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' Run To Failure
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Preventive Maintenance

* Predictive Maintenance
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! Particle Counter (PC)

? Direct Reading Ferrography (DRF)
? Particle Quantifier (PQ)

* Analytical Ferrography

—\Vay-



(-5

g ol 30 04555 shodid “j::
wmgmmmﬂ@sm&b@m\ y

119 oo yogs 1 | L 9 = dgiio awgs 8 o8y

Slo e @ a8 ool G5 428 Bl (6 S Wiges o Pl (g LT dolyy CulBge )3 pre 5 S Jelos I S
Jor58 52 glofag Coatl Sl oo (55 diges ey Su sl g gy Sisel ©ps 1 )0 p2 g el ol 4 I
25l ol dng d (Solo (e )3 (5SWigel w13 5 5l 3,90 €3 g Clus 4y a2l oy, 2 g 5

$579 A bl (S uges W Bl o B g )0 &S Canl Lol yd go 0uS$S il g leMbl ol il yd lyd
soate (pd Bl e )3 S9290 9y JS Alie oud ALIDy Hges )3 39250 (odalwd I3 2o)d g (je B 29 el
b S5 ls Wged Al oo olRiws 55 1y Compd (35 B90d Sl plo eyt Bl Agn Sl (5 S Uged 0520
Gos Lawg 51 B 298 OBl 6okl (350900 Siled Jobo 2295 a0 f 9 Sgyden e b ) (g, e
A3 15 edlge (Bl Judo 5| ity o (8l o 2 9 508 o)lsan g (SBs s 13 dg2 90 D 295 oS ()
Wl ) bulpd (p 5 Bly (Sle ool oad il diged (plplis (g oo gz ) S Cuannd )> SIS (b (il &5
b S e Gk il pshaie ol sy 298 4B)S ol (3,5 (Bgels | Aol (il y5ige (189 dgel il
LS 1, Sebes Jobo Ygomn (383 (65 4350 5 gt solite &1 390 19) 3)ly pogasen Sl (129, (3939 0
oy sl 2905 3y y5ige S5 4 a5 350 Gas b 1) ol )b o b lei e paseie oy @S b (B
S5 8903 93 O Sloj abols Sl Jl o sl gy L9 plhe )2 LSy B ygige Sl (S diged sl odleiii
D9 o0 Sy olo 93 y9590 S

5 (e Slge g CaieSeo)] s Eumdy g 95 0Bd (&)l bl spgzmen (lise Jolos 4 (S Wged Sl alolé
5 s Jol alsyo 53 ST G 28l SlaSy b (Gend 2 sl ()5 Bge l i 455001 (St 0308 9 (19 9 kS
i b a5 0l b o8 4 9l (55 Aiged 2 oo Sl s J5le B oS ol o3V o 485 &S (e sk

o2, s 35 1915 (65 Mg 0325 5 Ly

! Parts Per Million

—\Vay-



119 P olocpags || 5 9 — agadio awga s olSduls

DL I DR Fcnoqraphﬁé

| Magnelic Chip De

Analylical | errography

i i i i >
01pm 1pm 10pm um 1000pMm

i i i i »
0.1pm Aum 10Hm pm 1000pm

Single Particle Analysis (SEM-EDX)
‘ Adid Degestio

‘ Emisslon Spectrography ‘ | RSF Spe

1 I 1 1
0 1pm 1pm 10pm 1000pm

Partiche Count
dpm Gpm

0.1um 1um 10pHm 100pm 1000pm
WEAR PARTICLE SIZE

S calas g @lyd oo 980 Y S8

B pow S 03Il 4y Ll diged B b iCiowd ja (gl digad A3 Lo D50 Dl 4y YerCC (g8 diged 81

