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Abstract— This paper presents the bond-graph model for the 

DC motor with permanent magnets. Permanent magnets are 

the magneto mechanical elements with interesting feature like 

friction and lubrication free operation, low maintenance and 

long life. In this work a bond graph model of rotor and stator 

arrangement is modelled. As this arrangement also acts like 

DC motor. And then the model is been converted into 

MATLAB-SIMULINK as simulation tool. The study for this 

was carried out and the results showed the stable behaviour.  
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I. INTRODUCTION 

A PM motor does not have a field winding on the stator 

frame, instead relying on PMs to provide the magnetic field 

against which the rotor field interacts to produce torque. 

Compensating windings in series with the armature may be 

used on large motors to improve commutation under load. 

Because this field is fixed, it cannot be adjusted for speed 

control. PM Fields (stators) are convenient in miniature 

motors to eliminate the power consumption of the field 

winding. Larger DC motors are of the "dynamo" type, which 

have stator windings.  

The DC motor is very used in electrical applications 

and because of its construction it represents a very good 

subject to be studied by using bond-graphs. In the class of the 

DC motors there are many types of electrical motors that have 

the common property that they are fed by a continuous 

electrical voltage.  The DC motor with permanent magnets is 

very used in the domain of low power electrical controls, for 

example in robotics or in the case of electrical controls for 

auto-vehicle. The main technical parameters of a DC motor 

are: 

1) Rotor resistance; 

2) Rotor inductance; 

3) Torque constant; 

4) Rotor inertial moment; 

5) Statically friction torque; 

6) Dynamic friction torque. 

II. BOND GRAPH  

A bond graph is a graphical representation of a physical 

dynamic system. The best way to study the dynamics of a 

system residing in multi-energy domain is to start with a 

schematic diagram, which includes its important components 

and portrays how they are connected together. Then one can 

show details of each component and specify the constitutive 

laws governing the components and subsystems they are in.   

 
Fig. 1: Bond graph model 

The stator acts as a source effort, the source effort in 

this case is a voltage applied. The voltage is converted as a 

current which is treated as a source flow which is absorbed 

by the inductance and converts the electric energy into a 

magnetic flux energy, part of the magnetic flux energy is 

absorbed by the air resistance and rest of the magnetic flux 

density creates the angular thrust force (torque) on to the rotor 

to rotate. The rotor is connected to a shaft which has inertia 

force as well as stiffness force. 

III. SIMULINK 

A. Introduction to Simulink 

Simulink is software for modelling, simulating and analyzing 

dynamic systems. It supports linear and non-linear systems, 

modelled in continuous time, sampled time or mix of both. 

Systems can also be multi rate i.e. have different parts that are 

sampled or updated at different rates. 

B. Tool for Interactive Simulation  

In Simulink building model is easy, it can be started from a 

scratch or by taking a existing model. In this software there is 

a instant access to all analysis tools in MATLAB, so that 

taking results and analyzing and visualizing is easy. The main 

aim of simulink is to give a sense of fun of modelling and 

simulation. 

C. Tool for Mode-Biased Design 

In simulink one can think beyond the linear models to explore 

the realistic non-linear models, air resistance, hard stops, 

factoring in friction, gear slippage and the other things that 

describe real-world. Simulink is similar to lab for modelling 

and analyzing systems that wouldn’t be practical or possible 

otherwise. Whether the flutter of an airplane wing, the effect 

of the monetary supply on the economy, the dynamics of a 

predator-prey model, or the behaviour of a auto motive clutch 

system. 

I simulink for modelling it provides a graphical user 

interface (GUI) for building models as block diagram, using 

click and drag mouse operations. As we draw on paper with 

pencil, this is the similar thing we are doing here, in other 

simulation package where we have to formulate differential 

equation and difference equation in a language or program is 

very much different with simulink which includes a 

comprehensive block library of sinks, sources, linear and 

non-linear components and connectors. 
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After the model is defined, it can be simulated using 

a choice of integration methods, either from the simulink 

menus or by entering commands in MATLAB command 

window. The simulation results can be put in the MATLAB 

workspace for post processing and visualization. 

Model analysis tool includes linearization and 

trimming tools, which can be accessed from the MATLAB 

command line, and because MATLAB and simulink are 

revise model in either environment at any point. 

D. Building a Model 

To create the model, first enter simulink in the MATLAB 

command window. The Simulink browser appears On UNIX 

the simulink library window opens  

 
Fig. 2: Representation of Simulink library 

 
Fig. 3: Library info 

To create a new model on window, click the new 

model button on the library browser’s toolbar Simulink opens 

a new model window  

 
Fig. 4: New model window 

To create the model, one need to copy blocks into 

the model from the following simulink block libraries. 

