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VENTILATOR TESTBED

@ SUMMARY

A number of open-source ventilator designs have been
published online since the outbreak of the COVID-19
pandemic. These ventilator designs have been created
and released to help address the limitations in
manufacturing and distribution timelines, and to help drive
availability of more cost efficient ventilators. Many of these
ventilators have been designed to be relatively simple to
built and to use components that can be easily-sourced
and acquired in large numbers from local suppliers. A test
bed for evaluating the performance of these open-source
ventilators was developed at Los Alamos National
Laboratory as part of the Technology Evaluation and
Demonstration program.

@ MARKET APPLICATION

Open source ventilator development efforts were initiated
to overcome predicted shortages of commercial ventilators
at hospitals and clinics where, and when, no other
alternatives would be available. These open source
designs exist at varying levels of maturity and have
undergone different levels of performance testing. Early
technical readiness designs and designs which have not
been tested are significantly less likely to be adopted even
if they are anticipated to function well, and at a lower cost
point. Additionally, the average cost of a hospital ventilator
ranges from $20,000 - $50,000 and many traditional
ventilator components are in short supply or unavailable.
An ability to provide technical performance characterization
on low cost ventilator designs was needed, as was the
ability to use these analyses to consider alternative
sourcing for necessary ventilator parts
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BENEFITS

> Utilizes laboratory hardware and

software test capabilities

> Leverages LANL’s expertise in

science, engineering, simulation, and
design

> Enables rapid evaluation of ventilator

design performance under different
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> Provides alternative component
suggestions to preserve ventilator
performance while maintaining
affordability
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Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is managed by Triad National Security, LLC, for the National
Nuclear Security Administration of the U.S. Department of Energy under contract 89233218CNA000001.

WHY WE ARE BUILDING THE VENTILATOR TESTBED

The Los Alamos National Laboratory Ventilator Testbed was developed to help address
ventilator manufacturing challenges. The Testbed aims to contribute timely and technically
relevant feedback on observed ventilator performance and to help mitigate supply chain
limitations by providing system and component level alternatives that preserve ventilator
performance and cost point.

WHAT'S BEHIND OUR TECHNOLOGY

Los Alamos researchers worked with Presbyterian Healthcare Services (PHS) to distill
functional requirements for open source ventilator systems. This led to development of a
plan to evaluate the mechanical performance of each ventilator system against these
requirements. These requirements also informed objective evaluation of the strengths and
weaknesses of each ventilator system in light of subcomponent reliability, subcomponent
supply-chain and commercial availability, system safety, and system functionality.

OUR COMPETITIVE ADVANTAGES

This Ventilator Testbed provides leverages Los Alamos’ cross-cutting scientific, engineering,
and computational expertise to explore the performance of ventilator designs. Testbed
capabilities include evaluating the mechanical performance of ventilator systems, including
measurements of air flow rates (integrated to give tidal volume) and pressures (inspiratory
pressure, expiratory pressure), endurance testing of components, and evaluating
performance repeatability.

OUR TECHNOLOGY STATUS

Los Alamos has a published paper outlining the initial work done using the Ventilator
Testbed, a detailed description of the instrumentation, and recommendations for future work
click here to view.

Please contact the Feynman Center at techsnapshot@lanl.gov if you are interested in
learning more about the Testbed capability.

The ventilator testbed is an investigational capability and not a product. No claim of
clearance or approval status, safety, or effectiveness is made herein. The ventilator
testbed is not intended for clinical or patient use.
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Copyright Notice and Disclaimers

© Copyright 2020. Triad National Security, LLC. All Rights Reserved.

Unless otherwise indicated, this information has been authored by an employee or employees of
the Triad National Security, LLC., operator of the Los Alamos National Laboratory with the U.S.
Department of Energy. The U.S. Government has rights to use, reproduce, and distribute this
information. The public may copy and use this information without charge, provided that this
Notice and any statement of authorship are reproduced on all copies.

While every effort has been made to produce valid data, by using this data, User acknowledges
that neither the Government nor Triad make any warranty, express or implied, of either the
accuracy or completeness of this information or assumes any liability or responsibility for the use
of this information. Additionally, this information is provided solely for research purposes and is
not provided for the purposes of offering medical advice. Accordingly, the U.S. Government and
Triad are not to be liable to any user for any loss or damage, whether in contract, tort (including
negligence), breach of statutory duty, or otherwise, even if foreseeable, arising under or in
connection with the use of or reliance on the content displayed in this document or on this site.

The ventilator testbed is an investigational capability and not a product. No claim of clearance
or approval status, safety, or effectiveness is made herein. The ventilator testbed is not intended
for clinical or patient use.

Note:
The University of Florida (UF) open hardware ventilator design is licensed under the CERN-OHL-S v2 license, full text available
here. Any reproduction of the UF design remains under the CERN-OHL-S V2 license.

Information regarding the Flometrics open ventilator information is available here.



https://ohwr.org/project/cernohl/wikis/uploads/002d0b7d5066e6b3829168730237bddb/cern_ohl_s_v2.txt

http://www.flometrics.com/covid19-ventilator/



1. Introduction

A number of open-source ventilator designs have been published online since the outbreak of
the COVID-19 pandemic. Many of these ventilator replacements are designed to be built by a
technician with moderate mechanical skill and use components that can be easily-sourced and
acquired in large numbers from local suppliers (hardware and general supply stores). These
open-source emergency ventilator development efforts were initiated to overcome predicted
shortages of commercial ventilators at hospitals and clinics when no other alternatives are
available.

A test bed for evaluating the performance of these open-source ventilators was developed as
part of this Technology Evaluation Demonstration (TED) project. The test bed is located at
TA35 Bldg. 128. In this test bed we are capable of evaluating the mechanical performance of
ventilator systems, including measurements of air flow rates (integrated to give tidal volume) and
pressures (inspiratory pressure, expiratory pressure), endurance testing of components, and
evaluation of performance repeatability. This test bed is not intended to serve as an officially
calibrated design validation system for FDA approval.

We built a ventilator system based on a University of Florida open-source design [1] and a
system based on a design developed by Dr. Steve Harrington at Flometrics, Inc [2]. We
carefully documented the build procedures for each ventilator system during the build processes.
During ventilator system operation, both of these ventilator systems were controlled and
monitored with a high-fidelity National Instruments data acquisition and control system and
calibrated instrumentation. We worked with Presbyterian Healthcare Services (PHS) to develop
functional requirements for the ventilator systems, and we developed a test plan to test the
mechanical performance of each ventilator system to ensure that functional requirements could
be met. Each ventilator system was run through the test plan and data were collected and
analyzed. Finally, we objectively evaluated the strengths and weaknesses of each ventilator
system considering subcomponent reliability, subcomponent supply-chain and commercial
availability, system safety, and system functionality.

Detailed descriptions and operating principles of the University of Florida and Flometrics
ventilator systems are given in Section 2 and assembly procedures are given in Section 3. The
ventilator functional requirements and the test plan developed to evaluate ventilator performance
against those requirements are documented in Section 4. A description of the test setup and the
instrumentation and control system is given in Section 5. Test data for both the University of
Florida and the Flometrics ventilator systems are presented in Section 6 and evaluations of the
ventilator system’s strengths and weaknesses are documented in Section 7. Finally, conclusions
and recommendations for future work are given in Section 8.

2. System Descriptions and P&ID

The Piping and Instrumentation Diagram (P&ID) for the University of Florida ventilator
system is shown in Figure 1. The ventilator system uses compressed house air as the gas source.
The air supply is regulated to a lower pressure, typically to 15 — 20 psig, using a pressure
regulator. The supply air is then mixed with oxygen supplied from a gas bottle. The relatively
high pressure, 15-20 psig supply, flows into an inlet solenoid valve that is opened on the

Note:
The University of Florida (UF) open hardware ventilator design is licensed under the CERN-OHL-S v2 license, full text available
here. Any reproduction of the UF design remains under the CERN-OHL-S V2 license.

Information regarding the Flometrics open ventilator information is available here.
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inhalation portion of the cycle. The output of the inhalation valve is directed into a tee. One leg
of the tee operates a pilot assisted check valve. The check valve is a section of tube from a
bicycle tire that is placed in the exhalation line. When the inhalation control valve is opened, the
bicycle tube fills with high pressure air, inflates, and blocks airflow in the exhalation line. The
other leg of the tee downstream of the inhalation control valve directs high pressure air through a
reduced flow orifice (typically 0.047” — 0.070” diameter orifice plate) that is used to choke the
supply flow, reduce the pressure of the supply air into the artificial lung, and limit and meter the
flow rate into the lung. The air flow out of the orifice is directed through a flow meter and into
the artificial lung on every inspiration portion of the cycle. When the control valve on the
inhalation line is closed, the supply air flow stops, the bicycle tube deflates and opens the pilot
assisted check valve, and air is exhausted from the artificial lung into the water tank. The depth
of the exhalation tube in the water tank controls the expiratory pressure (PEEP) supplied to the
lung. Also connected to the artificial lung is an emergency exhalation line which allows air to
exit the pressurized lung (at a maximum prescribed pressure) and into the water tank. The
maximum prescribed lung pressure is dictated by the depth of the emergency exhalation line in
the tank. Two pressure relief valves, one just downstream of pressure regulator on the main
compressor supply line, and one on the O2 supply line, are used to set the Maximum Allowable
Working Pressure of the entire system to 30 psig. The lowest working pressure of any single
component of the system was determined to be 100 psig.

A P&ID for the Flometrics ventilator system is shown in Figure 2. Air is supplied to the
ventilator system using the blower from a ShopVac vacuum cleaner. The air flowrate is
controlled by wiring the ShopVac into a variable voltage supply (Variac or dimmer switch). The
air supply is mixed with oxygen from a gas bottle, is routed through an inhalation bacteria/virus
filter, an inhalation control solenoid valve, a check valve, and a flow meter before being directed
to the lung. The exhalation portion of the cycle includes sending the air from the pressurized
lung through a check valve, an open solenoid valve and into a water tank. Like the University of
Florida system, this ventilator controls the PEEP by the depth of the exhalation tube in the water
tank. During the inhalation portion of the cycle, the inhalation solenoid valve opens and the
exhalation line solenoid valve remains closed. During the exhalation cycle, the inhalation valve
closes and the exhalation valve opens. This ventilator also uses the emergency exhalation line
like that described previously for the University of Florida system. The entire Flometrics system
operates at low pressures, typically <1 psig. The solenoid valves used in both the Flometrics and
University of Florida ventilator systems are sprinkler valves used for home and commercial
irrigation systems. These valves are designed to operate with process fluid pressures above 5
psig and will not open with low pressure process fluids. To overcome this limitation, the
Flometrics system uses a vacuum pump on the backside of the sprinkler valve diaphragm to
assist valve function.

3. System Assembly Procedures and Fabrication Drawings

Two types of assembly procedures were developed for the ventilators. First, we developed
conventional step-by-step procedures, which include pictures and detailed descriptions from our
actual fabrication and assembly processes. Step-by-step procedures used to build the University

2
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here. Any reproduction of the UF design remains under the CERN-OHL-S V2 license.

Information regarding the Flometrics open ventilator information is available here.
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Figure 1. P&ID for the University of Florida ventilator system [1].
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Figure 2. P&ID for the Flometrics ventilator system [2].
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of Florida ventilator system and the Flometrics ventilator system, to the as-built condition that
were used during testing, are included in Appendix A. Second, we developed illustrated

assembly instructions, with only pictorial descriptions of fabrication and assembly procedures.
We anticipate that these pictorial assembly instructions will be useful in assisting a technician
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with assembly of the ventilator systems. An example of the pictorial assembly instructions for
the University of Florida system is shown in Appendix A.

4. Ventilator Functional Requirements and Test Plan

A set of functional requirements for the ventilator systems were agreed on through
discussions with respiratory therapists and physicians at PHS. The functional requirements for
the ventilators are shown in Figure 3.

The test matrix shown below in Table 1 was used to test the performance of the ventilator
systems and to compare their performance to the ventilator requirements. The test sequence is
designed to operate each ventilator system through the entire range of parameters outlined in the
functional requirements.

Plateau Pressure Air Supply

+ 35cm H20 * ~50 psig

Peak Inspiratory Pressure * 0-50 L/min

« 35 cm H20 -37cm H20 (fail safe @ 40cm H20) 02 Supply
Inspiratory time: (0.6 to 5.0 sec) * =50 psig

Positive End Expiratory Pressure (PEEP) + Fi02=0.21-1

+ 5-25 cm H20 (A=5cm H20)

+ 3-30 cm H20 Note: Texts in red are specs
Tidal Volume recommended by PHS

* Inhale: 6mL per Kg of body wait (250-800 mL; A = 25 mL)

*  Exhale: 2000 mL

- (100-650 mL)

Respiratory rate Normal Pressure Time Curve
+ 10-30 per minute (10-40 bpm tested to 28)

Inspiratory to Expiratory ratio: ReaXInEirstofy Pressure

» Expiration time = 2 x Inspiration time < Plateau Pressure

* e.g. Expiration time 2 sec and inspiration time 1 sec
+ Expiration is passive, caused by patient reflex
+ Defined by inspiratory time and respiratory rate

Time Axis
L Inspiration ok Expiration

Pressure
(cm H20)

Figure 3. Ventilator functional requirements developed through collaboration with PHS. Text in black are the requirements from
the University of Florida system used as a starting point to develop functional requirements [1].

5. Test Setup, Instrumentation, Data Acquisition, and Control

The ventilator systems were tested in the laboratory space at TA35 Bldg. 128. Both the
University of Florida and the Flometrics ventilator designs were built with parts acquired from
local hardware stores. Pictures of both systems during testing are shown in Figure 4 and Figure
5. During testing, the ventilator systems were connected to IngMar Medical Quicklungs. A data
sheet for the Quicklung is shown in Appendix B. The Quicklung allows for adjustment of both
lung compliance (by extension coil springs) and lung resistance (by flow orifice size).

Note:
The University of Florida (UF) open hardware ventilator design is licensed under the CERN-OHL-S v2 license, full text available
here. Any reproduction of the UF design remains under the CERN-OHL-S V2 license.
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Table 1. Test matrix with 20 tests designed to test a ventilator system over the entire range of operating parameters.
Parameters in the table are set and flow rates and Tidal Volume are measured.

System Functional Requirements UoF System Settings to Adjust Flometrics System Settings to Adjust
Plateau P |35 cm H20 Upstream regulator setting: Nominal = 20 psig Speed of Blower
PIP 35-37 cm H20 Orifice diameter: Nominal = 0.070" Inspiration valve open/close duration
PEEP 5-25 cm H20 Inspiration valve open/close duration Expiration valve open/close duration
Tidal vV 250-850 |mL PEEP tube depth in water tank PEEP tube depth in water tank
Res Rate |10-30 bpm Overpressure tube depth in water tank Overpressure tube depth in water tank
I:E 1:2 02 regulator setting 02 regulator setting
FiO2 0.21-1
Test Matrix
Test # PIP PEEP Res Rate |I:E Fi02 C R ‘Variations
cm H20 |cm H20 |bpm L/ecm H20 |cmH20/L/s

1 35 5 10 1:1 0.21 0.02 20 PEEP @ I:(E=1:1

2 35 10 10 1:1 0.21 0.02 20

3 35 15 10 1:1 0.21 0.02 20

4 35 20 10 1:1 0.21 0.02 20

5 35 25 10 1:1 0.21 0.02 20

6 35 15 20 1:1 0.21 0.02 20 Res Rate @ I:E = 1:1

7 35 15 30 1:1 0.21 0.02 20

8 35 5 10 1:2 0.21 0.02 20 PEEP @ I:E=1:2

9 f 35 10 10 1:2 0.21 0.02 20

10 T 15 10 1:2 0.21 0.02 20

11 f 35 20 10 1:2 0.21 0.02 20

12 [ 35 25 10 1:2 0.21 0.02 20

13 35 15 20 1:2 0.21 0.02 20 Res Rate @ I:E = 1:2

14 [ 35 15 30 1:2 0.21 0.02 20

15 35 15 20 1:2 0.5 0.02 20 FiO2

16 [ 35 15 20 12 1 0.02 20

17 35 15 20 1:2 0.21 0.01 20 Lung Compliance

18 f 35 15 20 1:2 0.21 0.05 20

19 35 15 20 1:2 0.21 0.02 5 Lung Resistance

20 f 35 15 20 1:2 0.21 0.02 50

a. Ventilator Instrumentation

Both ventilator systems were instrumented with pressure and flow rate sensors. Pressure
measurements included two pressure taps, one installed at the entrance to the Quicklung and one
installed in the expiration line just before the flow is discharged to the tube controlling the PEEP.
Pressures were measured at these two locations with Honeywell board mounted pressure
transducers, TBPDANSO001PGUCV, with a measurement range of 0 — 1 psig and an accuracy of
+/- 0.002 psi. A pressure tap was located at the entrance to the inspiration line (just downstream
of the ShopVac in the Flometrics system and just downstream of the pressure regulator in the
University of Florida system). This inspiration line pressure was measured with an Omega
Engineering oil-filled pressure transducer, PX409-100G5V, with a measurement range of 0 —
100 psig and an accuracy of +/- 0.08 psi. Data sheets for both pressure transducers are included
in Appendix B.

Note:
The University of Florida (UF) open hardware ventilator design is licensed under the CERN-OHL-S v2 license, full text available
here. Any reproduction of the UF design remains under the CERN-OHL-S V2 license.

Information regarding the Flometrics open ventilator information is available here.
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o

Figure 5 Fometrics desfgned system in the laboratory at TA35 Bldg 128.
Flow rates of air in the ventilator systems were measured on the inspiration line using a
custom-built orifice flow meter. The flow meters were built from 3% PVC slip unions, 1/8”

thick aluminum plates with 0.25” holes to form an orifice plate, o-rings, and 1/8” hose barbs. A
design drawing and a picture of the flow meter is shown in Figure 6. The flow meters were

Note:
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installed with 10 diameters of straight pipe run upstream and 5 diameters of straight pipe run
downstream of the orifice plate. The pressure drop across the orifice plate was measured with a
Dwyer Instruments differential pressure transmitter, 616KD-06, with a measurement range of 0 —
20 in H20 and an accuracy of +/- 0.4 in H20. We built a total of three orifice flow meters. The
flow meters were calibrated by comparing their performance to a Neulog NUL-216 spirometer,
with a measurement range of 0 — 60 L/min and a measurement resolution of +/- 6 L/min. Data
sheets for the Dwyer differential pressure transmitter and the Neulog spirometer are included in
Appendix B.

