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Abstract: Due to the rise in energy consumption and natural resource prices, the demand to improve energy

efficiency in the construction machine has been highlighted. Even though many researchers have contributed to

the development of the technology, CO2 gas emissions of heavy machinery remains high. One of the most

significant problems of the novel excavator with internal combustion engines is the emission of harmful gas. To

reduce emissions in the construction machine, it is necessary to replace the internal combustion engines with the

alternative one. To overcome those problems, this paper focuses on the adoption of PEMFC hybrid engine for

the excavator system. An internal combustion engine is replaced by new structures with fuel cell, battery and

ultra capacitor. The proposed system has been designed and modeled using Simcenter Amesim software and

compared with the conventional one through simulation results.
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Fig. 3 PEMFC system model

Table 1 PEMFC system parameters

Mass of stack 50 [kg]
Number of cells 660
Cell area 800 [cm?]
Cell rated voltage 3.8 [V]
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Fig. 4 Battery & Ultra capacitor model

Table 2 Battery model parameters

stolBEl= ZAby] afA] mel sjuk

Table 3 Ultra capacitor model paramters

Pack maximum voltage 90 [V]
Pack maximum energy 8 [kWh]
Cell maximum capacity 3500 [F]
Cell maximum voltage 2.7 [V]
Series cell number 34
Parallel branch number 67

Pack rated voltage 80 [V]
Pack rated energy 10 [kWh]
Cell rated capacity 3 [Ah]
Cell rated voltage 3.8 [V]
Series cell number 22
Parallel branch number 3
Cell maximum voltage 4.08 [V]
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Table 4 Mechanical model parameters

Turret mass

20,000 [kg]

Turret MOI[X]

28,900 [kg-m?]

Turret MOI[Y]

18,900 [kg-m*]

Turret MOI[Z]

39,400 [kg-m?]

Boom mass 8,000 [kg]
Boom MOI[X] 40,100 [kg-m?*]

Boom MOI[Y] 625 [kg-m*]
Boom MOI[Z] 39,700 [kg-m”]

Arm mass 3,000 [kg]
Arm MOI[X] 7,430 [kg-m?*]

23 7|75t 2 R AlAH Arm MOI[Y] 290 [kg-m’]
dubA o7 {9 =417]= Boom, Arm, Bucket 2 Arm MOI[Z] 7220 [kg'm?]

ATI9} Swing, Travel ZEIE AT A% £ = Bucket mass 2,500 [ke]
wollAE 24719 T8 1BekA] FOEE Travel Bucket MOI[X] 980 [kg-m®]
2EH+ w9t &Uth Bucket MOI[Y] 980 [kg-m®]
7] EEl o8 et HEIF FEEI e Bucket MOI[Z] 980 [kg-m?]
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Fig. 7 Mechanical & Hydraulic system model
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Table 5 Hydraulic model parameters

Boom cylinder

0.16%0.1*1.6 [m]

Arm cylinder

0.18%0.1%¥2.2 [m]

Bucket cylinder

0.11*0.1*2.2 [m]

Hydraulic pump

200 [cc/rev]

Hydraulic motor

150 [cc/rev]

Relief pressure

350 [bar]

Oil denstiy

870 [kg/m>]

Oil bulk modulus

19115 [bar]

Oil viscosity

7 [cP]

Cylinder :
Oil@200bar, 40degC

Piston dia*Rod dia*Stroke
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Fig. 14 NOx emissions (ICE’s excavator)
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