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Abstract The replacement of hydraulic oil that is used for a track repair machine is conducted according
to the service time and the inspection procedure of the machine. Recently, the application of criteria
for determining and changing hydraulic oil conditions has been promoted through oil analysis tests for
the properties and the pollution of oil. An oil analysis test can show the degree of deterioration of
hydraulic oil in quantitative terms, so it can be used as an exchange standard, but it cannot be used
for evaluation of the remaining useful life. Therefore, a comparative analysis of a hydraulic oil analysis
test and the remaining useful life test has been performed to determine the appropriateness of the
hydraulic oil replacement used in the machine. Even though the condition was good in the oil analysis
test, there were some cases in the life test that required replacement due to significant antioxidant loss.
In some cases, the pollution level was high even though the remaining useful life was sufficient. In order
to determine the used oil-exchange conditions through this study, fatal failure of the machine due to
the depletion of antioxidants can be prevented through not only oil analysis tests, but also remaining

useful life tests.
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Tie Tamper(°|5} MTT)Y Switch Tie Tamper(°|5}
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Fig. 1. Variation of viscosity by temperature
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2.2.1 YUX HE(Particle pollution level)

FAA A" A= T ARGE= 717100 w68
7Fstt Aol LAE #7F FhA Stk &
QAT JH3 e HXet TR fAE & A
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Table 2. Particle pollution rating code by ISO 4406

‘l'r‘4 ‘?‘ Table 1-”]’ 71—0] @E @EX]T ‘I'FE;S Cod Particles per milliliter
ode
A, S8 o= Y As RosH, 71EE, AR} _Q_Og More than Up to & including
= = 24 80,000 160,000
= 71ZL _] QF o , 3
= 5ol Het 7S shal Sl 23 40,000 80,000
. 22 20,000 40,000
Table 1. New oil management standards 21 10,000 20,000
I " it Standard 20 5,000 10,000
nspection items andar 1 2500 5.000
Viscosity(40C) 46 +10% 18 1,300 2.500
Viscosity Index 150C or more 17 640 1,300
Pour point -22.5C or lower 16 320 640
15 160 320
Flash point 170T or lower 14 30 160
Water content(mgg/kg) 500 or lower 13 40 80
Anti-corrosion(Distilled water, 24h) Doesn’t rust ﬁ ?8 ég
Demulsibility 30 or lower 10 5 10
Foamability(24C) 65 or lower 9 2.5 5
Particle pollution level(NAS1638) 8th grade or lower 8 13 2.5
7 0.64 1.3
6 0.32 0.64

22 N8S BEIIE
A58 AR FES A5 B 99
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PAE Aol 582 H71ET

A579 A LYE #E]7|E2 Table 30904 HE=
Hie} o] AE| AFARe] 713 ASTM(American
Society for Testing Materials)2] T&]7]|Z&0] th24
AAEI et o= AHY ARET fA7I7TEE
OEA AT 5 Jlerg, AR HS Aol AH] A&t

AlA AN e Bel7|Ee g
Table 3. Management criteria for particle pollution
level
Sortation Equipment ASTM D6224-22[6]
manufacturer
ISO 4406 19/16/13 16/14/12
Code ~ 20/17/14 ~ 18/16/14

2.2.2 MT(Viscosity)

A2 WS Ao ARgSl A579] M ISO
VG 46°] HE&E1 Qlt}. o= 40T 2004 4=
BRAET} 46cStd= grlgitt. Hr= g9 AR
of whe} H3tet, Mo 7] Table 4014 =
vie} Zro] 7|EHE ] +5%~+10% J==2 T 71E
= AAStL k. ARRS o= AZAR A AJA|

HL Qe #E7IES A8l

h=t o)
O H1-

ol

Table 4. Management criteria for Viscosity

Sortation Equipment ASTM DG6224-2216]
manufacturer
Viscosity +10% of new +5% of new

2.2.3 TLIKTAN)

57 AWk A5Hor A Foletet] 282
She FARFERE(KOH) S Yoz #ARIC A7 24
AL S71shs AL vIAAAER A e e
7] q2oll, A5 SFAe A7) ARSRAIE A4
Stal H7L. Aibe] #R]7]E2 Table 5914 He
vep go] ] AzpAre] 71Ed ASTME] BE7|Ee
TrEA AASEAL ot dzEa Fulols 2R
] FFErel Al Qe wekar] 247 1] A2

ol mh ASTMOIA AASHAL e Al iEl S7H
0.29] #27ES A&l At

94

Table 5. Management criteria for Total Acid Nomber

Sortation Equipment ASTM D6224-22(6]
manufacturer
TAN Of(g??r?ggz)l) increase of 0.2
224 45 By

A159 AEFE oF 40ppm FEQ $Eo| T-{E o]
lom, o] IrtelA FFEo] Yo |/UA7I7Y
B3} stick slipdt 22 25202 AjAdof & of
T2 UAA "ok $89] #2752 Table 694 Hi=
HRe} Zro] AH] AZPAtofl A 300ppmE 2 £39]
3, 1,000ppme o &A= AAst Sle
ASTMO] AL A3171%0 2 500ppm< AAISHL Uk
A2 ES Aol Zu] AZAL A AAJshs 7 85
9] gAIQl 300ppm= #7|Eo 2 H-Eskal 9t

Table 6. Management criteria for water content

Sortation Equipment ASTM D6224-22(6]
manufacturer
water 300ppm(melting limit) -
content 1.000ppm(allowable limit) 500ppmicritical)
A S
3. THESY Y A
3.1 MR HESTY
A4A et Efold 229 2770l 45 3

Table 7. Additives in hydraulic oil

additive mark performance
anti-abrasion AW anti-abrasion and wear delays
- anti-oxidant and delay in
anti-oxidant AO o o
oxidation
eliminating the generation of
anti-foaming AF 8 8
forming
corrosion inhibitor CI corrosion inhibitor of parts
demulsifier DE separation of water
our point
P D PPD lower the flow point
depressant
viscosity index VI reduce the change in viscosity
improver due to temperature
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Fig. 2. Ruler testing results of used oil
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Life of the Oil

Fig. 3. Remaining useful life
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T} A2y g2 Este] AlFStth A AlE
oA A= ASTM D445, HEASE ASTM D2270,
AZF= ASTM D974, 8-S ASTM D6304, L¥=s=
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4 ®7M= ASTM DG6971 Ao 93t  Ruler
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Table 8. The results of an hydraulic oil analysis

Equipment p?;t/ieclle viscosity TAN clvr?iee;t
A 21/17/11 43.66 0.25 52.4
B 19/16/9 39.28 (NG) 0.08 26.9
C 23/20/15 (NG) 42.46 0.07 37.9
D 21/18/12 (NG) 42.01 0.09 28.1
E 18/14/10 46.32 0.25 35.2
F NG 40.17 (NG) 0.11 -
G NG 41.19 0.12 -
H NG 41.37 0.12 -

* NG(Not Good)
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Table 9. The results of ruler testing

Equipment amines phenols
A 96.5 12.0 (abnomal)
B 32.6 (critical) 333
C 44.8 (critical) 25.8
D 75.6 49.4
E 99.4 96.4
F 60.9 (abnomal) 73.3
G 68.2 (abnomal) 57.6
H 65.0 (abnomal) 54.8
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