In the calibration tests, air flow was directed from our house air supply, to a pressure
regulator, through a 0.070” diameter orifice plate, through the custom built orifice flow meter,
through the spirometer, then to the environment (atmospheric air). By adjusting the regulator
pressure from 0 — 20 psig, we could control the flow of air through the flow meter and
spirometer from 0 — 60 L/min. Air flow rate measured by the spirometer and pressure drop
across the custom built orifice plate were recorded. Throughout the calibration tests of all three
custom built flow meters, we found that, as shown in Figure 7, the data fit well with a theoretical
curve for an orifice plate with a 0.25” diameter orifice [3]. The following equation is used to
correlate measured pressure drop to actual volumetric flow rate for the custom built flow meters:

O[L/min] = 32.1,/AP[inH20] .

Finally, during some tests, a commercial ventilator system gas analyzer was used. The Fluke
VT900 gas flow analyzer was connected on the outlet of the ventilator system between the
ventilator and the test lung. The Fluke analyzer measures pressure, volumetric flowrate, and
inspiratory and expiratory tidal volume. A data sheet for the Fluke VT900 is included in
Appendix B. Unfortunately, the Fluke gas flow analyzer arrived in our laboratory on the last day
of testing. Because of the limited time that the gas flow analyzer was available for testing, we
were only able to measure tidal volumes using the commercial gas flow analyzer for a small
subset of our experiments.

b. Ventilator Control System Architecture

In support of testing efforts, a control and data acquisition system was produced to perform
high fidelity measurements of critical ventilator performance criteria. This setup was designed to
be interchangeable with test hardware for both the University of Florida and Flometrics
ventilator designs. The test hardware uses a National Instruments cDAQ as shown in Figure 8.

The cDAQ chassis included three National Instruments I/O modules. The NI-9375 is digital
input/output module that was configured to control the two valves used in the Flometrics design.
As the valves required 24AC and required significant hold current, relays were placed between
the NI-9375 module and the valves to drive the necessary 24VAC. It was found that the 24VAC
would couple across an electromechanical relay and cause channel failures on the module. Thus,
two relays were placed in series with the second relay driven directly from the power supply to
protect the digital output module from voltages induced by the AC signal. Appropriate solid
state relays, flyback diodes, and other protection methods could also have been used to protect
the system.

Note:
The University of Florida (UF) open hardware ventilator design is licensed under the CERN-OHL-S v2 license, full text available
here. Any reproduction of the UF design remains under the CERN-OHL-S V2 license.

Information regarding the Flometrics open ventilator information is available here.
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The NI-9203 is a £20 mA analog input module. This module was used to measure the
differential pressure measurement recorded across the orifice placed at the inlet of the ventilator
system. An appropriate scale factor was generated to convert from the current input to the actual
differential pressure measurement. For the tested systems, only one such measurement was
required; however, the same differential pressure sensors were occasionally used to measure the
pressure in other parts of the system. Up to 8 such measurements are possible on the test system.

The NI-9205 is a £10 V analog input module capable of both single-ended and differential
measurements. This module was used to measure the pressure sensors located at the ventilator
inlet, lung entrance, and exhaust ports. Two pressure sensors were used during testing. The first
was a high precision Omega pressure transducer with a measurement range of 0-100 psig. This
sensor was only used at the inlet port due to the relatively high inlet pressures used in the system.

Commands Settings
Data
(start, stop, etc.) (I:E, BPM, etc.)

Control Software

o e @ @ @

Inhale Valve Exhale Valve Inlet Flow Inlet Pressure LungPressure ExhaustPressure
Figure 8. Test control system configuration.
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As the pressure dropped to no more than half a psi after the inlet, a sensitive Honeywell pressure
sensor with a measurement range of 0-1 psi was used for the lung and exhaust pressures.

The Omega pressure sensors produced an output of 0-5 VDC while the Honeywell sensors
produced a full scale output of 1.5mV/V (our setup supplied these 5 V for a maximum output
range of 7.5 mV). Normally, this wide measurement range may prove difficult to implement or
require amplification of the small measurement. However, the 9205 uses adjustable input ranges
varying from £200 mV to 10 V. Thus, the former could be used for the low level signals and
the latter for the larger signal levels produced by the Omega transducers to provide accurate
pressure measurements across the system.

LabVIEW was used to generate the control software due to the powerful integration between
the software and NI hardware used for the tests. The software was responsible for controlling the
valves, sampling the input channels, logging data, and updating the user interface. A queued
message handler architecture based on the NI standard data acquisition template was used. See
Figure 9 for an overview of the software design. For the control and acquisition tasks, project
defined DAQmzx was used to easily reconfigure input and output channels including sample rate,
scale, and source. All data was logged to TDMS format due to the seamless integration with
DAQmx acquisition tasks and the desire for compressed binary storage.

The user interface, shown in Figure 10, consists of plots of the measured flow, inlet pressure,
lung pressure, and exhaust pressure of each of the test systems. A pane is dedicated for system

Control Settings Change———> CONTROL LOOP
Sequence Commands—p>

Sequence Commands

Sequence Commands— P LOGGING LOOP

Sequence Commands,

——N—P>

Sequence Commands

v

ACQUISITION LOOP

Ul DATA LOOP

Figure 9. Software architecture overview.
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controls, including: breaths per minute, inspiration-expiration ratio, alarm setpoints, and alarm
status. Defined alarms include overpressure, low PEEP, low tidal volume, and high tidal volume
statuses. While control of the delivered tidal volume, plateau pressure, and PEEP pressure is not
currently implemented through the software, setting these alarm values gives some nominal
constraints to the system’s operation. An additional plot is provided in the side pane to identify a
single breath cycle and show the calculated tidal volume.

Additionally, user settings may be accessed to define how and when data logging should be
performed through a separate settings dialog box.

i

AT

TR no
o wwwwwm&/ uwawwww | r
PR ww

Figure 10. Picture of the user interface during testing of the University of Florida system.

6. Test Data

To test the performance of the ventilator systems, each ventilator system was run through the
test plan. Five sets of data were collected for the ventilator systems connected to the Quicklungs.
Series 100, 200, and 500 were collected using the Flometrics ventilator system. Series 300 and
400 were collected for the University of Florida ventilator system.

The data were analyzed using a python algorithm that imports a set of excel files to produce a
pdf with a visual representation of the data (flow rate, PIP, flow rate integrated to give volume
per cycle...) and a excel report matrix containing average and standard deviation of the
volumetric flow rate integrated over a respiration cycle (units of volume), PEEP, and the plateau
inhalation pressure. The file also contains the average duration of the plateau pressure, the max
pressure, and the min pressure per cycle. The code works by computing a moving average with
20 data points (0.2 seconds) for each of the data sets to eliminate sensor noise. The flow rate data
“FLOWLPM?” is fit with a sin function and min values are used as start and end points to
compute the volume flowing through the sensor on each cycle. Each cycle had two flow peaks
and the larger inhalation peak was used to compute the average and standard deviation for each
experiment. For the pressure data “PIP” the max and min were computed for each cycle, where
the min value represents PEEP pressure. 33% of the total number of cycles in the middle of the
data set were chosen to compute averages and standard deviation for all instances. The max was
used along with a tolerance range of 5 to get the plateau pressure average for the test and the min
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was used with a tolerance of 3 to get the average PEEP. The average length (time) of the plateau
pressure region and the PEEP region was also calculated using the tolerance. Finally the results
from each set of experiments produced by python were compared to the test matrix using excel.

Resulting plots of volumetric flow rate measured on the custom built flow meter on the
inspiratory line, inspiratory pressure to the lung measured using the pressure sensor in the supply
tube to the lung, volumetric flow rate measured by the Fluke VT900, and inspiratory pressure
measured by the Fluke VT900 are shown in Figure 11 and Figure 12. Figure 11 is for the
University of Florida system and Figure 12 is for the Flometrics system.

In both the University of Florida ventilator system and the Flometrics ventilator system, the
pressure measured on our board-mounted pressure sensor installed just upstream of the lung
compares well with the pressure measured by the commercial gas flow analyzer. The flow rates
measured on the custom-built flow meters, however, are not representative of the flow rate into
the lung. For both the University of Florida system and the Flometrics system, the flow rate does
not ever reach or cross zero, and in the case of the Flometrics system, the peak measured flow
rate is nearly twice as large as the flow rate measured by the Fluke VT900. In both systems,
these discrepancies between the measured flow rates in the inspiratory line and the measured
flow rate into the lung are likely due to the differences between measurement locations. As
shown in Figure 1 and Figure 2, in the University of Florida system, the custom built flow meter
is placed just downstream of the orifice used to choke the high pressure flow and in the
Flometrics system, the custom built flow meter is placed in the inspiratory line before the tee to
the lung and expiratory line. In the University of Florida system, the flow rate measured by the
custom built flow meter measures not only the flow into the lung, but also the flow of air that is
released from the bladder (bicycle tube) as the bladder deflates before exhalation. In the
Flometrics system, the inspiratory line has a large volume that throughout the respiratory cycle
has to be filled and emptied of high pressure air. Because the custom built flow meter is far from
the lung in the Flometrics system, the flow rate is not representative of the volume flowing into
the lung. In both the University of Florida system and the Flometrics system, the flow rates
measured on the custom built flow meters are expected to be higher than the flow rate into the
lung. While, the flow rate measured by the Fluke VT900 is a better measure of the tidal volume,
the volume flow measured by the custom built flow meter will be used to assess the repeatability
and level of control that can be achieved by the ventilator systems.

Table 2 shows the tabulated results for all measured flow rates and pressures throughout the
test series. The integrated volumetric flow rate (V) measures the total volume flowing through
the custom built flow meter on the inspiratory line over one cycle. Peak inspiratory pressure
(PIP), and positive end expiratory pressure (PEEP) are also tabulated. The standard deviation
(STD) of V, PIP, and PEEP measured over many cycles of the ventilators are presented to
evaluate the repeatability of the ventilator systems. Overall, the systems seem to have small
variability in V, PIP, and PEEP over the limited number of cycles (typically minutes of runtime)
that we have used to evaluate the systems. Finally, in Table 2, we also present the tidal volume
measured by the Fluke VT900 for the 400 and 500 data series.
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Figure 11. University of Florida ventilator volumetric flow and inspiratory pressure measured with the custom built orifice flow
meter and the pressure sensor at the lung (top) and volumetric flow rate and inspiratory pressure measured using the VT900.
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Figure 12. Flometrics ventilator volumetric flow and inspiratory pressure measured with the custom built orifice flow meter and
the pressure sensor at the lung (top) and volumetric flow rate and inspiratory pressure measured using the VT900.
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Table 2. Measured flow rate on the inspiratory line and integrated over one cycle (V), inspiratory pressure (PIP), expiratory
pressure (PEEP), and Tidal Volume (TV) for the Flometrics ventilator system (100, 200, and 500 series) and the Univerity of
Florida system (300 and 400 series). Note: the inspiratory line flow rate integrated over one cycle (V) is not representative of

Tidal Volume.

Integrated Volume Flow (L) Volume STD (L) PIP average (cm H20) PIP STD (cm H20) PEEP average (cm H20) PEEP STD (cm H20)
101 1.68 0.04 35.21 0.83 5.11 0.82
102 1.39 0.01 35.3 0.84 9.79 0.88
103 1.16 0.01 35.28 0.87 14.95 1.12
104 11 0.01 353 1 20.36 0.92
105 0.95 0.01 35.17 1.18 25.54 0.95
106 0.77 0.01 343 12 15.98 0.76
107 1.38 0 34.45 1.2 15.9 0.9
108 3.21 0.02 34.21 0.77 5.93 0.61
109 2.99 0.02 34.22 0.9 9.74 0.9
110 2.54 0.02 34.27 1.16 14.88 1.05
111 23 0.02 34.19 1.28 20.27 0.94
112 2.16 0.02 33.36 1.62 25.05 0.86
113 171 0.01 29.72 1.44 14.82 0.91
114 1.34 0.01 27.22 1.987 15.16 1.04
Integrated Volume Flow (L) Volume STD (L) PIP average (cm H20) PIP STD (cm H20) PEEP average (cm H20) PEEP STD (cm H20)
201 1.63 0.01 35.16 0.91 5.59 0.69
202 1.36 0.02 35.31 0.88 10.04 0.81
203 1.48 0.01 35.75 0.89 14.66 1.05
204 1.23 0.01 35.6 1.04 20.22 0.9
205 1.18 0.01 35.61 117 24.89 1.1
206 0.92 0.01 33.46 1.62 16.22 0.56
207 1.72 0.01 39.82 11 15.04 1.16
208 3.45 0.01 33.94 0.87 5.97 0.54
209 3.06 0.02 34.33 0.98 9.79 0.93
210 2.77 0.01 34.42 114 15.24 1
211 23 0 34.15 1.54 20.35 0.9
212 2.32 0.12 34.14 1.5 25.07 1.03
213 2.01 0.01 309 2.49 15.67 0.49
214 2.09 0.01 3117 2.08 15.72 0.58
217 1.95 0.01 36.36 2.92 15.24 0.88
218 2.3 0.03 29.96 2.85 15.34 0.88
219 2.47 0.01 35.34 2.75 15.43 0.73
220 2.26 0.01 30.26 2.5 15.31 0.93
220-2 2.46 0.01 3119 3.17 15.02 1.07
Integrated Volume Flow (L) Volume STD (L) PIP average (cm H20) PIP STD (cm H20) PEEP average (cm H20) PEEP STD (cm H20)
301 0.83 0.05 33.62 1.64 4.41 0.82
302 0.88 0.04 33.91 1.68 9.68 0.99
303 0.85 0.04 34.34 1.62 15.15 0.8
304 0.82 0.04 34.64 1.67 20.46 0.7
305 0.9 0.08 41.74 1.33 25.37 1.27
306 0.53 0.04 34.21 1.88 15.58 0.94
307 0.38 0.02 31.61 1.41 14.82 1.08
308 1.04 0.08 38.57 172 4.6 0.81
309 0.73 0 32.97 171 10.11 0.75
310 0.97 0.05 32.89 1.68 14.85 0.99
311 0.84 0.06 32.82 1.61 19.32 0.93
312 0.91 0.06 33.13 1.43 25.33 1.26
313 0.64 0.05 33.98 1.45 15.55 0.74
314 0.47 0.01 31.86 1.95 15.4 0.9
317 0.48 0.03 36.45 21 15.03 0.87
318 0.91 0.02 35.63 135 16 0.6
319 0.58 0.03 40.65 1.49 14.99 0.87
320 0.47 0.02 313 3.39 15.42 0.84
Note:
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Integrated Volume Flow (L) Volume STD (L) PIP average (cm H20) PIP STD (cm H20) PEEP average (cm H20) PEEP STD (cm H20) Tidal Volume-TV (L)

401 1.28 0.01 31.79 1.24 4.55 0.85 0.639
402 1.27 0.01 33.73 1.37 9.74 0.82 0.594
403 1.21 0.04 35.19 1.3 14.75 0.82 0.560
404 1.16 0.03 31.86 1.32 19.63 1 0.451
405 131 0.22 34.66 1.39 24.72 0.97 0.426
406 0.78 0.03 34.45 1.59 15.21 0.9 0.431
407 0.52 0.01 0.55 0.57 nan nan 0.285
408 1.27 0.02 33.96 1.25 4.65 0.93 0.66*
409 1.23 0.03 35.88 128 9.96 0.96 0.661
410 1.17 0.01 33.02 136 14.78 0.83 0.540
411 1.12 0.02 34.33 1.28 19.9 0.79 0.524
412 111 0.01 32.27 171 24.76 0.87 0.465
413 0.77 0.01 36.09 1.73 15.09 0.74 0.479
414 0.59 0 34 1.22 15.33 0.89 0.391
417 0.68 0.01 35.68 161 15.4 0.82 0.265
418 0.7 0.02 38.1 1.66 15.45 0.78 0.654
419 0.78 0.01 35.56 145 14.42 0.86 0.512
420 0.7 0.01 34.97 123 15.07 0.9 0.287
*estimated from flow rate
graph
Integrated Volume Flow (L) Volume STD (L) PIP average (cm H20) PIP STD (cm H20) PEEP average (cm H20) PEEP STD (cm H20) Tidal Volume-TV (L)
501 1.42 0.08 36.37 0.85 6.98 1.09 0.44*
502 1.18 0.07 36.75 0.88 12.85 1.07 0.42*
503 1.16 0.06 36.83 0.94 17.96 1.02 0.390
504 1.06 0.09 36.97 0.96 22.62 0.9 0.29*
505 0.84 0.02 36.87 1.07 26.18 0.9 0.23*
*estimated from flow rate
graph

To allow engineers and operators to more easily assess the ventilator tidal volume
performance over the ranges of the independent variables of PIP, PEEP, Respiratory Rate (RR),
and Inhalation/Exhalation Time Ratio (I:E), the experimental data was correlated. Note the
conductance and resistance of the Quicklung was not included in the correlation exercise as
sufficient variability for these two parameters was not acquired. The form of the empirical
correlation for tidal volume, TV, is as follows:

TV =a, PPy RR“1 1 E*
where P, is the peak inspiratory pressure, P, is the positive end expiratory pressure, RR is
the respiratory rate, /: E is the Inspiratory-to-Expiratory rate ratio, and g, through a, are

empirically-derived coefficients.

The tidal volume correlating equation is linearized by taking logarithms of both sides of the
tidal volume equation above and the coefficients are derived through a linear least squares fit of
the data to the assumed form of the correlation.

For example, the equation was written out for the 400 series of data, after which the resulting
set of simultaneous equations were solved for using a Gaussian elimination to solve for the
constants. The curve fit used to correlate tidal volume to the test parameters for the 400 series of
data obtained for the University of Florida ventilator system is shown in Figure 13.

7. System Comparisons and Subcomponent Reliability, Supply-Chain Considerations, and

Possible Improvements

A trade study was conducted as part of this TED project to objectively evaluate the strengths
and weaknesses of the University of Florida and Flometrics designs. Results of the trade study
are included here in Appendix C. The two systems were compared to one another considering
system functionality, ability to sustain continuous operation for 400 hours, maintenance
requirements, component and system reliability, ease of subcomponent procurement, number of
components, amount of off-the-shelf component modification, ease of assembly, ease of
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Figure 13. Empirical correlation for tidal volume of the University of Florida system from the 400 series of data. Pressures are
measured in cm H20, respiratory rate in cycles per minute, and a dimensionless I:E ratio.

operation, system adaptability to patient needs, adaptability to serve multiple patients,
component and system safety, presence of real-time alarms and instrumentation, and use of
certified components (UL, ASTM, etc...). Generally, while the more complex design of the
Flometrics system affords more control over system settings and adjustability for on-the-fly
changes in operating conditions, the simple University of Florida design requires less
components, less modifications to off-the-shelf components, and could present less challenges in
acquiring the component parts (e.g. the vacuum pump required in the Flometrics design may be
difficult to source in large quantities). Finally, in the trade study we present possible component
alternatives for use in both the University of Florida ventilator system and the Flometrics
ventilator system to help overcome some of the system weaknesses. A number of readily
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available design alternatives are presented for control valves for use in both ventilator designs,
an alternative to using a dimmer switch to control the vacuum cleaner blower motor on the
Flometrics design is presented, alternative check valves for the Flometrics system are suggested,
and a suggestion for an easily-sourced vacuum pump for the Flometrics design is presented.

