ME242 - MECHANICAL ENGINEERING SYSTEMS

LECTURE 25:

e Intermediate Modeling — Simple Circuits 4.1
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INTERMEDIATE MODELING

Start second pass of modeling process

[1Bond graphs with many bonds and junctions
[lInclude multiple transformers and gyrators

[IMore bond graph reduction, model equivalences
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SIMPLE CIRCUITS

Creation of simple multi-element bond graphs
Key Concepts:

[JEach element has two sides

[JElements interconnect by simple junctions
[]Graph simplified by removal of ground
[JRemove two ported multiports

Slight Differences:

[1Electrical and Fluid very similar
[IMechanical slightly different
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ELECTRIC CIRCUITS

Identify all nodes and all elements
(there are two nodes for each element)

1. Represent each electrical junction (node) with a 0 junction

[JRepresent each element with I, R or C
(each element gets a bond to it)

2. Connect each element's bond to a 1 junction

[JConnect each 1 junction to 2 0 junctions

3. Discard all bonds for e =0 (ground) and i =0
4. Eliminate all junctions with only two bonds
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ELECTRIC CIRCUITS

Example: e, R
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ELECTRIC CIRCUITS
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ELECTRIC CIRCUITS

Remove e=0, i =0 bonds
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ELECTRIC CIRCUITS
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Remove 2 ported multiports U
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With practice can draw final graph in one step.
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ELECTRIC CIRCUITS

Identify all nodes and all elements
(there are two nodes for each element)

1. Represent each electrical junction (node) with a 0 junction

[JRepresent each element with I, R or C
(each element gets a bond to it)

2. Connect each element's bond to a 1 junction

[JConnect each 1 junction to 2 0 junctions

3. Discard all bonds for e =0 (ground) and i = 0
4. Eliminate all junctions with only two bonds
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FLUID CIRCUITS

Identify all nodes and all elements
(there are two nodes for each element)

1. Represent each node with a 0 junction 77z

[JRepresent each element with I, R or C|electrical
(each element gets a bond to it) circuits!

2. Connect each element's bond to a 1 junction
[JConnect each 1 junction to 2 0 junctions

3. Discard all bonds for e =0 (ground) and i =0
4. Eliminate all junctions with only two bonds
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FLUID CIRCUITS

____|surge tank
— —~ |area 4
I P, valve

M
motor === pump to load, P,
¢‘ Q—b- Q —_—

Ib:lreservoir f(~ infinite area)
Identify elements and nodes U

i

_— lsurge tank

— —|area 4

" P, walve

motor —3 qump 5 L — :Jto load, P,
J—
P

¢ o=
Mreservmr (~ infinite area)
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Example:

FLUID CIRCUITS

]

_— Isurge tank

— — |area 4

T £, valve

motor —3 qump 5 L — P :Jto load, P,
— —
P

0
4 I‘”‘“iilj]reservoir (~ infinite area)

C R
M P pr r P,
S & T lQp %) LOAD
Or T = displacement per radian
s C=A4/pg

since S,= 0, its bond can be dropped
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MECHANICAL CIRCUITS

Identify all nodes and all elements
(there are two nodes for each element)

1. Represent each mech. junction with a 1 junction
[/Place all I's on 1 junctions

2. Connect each R, C elements on a 0 junction
[JConnect each 0 junction to 2 1 junctions

3. Coalesce bonded junctions of same type

4. AddinS, S, S, as needed.

5. Discard all bonds for e =0 (ground) and f = 0

6. Eliminate all junctions with only two bonds
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MECHANICAL CIRCUITS

Example: R,
F, E £
— m, m, %
L Rg ] (.o’f I_"' X
0l X3 X3

R,
F jm E mL F,
— |m, 2ﬁm%
C,
L R, Y (, L o

X X X3
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MECHANICAL CIRCUITS

R,
FI jm E mL Fz
_'E 1 2ﬁm%
Cz i
L Rg 3 I I_" 4
Xy X Xz

I'sto 1's, C's and R's to 0 and 1's for junctions U

R,
/ -] J.ero =1 \
T‘,’-l\ 1x3 rl xjro x“{r
l ,lhrokflkroxj,—/lr l
1’1 L l« 1'2 CZ
R, G

= (0 — — 0 —
X; X, X3
C

RZ i
Delete bonds for e=0, =0, 2 ported multports, add S's
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