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The Need
• If COVID-19 surges somewhere in the world, we are likely to need a 

large number of ventilators quickly

• In the developing world, these must be inexpensive and easily 
manufactured
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Op-Vent
• Open-Source
• Proportional Solenoid Valve
• Closed-Loop Feedback Control 
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Each ”click” of left encoder selects next 
parameter – Mode, TV, RR, I:E, P, …

Each click of right encoder 
inc/decrements the parameter



Top line: Current Settings: TV, RR, I:E, P, Mode

3rd Line:
Last breath
TV, PIP, PEEP, MV

2nd Line:
Selected Parameter 
and value

Bottom line: Instantaneous t, P, F





INPUTS OUTPUTS

Test # Breath

Test Lung Parameters Ventilator Settings Measured Outputs Analysis

Compliance 
(ml/hPa)

Resistance 
(hPa/L/s)

Tidal Volume 
(mL)

Set Rate 
(bpm)

Inspiratory 
Time (sec)

O2 % PEEP 
(cmH2O)

Measured 
Tidal Volume 

(mL)

Max Flow 
Rate (Lpm)

Measured 
Rate (bpm)

Measured 
Inspiratory 
Time (sec)

Measured 
Expiratory 
Time (sec)

Measured 
O2 %

Measured 
PEEP 

(cmH2O)

Tidal Volume 
Error (mL)

Max Flow 
Rate (Lpm)

Rate Error 
(bpm)

Calculated 
I:E Ratio

O2 % Error 
(% O2)

PEEP Error 
(cmH2O)

1

1

50 5 500 20 1 5

523 54.66 19.97 1.00 2.02 5.29 -23 54.66 0.031:2.015 0 -0.29
2 521 53.76 19.93 1.00 2.02 5.26 -21 53.76 0.071:2.015 0 -0.26
3 520 54.762 19.89 1.00 2.01 5.23 -20 54.762 0.111:2.0201 0 -0.23
4 519 54.264 19.93 1.00 2.02 5.39 -19 54.264 0.071:2.015 0 -0.39
5 519 53.868 19.93 1.00 2.02 5.33 -19 53.868 0.071:2.0251 0 -0.33

2

1

50 20 500 12 1 10

504 63.642 11.96 1.02 4.01 9.81 -4 63.642 0.041:3.9313 0 0.19
2 505 64.536 11.96 1.00 4.02 9.65 -5 64.536 0.041:4.02 0 0.35
3 505 63.54 11.96 0.99 4.03 9.51 -5 63.54 0.041:4.0707 0 0.49
4 503 67.3332 11.96 0.99 4.03 9.88 -3 67.3332 0.041:4.0707 0 0.12
5 501 69.726 11.96 0.98 4.03 9.85 -1 69.726 0.041:4.1122 0 0.15

3

1

20 5 500 20 1 5

499 60.846 19.95 0.99 2.03 4.99 1 60.846 0.051:2.0505 0 0.01
2 497 61.746 19.92 0.98 2.03 4.96 3 61.746 0.081:2.0714 0 0.04
3 498 63.24 19.92 0.98 2.04 4.86 2 63.24 0.081:2.0816 0 0.14
4 499 62.544 19.93 0.97 2.04 4.86 1 62.544 0.071:2.103 0 0.14
5 500 62.544 19.94 0.97 2.03 4.76 0 62.544 0.061:2.0927 0 0.24

4

1

20 20 500 20 1 10

482 63.54 19.93 0.99 2.03 9.15 18 63.54 0.071:2.0505 0 0.85
2 482 63.642 19.93 0.98 2.02 9.08 18 63.642 0.071:2.0612 0 0.92
3 482 65.238 19.93 0.99 2.02 9.02 18 65.238 0.071:2.0404 0 0.98
4 481 63.738 19.94 0.99 2.02 9.12 19 63.738 0.061:2.0404 0 0.88
5 481 63.738 19.92 0.99 2.03 9.21 19 63.738 0.081:2.0505 0 0.79

5

1

20 20 300 20 1 5

292 40.2 19.92 1.00 2.01 5.19 8 40.2 0.081:2.01 0 -0.19
2 292 40.698 19.93 1.00 2.01 5.19 8 40.698 0.071:2.01 0 -0.19
3 292 40.698 19.92 1.00 2.02 5.26 8 40.698 0.081:2.02 0 -0.26
4 292 41.196 19.93 1.00 2.00 5.33 8 41.196 0.071:2.01 0 -0.33
5 292 40.596 19.93 1.01 2.02 5.13 8 40.596 0.071:2 0 -0.13

6

1

20 50 300 12 1 10

286 43.992 11.65 1.00 4.03 9.75 14 43.992 0.351:4.03 0 0.25
2 287 43.29 11.93 0.99 4.02 9.98 13 43.29 0.071:4.0606 0 0.02
3 287 43.392 12.07 1.00 4.02 9.75 13 43.392 -0.071:4.02 0 0.25
4 287 43.392 12.14 0.99 4.03 9.68 13 43.392 -0.141:4.0707 0 0.32
5 288 43.392 11.74 0.99 4.02 9.75 12 43.392 0.261:4.0606 0 0.25