8. Conclusions and Future Work

As part of this TED project we have developed a test stand for ventilator testing. We have
built two ventilator replacements based on designs from the University of Florida and Flometrics
Inc. and we have documented our assembly procedures. Both ventilator designs were run
through a test plan designed to characterize the function the ventilators through a range of
inspiratory pressures, positive end expiratory pressures, respiratory rates, [:E ratios, and lung
compliance and resistance. We collected flow rate, pressure, and tidal volume data for each
ventilator system and we analyzed the repeatability of the ventilator systems over a small number
(minutes) of cycles at each operating condition. Generally, both systems were able to function
over the entire range of operating conditions and standard deviations of pressures and flow rates
were small for all test conditions. Finally, we worked through a trade study to consider the
strengths and weaknesses of each system, considering system functionality, manufacturability,
reliability, and safety. While the Flometrics ventilator system requires more components and
more off-the-shelf component modifications than the University of Florida system, which
presents more fabrication difficulty and may present challenges in acquiring component parts,
the Flometrics system is more flexible and will allow for easier adjustment of on-the-fly changes
to operating conditions.

A number of design changes and extensions to this work could be performed in the future to
mature these ventilator designs, and to improve system evaluation, manufacturability, and
reliability. The extensions include:

e Long-term (weeks) performance testing of the ventilator designs and the associated

assessment of overall system reliability and repeatability.

e Replace plastic sprinkler valves (and vacuum pump) with all metal gas solenoid valves.

e Replace National Instruments control system with a micro-controller.

e With the micro-controller mentioned above, implement an alarm system (instrumentation

and software).

e Replace water bath for PEEP control and implement a PEEP control valve.

e Replace orifice flow meter with a hot wire anemometer.

e Test the Flometrics system with compressed air source replacing ShopVac.

e Implement design alternatives/improvements recommended in the trade study of

Appendix C for acquisition and performance improvement.

e Develop human-compatible sealing material for all joints.

e More detailed lifetime tests on control valves and smaller more affordable vacuum pump.

e Biomedical compatibility assessment of all components in the ventilator systems.

e Assessment of manufacturing infrastructure required for system manufacturing.
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Appendix A: Assembly Instructions and Drawings
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Ventilator Assembly Manual

(Flometrics Ventilator Baseline Design and Testing)

Design, assembly and instrumentation

1. Design

Figure 1. Schematic drawing of FIometlcs ventilator design

2. Assembly Instruction

a. Tool list
name Qty Image
1/4" dia. drill bit 1 /
7/16” drill bit 1 /
#25 (or 5/32”) drill bit 1 /
2> NPT taper tap 1 \






10-24 tap 1

Adjustable wrench 2
Screw driver 1
b. Parts list

1 Orbit Pl'ast|c. Electric Inline ) 824798 57465
Irrigation Valve

%" Barbed Barb x MIP
2 2 48472 24
Adapter Fitting 248 800249

3/ _
3 A" FIP Lead-Free Brass 1 770980 801879
Pipe Tee Fitting

%” MIP x %5” FIP Lead-Free
4 Brass Pipe Hex Bushing 1 782454 802339
Fitting

%" MIP x %4” FIP Lead-Free
5 Brass Pipe Hex Bushing 1 762102 802639
Fitting

Swagelok Ball Valve,

1/4“ Tubing Fitting ! 55-42G54

%" PVC Sch. 40 Slip x Slip

Ball Valve 1 784893 VBVP40E4B






1” Sch. 40 PVC Male

188158

C436-010

Adapter
1” x %” PVC Sch. 40
9 Pressure 90-Degree Slip x 294314 C407-131
FPT Reducing Elbow
10 1/2" x 6" Nipple 155055 38086
%" Brass Sweat x Sweat
11 Swing Check Valve 868713 240-4-34-EB
3/7 y 2 \
12 A7 PVC Sch. 40 MPT 188107 C435-007 fr
female adapter )
3/7
13 A" Schedule 40 PVC 188077 C429-007
Coupling
\
Orifice Plate, 1" OD,
14 0.070" diameter hole, Custom
1/8" thick
machined part
1-1/16” 0.D x 13/16” I.D x
15 1/8” Thickness Neoprene 219655
'0' Ring
%" x %" MIP Lead-Free
16 Brass Hose Barb Adapter 650001 800119
Fitting
1/2in.-1-1/4in. \%‘ \
17 Stainless-Steel Hose 100589 6712595 ¢ .

Clamp






0.170” I.D.x %” O.D. x 20 As
18 ft. Clear Vinyl Tubing needed 701968 710007003 4

3/7
19 A" PVC Sch. 40 FPT X FPT 1 610798 PVC021020800HD °

Coupling o

3/M

20 | 7 PVCSch. 40 MPT male 1 188131 PVC021090800HD (| )
adapter \
%" x %" x %" x %" dia. ‘ v

21 Cross Tee PVC Fitting 1 232505 PVC024100600HD - .
22 Dishwasher Hose 2 1001298167 HRBDISO6EB
23 %” PVC Sch.40S xS Tee 1 187917 PVC024000800HD - '

3/7 _
24 | % PVCSch. 40 90-Degree 2 187976 PVC023000800HD

S x S Elbow ' :
%" x %" CPVC slip x slip
25 CPVC to PVC adapter 4 868630 >1577
—
26 10-32 to %4” Push-to- )
Connect Tube Fitting

27 %” Plastic Y Union 1

'Y






%" CPVC Water Supply

28 Pipe (CTS) AVG O.D.: ne?;e . 206153
0.875” (22.2 mm)
%" Schedule 40 PVC Pipe As
29 (0.D.1.05” AVG ID needed 254518
0.804”) 1.5” Long
1” Schedule 40 PVC Pipe As
30 (0.D.1.315in. AVG ID needed 254977
1.029”) 2" Long
4 Gal. 5.0-Peak HP
Portable Wet/Dry Shop a”l
31 Vacuum with Fine Dust 1 476085 WD4070 L g
Filter, Hose and
Accessories
Differential Pressure
32 Switch 616KD Series ! 616KD-06
Board Mount Pressure TBPDANSO01PGUC
33 2
Sensor \Y
/
Omega Pressure sensor
34 (0-100psi) 1 PX409-001G5V - ,
1y _
35 A" FIP Lead-Free Brass 1 706429 801969
Pipe Tee Fitting :
Swagelok SST Bellows
36 Sealed Valve, Welded, SS 1 SS-4H2 i
Stem Tip, 1/4 in. MNPT =
W(:iﬁ“"
Stainless Steel Pipe
37 Fitting, Tee, %" Female 1 SS-4-T

NPT






Stainless Steel Pipe

38 Fitting, Hex Nipple, 1/2 in. SS-8-HN
Male NPT
Swagelok Ball Valve,
39 1/4" Tubing Fitting 55-42G54
40 1/4" Metal Male 317556 11 (f o
Connector g
- . /*‘J LE”\
41 Bacterial Viral Filter kU 7

c. Sprinkler Valve Modification

Figure 2. Sprinkler valve modification.
As shown in figure 2, modify the outlet port of two Orbit Plastic Electric
Inline Irrigation Valves (sprinkler valves, item 1) to a %4” dia. circular hole using
V4" dia. drill bit.

Note: Sprinkler valves will be installed on both inhalation and exhalation

subassemblies.






2. Ensure this drilling operation won’t damage or penetrate any other plastic
components in the sprinkler valve.

3. Using biocompatible adhesive to secure a 3 ft long 1/4” O.D. tubing on the
modified outlet port.

Note: This tubing will supply additional vacuum pressure to the valves to
facilitate the valves opening.

d. Inhalation inlet subassembly
INote: NO PVC GLUE, PVC pipe is press fit,

Pressure
= relief valve

Air Flow Direction

Shop Vac Hose Anti-Viral Filter

Sprinkler Valve

Figure 3. Inhalation inlet subassembly.

Note: Use Teflon tape on all male threads.

1. Install a %4” barbed barb x MIP Adapter Fitting (item 2) on one end of the
% brass pipe tee fitting (item 3) for Shop Vac (item 31) hose installation.

2. Hand tighten %4” Barbed Barb x MIP Adapter Fitting using an adjustable
wrench.

£y

Swagelok 4"

-
%re MNPT Valve
Y - ‘ﬁﬁv

Pressure
relief valve

Figure 4. Inhalation inlet air source plumbing connection
3. Attach a %" MIP x 2" FIP Lead-Free Brass Pipe Hex Bushing Fitting (item
4) with Teflon tape on one end of the brass pipe tee fitting for Oxygen supply
tubing installation.
4. Using an adjustable wrench to tight Brass Pipe Hex Bushing Fitting.





5. Install a 72" MIP x 74" FIP Lead-Free Brass Pipe Hex Bushing Fitting (item
5) with Teflon tape in %” MIP x 2" FIP Lead-Free Brass Pipe Hex Bushing
Fitting.

6. Using two adjustable wrench to tight Brass Pipe Hex Bushing Fittings.

7. Install a %4 FIP Lead-Free Brass Pipe Tee Fitting (item 35) with 1/4" x 1/4"
NPT Male Couplings to 2" MIP x V2" FIP Lead-Free Brass Pipe Hex Bushing
Fitting and hand tighten.

8.  Attach the Omega pressure sensor (item 34) onto 72" FIP Lead-Free Brass
Pipe Tee Fitting.

9.  Attach a Stainless Steel Pipe Fitting, Tee, 4" Female NPT (item 37) with
two pre-attached Stainless Steel Pipe Fitting, Hex Nipple, 1/2 in. Male NPT
(item 38) to 4" FIP Lead-Free Brass Pipe Tee Fitting as shown in figure 4.

10. Attach a 4" ball valve (item 6) with a 74" male connector (item 40) and a 1”
long %4” dia. tubing (item 18) to Stainless Steel Pipe Fitting, Tee, 2" Female
NPT (item 37) as pressure relief valve.

11. Install Swagelok SST Bellows Sealed Valve, 1/4 in. MNPT (item 36) to the
coupling on Stainless Steel Pipe Fitting, Tee, 4" Female NPT (item 37) to
control Oxygen supply source.

12. Connect the 74" tubing on Nitrogen tank (simulating Oxygen source) to
Swagelok SST Bellows Sealed Valve, 1/4 in. MNPT and hand tighten using
adjustable wrench.

- e
|

Anti-Viral Filter

Sprinkler Valve

Figure 5. Inhalation inlet plumbing connection

13. Install a %" PVC Sch. 40 MPT male adapter (item 20) to the open end of
the brass pipe tee fitting.

14. Attach 4” long %" dia. PVC pipe and a %" x %" CPVC slip x slip CPVC to
PVC adapter (item 25) to %" PVC Sch. 40 MPT male adapter.

15. Connect the Bacterial Viral Filter to the open end of the %" x %" CPVC slip
x slip CPVC to PVC adapter and seal the edge of the connection using tape as
needed.

16. Attach a 2” long %" dia. CPVC pipe to the outlet of the Bacterial Viral
Filter.

17. Attach a %" x %" CPVC slip x slip CPVC to PVC adapter and 3" long %"
PVC pipe to CPVC pipe.





Note: Ensure the flow direction indicator on the sprinkler valve is matching
with the air flow direction.

18. Install a 32" PVC Sch. 40 MPT male adapter (item 20) to the inlet of
modified sprinkler valve.

19. Attach the inlet of modified sprinkler valve with a %" PVC Sch. 40 MPT
male adapter to %" PVC pipe.

20. Feeda 1" PVC Sch. 40 MPT Male Adapter (item 8) thru pre-attached V4"
tubing on the sprinkler valve and connect to the outlet of the sprinkler valve.

Note: A %" dia. PVC Sch. 40 MPT Male Adapter can be used on %" size of
sprinkler valve.

21. Feeda 2" long 1” dia. PVC pipe thru pre-attached 1/4” O.D. tubing and
attach to 1” PVC Sch. Male adapter.

Figure 6. 1" Slip x 3/4" FPT PVC Elbow Reduce Modification

22. Drill a %4” dia. hole on the corner of 1" Slip x 3/4" FPT PVC Elbow Reducer
(item 9) as shown in figure 6.

23. Feed pre-attached 4" tubing thru the drilled hole on 1" Slip x %2” FPT PVC
Elbow Reducer and a 2” long 1” dia. PVC pipe

24. Attach 1” PVC pipe and 1" Slip x %" FPT PVC Elbow Reducer to 1" PVC
Sch. 40 MPT Male Adapter.

25. Using biocompatible adhesive to seal the drilled hole and secure 74" O.D.
tubing in place.





Figure 7. Check valve adapter modification
26. Cut 2” pieces from both ends of the 1/2" x 6" Nipple (item 10).
27. Keep the preexisting threads and machine the non-threaded ends to 7/8”
O.D. diameter.
28. Attach the modified 2" Nipples onto %" Brass Sweat x Sweat Swing
Check Valve (item 11).

Figure 8. Check valve installation
29. Attach the check valve with modified 2" Nipple to the 1" Slip x %" FPT
PVC Elbow Reducer.
30. Ensure the flow direction indicator on the check valve is matching with the
air flow direction.
31. Install %" PVC Sch. 40 MPT Female Adapter (item 12) to the modified V2"
Nipple on the outlet of the check valve and hand tighten.
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e. Orifice subassembly

Air Flow Direction

0.070” Qrifice

Air Flow Direction

4” PVC Pipe

6" PVC Pipe

pressure differential sensor

Figure 9. Orifice subassembly configuration
1. Prepare two pieces %" dia. PVC pipes with 6” and 4” lengths, respectively.
2. Install the orifice plate (item 14) with 0.25” dia. thru hole into a 32" x %4”
PVC coupling (item 13) and hold it in place by 1-1/16” O.D x 13/16” I.D x 1/8”
thickness neoprene O-ring (item 15)

Figure 10. Orifice installation (reference only)
3. Connect the 6” long 3/4" dia. PVC pipe to 3/4" x 3/4" PVC coupling to
secure and hold O-ring in place.
4. Attach 4” long %4” dia. PVC pipe to the opposite end of the %" PVC

coupling.

5. Dirill and tap the coupling on both sides of orifice with 7/16” drill bit and %4”
NPT taper tap.

6. Install two %2 NPT barbed tubing fittings (item 16) on the %" PVC
coupling.

11





7. Clean the assembled parts by compressed air to remove any debris from
machining.

8. Install pressure differential sensor (item 32) on the barbed tubing fitting
using 2” long 4" flex tubing (item 18).

9. Ensure the “+” sign on the sensor is connected to the inlet side of the
orifice as shown below.

>
&
3
S
a:
p—

Figure 11. Pressure differential sensor installation
10. Attach the open end of the 6” long %4” dia. PVC pipe to the Install 32" PVC

Sch. 40 MPT Female Adapter on check valve to complete inhalation inlet
subassembly.

f. Exhalation outlet subassembly

Sprinkler
Valve

Check‘ Valve

Air Flow Direction

Figure 12. Exhalation outlet subassembly

1. Cut 2” pieces from both ends of the 1/2" x 6" Nipple (item 24).
2. Keep the preexisting threads and machine the non-threaded ends to 7/8”
O.D. diameter.
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3. Attach the modified 1/2" Nipples onto %" Brass Sweat x Sweat Swing
Check Valve (item 11).

4. Attach the inlet of check valve with modified '2” Nipple to the %" PVC Sch.
40 FPT x FPT Coupling (item 19).

5. Install %4” PVC Sch. 40 MPT male adapter (item 20) and a 2 %" long %"
PVC pipe to the 34" PVC Sch. 40 FPT x FPT coupling on the check valve and
hand tighten.

6. Install the modified sprinkler valve to the modified 2" Nipples on the outlet
of the check valve.

7. Ensure the flow direction indicator on the sprinkler valve is matching with
the air flow direction as shown in figure 12.

8. Feed a 1" PVC Sch. 40 MPT Male Adapter (item 8) thru pre-attached 4"
tubing on the sprinkler valve and connect to the outlet of the sprinkler valve.

Note: a 3/4” PVC Sch. 40 MPT Male Adapter can be used on %4” size of
sprinkler valve.

= —=Sprinkler Val
i - gru? er Valve

—

Figure 13. Partial exhalation outlet subassembly

9. Feed a 2" long 1” dia. PVC pipe thru pre-attached %4” tubing and attach to
1” PVC Sch. Male adapter.

10. Dirill a 74" dia. hole on the corner of 1" Slip x 3/4" FPT PVC Elbow Reducer
(item 9) as shown in figure 6.

11. Feed pre-attached 74" tubing thru the drilled hole on 1" Slip x %" FPT PVC
Elbow Reducer.

12. Attach 1” PVC pipe and 1" Slip x %" FPT PVC Elbow Reducer to 1" PVC
Sch. 40 MPT Male Adapter on the sprinkler valve.

13. Using biocompatible adhesive to seal the drilled hole and secure 4" O.D.
tubing in place.

14. Install a %" PVC Sch. 40 MPT male adapter onto 1" Slip x %" FPT PVC
Elbow Reducer and hand tighten.

15. Dill and tap a 10-32 threads in the middle of the 3” long %" dia. PVC pipe.
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16. Install a 10-32 to V4" Push-to-Connect Tube Fitting (item 26) on this 3” long
%" dia. PVC pipe for pressure sensor (item 33) connection as shown in figure
13.

17. Install a 6’ long dishwasher hose to 3” long %" dia. PVC pipe using hose
clamp (item 17) and hand tighten using screw driver.

18. Connect 6’ long 3/4” dia. PVC pipe on the open end of the dishwasher
hose and used it as PEEP line.

g. Final assembly

Figure 14. Inhalation and exhalation connection

1. Attach the inhalation and exhalation subassemblies to a %" x %4” x %4” x %" dia.
Cross Tee PVC Fitting (item 21).

2. As shown in figure 14, attach a 2” long %4” dia. PVC pipe, %" PVC Sch. 40 Slip x
Slip Ball Valve (item 7), 6’ dishwasher hose (item 22) and hose clamp onto tee
Cross as overpressure port.

3. Drill and tap a hole in center of 4” long %" dia. PVC pipe to get 10-24 threads
using #25 (or 5/32”) drill bit and 10-24 tap.

4. Install a 10-32 to 2" Push-to-Connect Tube Fitting (item 26) on this 4” long %4”
dia. PVC pipe for attaching %4” dia. tubing and a pressure sensor (item 33).

