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Abstract The production of the production and cost of production and cost savings, but there is a
disadvantage to save development time, resource consumption time, and resource consumption. There
is a recent trend of using digital twins to solve these problems. A digital twin can reduce time, cost, and
design to produce a more accurate analysis and design. To implement digital twin, it is necessary to
implement digital twins. In this study, they were modeled using Unity and Simulink. It was confirmed
that the error of a wheel loader, which was obtained from CAN communication. Considering the
similarity in graph form, there is no problematic link configuration, and it is estimated as a problem
in a parameter. These results suggest the possibility of a digital twin. In the future, we plan to accurately

identify interactions between parts and other parts.
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Fig. 1. Concept of CAN communication explorer 6

Table 1. DFMEA worksheet for wheel loader power package

Item Potential failure mode Potential cause(s) of failure Potential effect(s) of failure
. - Damaged fuel injection nozzles and
- No power generation o i - Unable to start
injectors locked exhaust gas line
. - Unable to transmit power - Shaft element damage - Unable to start
Engine assy

- Unable to start
- Power generation limit

- Leaking fuel hoses and tubes
- Coolant hose and tube connections
leaking

- Decreased starting performance
and limited starting

- Coolant temperature control not

Preheating system possible

- Damage to the coolant heater
- Temperature sensing switch malfunction

- Cold start reduces maneuver
performance

- Unable to convert power

Transmission ass
Y| - Unable to transmit power

- Clutch assy damaged
- Axial element damaged

- Unable to start
- Degraded maneuver
performance

872



AERFZE o1&

g 26 A[EFoA 83 75

Table 2. Raw data obtained over SAE J1939 protocol

Index |Time Offset| CAN-ID Data
1 2188.008 | 0C000003 DO FF FA FA FF FF FF FF
2 2188.648 | 0CF00203 CO 00 00 FF FF 00 00 FF
3 2213.053 | 18EAFFFE 00 EE 00 FF FF FF FF FF
4 2215.186 18EEFFF8 00 00 00 00 00 00 00 00
5 2257.81 18EEFF00 88 BF 54 01 00 00 00 80
6 2288.743 | 0C000003 DO FF FA FA FF FF FF FF
7 2289.34 0CF00203 CO 00 00 FF FF 00 00 FF
8 2298.982 | 0C000003 DO FF FA FA FF FF FF FF
9 2299.622 | 0CF00203 CO 00 00 FF FF 00 00 FF
10 2300.22 0C000F03 EC FF FA 00 FF FF FF FF

Table 3. Real time data of PCAN-explorer 6

Name Value
Engine speed 1675.1 rpm
Accelerator pedal position 56.4 %
Engine friction percent torque 56 %
Nominal friction percent torque 5%
Engines desired operating speed 1500.0 rpm
Engine fuel rate 18.6 1/h
Engine oil pressure 480 kPa
Engine coolant pressure 100 kPa
Engine intake manifold pressure 56 kPa
Engine intake manifold temperature 24 deg C
Transmission oil temperature 27.0 deg C
Hydraulic retarder oil temperature 31 deg C
Battery potential power input 271V

Table 4. Data obtained over SAE J1939 protocol

Nominal X X
. lAcceleratorp - Engine | Engine
X Engine friction N
time(s) edal fuel intake
speed . percent K
positionl rate |manifold
torque
0 0 0 9 0 20
5 0 0 9 0 0
10 0 0 9 0 0
15 0 0 9 0 0
20 1007.9 0 18 7 0
25 1176.3 0 4 9.8 2
30 1196.5 0 4 9.5 10
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Table 5. Wheel loader specification

Specification Units Value
Weight kg 12300
Maximum speed km/hr 39.0
First gear 6.7
Second gear 12.2
Forward
Third gear 23.8
Driving Fourth gear km/hr 39.0
speed I,
First gear 7.1
Reverse Second gear 12.9
Third gear 25.1
Engine rated power rpm 2100
Engine maximum torque kgfem 69
Brake pump maximum press kgf/arf 150
Brake pump rated rotational rpm 2100
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