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Development of the Object-oriented Powertrains Dynamic Simulation Program
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Abstract

The application of object-oriented modeling to develop a powertrain performance simulation
program, called P-DYN, is introduced. Powertrain components, such as the engine, transmission, shaft,
clutch are modeled as classes which have data and method by using object-oriented modeling

methodology. P-DYN, a performance simulation program, based on the object-oriented modeling is
made in C++. One powertrain example is simulated through the P-DYN. It is expected that the
simulation program or individual class constructed in this paper would be useful for automotive

engineers in predicting the performance of powertrains and developing a simulation program.

7|aMy
X = input variables
y = output variables
z = states
z = state derivatives
f,g,F = functions
W = constraint Jacobian
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Fig. 1 Encapsulation of powertrain components
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Algebraic equation

y=f(x)
(x :input,y : output)

————

Differential equation

z=1(x,z)

y=g(x,z)
(z : state variables)

Differential/Constraint equation

X >

< y

z=1(x,z)
Y(x)=0
y=8(x,z)

<X—

y >

Fig. 2 Base class types for powertrain components

PTObject

m_name_class
m_type_class

m_id_object:

m_name_object: object name

: class name

. type of class
m_number_dof_state: number of DOF
m_number_constraint_state: number of constraint
m_port_input[]: input ports
m_port_output[]:
m_sate[]: states
m_rate_state[]: rates of states
m_constraint[]:constraint
m_jacobian_constraint[]:constraint jacobian

output ports

id of object

m_id_instance: id of instance
m_index_dof_state: index of DOF
m_index_constraint_state:

index of constraint

Initialize()
ReadDatal()

Report()

CalculatelnputPort()
CalculateOutputPort()
CalculateRate()
CalculateConstraint()
CalculateJacobian()

Fig. 3 Super class for powertrain classes
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PTObject

Function
generator

Algebraic—
type basic
control
elements

Wet clutch

Algebraic

Band brake

Engine map

Shaft

Rotary
inertia

Torsional

Differential damper

Torque
converter

Friction
clutch

One-way
clutch

Differential

—Algebraic Simple gear

M/T

AIT

Fig. 4 Multilevel inheritance hierarchy
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Class Dynamic Message passing

Numerical Integrator
(Runge—Kutta, PECE)

M
1 v

Linear equation solver

Bl

Fig. 5 Structure of P-DYN numerical analysis

Solver Objects
Object i
(2] <
m_state[]

m_rate_state[]

[z] = [F(z,u,t)]

CalculateRate

Fig. 6 Object-oriented data model for powertrain
dynamic analysis

| Read data

v

| Create objects I—y

Count objects, DOF,..
Make sets of objects

v

|dentify objects
Assign Indices for numerical
analysis to each object

\ 4

Objects

Y
Dynamics Analysis
(see Fig. 12)

v

| End |

Fig. 7 P-DYN powertrain dynamic analysis flow
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Fig. 8 Simple vehicle model

Mapped Torque Simple Simple
Engine Converter Gear Shaft
Engine | Torque i—>» Gears <«—» Shaft

converter

|

Ar » Vehicle
resistance

Air Rotary

Resistance Inertia

Fig. 9 P-DYN model with connected components

Table 1 Input parameters

Pump inertia 0.16kg-m’
Turbine inertia 0.1kg-m’
Vehicle inertia 102.3kg-m’
Gear ratio 10.926
Stall torque ratio 2.36
Coupling point 0.86
Coupling torque ratio 0.99
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Fig. 10 Velocity of pump and turbine
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Fig. 11 Vehicle velocity
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