ME242 - MECHANICAL ENGINEERING SYSTEMS

LECTURE 6:

e Junctions 3.3

HOMEWORK 2: Due on 2/4/05

e Problem 3.1
e Problem 3.4
e Problem 3.9
e Problem 3.11
e Problem 3.14
e Problem 3.15
e Problem 3.16
e Problem 3.29
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JUNCTIONS
Elements introduced so far - ONE PORT
S,S.,S,,R,C,I
At termination (beginning or end)
JUNCTIONS: e Branching
e Constraints
POWER CONSTRAINT: The junction e, f2
is IDEAL, neither storing, creating,
nor dissipating energy e,

€5
ZP:O:ZPM :Zpout fl ..f3

e, lfn
efitef,=ef;++te,f,
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JUNCTIONS: TYPES

&\ f ez\fz
e, o &
R A AN A e
enuﬁ'. enuﬁ'.

/
1- junction 0 - junction

The flows on all bonds are equal

The efforts on all bonds are equal

ME?242 - Spring 2005 - Eugenio Schuster 89

JUNCTIONS: 1-JUNCTION

COMMON FLOW CONSTRAINT:

hi=fi=fi==ti=f —

POWER CONSTRAINT:

efitef,=ef;+te,f,

Then, we have

Zein = Zeout
or
Ze:O

The common flow - sum of effort junction
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e+e, =e+-+e =
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JUNCTIONS: 1-JUNCTION

A 1-junction equivalence:

N
€y
€ €3 €s €y €5
> lq ~ 1 - > ~ 1 -
v

Two junctions of the SAME type connected by a bond can be
collapsed into a single junction, with the bond vanishing
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JUNCTIONS: 0-JUNCTION

COMMON EFFORT CONSTRAINT: f2
y
81262263:"':en:e 60
7, 7,
POWER CONSTRAINT: .t
S
y

efitef,=ef;+te,f,

Then, we have

2 S =2 S
L+h=hL++f = or

> /=0

The common effort — sum of flow junction

ME242 - Spring 2005 - Eugenio Schuster 92




JUNCTIONS: 0-JUNCTION

A 0-junction equivalence:

N
4
e [ e
0
T 00— —> — %,
q dy q
1

Two junctions of the SAME type connected by a bond can be
collapsed into a single junction, with the bond vanishing
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1-JUNCTION: MECHANICAL EXAMPLE 1

Push-rods:
F
5 Fa i1
F—s —
" Fb X L'p
X

common flow?

—
ZPMZZPOW :> EXZF;.X‘FF;X
<

Z ein — Z eout
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1-JUNCTION: MECHANICAL EXAMPLE 2

o«
R——
N m, , common flow? —> x
4
T—
Yeor oo b
I: I,=m; L=m, {

c I=I, +1,
E 7 > L 1 ——c

i\f X

C=1/k; R=b

-

4
R
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1-JUNCTION: MECHANICAL EXAMPLE 3

I F,
H:IRG
3 ‘ T
3&

common flow? —> x

Y=, = F=F+F,+F

force

AR
T

=R X+Rx+Rx=Rx

-
P
2,3 F=F4F,+F "
e i -
\ o -

_.F :> R= Ra + Rb + Rc
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1-JUNCTION: MECHANICAL EXAMPLE 4

C C, =1/k
g

-1 —C, C,=1/k,

x\ C3

C,=1/k,

~
;%\%\\\

common flow? —> X
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1-JUNCTION: MECHANICAL EXAMPLE 5

common flow?

4,

-<:| .
T

)

]

T )
(same) ] M, BELT M,  COMBINED

OSW @ MOTOR—G5 bRV 4,  LOAD
0 1 L 1 J

0 50 100 150 . 200 250

@,, rad/s
....... - P LUV - LugY ouiusi 98




1-JUNCTION: ELECTRICAL EXAMPLE

Common Flow = Common Current = Series Interconnection

Z, Z, Z;
Z, Z, Z;
1 = | | e |
| I | I > 1 > | > 7, = 1 -7
Z, L
Z

“The sum of the voltage drops (efforts) around a loop or mesh equals zero”
Z. =R =>R=R +R,+R,
Z. =L =>L=L+L,+L,
1 1 1 1

Z=C=>—=—+—+—
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1-JUNCTION: FLUID EXAMPLE

P P F, 0
i 2o hydraulic |—=
pump P i
T e Lo R
VALVE P=P+P +P
k \% m r
y 2
2 P
PUMP - 1 0 ~—— MOTOR
o
y
RESERVOIR
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1-JUNCTION: SIMPLE IRC MODELS

T

-
L
. :-41;_;1,.4,
| — | C=4./pz
F L | - !
—
¢

A, R=8ul/mr]

!
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0-JUNCTION: MECHANICAL EXAMPLE 1

F—FL HL HL II—-L:—F

Xy X2 Xz Xq

common effort? —> F

R,

ME242 - Spring 2005 - Eugenio Schuster 102




0-JUNCTION: MECHANICAL EXAMPLE 1

ateach F

1 1 1
R R, R

1
R

conductance=1/resistance
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0-JUNCTION: MECHANICAL EXAMPLE 2

M
F— MR- —F o mae
L"if L’i2 M Gb; Q-bz
(a) translational spring (b) rotary spring
e e - e
q,” 0 g q," . q, <
4-9; lé‘rU
C C

(c) bond graph (d) right side immobilized
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0-JUNCTION: ELECTRICAL EXAMPLE 1

Common Effort = Common Voltage = Parallel Interconnection

l‘.—b 12—- 1?—;- —

i,

eT Z, Z, Z, Te
] ] ]

Z,

r 3
—"0 / -
L l Ly

Z, Z,

e S | — 3 —>

“The sum of the currents (flows) entering a node equals zero”
1

Z,=R, = —71—+—+1—

R R, R, R,

Z,=L = ]—71—+1—+1—

L L, L, L,
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0-JUNCTION: FLUID EXAMPLE
P
— — m—
u QZ u Qj' IhJ Q-J RI

h R;

fluid orifices / :
P P
Qz'([ Qg’([ o = 50

-\—CJ

=

R, R

G
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0-JUNCTION: SIMPLE IRC MODELS

F k b F=rm
m—H | g,
i 7T C=1/k

'

s

l

3|‘H]]’EJUH plug Ay

&
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