5. Attach this modified 4” long %" dia. PVC pipe to the open end of a %4” x %" x %4’
x ¥4” dia. Cross Tee.

6. Install a %" PVC Sch. 40 90-Degree S x S Elbow onto the open end of the
modified 4” long %" dia. PVC pipe.

7. Attach a 2” long %" dia. PVC pipe and %" x %" CPVC slip x slip CPVC to PVC
adapter (item 25) to %" PVC Sch. 40 90-Degree S x S Elbow.

8. Attach a 2" long 3/4” CPVC pipe to the %" x %” CPVC slip x slip CPVC to PVC
adapter.

9. Attach the quick lung and hose to the other end of the 2” long %" CPVC pipe as
shown below.
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From Sprinkler Valve
| on Exhalation Line

From Sprinkler Valve
on Inhalation Lir

Figure 16. Vacuum line connection

10.Connect two 4" tubing from outlet of sprinkler valves to a 1/4" Plastic Y Union
(item 27) as shown in figure 16.

11. Connect a pressure relief valve and a vacuum pump to the outlet of 1/4" Plastic
Y Union to facilitate the valve opening.
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Ventilator Manual

UoF Ventilator Design, assembly and instrumentation

1. Design

&

COMPRESSOR

OR SHOP VAC W

\/
N &

Schematic drawing of UoF ventilator’s design

2. Assembly Instruction
a. Tooling list

Description Qty Image
1/4" dia. drill bit 1 /
7/16” drill bit 1 /
#25 (or 5/32”) drill bit 1 /
Ya” NPT taper tap 1






10-24 tap

Adjustable wrench 2
Screw driver 1
b. Parts list
Item Description Source | part number Qty Notes
Husky high flow air regulator (0 Home
1 10160 psi) Model # - 019-0332H | Depot | 1002085188 1
> 1/2 in. - 1-1/4 in. Stainless-Steel Home 100589 >
Hose Clamp Depot
Orbit %” sprinkler valve Model # - Home
3 57280 Depot 46878572805 1
4 Hose Reducer %" Male NPT V4" 1
Male NPT
%” PVC Sch. 40 MPT x S Male Home
5 Adapter Model # - nome | 188131 4 bl
PVC021090800HD P Ly
%" PVC Sch. 40 S x S Tee Model # - ' .
6 PVC024000800HD Home | 0947 4 -
Depot
%’ PVC Sch. Female S x FPT Home ( ( N
7 adapter Model # - Depot 188107 1 )
PVC021010800HD P o
8 90 Deg Sch 40 PVC SPIG x SLIP Home As
Street %" Elbow Fitting Depot needed
%" PVC Sch.40 Sx S xS x S Cross Home ‘
9 Model # - PVC024100600HD D 232505 4 .
epot r
10 Sch 40 PVC Reducing Female Home ° :
Adapter 17 x %~ Depot w )






1"x1"x%"PVC Sch.40S xS xS Home
" Reducing Tee Model # - C401-131 Depot 612952 '
%" x %" CPVC slip x slip CPVC to Home |
12 PVC adapter Model # - 51577 Depot | 808690 0
%" x %" dia. Elbow PVC Fitting Home
13 Model # - PVC023000800HD Depot | 187976
1” x %" PVC coupling Model # - PVC Home
14 02100 3600 Depot | 1004925158 .
%" x %" PVC coupling Model # - Home
15 PV/C021000800HD Depot | 188077
\
%" CPVC Water Supply Pipe (CTS) Home
16 AVG 0.D.: 0.875in (22.2 mm) Depot 206153
Model # - CTS 12007 0200 P
%”. Schedule 40 PVC Pipe (O.D. Home
17 1.05in. AVG ID 0.804 in.) 1.5" Long Depot 254518
Model # - 22075 P
1” Schedule 40 PVC Pipe (O.D. Home
18 1.315” AVG ID 1.029 in.) 2" Long Depot 254977
Model # - 2201 P
19 Bell bicycle inner tube (27-in) 1-1/8"x Pep 76368 Or equivaler
1-1/4” Part # - 1006475 Boys
20 #8 O-Ring, OD 9/16 in., ID 3/8”, Wall | Home 583971 Obsolete with 3l
3/32 in. Model # - 96725 Depot printed pal
1-1/16” O.D x 13/16” I.D x 1/8” Home
21 Thickness Neoprene 'O' Ring Model depot 219655 O
# - 837328 P
Charlotte Pipe Schedule 40 2" Ace
22 Spigot x /2" Dia. Slip PVC Plug hardware 44847
23 Orifice Plate, 1" OD, 1/8" thick with Custom See drawing i
0.070" or 0.25” diameter hole appendi
. , Home UP248A5 Obsolete with 3l
24 1/2" plastic PEX barb 90 deg elbow Depot printed pa
v : Wy A Ace
25 6' dishwasher drain hose 1/2" x 6 WD7807506

hardware






26 #8-32 3/4" long screws buttonhead 1
As
27 Teflon tape needed
. As
28 Nylon cable ties needed
29 3D printed Elbow Custom 1 See dra_wmg n
appendix
30 10-32 to V4’ Pus.h-.to-Connect Tube 2 >
Fitting
Stainless Steel Swagelok Tube -
31 Fitting, Male Connector, 74" Tube 1 S5-400-1-4 1 [ )
OD x 74a” Male NPT =
32 Board Mount Pressure Sensors 1 TBPDANS001PGUCV 2
33 Differential Pressu_re Switch 616KD 1 616KD-06 1
Series
Omega Pressure sensor
34 (0-100psi) 1 PX409-001G5V 1
Ya" x Va” MIP Lead-Free Brass Hose
35 Barb Adapter Fitting 2 650001 2
36 0.170” I1.D. x 4" O.D. x 20 ft. Clear As 701968 As
Vinyl Tubing needed (T10007003) needed
%" PVC Sch. 40 Slip x Slip Ball #
37 Y 1 784893 1
alve |
Pl
38 Bacterial Viral Filter 2 1 L )
|
39 Quick lung 1 1
Swagelok Ball Valve, 1/4* Tubing
40 Fitting 1 SS-42GS4 1 q!_a
41 Swagelok Union Tee, tube fitting 74” 1 SS-400-3 1 f






Stainless Steel Swagelok Tube

42 Fitting, Male Elbow, 1/4 in. Tube OD 1 SS-400-2-4 1
x 1/4 in. Male NPT
Swagelok SST Bellows Sealed
43 Valve, Welded, SS Stem Tip, 1/4 in. 1 SS-4H2 1
MNPT
44 Swagelok pressure relief valve 1 1
V4" FIP Lead-Free Brass Pipe Tee
45 Fitting 3 706429 3
46 1/4” MIP x Close Lead-Free Brass 3 710684 3

Pipe Nipple Fitting

c. Exhalation valve subassembly

1.

Cut one 5” piece and two %" pieces of 27” (1-1/8"x 1-1/4") bicycle inner rubber

tube (item 19).

2.

oo AW

e
7.
8.

Remove tabs from 1/2" plastic PEX barb 90 deg elbow (item 24).

Figure 1. Remove tabs on 1/2” elbow.
Wrap 5” rubber tube onto 2" elbow.

Place %" rubber tube on the wrapped 5” rubber tube.

Wrap %2 “ rubber tube and secure it in place using two cable ties.

Wrap the open end of 5” rubber tube. Use vise as needed to gently hold wrapped
nd together.

Place %" rubber tube on the wrapped open end of 5” rubber tube.

Wrap 2" rubber tube and secure it in place using two cable ties.





Figure 2. The assembled exhalation bladder.

9. Perform leak check and ensure the assembled rubber tube bladder is leak tight.

10.Add two #8 O-rings (item 20) to the other side of 72" elbow.

11.Modify a 1" x 17 x %" PVC Sch. 40 S x S x S Reducing Tee connector (item 11)
by drilling a hole on the bottom 0.5” away from center line and tapping #8-32
threads.

12.Insert the machined or 3-D printed adapter into a 3 4” long %” dia PVC pipe
(figure 3).

13.Install elbow with O-ring to 1” x 17 x %" PVC Sch. 40 S x S x S Reducing Tee
connector.

14.Insert and push the elbow with O-ring and ensure its fully sited into machined
adapter.

15.Install 8-32 x %” buttonhead screw (item 26) to hold elbow to against air pressure
during inhalation.

Figure 3. The subcomponents for exhalation valve subassembly.
16. Attach a 6“ long 1” dia. PVC pipe onto 1" x 1” x %" PVC Sch. 40 S xS x S
Reducing Tee connector to protect the rubber tube.
17.

d. Valves assembly





Note: NO PVC GLUE, PVC pipe is press fit.

1. Put Teflon tape on the threads of all metal parts.
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Figure 4. Air regulator and inlet valve installation

2. Asshown in figure 4, assemble Swagelok 4" tee (item 41), ball valve (item 40),
elbow (item 42), pressure relief valve (item 44), 2” O.D. SST tubing and 2" house
air hose (air source) together, and hand tighten .

3. Connect the open end of Swagelok elbow (item 42) to the inlet of the air regulator
(item 1)

4. Ensure the flow direction indicator on the regulator is matching with the air flow
direction.

5. Connect three 2" FIP Brass Pipe Tee Fitting (item 45) using three 742” MIP Brass
Pipe Nipple Fittings (item 46) as shown in figure 4.

6. Connect the assembled tees to the outlet of the air regular.

7. Attach a pressure relief valve to the first tee next to the outlet of air regular (figure
4).

8. Attach the Omega pressure sensor (item 34), Swagelok tube fitting male
connector (item 31) and Swagelok 2" MNPT valve (item 43) onto the top tee (figure
4) for oxygen source connection.

9. Put the Teflon tape on the threads of Hose Reducer %" Male NPT 2" Male NPT
(item 4) and attach it to the brass tee (figure 4).

10. Install the open end of Hose Reducer %" Male NPT V42" Male NPT to the inlet of
%" in-line sprinkler valve (item 3) and hand tighten.

11. Ensure the flow direction indicator on the sprinkler valve is matching with the air
flow direction.

12. Install the %" PVC Sch. 40 MPT x S Male Adapters on the outlet of %4” in-line
sprinkler valve (item 3) and hand tighten.





13. Attach 3” long %4” dia. PVC pipe to the outlet of the sprinkler valve.
14. Attach a %" PVC Sch. 40 S x S Tee to the 3” long %" dia. PVC pipe.
15. Connect this subassembly with exhalation valve subassembly as shown below.

Exhalation Sh?

ARIACIRCERY

& Inha'la't'i'é'n Subassembly
Figure 5. Inhalation and exhalation valves connection
16. Install the first orifice plate (0.070” hole) (item 23) into 3/4" x 3/4" PVC coupling

(item 15) and hold it in place by 1-1/16” O.D x 13/16” I.D x 1/8” thickness neoprene
O-ring (item 21)

Figure 6. Orifice installation (reference only)

17. Connect the 2 1/2” long 3/4" dia. PVC pipe to 3/4" x 3/4" PVC coupling to secure
and hold O-ring in place.

18. Attach an 8” long %" dia. PVC pipe to the opposite end of the %" PVC coupling.

19. Assembly the second orifice plate (0.250” hole) (item 23) into 3/4" x 3/4" PVC
coupling (item 15) and hold it in place by 1-1/16” O.D x 13/16” I.D x 1/8” thickness
neoprene O-ring (item 21)

20. Connect the open end of 8” long 3/4" dia. PVC pipe to 3/4" x 3/4" PVC coupling
to secure and hold the 2" orifice in place.

21. Attach a 5" long %” dia. PVC pipe to the open end of 3/4" x 3/4" PVC coupling.

22. Drill and tap the coupling on both sides of 2" orifice with 7/16” drill bit and V4"
NPT taper tap.

23. Clean as needed to remove any debris from drilling and tapping operation.

24. Install two ¥2” NPT barbed tubing fittings (item 35) on the %" PVC coupling.

25. |Install pressure differential sensor (item 33) on the barbed tubing fitting using 2”
long 4" flex tubing (item 36).





UP. Code AST!

Figure 7. Orifice subassembly with pressure differential sensor

26. Ensure the “+” sign on the sensor is connected to the inlet side of the 2" orifice
as shown below.

e. Final Assembly

Figure 8. Inhalation and exhalation valves connection.
1. Attach a 4” long 1” dia. PVC pipe to exhalation subassembly.
2. Attach Sch 40 PVC Reducing Female Adapter 1” x %” (item 10) to the open end
of the 4” long 1” dia. PVC pipe onto exhalation subassembly.
Install %4” PVC Sch. Female S x FPT adapter (item 7) in Sch 40 PVC Reducing
Female Adapter 17 x %4”".

4. Attach a 6” long 3/4” dia. PVC pipe to %” PVC Sch. Female S x FPT adapter onto
exhalation subassembly.

Attach two %4” Elbow PVC Fitting (item 13) with 34" x 34" x %" x %" dia. Cross Tee
PVC Fitting (item 9) using two 2” long %4“ dia. PVC pipe.

3.

5.





6. Install both open ends of inhalation and exhalation subassemblies onto two %"
Elbow PVC Fittings.
7. As shown in figure 8, attach a 2" long %" dia. PVC pipe, %” PVC Sch. 40 Slip x

Slip Ball Valve (item 37), 6’ dishwasher hose (item 25) and hose clamp (item 2) onto
tee cross as overpressure port.

Figure 9. Downstream connections

8. Attach a 2" long %” dia. PVC pipe and a %" x %” CPVC slip x slip CPVC to PVC
adapter (item 12) to the open end of the Cross Tee PVC Fitting.

9. Connect the Bacterial Viral Filter to the open end of the 34" x 3%.” CPVC slip x slip
CPVC to PVC adapter and seal the edge of the connection using tape as needed.

10. Attach a 3” long 34" dia. CPVC pipe to the outlet of the Bacterial Viral Filter.

11. Attach a %" x %" CPVC slip x slip CPVC to PVC adapter to CPVC pipe.

12. Dirill and tap a hole in center of 3” long %4” dia. PVC pipe to get 10-24 threads
using #25 (or 5/32”) drill bit and 10-24 tap.

13. Install a 10-32 to 2" Push-to-Connect Tube Fitting (item 30) on this 3” long %4”
dia. PVC pipe for attaching %4” dia. tubing and a pressure sensor (item 32).

14. Attach this modified 3” long 34" dia. PVC pipe to the open end of %4” x %" CPVC
slip x slip CPVC to PVC adapter.





Figure 10. Quick lung connection
15. Attach a %" x %" CPVC slip x slip CPVC to PVC adapter the open end of the
modified 3” long %" dia. PVC pipe.
16. Attach a 2” long %" dia. CPVC pipe to %" x %" CPVC slip x slip CPVC to PVC

adapter.
17. Attach the quick lung (item 39) and hose to the other end of the 2" long %" CPVC

pipe (figure 10).
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Figure 10. PEEP line connection

18. Connect the 1” x %" PVC coupling (item 14) to 1” dia. PVC pipe on exhalation
subassembly.

19. Attach a %" PVC Sch. Female S x FPT adapter (item 7) to 1” x %" PVC coupling.

20. Dirill and tap a hole in center of 5” long %4” dia. PVC pipe to get 10-24 threads
using #25 (or 5/32”) drill bit and 10-24 tap.

21. Install a 10-32 to 4" Push-to-Connect Tube Fitting (item 30) on this 5” long %4”
dia. PVC pipe for attaching %4” dia. tubing and a pressure sensor (item 32).

22. Attach this modified 5” long %" dia. PVC pipe to the open end %" PVC Sch.
Female S x FPT adapter.






23. Install a 6’ long dishwasher hose to this 5” long %” dia. PVC pipe using hose
clamp (item 2) and hand tighten using screw driver.

24. Connect 6’ long 3/4” dia. PVC pipe on the open end of the dishwasher hose and
used it as PEEP line.
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Item |Description Brand Qty Model Source
A [High Flow Regulator Husky 1 019-332H Home Depot
B |Brass Pipe Fitting Straight Connector, 1/4 NPT Male, 1-7/16" Long ? 2 9171K214 McMaster
C [Brass Pipe Fitting Tee Connector, 1/4 NPT Female ? 1 50785K72 McMaster
D |304 Stainless Steel Threaded Pipe Fitting Low-Pressure, Bushing Adapter, 3 ? 1 4464K268 McMaster
E |3/4in. FPT In-Line Valve Rain Bird 1 CP0O75 Home Depot
F |[3/4in. PVC Sch. 40 MPT x S Male Adapter Charlotte Pipe 2 PVC021090800HD Home Depot
G [3/4in.x 10 ft. PVC Schedule 40 Plain-End DWV Pipe Charlotte Pipe 1 PVC 04007 0600 Home Depot
H |3/4in.PVCSch.40S xS Tee Charlotte Pipe 1 PVC024000800HD Home Depot
J |#17 O-Rings (10-Pack) Danco 1 96734 Home Depot
K |Orifice - OD=1.00; ID=0.062; t=.125 N/a 1 N/a LANL
L |3/4in.PVCSch. 40S x S Coupling Charlotte Pipe 1 PVC021000800HD Home Depot
M [3/4in.x3/4 in. CPVC Slip x Slip CPVC-to-PVC Adapter Everbilt 1 51577 Home Depot
N |Adult Bacterial Viral Filter ? 1 ? Unknown
P |3/4in.PVCSch.40SxS xS xS Cross Charlotte Pipe 1 PVC024100600HD Home Depot
R [3/4in. Schedule 40 PVC 90-Degree Street Elbow Dura Corp 2 C409-007 Home Depot
T |3/4in. PVC Sch. 40 Slip x Slip Ball Valve omewerks Worldwid 1 VBVP40E4B Home Depot
U |1in.x3/4in.PVCSch. 40 S x FPT Reducing Adapter 1
V [3/4in.x3/4in. PVC Sch. 40 S x MPT Adapter
W |[1in.x 10 ft. PVC Schedule 40 Plain-End Pipe N/a 1 531194 Home Depot
X |Bicycle Tube Custom (700X18-26C) Forte 1 06067601-23 N/a
Y |1/2 in. Plastic PEX Barb 90-Degree Elbow (5-Pack) Apollo 1 PXPAE125PK Home Depot
Z |#8 O-Ring (10-Pack) Danco 1 96725 Home Depot
AA |Assorted Cable Ties (650-Pack) Commercial Electric| 4 4+8+11in UV tie Home Depot
AB |Adapter Custom N/a 1 N/a LANL
AC [1in.x1in.x3/4in. Schedule 40 PVC Reducing Tee Dura Corp 1 C401-131 Home Depot
AD |Steel Pan Head Phillips Screws, 8-32 Thread, 1/2" L N/a 1 N/a N/a
AE [3/4in. PVC Sch. 40 Female S x FPT Adapter Charlotte Pipe 1 PVC021010800HD Home Depot
AF [1in.x3/4in. Sch. 40 PVC Reducing Male Adapter Dura Corp 1 C436-131 Home Depot
AG |6 ft. Corrugated Dishwasher Hose Everbilt 2 HRBDISO6EB Home Depot
AH |Bucket 5 Gallon Home Depot 1 05GLHD Home Depot
AJ |3/4in.-1-3/4 in. Stainless-Steel Hose Clamp Everbilt 2 6720595 Home Depot
AK |5-gal. Homer Leakproof Lid (mod) Home Depot 1 [ORANGE LID for 5GL HOME| Home Depot
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Appendix B: Data Sheets for Equipment and Instrumentation

Note:
The University of Florida (UF) open hardware ventilator design is licensed under the CERN-OHL-S v2 license, full text available
here. Any reproduction of the UF design remains under the CERN-OHL-S V2 license.

