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Abstract — The paper presents the mathematical model
of an automatic system for the sealed cabin airflow
regulation using indirectly action airflow regulator. The
goal of this Automatic Regulation System (ARS) is to
constantly provide a certain pressure in the cabin,
accordingly to the altitude. After deducing the
equations of the system and the state equations that
characterize it, the authors of the paper have simulated
the system in Matlab/Simulink medium in order to
analyze the ARS’s dynamic characteristics; thus, using
a Matlab/Simulink model and a Matlab program, time
characteristics representing the time variation of the
non-dimensional cabin pressure, time variations of the
non-dimensional displacement of the sensitive element
and time variation of the non-dimensional regulator
surface have been obtained. One highlights the
disturbances that act on the system and the transfer
functions which express the response of this system to
these disturbances and one makes assessments regar-
ding these disturbances’ influence upon stabilization of
the cabin pressure. The originality of this work is the
obtaining of the system’s mathematical model and the
analysis of its dynamic behavior (the obtaining of the
transfer functions, poles, zeros, stability’s analysis,
response of the system to one or two inputs and so on).
The duration of the transient regime is about 18
seconds. In general this transient regime isn’t a good
one, but, in this case, this transient regime’s duration is
good because the system of pressure’s regulation is a
slow system (the pressure’s regulation must not be done
very quickly). The system is stable (the step responses
of it proves this fact).
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1. INTRODUCTION

The goal of the Automatic Regulation System (ARS) is
to constantly provide a certain pressure in the cabin,
accordingly to the altitude. The main methods of airflow
automatic regulation are: compressor provided airflow
control, control evacuation of the surplus of a constant
airflow provided by the compre-ssor and the control on
the cabin compressor [1], [2], [3], [4], [5]. The structure
of the system is presented if figure 1 (1-variable valve; 2
— servo-piston; 3 — distributor; 4 — Venturi tube; 5 —
manometric capsules; 6 — aneroid capsules; 7 -
compressor). In the stationary regime the plate of the
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distributor 3 is on the mid position and prevents air to
eject into atmosphere. If the airflow increases, the
pressures are no more even (Pk -p, #* 0); hence, the

plate changes its position; thus, the hatch 1 rotates,
opening the exhaust of air in the atmosphere. In the case
of airflow decreasing, the system reacts in the same
manner backwards.

2. SEALED CABIN’S EQUATIONS

Using notations from figure 2, the compressor
airflow @, has two components: O, — the airflow

transmitted to the cabin and O, — the atmosphere
evacuated airflow.

Qk = Qt + Qe' (1)

The status equation for the sealed cabin can be
written as

pch = mcRTcO’ (2)
which leads to the differential form
v, % = RT? ddm" :
P 00,0, -0
dr k e r I

In dynamic regime, first equation (3) becomes

VC %Apc = RTCO(AQk _AQe _AQr _AQf): (4)

with
80, =(—a "] A +(—6Q"] A, +[—6Q"] AT,
apk 0 apv 0 aTk 0
AQ, = (ZQEJ Ap, +[Z%J AS, +[Z%j AT,
Pk 0 e /o kJo (5)
AQr = aQr Apc+ a& AS}"
ap(,' 0 aSr 0
00
AQf - [ apfj Apc .
c /o
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Figure 1: Automatic system for the airflow regulation using indirectly action airflow regulators
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Figure 2: The sealed cabin —schematics structure

Replacing these equations in (4) and adopting dimen-
sionless variables

e g Bk Bny 5 AL
PN Py Py Kmax
AS — AS - A A
r_5, e 5, 80 _, 22 6
Tmax S” ‘max Qt max thax
AQ; AQ,
9.

X

— =d{qr,
Oee O,

equation (4) becomes

T, %1‘% +kp, +k,S, +k,p, = Ft), (7

where

T = ch N
°  RTYQ,

0qy
ey, = —=— ;0
{5

k k, — the

constant which characterize the position of the
regulation element in the exhaust tube;

F(t)_(aqk_ Jp(gg Jek—[zgf]sr(lo)

P
is the time function which describes the perturbation.

®)

is the cabin filling constant,

0
k:[%_gJ ’ke:(
aﬁc apc 0

is the auto-equalization constant,

oq,
as,

aq,
o9,

aq,
py

262

3. ELASTIC SENSITIVE ELEMENT EQUATION

The elastic sensitive element and its characteristic
parameters are presented in figure 3.

