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Chapter 1

L eakyCylinder

1.1 LeakyCylinder _abg.tex

MTT command:
nt LeakyCylinder abg tex

The acausal bond graph of system LeakyCylinder is displayed in Figure [L.1]
(on page[I0) and its label file is listed in Section [L.1.T] (on page@). The subsystems
are listed in Section (on page [12).

This example roughly corresponds to the Example in section 12.4.3 (Fig.
12.17) of Karnopp, Margolis and Rosenberg (1990). It is a pseudo bond graph
representation based on the “thermal accumulator” of section 12.4.1 and the “isen-
tropic nozzle” of section 12.4.2 of that book.

[ Notes added by PJG 10 June 03.

1. The parameters/states used in the simulation (odeso) are meaningless at the
moment.

2. The steady-state parameters (sspar.r) need to be calculated; at the moment,
the state mattrices (sm) are in terms of the steady-state states.

1.1.1 Summary information

System LeakyCylinder::Pseudo bond graph model of compressible gas dy-
namics  This example roughly corresponds to the Example in section 12.4.3
(Fig. 12.17) of Karnopp, Margolis and Rosenberg (1990). It is a pseudo bond
graph representation based on the ”thermal acummulator” of section 12.4.1 and
the “isentropic nozzle” of section 12.4.2 of that book.
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SS:shaft

CG:top

[mechanical ,mass,thermal]

[mechanical_t,mass t,thermal_{]

Asnaft] L eakyPiston:piston

[mechanical _b,mass b,thermal _b]

CG:bottom

l [mechanical,mass,thermal]

Figure 1.1: System LeakyCylinder: acausal bond graph
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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: LeakyCylinder_lbl.txt
YSUMVARY LeakyCyl i nder: Pseudo bond graph nodel of conpressible gas dyne

UDOESCRI PTI ON Thi s exanpl e roughly corresponds to the Exanple in

UDOESCRI PTI ON section 12.4.3 (Fig. 12.17) of Karnopp, Margolis and Rosent
YOESCRI PTI ON (1990). It is a pseudo bond graph representati on based on t
YOESCRI PTI ON "t hermal acummul ator” of section 12.4.1 and the "isentropic
YOESCRI PTI ON nozzl e" of section 12.4.2 of that book.

%% Label file for system LeakyCylinder (LeakyCylinder |bl.txt)

% 0, 4 8880848
% %% Ver si on contro
% .i. i. 5 i. .l. 0. 0. 0. O

% %% $1 d: LeakyCylinder _ : :
% %% $Log: LeakyCylinder Ibl.txt,v $

% %% Revision 1.2 2000/05/20 16:39:39 peterg
% %% New SS f or mat

% %%

% %06 Revision 1.1 1998/03/04 09:56: 05 peterg
% %o Initial revision

% %%

%% 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
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% Conponent type CG
bottom none c_v;r
top none c_v;r

% Conponent type LeakyPi ston
pi ston none mp;a_b;a t;gamm;r;0

% Conponent type SS
shaft SS external, external

1.1.2 Subsystems
e CG: C component for compressible gas dynamics (2) No subsystems.
e LeakyPiston: Leaky piston sub model (1)

— Piston: simple model of the piston (2)
— RG: R component for compressible gas dynamics: isentropic nozzle

1)
1.1.3 CG
Joule’s work—enthalpy conversion
p*dV/dt
SS:[thermaI]I 0 [3] [in] [power] D
. . | . .
[Z]C.Cg PS:ps Tougavrdl SS:[mechanical]
SS:[mass] |77
Enthalpy Power Sensor
Mass _
Volume YVork enthalpyJ

Figure 1.2: System CG: acausal bond graph

The acausal bond graph of system CG is displayed in Figure [L.Z (on page I2))
and its label file is listed in Section (on page [I3). The subsystems are listed
in Section (on page [14).
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Summary information

System CG::C component for compressible gas dynamics  Port [Thermal]:
Temperature/Enthalpy pseudo bond Port [Mass]: Pressure/mass-flow pseudo bond
Port [Mechanical]: Pressure/volume flow energy bond

Parameter 1: c_v (specific heat at constant volume) Parameter 2: R (universal
gas constant) Based on Karnopp, Margolis and Rosenberg: Section 12.4.