OE9) OiSe (d oy

035 blses (389) 5 (il S5 ol ool IS5 L ptalesl 51 B s b sl

A5 (655 Dges Bgyls dlial &y iges Slasiio g 0)led )0 Cp> G p

Wge b S Uz b 059y 0lKwd Jdo 5 pU cciiomd 0lSiwd aSeolSiws So : ol (£ 9 digas cleMbl o)

oA g5 (bE9) £55 9 U ) 4 B9y jrope OIS Cslo b yiaghS 189, 35,800 ) LAss G s nS

Wged 0ylad g 15 Wged Pl (89,

(od (348 Slasiio b cunlite) yio S Jobo o Sl

~\VA¥-

Wges Jo> S



@E&:ﬂﬂmg@ﬁﬂww))@mﬁﬁ@mm\ y

119 P olocpags || 5 9 — agadio awga s olSduls

5 a5)ke SleMbl op 58 ol g Cosl (§)9p0 Jlonw ji5 oBuiale] 4 05 030 6 905 ol yo 4 Ml

ol WV 51 G (gl s 30 5 oliplegl b Jlosl 5 s s (Sloj alols Fgono 105585505 b )
Oyld ey g s Sl Jloin] (55 digel R 13 s jop Cpgo 12 335 5 (SYsb loj ol 2 mardly
Wges Jlo)l g 4 Wl dwsy Glste (spSaigel gl SO LI A8 saled gt Sl bulpd b gl pile
Dged JS |y ol cdlp b

W asbige gy 25508 sekS b el ey (iolojl @l (bl slayeiS1e (o yiee I (S5 1pEgy 25,8 Y
3 Olaise Ll (23l IS 51 5 ol 3 g0 53 sl oo Yo Connsd b (9 (3:53 yiaghS b sl 55 g WIS
2905 S5 15,858 o jieglS L ploj BBl 505 )b

5 & ey bl gy CudS 5 g5 bl Jdd lulwd anl 3 & Jalse (Sl ojle pb g o8y g5 Y
Cilisee polis yolie |5 Gl (5908 wigad SISy g9y 52 ol 08l 5 (9 €95 @50 95 10 o) W
ool o8y Slasie g (ol aliend S se)d 5 0358 LSy b 19y (ul )3 (S938l dlge B

ol Glite 0418 Ag5 0l iy a5 lad sl

@ ool Gl g sl cer 38 Bl )3 s Sl ad w5 (sladiges 5 Cusload pbul IS seld Bidog yl
ol o Jeobs pliebl

Sliolel .l s dtun alold

351 Casby 455 o 3 ol 5 swed MelS B gy el 0 L) olKizyle
)‘wgw‘bﬁmb&m‘jﬁs&wwbJ)JoU).)gA.UQA

Y u‘.oﬂ a9 ;«S)w cilw BE 912 JJ«O lea> )..\a.l:.w;' L,J)J))ﬁy: 99 K9y ‘}J}u L)?.l » O.é’) ):.“.:]

Gis ol 9 00 olital (s it 8 Jip3 5550 1Y U5

A A



119 P olocpags || 5 9 — agadio awga s olSduls

3 A NSl > C g Bpae (ppaS Mbbe o — (e OF e oliS L addd y jed Ve 35> jgige dasule j9

(P JSC3) cunlods (6 pSojlul YVF/A g/kW-h se0s )

588
\\
Z

N
/
E8EEELE

8

S

——

be
(/W)
250
240 —2
230
220

1000 1200 1400 1600 1800 2000 2200 2400 n imn )

9> s59e 63 )5es (sla i IF S
pole plhe Jolb o cul ead o SUEURIEEEIRL I €550 Silejstl Jolg 5l 5uod ool 0 0ad eolisul (glaosl>
2 390y olialejl S Jlos LS olyen & 9y 53 290 saailge 5 (oisloyd

