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Study of Optimization of Reciprocating Parts for General-purpose Engine with Aluminum-alloy
Connecting Rods
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ABSTRACT

The connecting rods employed in the reciprocating
parts of general-purpose engines are manufactured
from aluminum alloy, and therefore display lower
material strength than steel connecting rods. In terms
of operating conditions, general-purpose engines are
frequently operated under high load while being held
at a comparatively low engine speed, necessitating
strength and durability in relation to combustion
pressure. Realizing a balance between the rigidity of
each part is an important factor in reconciling the
achievement of weight reduction in the reciprocating
parts while also maintaining strength. The research
discussed in this paper developed a structure
optimization system to examine shape parameters for
reciprocating parts, and studied shapes that would
balance the reduction of weight with the maintaining
of strength. It was shown from calculation results
that the annular stress of a connecting rod originates
in piston pin displacement, and in order to achieve
both weight reduction and strength retention, results
confirmed that reducing the diameter of the piston pin
and the formation of thick walls of connecting rod
small-end annular sections are effective. This realizes
a combination of shapes in which the stress generated
on each part is equivalent to or lower than the stress
generated on the mass-production shape, while
reducing the mass of the piston pins by 20%. Tests
were conducted on the reduced-weight shapes, and the
effectiveness of this optimization system was verified.
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Table 1 Material specifications
Part Piston Piston pin Connecting rod
Material JIS AC8B equivalent SCM420  [JIS ADC12 equivalent]
Heat treatment T7 Carburizing T6
Specific gravity 2.76 7.83 2.70
Young’s modulus 75 GPa 204 GPa 72 GPa
Fatigue strength
at room temperature 120 MPa 600 MPa 100 MPa
Fatigue strength
at 150°C 115 MPa 600 MPa 95 MPa
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Fig. 3 Model parameters

Table 2  Engine specifications

4-stroke air-cooled single-

TYPE cylinder gasoline engine (OHV)
Number of cylinder 1
Bore x Stroke 68 x 54
Engine displacement (cm®) 196
Compression ratio 8.5:1
Maximum power (kW/rpm) 4.1/ 3,600
Maximum torque 12.4/ 2,500
(N-m/rpm)
Rated power (kW/rpm) 3.7 /3,600

Fuel category Unleaded gasoline for cars

Dry mass (kg) 17.1

Dimension: Length x Width x
Height (mm)

352 x 376 x 346
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Fig. 4 Stress contour
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Fig. 11 Groups of optimal solutions
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