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: CG_Ibl.txt

YBUMMARY CG C conponent for conpressible gas dynam cs

YOESCRI PTI ON Port [ Thermal]: Tenperature/ Ent hal py pseudo bond
YOESCRI PTI ON Port [ Mass]: Pressure/ mass-fl ow pseudo bond

YOESCRI PTI ON Port [ Mechanical]: Pressure/volune flow energy bond
YOESCRI PTI ON

UDESCRI PTI ON Paraneter 1: c_v (specific heat at constant vol une)
YOESCRI PTI ON Parameter 2: R  (universal gas constant)

YOESCRI PTI ON Based on Karnopp, Margolis and Rosenberg: Section 12.4.

%% Label file for system CG (CG_ | bl.txt)

%0 .l.l.l.l.l.l.l

% %% Ver si on control history

%0 B4R VLD LLL LS, VDL LLL DL, AL AL AL 0
%0/{%$Id CGIbI txt,v 1.3 2000/12/27 16:34:35 peterg Exp $

% %% $Log: CG Ibl.txt,v $

% %% Revi sion 1.3 2000/12/27 16:34:35 peterg
% %06 *** enpty | og nmessage ***

% 9%%%
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% %% Revision 1.2 1998/03/04 12:06: 06 peterg
% %% Renamed CR from GasAccunul ator to CG

% %%

% %0 Revision 1.1 1997/11/21 17:06:34 peterg
% %% Initial revision

% %%

%

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

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

% bl ank

% Conponent type C
cg CG %1, $2

% Conponent type PS
ps lin effort,1

% Conponent type SS

[ rass] SS external, external

[ mechani cal ] SS ext ernal, external
[thermal ] SS external, external
Subsystems

No subsystems.

1.14 LeakyPiston

The acausal bond graph of system LeakyPiston is displayed in Figure (on
page [I5) and its label file is listed in Section [L.T.41 (on page d4)). The subsystems
are listed in Section [L.1.4 (on page I7).

Summary information

System LeakyPiston::Leaky piston sub model jDetailed description here;

Interface information:
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SS:[mechanical_t] SS:[mass t] SS:[thermal_t]
0 0 0
SS:[shaft]
[shaft] [top] [mass in] [thermal in]
Piston:piston RG:leak
[bottom] [mass_out] [thermal _out]

SS:[mechanical_b]

SS:[mass b] SS:[thermal_b]

Piston Model Leak model

. J AN J

Figure 1.3: System LeakyPiston: acausal bond graph
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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: LeakyPiston_lbl.txt

YSUMVARY LeakyPi ston: Leaky piston sub nodel
YOESCRI PTI ON <Det ai | ed descri ption here>
%% Label file for system LeakyPi ston (LeakyPi ston_|bl.txt)

% 0, 4 4 4 4
% %% Ver si on control histo
%0 ii.i. '.. ........ ..... i"i. i.i...i.i.i...i.i.i.'il: D... .. i.i.
% %% $1 d: LeakyPiston_| bl.txt,v 1.2 2003/01/06 21:22:52 gera
% %% $Log: LeakyPiston_Ibl.txt,v $

% %% Revision 1.2 2003/01/06 21:22:52 geraint

% %80 Updat ed SS entri es.

% 9%

% %% Revision 1.1 1998/03/04 10:00: 11 peterg

% %Wolnitial revision

% %%

% O

%% 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 Piston
piston lin $1;$2; $3

% Conponent type RG
leak lin $4; $5; $6
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% Conponent type SS

[ mass_b] SS external, external
[mass_t] SS external, external

[ mechani cal _b] SS external, external
[ mechani cal _t] SS external, external
[shaft] SS external, external
[thermal _b] SS external, external
[thermal _t] SS external, external

Subsystems

e Piston: simple model of the piston (2) No subsystems.
¢ RG: R component for compressible gas dynamics: isentropic nozzle (1) No

subsystems.

