








structure, along with the attachments, rotates by a
hydraulic motor via a rotary bearing. Each portion of
attachments is modeled using a large displacement
beam element. The rotational degree of freedom at
each pin joint is defined in each coordinate system of
the member, which is treated independently from
others. The weight of each element is treated as
weight concentrated on its center of gravity.

Figure 3 shows the hydraulic system of the
excavator. The hydraulic system has a hydraulic oils
source with a pump driven by the engine. The flows
to the cylinders and motors are controlled by levers
which adjust the openings of hydraulic control
valves. The pump has a variable capacity and controls
its discharge amount depending on the load.

A dynamic motion analysis was carried out on
actuators, using the input values of operation levers
for the four actuators including the boom, arm,
bucket and swing. In excavation, there are acting
external forces such as reactive forces acted dur
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ms, which is too slow for the evaluation of actual
hydraulic load in the order of several to several tens
ms. As a result, a load control configuration having
a hydraulic pump and variable relief valve was
selected. The variable relief valve for pressure
control is an electromagnetic proportional valve,
having a good response less than about 30 ms for 20
ton class.

4.2 Development of the engine HIL S system
The test bench was evaluated in advance by applying
loads set by simulations by SINDYS. In addition, we

developed an engine HILS system, in which a real
time simulation of lever input operation provides the
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