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Oil analysis for locomotive engines

B Machine wear monitoring 14 = %% 25 1
B Elemental analysis JTTE DT
B Total ferrous wear Z# =
B Ferrography #2747 / Particle Count fI{E 247
B Fuel Dilution ¥ H#E
B Direct fuel dilution measurement YA R ES H
B Viscosity ZhE
B Soot &KX
B Coolant leak 2 8l7& 8w
B IR ALIMEDHT
B Elemental Analysis JT= T
B Moisture in oil JHF K7
B Water K
B Oil condition monitoring A& AR 88 B3
B TBN/TAN, Oxidation, Viscosity Z25#/488EE - |16E - #E
B New oil inspection #HE
B Viscosity, water, oxidation, additive elements

XME - Ky |EE - ANINE




Spectro Scientific 5128/ & 23

B Solvent free BB AH
B Small sample volume (< 5ml total) % mB=/)\ (B=2/)\FL 5ml)
B Fast (< 5 minutes) &R (/\R57 &)
B Comprehensive Oil Analysis 4x & H& AT
24 elements 241Ec=
IR Oil condition - TBN, Oxidation, Nitrition, Sulfation
A ANRORE A RS — Mg B - |1EE - H{EE - R1EE
Contamination - water, soot, glycol
WARTH- KD - &K - B2
Fuel dilution M5 1E
Viscosity Z4E
Total Ferrous wear 2% =
B ASTM compliance B ASTM 1Z#75%
B ASTM D6595 — elemental analysis JTZ 7347
B ASTM D7889 — IR AL9ME DT
B ASTM D 8004 — Fuel dilution A A TE
B ASTM D 8092 — Viscosity Z1E
B ASTM D 8120 — Total ferrous Z 2
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B SR
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SpectrOil 120C RDE OES — st &1

B SR 24ETE  BEOEEE o
Sl'ﬂﬁl Exit Slits

B 5FS5ASTM D6595 /:Il

B REE2maE _ I
B 7 TREIS0F) — i ‘ y— ccps
X4

B AR E R e \ Y-
B EE AT Eged
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FDM 6000 MAHEES (=

B EXENHPHNHZE

B 55 ASTM D8004 F
W o]=H 0.2% F 15% Y
B 22 0.5ml HiE l

B DEEDR 1768

S ST 2t
B =5 RIE PURGE
INLET — | 08
4 £ 325 S R
| e =hr= /5'6/1’2?’;’%“” AMBIENT
AIR
SAW ‘J
SENSOR
ARRAY j
l = lll |
"I
DISPOSABLE
OIL SAMPLE
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Fluidscan 1000 - =
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Built-in Fluid Reference Library
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21 May 2014 01:31:15

Measured fluid properties




MiniVisc 3050 ZE )5 7 T i=

W 40C EE}E

B ERAMERIHESEI00CHE

W o547 1-700 cSt

B 55 ASTM D8092

B =5 60ul B

B D TEERE
RREF  RESDIE ' Temperature=40C

dor 4D 3= M e
| g \\}%7%/1@%”

Kinematic Viscosity (40C) = A* (t,-t,) +B

*A and B are calibration coefficients




FerroCheck 2000 S = - # gt i+ 72 &

e ==l

B o 9T 10,000ppm Ml F = £
B~ E0=H

B 5 ASTM D8120 (5#7)

B =5 1.5ml B
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TruVu 360 EEHE 21ty

B Device Console Z2E&EF 125 : @ EHZEEss - FfBEE—[EEFEIE
ol — & & 23

B 2R hAERESNELEE  FRBERRERAT - —HER

e

POWER GENERATION — PHILADELPHIA — UNIT ONE — UNIT 1 TURBINE>TURBINE THRUST BEARING>AFTER FILTER

Rotating Machine Test = 180713134652 X - E?E I I @ E .
B3 u o+ —
Ready ELEMENTAL ANALYSIS VISCOSITY
ELEMENTAL ANALYSIS Aluminum (Al) 0 40 08.63 & G , T
Antimany (Sb) 0 N &
® @ Cadmium (Cd) 737 INFRARED A\ERN
Chromium (Cr} 0 Total Acid 116
Copper (Cu) 031 PPM Water 3221
- . H Iron {Fe) 048 COidation 2.87 Fatiane Cuttin Slidin
; A — Viscosity Index | Lead (Pb) . ) g i 9 9
Ready Manganase (Mn) 224 PARTICLE ANALYSIS
Mickel (Ni) 0.7 1SO 4/6/14 16/14/10 v o &
® ® Silver (Ag) 0 Cnts 24 053,23 ¢ o o ol |FEEFv
Tin (1) 663 Cnts »6 205.32 A o 4
Titanium (Ti) 0 Cnts > 14 1033 6 & b &
| Categary - Potassium (K} 178 Total Fe 843
h INFRARED G Sodium (Na) 09 Large Fe 02 o
Substance - Vanadium (V) 0.81 % Large Ferrous 0.24 TIRTIOWY
Silicon (51} 14 Fe Wear Severity Index 16.86
Ready Boron (E) 1022 Cutting =20 4
@ ® Calcium (Ca) 6218 Sliding »20 7
Barium {Ba) 203 Fatigue »20 3
Magnesium {Mag) 897 Oxide >20 3.68
- . =1 Molybdenum (Mo} 0
- ; i}
% PARTICLE ANALYSIS Bilutiar Ratio L| Phosphorus (P) 3623  MANUAL PROPERTIES
| Zinc (Zn) 336 Flash Point N/A Image 3
Ready
® @ ® Hours on Oil | NOTES
Hours on Asset |
"} TruVu 360 Device Console MiniLab 153
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TruVu 360 EERE DT

