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Tribology Analysis Technology Supports Engine Fuel Economy
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Summary

Reduction in the friction loss of Internal Combustion Engine (ICE) is a key for fuel efficiency. In the
SKYACTIV TECHNOLOGY development, this was one of the seven control factors established for the
improvement in fuel efficiency, which was addressed with a high target. To reduce the machine friction
loss, recognizing the lubrication status at various driving conditions, and controlling oil films without
ruining NVH performance, reliability of lubricant consumption and others is important. For that purpose,
Mazda has been promoting the application of CAE to tribology areas. Clarifications of lubrication mecha-
nisms and optimization of lubrication status are performed by various analysis softwares such as high
function applications on the markets and internaly-made simulation programs based on fluid lubricant
theory and elastohydrodynamic lubrication theory. This paper introduces various tlyporogy analysis

technologies of engin and how to use them for the reduction in fuel cunsumption of the SKYACTIV engine.
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Fig. 1 Status of ICE Efficiency
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Fig. 2 Ideal Vision of 7 Control Factors
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Provided by Tottori University

22 ERMYRUER VUV OREEE

EA RUL, DU UVBBEIRAONSEIZ B, BB~
DEEBNRENZEDND, TOEBRERAREETHD, v
A N UBEEITIE, AN — MROBEREER F Y T DEE
BERHDIN, TNOLDOHFEITBLE LR TND,

Table 1 Relation of Engine Sliding Bearings and Its Tribological Problems

Parts Portion Friction Loss| Seizure |Wear| Strength | LOC | BB Impact Noise
Piston Piston Skirt Bearing S S M M M N S
Piston Ring Bearing S M M N S S S
Piston Ring Groove N N M M M M N
Piston Pin Bearing wW M S M N N M
Crank Crankpin Journal Bearing M S S M N N M
Crank Main Journal Bearing M M M M N N S
Valvetrain Cam vs. Tappet S M S M N N S
Camshaft Bearing W \\ wW M N N \\
WL vs. Cam N M S M N N N
CamDrive Timing Chain w w S S N N S
Others Balancer Shaft Bearing N w wW \\Y N N S
Injector Needle N S S N N N M
Injector Pump Bearing N S S N N N \
Relationship S: Strong M: Medium W :Weak N: Nothing
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Fig. 4 Optimization of Piston Skirt Profile
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Fig. 5 Improvement of Piston Skirt Profile
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Fig. 6 Comparison of Second Land Pressure
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Fig. 7 Piston Ring Oil Film Analysis Example
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b) Calculated Bore Distortion
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a) FEM Model for Bore Distortion
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Thickness Contour

Fig. 8 Cylinder Bore Distortion Analysis
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Fig. 10 Comparison of Crank-Pin Bearing Temper
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Fig. 15 Oil Supply Circuit Model
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