Figure 3: Characteristics of elastic sensitive element

From state equation, expressed for the volume of the
gophred component, after derivation, one yields (one

has assumed that AV = 0 and ddi =0)
t

v s _ pr, s
dr dr (11)
dmg 0
dr tube *
The mass debit is [6]
Qtube = pth‘;be = pV() Qt‘;be =
n d} (12)
= —_— — = N — N
Po Tagm 1 (p, - py) = Nop,, (. - p;)

where p, = p, is the air’s density in the exhaust,
n — the dynamic viscosity in the capillaries, d, —
and /, — the diameter and length of the capillary
tube; N = n/128n and ¢ = d}! /1, .

From the previous two equations one gets the
dynamic regime equation

Ty %Aps +Aps = Ap,, (13)

with t =V, /RT)Ngp, — the time constant of the
gophred tube.
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Noting with x; — the movement of the rigid center

of the gophred tube, one obtains the forces
equilibrium equation [7]
Ss(pk_ps):ksxs9 (14)

where S, represents the effective surface of the
gophred tube and &, — the elasticity constant.
In dynamic regime

Ss(Apk - Aps) = ksAxs . (15)

Thus, if Ap;, =0 = Ap, # 0 and eventually Ax, = 0.
In the same time, variation (pk - pko) induces a

deformation of the capsules, and consequently a
supplementary moment of the rigid center of the
gophred tube x,

Sa(pk _pko): kaxaa

(16)
SaApk = kana s

where S, represents the effective surface of the cap-
sules and k, — the elasticity constant of the capsules.
The total displacement of the sensitive element is

S

-

X =X, + X .

+ 35 (o~ py). (17)

(Pk - Pko) k,

a

a

The dynamic regime is described by equation

Ap, = [1+k—ss—”jApk —k—sAx.

18
ka SS SS ( )

Substituting Ap, in equations (13) and (18) one gets

k e

d k
St —Ax+Ax| =1+ — Ap, + A
SX[A dr ) [ kaSX \D . \D ),

dr
- Apv

]wm

or

= /(). (20)

v @1)
—= 1+kSS" T 45 +p
kS Sdlpk Pr |-

B k.x
4. THE SERVO-PISTON EQUATION

S7max

With sufficient precision one may describe the equa-
tion of the piston as
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(22)

with y — the piston moment, t,, — time constant

(accordingly to the maximum travel of the distri-
butor’s plate). One yields [8]

Le - 3, (23)

with 1, — the working element time constant.
The dependence between pressures p, and p, may
be expressed using one of the two forms ( p — the

loss of pressure between minimum section of the
Venturi tube and the section of the entrance of the air
in the cabin)

= + 5
Py =Pt P (24)
Ap, = Ap. +Ap
or using non-dimensional variables
Py =D+ D- (25)

5. MATHEMATIC MODEL OF THE ARS

The mathematical model of the ARS is described by
equations (7), (20), (23) and (25)

o L5, + 45, + k.5, + kB, = Flt),

“dt
dx _  ,_
T, tx+ kvpv = f(t)° (26)

B, =P+ D
Substituting p, in the second and the fourth equation

(26), one obtains the equations in the complex
domain

k(t,;s +1)p, + k,S, = Gs),

(vs+1)x + k. p, = gls), (27)
1,88, = -¥,
where
k, =k+k,,
T =7,/ k,, 28)

665) = Fls)— k76).
o) = 19)- K. 76).

The block diagram of the system described by equa-
tions (26) is presented in figure 4.
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] 5 < b

Figure 4: The block diagram of the ARS

The system from figure 4 may have another form if
instead of two inputs (the two disturbances) one uses
an equivalent disturbance

1) = 6l5)+ ) e

h(s) B ’EES(’CSS + 1)- G(s) +k, - g(s) - k,
- 7,5(t,s +1) T oas(rs 1

(29)
) g(s).

One may conclude that the influence of disturbance
g(s) on the non-dimensional cabin pressure p, is
higher than the influence of disturbances G(s).

Because the system has two inputs and one output,
one may obtain two transfer functions

NSRS 1. . —
Gs) A4-s3+B-s2+C-s+D (30)
HZ(S) — ﬁc(s) — kf
gls) A4-s*+B-s2+C-s+D
where
A=k.r,tt B = kcte(tk +T;)§ G1)
C =k, D =kk,.
Thus,
Pe = 1,6)-6G6)+ 1,6)-¢6). ()

Taylor series expansions of the two transfer functions
H,(s),i = 1,2 is made using the formula

H,(s) = ,0) + [_5" f(s)j i Gy
os ),
one yields
H,(s) = Te s;H,(s) = . k“’is. (34)
kek, ky koK,

Thus,

_ T, 1 B k.t,
Pk G(S)+[E ek,

s} - g(s). (35)

In the stationary regime s-G(s)= 0 and the above
equation becomes

B, = ki . g(s). (36)

