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Chapter 1

Bounce

1.1 Bounce_abg.tex
MTT command:

ntt Bounce abg tex

[:ball_mass

Ball

1Y
R:air_resistance 1 SS:gravity

\

0 Ground

| ¥V

L_v
CSW:ground

Figure 1.1: System Bounce: acausal bond graph
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The acausal bond graph of system Bounce, togehter with a schematic diagram
is displayed in Figure [L.T] (on page @) and its label file is listed in Section [L.1.T]
(on page [IQ). The subsystems are listed in Section (on page [I7)).

The model uses the CSW switched C element to simulate contact with the
ground. The corresponding switching function (See Section [L5)), is based on the
height above the ground h as follows:

. 0 ifh>0
_ 11
'sw {—1 ith<0 (1.1)

In other words, the component acts as an ideal spring when the ball is in con-
tact with the ground yet has no effect when the ball is not in contact with the
ground.

The ball is modelled as a point mass (the I component) and a linear resistance
to motion (the (the R component).

The system was simulated for 100 time units and the resultant height is plotted
in Figure .4 The ball was released at zero velocity from a height of ten units.
The bounce height decreases due to the effect of the modelled air resistance.

1.1.1 Summary information

System Bounce::Bouncing ball example (hybrid) jDetailed description here;,

Interface information:

This component has no ALIAS declarations

Variable declarations:

This component has no PAR declarations

Units declarations:

This component has no UNITs declarations

The label file: Bounce_Ibl.txt

¥SUMVARY Bounce: Bouncing ball exanple (hybrid)
YOESCRI PTI ON <Det ai | ed descri ption here>
%06 Label file for system Bounce (Bounce_l bl .txt)
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% 9 V2, .
% %% Ver si on co
% 9 VIV L e
% %% $1 d: Bounce | bl.txt,v
% %% $Log: Bounce_l bl .txt,v $

% %06 Revision 1.2 2001/10/05 11:24:30 gaw hrop
% %06 Updated for new ntt features - input.txt etc
% 9%

% %% Revision 1.1 1997/09/11 09:54:22 peterg

% %o Initial revision

% %%

% 0

%% Each |ine should be of one of the follow ng fornmns:
% a comment (ie starting with %

% Conponent - nane CR_nane argl, arg2,..argn

% bl ank

% Conponent type | NTF
I ntf

% Conponent type CSW
ground lin state, k g

% Conponent type |
ball _mass lin flow m

% Conponent type R
air_resistance lin flow,r

% Conponent type SS

gravity SS external,internal
X SS external,O

1.1.2 Subsystems

e CSW: Switched C component (1) No subsystems.
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e INTF: flow integrator (1) No subsystems.

1.1.3 CSW

CMTT_SWITCH
A

SS[in]

Figure 1.2: System CSW: acausal bond graph

The acausal bond graph of system CSW is displayed in Figure (on page
B2) and its label file is listed in Section (on page B1)). The subsystems are
listed in Section (on page 44).

Summary information

System CSW::Switched C component CSW acts as an C component except
when the -s -c option is used. When the -s -c option is used: The component label
is used as a variable name (eg Name) In the ode simulation: Name = 1 implies
normal C (closed switch) Name = 0 implies state=0 (open switch) Name = -1
implies state;0 (Diode)

Interface information:

Parameter $1 represents actual parameter effort,c_s

Parameter $1 represents actual parameter lin

Port out represents actual port in
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Variable declarations:

This component has no PAR declarations

Units declarations:

This component has no UNITs declarations

The label file: CSW_Ibl.txt

YBSUMMARY CSW Switched C conponent

UDESCRI PTI ON CSW acts as an C conponent except when the -s -c option is
UOESCRI PTI ON When the -s -c option is used:

YOESCRI PTION  The conponent | abel is used as a variable nane (eg Nane)
YOESCRI PTION I n the ode sinulation:

UOESCRI PTI ON Name = 1 inplies normal C (cl osed switch)
UOESCRI PTI ON Name = O inplies state=0 (open sw tch)
UOESCRI PTI ON Name = -1 inplies state>0 (D ode)

%ALI AS out in
%ALI AS $1 lin
%ALI AS $1 effort,c_s

%0 Label file for system CSW (CSW.I bl .t xt)

% [0) 8848 888888888848
% %% Versi on control history
% 5 i. 70 l. l. l. l. l. t. t. t. t. t. t. t. i. i. i. !. !.!. ..i. Q i. i. i. i.i. l. l.
% 9% $I d: CSWIbI txt,v 1.3 1998/ 07/26 13:30:33 peterg Exp $

% %6 $Log: CSWIbl.txt,v $

% %% Revision 1.3 1998/07/26 13:30:33 peterg
% %06 Added al i ases

% %%

% %6 Revision 1.2 1997/09/11 09: 00: 52 peterg
% %% Mor e docunent ati on.

% %%

% %6 Revision 1.1 1997/06/16 10:55:20 peterg
% %o Initial revision

% %%

% %% Revision 1.1 1997/06/03 15:26:09 peterg
% %0 Initial revision

% %%
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%% Each line should be of one of the follow ng forns:
% a comment (ie starting with %

% Conponent - nane CR _nane argl, arg2,..argn

% bl ank

% Conponent type C
MIT_ SWTCH lin effort,c_s

% Conponent type SS
[in] SS external, external

Subsystems

No subsystems.

1.14 INTF

|

SS:[Flow] AF

AE SS.[Integrated flow]

Figure 1.3: System INTF: acausal bond graph

The acausal bond graph of system INTF is displayed in Figure (on page
[Z9) and its label file is listed in Section Z1.4 (on page Z9). The subsystems are
listed in Section 2Z1.4] (on page [30).

INTF is a two-port component where the effort on port [out] is the integral of
the flow on port [in].
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Summary information

System INTF::flow integrator Port [in]: Flow to be integrated Port [out]: Ef-
fort = integral of flow on port [in]

Interface information:
Port in represents actual port Flow

Port out represents actual port Integrated_flow

Variable declarations:

This component has no PAR declarations

Units declarations:

This component has no UNITs declarations

The label file;: INTF_Ibl.txt

%% Label file for system |INTF (INTF_Ibl.txt)

YBSUMMARY | NTF: flow integrator

YOESCRI PTION Port [in]: Flowto be integrated

YOESCRI PTI ON Port [out]: Effort = integral of flow on port [in]

% %% Ver si on control history
%0 Y8 5 VU LLLL, v YO AEA VLA L DAL L VA ALLL, ALY
% %6 $1d: INTF_Ibl.txt,v 1.3 1998/ 07/16 07:35:10 peterg Exp $

% %% $Log: INTF_Ibl.txt,v $

% %6 Revision 1.3 1998/07/16 07:35:10 peterg
% %% Al i ased version

% %%

% Port aliases
9%ALI AS in Fl ow
%ALI AS out Integrated flow
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% Argunent al i ases

%0 Each line should be of one of the follow ng forns:

% a comment (ie starting with %

% conponent - nane cr_nane argl,arg2,..argn
% bl ank

% ---- Conponent |abels ----

% Conponent type SS
[ Fl ow] SS external, external
[Integrated flow] SS external, external

Subsystems

No subsystems.

1.2 Bounce struc.tex
MTT command:

nt Bounce struc tex

List of inputs for system Bounce
Component | System Repetition
1 | gravity Bounce__gravity | 1

List of outputs for system Bounce
Component | System Repetition
1(x Bounce_x | 1

List of states for system Bounce
Component System Repetition
1| mttC Bounce__intf_mttC 1
2 | MTT_SWITCH | Bounce__ground__MTT_SWITCH | 1
3 | ball_mass Bounce__ball_mass 1
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1.3 Bounce odetex

MTT command:

nt Bounce ode tex

.
X1 = m
. (=X3)
X2 = m (1.2)
%o — (Kgmxo — muy — Xar)
m
yi=Xxi (1.3)

1.4 Bouncesimpar.txt

MTT command:

ntt Bounce sinpar txt

# Sinul ation paraneters for system Bounce (Bounce_sinpar.txt)

# Cenerated by MIT on Sat Jul 25 15:57:56 BST 1998.

HEH B HHHEH A R R R R R R R R R R R R R R R
## Version control history

HEHAH AR HHH A AR A AR A R R AR H R AR AR AR AR R AR R AR R
## $1d: Bounce_sinpar.txt,v 1.2 2000/12/28 17:45:24 peterg Exp $
## $Log: Bounce_sinpar.txt,v $

## Revision 1.2 2000/12/28 17:45:24 peterg

## To RCS

##

## Revision 1.1 1998/10/01 19:21:04 peterg

## Initial revision

##

HEHAH R B A A R R R R R R R R R R R R R R
FI RST=0. 0;

LAST=10. O;

DT=0. 02;

STEPFACTOR=1;
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1.5 Bounce.input.txt

MTT command:

ntt Bounce input txt

Nunerical paranmeter file (Bounce_input.txt)
Generated by MIT at Wed Jul 2 10:47:49 BST 1997

H*

%% Revision 1.5 2003/06/11 15:58:14 gaw hrop
%% Updat ed exanples for |atest MIT.

