} 3ho] o] S o ¥-agic)

o 7| e A4 g 228 9] lacquer F de-
positsell & rating Rbfel| 2HE& wFap ghop
Fig. 82 2]~ % 25 H No.lol|A]2] deposit, lacquer
o thal Ak rating ofolet. T HAE 212
B o] lacquer & depositsol] g} rating B & )2

3} bk

4-1. Lacquer

Lacquer®] 7 9= Fig. 13} zbo] 405-42%] 34 &
Fig. 53} 72 CRC2] ASF colour scale-& A}-8-3}of 7
W ¥ ASFE 738} Fig. 8 W 2] 214 Tables} 7t
o] Hrhgke}. & 2| NI, N2, N3, N4oi| o™ 539
o] 2 A fAEta ol=A] HleiA] Table
714 3kaL demerit 3H-& AlAFICE o] Zh& 10004 w
1 merit gko] Fct

4-2. Deposits

o] 7] A& 3.1 el 4] ¢1F3E} ring groove deposit ¥
7} wke] Dell 2] &) groove Wl )%l deposit 3 o
ut2} Fig. 4 Y Table 28 o]-&3}o] 2t @bz ol 29
ASF 31& 3hF Tableof| 2 52 #3832l 4
2 719]3} 7 demerit 3FS g} o] G 100 4] w)
W merit o] Fc}. Fig. 8 2] £ 2% Tableo] 1 ¢

oltt.

PR IEE

M &8 HblE 15

- =oll Aaz rating WS o] &3ked Azl
M-l Abdlg M 22 HYriske 7led
ol ond, o]efgt uh-& A gste] AlgalAl o}
o MAAE &R 4 9loele} Y=} o] gt H7}
2ol gl dio]e] wloj~E FF3le] alal A4
2.8de) gt Hrpr|Eo g Alg-sle] alxle i3k 2
=z FAE s Hshs v SEE F 4 9lor,
£ B rating 8PH o] A A w)-Fol ezl ale} 7
Mgk w5 A AERe] 2k 2wl

—

. CEC(Coordinating European Council), Internal Com-
bustion Engine Rating Method, CEC M-02-A-78, 1978.
2. TOTAL, Rating Mcthod Used At TOTAL Research
Center, Feb. 1993.

3. CRC(Coordinating Research Council), Rust Rating
Manual, CRC Manual No.7, July 1967.

4. CRC, Sludge Rating Manual, CRC Manual No. 12,
Sept. 1976.

5. CRC, Lubrication Related Wear And Deposit Conditions
in Diesel Engine, CRC Manual No. 13, Aug. 1978.

6. CRC, Vamish Rating Manual, CRC Maunual No. 14,
Jan. 1984.

7. CRC, Carburctor And Induction System Rating Man-

ual, CRC Manual No. 16, 1987.

Vol. 13, No. 2, 1997