Information regarding the Flometrics open ventilator information is available here.



https://ohwr.org/project/cernohl/wikis/uploads/002d0b7d5066e6b3829168730237bddb/cern_ohl_s_v2.txt

http://www.flometrics.com/covid19-ventilator/



QuickLung®
Precision
Test Lung

Train and Test with
Ease and Accuracy

In the real world, patients have a wide range of compliances and
resistances. Ventilators should respond to those conditions. But without an
adjustable test lung, how can you ensure accurate ventilator response or
teach ventilator management? The QuickLung meets the need for a test
lung that quickly simulates realistic patient conditions, yet is compact,
accurate, easy to use — and easy on your budget.

Use the QuickLung to:

« Train staff to take full advantage of ventilator modes and features QuickLung with Breather Option simulates
including ventilator triggering. the spontaneously breathing patient in a
variety of modes and patterns — a capability
+ Test how ventilators will perform in the real world ... under a range of previously available only on high-end
different patient conditions. breathing simulators.

« Demonstrate the newest ventilator features.

« Achieve a higher level of patient care and safety.

INGMAR MEDICAL

Respiratory Simulation Specialists






Easy set-up: simply connect your
ventilator and select settings. No
electrical power necessary.

Adjustable leak

[ ) ® _
Suspend from your ventilator for QUICkLung
in-service training or trade shows. Y :
ou Have High
Parabolic resistance

settings (Rp5, Rp20, Standards eee
Rp50) correspond to SO DO We

IEC 60601-212
ventilator performance

standards.

Compact

footprint
Upper (7.3" x 10.9"
inflection 185 x 277 cm)
point

strap.

Simulate pediatric

through adult patient
loads with multiple
compliance settings

(€50, C20, C10). Create spontaneous efforts, true negative

triggers, as well as variable inflection points with

the QuickTrigger” feature (impossible with a

bag-style lung). Easily attached and removed.

QuickLung Advantages:

The QuickLung's design and materials have several advantages over
the conventional bag-style lung.

* The bellows and aluminum plate system provides a more linear
and predictable respiratory simulation.

» Compliance springs provide for accuracy and easy
changes in patient scenario.

 Unique QuickTrigger allows you to create breath efforts with true
negative pressures for ventilator triggering.

No other test lung performs at this level of precision and versatility at
this price.

5940 Baum Boulevard

INGMAR MEDICAL Pittsburgh, PA 15206 USA

412.441.8228 Toll free 800.583.9910
Respiratory Simulation Specialists www.ingmarmed.com

IngMar Medical, Ltd. is ISO 9001:2008 certified. © 2013 IngMar Medical, Ltd.
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DESCRIPTION

Honeywell’s Basic Board Mount Pressure Sensors, TBP Series
and NBP Series, are designed for food grade and non-food
grade potential medical and industrial applications. These
unamplified, piezoresistive silicon pressure sensors provide a
ratiometric output and are either temperature compensated
(TBP Series) or uncompensated (NBP Series).

TBP Series:

e Temperature compensated and unamplified.

e Compensation makes it easier to integrate the sensorinto a
system by minimizing the need to calibrate the system over
temperature on a regular basis; offers reduced part-to-part
variation.

e Offers infinite resolution of the pressure signal.

e Compensated temperature range is 0°C to 85°C [-32°F to
185°F].

NBP Series:

e Uncompensated and unamplified.

e |s oftenideal for customers who want to do their own
compensation, calibration and amplification in order
to make use of the maximum resolution of the bare
sensor output, leveraging any algorithm needed for the
application.

e Offers infinite resolution of the pressure signal.

These products are available in numerous package styles and
mounting options, making it easier for device manufacturers
to integrate the product into their applications. They are
intended for use with non-corrosive, non-ionic gases, such

as air and other dry gases, and for non-corrosive, non-ionic
liguids when the silicone gel coating option is selected. All
products are designed and manufactured according to ISO
9001 and are NSF certified.

FEATURES

e Packagesizeassmallas 7mmx7 mm [0.276inx0.276 in]

e QOperating temperature range -40°C to 125°C [-40°F to 257°F]

e Reflow mounting J-STD-020E, MSL 1 and rapid
stabilization after reflow soldering allow calibration
immediately after mounting

e Media compatibility options:

- No gel coating in media path: Input portis limited to
non-corrosive, non-ionic media such as dry air and
gases and should not be exposed to condensation;
gases are limited to media that are compatible with high
temperature polyamide, silicone, alumina ceramic, silicon,
gold and glass

- Silicone gel coating in media path: Uses the same
materials in the wetted media path butis protected
from condensation by a silicone-based gel coating;
allows for use in applications where condensation can
occur

e Sensor materials have been tested and certified for these
food safety standards:

- NSF-169

- BPAFree

- LFGB

VALUE TO CUSTOMERS

e Cost-competitive pressure sensing solution

e Smaller when compared to many similar products,
occupying less space on the printed circuit board (PCB)
and typically allowing for easier placement on PCBs or in
small devices

e Performsin many tough environments with dry and
wetted media

e Numerous options simplify integration into the device
manufacturer’s application

e Food Safety Certification for North America, Europe and Asia

POTENTIAL APPLICATIONS

e Medical: Blood pressure monitoring, hospital beds,
oxygen concentrators, wound therapy

e Industrial: Air movement control, environmental control,
HVAC transmitters, industrial controls, leak detection,
other commercial applications, pneumatic controls, food
and beverage

PORTFOLIO

Honeywell’s NBP Series joins the TruStability™ HSC, SSC,
NSC and TSC Series; Basic ABP Series; 24PC Series and
26PC Series board mount pressure sensors.

€Bra ? NSF

Free

Sensing and Internet of Things
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Table 1. Operating Specifications

Characteristic Min. Typ. Max. Unit
TBP Series

Supply voltage (V, ,q)"? 15 50 12.0 Vdc
Supply current (at 5.0 Vdc supply) - 0.6 1 mA
Operating temperature range?® -40[-40] - 125[257] °C[°F]
Compensated temperature range* 0[32] - 85[185] °C[°F]
Output resistance - 2.5 - kOhm
NBP Series

Supply voltage (V, ,q,)"? 18 50 12.0 Vdc
Supply current (at 5.0 Vdc supply) - 15 25 mA
Specified temperature range® -40 [-40] - 125([257] °C[°F]
Accuracy® - - +0.25 %FSS BFSL'
Input resistance 2.4 3.0 55 kOhm
Thermal effect on resistance (TER)® 1200 - 3200 ppm/°C

tRatiometricity of the sensor (the ability of the device output to scale to the supply voltage) is achieved within the specified operating voltage.
?Incorrect application of supply voltage or ground to the wrong pin may cause electrical failure.
3Operating temperature range: The temperature range over which the sensor produces an output proportional to pressure.

“Compensated temperature range: The temperature range over which the sensor produces an output proportional to pressure within the specified
performance limits.

SSpecified temperature range: The temperature range over which the sensor will produce an output proportional to pressure within the
specified performance limits.

SAccuracy: The maximum deviation in output from a Best Fit Straight Line (BFSL) fitted to the output measured over the pressure range at
25°C [77°F]. Includes all errors due to pressure non-linearity, pressure hysteresis, and non-repeatability.

"Full Scale Span (FSS): The algebraic difference between the output signal measured at the maximum and minimum limits of the pressure
range. (See Figure 2 for pressure ranges.)

STER (Thermal Effect on Resistance): The deviation in input resistance due to change in temperature over the specified temperature range, relative
to input resistance measured at 25°C [77°F].

Table 2. Pressure Reference Types

Pressure Type Description

Outputis proportional to the difference between applied pressure and a built-in reference to vacuum.

Absolute Reference pressure is absolute zero pressure (full vacuum).

Differential Output is proportional to the difference between the pressures applied to each port (Port 1 - Port 2).

Outputis proportional to the difference between applied pressure and atmospheric (ambient) pressure.

Gage X i
Reference pressure is atmospheric pressure.

2  Sensing and Internet of Things





Basic Board Mount Pressure Sensors
TBP Series, Compensated/Unamplified

NBP Series, Uncompensated/Unamplified
Table 3. Absolute Maximum Ratings*
Characteristic Min. Max. Unit
Supply voltage (V) -12.0 120 Vdc
Storage temperature -40 [-40] 125[257] °C [°F]

Soldering time and temperature:
lead solder temperature (DIP)
peak reflow temperature (SMT, Leadless SMT)

4 s max.at 250°C [482°F]
15 s max.at 250°C [482°F]

tAbsolute maximum ratings are the extreme limits the d

Table 4. Environmental Specifications

evice will withstand without damage.

Characteristic

Parameter

Humidity:
all external surfaces

internal surfaces of silicone gel coating option

internal surfaces of no gel coating option

0 %RH to 95 %RH, non-condensing
0 %RH to 100 %RH, condensing
0 %RH to 95 %RH, non-condensing

Vibration MIL-STD-202G, Method 204D, Condition B (15 g, 10 Hz to 2 kHz)
Shock MIL-STD-202G, Method 213B, Condition C (100 g, 6 ms duration)
Lifet 1 million pressure cycles min.
ESD MIL-STD-883 Method 3015.7

Solder reflow

J-STD-020E, MSL 1, unlimited storage life

Certification (silicone gel coating option: Port 1 only)

NSF- 169, BPA Free, LFGB

tLife may vary depending on specific application in which the sensor is utilized.

Table 5. Wetted Materials*

Pressure Port 1 (P1)

Component

No Gel Coating in Media Path

Silicone Gel Coating in
Media Path (Food Grade)

Pressure Port 2 (P2)

Ports and covers

high temperature polyamide

Substrate alumina ceramic = alumina ceramic
Adhesives epoxy, silicone epoxy, silicone gel epoxy, silicone
Electroni

ectronic silicon, gold, glass, solder, aluminum 304SST silicon
components

Contact Honeywell Customer Service for detailed material information.

CAUTION
MISUSE OF GEL COATING OPTION

Ooccur.

* No gel coating in media path: The input port is limited to non-corrosive, non-ionic media such as dry air and gases and
should not be exposed to condensation. The gases are limited to media which are compatible with the following wetted
materials of construction: high temperature polyamide, silicone, alumina ceramic, silicon, gold, and glass.

* Silicone gel coating in media path: The gel coated sensors use the same materials in the wetted media path but are protected
from condensation by a silicone-based gel coating. The gel coating option allows use in applications where condensation can

Failure to comply with these instructions may result in product damage.

Sensing and Internet of Things
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Basic Board Mount Pressure Sensors
TBP Series, Compensated/Unamplified
NBP Series, Uncompensated/Unamplified

Figure 1. TBP Series Nomenclature and Order Guide (Part order quantity must meet MOQ requirements.)

For example, TBPDANN150PGUCYV defines a TBP Series Basic Board Mount Pressure Sensor, DIP package, AN pressure
port, no gel coating in media path, 150 psi gage pressure range, unamplified, compensated, constant supply voltage.

Series
|

TBP D AN N 150PG U C V

_TEP.
Package

L Leadless SMT (Surface Mount Technology)

M SMT (Surface Mount Technology)

D DIP (Duallnline Pin)

Pressure Port
Leadless SMT
AN Single axial

small barbed
port

SMT

Single axial
AN smgllbarbed
port

DIP

Single axial
AN smagll barbed

Dual radial
4 barbless port

JN Single radial
barbless port

=

Single radial
IN barbless port

JN Sin%le radial

barbless port

Single axial large
KN bar%ed port g

Single axial large
KN barbed port

Single axial large
KN bar%ed port
-

Single axial
LN barg

less port

Single axial
LN barbless port

LN SinEle axial

bar|

Supply Voltage

I V Constant

Compensation

I C Compensated

Output
I U Unamplified

Pressure Range'-?

60 mbar to 10 bar 6 kPa to 1 MPa 1 psi to 150 psi

PN Low-profile
port

Single radial
RN barbed port

Single radial
RN barbed port

Single radial
RN barbed port

Dual radial
barbed port

VN Single axial
barbless
straight port

VN Single axial
barbless
straight port

VN Single axial
barbless
straight port

Gage Gage Gage
060MG Ombarto60mbar 006KG OkPato6kPa  O01PG Opsito 1 psi
100MG O mbarto 100 mbar O010KG OkPato10kPa 0QO5PG Opsito5 psi
160MG Ombarto160mbar O016KG OkPatol6kPa 015PG O psito 15 psi
250MG Ombarto250mbar 025KG OkPato25kPa  030PG O psito 30 psi
400MG Obarto400 mbar  040KG OkPato40kPa 0B0PG O psito 60 psi
600MG Obarto600 mbar  060KG OkPato60kPa 100PG O psito 100 psi
001BG Obarto 1 bar 100KG OkPato100kPa 150PG O psito 150 psi
1.6BG Obarto 1.6 bar 160KG 0kPato 160 kPa
2.5BG Obarto 2.5 bar 250KG 0 kPato 250 kPa
004BG 0 barto 4 bar 400KG 0 kPa to 400 kPa
006BG 0 barto 6 bar 600KG 0 kPa to 600 kPa
010BG O barto 10 bar 001GG OkPatolMPa

Differential Differential Differential
060MD 60 mbar 006KD :6kPa 001PD :1psi
100MD 100 mbar 010KD +10kPa 005PD 5 psi
160MD :160 mbar 016KD +16kPa 015PD :15psi
250MD £250 mbar 025KD #25kPa 030PD +30psi
400MD 400 mbar 040KD +40kPa 060PD 60 psi
600MD 600 mbar 060KD +60kPa
001BD :1 bar 100KD +100kPa
1.6BD 1.6 bar 160KD +160kPa
2.5BD #25bar 250KD 250 kPa
004BD 4 bar 400KD 400 kPa

Gel Coating
N No gel coating in media path

S Silicone gel coating in media path (food grade)

1Custom pressure ranges are available. Contact Honeywell Customer Service

for more information.

2See Table 2 for an explanation of pressure types.

4
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Basic Board Mount Pressure Sensors
TBP Series, Compensated/Unamplified
NBP Series, Uncompensated/Unamplified

Figure 2. NBP Series Nomenclature and Order Guide (Part order quantity must meet MOQ requirements.)

For example, NBPDANN150PGUNYV defines an NBP Series Basic Board Mount Pressure Sensor, DIP package, AN pressure
port, no gel coating in media path, 150 psi gage pressure range, unamplified, uncompensated, constant supply voltage.

NBP D AN N 150PG U N V

Series | Supply Voltage
nep | | I V Constant
Package .
L Leadless SMT (Surface Mount Technology) Compensation
M SMT (Surface Mount Technology) I N Uncompensated
D DIP (DualInline Pin)
Pressure Port Output
Leadless SMT SMT DIP I U Unamplified
AN STETSEII AN STSGSERE AN i
port port Pressure Range'2
60 mbar to 10 bar 1 psito 150 psi
Absolute Absolute
001BA (Qbarto 1 bar 015PA Opsito 15 psi
JJ E§r7¢1£i§iggrt 1.6BA  Qbarto 1.6 bar 030PA 0 ps? to 30 ps?
2.5BA  Qbarto2.5bar 060PA 0 psito 60 psi
1 i 004BA 0 bar to 4 bar 100PA O psito 100 psi
006BA (0 barto 6 bar 150PA 0 psito 150 psi
IN Srglerdii N Craie I IN Snerdll e
Gage Gage
@ 060MG 0 mbar to 60 mbar 001PG Opsitol psi
100MG 0 mbar to 100 mbar 005PG 0O psito5 psi
KN ﬁia”rgfdagjfrilafge KN ks)g:%l:da;gartlafge KN ks)iaf:%leeda;gartlarge 160MG Ombarto 160 mbar ~ O015PG O psito 15 psi
250MG 0 mbarto 250 mbar 030PG 0 psito 30 psi
400MG O bar to 400 mbar 060PG 0 psito 60 psi
600MG O bar to 600 mbar 100PG O psito 100 psi
- - - - - - 001BG Obarto 1 bar 150PG 0 psito 150 psi
LN Elar:' {::sx;fért LN glar:' }Zsasxénaolrt LN lsnlar: }Z:sxéaaolrt 1.6BG Obarto 1.6 bar
2.5BG Obarto2.5bar
- 004BG 0 barto 4 bar

006BG 0 barto 6 bar
010BG 0 barto 10 bar

Differential Differential
060MD 60 mbar 001PD 1 psi
100MD 100 mbar 005PD #5psi

RN Single radial RN Single radial RN Single radial 160MD +160 mbar 015PD +15psi
barbed port barbed port barbed port

250MD +250 mbar 030PD  +30 psi

400MD +400 mbar 060PD 60 psi

600MD +600 mbar
001BD 1 bar

RR e 16BD +L6 bar

2.5BD +2.5bar

004BD 4 bar

Gel Coating
Single axial Single axial Single axial i . )
VN barbless VN barbless VN barbless N No gel coating in media path
straight port straight port straight port

S Silicone gel coating in media path (food grade)

tCustom pressure ranges are available. Contact Honeywell Customer Service
for more information.
2See Table 2 for an explanation of pressure types.
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Basic Board Mount Pressure Sensors
TBP Series, Compensated/Unamplified