1.1.5 Piston

The acausal bond graph of system Piston is displayed in Figure [I.4] (on page [18)
and its label file is listed in Section [[.T.H (on page [I7). The subsystems are listed
in Section (on page [19).

The two TF components convert pressure to force. The | component repre-
sents piston inertia.

Summary information

System Piston::simple model of the piston Inludes inertia and pressure ef-
fects.

Interface information:

This component has no ALIAS declarations

Variable declarations:

This component has no PAR declarations

Units declarations:

This component has no UNITs declarations
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SS:[top]

TFat

SS:[bottom]

Piston Model

Figure 1.4: System Piston: acausal bond graph
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The label file: Piston_Ibl.txt

YBSUMMARY Pi ston: sinple nodel of the piston
UOESCRI PTI ON I nl udes inertia and pressure effects.
%0 Label file for system Piston (Piston_|Dbl.txt)

Sixt, v
% %% $Log: Piston_|bl.txt,v $

% %% Revision 1.2 2003/01/06 21:22:53 geraint
% %% Updated SS entri es.

% %%

% %6 Revision 1.1 1998/03/04 10:01:38 peterg
% %06 I nitial revision

% %%

%% 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 |
mp lin flow $1

% Conponent type SS

[ botton] SS external, external
[shaft] SS external, external
[top] SS external, external

% Conponent type TF

ablinflow $2
atlineffort, $3

Subsystems

No subsystems.
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1.16 RG
SSi[thermal_ir] 1] El SS:[thermal_out]
R:rg
SS:[mass in] 2] [4] SS:[mass_oult]
| sentropic
Nozzle

Figure 1.5: System RG: acausal bond graph

The acausal bond graph of system RG is displayed in Figure [L.5 (on page 20)
and its label file is listed in Section (on page 20). The subsystems are listed
in Section [ T8 (on page 22).

Summary information

System RG::R component for compressible gas dynamics: isentropic nozzle
Port [Thermal_in]: Temperature/Enthalpy pseudo bond Port [Thermal out]: Tem-
perature/Enthalpy pseudo bond Port [Mass_in]: Pressure/mass-flow pseudo bond
Port [Mass_out]: Pressure/mass-flow pseudo bond

Parameter 1: gamma (c_p/c_v) Parameter 2: R (universal gas constant) Pa-
rameter 3: A (nozzle cross-section) Based on Karnopp, Margolis and Rosenberg:
Section 12.4.

Interface information:

This component has no ALIAS declarations

Variable declarations:

This component has no PAR declarations

Units declarations:

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

YSUMVARY RG R component for conpressible gas dynam cs: isentropic nozzl
YOESCRI PTI ON Port [ Thermal _in]: Tenperature/ Ent hal py pseudo bond

UOESCRI PTI ON Port [ Thermal _out]: Tenperature/Ent hal py pseudo bond
UOESCRI PTI ON Port [Mass_in]: Pressure/mass-fl ow pseudo bond

UOESCRI PTI ON Port [Mass_out]: Pressure/ mass-fl ow pseudo bond

YOESCRI PTI ON

YOESCRI PTI ON Paranmeter 1: ganma (c_p/c_v)

UOESCRI PTI ON Paraneter 2: R (universal gas constant)

UOESCRI PTI ON Paraneter 3: A (nozzle cross-section)

UOESCRI PTI ON Based on Karnopp, Margolis and Rosenberg: Section 12.4.

%% Label file for system RG (RG. | bl.txt)

% 9 V
% %% Ver si on contr
9% 0 AR
%0/%$I d RG I bI t
% %% $Log: RG_| bl . xt Vv $

% %% Revi sion 1.3 2000/05/19 19:52:26 peterg
% %% New SS form

% %%

% %06 Revision 1.2 1998/03/04 12:07:37 peterg
% %% Renaned CR from I sentropic nozzle to RG
% %%

% %% Revision 1.1 1997/11/21 19:18:28 peterg
% %0 I nitial revision

%0 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 RG
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rg RG $1, $2, $3

% Conponent type SS

[ mass_in] SS external, external

[ mass_out] SS external, external
[thermal _in] SS external, external
[thermal out] SS external, external

Subsystems

No subsystems.

