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Drain Interval Prediction Models of Motor Oils Based on
Vehicle Road Test Data
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Abstract: The irrationality changes of motor oil has caused various problems, such as excessive consumption of
lubricating oil, high maintenance costs and enduring environment pollution. Multiple road tests of 7 civilian cars were
studied in this paper, which were operated under normal urban conditions. The oil samples during experimental process
were regularly collected and the oxidation onset temperature (OOT) was tested by using PDSC method. The multiple
linear regression method was used to establish the relationship model between the OOTs of the lubricants and vehicle
parameters, including service mileage and service time based on the 312 samples. The results showed that the replaced
lubricant exhibited high OOTs and still retained excellent oxidation stability, which suggested the current oil drain
interval is conservative. Therefore, the level of oil drain interval in our country need to be further improved. The data
analysis showed that the established models were concise with good fitting and prediction accuracy. Meanwhile, the

models can be used for end users to judge the changing of lubricating oil easily and conveniently.
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Table 1 Types of test cars and motor oils

No Test cars Displacement, L vehicle age/year Motor oils Service mileage/km  Service time/day
Mobil super 2000 10W-40 (semisynthetic oil) 4654 216
1 Citron C-Triomphe 20 10 API SL, SAE %OW—4‘O spec@l for Citroen 5723.8 720 410. 449
engine (mineral oil)
Engine oil for DPCA(C2) 0W-30 (synthetic oil) 2358 55
API SM, SAE 5W-40 special for Volkswagen
2 Volkswagen Golf 1.4 . . - 5916 538
engine (semisynthetic oil)
API SL, SAE -2 ial for H i
SL» SAE 5W-20 special for Hyundai 5396.5 062 156. 123
engine (mineral oil)
3 Hyundai Verna 1.4 5 Castrol Ultra Clea'n API SN, SAE 10W-40 3337.6028 167. 108
(mineral oil)
Havoline API SL, SAE 5W-30 (mineral oil) 6317 156
Shell Helix Ultra AP.I SI\.I, SAE 5W-30 7816. 6069 156. 352
(synthetic oil)
4 Nissan Teana 2.5 2
Castrol Magnatec API SN, SAE 5W-40
- 6186 448
(synthetic oil)
Shell Helix Ultra API SN, SAE 5W-30
L 6419 356
(synthetic oil)
. Castrol Magnatec API SN, SAE 5W-40
5 Nissan Teana 2.5 2 Lo 5081 448
(synthetic oil)
Mobil No.1 API SN, SAE 0W-40 (synthetic
. 7 625 271
oil)
API SN, SAE- SW-30 spe.mal‘for General 4938. 5020 147. 161
engine (synthetic oil)
6 General Regal 2.0 0.5 )
Castrol EDGE Professional API SN, SAE 5W- 6889, 6 471 182 154

30 (synthetic oil)

API SN, SAE 5W-40 special for Fengshen
7 Fengshen AX7 2.0 0 R .. 5291 200
engine (synthetic oil)
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Table 2 The variables in SPSS analysis model S 250 - :' Equation  y=y, +A*exp(R,*x)
=} Plot  Service time of synthetic oil
. = . o 200
Variables Name E 240 - \ '™ {‘ 4101
Explained variable Oxidation onset temperature (OOT)/°C E - ;; . R, -0.034
. Service mileage/100 km 2 230 ¢
Explanatory variables o =
Service time/month i’ 220 +
i é 210
Y=V+u=a+ X+ 1 S .
ITH Z'y K M _§ 200 - w Mineral oil fug .=
MY B oA = = E ial fit of mi 1 0il
A YRR & 9RO 4 7€ H A2 B IUE I R 42 & 19 L rponcndal ofmineralol
0 20 40 60 80 100
Tyl THE WL IR 2, FRon BARBUE 51 Service mileage/100 km
HEIMER, W NRE, oNFEE, BRYE AR Fig. 1 Relationship between OOT and service mileage of
S HUA 350 9 OFSF DRI A5 88 [0 £ 1085 x, RS 1 9, A9 | e ;;“?Efglfg_ﬂ% I
o —w - . = S 1 AN mE T BT EIERIR R
1= 2R 2, o 2 Hopth 1 AR BEUE [ e 18, AR R T
BB LA BT IS 9 AR A B P AT AR AR, A 2 22 B[] 7 K
IS I R A A AR s AT B X SR AR BE AT AR R AR K T VA AN R . SR R

