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1. Background

» The newly developed dual-motor DHT transmission needs to set reasonable development goals, control
constraint boundaries, and optimally match the system;

> The focus is to realize the real-time optimal switching of working modes, find potential opportunities and
directions for improvement, and finally realize the control and optimization of DHT hybrid system;

> Therefore, it is the most important how to make quick and efficient modeling and simulation;

Solution RENH+DCT/AT_CVT+EEEB 4] SEENE R ENADHE+ I EBALDHT
Frame k ;
-work
PO P3 P4 ¥
P2 TR
OEMS (SRR EEA mxwapw HERIE| 2808 K ST AR HEBUTR fe-power/ER

Feature  ZNAMIRFS%-30%, TiMES%-25%, BHIREZR  THHRIRF20-40%, FhHHRF10%-20%, FFHIR L

Fig.1 Hybrid technical solution

Page 2



Page 3

2. How to build a simulation platform for hybrid system?

> Selection of simulation tools

— Development tool
MATLAB /AMEsim/Cruise;

— Comparative analysis
Control accuracy\simulation efficiency

\scalability;

— Definition
MATLAB can efficiently develop a hybrid

system simulation platform.

' AME‘Sim ,,,,,,,,, |

MATLABH EF &




2. How to build a simulation platform for hybrid system?

1. Vehicle model frame
Powertrain Blockset: Reference Application
* HEV: PO, P1, P2, P3, P4
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3. Plant model
Simscape
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2. Control model

MATLAB/Simulink/Stateflow
Powertrain Blockset

* ECMS

*  Controllers(HCU/ECU/TCU)
¢ Customize Controllers

parameter optimization

Model-Based Calibration Toolbox

Simscape Driveline
* Drivetrain model
* Thermal management

ECC
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5. Create Ul, report generation

Simulink Design Optimization Toolbox
* Parameterize
* Control parameter tunning

—— 4, Model parameterization and control

MATLAB/App designer/Report generator

« GUI
*  Automatic report generation



2. How to build a simulation platform for hybrid system?

> Subsystem dynamic response model (library)
The multi-power coupled hybrid system has sub-systems with different response characteristics such as engine,
motor, battery and gearbox. Considering the dynamic response of each sub-system, a physical model library and

documentation are established to achieve accurate and standardized modeling.
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2. How to build a simulation platform for hybrid system?

> Vehicle drive mode and energy management control - mode decoupling
- Working mode: pure electric drive/series drive/parallel drive
- 17 kinds of dynamic switching modes: different SOC and vehicle power requirement correspond to multiple

possible working modes. It is necessary to evaluate the power performance and fuel consumption in each mode to
achieve precise mode selection and switching.
F 3
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2. How to build a simulation platform for hybrid system?

> Vehicle drive mode and energy management control -- Power following
— Battery charging and discharging: the limits of energy flow, transfer efficiency, kinetic energy, real-time battery energy,

charging and discharging are various in different working modes;
— Engine start and stop: The starting power needs to take into account vehicle demand power, battery charging power

and 12V low-voltage load power to prevent frequent starting;
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2. How to build a simulation platform for hybrid system?

» Vehicle drive mode and energy management control -- ECMS

» Control target: The sum of instantaneous fuel consumed by engine and the equivalent fuel quantity of the
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Power (kW)

consumed battery power is regarded as control target H for the optimization:

H = P(fuel) + S * f(VehEnergEquReq) + ConstraintPenaty

Implementation steps: According to control target H set by ECMS, each step of simulation will calculate

all the energy distribution possibilities among engine, motor and battery in all modes, and optimize the

distribution of driving power required by the vehicle between the engine and the motor in real time, in

order to minimize the equivalent fuel consumption of the control target H;

0ol FAFES

% Pfuel
80 +  Pbatt
#*  Ptotal

C—minP

60 % HLgERE

40

20

0

FHLRERE

-20

-1000 -800 -600 -400 -200 O 200 400 600 800 1000

Control target

Create torque
distribution vector

Trq Cmd
0
—Min Mot Trq

+Max Mot Trq

Calculate the minimum
value of control target

Determine constraint
boundary

Tiin(@) < Taer < Tiax(@)
Pepg(SOC) < Pygye < Piseng(SOC)
Lepg(SOC) < Iygre = lgiseng(SOC)
SOC i < S0C < 50C 04

minP = Ppygr+ 5 - Phay

Implementation steps
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2. How to build a simulation platform for hybrid system?

» WLTC simulation and analysis
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2. How to build a simulation platform for hybrid system?

> In order to realize the standardization and automation of input, control, output data and energy
flow analysis, model data interaction interface, power flow analysis and simulation data analysis
tools have been developed. It can quickly realize the simulation of energy consumption and

performance at multiple driving modes, and the efficiency of data analysis is increased by 50%.
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3. System performance analysis of dual motor DHT

» System and control strategy development
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3. System performance analysis of dual motor DHT

» System and control strategy development
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4. Problem analysis and solution

> Problem: Shift process control

> Solutions: Multi-power source torque coordination, precise hydraulic

control, improve shift control accuracy and shift quality;
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5. Hybrid system simulation development process and benefits

Data interaction standardization: unified input and output data template of system parameter;
Simulation model unification: unified input template of simulation model parameter, model
data interactive interface one-click import and model generation;

N

3. Data processing automation: one-click export of simulation results to real-time energy flow and
data analysis automation tools;
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