{6 Jsapaal,

—\Vas-



. R——

et
Ll i .
pmrere sty OO paschE S el
o BID .‘:‘: (RS TTT |

e ot Y
P Lt et e e e W Lt ot pres
Cas i Yo e e x
- s o Prer : W
wir [T e i s
o =
irs oa] [ v hd [ e i ] Ly B
: i
: At
i - B s
b
s
s
L3 N Fe
6.0 esis el
M gt 61 oo cu
87 oems e
Q =2 an
08 o H
0 sas n |E
I |
13 sem Mo | |
970 Daxd En
Ao 419 s P
2555 Cema Cn
ar D e
428 oen Mg %
180 mws m §
1 oeE e |3
138 oem B i
N Ceam v B
ol g PO P o e i 5
! e 3
ok e (T
g Fa
L] oL~ |
’ psg
. [
L TP :
’ 187 g WS40
L) iz
a_mlwu_uw..:u- ”:\‘ o
. et bt g e F LIS
sl e B Akt BAF ek P [ ]
e et i i ety AT wgmsen TAN %
A e e B st 3 e G Color
b PO i e A P xlﬂ-:? 2
b i 8 i kg o ) Ll
e T LGS g =t = < P e
| o] ¢ (] AP #DC) BRG] A o il i b By
bl sl iy, s by
ciem eamin gttt ] 33 28] et U 2y
e ki g W gy 8 i s § 2y Ll 8 b st dgh g G gt i g i Wl
e sonn iy p o ket Aacel gt 8 FIS RN oy, A it e i A At il
TUA 1 apter | T ERbY

o9y 7T Linlejl Syl claiges O JSWS
(0 JSW)agui s0 i (5 (St dww @y (s 5uILT (55 5
ol olwd 39y 4 bgspe leMbl ol Liso )
dilge o Gloluyd yolie olie 4 bgyye SleMbl pd iy .Y
A8l oo oS i s 35 5 o9y bl @ls 4 bauye Sledbl pgu sy T
05/5) ol D990 ] @]y Jol LSy 3 3yl 2954 iz glboje ‘oli@b)‘] Sloas 48,5 Lo plb SleMbl
w0lKiwd IDU 6‘:’.&9) st..\j)'lw 4&9) 64?).5 6‘:’.&9) IDU 6‘:’.&3) ))5)[{ cd)ﬁf 43?6)’ ))9& wcwl ity c&}«; Sy ﬂd)‘.}){ 439@.;
(utolojl oyl w0lKiwd (gok53lo dd (¢S diged Ceomd ¢ Jdo
a5 2pd 4 gy Sloadlye g (ol ypolie Jold pod yisu
o2t ST i MO y3uge AL 055 T wailis Ni JS6 Sn ald Pb oy Cu o Al poingl] 1 pg S Fe yal
TBN TAN «dgu S35l col 5251 PQ Mg wyjuio Ba wyl 2 psulS P i Zn (59) V ppslly B 5 Na

Vis V-« Vis ¥

=\vay-



R o
@wuﬂ}#@hg@ﬁ%m»@mﬂ&ﬁmﬁb@m@\

119 oo yogs 1 | L 9 = dgiio awgs 8 o8y

il ) Saciand Jold pow Si5u 9

o OF9) Candy 85 g ped IS 3)lse ST ST Cumdy g dnog )il 05 umdy sl IS (andg S 0lSind Cundy
sl

Sir e gand I So o polie ul (BS)E 5 Eg) laadlse 5 iabu polie polie el S oS
95 s aodly (b &) dogi b S oo 555 ) Jois b gy 51 (S 0 bogos |y Lislojl LS Cundy £l 5 liian
Jolis gt jlop G oS (2o slad g adl o VO#YD Ll O & (0959 (sldd o dbaid S abyl e 4
P jand Zn g9y V w23bly B e Ag )i Tl puilis puaic & polie a8 Lol 53,8 e sl o Byl Y40
o &y Ll palie i 3,55, Y+0 J oS b 13 55 5 o391 b Loy b3Sy plad 5 Mg majste Ba )l Ca ol
ge &5 Ab ALlS (939)9 sLad o> I o> TF dgas )5 cpl b a0 )S Bl (639)9 sl I eads Sudp e
Al g & g W g s Vo8 Jelscsv b oo cov aodly uyile .45 daled cam clacsllas ;5 Cayu yioljil
oxilygs weka b asie 5587 0303 1381 p 3 4y ity oo b juiie U 4y Lo o ol jlaw 5 (S mdg) o 4 bgipe
lod J48 3y )68 & sl 185 4y Y A5 00litl JA8 p1y 68| U aas 8y 5 58l gl )3 oy i (ol

