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Study of Base Number Estimation Method for Engine Oil Deterioration Monitoring System
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ABSTRACT

In this research project, technology for estimating the
base number (BN) deterioration, used as an index for
judging engine oil deterioration, was developed. A
detailed investigation using an NOx bubbling unit was
carried out, and as a result it was found that the speed
at which the BN falls is determined mainly by heat and
NOX. In addition, a detailed analysis was carried out, and
it was found that the reduction speed can be expressed
using the differential rate law. A study of the possibility
of estimating reduction of the BN in an actual engine
was carried out using a BN deterioration equation. The
results of this study showed that it was possible to
adequately estimate the BN. This indicated that it is
possible to estimate the reduction of the BN on-board
by the engine control unit (ECU).
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Fig. 2 Relationship between BN and deposit
generation temperature

Table 1 Sample lists for deposit temperature
preparation

SampleOd| MileageO BNO Ol Test
no. [km] [mgKOH/g]
1 4337 2 HondaO Hot tubelO
genuineld test
20 44700 1.390 T T
30 50000 1.700 1 1
40 68920 0.530 1 1
50 79850 0.110 T T
60 91560 2.30 1 1
70 103010 3.20 1 1
80 122740 3.40 T T
o 135850 1.70 1 1
100 161750 1.70 1 1
110 186160 1.50 T T
120 250320 oO T 1
130 -0 (o]n] 1 EngineO
140 -0 0.520 T T
150 g 0.90 T 1
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1.0mgKOH/g L EN5 T &2, AWIZE X D IG5 NI
BTiE, BNEFRAMEICIT 2 7Ry MERFIHEE X
230°C-250°CHEETH 5. IV I VA AIVRET S
S OREIRE L IZIE L THY, RAMEE LTEZYT
HBENZB.
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Fig. 3 Relationship between BN and metal
concentration
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Table 2 Sample lists for metal concentration research

Sample no.O0 Mileage [km]O BN [mgKOH/g]O
1 19310 1.580
2 20000 1.580
3 20000 2.060
4 29820 1.820
5 30000 1.9900
6 40000 1.210
7 42800 2.210
8 45320 1.300
9 50000 0.540
10 50380 1.620
11 60010 1.320
12 63710 2.080
13 78330 0.000
14 78950 0.090
15 89830 0.650
16 91820 0.000
17 92000 0.470
18 105520 0.010
19 109010 0.010

20 139370 0.010
21 150000 0.000
22 156480 0.010
23 158250 0.860
24 200000 0.000
25 246300 0.010

R U7 A )V7 Table 2 I/R9. BN WA d 5 &4 1L
HOBERED G ARBENDNDNS. Thid BN O
TEEPRIRE NS {72 h, ZFRUcthugd 1 IVhsaEBk L
ESENZE AIVHITBTHT T EDEREEZSNS. 20O
X951 BN BEEEREROBN, b L EE AL A IVAHE
DIFETH B L VA 5.

3. EBIck B BN HLEERODEH

3.1. BN O%HLER

BN Zikb&828DE LT, BlCZYY VA AIVE
ROBAL THERE N BIEMEIC X PRI BT 5N
%. HTICI VYV OIS T CTREERICE T A NOxX, SOX,
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FAIVHITIRA L O35517x EOBEEAMEYHE L KR L
BNZJHDEEZEEZONS. HAICER MR EERD
TREDREMELC D BN ZIDEIEZEHEZEND. T
NS OB RN S 12DICT VY VA A VDO HE
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NOx /N7 > 7 ik Bk i O s 2R 9. S L KIX
NOx A A, BEEGY, KA ZHWTZ. 7 X M &% Table
3 I/RT. NOx HAE NO HRAZEHAWE= chidzry
DS —AN NOX DR 7EHFHNIAERZDIF L
AEM NO THolzdTHB. NO A RS
NA AU EAEND. BT EKITREIAR, 537K
DG IIEIRIC NO HALRAEINS. BEICIERY
A AV V72150 CTHERE L ZOR I 2V, Thidse
BRO AR 2 A U LRI R E 20 R 1210 28

Table 3 NOx bubbling test conditions

Test conditionO
NOx (ppm)O 0 to 27760
WaterQ Steam with aird
White gas (wt%)0 50
Oil temp (°C)O 25, 80, 1500

oil10 Honda genuine-10
Oil 20 Honda genuine-20
Oil 30 Specialld

L, HHEEREEERBREOIREISE DT S
BIREHS TN D, SOXKTIIMENC X B & TADKREL,
SENETIVT 7 —T7 1) —DRZEx G L LicTeHFREICA
NTWaEVY. BN OHEFELIZ IS BXU ASTM TEDH LN
THED, RRETIETRT IS K 2501 iDL HHgkic
THIEL/z BN Z#HLTWV3.
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ERR.
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Fig. 4 NOx bubbling device
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Fig. 5 BN dependence of BN deterioration velocity
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Fig. 6 Arrhenius plot for reaction rate constant k,, k,
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A= k[BN][NOAJ? (3)

nox

EBIC A, BIREICBIE L TOBRRER . T/4D
BHBIER k, REICIKFELTHD, Fig. 5 1IR3 &5
Ik, &k, EAIBRICT L= AT 0y M THEARBGRD
Bonie.

3.4. KRS, K73IE&B BN D%H1E

— AN A A NVBIITIIABBREL D 52 B0k 7 DD
KENVEINTWVS. IKDGOIFEET NOx A4V DIETIA
HMEEETNZ D DTSN TED, BNOBICE
T END B LEZ NS, BENC BV TIEHIRRIC
RBREEI DA A NTIRA LT WD, Z D7z AR
KOHKEREZE U9 < BN DN ER G2 5L EZ
bN%. TNEZWEES 272D AMIE TR, BRI
ICDWTHRT LTz, ZORSHE Fig. 10 1ORT K S IT/K7D
MBI UMROREIE,, UEHTEZIEEN
SIhofe. BRENIRILSNERIEIC GRS EADNS. G
B3 A A VR DOIEES & OGS U TH IR Z(F D Rl E
N5, —ANCEEIRIIERR L L N5 & g5ig TR
TO BN HE T EBIEARMNHESNTLES. £0
72D E A EBNOBRICIEZEH G L eEZB5NS. U
RS DB B L Cld Mg RIGHHIAKREAIC L D
FHRESEAHTHE L, BN AWK R 9 2 MERH - 7=
W, BUETIREIAIE R O#EASIc X D fifikE T, &
Tz, IKGTOBEANT &K O F A )A\D NOx IRAENEZ L AKD
BNZK FEEB T ENEZ NN, AR TR
RENEho Tz, WHITIAEITAT NOx ®=iZ, HAEEK
IhHIUE NOx DEBEEDPEHEICRZ D eV |EDND
D, TOENEZLNS.
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t
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Fig. 10 Water and fuel influence on BN degradation
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TR ERSEIE D B OHEE R FV Tz,
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T % X 5 IR HRRE n 2 (4)IH#H Uz,

d[ﬁfv] = 1% (k[BN]* + k[ BN][NOxT?) (5)
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fed Oz, Fig. 11 IZ5%E— RIZEBIF 5 BN OO
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Fig. 11  Correlation between calculation results and

actual BN measurement values
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