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Proyecto: Development of basic metrology infrastructure to support 
medical testing equipment (ventilators), SIM-PTB Project. 

Actividad 2: Design and build a Lung Simulator as a basic 
infrastructure for the testing of mechanical ventilators

Roberto Arias
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MECHANICAL VENTILATORS
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Figura 1. Calibration curve of the thermal type flowmeter; being clean air the calibration fluid.
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L placa –

paleta/% 
pmbp/            
kPa 

pmbp_man/    
cm H2O 

mbp/°C qv_PR/(L/min) Vactual/mL s(V)/mL  U/% 

100 81.913 9.34 20.0 15.6 1120.0 4.8 0.8 

80 81.735 7.52 20.1 13.3 772.4 6.3 1.0 

60 81.539 5.59 20.2 10.5 468.0 4.3 1.4 

40 81.377 4.02 20.2 8.4 223.2 6.5 1.7 

 

Fig. Tidal volume determinations vs cam displacement
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CENTRO NACIONAL DE METROLOGÍA

Colaboradores:

CENAM

Roberto Arias R.

Carlos Ochoa D.

ITM/Querétaro

Profr. Agustín Barrera N.

Profr. Miguel A. González

UNAM/Instituto de Matemáticas

Dr. Guillermo Ramírez S.

Contribución:

CENAM

Coordinación, integración mecánica de 

componentes, Caracterización metrológica

ITM/Querétaro

Integración electrónica de componentes, 

programación y control de componentes

UNAM/Instituto de Matemáticas

Simulación matemática

collaborators:



CENTRO NACIONAL DE METROLOGÍA

main bibliographic references

1University of Applied Sciences Technikum Wien, Department of Life Science Engineering, Vienna, 1200, Austria.



CENTRO NACIONAL DE METROLOGÍA

main bibliographic references



CENTRO NACIONAL DE METROLOGÍA

Universität zu Lübeck

main bibliographic references



CENTRO NACIONAL DE METROLOGÍA

main bibliographic references



CENTRO NACIONAL DE METROLOGÍA

lung simulador design
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▪ IntelliBag (2)

▪ Miniature centrifugal blower (3)

▪ PWM Module (3)

▪ Data acquisition system

▪ Flow sensor (1)

▪ Flow sensor (1)

▪ Pressure sensor (3)

▪ Differential pressure sensor (1)

▪ t + hr sensor (2)

▪ Directional valve (2)

▪ Accesories

▪ Mechanical structure

Equipos

▪ V = 0.5 L, resistencia y elasticidad variable

▪ Qmax = 400 L/min, pmax = 100 mbar

▪ 10 - 50 VDC, 250 W, 5 A

▪ MyRio, (Processor + FPGA) Xilinx Z-7010, USB

▪ Thermal type Flow meter, Qmax = 200 L/min, ± 1 %, 

▪ Thermal type Flow meter, Qmax = 20 L/min, ± 1 %, 

▪ pmax = 150 kPa, ± 1 %, (4 − 20) mA

▪ pmax = 5 kPa, ± 1 %, (4 − 20) mA

▪ t ± 1 %, HR ± 5%, (4 − 20) mA

▪ 3 way, solenoid, low pressure

Especificaciones

▪ Hamilton Medical

▪ Micronel AG

▪ Micronel AG

▪ National Instruments

▪ Sensirion

▪ Honeywell

▪ Analog Microelectronics

▪ Analog Microelectronics

▪ Honeywell

▪ SMC

Marcas

selected components
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budget

Elemento Fabricante Modelo Cantidad precio 

unitario

Total

Centrifugal blower Micronel U65HN-024KS-6 3 346 1038

PWM modules Micronel ACB 701-01 3 561 1683

Data acquisition system National Instruments MyRIO-1900 1 941 941

Lung simulator Hamilton Medical IntelliLung 281869 2 200 400

Flow sensor, high flow Sensirion SFM 4200 1 200 200

Flow sensor, low flow Honeywell AWM5104 1 250 250

Pressure sensor AnalogMicroelectronics AMS 2710 2 200 400

Diferential flow sensor AnalogMicroelectronics AMS 2710 1 200 200

temperatura and humidity sensor Honeywell Humidlcon 6100 2 200 400

3 way valve SMC VG342 3 98 294

Accesories varios varios 1 500 500

Total: U$ 6 306
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Gracias por su atención !

Roberto Arias Romero

rarias@cenam.mx

+52-442-2110571

mailto:Rarias@cenam.mx

