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Description

This model represents a Nonlinear model of a permanent magnet DC motor with a
rack-and-pinion mechanical drive [1][2]. Motor icon is shown in Fig. 1. Terminals A and
B are the electrical nodes. Node C is a linear motion node representing the tip of the
moving rack. The rack-and-pinion drive dimensions are such that when the rotor turns by
on radian the rack moves by one meter. The rack moves in the positive direction when
the voltage at node A with respect to node B positive. In this model, linear magnetic
circuit is considered without magnetic saturation and dissertation.

Validity Range and Limitations

The following parameters are valid when positive or zero:
Coefficient

Armature Resistance

Rotor Inertia

Armature Inductance

Coloumb Friction

Viscous Drag Coefficient

Connections

Label Description
A Electrical terminal (Positive)
B Electrical terminal (Negative)
C Mechanical terminal
Adjustable Parameters
Name Description Valid Range | Defaul | Units
t
Vaue
Coefficient Electromechanical Positive or 0.02 N.m/A or
coefficient Z€ero ' V/rad/s

Armature The electrical resistance of | Positive or 14 Q
Resistance the armature winding Zero '
Armature The inductance of the Positive or 0.86e- | Henries
Inductance armature winding Zero 3
Rotor Inertia Rotor moment of inertia Positive or 5e-7 kgnt

Z€ero
Viscous Drag Dc Motor Viscous Drag Positive or 3e-6 | Nm/rad/s
Coefficient Coefficient Zero
Coloumb Friction Dc Motor Coloumb Friction | Positive or 0.0023 N.m
Torque Torque Zero
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Output Variables

Name Description Units
Voltage Voltage across device. Polarity isVA-VB. \%
Current Electric current through device. Positive flow isfrom A

node A to node B

Electrical_Power The electric power flowing into the model through the wW
electrical terminals A and B.

Mechanical_Power | The mechanical power flowing into the device through W
the mechanical terminal C.

Electrical_Torque | Thetorque applied on the rotor due to the magnetic field | Nm

Mechanical_Torgue | The torque applied on the rotor due to the mechanical Nm
load connected to terminal C

Speed Rotational Speed of the motor shaft rad/s
(Also numerically equal to rack speed) (m/s)

Position Angular position of the motor shaft Rad
(Also numerically equal to rack position) (m)

Model Assumptions

Magnetic circuit is assumed to be linear. The dry friction has a nonlinear dependence of a

friction torgue from arotation frequency [1] and is defined by the following formula:
Coulomb Friction =T - signum(w)

Mathematical Description
Equation (1) and equation (2) represent model mathematical description.

v(t):r-i(t)+l%+a-w(t) Q)

Te=a-i(t)=JM+b-a)(t)+T+TCF~tanh(i) (2
adt ..

Where:

is the voltage across the motor electrical terminals.

isthe electric current into the motor.

isthe rotor speed.

is the electromagnetic torque imposed on the rotor.

is the mechanical torque due to the mechanical load.

is the rotor/rack/pinion equivalent moment of inertia.

isthe armature electrical resistance.

isthe armature self inductance.

is equal to the ratio of the motor rated voltage divided by the rated speed.
is the mechanical drag coefficient.

Wvin— Minimum rotation frequency at which the dry friction is equal 0.76* Tcr.

Model Validation
In mathematical model [3] the linear relation of afriction torque from arotation

o~ wH-Hg —<
D

frequency (viscous drag) is accepted. The dry friction is not taken into account. For the
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taking into account of adry friction it is possible to use coefficient of linearized
mechanical drag instead of coefficient of viscous drag, but at a small shaft rotation
frequency the friction torque differs from actual. The dry friction has a nonlinear
dependence of afriction torque from arotation frequency [1] and is defined by the
following formula

Coulomb Friction =T - signum(w) , (3)
where:
Tcr —torque of coulomb friction.
Asfunction and its derivative have arupture in apoint w=0, it will cause
nonconvergence of nonlinear model. The following expression is offered to for reaching
good convergence (4):

Coulomb Friction=T,, - tanh(—2-) , (4)
..

min

where:
whin — Minimum rotation frequency at which the dry friction is equal 0.76* Tcr.

Example Application and Model Verification

For verification of model of a dc motor we compare outcomes of model operation
of one problem with use of different models. The circuit of experiment is figured on
figure 3. Outcomes of model operation represented on figures 5-6.

= MO

Friction

Figure 1. Schematic of motor driving
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B MO - DcMotor x|
Description: Monlinear Dichotor kModel
— Optio:
Device Label: IMD
Display Parameter: INDHE j
Pararneter | Walue | Units |
Coefficient 0.0z M.mAs or e
Armature Resistance 1.4 Ohimng
Armature Inductance 0.86e-3 Henries
Fiotor Inertia Re-7 kg.m"2
Wiscoug Drag Coefficient Jeb M.mrad’s
Coloumb Friction Torque 0.0023 M.m

Cancel | ak. I
Figure 2. Parameters of DcMotor_021708
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Figure 3. Rotor angular velocity of HIL-model and mathematical models of a dc motor
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Figure 6. Current of HI L- model and mathematlcal models of a dc motor
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