EL%

%0 Revision 1.4 2001/10/05 11:24:29 gaw hrop
%0 Updated for new ntt features - input.txt etc
9

%% Revision 1.3 2000/05/18 11:30:14 peterg
%% Moved switch logic to |ogic.txt

9

%0 Revision 1.2 1998/10/01 19:20:33 peterg
%% Cahged switch function

W

%0 Revision 1.1 1998/07/25 18:35:02 peterg
Wolnitial revision

HFHEHFTHFHFHFHFHFHFHHFHHHHHHHHHEHR

# Set the inputs
## Renmoved by MIT on Fri Oct 5 10:37:56 BST 2001: nttu(l) = 9.81;

## Renoved by MIT on Tue Jun 10 10:22: 08 BST 2003: bounce_gravity
= 9.81; # Added by MIT on Fri COct 05 10:37:59 BST 2001
bounce__gravity = 9. 81;
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1.6 Bounce.logic.txt
MTT command:

ntt Bounce |ogic txt

# -*-octave-*- Put Emacs into octave-node

# Sinul ation paraneters for system Bounce (Bounce_| ogic.txt)

# Cenerated by MIT on Thu May 18 12:29: 15 BST 2000.

HEHHH AR HHH A AR A AR A R R AR AR AR AR AR R AR R AR R
## Version control history

HEHBHHHH AR AR R R R R R R R R R R R R R
## $1d: Bounce logic.txt,v 1.4 2003/06/11 15:58: 24 gawt hrop Exp $
## $Log: Bounce_logic.txt,v $

## Revision 1.4 2003/06/11 15:58:24 gaw hrop

## Updat ed exanples for |atest MIT.

#t

## Revision 1.3 2002/09/29 13:14:12 geraint

## Updat ed nanes.

#H#

## Revision 1.2 2000/12/28 17:45:24 peterg

## To RCS

#t

## Revision 1.1 2000/05/18 11:29:58 peterg

## Initial revision

#H#

HEHHH AR HHH A AR A AR A R R AR R AR AR AR AR R AR R AR R

# Set the switches

## On when bel ow ground | evel
bounce__ground__mt_switch_logic = (bounce__intf_mtc < 0);

1.7 Bounce.numpar.txt
MTT command:

nt Bounce nunpar txt
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# Nunmerical paraneter file (Bounce_nunpar.txt)
# CGenerated by MIT at Wed Jul 2 10:47:47 BST 1997

#

#

# .l .l g .ﬂ .l .l 8 4 g .l g
# %0 $1d: Bounce_nunpar.txt,v 1.2 2001/10/05 11:24:30 gawm hrop EXxf
# %0 $Log: Bounce nunpar.txt,v $

# %6 Revision 1.2 2001/10/05 11:24:30 gaw hrop

# %0 Updated for new ntt features - input.txt etc

# %W

# W0 Revision 1.1 2000/12/28 17:45:24 peterg

# 9% To RCS

#

#

Par anet er s
~g = 100.0; # Gound stiffness

~ H

0; # Ball nmss
O; # Air resistance

- 3
I

1.
1.

1.8 Bounce_odeso.ps

MTT command:
ntt Bounce odeso ps

This representation is given as Figure [ (on page [Z1).

1.9 Bounce.rep.txt

MTT command:

nt Bounce rep txt

# Qutline report file for system Bounce (Bounce_rep.txt)
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MTT simulation on Tue Aug 19 14:52:58 BST 2003
10 T T T T T T T

0 1 2 3 4 5 6 7 8 9 10

Figure 1.4: System Bounce, representation odeso (-noargs)

% %% $1 d: Bounce_rep.txt,v 1.2 2001/10/05 11:24:30 gawt hrop Exp $
% %% $Log: Bounce rep.txt,v $

% %06 Revision 1.2 2001/10/05 11:24:30 gaw hrop

% %06 Updated for new ntt features - input.txt etc

% %%

% %% Revision 1.1 2000/05/19 07:09:19 peterg

% %0 I nitial revision

% %%

% 98

ntt Bounce abg tex
mt Bounce struc tex
nt Bounce ode tex

ntt Bounce sinpar txt
ntt Bounce input txt
ntt Bounce |ogic txt
nt Bounce nunpar txt
nt Bounce odeso ps

ntt Bounce rep txt
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BouncingRod

2.1 BouncingRod_abg.tex
MTT command:

ntt Bounci ngRod abg tex

SS:xL SS:xC SS:xR

Bouncing Rod
7 e T
[p3] [p7] [p4]
ssial APl RODirod  [p2h—— SSaR
[p5] [p8] [p6]

INTFintiL ——— 1 SSgravity —1——— INTFintfR
Height of left tip L Height of right tip

SS:hL 0 0 SS:hR

Ground
CSW:groundL CSW:groundR

Figure 2.1: System BouncingRod: acausal bond graph

The acausal bond graph of system BouncingRod is displayed in Figure Z1] (on
page Z3) and its label file is listed in Section 1.1 (on page 24). The subsystems
are listed in Section (on page [Z8).
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The system consists of a uniform rod of mass 1kg, length 2m (and therefore of
inertia about the mass centre of %kgmz. The rod is released at an angle of 7 from
the vertical, the mass centre is 10m above the ground and all velocities are
initially zero. The gravitational constant is taken as unity.

The ground is modeled as an ideal compliance in the vertical direction with
compliance of 0.1mN~1 and it is assumed that contact takes place at the rod tips
only. There is no horizontal resistance to motion. This idealised setup is modeled
by a two CSW components, one for each rod tip, modulated by the height of
each rod tip above the ground: each CSW is off when the corresponding height
is positive.

The system was simulated for 100 time units and the resultant height of each tip
is plotted in Figure 25 The rod was released at zero velocity from a height of
ten units and at an angle of 7 radians to the vertical. The oscillations in height
are due to rod rotation about its mass centre. The bounce height changes due to
energy transfer to and from the rod rotation about its mass centre.

2.1.1 Summary information

System BouncingRod:: Two-dimensional bouncing rod (hybrid) A uniform
rod bounces on a compliant surface — the CSW component is used.

Interface information:

This component has no ALIAS declarations

Variable declarations:

This component has no PAR declarations

Units declarations:

This component has no UNITs declarations

The label file: BouncingRod_Ibl.txt

¥SUMVARY Bounci ngRod: Two- di nensi onal bounci ng rod (hybrid)
UOESCRI PTI ON A uni formrod bounces on a conpliant surface -- the
UDOESCRI PTI ON CSW conponent i s used.

%06 Label file for system Bounci ngRod (Bounci ngRod_I bl .t xt)
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% i. i. i. i. i. t. .. .. .. ..

% %% Ver si on control history

%0 ...... ..............i. i.i.....i.i.i.:i.il i.i. '.'. .‘.‘ .. ..t.t.t.

% %0 $I d BounC| ngRod_| bl . txt,v 1.6 2001/ 10/ 05 11: 24:34 gawt hrop Exp $

% %% $Log: BouncingRod_Ibl.txt,v $

% %06 Revision 1.6 2001/10/05 11:24:34 gaw hrop
% %06 Updated for new ntt features - input.txt etc
% %%

% %% Revision 1.5 2000/12/04 08:36:23 peterg
% %% Decl are pi

% %%

% %% Revision 1.4 2000/05/18 10:30:39 peterg
% %% New SS form

% %%

% %6 Revision 1.3 1997/09/11 09:55: 25 peterg
% %% Added docunent ati on

% %%

% %% Revision 1.2 1997/09/11 08:37:29 peterg
% 996 Added descri ption

% %%

% %6 Revision 1.1 1997/07/06 16:18:37 peterg
% %06 I nitial revision

% %%

% 948 0/

%% Each |ine should be of one of the follow ng forns:
% a comment (ie starting with %

% Conponent - nane CR_nane argl, arg2,..argn

% bl ank

% Conponent type CSW
groundL lin effort, epsilon
groundR I'in effort, epsilon

% Conponent type | NTF
intfL
intfR
% Conponent type ROD
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rod none |;I;j;m

% Conponent type SS

aL SS 0,internal

aR SS 0, i nternal

gravity SS external,internal
hL SS external,O

hR SS external, 0

XC SS 0, i nternal

xL SS 0, i nternal

XR SS 0, i nternal

2.1.2 Subsystems
e CSW: Switched C component (2) No subsystems.
e INTF: flow integrator (2) No subsystems.
e ROD: rigid rod in two dimensions (1)

— INTF: flow integrator (1)

213 CSW

The acausal bond graph of system CSW is displayed in Figure (on page B2)
and its label file is listed in Section (on page EI)). The subsystems are listed
in Section (on page 44).

