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Performance Aalysis of RLC Series Circuit and
DC Machine using Bond Graph Theory

M Nalini Devi

Abstract— This paper presents the Bond Graph formalism for
modeling of electrical systems. Eelectrical models like seriesRLC
circuit and DC machine are modeled by this approach for the
analysis of their physical behavior. System equations are
generated by using a step-by-step procedure from a bond graph
diagram. Theoretical valuation is validated through the
numerical simulation studies. MATLAB/SIMULINK software
package is employed for simulation and corresponding results
have been carried out.
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Fig.1 R-bond
L-Element:
The inertia L-element expresses all effects coitgiaffort

MA%EXB/S{II\—/IG{JTFJN_P?OM graph,  effort —and  flow,  gnd flow variables. It provides storage for powettincludes
inductance and inertia.
I. INTRODUCTION e . p—
Bond graphs are a domain-independent graphical 4B‘ L t

description of dynamic behavior of physical systeimd 959,
Prof. H.M. Paynter invented the idea of portraysggtems in
terms of power bonds, connecting the elementseopktysical
system to the junction structures. This power emgba
portray of a system is called Bond Graph which lsarboth

power and information oriented. The idea was furthe

developed by Karnopp and Rosenberg such that It doe
used in practice. [1]

By this approach, a physical system can beesgmted by
symbols and lines, identifying the power flow pathide
lumped parameter elements of resistance, capaeitand
inductance are interconnected in an energy comsgway by
bonds and junctions resulting in a network struetlihe flow
of energy between two elements (and thus a borawiays
characterized by two generalized conjugated vaziabl
(effort) and f (flow), of which the product is pone. [2-4]

P=ef
In this technique, power flow is represented byald hond.
Every bond is associated with two variables, eféord flow
and the causality indication.

Il. BOND GRAPH STANDARD ELEMENTS

A. Basic 1-Port Elements

A 1-port element is addressed through a singlespqort,
and at the port a single pair of effort and flowighles exists.
Ports are classified as passive ports and activis.pdhe
passive ports are idealized elements because timgic no
power sources. The inductor, capacitor, and resiate
classified as passive elements. [5]

R-Element:

The R-element is expressed as generalized friciiooh
contains effort and flow variables. It controlsgifgtion of

Revised Version Manuscript Received on October 12015.

— f

—1.4df (¢
£ J ety ar «-14 (D).

Fig.2 L-bond
C-Element:
The capacitance C-element expresses all effectaioomg
effort and flow variables. It provides storage foower
including condensers, springs and accumulators.
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Fig.3 C-bond

Effort & Flow Sources:

The active ports are those, which give reactiorthi®
source.
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Fig.4 SE & SF-bonds

B. Basic 2-Port Elements:

There are only two kinds of two port elements, ngme
Transformer and Gyrator. The bond graph symbolshfese
elements are TF and GY, respectively. As the namggests,
two bonds are attached to these elements. [5]

TF-Element:

The transformer element can work in two ways; eiihe
transforms a flow into another flow or it transfarmn effort
into another effort. ‘m’ is the transformation rati
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GY-Element:
The gyrator can work in two ways; either it tramsfe a € f3
flow into an effort or it transforms an effort intoflow. ‘r’ is ELEMENT
the gyrator ratio.
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Fig.6 GY-bond y "~
C. Multi-Port Elements: 3
These include O-junction and 1-junction. [4] es|k3
1-Junction: ELEMENT

The flows on the bonds attached to a 1-junctioneaysal
and the algebraic sum of the efforts is zero. Fenies

: O el -e,f+esfi-e,0,=0
connections 1-junctions are used.

ELEMENT Fig.8 0-Junction
¢ f
lll.  RLC SERIES CIRCUIT AND DC M ACHINE

e 4 2 e The R-L-C series circuit with a DC-voltage sourgsliown
ELEMENT —— 1 = — FLEMENT in Fig 9. Its bond graph model is shown in Fig.5everal
q 3 fl software packages have been developed for simglatia
dynamic system behavior which allows processingesiilts

¢y f3 in both time and frequency domains.
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Fig.7 1-Junction 4 Te‘t
0-Junction:
The efforts on the bonds attached to a O-junctreregual c
and the_ algeb_ra|c sum of the flows is zero. Foralbelr ©3201-02-04
connections O-junctions are used.
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Fig 10. RLC Bond Graph
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Modeling of DC Motor:

Capacitor Voltage (V)
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Fig 11. DC Machine

Fig.13.C itor Volt
A. Classical Approach: 9 apactior Votage

From the applied voltage and torque, the armatureent
and motor speed are given as follows

2.5

Vo =R+LIvE T2 Mipy ,
dt dt
:Ri+Lﬂ+K¢,a) Kwi:Jd—W+ba) |
dt dt

Inductor Current (A)

i :%(J-(\/appl _Ri_K,/,a))

a)=%( (K, i _bw)

B. Bond Graph Approach: A — P R FE— . 5
Fig.11 shows separately excited DC motor, whidiaken Time(sec) < 10°
as an example of multi-domain system. The loadtational Fig.14. Inductor Current
which can be considered as a disc. Its bond grapdhetris
shown in Fig.12. The ratings of the DC motor are Rated voltage = ¥60
Rated current = 690 A, Rated power = 300 kW, Based =
L L 500 rpm = 52.4 rad/s, Full load torque = 5730 Nrophént of
inertia = 84 kg m2 = 824 NmBack emf constant = 8.5
2 5 Vs/rad, Armature resistance = 0.02347Jand Armature
8 inductance= 0.7026 mH.
| 5
SE '\I 1I NN oy ’\{ 1 |<l SE The plots for armature current and motor speed Gf D
4 . machine by classical approach are shown in Figl&.5-
3
300+ =
R R
Fig 12. DC Machine Bond Graph 250 ]
IV. RESULTS AND DISCUSSIKONS E 200f i}
For RLC Series Circuit, the value of Ris 2 ohnisl mH 8
and C is 100nF. The DC voltage source is of value 10 V. The @ 1
plots for transient response of capacitor voltage iaductor 2
current are shown in Fig.13-14. loor 7
50+ B
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Fig.15. Motor Speed of DC Motor with classical
Approach
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Fig.16. Armature Current with classical Approach
The plots for armature current and motor speed 6f D
machine by Bond Graph approach are shown in Fig.8L7
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Fig.17. Motor Speed of DC Motor with Bond Graph
Approach
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Fig.18. Armature Current with Bond Graph Approach

V. CONCLUSION

The number of computations is reduced by this aggro
once the bond graph is developed for any electeigaivalent
circuit. MATLAB/SIMULINK is used for the present wk
where the bond graph models are implemented ifotine of
causality arguments and state-space equations. FEnem
results, it is observed that the motor speed amndhiare
current of DC machine obtained are almost idenfmaboth
classical and bond graph approach with less nunaer
computations in bond graph approach.
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