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Studies on Reduction of Total Friction Loss for Diesel Engine

Mitsuhiro Soejima  Yuuki Matsushita  Shingo Sakaguchi
Abstract: In order to prevent the global warming the improvement of fuel economy for
internal combustion engines should be more thoroughly done in both technological fields
of the combustion and the tribology. In this paper some experimental study results on
the reduction of frictional power loss in a practical diesel engine are described. The
total friction loss has been measured by the run-out method for fired and braked engines.
The total friction mean effective pressures P, changing with the engine speed, load
rate and cooling water temperature have been examined for following design factors
concerned with the piston system and the engine lubricating oil. The effects of the
sliding surface roughness or coating of piston components on the reduction of Py are
evaluated, followed by those of the engine oil properties, namely lowering the viscosity
of single grade oils, applying the low viscosity multi-grade oils SAE10W30 and
SAES5W30. Also, the influence of the oil deterioration on P, has been examined.
Further, the diesel engine oils have been refined to be DL-class or DH-class oils lower
in sulfated ash, phosphorus and sulfur contents formulated as Low-SAPS oils to protect
the diesel particulate filter and the deNOx catalyst. Therefore, the influences of the
Low-SAPS oils like DH-1, DH-2 and other newly developed oils less in additives
ZnDTP have been examined. Likewise, the effects of lowering the viscosity of the

Low-SAPS oils on the reduction of P;s are evaluated.

Keywords: Diesel Engine, Frictional Power Loss, Run-out Method, Total Friction Mean
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Fig.2 Influence of piston / rings /
cylinder exchange on Py

Table 1 Sliding surface roughness of
piston / rings / cylinder

Unit : e m
Component Unworn Worn
Piston Skirt 1.2-15 | 0.5-1.5
Piston Rings 0.7-20 | 0.2-04
Cylinder Liner 1.8~2.2 | 0.8-1.2
Worn
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Fig.1 Surface profiles of piston components
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Fig.3 Reduction rate of P,; for worn components
Vs unworn components

Engine Oil :SAE10W-30(S)
Cylinder Liner Temperature : Tc=80°C
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Fig.4 Change of P; with n. , load and piston
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Table 2 Property of test engine oils

. SAE | SAE | SAE | SAE
Test Oil 10W 30 50 |10W-50
Density at 15deg  (g/cm %) 0.879 | 0.888 | 0.896 | 0.88
Kinematic Viscosity 40deg | 369 | 983 | 2156 | 121.6
(mm %s) 100deg| 625 | 116 | 1937 | 19.06
Viscosity Index 116 106 | 103 | 176
HTHS Viscosity (mPas) |150deg] 2.18 | 345 | 559 | 4.6
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Fig.7 Comparison of Py with n, ,load and cylinder liner
temperature for multigrade oil SAE10W-50
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(c) Test lubricating oil : SAE50

Fig.6 Comparison of Py with n. ,load and cylinder
liner temperature for monograde oils
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Table 3 Property of test engine oils

SAE SAE SAE

Test Oil 10W-30 | 10W-30| 5W-30
(CD) | (DH-2) | (DH-2)
Density at 15deg  (g/cm ) 0.88 0.86 0.85
Kinematic Viscosity 40deg | 66.76 69.63 56.26
(mm %s) 100deg{ 1045 | 10.89 | 10.41
Viscosity Index 144 147 177

HTHS Viscosity (mPas) |150deg| 3.30 3.36 3.10

Total Acid Number (mgKOH/g) 2.74 2.60 2.60

Total Base Number HCI 13.0 5.70 5.70
(mgKOH/qg) HCIO, - 7.50 7.50
B - 83 83
Ca 5200 2200 2200
Mg 10 - -
Metal Content (ppm) Zn 1210 1300 1300
P 1130 1000 1000
Mo - 120 120
S - 4300 4300

Used SAE30(CD) vs Fresh SAE30(CD)
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