Summary information

System CSW::Switched C component CSW acts as an C component except
when the -s -c option is used. When the -s -c option is used: The component
label is used as a variable name (eg Name) In the ode simulation: Name =1

implies normal C (closed switch) Name = 0 implies state=0 (open switch) Name

= -1 implies state;,0 (Diode)
Interface information:
Parameter $1 represents actual parameter effort,c_s
Parameter $1 represents actual parameter lin

Port out represents actual port in
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CMTT_SWITCH
N\

SSi[in]

Figure 2.2: System CSW: acausal bond graph

Variable declarations:

This component has no PAR declarations

Units declarations:

This component has no UNITs declarations

The label file: CSW_Ibl.txt

YSUMVARY CSW Switched C conponent

YOESCRI PTI ON CSW acts as an C conponent except when the -s -c option is
UOESCRI PTI ON When the -s -c option is used:

UOESCRI PTION  The conponent | abel is used as a variable nanme (eg Nane)
YOESCRI PTION I n the ode sinulation:

YOESCRI PTI ON Nane = 1 inplies normal C (closed sw tch)
YOESCRI PTI ON Nane = 0 inplies state=0 (open switch)
UOESCRI PTI ON Name = -1 inplies state>0 (D ode)

%ALI AS out in
%ALIAS $1 lin
%ALI AS $1 effort,c_s
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%% Label file for system CSW (CSWI bl . txt)

% %% $I d: CSWI bI txt,v
% %0 $Log: CSWI bl .txt,v $

% %0 Revision 1.3 1998/07/26 13:30:33 peterg
% %80 Added al i ases

% %%

% %% Revision 1.2 1997/09/11 09: 00: 52 peterg
% %% Mor e docunent ati on.

% 9%

% %0 Revision 1.1 1997/06/16 10:55:20 peterg
% %o Initial revision

% %%

% %% Revision 1.1 1997/06/03 15:26:09 peterg
% %o Initial revision

% 9%

% 98

%% Each |ine should be of one of the foll ow ng forns:
% a comment (ie starting with %

% Conponent - nane CR_nane argl, arg2,..argn

% bl ank

% Conponent type C
MIT_ SWTCH lin effort,c_s

% Conponent type SS
[in] SS external, external

Subsystems

No subsystems.
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oﬁo

SS:[Flow] AF AE SS:[Integrated flow]

Figure 2.3: System INTF: acausal bond graph

214 INTF

The acausal bond graph of system INTF is displayed in Figure 2.3 (on page 29)
and its label file is listed in Section [Z1.4] (on page Z9). The subsystems are listed
in Section Z.1.2] (on page 30).

INTF is a two-port component where the effort on port [out] is the integral of the
flow on port [in].

Summary information

System INTF::flow integrator  Port [in]: Flow to be integrated Port [out]:
Effort = integral of flow on port [in]

Interface information:
Port in represents actual port Flow

Port out represents actual port Integrated_flow

Variable declarations:

This component has no PAR declarations

Units declarations:

This component has no UNITs declarations
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The label file: INTF_Ibl.txt

%06 Label file for system I NTF (I NTF_Ibl.txt)

YSUMVARY | NTF: flow integrator

UDOESCRI PTION Port [in]: Flowto be integrated

UOESCRI PTION Port [out]: Effort = integral of flow on port [in]

% %0 $1d: INTF Ibl.txt,v
% 9% $Log: INTF_Ibl.txt,v $

% %0 Revision 1.3 1998/07/16 07:35:10 peterg
% %% Al i ased version

% %80

% O

% Port aliases

%ALI AS in Fl ow

%ALI AS out Integrated flow
% Argunent al i ases

%% Each |ine should be of one of the foll ow ng forns:

% a comment (ie starting with %

% conponent - nane cr_nane argl, arg2,..argn
% bl ank

% ---- Conponent |abels ----

% Conponent type SS
[ Fl ow] SS ext ernal, external
[Integrated_fl ow] SS external, external

Subsystems
No subsystems.
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2.15 ROD
SS:[p3] SS[p1] SS:[p5]
\Nout] [out]
ImodEMTFR:C1 [(MPAEMTE:s1
[in] [in]
Im X —— 1 D }T[lcl)\llﬁl[—‘i:t]rﬁl — 1:J 1 —r~lmy
e e | B
— c - 's? .
ss[p7] (od . e o SSi[p8]
0 N 0
SS:[p4] SS:[p2] SS:[pé] J
Tip X o v

Figure 2.4: System ROD: acausal bond graph

The acausal bond graph of system ROD is displayed in Figure Z.4] (on page 1))
and its label file is listed in Section 2.5 (on page B1)). The subsystems are listed
in Section Z1.H (on page 34).

This is a special version just for this problem.

Summary information

System ROD::rigid rod in two dimensions  Port [1]: Angular torque/velocity
- end 1 Port [2]: Angular torque/velocity - end 2 Port [3]: x force/velocity - end 1
Port [4]: x force/velocity - end 2 Port [5]: y force/velocity - end 1 Port [6]: y
force/velocity - end 2 Port [7]: x force/velocity - centre Port [8]: y force/velocity
- centre
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Parameter 1: length from end 1 to mass centre Parameter 2: length from end 2 to
mass centre Parameter 3: inertia about mass centre Parameter 4. mass See
Section 10.2 of "Metamodelling”

Interface information:

This component has no ALIAS declarations

Variable declarations:

This component has no PAR declarations

Units declarations:

This component has no UNITs declarations

The label file: ROD_Ibl.txt

YSUMVARY ROD: rigid rod in two di nensions
YOESCRI PTI ON Port [1]: Angular torque/velocity - end 1
UOESCRI PTI ON Port [2]: Angul ar torque/velocity - end 2

UOESCRI PTION Port [3]: x force/velocity - end 1
YOESCRI PTI ON Port [4]: x force/velocity - end 2
YOESCRI PTION Port [5]: y force/velocity - end 1
YOESCRI PTION Port [6]: y force/velocity - end 2
UDOESCRI PTION Port [7]: x forcel/velocity - centre
UOESCRI PTION Port [8]: y forcel/velocity - centre

YOESCRI PTI ON

YOESCRI PTI ON Parameter 1: length fromend 1 to nmass centre
YOESCRI PTI ON Parameter 2: length fromend 2 to mass centre
YOESCRI PTI ON Paranmeter 3: inertia about mass centre
YOESCRI PTI ON Par aneter 4: nmass

UDOESCRI PTI ON See Section 10.2 of "Metanodelling”

%% Label file for system ROD (ROD I bl . txt)

0 O
% %% Ver si on control history
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9% O QA48 D8/88/8 0/& ;

% %% $1d: ROD I bl.txt,v 1.2 2000/ 12/28 17:45:59 peterg Exp $
% %6 $Log: ROD Ibl.txt,v $

% %% Revision 1.2 2000/12/28 17:45:59 peterg

% %% To RCS

% %%

% Revision 1.1 1996/11/07 10:57:17 peterg

% Ilnitial revision

%

% 98

%% Each |ine should be of one of the follow ng forns:
% a coment (ie starting with %

% Conponent - nane CR_nane argl, arg2,..argn

% bl ank

% nertias
Jlin flow $3
mx lin flow, $4
my lin flow, $4

% ntegrate angul ar velocity to get angle
th

o%0bdul at ed transforners
sl Isin flow $1
s2 Isin flow, $2
cl lcos flow $1
c2 lcos flow $2

% ports

[ p1] SS external, external
[ p2] SS external, external
[ p3] SS external, external
[ p4] SS external, external
[ p5] SS external, external
[ p6] SS external, external
[ p7] SS external, external
[ p8] SS external, external
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Subsystems

e INTF: flow integrator (1) No subsystems.

