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“LUNGOO”

Control Engineering for Development of a Mechanical Ventilator for ICU Use
Spontaneous Breathing Lung Simulator “LUNGOQ”

Kenji Ozaki*
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A lung simulator “LUNGOQ” is developed for the purpose of simulating ventilation dynamics in a
spontaneous breathing especially for checking performances of mechanical ventilator with several assist
modes including proportional assist mode. It is possible to simulate Pyus(net pressure generated by

respiratory muscles) , R(resistance) and C(compliance) with mathematical model of ventilation dynamics.

It is composed of a high speed digital servo system and bellows pump with a servo-motor and can
simulate dynamics near to patient’s lung and/or respiratory system. It is also possible to simulate the
change of lung function with various condition of patient, so it can be applied for systematical testing for
several types of mechanical ventilators. In this paper, verification results of C , R and dynamic
characteristics are reported, and also it is evaluated as good enough for an actual usage.
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Fig.2 Block diagram of Respiratory system
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R =7.5cmH,0/L/sec C

[Servo] =50mL/cmH,0 (Pan)=
(V5)=500mL
Py airway pressure ;[cmH,0] P Fig:3
Py alveolar pressure :[emH,0] P MUs R
Puus net pressure generated by respiratory muscles (Parr)
;[cm HZO] (QAW) _ Py
14 volume ;[miI] Ow=0 Q)
Ouw quantity of airway flow ;[L/min]
M; equivalent mass of the lung ;[emH,0*sec’/ml] Puus &
D, equivalent dumping of the lung ;[cmH,0*sec/ml] )
E elastance :[cmH,0/mL]= 1/C (Paus =0)
C compliance of the lung ;[ml/cmH,0] Pary
R air away resistance ;[cmH,0/L/sec] R 1
G aerial gravity i[o] ®) M, D, Puus
Y0 aerial specific gravity ;[g*min/L]
Ry aerial invariable ( )
A area of bellows pump(cylinder) :[cm?] (#)=500g (D) @)
Ty default value of temperature L]
P default value of alveolar pressure ;[ cmH,0]

Servo servomechanism
(servo amplifier/servo motor/ball screw)

Fig.1 Schematic configuration of the respiratory system
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Fig.3 Wave data of the patient
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Fig.4 Hardware of LUNGOO
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Fig.6 Block diagram of a circuit B
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Table 1
Item Range Unit
Volume 0 3400 ml
Flow 0 330 L/min
Pressure 0 100 cmH,0
Compliance 2 100 ml/cmH,0
Resistance 3 50 cmH,O/L/sec
Table 1  Specification
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