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Lung simulator based on Boyle's law and its temperature compensation system

CHEN Qian, YAN Rong-guo, GE Bin, CAO Hai-tao

School of Medical Instrument and Food Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China

Abstract: Objective To propose a lung simulator that can accurately simulates lung compliance and study on the measurement
for isothermal system. Methods The main part of the lung simulator was a rigid glass bottle of 1000 mL; the gas was supplied
by a medical high-precision syringe. The pressure sensor BMP085 and single chip ATmega32 were used to obtain and analyze
the pressure data. The obtained data were displayed and stored by the software LabVIEW for post- processing. The
compliances of the rigid glass bottle filled with copper wire of different weight were measured. Results For the bottle of 1000
mL, 300 g filled copper wire was best suited to maintain a constant temperature after a certain amount of gas was compressed
in. The compliance of the rigid glass bottle of 1000 mL was about 1.014 mL/mbar. Conclusion The lung simulator can be used
to accurately evaluate the compliance of the ventilator because the simulator meets the basic requirements of the ventilation

performance test and calibration.
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Fig.1 Status before and after isothermal change
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Fig.2 Design diagram of data acquisition system

Note: SCM: Single chip microcomputer
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1: Medical precision syringe; 2: Air inlet; 3: Rigid glass bottle;
4: Coppernet; 5: Glass beads; 6: Data processing by SCM;
7: Pressure sensor; 8: Data acquisition and analysis system
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Fig.3 Diagram of lung simulator connected with data

acquisition system
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Fig.4 Curves of copper net and compliance
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a: Waveform of gas pressure supplied by ventilator
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b: Waveform of gas pressure in lung simulator
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Fig.5 Waveforms of gas pressure
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Tab.1 Compliance of lung simulator of 1000 mL connected with ventilator or medical syringe

Tidal volume (mL) With ventilator (mL/mbar)

With medical syringe (mL/mbar)

20 2.225
40 2.205
60 2.127
80 2.454
100 2.499

1.007
1.011
1.015
1.016

1.033
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Tab.2 Compliance of lung simulator of 500 mL connected with ventilator or medical syringe

Tidal volume (mL)

With ventilator (mL/mbar)

With medical syringe (mL/mbar)

20 1.727
40 1.735
60 1.682
80 1.704
100 1.654

0.494
0.501
0.503
0.508

0.516
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