2.2 BouncingRod_struc.tex
MTT command:

nt Bounci ngRod struc tex

List of inputs for system BouncingRod
Component | System Repetition
1| gravity BouncingRod__gravity | 1

List of outputs for system BouncingRod
Component | System Repetition
1|hL BouncingRod__hL | 1

2| hR BouncingRod__hR | 1

List of states for system BouncingRod

Component System Repetition
1| MTT_SWITCH | BouncingRod__groundL_MTT_SWITCH | 1
2 | MTT_SWITCH | BouncingRod__groundR__MTT_SWITCH | 1
3 | mttC BouncingRod__intfL__mttC 1
4 | mttC BouncingRod__intfR__mttC 1
5(1J BouncingRod__rod__J 1
6 | mx BouncingRod__rod__m_x 1
7| my BouncingRod__rod__m_y 1
8 | mttC BouncingRod__rod__th__mttC 1

2.3 BouncingRod_ode.tex
MTT command:

ntt Bounci ngRod ode tex
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(sin (xg)lMxs — jx7)

_ )
s (jm)
o, — i Oe)lmXs + jx7)
o (im)
e — (—sin(xg)lmxs + jx7)
° (im)
_ (sin(xg)l mxs + jx7)
(jm)
_ (=sin(xe)l (a4 %))
£
Xg =0
%7 — (—8U1—|—8X1—X2)
oS
®
Y1=X3
Y2 =X4

2.4 BouncingRod_numpar.txt

MTT command:

ntt Bounci ngRod nunpar txt

# Nuneri cal

# CGenerated by MIT at Fri

%% Updat ed for
90

HHHFHEHEHEHEHEHEH

%0 To RCS

%P/o $I d BounC| ngRod_nunpar . t x
%% $Log: Bounci ngRod_nunpar.txt,v $
%% Revision 1.3 2001/10/05 11:24:34 gaw hrop

Jul

new ntt features -

Tue Aug 19 14:55:49 BST 2003

i nput.txt etc

%0 Revision 1.2 2000/12/28 17:45:59 peterg

(2.1)

(2.2)

paraneter file (Bounci ngRod_nunpar.txt)
4 14:09:11 BST 1997
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9
%0 Revision 1.1 1997/07/06 16:17:27 peterg
Wolnitial revision

HHHHH

# Paraneters

epsilon = 0.01;

| 1.0; # Default val ue
m 1.0; # Default val ue
j [ *1*m 3;

2.5 BouncingRod_input.txt

MTT command:

ntt Bounci ngRod i nput txt

# Nunerical paraneter file (BouncingRod input.txt)
# CGenerated by MIT at Fri Jul 4 14:09: 14 BST 1997
#

#

#

#

#

# %0 Revision 1.3 2003/06/11 15:58:51 gawthrop
# %0 Updat ed exanples for |atest MIT.

# %W

# 9%b Revision 1.2 2000/12/04 08:27:42 peterg

# %% New ver si on

# %W

# %W Revision 1.1 1997/07/06 16:17:48 peterg

# %Wolnitial revision

#

#
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# Set the inputs

## Renmoved by MIT on Mon Dec 4 08:27:04 GVI 2000: u(l) =

9.81; # gravity (Default val ue)

## Renmoved by MIT on Tue Jun 10 10: 33: 30 BST 2003: bounci ngrod _gravity
= 9.81; # Added by MIT on Mon Dec 04 08:27:10 GVI 2000

bounci ngrod__gravity = 9.81; # Gavity

2.6 BouncingRod_logic.txt

MTT command:

ntt Bounci ngRod | ogic txt

# -*-octave-*- Put Emacs into octave-node

# Sinmul ation paraneters for system Bounci ngRod ( Bounci ngRod | ogi c. t xt)
# Cenerated by MIT on Thu May 18 12: 14: 35 BST 2000.

HEH B AR H B A TR R R R R R R R R R R R R R

## Version control history

HEHHH AR HHH AR AR A AR A R AR R AR AR AR AR R AR R AR R

## $1d: BouncingRod logic.txt,v 1.3 2003/06/11 15:59: 04 gawt hrop Exp $
## $Log: BouncingRod logic.txt,v $

## Revision 1.3 2003/06/11 15:59:04 gaw hrop

## Updat ed exanples for |atest MIT.

##

## Revision 1.2 2002/09/29 15:31:39 geraint

## Updat ed nanes.

#t

## Revision 1.1 2000/12/28 17:45:59 peterg

## To RCS

#H#

HEHHH AR HHH AR AR A AR A R AR AR AR AR AR AR R AR R AR R

# Set the sw tches
## Renoved by MIT on Tue Jun 10 10:45:53 BST 2003: bounci ngrod_groundl _r
= (bouncingrod_intfl _ntc <= 0);

## Renoved by MIT on Tue Jun 10 10:45:53 BST 2003: bounci ngrod_groundr 1
= (bouncingrod_intfr_mtc <= 0);

bounci ngrod__groundl __ ntt_switch_logic
bounci ngrod__groundr__ntt_switch_logic

(bouncingrod__intfl __mtc <= 0)
(bouncingrod__intfr__mtc <= 0)
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2.7 BouncingRod_odeso.ps
MTT command:
ntt Bounci ngRod odeso ps

This representation is given as Figure 25 (on page 38).

MTT simulation on Tue Aug 19 14:54:01 BST 2003
12 T T T T

10 15 20 25

Figure 2.5: System BouncingRod, representation odeso (-noargs)
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Chapter 3
Clutch

3.1 Clutch_abg.tex

MTT command:

nt Clutch abg tex

Figure 3.1: System Clutch: acausal bond graph

The acausal bond graph of system Clutch is displayed in Figure 3] (on page 39)
and its label file is listed in Section B.1.1] (on page B0). The subsystems are listed
in Section (on page #1). The details of the DC motor and the load are
hidden behind a word bond graph so as to focus on the clutch mechanism as
modelled by the CSW component. It is natural to model the clutch shaft by a
compliance to absorb the shock of engaging the clutch; therefore the drive model
contains a CSW component.

39
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Figure B8l shows the angular velocities of the motor and load. The clutch is
engaged from time t given by 0 < t < 15; and a unit input voltage is applied at
time t = 0. All initial conditions are zero.

3.1.1 Summary information

System Clutch::Simple model of a clutch system (Hybrid) Uses CSW
component to model the clutch/flexi shaft

Interface information:

This component has no ALIAS declarations

Variable declarations:

This component has no PAR declarations

Units declarations:

This component has no UNITs declarations

The label file: Clutch_Ibl.txt

YSUMVARY Cl utch: Sinple nodel of a clutch system (Hybrid)
YOESCRI PTI ON Uses CSW conponent to nodel the clutch/flexi shaft
%% Label file for systemCutch (Cutch_Ibl.txt)

% %% Revision 1.2 2000/05/18 10:32: 04 peterg
% %80 New SS form

% 9%

% %% Revision 1.1 1997/09/11 09: 38:48 peterg
% Wolnitial revision

% %%

0% O
%0 Each line should be of one of the follow ng forns:
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% a comment (ie starting with %
% Conponent - nane CR_nane argl, arg2,..argn
% bl ank

% Conponent type DC
nmotor Iin k_ml_a;r_a;j_mb_m

% Conponent type Drive
drive

% Conponent type Load
| oad

% Conponent type SS
e SS external,internal

3.1.2 Subsystems
e DC: DC motor (or generator) (1) No subsystems.

e Drive: The clutch/shaft drive subsystem (1)
— CSW: Switched C component (1)

e Load: An inertial/frictional load (1) No subsystems.

313 CSW

The acausal bond graph of system CSW is displayed in Figure (on page 42)
and its label file is listed in Section (on page #1). The subsystems are listed

in Section (on page 44).

Summary information

System CSW::Switched C component  CSW acts as an C component except
when the -s -c option is used. When the -s -c option is used: The component
label is used as a variable name (eg Name) In the ode simulation: Name =1

implies normal C (closed switch) Name = 0 implies state=0 (open switch) Name

= -1 implies state¢0 (Diode)
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CMTT_SWITCH
N\

SSi[in]

Figure 3.2: System CSW: acausal bond graph

Interface information:
Parameter $1 represents actual parameter effort,c_s
Parameter $1 represents actual parameter lin

Port out represents actual port in

Variable declarations:

This component has no PAR declarations

Units declarations:

This component has no UNITs declarations

The label file: CSW._Ibl.txt

YSUMVARY CSW Switched C conponent

UDOESCRI PTI ON CSW acts as an C conponent except when the -s -c opti
YOESCRI PTI ON When the -s -c option is used:

YOESCRI PTION  The conponent | abel is used as a variable nane (eg
YOESCRI PTION  In the ode sinulation:
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UOESCRI PTI ON Name = 1 inplies normal C (cl osed switch)
YOESCRI PTI ON Nane = O inplies state=0 (open swi tch)
YOESCRI PTI ON Nane = -1 inplies state>0 (D ode)

%ALI AS out in
Y%ALI AS $1 lin
%ALI AS $1 effort,c_s

%0 Label file for system CSW (CSW.I bl .t xt)

% i. i. i. i. i. t. t. t. t. t. t. .. .. .. ..
% %% Ver si on control history
%0 YOOAA YOS EEEE WA ANLS LS L0 LN AS LS L AL L AL L0 A ALY
% 9% $1d: CSWIbl.txt,v 1.3 1998/07/26 13:30:33 peterg Exp $

% %% $Log: CSWIbl.txt,v $

% %6 Revision 1.3 1998/07/26 13:30:33 peterg
% %% Added al i ases

% %%

% %% Revision 1.2 1997/09/11 09:00:52 peterg
% %% Mor e docunent ati on.