NBP Series, Uncompensated/Unamplified

Table 6. TBP Series Pressure Range Specifications for 60 mbar to 10 bar

3 Pressure Over- Burst D by Full Scale Span Thzrnmoaflflifeftect The;r:g:)gt‘fect 5 . >
§ Range Pressure! Pressure? s "'\": i (mV/V)° (%FSS) (%FSS)? S 2 § 2 E
%o i 2| s =8| i2| 5%
o9 a o > ™ - + O
25 3 s | £ 3 g5 | 2:| 22
2> S 3 H = so | T2 =&
<% e » = - ~ — ~ = ] @ 10°C | 0°C | 10°C K 0°C | &g 2| =
s [ £ | & t | 2| £ £ £ < & i EQ | EC| £8
R £ £ s s 5 S H P b= Min. | Nom. | Max. to to to to £ | =3 £Oo
5% a a a a a o £ 5 © 50°C | 85°C | 50°C | 85°C [ @®R [ 25| 22
a £ a > o | F§8
g S g 5 = =
o a —_ n
Gage
060MG 0 60 | mbar | 872 - | 1370 - — +0.20 [£0.075| 1.23 | 1.30 | 140 | +1.15 | +2.35 | +1.00 | +2.00 | +0.45 | +0.40 | +0.60
100MG 0 100 | mbar | 872 — | 1370 - — +0.20 [£0.075| 2.06 | 220 | 233 | 0.70 | +1.40 | +1.00 | +2.00 | +0.30 | +0.25 | +0.35
160MG 0 160 | mbar | 2000 — 14000| - — +0.15| +0.12 | 218 | 230 | 246 | +1.65 | +3.30 | +0.75 | +2.00 | +0.55 | +0.35 | +0.55
250MG 0 250 | mbar | 2000 — 4000 - — +0.15| +0.12 | 341 | 365 | 385 | +1.05 | +2.10 | +0.75 | +2.00 | +0.35 | +0.20 | +0.35
400MG 0 400 | mbar | 2000 — |4000| - - +0.15| +0.12 | 545 | 580 | 6.15 | +0.65 | +1.30 | +0.75 | +2.00 | £0.20 | +0.15 | +0.20
600MG 0 600 | mbar | 4000 | — |8000, — — +0.15 [£0.075| 294 | 305 | 3.18 | +0.85 | +1.65 | +0.50 | +1.25 | +0.40 | +0.15 | +0.35
001BG 0 1 bar 4 - 8 — - +0.15 [£0.075| 490 | 510 | 530 | +0.50 | +1.00 | +0.50 | +1.25 | +0.25 | +0.10 | +0.20
1.6BG 0 16 | bar 4 — 8 — — +0.15 |£0.075| 7.84 | 815 | 848 | +0.30 | +0.65 | t0.50 | +1.25 | +0.15 | +0.10 | +0.15
2.5BG 0 2.5 | bar 8 - 17 — - +0.15 |+0.075| 6.10 | 6.35 | 6.59 | +0.40 | +0.80 | t0.50 | +1.50 | +0.20 | +0.10 | +0.15
004BG 0 4 bar 10 — 17 — — +0.15 [£0.075| 557 | 580 | 6.04 | +0.50 | +1.00 | +0.50 | +1.25 | +0.25 | +0.10 | +0.20
006BG 0 6 bar 17 - 21 — - +0.15 |+0.075| 508 | 530 | 554 | +0.65 | +1.00 | t0.50 | +1.00 | +0.25 | +0.15 | +0.25
010BG 0 10 bar 17 — 21 — — +0.15 |£0.075| 847 | 885 | 9.22 | +040 | +0.60 | +0.50 | +1.00 | +0.15 | +0.10 | +0.15
Differential
060MD | -60 | 60 | mbar | 872 | 872 | 1370 | 1370 | 10000 | +0.20 |+0.075] 246 | 2.60 | 2.80 | +0.60 | +1.20 | +1.00 | +2.00 | +0.25 | +0.20 | +0.30
100MD | -100 | 100 | mbar | 872 | 872 | 1370 | 1370 | 10000 | +0.20 |+0.075| 4.12 | 440 | 466 | :0.35 | +0.70 | +1.00 | +2.00 | +0.15 | +0.15 | +0.20
160MD | -160 | 160 | mbar [ 2000 | 2000 [ 4000 | 4000 | 10000 | +0.15 | +0.12 | 436 | 460 | 4.92 | :0.85 | +1.65 | 0.75 | +2.00 | +0.30 | +0.20 | +0.30
250MD | -250 | 250 | mbar | 2000 | 2000 | 4000 | 4000 | 10000 | +0.15 | +0.12 | 6.82 | 730 | 7.70 | 055 | +1.05 | 0.75 | +2.00 | +0.20 | +0.10 | +0.20
400MD | -400 | 400 | mbar | 2000 | 2000 | 4000 | 4000 | 10000 | +0.15 | +0.12 | 10.90 | 11.60 | 12.30 | +0.35 | +0.65 | +0.75 | +2.00 | +0.10 | +0.10 | +0.10
600MD | -600 | 600 | mbar | 4000 | 4000 | 8000 | 8000 | 10000 | +0.15 |+0.075] 5.88 | 6.10 | 6.36 | +0.45 | +0.85 | +0.50 | +1.25 | +0.20 | +0.10 | +0.20
001BD -1 1 bar 4 4 8 8 10 | +0.15[+0.075| 9.80 | 10.20 | 10.60 | +0.25 | +0.50 | +0.50 | +1.25 | +0.15 | +0.10 | +0.10
1.6BD -16 | 16 | bar 4 4 8 8 10 | +0.15|+0.075| 15.68 | 16.30 | 16.96 | +0.15 | +0.35 | +0.50 | +1.25 | +0.10 | +0.10 | +0.10
2.5BD -25 1 25 | bar 8 8 17 17 10 | +0.15[+0.075| 12.20 | 12.70 | 13.18 | +0.20 | +0.40 | +0.50 | +1.50 | +0.10 | +0.10 | +0.10
004BD -4 4 bar 10 10 17 17 15 | +0.15|+0.075| 11.14 | 11.60 | 12.08 | £0.25 | +0.50 | +0.50 | +1.25 | +0.15 | +0.10 | +0.10

1Overpressure: The maximum pressure which may safely be applied to the product for it to remain within specifications once pressure is returned to the

operating pressure range. Exposure to higher pressures may cause permanent damage to the product. Unless otherwise specified, this applies to all available
pressure ports at any temperature within the operating temperature range.

2Burst pressure: The maximum pressure that may be applied to the specified port (P1 or P2) of the product without causing escape of pressure media. Product
should not be expected to function after exposure to any pressure beyond the burst pressure.

3Common mode pressure: The maximum pressure that can be applied simultaneously to both ports of a differential pressure sensor without causing changes
in specified performance.

“Accuracy: The maximum deviation in output from a Best Fit Straight Line (BFSL) fitted to the output measured over the pressure range at 25°C. Includes all
errors due to pressure non-linearity, pressure hysteresis, and non-repeatability.

SOffset: The output signal obtained when the reference pressure is applied to all available pressure ports. Also known as “null” or “zero”.

SFull Scale Span: The algebraic difference between the output signal measured at the maximum and minimum limits of the pressure range (see Figure 1) for
pressure ranges).

"Thermal effect on offset: The deviation in offset due to changes in temperature over the compensated temperature range, relative to offset measured at 25°C.

8Thermal effect on span: The deviation in full scale span due to changes in temperature over the compensated temperature range, relative to full scale span
measured at 25°C.

°Thermal hysteresis: The maximum difference between output readings when the same temperature is reached consecutively, under the same operating
conditions, with temperature approaching from opposite directions within the operating temperature range. Validated over the full operating temperature and
pressure ranges using a ~5°C/ minute ramp and 30 minute dwell. Application performance may be affected by thermal mass of end user system.
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Basic Board Mount Pressure Sensors
TBP Series, Compensated/Unamplified
NBP Series, Uncompensated/Unamplified

Table 7. TBP Series Pressure Range Specifications for 6 kPa to 1 MPa

- Thermal Effect | Thermal Effect | = P
3 Pressure Over- Burst o o Full Scale Span Offset S = - a
§ Range Pressure! | Pressure % E ) (mV/V)° ?",}oFsgf, g,ngg;L § | 28] o ‘,_\,_:
23 s || & 4| 25| 5
S8 S| 8| 3 5| 22| 25
%5 £ | 5| E 2T | F5| £8
§'e i P |l a2« 28] 3 10°c | o°c |10c oc | 35 [ 3E [ 5S
o 3 £ © - - - - < << 0 . Q £C ES
v 3 £ £ 5 5 5 5 H ° & Min. | Nom. Max. | to to to to En| ES | E
5 a o o o a o £ 5 © 50°C | 85°C [ 50°C 85°C [ "R | E&5 | 22
a £ a = Fo | o
g S @ < = =
a a ] @
Gage
006KG 0 6 kPa 87 — 137 — — [+0.201:0.075| 1.23 | 130 @ 140 | +1.15 235|100 | +2.00 | 045 | +0.40 | +0.60
010KG 0 10 | kPa 87 — 137 — — |#0.201:0.075| 206 = 220 @ 233 | :0.70 140 [ +1.00 | #2.00 | 0.30 | +0.25 | +0.35
016KG 0 16 kPa | 200 | — 400 | - — [+0.15] 012 | 2.18 | 230 | 246 | +1.65  +3.30 [ «0.75 | #2.00 | £0.55 | +0.35 | +0.55
025KG 0 25 | kPa | 200 | — 400 | — — |#0.15] 012 | 341 @ 3.65 @ 3.85 | £+1.05 210 | «0.75 | #2.00 | 0.35 | +0.20 | +0.35
040KG 0 40 | kPa | 200 | — 400 | — — |+0.15] +0.12 | 545 | 580 | 6.15 | #0.65 | £1.30 | «0.75 | #2.00 | +0.20 | +0.15 | +0.20
060KG 0 60 | kPa | 400 | — | 800 | — — |#0.15]:0.075| 294 @ 3.05 318 | +0.85  =£1.65 | :0.50 | +1.25 | :0.40 | +0.15 | +0.35
100KG 0 100 | kPa | 400 | — 800 | — — [+0.15] 0075 490 | 510 | 530 | +0.50 | +1.00 [ :0.50 | +1.25 | +0.25 | +0.10 | +0.20
160KG 0 160 | kPa | 400 | — 800 | — — |#0.15]:0.075| 7.84 @ 815 848 | +0.30  :0.65 | :0.50 | +1.25 | +0.15 | +0.10 | +0.15
250KG 0 250 | kPa | 800 | — |1700| - — [+0.15]:0.075| 6.10 | 635 @ 659 | 040  +0.80 [ :0.50 | +1.50 | 0.20 | +0.10 | +0.15
400KG 0 400 | kPa [1000| — [1700| - — |#0.15]:0.075| 557 ' 580 @ 6.04 | +0.50  +£1.00 | :0.50 | +1.25 | +0.25 | +0.10 | +0.20
600KG 0 600 | kPa [ 1700 | — [2100| - — [+0.15]:0.075| 508 | 530 | 554 | 065  +1.00 [ :0.50 | +1.00 | 0.25 | +0.15 | +0.25
001GG 0 1 MPa | 170 | — [ 210 | - — |#0.15]:0.075| 847 @ 885 922 | +040  =:0.60 | :0.50 | £1.00 | £0.15 | +0.10 | +0.15
Differential
006KD -6 6 kPa 87 87 | 137 | 137 | 1000 |+0.20| +0.075| 2.46 | 2.60 | 2.80 | +0.60 | +1.20 | +1.00 | £2.00 | +0.25 | +0.20 | +0.30
010KD -10 | 10 | kPa 87 87 | 137 | 137 | 1000 |+0.20| +0.075 | 4.12 | 440 | 466 | :0.35 | :0.70 | £1.00 | £2.00 | +0.15 | £0.15 | 0.20
016KD -16 16 kPa | 200 | 200 | 400 | 400 | 1000 |+0.15| «0.12 | 436 | 460 | 492 | +0.85 | +1.65 | +0.75 | +2.00 | +0.30 | +0.20 | 0.30
025KD -25 25 | kPa | 200 | 200 | 400 | 400 | 1000 |+0.15] +0.12 | 6.82 | 730 | 7.70 | #0.55 | £1.05 | £0.75 | #2.00 | +0.20 | +0.10 | +0.20
040KD -40 | 40 | kPa | 200 | 200 | 400 | 400 | 1000 |+0.15| +0.12 | 10.90 | 11.60 | 12.30 | +0.35 | +0.65 | +0.75 | +2.00 | +0.10 | +0.10 | #0.10
060KD | -60 | 60 | kPa | 400 | 400 | 800 | 800 | 1000 [+0.15]+0.075| 5.88 | 6.10 | 6.36 | #0.45 | +0.85 | +0.50 | +1.25 | +0.20 | +0.10 | +0.20
100KD | -100 | 100 | kPa | 400 | 400 | 800 | 800 | 1000 [+0.15]+0.075| 9.80 | 10.20 | 10.60 | #0.25 | +0.50 | +0.50 | #1.25 | +0.15 | +0.10 | +0.10
160KD | -160 | 160 | kPa | 400 | 400 | 800 | 800 | 1000 [+0.15]+0.075| 15.68 | 16.30 | 16.96 | +0.15 | #0.35 | +0.50 | +1.25 | +0.10 | +0.10 | +0.10
250KD | -250 | 250 | kPa | 800 | 800 | 1700 | 1700 | 1000 |[+0.15]0.075] 12.20 | 12.70 | 13.18 | :0.20 | +0.40 | +0.50 | +1.50 | +0.10 | +0.10 | +0.10
400KD | -400 | 400 | kPa | 1000|1000 | 1700 | 1700 | 1500 |+0.15]+0.075| 11.14 | 11.60 | 12.08 | +0.25 | t0.50 | £0.50 | £1.25 | :0.15 | +0.10 | +0.10

LOverpressure: The maximum pressure which may safely be applied to the product for it to remain within specifications once pressure is returned to the
operating pressure range. Exposure to higher pressures may cause permanent damage to the product. Unless otherwise specified, this applies to all available
pressure ports at any temperature within the operating temperature range.

2Burst pressure: The maximum pressure that may be applied to the specified port (P1 or P2) of the product without causing escape of pressure media. Product
should not be expected to function after exposure to any pressure beyond the burst pressure.

3Common mode pressure: The maximum pressure that can be applied simultaneously to both ports of a differential pressure sensor without causing changes
in specified performance.

“Accuracy: The maximum deviation in output from a Best Fit Straight Line (BFSL) fitted to the output measured over the pressure range at 25°C. Includes all
errors due to pressure non-linearity, pressure hysteresis, and non-repeatability.

SOffset: The output signal obtained when the reference pressure is applied to all available pressure ports. Also known as “null” or “zero”.

SFull Scale Span: The algebraic difference between the output signal measured at the maximum and minimum limits of the pressure range (see Figure 1) for
pressure ranges).

"Thermal effect on offset: The deviation in offset due to changes in temperature over the compensated temperature range, relative to offset measured at 25°C.

8Thermal effect on span: The deviation in full scale span due to changes in temperature over the compensated temperature range, relative to full scale span
measured at 25°C.

°Thermal hysteresis: The maximum difference between output readings when the same temperature is reached consecutively, under the same operating
conditions, with temperature approaching from opposite directions within the operating temperature range. Validated over the full operating temperature and
pressure ranges using a ~5°C/ minute ramp and 30 minute dwell. Application performance may be affected by thermal mass of end user system.
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TBP Series, Compensated/Unamplified

NBP Series, Uncompensated/Unamplified

Table 8. TBP Series Pressure Range Specifications for 1 psi to 150 psi

S Pressure Over- Burst m % FullScale Span Thermal Effect | Thermal Effect | = &
S Range Pressure! | Pressure? g 0 (mV/V)° on Offset on Span S & &
b 9 2 | s| . (%FSS)’ wFssP | S_ | 22| £%
B A =8| £5| 5%
g S| g 3 5| 82| 82
3 ‘2 S £ £ 5| 25| 5%
== £ B H = So | T2 | &
s : » = - ~ - o~ = 8 @ 10°C | 0°C | 10°C K 0°C | &g 52| B
x 2 £ © - - - - P < n " £ n €0 £2
03 £ £ 5 5 H H S o & Min. | Nom. Max. | to to to to EN| ES| E©
Fhd a a a a o o £ 5 °© 50°C | 85°C [ 50°C 85°C | 2" [ 25 | 22
a £ a & Fo| Fg
o S o < = =
[ [ S »
Gage
001PG 0 1 psi | 127 | — 20 — — 1:0.20(+0.075| 142 | 150 | 161 | £1.00 | £2.05 | +1.00 | +2.00 | +0.40 | +0.35 | +0.50
005PG 0 5 psi 30 - 60 — — |:0.15| +0.12 | 470 | 5.00 | 530 | +0.75 | £1.50 | £0.75 | +2.00 | +0.25 | +0.15 | £0.25
015PG 0 15 psi 60 - 115 | — — |:0.15[+0.075| 5.06 | 525 | 549 | 0.50 | 0.95 | +0.50 | +1.25 | +0.25 | +0.10 | 0.20
030PG 0 30 psi | 115 | — 245 | — — |:0.15]+0.075| 5.05 | 525 | 545 | £0.50 | 0.95 | +0.50 | +1.50 | +0.25 | +0.10 | 0.20
060PG 0 60 psi | 145 | — 245 | — — |#0.15]0.075| 576 | 6.00 | 6.24 | 0.50 | +0.95 | +0.50 | +1.25 | +0.25 | +0.10 | +0.20
100PG 0 100 | psi | 245 | — 300 | — — |:0.15|+0.075| 5.83 | 6.10 | 6.36 | £0.60 | £0.85 | +0.50 | +1.00 | +0.25 | +0.10 | 0.25
150PG 0 150 | psi | 245 | — 300 | — — |:0.15[+0.075| 875 | 9.15 | 954 | 040 | 0.60 | +0.50 | +1.00 | +0.15 | +0.10 | +0.15
Differential
001PD -1 1 psi | 12.7 | 127 | 20 20 150 |[:0.20]+0.075| 284 & 300 322 | :050 105 | £1.00 | £2.00 | +0.20 | +0.20 | +0.25
005PD -5 5 psi 30 30 60 60 150 |#0.15] 0.12 | 940 | 10.00 1060 | t0.40 @ 0.75 | +0.75 | £2.00 | +0.15 | +0.10 | +0.15
015PD -15 | 15 psi 60 60 | 115 115 | 150 |:0.15(+0.075| 10.12 10.50 H 10.98 | +0.25 | +0.50 | +0.50 | +1.25 | +0.15 | +0.10 | +0.10
030PD -30 0 30 psi | 115 | 115 | 245 | 245 | 150 |+0.15|+0.075| 10.10 A 10.50 H 10.90 | +0.25 | #0.50 | +0.50 | +1.50 | +0.15 | +0.10 | 0.10
060PD -60 | 60 psi | 145 | 145 | 245 @ 245 | 250 |:0.15[0.075] 11.52 | 12.00 | 1248 | :0.25 | 0.50 | £0.50 | £1.25 | +0.15 | +0.10 | «0.10

Overpressure: The maximum pressure which may safely be applied to the product for it to remain within specifications once pressure is returned to the

operating pressure range. Exposure to higher pressures may cause permanent damage to the product. Unless otherwise specified, this applies to all available
pressure ports at any temperature within the operating temperature range.

2Burst pressure: The maximum pressure that may be applied to the specified port (P1 or P2) of the product without causing escape of pressure media. Product
should not be expected to function after exposure to any pressure beyond the burst pressure.

3Common mode pressure: The maximum pressure that can be applied simultaneously to both ports of a differential pressure sensor without causing changes
in specified performance.

“Accuracy: The maximum deviation in output from a Best Fit Straight Line (BFSL) fitted to the output measured over the pressure range at 25°C. Includes all
errors due to pressure non-linearity, pressure hysteresis, and non-repeatability.

