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Study on Friction and Wear Characteristics
of Low-SAPS Diesel Engine Oils

Mitsuhiro Soejima Yuki Matsushita

Abstract: Low viscosity engine oils lower in sulfated ash, phosphorous and sulfur named
as Low-SAPS oils have been evaluated regarding the influences on the friction and/or wear
characteristics for the cam follower in valve train and the power loss of a working engine.
The following study results were made obvious. (1) The power loss in the valve train
with a roller follower supported with a needle bearing becomes larger than that in the one
with a roller follower supported with a slide bearing. There, the ultra low sulfur oils
(ULS) are lower in friction than DH-2 formulated oils, but the lubrication becomes severer
under the high rotation speed. (2) Under the slide contact of a slipper follower, however,
the ULS oil is higher in friction than the DH-2 oil, where the wear rate for the ULS oil is
as high as that for the DH-2 oil when contaminated with soot. (3) The ULS oil made the

piston ring scuffed under the high load and temperature conditions of engine operation.

Keywords: IC Engine, Tribology, Friction, Wear, Low-SAPS Lubricant, Low Viscosity
Oil, Soot Contamination, Valve Train, Cam Follower, Total Friction Loss
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Table 1 Property of test engine oils

SAE | SAE | SAE | SAE

Test Oil 5W-20 | 10W-80] 5W-20 | 10W- 30/

DH-2 | DH-2 | ULSEO | ULSEO
Density at 15deg  (g/cm %) 0.85 0.86 0.84 0.85
Kinematic Viscosity 40deg | 4449 | 6963 | 4598 | 61.58
(mm %/s) 100deg] 8.128 | 10.89 8.89 10.6
Viscosity Index 158 147 177 163

HTHS Viscosity (mPas) I 150deg| 2.73 3.36 2.8 3.18

Total Acid Number (mgKOH/g) | 2.60 2.60 1.68 1.71

Total Base Number HCI 5.70 5.70 10.5 104
(mgKOH/qg) HCIO, | 7.50 7.50 12.7 13.5
B 83 83 140 140
Ca 2200 2200 3820 3820
Mg - - 30 30

Metal Content (ppm) Zn 1300 1300 -
P 1000 1000 290 280
Mo 120 120

S 4300 4300 180 170

@ Engine Valve @ -Adjusting Bolt (@ Spring Pre-Load Adjustor
@ Adjusting Spacer (&) Valve Springs ' ® Bearing Holder-Rod

@ Needle Roller Bearing Spherical Joint . @ Follower Specimen
@ Follower Holder—Rod @) Strain Gauge @ Cam Specimen

90T e
S

%f/@

@% 1 3

S
N

—I

\ /
é

o -
¢ 5

Fig.3 Cam slipper-follower test equipment
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Table 2 Property of test engine oils
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Fig.5 Changes in distribution of soot size
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