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Evaluation Technologies That Support Boosting 
the Performance and Reliability of Hydraulic 
Components

 Improving evaluation technologies which support 
research and development is vital to continuing to 
develop hydraulic components that satisfy the 
advanced requirements of the construction machinery 
industry. Kawasaki is boosting the unit performance 
and reliability of hydraulic components through 
elucidation of their operation mechanisms, and at the 
same time, developing evaluation technologies for 
boosting the overall performance of hydraulic systems 
that combine multiple hydraulic components and 
utilizing these technologies for product development. 

Introduction

 Because of increasingly tighter diesel engine emissions 
regulations and CO2 emissions regulations around the 
wo37
efficiency in the world at over 90%, but we are continuing 
research and development to further improve the 
efficiency. We are also working to improve the reliability of 
hydraulic components to meet the needs of construction 
machinery manufacturers, as reliability is important as well 
as performance.
 In recent years, boosting not only the unit performance 
of hydraulic components but also the overall performance 

of the entire hydraulic system combining hydraulic 
components, including fuel consumption, work efficiency, 
and operability, are drawing attention. We are dedicated to 
developing hydraulic components taking into account how 
individual hydraulic components affect one another when 
they are operated as a system.

2   Concept of evaluation methods

 To achieve this kind of product development, we are 
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pumps only, but have been using it for hydraulic motor 
evaluation since 2006, and for excavator control valve 
evaluation since 2018.
 For hydraulic pumps, we have improved measurement 
and testing methods, including using high-accuracy 
sensors and developing dedicated measurement software, 
to grasp slight efficiency differences, thereby contributing 
to efficiency improvement. In addition, we have been 
installing various sensors inside pumps to grasp the 
behavior of each internal component and using obtained 
knowledge to improve optimal design technologies with 
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incorporates the technology to control operating conditions 
in sophisticated ways and the technology to accurately 
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hydraulic motor, which serve as an actuator for the 
excavator, and the control valve, are controlled by the load 
equipment. Based on the load generated by the oil fed 
from the hydraulic pump to the actuator via the control 
valve, HILS simulates the behavior of the excavator from 
moment to moment and at the same time controls the 
hydraulic load with the hydraulic equipment to simulate 
dynamic behavior of the excavator. HILS can be used to 
simulate the speed, displacement, pressure, flow rate, and 
other state quantities of the excavator hydraulic cylinder 
and hydraulic motor necessary to evaluate the hydraulic 
system. HILS can also be used to evaluate and analyze the 
operation of each hydraulic component and fuel 

consumption of the entire system by installing pressure 
sensors, flow rate sensors, and other sensors onto the 
main pump and control valve ports. In actual excavators, 
the main pump is driven by an engine but on this bench, 
the main pump is driven by an electric motor that is 
controlled to simulate the engine characteristics.
 Figure 7 shows the waveform of boom-up operation as 
an example of HILS operation. HILS simulates fluctuations 
in the pump pressure, cylinder head pressure, and cylinder 
rod pressure, and the cylinder displacement in simulations 
that takes place on an actual excavator when the hydraulic 
oil discharged from the pump is fed to the boom cylinder 
via the control valve.

Excavator
<Virtual>
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(2) Application examples
( i )  Excavator operability evaluation
 When boom-down operation is stopped by operating 
the operation lever, a large shock may occur depending on 
the characteristics of the control valve and pump, resulting 
in complaints from the operators. Figure 8 shows an 
example of evaluation of the shock caused when boom-
down operation is stopped. This example is the evaluation 
conducted when the spool specification (notch shape) of 
the control valve was modified. In this simulation, it was 
difficult to accurately simulate the dynamic behavior of the 
spool mainly because of a flow force generated when 
hydraulic oil passes through the notch, so it was necessary 
to test the spool by mounting it in an actual excavator. 
However, we found that the evaluation results obtained 
with HILS were almost the same as those with the actual 
excavator.
(ii) Fuel consumption evaluation
 Figure 9 shows an example of evaluation of control 
valve efficiency (hydraulic energy loss) in soil excavation 
and loading operation. This figure shows the power input 
from the pump to the control valve and power output to 
each actuator. The difference between them is hydraulic 
pressure losses. Hydraulic components can be improved 
by analyzing which section has the most power loss. In 
addition, torque sensors and pressure sensors are installed 
on the drive shaft of the main pump, thereby making it 
possible to measure the total efficiency.
 As mentioned above, HILS has made it possible to 
perform internal evaluations equivalent to a test with the 
hydraulic component mounted on the actual excavator 
before conducting such a test. Using this evaluation to 
analyze the performance required for system operation, we 
are developing hydraulic components by combining this 
evaluation with the performance test using the above-
mentioned HYPAM. In this way, the combination of 
HYPAM and HILS has made it possible to develop hydraulic 
components that pursue, not only the performance and 
reliability of hydraulic components alone, but also the 
comprehensive performance of the entire hydraulic system 
in a significantly reduced amount of time.

Conclusion

 We will be working to realize more reliable hydraulic 
components with the combination of HYPAM and HILS. 
We will also be working to improve the technology to 

measure hydraulic components at high speed and the 
technology to simulate the transient operating condition for 
grasping the details of dynamic phenomena and at the 
same time improve the accuracy of actual excavator 
simulation, with the aim of developing objective evaluation 
indicators for fuel consumption, work efficiency, and 
operability and enhancing our ability to develop hydraulic 
components.
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