7

1

10 50 300 20 1 10

281 66.834 19.93 0.98 2.03 9.85 19 66.834 0.071:2.0714 0 0.15
2 281 66.834 19.93 0.99 2.04 9.75 19 66.834 0.071:2.071 0 0.25
3 279 66.834 19.93 0.97 2.03 9.88 21 66.834 0.071:2.0927 0 0.12
4 279 66.834 19.93 0.98 2.04 9.61 21 66.834 0.071:2.0816 0 0.39
5 279 66.834 19.93 0.97 2.04 9.68 21 66.834 0.071:2.103 0 0.32

8

1

10 10 200 20 1 5

198 29.928 19.92 1.00 2.01 4.86 2 29.928 0.081:2.01 0 0.14
2 198 30.024 19.92 1.00 2.02 5.06 2 30.024 0.081:2.02 0 -0.06
3 198 30.024 19.93 0.99 2.01 4.99 2 30.024 0.071:2.0303 0 0.01
4 198 30.624 19.93 1.00 2.01 4.96 2 30.624 0.071:2.01 0 0.04
5 198 30.522 19.92 1.00 2.02 5.03 2 30.522 0.081:2.02 0 -0.03



Test Results
• 16 Tests – 8 volume, 8 pressure

– With manual and electronic PEEP (32 total sets of results)

• All regulated parameters within 5% - generally within 2%

• Volumes low during pressure mode
– Function of Lung compliance (which varied over testing)
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Meets All Requirements

Number Description Met Explanation
SR-01 Mandatory Ventilation Yes Provided by volume control and pressure control 

modes
SR-02 Spontaneous 

Ventilation
Yes Provided by volume assist and pressure assist modes

SR-03 Volume Control Yes Provided by volume control mode
SR-04 Pressure Control Yes Provided by pressure control mode
SR-05 Pressure Support Yes Provided by pressure assist mode
SR-06 Apnea Backup Yes RR set in pressure assist and volume assist mode 

provides backup mandatory breaths
SR-07 >60L/m Yes Components rated to 70L/m.  Over 90L/m measured.
SR-08 PEEP 5-15cm Yes PEEP  can be provided either electronically (5-20cm 

H20) or via a PEEP valve on the exhaust port.
SR-09 I:E ratio Yes Settable from 2:1 to 1:4  in increments of 0.5
SR-10 Respiratory Rate 10-30 Yes Settable 5-40 in increments of 1
SR-11 Tidal Volume (option 4) Yes Settable from 50-800 mL in increments of 50 mL
SR-12 Gas Connector Yes ¼ NPT input port is compatible with high-pressure gas 

source 20-120PSI
SR-13 Oxygen Delivery Option Base unit requires external blender to keep cost low.  

Option can be enabled at expense of $200 BOM cost.
SR-15 Reusability Yes Either a disposable or resusable breathing circuit can 

be used. Op-Vent expiratory path is autoclavable.
SR-16 Viral Filter Yes Standard ISO-5356 filters are placed inline.
SR-17 Inlet Filter Yes A ¼ NPT particle filter may be added to the inlet.
SR-18 Cleanable Yes Aluminum and plastic case can be cleaned with bleach 

or alchohol.
SR-19 Inlet gas/Power Alarm Yes Both low input pressure and low voltage alarms are 

provided

Number Description Met Explanation
SR-20 Pressure Alarm Yes A settable peak pressure alarm is provided.  Also, a 

mechanical pressure relief valve is provided.
SR-21 Apnea Alarm Yes An apnea alarm is raised if two consecutive mandatory 

backup breaths are provided in assist modes
SR-22 Disconnect Alarm Yes A disconnect alarm is raised if PIP is below a threshold
SR-23 Total Volume Alarm Yes High and Low minute volume alarms are raised
SR-24 O2 Disconnect Option If optional O2 path is provided a low pressure alarm on 

that path is raised.
SR-25 Alarm Volume Yes Alarm used is 110dBA
SR-36 Mandatory Off Alarm Yes Alarm sounds for 0.5s when ventilator switched off 

from two mandatory modes.
SR-26 Monitoring Yes Measured TV, PEEP, PIP, and flow are displayed
SR-32 Power Yes Input power is 12V DC, 120V AC supported with wall 

transformer – supplied.
SR-34 Battery Labeling Yes Instructions make it clear there is no internal battery 

backup
SR-35 Battery Backup Option A 12V battery pack can be connected in parallel to the 

12V input power with a “Y” cable – this has been 
tested.

SR-27 Altitude Yes Vent tested at 6,300 feet.  Flow meter measures mass 
air flow.

SR-28 Durability Yes Solenoid valves rated to 100M cycles ~ 83,000 hours
SR-29 Compatibility Yes Patient connections are 22mm ISO-5356 tapers
SR-30 Ventilator Standards Still reviewing standard
SR-33 Electrical Standards Standards not available



Battery Backup with 
external battery pack
10s of hours operation



Air Path Fair = F(1-x)/.79

O2 Path  FO2 = F(x-.21)/.79

Internal Air – O2 blending 
+ $200 BOM cost



Why Op-Vent?
• Meets all requirements

– Optional O2 blending
– Optional battery backup
– Pressure modes, spontaneous breathing, alarms

• Precise
– Regulates flow, volume, and pressure 
– All regulated parameters within 5%, most within 2%

• Low Cost
– BOM cost under $400 (under $600 with O2 blending)
– Under $150 with open-source components

• Easily Assembled
– Pneumatics bolt together, 4 cables, 4 hoses < 30min assembly

• Easily Operated
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