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Research on Inertia Force Characteristics and Its Reduction in Extended Expansion Linkage Engine
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An extended expansion engine (EXlink engine) using
a multiple linkage system was studied as a system that
realizes an extended expansion thermal cycle that raises
the expansion ratio higher than the compression ratio
in order to enhance the thermal efficiency of a general-
purpose engine. An initial prototype EXlink engine
increased the EPA exhaust emission control operating
mode fuel economy by 13% compared to a conventional
engine with the same output, but the maximum value of
the inertia force produced by the multiple linkage system
also increased by 93% compared to the conventional
engine. This is because the maximum piston acceleration
during the expansion stroke of the initial EXlink engine
is 2.7 times that of the conventional engine.

A new linkage layout that controls the maximum piston
acceleration was investigated to reduce the inertia force.
By using a linkage configuration that allots a longer crank
angle to the expansion and exhaust strokes, the piston
acceleration is smoothed, enabling reduction of the inertia
force. Compared to the initial linkage layout, the newly
designed linkage layout reduced the calculated maximum
piston acceleration by 42% and the calculated maximum
inertia force value by 61%, and the expected vibration
reduction effects were also confirmed in actual engine tests.
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Fig. 1 Extended expansion linkage system (EXIink)
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Fig. 2 Piston movement through one cycle
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Table 1 Engine specifications
EXlink Conventional
engine engine
. Air cooled, 4 stroke, single
Engine type cylinder, horizontal shaft
Bore [mm] 64 68
Intake
. [mm] 421
Stroke ’E‘i‘;’:ﬁ;fjj”” 45
/Exhaust (mm] 63.3
Intake
: [cm?3] 135.4
Displacement go:sgzs:lon 163.4
/Exphaust [em?] 203.6
Compression ratio 8.5 8.5
Expansion ratio 12.3 )
Fuel Gasoline
Maximum power [kW] 3.2 3.1
Valve mechanism OHC OHV
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Fig. 3(a) Dimensional parameters of multiple linkage

system

Fig. 3(b) Characteristic state quantities of multiple

linkage system
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Table 2 Equivalent mass of linkage system

Equivalent mass | Mass of component parts Corresponding mass
my Piston, Piston ring, Piston pin | Connecting rod (small end)
) . Connecting rod (big end)
m, Connecting rod pin Trigonal link (M)
ms Crank pin Trigonal link (mys)
. ’ Trigonal link (mx,)
M Swing rod pin Swing rod (small end)
ms Eccentric shaft pin Swing rod (big end)
Mg Crankshaft counter weight
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Fig. 6 Specification of counter weight and maximum
summation of inertia force
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Fig. 10 Piston acceleration and displacement

Fig. 11 Connecting rod behavior
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Table 3 New and former linkage engine specifications

Newly Former
designed designed
linkage engine | linkage engine
gﬂc"’(‘:’gl’z;‘argoﬁ]'sm” (m/s?] | 2575 | -42% 4460
Maximum summation
of inertia force (N] 233 | -61% 754
Expansion stroke term |[degCA]| 190 10% 173
Bore [mm] 64
Intake
/Compression [mm] | 38.8 | -8% 421
Stroke
/EEtha:uss"t’” (mm] | 55.7 | -12% 63.3
Compression ratio 8.5 - 8.5
Expansion ratio 11.8 -4% 12.3
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Fig. 12 Newly designed linkage system
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