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Figure 7. Baseline model evaluation results: Simulated distance travelled and fuel 
consumption 
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Figure 8. Baseline model evaluation results: Simulated fuel consumption rate and 
transmission gear number 
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CHAPTER 5 PLANT MODEL ADVANCEMENT 

5.1 DRIVETRAIN, WHEELS AND CHASSIS MODELING 

In this context the torque converter, transmission, Transmission Control Module (TCM) 

and differential subsystem models are collectively known as the drive train model. 

Transmission subsystem model consists of two component models internally, which are 

the torque converter model and the transmission model.  

 

Figure 9. Drivetrain, wheel and chassis models test bench 

5.1.1 TORQUE CONVERTER 

The torque converter model in the original baseline model is not accurate. The newly 

modeled torque converter based on the reference determines the torque output based 

on a lookup table which gives the torque converter torque ratio based on the input and 

output speed ratio. This torque ratio used to calculate the instantaneous torque 

converter output torque which is the input to the transmission. Apart from this the torque 

converter model also contains a viscous loss model and a model to calculate the engine 

speed based on the residual torque and torque converter efficiency. 
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5.1.2 TRANSMISSION 

The transmission model simulates the transmission output torque based on the gear 

ratio selected by the Soft TCM model and the transmission frictional and viscous losses. 

The transmission losses were initially not parameterized to represent the current vehicle 

accurately. Therefore a new model which simulates the transmission losses based on 

the output speed has been developed and optimized.  The original model was super 

efficient, that in other terms the simulated losses were lower than in the real vehicle. 

The formulas from the original model have been retained with minimal modifications. 

5.1.3 WHEELS 

The wheel model calculates the wheel rolling resistance. Later the resultant of the linear 

force acting on the wheels due to rolling resistance and the wheel input torque is output 

as the wheel output force to the chassis model. The baseline model parameters, that is 

the coefficients of rolling resistance were incorrect and have been replaced with the 

data from manufacturers. 

5.1.4 CHASSIS 

Chassis Model simulates the force acting on the vehicle which is a resultant of the air 

drag, linear vehicle inertia, resistance due to grade and wheel output force and 

calculates the rate of acceleration at any instant, instantaneous velocity of the vehicle, 

distance travelled, wheel slippage and other associated functions. The model input is 

the horizontal wheel force. The model output is the linear velocity of the vehicle. The 

vehicle mass and the vehicle frontal area values were incorrect and data from the 

manufacturers is used. 
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5.1.5 SOFT TCM 

The Soft TCM model simulates the transmission shift behavior based on the shift lever 

position, vehicle speed, APP and BPP. The baseline TCM model contained assumed 

shift pattern data based on a six speed transmission. The transmission shift pattern has 

been updated with the data from manufacturers. Figure 10 below shows the 

transmission gear numbers simulated during the transmission testing. 

 

Figure 10. Soft TCM output validation results 

5.1.5 DRIVETRAIN, WHEEL AND CHASSIS COMPONENT MODELS VALIDATION 

Since the drivetrain from the stock vehicle is used as such, except for minor 

modifications to the propeller shaft, the CAN data from the stock vehicle test drive 

recorded by the previous teams have been used to optimize and validate these models. 

The original transmission and differential models were not parameterized to reflect the 

mechanical transmission losses of the stock vehicle accurate enough. The difference in 

the simulated vehicle speed produced during baseline model evaluation and the actual 

vehicle speed logged during on-road testing can be seen in the figure 11 below. The 

difference in the simulation is due to the lack of an accurate transmission losses model. 
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Initially, the transmission model parameters are assumed and then optimized after a few 

iterations comparing the results with the stock vehicle CAN log results.  

 

Figure 11. Drivetrain, chassis and wheels models validation results 

The Figure 11 above shows the inputs to the transmission and wheel models. Engine 

torque and transmission output speed are the transmission model inputs. The engine 
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torque data from the measured stock vehicle CAN logs is used in place of the output 

from the engine model. APP is an input to the Soft TCM model which determines the 

transmission shift pattern and the BPP is an input to the brake model which is inside the 

wheel subsystem model. 

