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The Pandemic Ventilator 

Jeff Graansma 

Background 

When a new disease or virus spreads in a population that has never been 

exposed to that type before it is called a “pandemic”. It can affect whole continents and 

spread worldwide. Many authorities are concerned that the H5N1 avian flu may cause a 

future pandemic. Some of the people affected by the avian flu will require short term 

assistance from a ventilator to survive. If an avian flu pandemic were to occur in 

Ontario, up to 118% of our hospital ventilators would be required just to assist pandemic 

victims.1 This shortage of ventilators would force doctors to deny service to patients who 

need a ventilator, which would create an ethical dilemma. Some solutions have been 

proposed to this potential problem. Manual ventilators have been suggested, but putting 

a healthy person next to an infected person to assist their breathing could cause more 

infections in the healthy people. Splitting the air lines from one normal ventilator and 

putting two patients on one machine has also been suggested, but splitting the lines 

nullifies all the monitoring and alarm capabilities of a medical grade ventilator.   

Purpose 

The pandemic ventilator must be built using simple, reliable and readily available 

parts and materials.  It has to be easy to build and maintain in the event of a flu 

pandemic so it could be used to supplement the existing supply of medical grade 

ventilators if a shortage occurs. 

                                                           
1 Ontario Ministry of Health and Long Term Care: Ontario Health Plan for an Influenza Pandemic. July 2007 
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Hypothesis 

I will build a pandemic ventilator using the same material constraints that would 

apply during a pandemic to determine if it is feasible to build one with basic tools and 

experience. The unit will be tested to see if it can meet the specified requirements. 

Procedure 

The basic design is similar to the original concept published at the Pandemic 

Ventilator Project website. I think that the published design had some shortcomings that 

I thought could be improved on. Instead of the hinged based bellows system, I used a 

vertical sliding bellows system. I replaced the plastic bag with a stronger PVC bag. I 

also used an analog pressure transducer instead of the manometer. I replaced the 

magnetic switches with industry standard mechanical limit switches. I added a flow 

control valve to adjust the inspiratory to expiratory ratio. These changes were 

implemented to make the ventilator more reliable and install more features.  

I constructed it using Bosch strut and plastic panels. I used an Allen Bradley 

Micrologix 1500 Programmable Logic Controller (PLC) to control the valves and relay 

information to the PC. The valves are standard direct acting solenoid valves. I used 

standard plumbing pipes and fittings to connect the elements together. I used a 5 volt 

low pressure transducer to monitor the patient inspiratory pressure. The PLC is 

programmed with basic ladder logic. 

Once constructed, I used a Puritan-Bennett 0612 test lung to evaluate the 

ventilator and measure maximum pressure and airflow. I adjusted the weight on the 

bellows and the flow characteristics to make it operate within the normal pressure and 

flow limits of a regular ventilator. 
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Results 

In order to get the ventilator to operate correctly, I needed to modify the original 

design, and do some troubleshooting to achieve reliable operation. A 4.5 kg weight was 

required on the bellows plate. This generated a maximum pressure equivalent to 22 cm 

of water and this is within a safe operating range. The tidal volume, which is the volume 

of air exchanged in each cycle, was about 0.4 liters. The minute volume, which is the 

total volume of air exchanged in one minute, was about 7 liters. These are within the 

normal therapeutic ranges for a ventilator. Maximum pressure can be adjusted by 

changing the bellows weight. Changing the setting of the limit switches and the flow 

controller can adjust volume. The ventilator has been operating reliably during the 

testing phase.  

Testing 
 
Functional testing was done on the ventilator in order to show that the design features 

would work and to see how accurately they were calibrated.   

Test of minute volume and total volume monitor accuracy 

The tidal volume was measured over a two minute interval using a Boeringer ventilator 

spirometer. The spirometer measured 10.6 liters of air volume. The ventilator recorded 

10.7 liters of air volume. The calculated minute volume is 5.3 liters per minute. The 

ventilator displayed 5.0 liters per minute for minute volume. 

Test of pressure monitor accuracy 

The patient circuit pressure was measured using a Checkmate ventilator pressure 

monitor. The circuit was pressurized at different pressure intervals and the readings 

from the Checkmate and the ventilator were recorded. 
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Reading Checkmate pressure 
cm H2O 

ventilator pressure 
cm H2O 

1 10 12 
2 20 21 
3 30 30 
5 40 41 
5 50 49 

  
 

Test of high patient pressure alarm 

The high patient pressure alarm limit was set on the ventilator. An alarm condition was 

created by pressing down on the lung simulator during the inhale portion of the 

ventilation cycle.  The visual alarm on the monitor turned on. 

Reading high pressure patient alarm 
setpoint cm H2O 

alarm test Checkmate 
pressure reading cm H2O 

1 40 40 
2 45 46 
3 50 51 

 

Test of patient line occlusion alarm 

The patient line was occluded between the inhale valve and the patient connector. The 

alarm occurred within three seconds. The audible alarm sounded and the visual alarm 

indicator turned red which indicated a malfunction. The occlusion was removed, the 

alarm was then reset with the reset switch and the ventilator continued to run without 

error. 

Test of loss of air pressure source alarm 

The pump was unplugged to simulate a loss of air pressure. An alarm occurred within 

two seconds. The audible alarm sounded and the visual alarm indicator turned red 

which indicated a malfunction. The pump was reconnected, the alarm was then reset 

with the reset switch and the ventilator continued to run without error. 



26 April 2008      Jeff Graansma: The Pandemic Ventilator       Page 5 of 6 

Test of respiratory rate monitor accuracy 

The number of respiratory cycles was counted over a two minute interval. The number 

of cycles recorded was 27. The number of cycles displayed by the ventilator was 27. 

Conclusions  

I was able to achieve operations similar to a normal medical ventilator. Multiple 

copies of the ventilator would be very easy to build to meet the needs of a ventilator 

shortage during a pandemic. With more development time I can improve the monitoring, 

display and alarm systems. 

Applications 

An additional use of the pandemic ventilator design or something similar to it 

could be a sustainable solution for a ventilator for use in the third world. The design of 

this ventilator is simple enough that it could be built, maintained and used with minimal 

experience and training.  
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