ME242 - MECHANICAL ENGINEERING SYSTEMS

LECTURE 9:

e Causality and Differential Equations 3.4

HOMEWORK 3: Due on 2/11/05

Problem 3.17
Problem 3.18
Problem 3.20
Problem 3.30
Problem 3.32
Problem 3.38
Problem 3.39
Problem 3.40
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DYNAMIC MODELS

Example:  RLC Parallel

S,
Shared Variable? Type of junction? €,
Voltage (effort) 0-Junction
it N
— C 0 I
+
. L 4
Vv L R C
g T _ R
Type of behavior? 5 R = R: I=L

Uncoupled
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Il
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DYNAMIC MODELS

Example: RLC Parallel

Se Se S = l
€ € l
1 1 ‘ o
C 0 Il 0 il Ch— 0 Sl
dt edfo /R
R R R
a- Model b- Causality added c- Annotation causal bonds

de, e p, i—cd | V+ det

g =C—>+-"2+ dt
1 dt R
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DYNAMIC MODELS

Example: RLC Series

Shared Variable? Type of junction? e
Current (flow) 1-Junction 0
A
C< 1 =
/
R

Type of behavior? C= Ca R = R: I=L
Coupled
e =V
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DYNAMIC MODELS
Example: RLC Series

/
C< > C—] A1 o< 1&|1
p, /1
l -[ Rp,/1|p; /1
R R R
a- Model b- Causality added c- Annotation causal bonds
7 =41 1 R
QC ] V_C’LJ‘qVLdt)it—i_VL—i_LJ.VLdt
2
dc | . P V=VC+LCLZC+RC‘WC
80:€+p]+R7 dt dt
i:CdVC :lIVLdt
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DYNAMIC MODELS
Example: Mechanical System I
Shared Variable? Type of junction?
Force (effort) 0-Junction
(< 0 >/
k b
m «—
F
., R
x Y
Type of behavior? 1
Coupled CZ%, R=b, I=m
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DYNAMIC MODELS

Example: Mechanical System I

q./C @

C< 0 > C~— 1 I
| Lo e
R R R
a- Model b- Causality added c- Annotation causal bonds

. _Yc kx  k
Pr=-~ 0=x+—+— | xdt
C b m-f
_ q p
0—‘Jc+R2+71 O:m)'c'+n2kx+kx

DYNAMIC MODELS

Example: Mechanical System II

Shared Variable? Type of junction?
Velocity (flow) 1-Junction

k b
j‘m“_ & ‘:D_E C< 1 -]

| & HEN & I ¢
P A A a4 Fd

Type of behavior? 1

Coupled C:—, sz, I=m
k
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DYNAMIC MODELS

Example: Mechanical System II

9./ C
(< 1 > C— 1 I = | —H1
I 1 p, /1
l -[ Rp,/1|p, /1
R R R
a- Model b- Causality added c- Annotation causal bonds
g. =1
c=
1

[0 = kx + mi + bx]

dc | . P
O=""+p,+R—
c PR
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DYNAMIC MODELS

Example:  Fluid System Sf
Shared Variable? Type of junction? q
Pressure (effort) 0-Junction A 0
tank area: 10 in> pg=62.4 lb/ft’ C< 0 =1
p=2x10° 1b-s/in’
= 0.20 in.,
0 f /
; |-——40 in.——"l R
A 8 L
c= A r=SH Pk
Type of behavior? Prg 2 2
Coupled g, = 0
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DYNAMIC MODELS

Examples: Fluid System

S S

) e !
4o 4o -[%
G o, I C | o' 7! < C
4./ Clqc/ RC
/ A
R R R
a- Model b- Causality added c- Annotation causal bonds
: dc
= V+—|Vdt
C 0= dt RC IC-[
qc p, . dWV 1 dr 1
4, =qc+ O=—7+ o
RC I dt- RC dt IC
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