% %%

% %6 Revision 1.1 1997/06/16 10:55:20 peterg
% %o lnitial revision

% %%

% %% Revision 1.1 1997/06/03 15:26:09 peterg
% %o Initial revision

% %%

% 948 0/

%0 Each |line should be of one of the follow ng forns:
% a comment (ie starting with %

% Conponent - nane CR_nane argl, arg2,..argn

% bl ank

% Conponent type C
MIT_ SWTCH |in effort,c_s

% Conponent type SS
[in] SS external, external
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Subsystems

No subsystems.

3.14 DC
Il _a I;j_m
SS:[Electrical] 1 GY:k_m 1 SS:[Mechanical]
Terminals L Shaft
Rir_a R:b m
Electrical Mechanical

Figure 3.3: System DC: acausal bond graph

The acausal bond graph of system DC is displayed in Figure B.3] (on page E4)
and its label file is listed in Section B.1.41 (on page 44). The subsystems are listed
in Section B.1.4] (on page E7).

Index | Parameter

1 Motor gain (kKm)

2 Armature inductance (l3)
3 Armature resistance (ra)
4

5

Inertia (jm)
Friction coefficient (by)

Table 3.1: DC motor parameters

DC is a two-port component representing a DC motor. It has the 5 parameters
listed in Table B.I (on page E4).

Summary information

System DC::DC motor (or generator)
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Interface information:
Parameter $1 represents actual parameter k_m
Parameter $2 represents actual parameter |_a
Parameter $3 represents actual parameter r_a
Parameter $4 represents actual parameter j_m
Parameter $5 represents actual parameter b_m
Port in represents actual port Electrical

Port out represents actual port Mechanical

Variable declarations:

This component has no PAR declarations

Units declarations:
Port Electrical has domain electrical

Effort units volt

Flow units amp
Port Mechanical has domain rotational

Effort units N*m

Flow units radians/s

The label file: DC_Ibl.txt
YBSUMMARY DC. DC notor (or generator)
%60 Port Alias

%ALI AS in Electrical
%ALI AS out Mechani cal

%o Unit definition

%Nl TS El ectrical electrical volt anp
9%JNI TS Mechani cal rotati onal N*mradi ans/s
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%ALI AS $1 k_m
%ALIAS $2 | _a
Y%ALIAS $3 r_a
%ALI AS $4 | _m
%ALI AS $5 b m

%06 Label file for system DC (DC_I bl . txt)

% 9% $Log: DC I bl.txt,v $

% %% Revision 1.7 2001/02/05 03:07:10 geraint
% %% angul ar di spl acenent units: changed rads to radi ans
% %%

% %% Revision 1.6 2000/11/16 09:45:51 peterg
% %80 Added unit definitions

% 9%

% %% Revision 1.5 1998/07/26 12:49:24 peterg
% %% Corrected sone errors

% 9%

% %0 Revision 1.4 1998/07/26 12:45:33 peterg
% 980 Added ports

% %%

% %% Revision 1.3 1998/07/22 12:01:17 peterg
% %% Al i ased ports and paraneters.

% 9%

% %0 Revision 1.2 1996/12/04 16:01:42 peterg
% %80 Documant ati on added.

% %%

% %% Revision 1.1 1996/12/04 16:00:56 peterg
% %Wolnitial revision

% 9%

%

%% Each |ine should be of one of the foll ow ng forns:
%a comment (ie starting with %

% Conponent - nane CR_nane argl, arg2,..argn

% bl ank
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%\bt or gain
Kk mlin flow k_m

% El ectrical conponents
% nduct ance
| alineffort,l _a

%Resi st ance
ralinflowr_a

% Mechani cal conponents
%Wnertia
j_mlin flow,j_m

%-riction
b mlin flow, b m

% Ports

[Electrical] SS external, external
[ Mechani cal] SS external, external

No subsystems.

3.1.5 Drive

Subsystems

The acausal bond graph of system Drive is displayed in Figure [3.4] (on page £38)
and its label file is listed in Section B.1.5 (on page B7). The subsystems are listed
in Section (on page 49).

Summary information

System Drive::The clutch/shaft drive subsystem

Interface information:

This component has no ALIAS declarations
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CSW:clutch

SS.vl SS.v2

Figure 3.4: System Drive: acausal bond graph

Variable declarations:

This component has no PAR declarations

Units declarations:

This component has no UNITs declarations

The label file: Drive_lbl.txt

YSUMVARY Drive: The clutch/shaft drive subsystem
UOESCRI PTI ON <Det ai | ed descri ption here>
%% Label file for systemDrive (Drive_|bl.txt)

% [0) 048 048 888888888848
% %% Ver si on control history
% D .l /0 D .l .l .l .l .l 0 .l .l .l .l .l .l .l .l .l .l .Q .l .l § .l .l .l .l .l .l .l.l § .l .l
% %6 $1d: Drive_Ibl.txt,v 1.3 2002/09/29 13:46:46 geraint Exp $
% %% $Log: Drive_Ibl.txt,v $

% %% Revision 1.3 2002/09/29 13:46:46 geraint
% %80 Added mi ssing SS entri es.

% %%

% %% Revision 1.2 2000/05/18 10:32:32 peterg
% %896 New SS form

% 9%

% %0 Revision 1.1 1997/09/11 09:39:16 peterg
% %o lnitial revision
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% %0

% 9B

%0 Each |ine should be of one of the follow ng forns:
% a comment (ie starting with %

% Conponent - nane CR_nane argl, arg2,..argn

% bl ank

% Conponent type CSW
clutch lin effort, epsilon

% Conponent type R
%r dlinflowr_d

% Conponent type SS

vl SS 0, external

v2 SS 0, external

[in] SS external, external
[out] SS external, external

Subsystems

e CSW: Switched C component (1) No subsystems.

3.1.6 Load

The acausal bond graph of system Load is displayed in Figure (on page B0)
and its label file is listed in Section B.1.8 (on page B9). The subsystems are listed
in Section (on page B2).

Summary information

System Load::An inertial/frictional load jDetailed description here;

Interface information:

This component has no ALIAS declarations
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Rotating load with inertiaand friction

]

L

SS[in]

< ¢

R:r |

Figure 3.5: System Load: acausal bond graph
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Variable declarations:

This component has no PAR declarations

Units declarations:

This component has no UNITs declarations

The label file: Load_Ibl.txt

YSUWVARY Load: An inertial/frictional |oad
YOESCRI PTI ON <Det ai | ed descri ption here>
%0 Label file for system Load (Load_I bl.txt)

% 0, 4 SO0 EE8

% %% Ver si on control history

% 0 O i. i. .. .. .. .. .. .. .. .. y .. .. i. i. i.i... i. y .. t.
% %% $1d: Load I bl.txt,v 1.2 2002/ 09/29 13:46:46 geraint Exp $
% %% $Log: Load_Ibl.txt,v $

% %6 Revision 1.2 2002/09/29 13:46:46 geraint
% %% Added m ssing SS entries.

% %%

% %% Revision 1.1 1997/09/11 09:39:29 peterg
% %06 I nitial revision

% %%

%0 Each |ine should be of one of the follow ng forns:
% a comment (ie starting with %

% Conponent - nane CR_nane argl, arg2,..argn

% bl ank

% Conponent type |
j_I Tin flowj |

% Conponent type R
r I Iin flowr_|I

% Conponent type SS
[in] SS external, external
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Subsystems

No subsystems.