 

Figure 12. Drivetrain, chassis and wheels models validation results 
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5.3 IC ENGINE MODEL 

5.3.1 MODEL ADVANCEMENT 

An IC Engine plant model with a mean value manifold filling dynamics model as shown 

in [10] and map based torque, fuel consumption and emissions models is desirable 

fidelity for achieving accurate energy consumption simulation. The baseline model did 

not contain a manifold dynamics model and hence the simulated fuel consumption was 

far lower than the actual under closed loop testing and too high during open loop or feed 

forward testing. 

IC Engine plant model currently developed consists of a manifold dynamics model used 

to calculate the manifold absolute pressure based on the throttle position and the 

engine speed. The output of this model is used to calculate the mass air flow into the 

combustion chamber using the Speed-Density equation [10], [11]. The volumetric 

efficiency of the engine is obtained from a lookup table based on the engine speed and 

the manifold absolute pressure. The dynamic engine torque is obtained from a lookup 

table based on the engine speed and the mass air flow into the engine. Later engine 

torque and engine speed are used to obtain the dynamic fuel consumption and 

emission values from lookup tables containing data from the manufacturer. 
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Figure 13. IC Engine intake manifold flow dynamics model 

Equations used to calculate manifold air flow and manifold absolute pressure: 

𝑚𝑖 =  
𝑁 ∗ 𝑉𝑑𝑖𝑠𝑝 ∗ 𝑃𝑚𝑎𝑝 ∗ 𝜂𝑣𝑜𝑙

2 ∗ 𝑅 ∗ 𝑇𝑎𝑚𝑏
 

Eq 1 

𝑃𝑚𝑎𝑝 =  
𝑅𝑇𝑖
𝑉𝑚𝑎𝑛

 −𝑚𝑖 + 𝑚𝑡  + 𝑃𝑚𝑎𝑝 (
𝑇𝑖 

𝑇𝑖
) 

Eq 2 

𝑚𝑡 = 𝑇𝑕𝐶𝐴 ∗ 𝐶𝑑 ∗
 𝑃𝑎𝑚𝑏 ∗  𝐾′

 𝑅𝑇𝑎𝑚𝑏
∗ 𝛽2 𝑚𝑎𝑝  + 𝑚𝑡0  

Eq 3 

𝐾 ′ =  2𝐾/(𝐾 − 1) Eq 4 

𝛽2 𝑚𝑎𝑝  =  
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Eq 5 

𝑃𝑟 =  
𝑃𝑚𝑎𝑝
𝑃𝑎𝑚𝑏

 
Eq 6 
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Where, 

𝑚𝑡  = instantaneous air mass flow past throttle plate (kg/sec) 

𝑚𝑡0  = previous air mass flow past throttle plate (kg/sec) 

𝑚𝑖  = instantaneous air mass flow into intake port (kg/sec) 

𝑃𝑚𝑎𝑝  = absolute manifold pressure derivative (N/m2) 

𝑃𝑚𝑎𝑝  = absolute manifold pressure (N/m2) 

𝑃𝑎𝑚𝑏  = ambient pressure (N/m2) 

𝑇𝑖  = intake manifold temperature (K) 

𝑉𝑑𝑖𝑠𝑝  = Engine displaced volume (m3) 

𝑉𝑚𝑎𝑛  = manifold + port passage volume (m3) 

𝑅 = ideal gas constant 

𝐾 = ratio of  

𝑇𝑕𝐶𝐴 = throttle effective area, (m2) 

𝑇𝑎𝑚𝑏  = ambient temperature, (K) 

𝐶𝑑  = coefficient of discharge 

𝜂𝑣𝑜𝑙  = engine volumetric efficiency 

𝑁 = engine speed, rad/sec 
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5.3.2 IC ENGINE MODEL VALIDATION 

Baseline model does not contain the ECM strategy for maintaining engine idle speed. 

Thus the ECM logic to maintain engine idle speed was modeled. This has improved the 

fuel consumption accuracy significantly. Figures 14 and 15 show the validation results 

of the stock Camaro engine model based on the test drive data. Due to the 

unavailability of test data for the custom LEA 2.4L engine, the model fidelity is initially 

tested with the stock engine parameters.  

 

Figure 14. IC Engine model fidelity validation using stock engine parameters 