Cuolodisdid 3 IS weka 158l p 5 5o a8 Cunlgls cos C4.5 oo 56

S @l glaaies b o oIS 35 g oSz 2 1Y Jgoa

+Y N ke
-\ B Sir
¥ C s
-y E T S
-/ U Cublyo Cod

=\WAA-



(-5

R o
eesrlfsRog G@ﬂwm@)}@a@i@ﬁmﬂb@ﬁ@\

119 oo yogs 1 | L 9 = dgiio awgs 8 o8y

200 VY Do Cawlodgs diged YO S I digad VOV lisd goeomo b (6500 5 (gole diwd 3 WdysS ) duopd dliies iy
5 end & (Sl (Sww) sl 5 20l ol (pgllan Cumdg a5 Kol b)) @y (S 9 She e > ase
iy oke V ot By (IS ) 4 aag b (Vs £ USE) 38 (g cnl 3 cou 2)90 aygige (61
o ol yigg Cudlie cod sl ool) dgan b diges b a8 amd o i die ol delandy /o 0 Y dgds 00 dnwle

Dy 5S9035 ool Clls 4 dged o baylyd gy S5 Y e ) 4>

90 T T T T T
L

=87 |

3 J
-5
4
<

¥ =19
L]
¥ =10 2

i [

. 4 & s i i

S _r'l_r""' i = e \_-_Jl_’-c e

aCuxsg jl oS 1o 13 ladiges Slaw 28 JKd
loyed snydil ke dlgio (pl > oliul SIS 3,50 Cule ) 5 Olpasd 5 (£)l0S Cundg 4 dgi pae Cuild do g (b
Wgd Joad Shew clls 4y Sl odgs (6550 Sl 0 a7 SolKiwd 1 o & 335 0 Cage ailiy Ligs b

._-"’. a. i f’

F
; G fr P el
AA _ Wbl o

2555 Y0 IS Cndg do )3 (galyppnnds ¥ S0
\Y4 )I blij d¢ q )I ).u.u.u PW?” )‘A.a.o 93y Yo/ )l )w M )I.LO.A 999 a/y )l ).w.w e )I..\.O.o ;‘ casld rv.ib|9> ‘j

Db She & ol 1 lazsls Jue sbl el 3 ol bl sas & Ly Wloadoslitul apais Jas y5 a5 5395 dasli

S Cuonl Bl pole il e Clus 4 tolo b yolie 32 (adse 5 @b (e pasnedll poyS oppl polie m (Shs