3.2 Clutch_struc.tex

MTT command:

nmt Clutch struc tex
List of inputs for system Clutch
Component | System Repetition

lle Clutch_e | 1
List of outputs for system Clutch
Component | System Repetition
1]|v1 Clutch_drive_vl | 1
2 | v2 Clutch_drive_v2 | 1
List of states for system Clutch
Component System Repetition
1|1la Clutch__motor__| a 1
2| j-m Clutch__motor__j_m 1
3 | MTT_SWITCH | Clutch__drive_clutch.MTT_SWITCH | 1
4 il Clutch__load_j_I 1

3.3 Clutch_ode.tex

MTT command:
nt Cutch ode tex

(jmlaus — jmX1ra— kmlax2)

X1 = .
(jmla)
. (—bmelaXz 4 € jmkmX1 — jmlaXs)
2= (€jmla)
_ (X2 — jma) G
(jl Jm)
_(—exar + jixa)
(1)
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X
Y1 = J_z
m

(3.2)
Yo = *a

3.4 Clutch_dm.tex
MTT command:

mt Cutch dmtex

la jm
Iﬁ (*_bm) =Y 0
A=| Jm € (3.3)
1 (=1
—1I
0 0 < T
1
B= 8 (3.4)
0
0 ji 00
C=(, § o 12 (3.5)
]

D= <8) (3.6)

3.5 Clutch_simpar.txt
MTT command:

nt Cutch sinpar txt
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# Sinmul ation paraneters for system Cutch (Cutch_sinpar.txt)

# Cenerated by MIT on Sun Jul 26 13:26:44 BST 1998.

HEHBHBH PR HBH AR R R R R R R R R
## Version control history

HEHHH AR AR HHH A AR R AR AR R R R R R R AR R AR R AR R
## $1d: Cutch sinpar.txt,v 1.2 2001/10/05 11:24:35 gaw hrop Exp ¥
## $Log: Clutch_sinpar.txt,v $

## Revision 1.2 2001/10/05 11:24:35 gawthrop

## Updated for new ntt features - input.txt etc

#it

## Revision 1.1 1999/12/21 09:13:19 peterg

## Initial revision

#it

HEHBHBH PR HBH BB R R R R

LAST=20. O;
DT=0. 1;
STEPFACTOR=1,

3.6 Clutch_input.txt

MTT command:

nt Cutch input txt

# Nunerical paranmeter file (Cutch_input.txt)
# Cenerated by MIT at Thu Jul 3 12:17:46 BST 1997

# .l .l .l .l .l .l .l .l .l .l .l

# rsion control history

.l.l l.l .l.l ll.l.l.l.l 0 lll.ll .l .l VOO EEE4 § 4 C 4 80
# Wo$ld: Cutch_input.txt,v 1.3 2003/04/12 19:23: 15 geraint Exp $
# %06 $Log: Clutch_input.txt,v $

# %0 Revision 1.3 2003/04/12 19:23:15 geraint

# 9% Updat ed nanmes with doubl e underscore.

# %W

# %o Revision 1.2 2002/09/29 13:47:35 geraint

# %% Updat ed nanes.

# %W
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%% Revision 1.1 2000/05/19 07:10:03 peterg
Wolnitial revision

H H B H

# Set the inputs
clutch_e = 1.0; # e (Default val ue)

3.7 Clutch_ogic.txt

MTT command:

nt Cutch | ogic txt

# -*-octave-*- Put Emacs into octave-node

# Sinmul ation paraneters for system Clutch (Cutch_| ogic.txt)

# Generated by MIT on Thu May 18 12:29: 15 BST 2000.

HEHBH AR H B A R TR R R R R R R R R R R R R R
## Version control history

HEHHH AR HHH AR AR A AR A R AR AR AR AR AR AR R AR R R R R
## $1d: Cutch logic.txt,v 1.4 2003/04/12 19:23:15 geraint Exp $
## $Log: Cutch logic.txt,v $

## Revision 1.4 2003/04/12 19:23:15 geraint

## Updat ed nanes wi th doubl e underscore.

#H#

## Revision 1.3 2002/09/29 13:47:35 geraint

## Updat ed nanes.

#t
## Revision 1.2 2001/10/05 11:24:35 gaw hrop
## Updated for new ntt features - input.txt etc
#H#

## Revision 1.1 2000/05/19 07:11:36 peterg

## Initial revision

#t

## Revision 1.1 2000/05/18 11:29:58 peterg

## Initial revision

##

HEH B HHHBH A R R R R R R R R R R R AR R R R

# Set the switches
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clutch__drive_ clutch__ntt _switch logic = ((t >= 5)&&(t < 15)); #

3.8 Clutch_numpar.txt
MTT command:

nt C utch nunpar txt

Nunerical parameter file (C utch_nunpar.txt)
Cenerated by MIT at Thu Jul 3 12:12:35 BST 1997

H*H

%?/o$|d Clutch _nunpar .t xt,
%6 $Log: C utch_nunpar.txt,v $

%% Revision 1.1 2000/12/28 17:46:44 peterg
%0 To RCS

HoHHHH R HHH

# Paraneters
b m= 0.1; # Default val ue
epsilon = 0.01;

j _ 1.0; # Default val ue
0.0; # Default val ue
.0; # Default val ue
.1; # Default val ue
.0; # Default val ue
.0; # Default val ue

3.9 Clutch_odeso.ps
MTT command:
nmt Cutch odeso ps

This representation is given as Figure 3.8 (on page B7)).
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MTT simulation on Tue Aug 19 14:55:02 BST 2003
0.5 ‘ ‘ ‘

045
Qdp
i R 4
03 S
025 ]
02 /]
015 /o
0L /o
0.05
0

0 5 10 15 20

Figure 3.6: System Clutch, representation odeso (-noargs)

3.10 Clutch_rep.txt

MTT command:

nt Cutch rep txt

# Qutline report file for systemdutch (Cutch_rep.txt)

% oL .l .l .l .l .l .l .l .l .l .l .l .l .l .l .l 0/0/0/4 0
% %% Versi on control history

%0 YOARB YOOEAA A ANLL L DAL, VA LNLL L LLLS YOOA4 VAVAL, AL
% %0 $1d: Cutch_rep.txt,v 1.3 2001/10/05 11:24:35 gawthrop Exp $

% %6 $Log: Cutch_rep.txt,v $

% %6 Revision 1.3 2001/10/05 11:24:35 gaw hrop
% %06 Updated for new ntt features - input.txt etc
% %%

% %% Revision 1.2 2000/05/19 07:16:07 peterg

% %% Added | ogi c

% %%

% %06 Revision 1.1 1999/02/21 08:18:25 peterg

% %06 I nitial revision

% %%

% 98
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ntt
ntt
ntt
ntt

mt
m t
ntt
ntt
m t

ntt

Cl utch
Clutch
Cl utch
Clutch

Clutch
Clutch
Clutch
Clutch
Clutch

Clutch

abg tex
struc tex
ode tex
dm t ex

si npar txt
I nput txt
| ogi c txt
nunmpar txt

odeso ps

rep txt
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Wwairs

4.1 Weirs.abg.tex

MTT command:

nt Weirs abg tex

The acausal bond graph of system Weirs is displayed in Figure £.1] (on page &0)
and its label file is listed in Section 1.1l (on page €1). The subsystems are listed
in Section (on page 62).

Aircraft fuel tanks are often fitted with baffles to reduce fuel slosh. A simple
model relating to such a system is shown in Figure .11 (on page &0) which
corresponds to a single tank containing two dividing weirs. Liquid with flow rate
f enters the left-hand compartment; liquid leaks out of the centre compartment at
a flow rate determined by gravity and the properties of the corresponding orifice.
The Bond Graph appearing in Figure .11 (on page [&0) represents each of the three
compartments by a C component (labelled tank1 to tank3), the corresponding
pressures are measured by the SS elements p1-p3. The leak is represented by the
R component labelled leak. The flows over the two weirs are represented by the
four ISW components; each weir has a separate ISW component for each flow
direction. Each ISW component is switched by the appropriate level.

