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Abstract 

Modelling of switched-n1ode power electronic systems using bondgraph is difficult because of lack of switch element 
in the bond graph. To overcon1e this problem, we propose the concept of switched junctions. Here, the dominant junc­
tion variable is switched to en1ulate the practical switch. A few switched-mode power converters are modelled and 
sin1ulated to demonstrate the efficacy of using the switched junctions. 
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I. Introduction 

Bondgraph is a system modelling technique. It bas been used extensively in n1odelling inter­
connected interacting physical systems. 1

-
3 Bondgraphs not only allow the modelling of systems 

for analysis and simulation, but also are a powerful tool for automatic computer program1ning. 
Bondgraphs were invented by Henry Paynter to overcome the inherent drawbacks of block 
diagratns for servo controls and simulation problems. They consider both energy and signal 
exchanges between the components of a system. For systems where power and efficiency play 
a major role, bondgraph modelling tnethod is very convenient. 

Bondgraphs have been used prhnarily for modelling dynamical systems where there is con­
tinuous energy or power flow through all the components of the system. They do not inher­
ently support modelling of switched power systems like switched-mode power converters and 
inverters. To overcotne this problem, two approaches have generally been used: (i) macro­
modelling the power switches using inductances, capacitances and resistances;4 and (ii) using 
modulated transformers and gyrators with modulation index being either 1 or 0, depending on 
the state of the power switch.5 The first approach poses no problem in modelling power elec­
tronic systems wherein the components are operating in the linear region. However, for 
switched power electronic systems, the time constants of the macrotnodels of the power switch 
will be in the order of JlS and the simulation time will be in the order of seconds. This will 
make the system a very stiff one and lead to simulations which may take days to finish. In the 
second approach, wherein modulated transfor1uers or gyrators may be used to represent power 
switches, the very nature of the effort-flow relationship may get altered. This approach con­
trols either the effort or the flow of the power switch. As a consequence, the model is not a 
correct representation of the physical system in most cases. 
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In order to overcome the above-stated problen1s, this paper proposes an extension to the 
conventional bond graph junction. In this paper, the concept of a switched junction is proposed 
which is a generalization of the conventional bondgraph junction. Section 2 lays the foundation 
for the concept of switched junctions. Section 3 elucidates the application of switched junc­
tions to modelling of switched-tnode po\ver converters. 

2. Switched junctions 

The 0~ and 1-junctions are the multiports used in bondgraph. They are defined according to 
Tho1na 1, and Karnopp and Rosenberg3

. The 0-junction is defined as 

I, fk == 0, where fk is the t1ow in the kth bond of the 0-junction, and 
k 

ek == e0j, V k, where eoj is the 0-junction effort. (def. 1) 

There is only one t1ow causal bond at the junction which will determine the junction effort, eoj· 
The 1-j unction is defined as 

I.ek = 0, \Vhere ek is the effo11 in the kth bond of the 1-junction, and 
k 

!k === iiJ, \;/ k, \Vhere fiJ is the 1-junction flo\V. (de f. 2) 

There is only one effort causal bond at the junction \Vhich \vill detennine the junction flow "'iii· 
The 0- and 1-junctions, as defined by def. 1 and def. 2, respectively, are for continuous 

po~'er flow through the systen1. To handle switched power t1ow through the systen1, def. 1 and 
def. 2 are extended to the S\Vitched junctions. The s1vitched O-J unction is defined as 

2, j~ == 0, \Vhere.fk is the flow in the kth b011d of the 0-junction, and 
k 

ek-=- ecy, Vk, \Vhere e01 is the 0-junction effort. 

If ei and~{; are the effort and t1ow, respectively, of the ith t1ow causal bond of the switched 0-
junction and u1 is the causal switch of the ith tlow causal bond, then 

e, 

· ... ] . 
e. 

l 

0 i;t:.n 
u.·u- . ,and 

I rJ 1 z = n 

(def. 3) 

Note that def. 3 reduces to def. 1 when there is only one flow causal bond at the 0-junction. 

The S}VitcJzed l-junction is defined as 

2: ek == 0, where ek is the effort in the kth bond of the 0-junction, and 
k 
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FIG. 1. Buck conve1ter. FIG. 2. Bondgraph 1nodel for buck converter. 

fk = Ji1, V k, where j,1 is the 1-junction flow. 

If ei andfj are the effort and ±low, respectively, of the ith effort causal bond of the switched 1-
junction and ui is the causal switch of the ith effort causal bond, then 

u. ·u 
I II 

0 i :1:. n 
, and 

1 i = n 

(def. 4) 

Note that def. 4 reduces to def. 2 when there is only one effort causal bond at the 1-junction. 