1.2 LeakyCylinder struc.tex

MTT command:

nmt LeakyCylinder struc tex

List of inputs for system LeakyCylinder

Component

System

Repetition

1 | shaft

LeakyCylinder__shaft

1

List of outputs for system LeakyCylinder

Component

System

Repetition

1 | shaft

LeakyCylinder__shaft_2

1

List of states for system LeakyCylinder
Component | System Repetition
1|cg LeakyCylinder__bottom__cg 1
2| cg LeakyCylinder__bottom__cg_2 1
31]cg LeakyCylinder__bottom__cg_3 1
4 | cg LeakyCylinder__top__cg 1
5| cg LeakyCylinder__top__cg-2 1
6 | cg LeakyCylinder__top_cg_3 1
7(mp LeakyCylinder__piston__piston_m_p | 1
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1.3 LeakyCylinder sympar.tex

MTT command:

nt LeakyCylinder synpar tex

Parameter | System

a_b LeakyCylinder
at LeakyCylinder
c.v LeakyCylinder
gamma LeakyCylinder
m_p LeakyCylinder
r LeakyCylinder

Table 1.1: Parameters

1.4 LeakyCylinder ode.tex

MTT command:
ntt LeakyCylinder ode tex

. (abx1x7r)
X1 =
(cvmpX3)
X2 = 0
o — (apX7)
Mp
: (arxax7r)
Xgq = 1.1
(CcympXe) (1)
X5 =0
. (ax7)
Xg = mp
%o — (T BX1X6T + BXGXal + Cyli1XaXs)
(CvXaXs)
_ X
y1= mp (1.2)
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1.5 LeakyCylinder ss.tex
MTT command:

nt LeakyCylinder ss tex

X1
X2
X3
X= | (1.3)
X5

X7

u=(uy) (1.4)

<
I
~~

rﬁ—;) (L.5)

(apX1X7r)
(cvmpxs)
0
(apX7)

(aoxasar)

. XXl

=l G 9
0

(ax7)
Mp
(—apX1Xel +arXaXal +Cyl1 X3Xe)
(CuXaXs)

1.6 LeakyCylinder sm.tex
MTT command:
nt LeakyCylinder smtex
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(apX7r) (—apX1x7r) (apXar)
Cmps) 0 @mg) 0 0 Y (ampg)
0 0 0 0O 0 0 0
0 0 0 0 0 0 %
_ 0 0 0 (axzr) 0 (—aXaxzr)  (@xqr)
A (ampe) ©  (ampd)  (cmpxs) (.7)
0 0 0 0O 0 0 0
0 0 0 0O 0 0 E
(caf) o (awan) (@) o (caxn 0
(CvX3) (cnd) (cvXe) (c)
0
0
0
B=|0 (1.8)
0
0
1
c:(o 00000 mip> (1.9)
D= (0) (1.10)

1.7 LeakyCylinder rep.txt

MTT command:

nt LeakyCylinder rep txt

# Qutline report file for system LeakyCylinder (LeakyCylinder_rep.txt)

% 8 VBA8B0888008 S8BA8BL8808888888880

% %% $1 d: LeakyCylinder_rep.txt,v 1.3 2003/08/ 17 17:02: 01 gawt hrop Exp
% %% $Log: LeakyCylinder rep.txt,v $

% %% Revision 1.3 2003/08/17 17:02:01 gaw hrop
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% %% Updat ed for new MIT

% 9%

% %0 Revision 1.2 2003/06/11 15:57:57 gaw hrop
% %80 Updat ed exanples for |atest MIT.

% %%

% %% Revision 1.1 2000/12/28 17:44:35 peterg
% %% To RCS

% 9%

% 98

nmt LeakyCylinder abg tex
nmt LeakyCylinder struc tex
ntt LeakyCylinder synpar tex
nt LeakyCylinder ode tex
nmt LeakyCylinder ss tex
nmt LeakyCylinder smtex
##mt LeakyCylinder odeso ps

nt LeakyCylinder rep txt
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CG - subsystems, [14]
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LeakyPiston — abg, 14
LeakyPiston — Ibl, 4
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