The system was simulated for 20 time units and the resultant level of each tank
partition is plotted in Figure .41 (on page [73). Each partition has unit cross
section, and the two weir heights are 1 and 2 respectively; the inflow f is given

by:
{1 ift <10

4.1
0 ift>10 4

and the leak resistance is linear with flow resistance 5.
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f
Tank 1 ‘ Tank 2 Tank 3
Leak
C:tank1 C:tank2 C:tank3
ssif| 0 Weirwl 0 Weirw2——— 0
SSpl SSp2 SS:p3

Figure 4.1: System Weirs: acausal bond graph
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4.1.1 Summary information

System Weirs:Double-weir tanks system (hybrid) jDetailed description
here;,

Interface information:
Parameter $1 represents actual parameter tank1
Parameter $2 represents actual parameter tank2
Parameter $3 represents actual parameter tank3

Parameter $4 represents actual parameter leak

Variable declarations:

This component has no PAR declarations

Units declarations:

This component has no UNITs declarations

The label file: Weirs_Ibl.txt

%0 Label file for systemWeirs (Weirs_|bl.txt)
YSUMVARY Weirs Doubl e-weir tanks system (hybri d)
UDOESCRI PTI ON <Det ai | ed descri pti on here>

% %0 Revision 1.2 2001/10/05 11:24:35 gaw hrop
% %6 Updated for new ntt features - input.txt etc
% %%

% %6 Revision 1.1 1999/03/09 00:12:12 peterg

% %06 I nitial revision

% %%
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% Port ali ases

% Argunent aliases
%ALI AS $1 tankl
%ALI AS $2 tank2
%ALI AS $3 tank3
%ALI AS $4 | eak

%% Each line should be of one of the follow ng forns:

% a comment (ie starting with %

% conponent - nane cr_nane argl, arg2,..argn
% bl ank

% ---- Conponent |abels ----

% Conponent type C

tankl lin effort,c_1
tank2 lin effort,c_2
tank3 lin effort,c_3

% Conponent type R
leak lin flow r_|I

% Conponent type SS

f SS internal, externa
pl SS external,O

p2 SS external,O

p3 SS external,O

% Conponent type Weir

wl none epsilon_i;epsilon_r
W2 none epsilon_i;epsilon_r

4.1.2 Subsystems

* (2

— ISW: Switched | component (1)
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I:MTT_SWITCH
N\

SSi[in]

Figure 4.2: System ISW: acausal bond graph

413 ISW

The acausal bond graph of system ISW is displayed in Figure (on page B3)
and its label file is listed in Section (on page&3). The subsystems are listed
in Section (on page B5).

Summary information

System ISW::Switched | component  ISW acts as an | component except
when the -s -c option is used. When the -s -c option is used: The component
label is used as a variable name (eg Name) In the ode simulation: Name =1
implies normal | (closed switch) Name = 0 implies state=0 (open switch) Name
= -1 implies state;0 (Diode)

Interface information:
Parameter $1 represents actual parameter flow,i_s
Parameter $1 represents actual parameter lin

Port out represents actual port in
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Variable declarations:

This component has no PAR declarations

Units declarations:

This component has no UNITs declarations

The label file: ISW_Ibl.txt

YSUMVARY | SW Switched | conponent

UOESCRI PTION | SWacts as an | conponent except when the -s -c opti
YOESCRI PTI ON When the -s -c option is used:

YOESCRI PTION  The conponent | abel is used as a variable nane (eg
YOESCRI PTION  In the ode sinulation:

YOESCRI PTI ON Name = 1 inplies normal | (closed switch)
YOESCRI PTI ON Name = O inplies state=0 (open sw tch)
YOESCRI PTI ON Name = -1 inplies state>0 (D ode)

%ALI AS out in
Y%ALIAS $1 |in
%ALI AS $1 flow,i_s

%06 Label file for system | SW (I SWIDbl.txt)

% 0, 04 4 VO8O0 EE8

% %% Ver si on control history

%0 .i. '.'. .............. ............i.i.i. i...i.i.i.i. i.i. 'i. U.O. D. D...'... .. ..
% %6 $1d: ISWIbl.txt,v 1.2 1998/07/26 13:00:47 peterg Exp $
% %6 $Log: I SWIbl.txt,v $

% %% Revision 1.2 1998/07/26 13:00:47 peterg
% %% Added al ai ses

% 9%

% %0 Revision 1.1 1998/07/26 12:57:00 peterg
% %o Initial revision

% %%

% %% Revision 1.1 1997/06/03 15:26:09 peterg
% %o Initial revision

% %%

% 98
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%% Each |ine should be of one of the follow ng forns:
% a coment (ie starting with %

% Conponent - nane CR_nane argl, arg2,..argn

% bl ank

% Conponent type |
MIT_ SWTCH lin flow,i_s

% Conponent type SS
[in] SS external, external

Subsystems

No subsystems.

414 Weir

ISW:isw R:r

SSi[in] 1 1 SS:[out]

Smple weir model

Figure 4.3: System Weir: acausal bond graph

The acausal bond graph of system Weir is displayed in Figure .3 (on page B5)
and its label file is listed in Section [£.1.4] (on page €6). The subsystems are listed
in Section & 1.4 (on page €8).
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The weir is modelled by an ISW component in series with an R component.
Physicaly, the former represents the inertia of the fluid together with the
switching effect of the weir; the latter represents the flow resistance.

The switching logic is on if the level on either side of the weir reaches the level
of the weir.

Summary information

System Weir:  Detailed description here

Interface information:
Parameter $1 represents actual parameter i_s
Parameter $2 represents actual parameter r
Port in represents actual port in

Port out represents actual port out

Variable declarations:

This component has no PAR declarations

Units declarations:

This component has no UNITs declarations

The label file: Weir_Ibl.txt

#SUWMMARY Wi r
#DESCRI PTI ON Det ai | ed description here

## System Weir, representation | bl, |anguage txt
## File Weir_Ibl.txt
## Cenerated by MIT on Fri Cct 5 10:50:46 BST 2001

HHHHHHHHHH AR BB R B HHHHHH R R R R R R R R
#it### Model Transfornati on Tool s #####
HHHHHHHHHHH B R B R B R HHHHHH B R AR B R H R R R

HEHBHHHHHH BB R R HHHHHHH R HH TR R R T R R R H R R R 7
## Version control history
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HHBHHBHE B HE BT HT BT R R R R R R R

it
it
it
H#t
H##t
H##t
i
i

$1d: Weir_Ibl.txt,v 1.2 2001/10/05 11:24:35 gawt hrop Exp $
$Log: Weir Ibl.txt,v $

Revision 1.2 2001/10/05 11:24:35 gawthrop

Updated for new ntt features - input.txt etc

Revision 1.2 2001/07/03 22:59:10 gawthrop
Fi xed problenms with argunent passing for CRs

HHBHEBHEBHE B R HE BT R R R R R R R R

## Port ali ases
#ALIAS in in
#ALI AS out out

## Argunent aliases
#ALI AS $1 i_s
#ALI AS $2 r

## Each |ine should be of one of the follow ng forns:

## a comment (ie starting with #)

H#H# conponent - nane cr_nane argl, arg2,..argn
#it bl ank

## ---- Conponent |abels ----

## Conponent type | SW
iswlin flow i _s

## Conponent type R
lin flowr

r

## Conponent type R
[in] SS external, external
[out] SS external, external
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Subsystems

e ISW: Switched | component (1) No subsystems.

4.2 Weirs. struc.tex

MTT command:

mt Weirs struc tex

List of inputs for system Weirs
Component | System | Repetition
1f Weirs_f | 1

List of outputs for system Weirs

Component | System Repetition
1]|p1 Weirs_pl | 1
2 | p2 Weirs_p2 | 1
3| p3 Weirs_p3 | 1
List of states for system Weirs
Component System Repetition
1 | tankl Weirs__tank1 1
2 | tank2 Weirs__tank2 1
3 | tank3 Weirs__tank3 1
4 | MTT_SWITCH | Weirs_w1__isw_MTT_SWITCH | 1
5| MTT_SWITCH | Weirs_w2__isw_MTT_SWITCH | 1

4.3 Waeirs_.ode.tex

MTT command:

mt Weirs ode tex
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3 — (EL—Xa)
&
%o — (CaXal| — CoXsl| — EiXp)
(cogir)
%o = =2 (4.2)
&
_ (—C1CoErXg — C1EX2 + C2Ei X1 )
N (C1C28))
g — (T02C38rXs — CoBiXg + CtiXy)
(CaCag;)
X1
y1= C_l
Y2 = G 4.3)
X3
Y3 = C_3

4.4 \Weirs_switch.txt

MTT command:

mt Weirs switch txt

# These are the switches deduced from | SWand CSW conponents
weirs wl isw_mt switch 4
weirs w2 isw_mt switch 5

4.5 Weirs.simpar.tex
MTT command:
nt Weirs sinpar tex

# Sinul ation paraneters for system Wirs (Wirs_sinpar.txt)

# Cenerated by MIT on Sun Jul 26 13:55:27 BST 1998.

HEH B AR HHH A R R R R R R R R R R R R R R R
## Version control history
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HEHHH AR AR U A AR R AR AR R R R R R R AR R AR R AR R
## $1d: Weirs_sinpar.txt,v 1.2 2001/10/05 11:24:35 gawthrop Exp $
## $Log: Weirs_sinpar.txt,v $

## Revision 1.2 2001/10/05 11:24:35 gawt hrop

## Updated for new ntt features - input.txt etc

#it

## Revision 1.1 1999/12/21 09:22:43 peterg

## Initial revision

#it

HEHHH AR AR AU A AR R AR A R R R R R R AR R AR R AR R

LAST=19. 9;
DT=0. 01;
STEPFACTOR-1;