3. Application of switched juitctions in switched-mode power converters 

The concept of switched junctions explicated in Section 2 is applied for the switched-mode 
power converters in this section. The bondgraph models for the buck, boost, buck-boost and 
the full-bridge converter configuration are illustrated in Fig. 1 through 8. Figure 1 shows the 
buck converter configuration. The corresponding bondgraph n1odel is shown in Fig. 2. The 0 1

-

junction is a switched junction. Its effort is given according to def. 3 as 

em = uj · ~~, uJ [~] u; = u1 during DT and u; = u2 during (1 - D)T, (I) 

where D is the duty cycle and T the switching period of the switch. Therefore, during the 
period DT., the 0 1-junction effort is Yin and is 0 during ( 1 - D)T. The flow in the bonds attached 
to 01-junction is detern1ined by the 12 -junction. The remaining portion of the bondgraph has 
conventional meaning as given in Thoma, 1 and Kamopp and Rosenberg? 

Figure 3 shows the boost converter and the corresponding bondgraph model is shown in 
Fig. 4. The 02 -junction is a switched junction. Its effort is given according to de f. 3 as 
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FIG. 3. Boost converter. FIG. 4. Bondgraph n1odel for boost converter. 

e02 = u, · [u1 uJ [ ~J u; = u1 during DT and u; = u2 during (l - D)T. (2) 

During the period DT, the 02-junction effort is 0 and dtuing ( 1 - D)T, it is V0• The flow in the 
bonds attached to 02-junction is detennined by the 11-junction. The ren1aining portion of the 
bond graph has conventional n1eaning as given in Thoma, 1 and Karnopp and Rosenberg? 

Figure 5 sho\vs the buck-boost converter and the coJTesponding bondgraph model is shown 
in Fig. 6. The 0 1-junction is a S\vitched junction. Its effort is given according to de f. 3 as 

e01 = u, · [u1 uJ [ ~~,] u; = u1 during DT and u; = u2 during (1 - D)T. (3) 

During the period DT, the 0 1-junction effort is Vin and during ( 1 - D)T, it is - V0 . The tlow in 
the bonds attached to 0 1-juncticn is detennined by the inductor L. The re1naining portion of the 
bondgraph has conventional ITieaning as given in Thozna~ 1 and l(arnopp and Rosenberg.3 

Figure 7 sho\vs the full-bridge converter and its corresponding bondgraph n1odel is shown 
in Fig. 8. The 02

- and 03-junctions are S\Vitched junctions. Their efforts are given according to 
def. 3 as 

e02 == u, · &1 1 uJ [~;·] u; == u1 during DT and u; = 112 during (1-D)T. (4) 

e(13 == ui · [ur ll 2 ]. [:] ui = u 1 during DT and u1 = u2 during (1 - D)T. 
'HI 

(5) 

Vin(u1}.._1 Oll e02(~) 1111.. 02 

_rL -V~ 
L c R 

FIG. 5. Buck-boost converter. FIG. 6. Bondgraph model for buck-boost converter. 
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FIG. 7. Full-bridge converter. FIG. 8. Bondgraph model for full-bridge converter. 

Equation~ ( 4) and (5) define the efforts at the two switched junctions. The tlow in the bonds 
attached to switched junctions is detertnined by the 14-junction. 

4. Simulation results , 

The circuits discussed in the previous sections have been tnodelled in bondgraph and sitnulated 
in the MATLAB/SIMULINK environn1ent. A bondgraph toolbox has been developed which 
is used for simulation of all bondgraph-modelled systems. Figure 9(a) shows the bondgraph 
n1odel of the buck converter and Fig. 9(b) the waveforms probed at the output which show 
the output voltage and the capacitor current. In Fig. 9(a), the Os represents the switched junc­
tion. The input voltage applied is 10 V and a duty ratio of 50% is used. The output voltage is 

Pulse 
Generator 

ic 

Vln=10V 
0=0.5 

........... ~ ... ,....,..........,.-... ..... .,.. .......... _.,. .......... --... .,./ ~,---.'",""'-..._ .. ~""-..- .... ~,.........._·-r"""' .... ,"' 

i ~1 ~__,_ _ _.___.. _ _.__...___..._~_._______. _ _.._____, 
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NON-ISOLATED SUCK CONVERTER 
sees 

(a) (b) 
Fro. 9(a). Bondgraph model of buck converter and (b) simulation results of output voltage and capacitor current. 
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seen to settle to 5 V. Both the transient and steady-state responses are as per theoretical calcu­
lations. 

5. Conclusion 

Modelling switched-mode power electronic systems using bondgraph poses difficulties. This is 
because there is no switch element in bondgraph. To overcome this problem, either macro­
models of povver switches or power switches represented by modulated bondgraph eletnents 
are used. The forn1er n1ethod leads to very stiff systems and the latter switches either the flow 
or effort variable losing control on the other variable. To overcome the probletn of modelling 
switched systems, this paper proposes the concept of switched junctions. This proposal is a 
generalization of the existing definition of bond graph junctions. With this extension, the bond­
graph n1odelling capabilities are extended even to switched power electronic systems. These 
extended bondgraph modelling capabilities are demonstrated on a few switched power con­
verter configurations. 
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