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Abstract

A patient with respiratory disorders such as a sleep apnea is increasing as the obese patient increase on the modern society. Positive Airway
Pressure {PAP) devices are used in curing patient with respiratory disorders and turn out to be efficacious for patients of 75%. However, these
devices are required for evaluating their petrformance to improve their performance by the mechanical breathing simulator. Recently, the
mechanical breathing simulator was studied by the real time feedback control. However, the mechanical breathing simulator by an open loop
control was specially required in order to analyze the effect of flow rate and pressure after operating the breathing auxiliary devices.
Therefore the aims of this study were to make the mechanical breathing simulator by a piston motion and a valve function from the
characteristic test of valve and motor, and to duplicate the flow rate and pressure profiles of some breathing patterns: normal and three
disorder patterns. The mechanical simulator is composed cylinder, valve, ball screw and the motor. Also, the characteristic test of the motor
and the valve were accomplished in order to define the relationship between the characteristics of simulator and the breathing profiles. Then,
the flow rate and pressure profile of human breathing patterns were duplicated by the control of motor and valve. The result showed that the
simulator reasonably duplicated the characteristics of human patterns: normal, obstructive sleep apnea (OSA), mild hypopnea with snore and
mouth expiration patterns. However, we need to improve this simulator in detail and to validate this method for other patterns.
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Fig. 1. (a)Schematic of mechanical respiratory simulator and {b)its photographreal simulator:
{1) cylinder (2) step motor (3) ball screw (4) valve (5) pressure transducer (6) flow rate transducer
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[sM]@io: Moy

S. H. Chi, M. K. Lee, T. 8. Lee, Y. S. Choi, S. K. Oh

0.6 - . T
ol
0.2
00
f
-02+ !
-0.1 i oy — —— Melo et al{2002)
! Exp. data
-04 . . ;
4} 10 20 30 40
Timelsec]

28 1, TLSEE] 72 = HlolH(E M)l e TP RARERR 2|

=] %“_\_ﬁ (Al{\j)

Fig, 11. The flow rate curve (solid fine) of the mechanical simufator for the

referential data (dot line) of the mouth expiration

o] oA} ST E1olA 89 B 4 4k
20| BHA 58 ASEE P71ES 59 £F0] o|HAn

A

29.

o

o
LS

AT YBL 5T 2 4 Utk £9 28 27) U8 £ 1

7\l i AAe] AR 1 EE FF Y AHEG

g oA A FFo] doluhe FRAM BEgS I 5l 2
499} 10S B F obglo) A A o3& fAsH A
Sht o Fo| s g Aol A, o] A 9-26.9% 227k
Asta f-e] 7922 4% ﬁz}ﬂﬁ“@v %é}?l g5 ﬂﬁ‘r[ftl].

SldE Aol Feol Yoz LJH m—iv :ﬁﬂ%ﬁ
AA 22 U4e F2d 77 °l ol AT 4 2 EeN w2
deol A= AL T &+ 0 2 113 128 B 22

ful
f
»
w
) Jﬂ
m
BV
;O

S sl a5 el 449 e vnd 399

[od]onssald

I3 12,

Fig. 12,

Meio et al{2002}
Exp. data

0 10 20 30 40
Timelsec]

TUEEHE| U L Clo[E(H M)l thE 7| AX 2AEE|

9| =M (AN
The pressure curve (solid fine) of the mechanical simulator for the
referential data (dot line) of the mouth expiration

29 | August, 2008 327



The Study of Mechanical Simulation for Human Respiratory System

B 1, 7IAN 58 RAEA] el 2o 4 HDE| dhE 24
Table 1, Results and errors of the mechanical simulation for the peak data

Flow rate {L/sec]

Pressure [kPal

Breathing pattern

Ref. Simulator Error (%) Ref. Simulator Error (%)

0.159 0.167 5.10(+) 0.095 0.094 0.58(+}

Normal Breathe ~0.170 -0.173 1.50(-) -0.110 ~0.114 3.76(-)

Obstructive sleep 0.502 0.490 2.24(+) 0.608 0.588 3.27(+)

apnea —0.532 -0.537 0.97(-) -0.691 -0.634 8.58(-)

Mild hypopnea with 0.515 0.517 0.4(+} 0.692 0.773 11.6(+)

snore -0.538 -0.417 22.4(-} -0.354 -0.259 26.9(-)

. 0.485 0.510 5.16(+) 0.612 0.687 12.4(+)

Mouth expiration ~0.494 -0.382 22.8(-) -0.804 ~0.2944 63.4(-)
A¥eh} Fagol T & FUS AN Y A% x023
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