4.6 Weirs.numpar.tex

MTT command:

nt VWeirs nunpar tex

# -*-octave-*- Put Enmacs into octave-node
# Nunerical paranmeter file (Weirs_nunpar.txt)
# CGenerated by MIT at Tue Mar 2 07:55:47 GMVI 1999

%6 $ld: Weirs_nunpar.txt,v 1.1 2000/ 12/28 17:47:43 peterg Exp $
%6 $Log: Weirs_nunpar.txt,v $

%% Revision 1.1 2000/12/28 17:47:43 peterg

%% To RCS

HoHHHH R

Par anet er s

1= 1.0; # Wirs
2= 1.0; # Wirs
3= 1.0; # Wirs
epsilon_i = 0.01; # weir

O O 0O H#
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epsilon_r = 0.1; # weir
r Il = 5.0, # Wirs

4.7 Weirs.input.tex

MTT command:

nt Wirs input tex

# -*-octave-*- Put Emacs into octave-node

# Input specification (Weirs_input.txt)

# CGenerated by MIT at Tue Mar 2 07:48:04 GVI 1999

HEH A HHH B A R R R R R R R R R R R R R R R
## Version control history

HEHHH AR HHH AR AR A AR A R R AR R AR AR AR AR R AR R R R R
## $1d: Weirs_ input.txt,v 1.3 2003/06/11 15:59:30 gawm hrop Exp $
## $Log: Weirs_ input.txt,v $

## Revision 1.3 2003/06/11 15:59:30 gaw hrop

## Updat ed exanples for |atest MIT.

##

## Revision 1.2 2001/10/05 11:24:35 gaw hrop

## Updated for new ntt features - input.txt etc

#t

## Revision 1.1 2000/05/19 07:12:04 peterg

## Initial revision

#H#

HEH A AR H B A R R R R R R R R R R R R R R R

# Set the inputs
## Renoved by MIT on Fri Oct 5 10:47:20 BST 2001: nmttu(l) = 1.0*(t<10);

## Rermoved by MIT on Tue Jun 10 10:53: 48 BST 2003: weirs_f
= 1.0*(t<10); # Added by MIT on Fri Oct 05 10:48:01 BST 2001

weirs__f = 1.0*(t<10);
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4.8 Weirs.logic.tex

MTT command:

mt Weirs logic tex

# -*-octave-*- Put Emacs into octave-node

# Sinul ation paraneters for system Wirs (Wirs_|ogic.txt)

# CGenerated by MIT on Thu May 18 12:29: 15 BST 2000.

HEHBHBH PR HBH B R R R R R R
## Version control history

HEHHH AR AR HHH AR R R AR AR R R R R R R AR R AR R R R
## $1d: Weirs logic.txt,v 1.4 2003/06/ 11 15:59:47 gawt hrop Exp $
## $Log: Weirs logic.txt,v $

## Revision 1.4 2003/06/11 15:59:47 gaw hrop

## Updated exanples for |atest MIT.

#it

## Revision 1.3 2002/09/29 14:23:16 geraint

## Updated switch nanes.

#it
## Revision 1.2 2001/10/05 11:24:35 gaw hrop
## Updated for new ntt features - input.txt etc
#i

## Revision 1.1 2000/05/19 07:13:29 peterg

## Initial revision

#it

## Revision 1.1 2000/05/18 11:29:58 peterg

## Initial revision

#it

HEHBHBH PR HBH BT R R R R

# Set the sw tches

# First weir - height 1

# Second weir - height 2

## Renmoved by MIT on Tue Jun 10 10:54:35 BST 2003: weirs_wl isw nt
= ((weirs_tankl > 1) | (weirs_tank2 > 1));

## Renoved by MIT on Tue Jun 10 10:54: 35 BST 2003: weirs_ w2 isw nt
= ((weirs_tank2 > 2) | (weirs_tank3 > 2));

weirs wl isw_mt switch logic = ((weirs__tankl > 1) | (weirs__t
weirs w2 isw_mt switch logic = ((weirs__tank2 > 2) | (weirs__t
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4.9 Weirs_odeso.ps

MTT command:
nt Weirs odeso ps

This representation is given as Figure .41 (on page [73).

MTT simulation on Tue Aug 19 14:55:48 BST 2003

25 T T T T T T T

DY S R
S 2 N
1,,
05 [/
O L L L L L L L L L

0 2 4 6 8 10 12 14 16 18 20

Figure 4.4: System Weirs, representation odeso (-noargs)

4.10 Weirs.rep.txt

MTT command:

nt Weirs rep txt

## -*-octave-*- Put Emacs into octave-node
## Qutline report file for systemWirs (Wirs_rep.txt)
## Cenerated by MIT on" Tue Mar 2 22:02:59 GMI 1999.

HEHHH AR HHH AR AR A AR A R AR H R AR AR AR AR R AR R R R R
## Version control history

HEHHH AR HHH AR AR A AR A R AR R AR AR AR AR R AR R AR R
## $ld: Weirs rep.txt,v 1.6 2001/ 10/05 11:24:35 gawt hrop Exp $
## $Log: Weirs rep.txt,v $

## Revision 1.6 2001/10/05 11:24:35 gaw hrop
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## Updated for new ntt features - input.txt etc
#it

## Revision 1.5 2000/05/19 07:15:04 peterg

## Added | ogic

#it

## Revision 1.4 1999/12/21 09:24:26 peterg

## Euler integration - conpiled

#it

## Revision 1.3 1999/03/02 22:19:22 peterg

## Added switch rep

#it

## Revision 1.2 1999/03/02 22:09:49 peterg

## Addded switch rep

#it

## Revision 1.1 1999/03/02 22:04:11 peterg

## Initial revision

#it

HEHBHBH PR HBH B PR R R R R

nt Weirs abg tex # The system description

## mt Weirs cbg ps # The causal bond graph
## Uncomment the followng |ines or add ot hers

nt Weirs struc tex # The system structure
## mt Weirs dae tex # The system dae

nt Weirs ode tex # The system ode

nmt Weirs switch txt # The system swi t ches

## mt Weirs sspar tex # Steady-state paraneters

## mt Weirs ss tex # Steady state

## mt Weirs dmtex # Descriptor matrices (of linearised systen)
## mt Weirs smtex # State matrices (of linearised system

## mt Weirs tf tex # Transfer function (of |inearised systen
## mt Weirs Infr ps # | og nodul us of frequency response (of |inee
nmt Weirs sinpar tex # Sinmulation paraneters

nt Weirs nunmpar tex # Numerical simulation paraneters

nmt Weirs input tex # Sinmulation input

nmt Weirs logic tex # Switch logic

nmt Weirs odeso ps # Sinulation output

nt Weirs rep txt
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Bounce - abg,
Bounce — input,
Bounce - Ibl,
Bounce - logic,
Bounce — numpar,
Bounce - ode, [I7
Bounce - odeso,
Bounce - rep,
Bounce — simpar, [I7]
Bounce - struc,
Bounce — subsystems, [I1]
BouncingRod - abg,
BouncingRod - input,
BouncingRod - Ibl,
BouncingRod - logic, B7

BouncingRod — numpar,

BouncingRod — ode, 34
BouncingRod - odeso,
BouncingRod — struc, 34

BouncingRod - subsystems,

CSW - abg, a7
CSW - Ibl, 12 26l 41

CSW - subsystems, [4, 28] 24

Clutch - abg, B9
Clutch — dm, B3
Clutch — input,
Clutch —Ibl, 40
Clutch - logic, G5
Clutch — numpar,
Clutch - ode,
Clutch - odeso,
Clutch —rep,
Clutch - simpar, 53

75

Clutch - struc,
Clutch — subsystems, 1]
DC - abg, 24
DC - Ibl, &4
DC - subsystems, 7]
Drive — abg, &7
Drive — Ibl, &7
Drive — subsystems,
INTF — abg, [, 29
INTF - Ibl, 15, 29
INTF — subsystems,
ISW - abg,
ISW - Ibl, 63
ISW - subsystems,
Load - abg,
Load - Ibl, E9
Load — subsystems,
ROD - abg, B1l
ROD - Ibl, BTl
ROD - subsystems, B4
Weirs — abg,
Weirs — input, [71]
Weirs — Ibl, &1
Weirs - logic,
Weirs — numpar,
Weirs — ode,
Weirs — odeso,
Weirs — rep,
Weirs — simpar,
Weirs — struc,
Weirs — subsystems, 62}
Weirs — switch,
Weir — abg,
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Weir - Ibl,
Weir — subsystems, &8
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