1) Source library (step block) 

2) Sink library (scope block) 

3) Block parameter (variable reluctance motor and PS-

Simulink converter) 

Copy the step block from the source library using 

the library browser, to copy the step block from library 

browser first expand the library browser free to display the 

blocks in the source library. Do this by clicking the source 

node to display the source library block, then finally selecting 

the step block. 

Here is how the library browser should look after done this 

 
Fig. 5: Library browser 

Now drag a copy of step block from the browser and 

drop it in the model window. Copy the rest of blocks in the 

similar manner from their respective libraries into the model 

window. You can move a block from one place in the model 

to another by dragging the block. 

With all the blocks copied into the model window, 

the model should look something like this 

 
Fig. 6: Model window with the block 

Now it’s time to connect the blocks. Step output is 

given as an input to the voltage source and is connected. After 

finishing the model should look something like this to save 

this model, choose save from the file menu and enter the file 

name. 

 
Fig. 7: Simulink model for Permanent Magnet DC motor 
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The voltage source consists of a input port, Simulink 

to physical system converter, and a controlled voltage source 

as shown below, 

 
S: provides an input port for a subsystem or model 

for triggered subsystems, ‘Latch input by delaying outside 

signal’ produces the value of the subsystem input at the 

previous time step. 

S-PS: converts the unit less simulink input signal to 

a physical signal. The unit expression in input signal unit 

parameter is associated with the unit less simulink input 

signal and determines the unit assigned to the physical signal. 

Controlled Voltage source: the block represents an 

ideal voltage source that is powerful enough to maintain the 

specified voltage at its output regardless of the current 

passing through. The output voltage is V=Vs, where Vs is the 

numerical value presented at the physical signal port. 

 
1) Variable Reluctance Motor 

When the rotor is midway between stator poles, then it is the 

unaligned state, and flux (pis) is a linear function of current 

(i). When the rotor is aligned with stator poles, then the flux 

is modelled as linear up to current i-s, the current-flux 

relationship is given by  

I= a*psi^2+b*psi+c 

For rotor angle (theta) between the unaligned and 

aligned states the flux is given by: 

psi= lamba*psi_unaligned+(1-lamba)*psi_aligned 

where, lamba= 0.5-0.5*cos(Nr*the3ta) abd Nr is the number 

of rotor poles. 

 
PS-S: converts the input physical signal to a unit less 

‘simulink output signal’. The unit expression in output signal 

unit parameter must match or be commensurate with the unit 

of the physical signal and determines the conversion from the 

physical signal to the unit less Simulink output signal. 

IV. RESULTS 

Simulink results - For two poles for permanent magnet DC 

motor 

 
Fig. 8: Current Vs Time for two pole DC motor 

When voltage is step-up from 0 to 2 the initial 

current will be absorbed by the stator and the current attains 

the stability at 0.02 seconds, this time delay is due to the 

resistance offered by the stator inductance.  

 
Fig. 9: Angle (theta) Vs Time for 2 pole DC motor 

From the graph the angular twist on the rotor is 

fluctuating curve, this fluctuation is due to the initial inertial 

opposing force of the rotor, as the time passes the angular 

thrust force overcomes the resistance of the rotor and the 

curve fluctuation drops over a period of time and stabilises to 

a 95% at around 0.8 seconds to give a constant angular 

rotation. 
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Fig. 10: Flux Vs Time for two pole DC motor 

When the voltage is applied to the stator it gets 

converted into a magnetic flux, the initial magnetic flux will 

not be a constant and it takes time to settle down which is 

because the resistance offered by the air gap (stiffness). At 

0.4 seconds we can see consistent magnetic flux density. 

Simulink results - For four poles for permanent 

magnet DC motor 

 
Fig. 11: Current Vs Time for four pole DC motor 

 
Fig. 12: Angle (theta) Vs Time for 4 pole DC motor 

 
Fig. 13: Flux Vs Time for 4 pole DC motor 

For 4 pole DC motor increase in pole we can see 

smooth curve and the settling time is very less (1%). 

V. CONCLUSION 

From the project we can conclude that the bond graph of DC 

motor is very well developed and when it was converted to 

Simulink, the results obtained were, for two pole dc motor 

when voltage is step-up from 0 to 2 the initial current will be 

absorbed by the stator and the current attains the stability at 

0.02 seconds, this time delay is due to the resistance offered 

by the stator inductance, to the initial inertial opposing force 

of the rotor, as the time passes the angular thrust force 

overcomes the resistance of the rotor and the curve 

fluctuation drops over a period of time and stabilises to a 95% 

at around 0.8 seconds to give a constant angular rotation. For 

4 pole DC motor increase in pole we can see smooth curve 

and the settling time is very less (1%). 
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