SOffset: The output signal obtained when the reference pressure is applied to all available pressure ports. Also known as “null” or “zero”.

SFull Scale Span: The algebraic difference between the output signal measured at the maxumum and minimum limits of the pressure range (see Figure 1) for
pressure ranges).

"Thermal effect on offset: The deviation in offset due to changes in temperature over the compensated temperature range, relative to offset measured at 25°C.

8Thermal effect on span: The deviation in full scale span due to changes in temperature over the compensated temperature range, relative to full scale span
measured at 25°C.

°Thermal hysteresis: The maximum difference between output readings when the same temperature is reached consecutively, under the same operating
conditions, with temperature approaching from opposite directions within the operating temperature range. Validated over the full operating temperature and
pressure ranges using a ~5°C/ minute ramp and 30 minute dwell. Application performance may be affected by thermal mass of end user system.
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Basic Board Mount Pressure Sensors
TBP Series, Compensated/Unamplified
NBP Series, Uncompensated/Unamplified

Table 9. NBP Series Pressure Range Specifications for 60 mbar to 10 bar

e~ Pressure Over- Burst o Offset* Sensitivity Thermal Effect on Offset | Thermal Effect on Span

E ‘; Range Pressure! Pressure? E ® (mV/V) (mV/V/Full Scale Span) (%FSS/25°C)® (%FSS/25°C)¢

) i s3

ﬁ':; £ g - ; ; ":' ; EE Min. | Max. | Min. | Nom. | Max. | Min. | Nom. | Max. | Min. | Nom. | Max.

E‘ﬂ‘é E E 5 5 5 5 S in a o a o a (] a

Absolute
001BA 0 1 bar 2 - 4 - - -7.0 7.0 100 | 150 | 200 | -1.5 | -05 15 -6.0 | -50 | -35
1.6BA 0 16 bar 4 - 8 - - -7.0 7.0 120 | 16.0 | 200 | -1.5 | -05 15 -60 | -50 | -35
2.5BA 0 25 bar 4 - 8 - - -7.0 7.0 188 | 250 | 313 | -1.0 | -03 10 -6.0 | -50 | -35
004BA 0 4 bar 8 - 16 - - -7.0 7.0 168 | 200 | 232 | -1.0 | -03 10 -60 | -50 | -35
006BA 0 6 bar 16 - 20 — - -1.0 7.0 126 | 150 | 174 -1.5 -0.4 15 -6.0 -5.0 -3.5
010BA 0 10 bar 16 - 20 - - -1.0 7.0 210 | 250 | 290 | -1.0 | -03 10 -60 | -50 | -35
Gage
060MG 0 60 | mbar | 850 - 1400 - - -8.5 8.5 39 5.7 74 -35 | 12 35 -60 | -50 | -35
100MG 0 100 | mbar | 850 - 1400 - - -8.5 8.5 6.6 94 | 123 | 21 | -07 21 -6.0 | -50 | -35
160MG 0 160 | mbar | 850 - 1400 - - -8.5 85 | 105 | 151 | 197 | -13 | -04 13 -60 | -50 | -35
250MG 0 250 | mbar | 1800 - 3000 | — - -8.5 8.5 73 | 109 | 145 | -21 | -07 21 -6.0 | -50 | -35
400MG 0 400 | mbar | 1800 - 3000 | — - -8.5 85 | 117 | 174 | 232 | -13 | -04 13 -60 | -50 | -35
600MG 0 600 | mbar | 2000 | — 4000 | - - -7.0 7.0 6.0 90 | 120 | -25 | -10 2.5 -6.0 | -50 | -35
001BG 0 1 bar 2 - 4 - - -10 7.0 100 | 150 | 200 | -15 | -05 15 -60 | -50 | -35
1.6BG 0 16 bar 4 - 8 - - -7.0 7.0 120 | 16.0 | 200 | -1.5 | -05 15 -6.0 | -50 | -35
2.5BG 0 25 bar 4 - 8 - - -10 7.0 188 | 250 | 313 | -1.0 | -03 10 -60 | -50 | -35
004BG 0 4 bar 8 - 16 - - -7.0 7.0 168 | 20.0 | 232 | -1.0 | -03 10 -6.0 | -50 | -35
006BG 0 6 bar 16 - 20 - - -10 7.0 126 | 150 | 174 | -15 | -04 15 -60 | -50 | -35
010BG 0 10 bar 16 - 20 - - -7.0 7.0 210 | 250 | 290 | -1.0 | -03 10 -6.0 | -50 | -35
Differential

060MD | -60 60 | mbar | 850 | 850 | 1400 | 1400 |10000| -85 8.5 78 | 114 | 148 | -18 | -06 18 -6.0 | -50 | -35
100MD | -100 = 100 | mbar | 850 | 850 | 1400 | 1400 [10000| -8.5 85 | 132 | 188 & 246 | -11 | -04 @11 -60 | -50 | -35
160MD | -160 = 160 | mbar | 850 | 850 | 1400 | 1400 [10000| -8.5 85 | 210 | 302 § 394 | -07 @ -02 0.7 -6.0 | -50 | -35
250MD | -250 = 250 | mbar | 1800 | 1800 | 3000 | 3000 |10000| -85 8.5 146 | 218 290 | -11  -04 @ 11 -60 | -50 | -35
400MD | -400 = 400 | mbar | 1800 | 1800 | 3000 | 3000 [10000| -8.5 8.5 234 | 348 | 464 | -07 | -02 0.7 -6.0 | -50 | -35
600MD | -600 = 600 | mbar | 2000 | 2000 | 4000 | 4000 |10000| -7.0 7.0 120 | 180 | 240 | -1.3 | -05 13 -60 | -50 | -35
001BD -1 1 bar 2 2 4 4 10 -7.0 7.0 200 | 300 | 40.0 | -08 | -0.3 0.8 -6.0 | -50 | -35
1.6BD -16 16 bar 4 4 8 8 10 -7.0 7.0 240 | 320 400 | -08 @ -03 0.8 -60 | -50 | -35
2.5BD -25 25 bar 4 4 8 8 10 -7.0 7.0 376 | 500 | 626 | -05 | -02 0.5 -6.0 | -50 | -35
004BD -4 4 bar 8 8 16 16 15 -7.0 7.0 336 | 400 | 464 | -05 | -0.2 0.5 -60 | -50 | -35

1Overpressure: The maximum pressure which may safely be applied to the product for it to remain within specifications once pressure is returned to the
operating pressure range. Exposure to higher pressures may cause permanent damage to the product. Unless otherwise specified, this applies to all available
pressure ports at any temperature within the operating temperature range.

2Burst pressure: The maximum pressure that may be applied to the specified port (P1 or P2) of the product without causing escape of pressure media. Product
should not be expected to function after exposure to any pressure beyond the burst pressure.

3Common mode pressure: The maximum pressure that can be applied simultaneously to both ports of a differential pressure sensor without causing changes
in specified performance.

“Offset: The output signal obtained when the reference pressure is applied to all available pressure ports. Also known as “null” or “zero”.

5TCO (Thermal Effect on Offset): The deviation in offset due to changes in temperature over the specified temperature range, relative to offset measured at 25°C.

STCS (Thermal Effect on Span): The deviation in full scale span due to changes in temperature over the specified temperature range, relative to full scale span
measured at 25°C.
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Basic Board Mount Pressure Sensors
TBP Series, Compensated/Unamplified
NBP Series, Uncompensated/Unamplified

Table 10. NBP Series Pressure Range Specifications for 1 psi to 150 psi

e~ Pressure Over- Burst ® Offset* Sensitivity Thermal Effect on Offset | Thermal Effect on Span

5 ; Range Pressure! Pressure? E ® (mV/V) (mV/V/Full Scale Span) (%FSS/25°C)’ (%FSS/25°C)¢

) - s3

gs | = 3 |z gz o . - -

33 E E S S S S s Min. | Max. | Min. | Nom. | Max. | Min. | Nom. | Max. | Min. | Nom. | Max.

Absolute
015PA 0 15 psi 30 - 60 - - -1.0 7.0 103 | 150 | 207 | -1.5 | -06 15 -6.0 | -50 | -35
030PA 0 30 psi 60 - 120 - - -1.0 7.0 155 | 210 | 260 | -1.0 | -04 10 -60 | -50 | -35
060PA 0 60 psi 120 - 240 - - -1.0 7.0 174 | 210 | 240 | -10 | -03 1.0 -6.0 | -50 | -35
100PA 0 100 psi 240 - 300 - - -1.0 7.0 145 | 172 | 200 | -10 | -04 10 -60 | -50 | -35
150PA 0 150 psi 240 - 300 - - -1.0 7.0 217 | 260 | 300 | -10 | -03 1.0 -6.0 | -50 | -35
Gage
001PG 0 1 psi 10 - 20 - - -85 8.5 45 6.5 8.5 -30 | -10 3.0 -6.0 | -50 | -35
005PG 0 5 psi 30 - 40 - - -85 8.5 100 | 150 | 200 | -1.5 | -05 15 -60 | -50 | -35
015PG 0 15 psi 30 - 60 - - -1.0 7.0 103 | 150 | 207 | -1.5 | -06 15 -6.0 | -50 | -35
030PG 0 30 psi 60 - 120 - - -1.0 7.0 155 | 210 | 260 | -1.0 | -04 10 -60 | -50 | -35
060PG 0 60 psi 120 - 240 - - -1.0 7.0 174 | 210 | 240 | -10 | -03 1.0 -6.0 | -50 | -35
100PG 0 100 psi 240 - 300 - - -1.0 7.0 145 | 172 | 200 | -10 | -04 10 -60 | -50 | -35
150PG 0 150 psi 240 - 300 - - -1.0 7.0 217 | 260 | 300 | -10 | -03 1.0 -6.0 | -50 | -35
Differential

001PD | -1 1 psi 10 10 20 20 150 | -85 8.5 90 | 130 | 170 | -15 | -05 15 -6.0 | -50 | -35
005PD | -5 5 psi 30 30 40 40 150 | -85 8.5 200 | 300 | 400 | -0.8 | -03 0.8 -60 | -50 | -35
015PD | -15 15 psi 30 30 60 60 150 | -70 7.0 206 | 300 | 414 | -08 | -03 0.8 -60 | -50 | -35
030PD | -30 30 psi 60 60 120 | 120 | 150 | -7.0 7.0 310 | 420 | 520 | -05 | -02 0.5 -60 | -50 | -35
060PD | -60 60 psi 120 | 120 | 240 | 240 | 250 | -70 7.0 348 | 420 | 480 | -05 | -0.2 0.5 -60 | -50 | -35

LOverpressure: The maximum pressure which may safely be applied to the product for it to remain within specifications once pressure is returned to the
operating pressure range. Exposure to higher pressures may cause permanent damage to the product. Unless otherwise specified, this applies to all available
pressure ports at any temperature within the operating temperature range.

2Burst pressure: The maximum pressure that may be applied to the specified port (P1 or P2) of the product without causing escape of pressure media. Product
should not be expected to function after exposure to any pressure beyond the burst pressure.

3Common mode pressure: The maximum pressure that can be applied simultaneously to both ports of a differential pressure sensor without causing changes
in specified performance.

“Offset: The output signal obtained when the reference pressure is applied to all available pressure ports. Also known as “null” or “zero”.
5TCO (Thermal Effect on Offset): The deviation in offset due to changes in temperature over the specified temperature range, relative to offset measured at 25°C.

STCS (Thermal Effect on Span): The deviation in full scale span due to changes in temperature over the specified temperature range, relative to full scale span.
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Basic Board Mount Pressure Sensors
TBP Series, Compensated/Unamplified
NBP Series, Uncompensated/Unamplified

Figure 3. DIP Package Dimensional Drawings (For reference only: mm [in].)

AN: Single axial small barbed port

JJ: Dual radial barbless port

JN: Single radial barbless port
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Basic Board Mount Pressure Sensors
TBP Series, Compensated/Unamplified
NBP Series, Uncompensated/Unamplified

Figure 3. DIP Package Dimensional Drawings (For reference only: mm [in], continued.)

KN: Single axial large barbed port

LN: Single axial barbless port
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Basic Board Mount Pressure Sensors
TBP Series, Compensated/Unamplified
NBP Series, Uncompensated/Unamplified

Figure 3. DIP Package Dimensional Drawings (For reference only: mm [in], continued.)
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Basic Board Mount Pressure Sensors
TBP Series, Compensated/Unamplified
NBP Series, Uncompensated/Unamplified

Figure 3. DIP Package Dimensional Drawings (For reference only: mm [in], continued.)
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Figure 4. SMT Package Dimensional Drawings (For reference only: mm [in].)
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Basic Board Mount Pressure Sensors
TBP Series, Compensated/Unamplified
NBP Series, Uncompensated/Unamplified

Figure 4. SMT Package Dimensional Drawings (For reference only: mm [in], continued.)
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Basic Board Mount Pressure Sensors
TBP Series, Compensated/Unamplified
NBP Series, Uncompensated/Unamplified

Figure 4. SMT Package Dimensional Drawings (For reference only: mm [in], continued.)
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Figure 5. Leadless SMT Package Dimensional Drawings (For reference only: mm [in].)
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Basic Board Mount Pressure Sensors
TBP Series, Compensated/Unamplified
NBP Series, Uncompensated/Unamplified

Figure 5. Leadless SMT Package Dimensional Drawings (For reference only: mm [in], continued.)
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ADDITIONAL INFORMATION A WARNING

The following associated literature is available on the
Honeywell web site at sensing.honeywell.com: PERSONAL INJURY

DO NOT USE these products as safety or emergency stop
devices or in any other application where failure of the
product could result in personalinjury.

e Board Mount Pressure Sensors Line Guide
e Airflow, Force, and Pressure Sensors Product Range Guide

* Product Installation Instructions . . . ) )
Failure to comply with these instructions could result in

e Application- ific Inf i . . .
pplication-specific Information death or serious injury.

A WARNING
MISUSE OF DOCUMENTATION

e Theinformation presented in this datasheet is for
reference only. Do not use this document as a product
installation guide.

e Complete installation, operation, and maintenance
information is provided in the instructions supplied with
each product.

Failure to comply with these instructions could result in
death or serious injury.

Warranty/Remedy

Honeywell warrants goods of its manufacture as being free

of defective materials and faulty workmanship. Honeywell’s
standard product warranty applies unless agreed to

otherwise by Honeywell in writing; please refer to your order
acknowledgement or consult your local sales office for specific
warranty details. If warranted goods are returned to Honeywell
during the period of coverage, Honeywell will repair or replace,
at its option, without charge those items it finds defective.
The foregoing is buyer’s sole remedy and is in lieu of all
other warranties, expressed or implied, including those of
merchantability and fitness for a particular purpose. In no
event shall Honeywell be liable for consequential, special,
or indirect damages.

While we provide application assistance personally, through
our literature and the Honeywell web site, it is up to the
customer to determine the suitability of the product in the

For more information application.
Honeywell Sensing and Internet of
Things services its customers through a
worldwide network of sales offices and
distributors. For application assistance,
current specifications, pricing or the
nearest Authorized Distributor, visit
sensing.honeywell.com or call:

Asia Pacific +656355-2828
Europe +44(0) 1698 481481
USA/Canada +1-800-537-6945 © NSF is a registered trademark of NSF International.

Specifications may change without notice. The information
we supply is believed to be accurate and reliable as of this
printing. However, we assume no responsibility for its use.

Honeywell Sensing and Internet of Things
9680 Old Bailes Road
Fort Mill, SC 29707

32344917-B-EN | B | 05/19 Hone well
honeywel[.com © 2019 Honeywell International Inc.
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https://www.mouser.com/access/?pn=TBPLPNS400MGUCV

https://www.mouser.com/access/?pn=TBPDANN250MGUCV

https://www.mouser.com/access/?pn=TBPDLNN060MGUCV

https://www.mouser.com/access/?pn=TBPMANS030PGUCV

https://www.mouser.com/access/?pn=TBPDLNS150PGUCV

https://www.mouser.com/access/?pn=TBPDANN015PGUCV

https://www.mouser.com/access/?pn=TBPLANS2.5BGUCV

https://www.mouser.com/access/?pn=TBPDLNS160KGUCV

https://www.mouser.com/access/?pn=TBPDANN160MGUCV

https://www.mouser.com/access/?pn=TBPDANS060PGUCV

https://www.mouser.com/access/?pn=TBPDANS100PGUCV

https://www.mouser.com/access/?pn=TBPMLNN100MGUCV

https://www.mouser.com/access/?pn=TBPLPNS150PGUCV

https://www.mouser.com/access/?pn=TBPMLNS060MGUCV

https://www.mouser.com/access/?pn=TBPDANS2.5BGUCV

https://www.mouser.com/access/?pn=TBPDLNS060KGUCV

https://www.mouser.com/access/?pn=TBPLPNN030PGUCV

https://www.mouser.com/access/?pn=TBPMLNS004BGUCV

https://www.mouser.com/access/?pn=TBPMPNN400MGUCV

https://www.mouser.com/access/?pn=TBPMPNN100PGUCV

https://www.mouser.com/access/?pn=TBPMPNN015PGUCV

https://www.mouser.com/access/?pn=TBPMLNN600MGUCV

https://www.mouser.com/access/?pn=TBPDPNS030PGUCV

https://www.mouser.com/access/?pn=TBPLLNN010KGUCV

https://www.mouser.com/access/?pn=TBPLANS150PGUCV

https://www.mouser.com/access/?pn=TBPLANS005PGUCV

https://www.mouser.com/access/?pn=TBPMLNN400MGUCV

https://www.mouser.com/access/?pn=TBPMANS150PGUCV

https://www.mouser.com/access/?pn=TBPMANS100PGUCV

https://www.mouser.com/access/?pn=TBPMANN030PGUCV

https://www.mouser.com/access/?pn=TBPDANN600MGUCV

https://www.mouser.com/access/?pn=TBPDANN006KGUCV

https://www.mouser.com/access/?pn=TBPDLNS060MGUCV

https://www.mouser.com/access/?pn=TBPLLNN400MGUCV

https://www.mouser.com/access/?pn=TBPDANS004BGUCV

https://www.mouser.com/access/?pn=TBPDANS060PGUCVN

https://www.mouser.com/access/?pn=TBPDANS100MGUCV

https://www.mouser.com/access/?pn=TBPDLNN001BGUCV

https://www.mouser.com/access/?pn=TBPDLNN006BGUCV

https://www.mouser.com/access/?pn=TBPDLNN010BGUCV

https://www.mouser.com/access/?pn=TBPDLNN2.5BGUCV

https://www.mouser.com/access/?pn=TBPDLNN250MGUCV

https://www.mouser.com/access/?pn=TBPLANN006KGUCV

https://www.mouser.com/access/?pn=TBPLANN016KGUCV

https://www.mouser.com/access/?pn=TBPLANN150PGUCV

https://www.mouser.com/access/?pn=TBPLANS006KGUCV

https://www.mouser.com/access/?pn=TBPLLNN016KGUCV

https://www.mouser.com/access/?pn=TBPLPNN060PGUCV

https://www.mouser.com/access/?pn=TBPLPNS001PGUCV

https://www.mouser.com/access/?pn=TBPLPNS060MGUCV

https://www.mouser.com/access/?pn=TBPLPNS060PGUCV

https://www.mouser.com/access/?pn=TBPLPNS100PGUCV

https://www.mouser.com/access/?pn=TBPMANN016KGUCV

https://www.mouser.com/access/?pn=TBPMLNN016KGUCV

https://www.mouser.com/access/?pn=TBPMPNS010KGUCV



HIGH ACCURACY 0= OMEGA
PRESSURE TRANSDUGERS

PX409 Series

PX409-100GV,
shown actual size.