A



(-5

R o

eesljio g (pRmprpa) GLEAS Gogsdlo msen

119 oo yogs 1 | L 9 = dgiio awgs 8 o8y

N

a5 3)S dogi b oAt LiE paenal C 3 Slasenad 13 C g 4 (I09I] Luw § Blodg madw g paadiw slaosn Y]
s$9m oS sl ) 0lIS o ptilosd polie (sa) 2 1y 095 3508 s 5 gy ST GolSlaf] 53 0ps 3.5 Lagac
b by slo Sogl 5 (pmusle) S 1 36 sla Sogll cuslodgy Jlw (50l 5 sjlunly slogile g5y 22 Gl 250
IS b s adoMo o preuds S5 0 g9 ul & )l 033 38 cladils > Sl (B 3 (ma) O
oM b by o1 — ST 158 (283 Cuand VL) ady) S & €850 Ceand (5 0mly 3 (BedS) S
by o) 518 Sl bulyd 3 )59 50 5 ailioe (o (I Camdg @ bgrye SL3 gy Jlie (gl 9850 Sl
e g 390 85 ) oS 3a] o g 391 F 51 siaS pgsS e 51 cuils munlys Wbl e 5L5 e & (oole clls oy
2o 8 oole baylyd )3 5590 oSSl 50 4 5l 1S poiagll ke g il g b (Sagl g 060 VA Sl S sl
bl B VA (oole o AY 5148 ol bno s el 5 ol 015 digp e g0 (oole clls Aile oSy 5l Lo ool

B K oS 3 oyl 4 850 cpl 3 end i Gty S bl (B Y g Whoad ot ey 4 ol

(AJSS) cunlass S
Al
g sy
— The—
fuel pollution 8i
<0 >0 <357 T»3s5
= > =
- S — —
Si E(3.0) Cr Cu
~ ——— -~
=148 >148 «=95 >95 =93 >93
. ~ / \ ‘ ~
Fe B(17.01.0) Mo Mo E(12.012.0) € (10.011.0)
o~ ~~ ~
<=56 =56 «=2 »2 «=08 =08
- ~ - 5 8 . A
cor B(5.011.0) B(51.0:3.0) Sn Na UG
“~ AN -~
<=4 >4 <=0 >0 «=22 »22
- Sy - S5 . ~
N (78.0/3.0) B (4.0/1.0) B{8.0) U @) E(30D) cr
«=135 =135
B{4.0) E(2.01.0)

J48 13 oSl S8 g 045 3] puenad <645 A IS
2 Ll o ple 305 jasuitie Wil e Ghmgh ol )3 Modib Jae & pread ca 0 ol (L g cdd &Sl

.C«»hA&)§<5b|&9¢3Y'Q(55))3Y Jal?

VA o—



(-5

by e 30 04535 ydodidd
muﬂmg«@mﬂmmﬂ@sm&wm\ y

119 oo yogs 1 | L 9 = dgiio awgs 8 o8y

oWl (g o 1Y Jgais

e i Glee @ Sty cddle cos

$dle vy s
3% Wy ) 5 v
Sy A v

Epw Sy ) ¥ ) W

Cllpp o - ¥ ) ) ¥

owrle cpl pylee Jlow 4 dogi b Whad G i weyd 4 &S Cusl oladiges dlass yld 418 Lol Jlad o ST Slaaly
oS 53 Cumidg iy wlodds 001 )8 mygas Sy WS j3 olidl 4y dae g Sl clls j0 diged Vel S lgi oo
o gaudal 13 0,8 Ll lwlid )5 5l sl Slosd o e (s yd & boald woyn Ve Lo &S cuslodgy cudlye o
Joy A Jae ISy cwlodg (gl oS 4 bgipe duoyd A Dgds )0 55 CED pying ALS i G WS
Sl YU s opl acalosel cosd & el laosly JS sl p Lol jhad claa]) ggeme mand Juols a5 ol o b))
sl SaS 6)l58le 5 maeuad €853 5l fols oil8 VY dsogs b 30,5 o sl o)l onds 1) Jas gV Ul

by e a2y sl (Sl el (5200 6 3,55 3 oSlefl ki S

u;b)aég ;;ﬁj

S)lie S8 g Joo slalo ) dawgs g colo S b g Glyad oKl ¢ oyld Al uslg ol5] oKl ode coles b s o)
cle Lo o L)'il ulf..\.u.wy J»IJUA uLa.w:’o ‘j e I) .)9> Ls"‘l‘c L;mel: L)ffo']f"" 9 wlw; OHgo d)l.m).e(w 9 bl)

9 55 JS ol 51 35 Gyl odine 9 (3 S8 gy WUT ool sliel o § &y3 (2 )