The equations (26) or (27) may be written in the
matriceal form. If one chooses the state vector
z= [ﬁc xS, ]T, the input vector w =[G g|’, the
state equation has the form

z = Az + Bw, (37
where
[ —1/1, 0 —k,/k.y
A=|-k)/t, —1/1, 0 ;
L 0 -1/, 0 (38)
1/ k.t, 0
B= 0 -1/,
0 0
6. NUMERICAL SIMULATIONS
Having the values of the parameters of ARS
thax =0.153kg/s,V, = 0.5 m3, R = 287 J/kgK,
19 =22°C (19 = 295K) p)y =105 N/m? 1, = 0.1s,
1, =10s,8, =5-107*m?,k, =k, =10° N/m,
S, =5-10m2,Ap, / py =102,
a m \D. I PN (39)

AQ, /O, =8-107,A0,/0, =2-1073,

(AQk /Qfmax Py =const. =5-107%,
(AQL) /thax S, =const. =2 1072’
bo,/0,.) . =210 p=10",

max / p, =const.
one computes the coefficients of the equations in the
mathematical model. Using (8) one results t, = 4s
and using (9) one gets

k=1k, =5k =1. (40)

pe

¥

Th.st1

Tzt

-
i+ 1

¥

g1

g

Figure 5: The Matlab/Simulink model of the system from figure 4
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The value of disturbance F(¢) is obtained using (10);
F (t) =102, With equations (21) one results k) =5
and f()= 0.11, while using (28) one obtains
k, =21, =2s5,G=-099,g =-0.39.

Using the Matlab/Simulink model from figure 5 and
a Matlab program one has obtained the graphic

characteristics from figures 6, 7, 8 and 9.
The poles of the system prove the system’s stability

s; = —10.064;
s, =—0217 +0.7571; (41)
s3 =—0.2175 - 0.7571.
The two transfer functions in closed loop are
H (S) _ ]_7L,(S) _ 82 +10s
: G(s) 4s3 +42s2 +20s +25° (42)
H,y(s) = Pe(s) _ S
: gls) 483 +42s2 +20s+25
_. 05 s 01
f; e e S
1 o
150- § 12 / """""
: 25 w:n 2In a:n 40 - 03 1; 25 3; 40
Time [s] Time [s]
15 ; o
1 ;: R 3 R R R TR
05 \ g_g_z \U
(S - v é . LU T SR S
= % 10 20 Eil 40 £ ] 10 il 0 i
Time [s] Time [s]

Figure 6: Time characteristics for the system
with the input G

The graphic characteristics from figure 6 correspond to
the first input G. These are the time variation of the
non-dimensional cabin pressure p., time variations

of the non-dimensional displacement of the sensitive
element X and time variation of the non-dimensional

regulator surface §e . Same graphics are presented in

figure 7 but for the system with only one input (the
second input g). In figure 8 one presents the same

graphics, but, this time, for the system with 2 inputs.
The three variables are the sum of the same three
variables corresponding to the system with input one
or to the system with input two. In figure 9 the step
responses for the system are presented (each step
response corresponds to a transfer function and to one
input).
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Figure 7: Time characteristics for the system
with the input g
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Figure 8: Time characteristics for the system
with the inputs G and g
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Figure 9: Step responses of the ARS system

As one can see from the previous figures the system
is a stable one. The duration of the transient regime is



10th International Conference on Applied and Theoretical Electricity - ICATE 2010, Craiova, October 8-9, 2010; ISSN 2069-0150

about 18 seconds. In general this transient regime
isn’t a good one, but, in this case, this transient
regime’s duration is good because the system of
pressure’s regulation is slow system (the pressure’s
regulation must not be done very quickly).

7. CONCLUSIONS

One studies an automatic regulation system of the
airflow into the aircrafts’ cabins; this is a subsystem
of a pressure system. One has presented non-linear
and linearised mathematical models in two variants:
dimensional and non-dimensional.

One highlights the disturbances that act on the system
and the transfer functions which express the response
of this system to these disturbances and one makes
assessments regarding these disturbances’ influence
upon stabilization of the cabin pressure.

One may conclude that the influence of disturbance
g(s) on the non-dimensional cabin pressure p, is

higher than the influence of disturbances Gf(s).

For a set of system parameters’ values one obtained
the Matlab/Simulink model which permits the obta-
ining of graphic time evolution of the system state
variables.

The system is a stable one. The duration of the tran-
sient regime is about 18 seconds (this transient regi-
me’s duration is good because the system of pre-
ssure’s regulation is slow system - the pressure’s re-
gulation must not be done very quickly).
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