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Mimic the current design of the two-mode hybrid 
power train supervisory control strategy while:
Minimizing unnecessary work from the ICE
Ensuring maximum output based on any given 
external driving condition 
Ensuring safe operation of vehicle power train



Conform to SAE standard J1711 for      
Hybrids 

Facilitate acceleration 0-60mph in less than 14s
Facilitate acceleration 50-70mph in less than 10s
At least 30 MPG over a  typical city drive cycle
Facilitate a car start time of less than 10s
Facilitate a smooth transition between ICE and 
motor 



Design Requirements
Build Algorithm
Build Model based on Algorithm using software 
such as Simulink
Testing the Design model with Sim Driveline and 
Control Desk
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SOC ModelCAR START MODEL

Switch  relay between Switch  relay between 
HV battery and HV battery and 
powertrain, Crank ICEpowertrain, Crank ICE

power dash display, power dash display, 
diagnostic signals to diagnostic signals to 

powertrain CUpowertrain CU’’ss

ICE Temp., ICE Temp., 
ICE ICE on/off on/off 

statusstatus

ACKACK’’s for s for 
BCU, TCU BCU, TCU 

& ECU& ECU

IgnitionIgnition

ICE Temp. request, CU ICE Temp. request, CU 
Malfunctioning Malfunctioning 
warning signalswarning signals

The Car Start 
strategy is 
modeled to do a 
safety diagnostic 
check on the 
powertrain before 
fully powering the 
powertrain 
components.   

Car Start Model

Presenter
Presentation Notes
Put in animation of plant w/ powertrain components



ICE Crank Model

Crank torque Crank torque 
request to request to 
Motor AMotor A

ActualActual
 

ICE ICE 
speed, Desired speed, Desired 

ICE crank speedICE crank speed

Internal 
Combustion 
Engine (ICE) 
Crank Model is 
used to Start 
the engine by 
ramping the 
speed up from 0 
to 800 RPM



SOC Management

If SOC >= 65%, & ICE on & If SOC >= 65%, & ICE on & 
car is not driven by ICE & car is not driven by ICE & 
ICE temp. is > 66K, then ICE temp. is > 66K, then 
stop ICE after 2 minutesstop ICE after 2 minutes

SOC, gear ratio, SOC, gear ratio, 
ICE Temp, ICE ICE Temp, ICE 

SpeedSpeed

Stop charging if SOC Stop charging if SOC 
> 80%> 80%

start charging if SOC < 
50%

Motor A torque, Motor A torque, 
ICE statusICE status

State of State of 
Charge Charge 
(SOC)  (SOC)  
model model 
maintains maintains 
a battery a battery 
charge charge 
between between 
5050--80%80%



Drive Cycle Management

pedal position, actual pedal position, actual 
gear/mode, wheel speedgear/mode, wheel speed

SOC, brake position, ICE SOC, brake position, ICE 
speed, Motor B speedspeed, Motor B speed

engage FG1, Crank ICE, engage FG1, Crank ICE, 
Car inoperableCar inoperable

SOC, Drive gear selected, SOC, Drive gear selected, 
ICE status, Motor B temp.ICE status, Motor B temp.

warning, Drive gear warning, Drive gear 
selectedselected

Driver torque request in Driver torque request in 
EVT1 and FG1 gear EVT1 and FG1 gear 
ratiosratios

Drive Cycle 
Management 
controls 
torque 
request for 
the motors 
and engine 
and also 
handles 
planetary 
gear 
selection.



dSPACE Control Desk
dSPACE Motion Desk

Software in the Loop (SIL) Testing



0 – 60mph in 
21 seconds



50 – 70 mph in 
5.25 seconds

50 mph at 
18.75 seconds

Presenter
Presentation Notes
Include data and plots that show we meet the performance requirements



37 MPG in Mode 1



The plant used is a Sim Driveline plant that performs 
optimally with a variable step size

Sim driveline torque and motion sensor blocks are unstable 
in fixed step size simulations.

Variable step size models cannot be used for Hardware in 
the loop (HIL) testing



The project’s design requirements were 
satisfied

Since the project is part of a 3 year long 
competition, there is room for improvement

Project utilized knowledge from other classes, 
such as linear controls. 

Flexibility and ease of control system design 
facilitated by Mathworks tools like, Simulink

Presenter
Presentation Notes
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Eric Schacht – OSU Advisor

Dr. Charles Kim - Professor

Dr. Grant Warner – HU Advisor
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