I8 AT I 18] A2 40 1y i AR R G P 1 ~6 T 7 s I 23 A1 B URAR B (I AT FLAE S I 1)) RIS 4 ST i B2 0 7 i)
R EIRECT &S, T2 EAVE R 2R A ATARLR RN G, 005 1 TR e A e ok 4, TR S
A GRS R MG R R, TR B R AR KT



H2M CRV e i B v € P L IRTHESTHIE BRI el 221

260 . .
- = Mineral oil
250 L = = Exponential fit of mineral oil
| I X
240 + (1] Model Exponential
a  Equation  y=y,+A%exp(R,*x)
5 \an, r Plot  Service time of synthetic oil
230 | .

220

210 -

200 -

190 1 1 1 1 1 1 1 1 1
4 6 8 10 12 14 16

Service time/month

Oxidation onset temperature (OOT)/C

|
N
=
(8]

Fig. 2 Relationship between OOT and service time of
mineral oil
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Table 3 Main coefficients of multiple linear regression models for various lubricants

Unstandardized Coefficients Standardized Coefficients .
Models - Sig of Components(x;/x,)
Constant Service mileage Service time ~ Constant  Service mileage Service time
Mineral oil 3.685 -0.013 -0.104 - -0.569 -0.390 0.000/0.000
Semisynthetic oil 3.803 -0.014 -0.056 - -0.537 -0.459 0.000/0.000
Synthetic oil 3.971 -0.012 -0.031 - -0.574 -0.385 0.000/0.004
T4 BRRESWCE PUEARI I L T FE B B BT 0 1k 2 P AT A o 2% 1k
Table4 Summary of model error analysis 2 I v ot i QAR B R, DA PR T T i R F) 4
Models R R sig K of ridge regression A2z e k.
Mineral oil 0.938 0.880 0.000 0.02

Semisynthetic oil 0.990 0.980 0.000 0.01 ?'3 T gﬁu}?uﬁﬁ%% E,:] ‘{E E% ‘I\é’ &E*ﬂ}}\’ﬁéﬂﬁzkﬁl
Syntheticoil  0.915 0.837 0.000 0.02 P H B B VSRR AR B AR SR AR, 5 0T . [P [
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Table 5 Error calibration between models prediction value and experimental measurement value

Service mileage/ Servicetime/ Experimental measurement value Experimental measurement value .
Models Relative error
100 km month of OOT/C of OOT/“COOT/C
Mineral oil 26.64 4 2154 218.6 1.48%
Semisynthetic oil 51.44 18 208.7 208.0 0.34%
Synthetic oil 64.71 5 220.0 220.9 0.41%

b ko PR A P A A B . Eh AT BAAR B 5
(O~1D)HESE AL BE IS AT I 8] R 1 Il S iz 47 AR (S
B, 8 BOE IS AT BT Ml FH2 4TI TR AR 1L

G HER (DL 2R 6), TEI T LHL R, W Wi v v vl 78
12 H WIZ4T 6 366 km; =& Al ¥ T AE 184~ H A AT
12178 468 km, 144 HTE18/NMH WAIIE1T15 030 km.
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Table 6 Table of predicted oil drain intervals

Service mileage threshold in varied setting month/km

Lubricants

12 13 14 15 16 17 18
Mineral oil 6366 5566 4766 3966 3166 2366 1566
Semisynthetic oil 10 868 10 468 10 068 9 668 9268 8 868 8468
Synthetic oil 16 580 16 321 16 063 15 805 15 546 15288 15030
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