Bond Graphs (Paynter)

¢ domain-independent, graphical description
multi-domain: electric,mechanica(translationalyotational),hydraulic,
thermodynamic

e dynamic behaiour of physical systems

¢ basisof power bond: enegy andenergy exchange, analogy
e non-causal — re-use of Bond Graphmodels

e hierarchy, shavs physicalstructure

e causality assignment> equations

e systematigrocedure: physicalsystem— equations
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Electrical Example: RLC circuit
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Equations
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Bond Graph, electrical symbols
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Bond Graph, standard
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Mechanical Example: Mass Spring
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Equations
P=Fy (P=Tw)
Fy=av
1
F S = K S vdt = — vdt
Cs
dv 1
F,,=m—orv=— | F,dt
dt m
F, = force
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Bond Graph, mechanical symbols
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Bond Graph, standard
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Power (e, f) and Energy (p, q) variables

Effort Flow Momentum Displacement
p q

Electrical Voltage Current Flux Chage

u [V] i [A] [V s] q[As]
Translational Force Velocity Momentum Displacement

F [N] v[ms1] Z [N s] x [m]
Rotational Torque AngularVelocity — Twist Angle

T [N m] w [rads—1] TINms] ¢ [rad]
Hydraulic Pressure VolumeFlow Pressurédlomentum  Volume

p[Nm=2]  g[m?s™] TINm=2s] V [m?]
Thermodyn. Temperature Entropy Flow — Entropy

T [K] 45 (W K—1] STIK—1]
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Physical Analogy

"across" "through”
P f ——
N reservoir reservoir
dissipation of potential of flux
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Bond Graph Foundations

Network-like descriptionof physical systems:
e conservation of energy

e lumped, idealizedphysicalconcepts
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Bonds and Ports

bond

element element

Ports
Two interpretations:
1. Interactionof Enegy. (for physicalreasoning)

2. Bilateralsignalflow. Signals:effort andflow.
(to derive a simulationmodel)
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Signal Direction (causality)

Ty () () T
I I
e e
f f

elenentl.e := elenent2.e elenent2.e := elenentl. e
element2.f := elenentl.f elementl.f := elenent2.f
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C-type Storage Elements
Domain specific Bond-graph Equations Block diagram
symbols element expansion
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I-type Storage Elements

Domain specific Bond-graph Equations Block diagram
symbols element expansion
_AYYY
Inductor e
N o | —
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p=[edr+ p(o) 1] f
Mass T —
Inertance

d
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dI 1
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=F y U= —DP
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Domain-specific Bond-graph element Equations Block diagram
symbols expansion
—1
Resistor . e R 4>e
RiR e=Rf
~ g% s }|r> f
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Friction Damper e
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¢ . e = —e¢
BEoTe T Tk e,
~
Friction Damper
e=r(f)
u= Ri
F = Rv
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Sources

Domain specific Bond-graph
symbols element

Voltage source

e :S“%'

F T

Force source Torque source

@ e
Curent source f:s |ﬁ
v [ ’ ! f

Velocity source  Angular velocity
source

Equations Block diagram
expansion

F=f P
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Signal Power
o —— M3e Ugen ———— Voltage pulse
Pulse
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Transformers

Domain-specific Bond-graph Equations Block-diagram
Symbols element expansion
| e e e, e,
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Domain-specific Bond-graph Equations Block-diagram
symbols element expansion
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Junctions: 0

Domain-specific Bond-graph Equations Block-diagram
symbols element expansion
i‘ i3 e ez 61 = e:(
770N ¢ e =e
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Domain-specific Bond-graph element Equations Block diagram
symbols expansion
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Simplifications
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Remarks
e Positve orientation(enegy flow)
— positive (physical) parameters
e Duality (potential/kinetic glectrical/magnetic)
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Systematic Procedure

N o g & w N oRF
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Oel_e2=elz 1V1_VZ=V\2
0 —>1——>0 1 ——>0——>1
e e \4 4
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Multi-domain example

Mains

M otor

Cable drum

Loadd
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IPM with references

——
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IPM with voltages, velocities, ...
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O-junctions
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1-junctions (differences)
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Complete Bond Graph
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Causal Bond Graph
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Block Diagram
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Block Diagram
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