Boston Power Site '\ e
-E.Spectrc Scientific Location: Generator Unit One 7|- _I- Ed

ot UnitID: Boiler Feed Pump A Pump

e e WL tEf - B0 SRR

PObservations : Ejg
Particie count (IS0 >4) is severely high; Particle count (IS0 >6) is severely high I% S Ej‘l‘
Diagnoatics : - < 5
Smmyaonrm filter bypass or clogged filte:
s HMERE - ERIER
Rocoumnuod Actions : A —
« Clean system oil by filtration or centrifuging. ,; ~ = / \ 7R/ \
Additional Recommendations : N .
= ﬁﬁ%@ /"““#ﬂé Eﬂﬁﬁ
|—‘—| [0 eh -H-
Oil  Shell Tellus 46 Sample ID 180025121285 QHE0925121221 180925114700 180025114702 180925131632 HE 7R
e Sampled on 25 Sep 2018 25 hug 2018 28 Jul 2018 28 Jun 2018 25 May 2018 i
Recerved on 25 Sep 2018 25 Aug 2018 25 Jul 2018 25 Jun 2018 25 May 2013
e = ﬁﬁ%ﬂ I TIEEET 1’5%
h Ol
Top up (1)
A ¢ L4 Q@ A
Tron mom <1.00 148 <1.00 <1.00 <1.00 . 2 Zﬁ n?t E
Lead pom <1.00 6.74 5 244 <1.00
Copper oem <1.00 381 211 <1.00 <1.00 '_|_|
= > T S — O W— BE / 15 =r= %j e E/] Ac3
Fe Wear Saverity Index 0.00 0.00 0.00 0.00 0.00 iE_ L =71 \
Chrome ppm <1.00 <1.00 <1.00 <1.00 =<1.00
ot Nickel ‘oo <1.00 170 1.10 <1.00 <1.00 ""' = %ﬁz E.Iﬁi ﬁ':
Alumini porn <1.00 <1.00 <1.00 <1.00 <1.00 "I’, X %
Titanium pom <1.00 <1.00 <1.00 <1.00 <1.00
Silver pem <1.00 <1.00 <1.00 <1.00 <1.00 -
Antimony ol 0.00 0.00 0.00 0.00 0.00 J: E l%:’ § |J Ilj:ll
Cadmium o 0.34 387 357 737 034 =
Manganese ppm 147 7.94 6.54 2.24 147
Silicon pom 4.40 1.40 4.40
IS0 4406 Code (>4pm) 19 19 16
IS0 4406 Code (>6pm) 16 16 16 16 14
A IS0 4406 Code (>1dpm) F 1 1 10
Contamination Boron B 20.72 442 6.82 10.22 20.72
Sodium ppm <1.00 2.40 1.40 <1.00 <1.00
Vanadium pom <1.00 215 6.65 <1,00 <1.00
Potassium pom 0.38 5.58 4.68 1.78 .38
TaN mg KOHY 0.38 3.22 .76 0.54 .38
Oxidation absimm2 0.90 144 0.90 0.84 .90
Visc 40 =] 101.2 98.8
pom <1.00 <1.00 <1.00 <1.00 <1.00
cnt Calcium ppm 2168 58.98 71.38 62.18 2168
i ppm 1.07 1337 1.17 9.97 1.07
Phasphorus oo 210.89 68.33 36.82 86.23 210.89
Zine ppm 326 B.62 15,52 336 3.26
Barium gam <1.00 1263 17.33 8.03 <1.00
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Fllter
Modat
Machine Type: Pump, Contrifisgal
Im.‘
=4\ 3 "
Diagrstics.
! s e aoh
iWearng components are alsc suspecied.
Actions :
= Chian gyssem od Ty Nwaten of cwestugrg.
Additional
25 Sep X078
O Shet Telus 46 Sampe 10 180028121258 180035121221 180025114700 160005114700 1B0NIS1I16XT
ome Samged on 3 3ep ML Ehag Wl Wl B Tl 0 38 eyl
Fimerrms on 5 3ep 1010 Hheatih o THhnoih Sy
Fiell _
hOd
Tooup i)
a * * @ a
[ o =1.00 1.48 =100 =1.00 =1.00
Lead oo <100 [%2] FEE) <100
o <00 EL) FXL] <tm <100
Tn o 143 213 1833 [1:5] 143
o Wew Sevny inces .00 060 0.00 0.00 0.00
Chroma. pem <100 =1.00 <100 =1.00 =1.00
A ke o <100 170 11 <100 a0
] on SO0y sl 2EEDG) 10 00,
Titankam e <1.00 <1.00 <1 <1.00 <1.00
Siver o 100 <1.00 <100 <1.00 <100
Antimony [ 0.00 0.0 0.00 0.00 0.00
Coien ) (A LT N T S
Hingacess rom 147 Ted 654 234 147
Sion oo 44 3 140 480
150 4405 Code (=3pm) 1 ] il
F0 4406 Code (»Bum) [l (3 % (3 !
- FS0) 4406 Cocke (=13(am) " 3 " 10
Cortarinain formn won N D072 442 pAz 022 2072
Sodum Fm <1.00 .40 1.40 =1.00 =1.00
Vanadn o <100 15 665 <1.0d <100
Potasmum o ] ) i) i78 [
TAN g KO 038 22 .76 0.54 038
Cadaton abimd [ a 080 084 0.80
Wiac 46 £l 012 88
i My S =100 100 il ]
G pom 2188 S8
Chiiey Magnoesum opm .97 13.37
Protphans rom 21060 68.5
Tre o EE [ EE)
Barm R =100 1763 LI B
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