515 1, lizel

A+ V=



(-5

s o 04555 yrosiy
W@MD@M@%&%M\

119 oo yogs 1 | L 9 = dgiio awgs 8 o8y

3l g oly g VT bl (590 0 (S )3 Cupmdg il WA (S 8 5l odige g (6 S35 )
JB 5 Jo> ouSingsy -

oS (525 )559e) SBI> Gyl sloygige 103395 Liald )3 ke ST AYRY age &llj)d 5 d9axe (gypai Y
oo ey 3ol 33T oSl catb iy (sl (69l 5 Sl iz Jllall

ooty 558 Glate gy 4 o9y U b S50 )90 Cumdg (il AYAY o) B s edlile wors (qaes] Y
bl s 08l () bLl (o) sbicus 5 Cansdg Lol paass il S

295515 s9ige gy > (al b yd )y (asls Hlade (il Jae diod edlide ol (5)3L woms (saenl dsy B -F
S pond 9 (6510035 il &S et WA+ (ol L2 cab lislesl guls  wlsl, MF 285

5- Anderson, D. p.1982. Wear particle Atlas. Prepared for Advanced Technology office support

Equipment Engineering Department Naval Air Engineering Center Lakehurt, New Jersey 08733.

6- Augusto, L., R. Baptista, L. Antonio Vaz Pinto, C. Rodrigues Pereira Belchior. 1999. Condition
monitoring of engines by lubricating oil analysis.;SAE paper No. 1999-01-3001

7- Dempsey, P. J. and A. A. Afjeh. 2002. Integrating Oil Debris and Vibration Gear Damage
Detection Technologies Using Fuzzy Logic. NASA/TM 211126

8- Degaspari, J. 1999. Recording oils vital signs. Mechanical Engineering, Vol.121. Issue5. p.54. 3p.
2c.

9-  www.artec.ir/UI/Action/Engineering/CM.aspx
10- www.cbmschool.com/cm_techs.php?p=oil

11- Troyer, D. Why oil analysis should be performed on site. Noria Corporation, Oil analysis.com,
1998.

12- mark smith, Analysts Inc., "Oil Analysis vs. Microscopic Debris Analysis: When and Why to
Choose". Parcticing Oil Analysis Magazine. May 2004

—VA-¥Y-



(-5

s ol a0 04555 shodiid !
W@M}@wﬁmﬁb@m&@\

119 oo yogs 1 | L 9 = dgiio awgs 8 o8y

Providing an intelligent method in order to analyzing the result of oil
analysis of a diesel engine by decision tree

Abstract

Measuring the amount of colossal iron particles and spectroscopy on oil can
indicate the engine’s condition. Determining the overall condition based on
numbers and results written in oil analysis sheets is mostly done by experts and
therefore sometimes can be the matter of taste. This differs from one model to
another and radically alters by changing device types. In the oil analysis
laboratory there is a huge demand for a decision-making software which can
carry out the procedure automatically and intelligently and eliminate any human
flaws. This project will investigate approximately 205 oil analysis of Deutz diesel
engine, F6L.912 and BF6L913 models, which are massively used in plenty of
heavy and semi-heavy machines. In the first step trivial elements and items in
analysis sheets ineffective in overall results, statistically are diagnosed and
omitted. This leads to condense date space about 36 percent. Secondly overall
results separate into parts normal, critical, boundary, rapid following, and under
attention are labeled as the outcomes; among 16 another variables including
wearing elements, ‘water and fuel pollutions, and some factors in which oil
qualification is manifested such as viscosity are put in classification model
created by decision trees with algorithm J48 in WEKA software. The overall
accuracy was obtained roughly 80 percent. Finally by utilizing decision tree and

if-then rules we provide an intelligent model to predicate oil analysis results

Keyword: algorithm J48, condition monitoring, diesel engine, oil analysis, weka

software
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