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Communication Method for Torque Control of Commercial Diesel
Engine in Range-Extended Electric Trash Truck
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Department of Automotive Engineering, Inha Technical College
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Abstract This paper describes new communication methods for transmitting torque commands between the vehicle
controller that determines the amount of power generation in a range-extended electric vehicle and the engine
controller that performs it. Generally, vehicles use CAN communication, but in this case, the hardware and software
of the existing engine controller must be modified. For this reason, it is not easy to apply CAN communication to
small and medium sized automotive reorganize companies. Therefore, this research presents a pin-pin communication
method for applying the existing mass produced engine controller to range-extended electric vehicles. The pin-pin
communication method converts the driver's demand torque control map inside an mass produced engine controller
into a virtual accelerator opening position according to the target speed and target torque of the engine, and converts
this to a voltage signal for the existing mass produced engine controller to recognize it. The virtual accelerator
opening positions are mounted in the form of a control map in the vehicle controller through the reverse conversion
process in an offline environment and are determined by the engine generating power requirements and engine optimal
operating point algorithm. These algorithms and signal conversion circuits for engine torque transmission have been
mounted on the vehicle controller to conduct the virtual accelerator opening position conversion process according
to the engine target torque and to establish the virtual accelerator voltage signal using the signal converter.
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Fig. 1. Range extended electric trash truck
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Fig. 2. Schematic diagram of CAN communication
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Table 1. Specifications for the electric parts of the
range-extended electric vehicle
Components Specifications
Type PM
Max. Power 110kW
Driving Moter Max. Torque 670Nm
Max. Speed 10,000 rpm
Efficiency 97%
Type PM
Max. Power 170kW
Generator Max. Torque 910Nm
Max. Speed 9,500 rpm
Efficiency 94%
Normal Capacity 60kWh
Max. Power 250kW@2sec
High Voltage Battery Max. V°]t7g° 760V
Cell Capacity 94Ah
Efficiency 98%
Cooling Water
. Type AC
Motor for Air Brake Power KW
Type AC

Motor for MDPS

Power 6kW
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Type AC
M for PT
oter for PTO Power 12.5kW
Input Voltage 100~265ACV
Output Volt 210~840DCV
On-Board Charger put_volage
Max. Power 10kW
Cooling Air
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Fig. 3. Schematic diagram for engine-generator operating
points
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Fig. 5. Schematic diagram of conventional control
algorithm
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Table 2. Engine specifications

Maker FPT Power(kW) 152(2,500rpm)
Model NEF Torque(Nm) 750(1,800rpm)
Type Series Max. Speed 2,800rpm

Dis.Vol 4.5(L) Idle Speed 750+50 rpm
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Fig. 6. Driver demand torque map for engine speed and
accelerator position in mass production controller
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% Driver demand torque map input on mass production ECU
speed_x= [ |;

accel_y=1[1;
Ta_z=[1:
del_Tg=20; % @ Consider the Iso—power line

% when calculating the optimum

% operating point
%Speed,Accel_Pos vs. Torque - Reverse conversion
Speed,Torque vs. Virtual_Accel_Pos

i=0;

j=0;
num_x=length(speed_x);
for i=1:num_x

max_col(i)=max(Ta_z(:,i));
min_col(i)=min(Ta_z(:,i));

end

Ta_max=min(max_col);
Ta_min=max(min_col);

for i=1:num_x

for Tg=Ta_min:del_Ta:Ta_max %
=it

Taset_y()=Ta;
k=max(find(Ta_z(:,i)==min(Ta_z(:,))));
Virtual_Accel_Pos(j,i)=interp1(Ta_z(k:end,i),accel_y(k:end),Ta);
end

j=0;

end

Cause of Fig.11

%Create the Final Conversion Control Map
surf(speed_x, Taset_y,Virtual_Accel_Pos):

Fig. 8. Source code for creating control map by inverse
matrix transformation technique
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Table 3. Specifications of digital-analog converter

Model LTC26644CMS-L8#PBF
Solution 8bit
Sampling Rate 100kSPS
Input Channel Type PWM
Supply Voltage Range 2.7~5.5V
Channels 2
Operating Temp. Range 0~70C
o F
o
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o
>
V1
APS2
V2

>

Accelerator Position(%)

Fig. 10. Relationship of accelerator pedal signals in the
mass production engine controller
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