v 0.08% BSL Includes
Linearity Hysteresis
and Repeatablity

v Broad Temperature
Compensation
Range -29 to 85°C
(-20 to 185°F)

1 5-Point NIST Traceable
Calibration Included

v Outputs: . .-
emV/V :r)g\jv% gl?t?aY’size. \
*0to5Vor0to10V &
*4to20 mA AR et

»* 10 in-H,0 A S

to 5000 psi Ranges

PX429-030G gl
shown ac a .

e Ty
1 ;ir

5 =

Prgésufe Modes
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SOLID STATE PIEZORESISTIVE DESIGN

WITH HIGH TEMP. PERFORMANGE FOR INDUSTRY, AUTOMOTIVE,
TEST, AND AEROSPACE APPLICATIONS

mV/V, 0 te 5 Vde, 0 to 10 Vde, 4 to 20 mA Outputs
Low Pressure: 10 inH20 and

Standard Ranges: 5 to 5000 psi

Metric Ranges: 25 mbar to 345 hars

Gage or Absolute Pressure

PX409 Series
INIST § c €

1 High Accuracy +0.08% BSL
Includes Linearity, Hysteresis,
and Repeatability

1 Broad Temperature Compensated
Range -29 to 85°C (-20 to 185°F)

v Premium Temperature Performance
Span: +0.5% Over Compensated Range

v~ 5-Point NIST Traceable
Calibration Included

v+ Digital Dynamic Thermal Compensation

Across Temperature and Pressure Range

1 Low Pressure Ranges from 10 inH,O
v~ All Stainless Steel Wetted Parts

1 Fast Response Time

1 Solid State Reliability and Stability
1 Gage and Absolute Pressures

v 300% Proof Pressure Minimum

OMEGA piezoresistive pressure transducers have

a proven record in high performance commercial

and aerospace applications for over 25 years. The
piezoresistive process uses strain gages molecularly
embedded into a highly stable silicon wafer. The silicon
wafer is diced into individual die which each contain a
full strain gage bridge. The die is mounted in a sealed
chamber protected from the environment by glass to
metal seals and a stainless steel diaphragm.

A small volume of silicone oil transfers the pressure
from the diaphragm to the strain bridge. The
construction provides a very rugged transducer with
exceptional accuracy, stability and thermal effects.

A unique design ruggedizes the transducers by
providing secondary fluid containment in the event of a
diaphragm rupture.

At our state-of-the-art facilities, automated test
equipment performs pressure and temperature cycling
on 100% of the PX409 transducers. The transducers
are then calibrated using extremely high accuracy
equipment and a 5-point NIST traceable calibration
certificate that is included with each transducer. To
obtain their high accuracy and stability, the PX409
Series use state-of-the-art digital mapping of the
temperature, pressure and output performance of the
silicon sensor in conjunction with a custom ASIC to
provide dynamic thermal compensation across the

All models shown
actual size.

PX409-050GV,
features cable ’,
termination.

0.08%

. x419100GI,)
. features
N ‘

mini-DIN termination.
P

PX429-015Gl,
features
twist-lock termination.

S

tock Defjyep, ¢,
T
most Iianygys,r”’

PX409 SERIES SILICON WAFER TECHNOLOGY

PX409 Series uses a highly stable silicon wafer which is
micro-machined to precision

tolerances and then has TR

strain gages molecularly .

embedded into it. Strain gage\ \ y
- L 7§ .

"_
(#,Q‘

Strain gages shown
larger than actual size.

temperature and pressure parameters. The inherent
stability of the piezoresistive core provides excellent
long term stability, repeatability and very low thermal
effects at the price of much lower performance
transducers. Standard features of the PX409 Series
also include protective features built into the electronics
and the pressure element. Reverse polarity, EMC, and
power supply fluctuation protection are standard on all
models. Intrinsically Safe and CSA ratings are optional.

The most popular ranges and configurations are
stocked for immediate delivery. All others typically have
a very short lead-time.

B-25b





HIGH ACCURAGY
PRESSURE TRANSDUCGERS

PIEZORESISTIVE DESIGN WITH HIGH TEMPERATURE PERFORMANCE

EXCEPTIONAL PERFORMANCE
0.08% STATIC ACCURACY

Thermal Effects -29 to 85°C (-20 to 185°F)
Span Error: 100 psig

Micro-Machined Silicon . . .

1 -

h\
T

—— High Limit
—u— PX409

Competitor's Models

Error (% Span)
o
o
o

= Low Limit

5-Point NIST Traceable
Calibration Certificate

Temperature °F

s cantrtiet!
vttt

more details.

Designed to be quickly customized to meet your exacting specifications, often with
fast delivery. Custom variables are available including custom fittings, accuracies,
ranges, calibrations, pressure units, thermal specifications, vibration, operating
temperature and compensated range. Contact OMEGA Pressure Engineering for

CUSTOM CONFIGURATIONS AVAILABLE!

Common Specifications
Gage and Absolute Pressure

Approvals: RoHS compliant
Minimum Isolation Between Case
and Output Terminations:

100M Q @ 50 Vdc

Pressure Cycles: 1 million, minimum
Long Term Stability (1-Year): +0.1%
FS typical

Shock: 50 g, 11 mS half sine, vertical
and horizontal axis

Vibration: 5-2000-5 Hz, 30 minute
cycle, Curve L, Mil-Spec 810 figure
514-2-2, vertical and horizontal axis
Bandwidth: DC to 1 kHz typical

EM Field Immunity: IEC61000-4-3
EFT Immunity: IEC61000-4-4
Surge Immunity: IEC61000-4-5
Conducted RF: IEC610000-4-6

Rate Power Frequency Magnetic
Field: IEC61000-4-8
Electrical Termination:
PX409: Integral 2 m (6') cable
PX409C: Integral 2 m (6') cable
with % NPT conduit fitting
PX419: mini-DIN
PX429: Twist lock

Environmental Protection:

PX409: IP67
Response Time: <1 mS PX409C: IP67
CE Compliant: PX419: IP65
Emissions: IEC550022 Class B PX429: IP65

Overpressure Gage Pressure:
10 inH20: 10 times span

B-25¢c

Electrostatic Discharge Immunity:
IEC61000-4-2

1 psi: 6 times span
2.5 to 1000 psi: 4 times span
1500 to 5000 psi: 7250 psi
maximum
Overpressure Absolute Pressure:
5 psia: 6 times span
2.5 psia to 1000 psia: 4 times span
1500 to 5000 psia: 10,000 psi
maximum
Secondary Containment
Gage/Diff/Vac/Compound:
10 inH20 to 5 psi: To 1000 psi
15 to 1000 psi: To 3000 psi
1500 to 5000 psi: To 10,000 psi
Absolute/Barometric:
5 to 1000 psi: To 6000 psia
1500 to 5000 psi: To 10,000 psia
Wetted Parts: 316 SS
Pressure Port: 18 NPT male
Weight: 115 to 200 gm (4 to 7 0z)
depending upon configuration






mVy,

OUTPUT

HIGH PERFORMANCE PRESSURE TRANSDUCERS
PIEZORESISTIVE DESIGN WITH HIGH TEMPERATURE PERFORMANCE

100 mV Output
0-10 inH,0 to 0-5000 psi
25 mb to 345 bar

PX409 Series
qNISTE ( E

PX429-015GV,
shown
actual size.

mV/V Specifications
Output: mV/V, 100 mV @ 10 Vdc
(Ratiometric 5 to 10 Vdc)
Supply Voltage: 10 Vdc
(5mA @ 10 Vdc)
Input/Output Resistance: 5000 Q
+20% typical
Accuracy (Combined Linearity,
Hysteresis and Repeatability):
+0.08% BSL maximum
Zero Balance: +0.5% FS typical
1% max (1% typical, 2% maximum
for 2.5 psi and below)
Span Setting: +0.5% FS typical 1%
maximum (1% typical, 2% maximum for
2.5 psi and below) Calibrated in vertical
direction with fitting down
Operating Temperature Range:
-45 to 121°C (-49 to 250°F)
Compensated Temperature:
Ranges >5 psi: -29 to 85°C
(-20 to 185°F)
Ranges < 5 psi: -17 to 85°C
(0 to 185°F)
Thermal Effects Zero
(Over Compensated Range):
Ranges >5 psi: +0.5% span
Ranges <5 psi: +1.0% span
Thermal Effects Span
(Over Compensated Range):
Ranges >5 psi: +0.5% span
Ranges <5 psi: +1.0% span

PX409-100GV,
shown actual size.

To Order

RANGE

psi

bar

2m (6') CABLE
TERMINATION

MINI-DIN

TERMINATION

mV/V OUTPUT, GAGE PRESSURE RANGES

PX419-015GV,
shown actual size.

Stock pejjye, ‘
most Ranggg!

TWIST-LOCK
TERMINATION

10 in-H.0O PX409-10WGV PX419-10WGV PX429-10WGV
1 69 mb PX409-001GV PX419-001GV PX429-001GV
25 172 mb PX409-2.5GV PX419-2.5GV PX429-2.5GV

5 345 mb PX409-005GV PX419-005GV PX429-005GV
15 1.0 PX409-015GV PX419-015GV PX429-015GV
30 21 PX409-030GV PX419-030GV PX429-030GV
50 3.4 PX409-050GV PX419-050GV PX429-050GV
100 6.9 PX409-100GV PX419-100GV PX429-100GV
150 10.3 PX409-150GV PX419-150GV PX429-150GV
250 17.2 PX409-250GV PX419-250GV PX429-250GV
500 34.5 PX409-500GV PX419-500GV PX429-500GV
750 51.7 PX409-750GV PX419-750GV PX429-750GV
1000 69 PX409-1.0KGV PX419-1.0KGV PX429-1.0KGV
1500 103 PX409-1.5KGV PX419-1.5KGV PX429-1.5KGV
2500 172 PX409-2.5KGV PX419-2.5KGV PX429-2.5KGV
3500 241 PX409-3.5KGV PX419-3.5KGV PX429-3.5KGV
5000 345 PX409-5.0KGV PX419-5.0KGV PX429-5.0KGV

UT, ABSOLUTE PRESSURERANGES

5 345mb | PX409-005AV PX419-005AV PX429-005AV
15 1.0 PX409-015AV PX419-015AV PX429-015AV
30 2.1 PX409-030AV PX419-030AV PX429-030AV
50 34 PX409-050AV PX419-050AV PX429-050AV
100 6.9 PX409-100AV PX419-100AV PX429-100AV
150 10.3 PX409-150AV PX419-150AV PX429-150AV
250 17.2 PX409-250AV PX419-250AV PX429-250AV
500 34.5 PX409-500AV PX419-500AV PX429-500AV
750 51.7 PX409-750AV PX419-750AV PX429-750AV
1000 69 PX409-1.0KAV PX419-1.0KAV PX429-1.0KAV

Ordering Examples: PX409-1.0KGV, mV output, 1000 psi gage pressure range,
2 m (6') cable termination. PX429-015AV, mV output, 15 psi absolute pressure, twist lock
termination, PTO6F10-6S, mating twist lock connector (sold separately), and

DP25B-S, 4-digit meter, system with meter.
(See page B-25h for information on meters).

B-25d





010 5 Vdc OUTPUT

HIGH PERFORMANCE PRESSURE TRANSDUCERS

PIEZORESISTIVE DESIGN WITH HIGH TEMPERATURE PERFORMANCE

0 to 5 Vdc Output
0-10 inH,0 to 0-5000 psi
25 mb to 0-345 bar

PX409 Series
gNIST§ C E

PX429-015G5V,
shown actual size.

Amplified Voltage Output
Specifications
Output:
0 to 5 Vdc Supply Voltage:
10 to 30 Vdc@10 mA
0 to 10 Vdc Supply Voltage:
1510 30 Vdc@10 mA
Accuracy (Combined Linearity,
Hysteresis and Repeatability): +0.08%
BSL maximum
Zero Balance: +0.5% FS typical 1%
maximum (1% typical, 2% maximum for
2.5 psi and below)
Span Setting: +0.5% FS typical 1%
maximum (1% typical, 2% maximum for
2.5 psi and below). Calibrated in vertical
direction with fitting down
Operating Temperature Range:
-45 to 115°C (-49 to 240°F)
Compensated Temperature:
Ranges >5 psi: -29 to 85°C
(-20 to 185°F)
Ranges <5 psi: -17 to 85°C (0 to 185°F)
Thermal Effects Zero
(Over Compensated Range):
Ranges >5 psi: +0.5% span
Ranges <5 psi: +1.0% span
Thermal Effects Span
(Over Compensated Range):
Ranges >5 psi: +0.5% span
Ranges <5 psi: +1.0% span

PX409-100G5V,

shown actual size.

RANGE

psi

bar

2m (6) CABLE
TERMINATION

PX419-100G5V,

MINI-DIN
TERMINATION

0 to 5 Vdc OUTPUT, GAGE PRESSURE RANGES

shown actual size.

Stock peyjy, ‘
er
Most ”aﬂyegar

TWIST-LOCK
TERMINATION

10in-H.0 PX409-10WG5V PX419-10WG5V PX429-10WG5V
1 69 mb PX409-001G5V PX419-001G5V PX429-001G5V
25 172 mb PX409-2.5G5V PX419-2.5G5V PX429-2.5G5V

5 345 mb PX409-005G5V PX419-005G5V PX429-005G5V
15 1.0 PX409-015G5V PX419-015G5V PX429-015G5V
30 2.1 PX409-030G5V PX419-030G5V PX429-030G5V
50 34 PX409-050G5V PX419-050G5V PX429-050G5V
100 6.9 PX409-100G5V PX419-100G5V PX429-100G5V
150 10.3 PX409-150G5V PX419-150G5V PX429-150G5V
250 17.2 PX409-250G5V PX419-250G5V PX429-250G5V
500 34.5 PX409-500G5V PX419-500G5V PX429-500G5V
750 51.7 PX409-750G5V PX419-750G5V PX429-750G5V
1000 69 PX409-1.0KG5V PX419-1.0KG5V PX429-1.0KG5V
1500 103 PX409-1.5KG5V PX419-1.5KG5V PX429-1.5KG5V
2500 172 PX409-2.5KG5V PX419-2.5KG5V PX429-2.5KG5V
3500 241 PX409-3.5KG5V PX419-3.5KG5V PX429-3.5KG5V
5000 345 PX409-5.0KG5V PX419-5.0KG5V PX429-5.0KG5V
5 345 mb PX409-005A5V PX419-005A5V PX429-005A5V
15 1.0 PX409-015A5V PX419-015A5V PX429-015A5V
30 2.1 PX409-030A5V PX419-030A5V PX429-030A5V
50 34 PX409-050A5V PX419-050A5V PX429-050A5V
100 6.9 PX409-100A5V PX419-100A5V PX429-100A5V
150 10.3 PX409-150A5V PX419-150A5V PX429-150A5V
250 17.2 PX409-250A5V PX419-250A5V PX429-250A5V
500 345 PX409-500A5V PX419-500A5V PX429-500A5V
750 51.7 PX409-750A5V PX419-750A5V PX429-750A5V
1000 69 PX409-1.0KA5V PX419-1.0KA5V PX429-1.0KA5V

Note: To order with 0 to 10 Vdc output, change “5V” to “10V” no extra charge.

Ordering Examples: PX409-1.0KG5V, 5 V output, 1000 psi gage pressure range,

2 m (6') cable termination. PX429-015A5V, 5 V output, 15 psi absolute pressure, twist lock
termination, PTO6F10-6S, mating twist lock connector (sold separately), and

DP25B-E, 4-digit meter, system with meter.

(See page B-25h for information on meters).

B-25e






4 T0 20 mA OUTPUT
HIGH PERFORMANCE PRESSURE TRANSMITTERS

PIEZORESISTIVE DESIGN WITH HIGH TEMPERATURE PERFORMANCE

4 to 20 mA Output
0-10 inH,0 to 0-5000 psi
25 mb to 0-345 bar

PX409 Series
INIST § c €

1 PX429-015Gl,

1 shown actual
.3 size.

4 to 20 mA
Specifications
Output: 4 to 20 mA
Supply Voltage: 9 to 30 Vdc
maximum loop res Q = (Vs-9)x50
[9 to 20 Vdc above 105°C (229°F)]
Accuracy (Combined Linearity,
Hysteresis and Repeatability): +0.08%
BSL maximum
Zero Balance: +0.5% FS typical
1% maximum (1% typical, 2% maximum
for 2.5 psi and below)
Span Setting: +0.5% FS typical 1%
maximum (1% typical, 2% max for 2.5 psi
and below). Calibrated in vertical direction
with fitting down
Operating Temperature Range:
-45 to 115°C (-49 to 240°F)
Compensated Temperature:
Ranges >5 psi: -29 to 85°C (-20 to 185°F)
Ranges < 5 psi: -17 to 85°C (0 to 185°F)
Thermal Effects Zero
(Over Compensated Range):

Ranges >5 psi: +0.5% span

Ranges <5 psi: +1.0% span
Thermal Effects Span
(Over Compensated Range):

PX409-100Gl,
shown actual size.

PX419-100Gl,
shown actual size.

Stock pe/jy, ‘
(-]
most na,,y,',.ﬂ f or

10 in-H20 25mb PX409-10WGlI PX419-10WGlI PX429-10WGlI
1 69 mb PX409-001Gl PX419-001Gl PX429-001Gl
25 172 mb PX409-2.5GI PX419-2.5GI PX429-2.5GI

5 345 mb PX409-005Gl PX419-005Gl PX429-005Gl
15 1.0 PX409-015Gl PX419-015GlI PX429-015Gl
30 2.1 PX409-030GI PX419-030Gl PX429-030GI
50 3.4 PX409-050GlI PX419-050GlI PX429-050GI
100 6.9 PX409-100GI PX419-100Gl PX429-100Gl
150 10.3 PX409-150GlI PX419-150GlI PX429-150GlI
250 17.2 PX409-250Gl PX419-250Gl PX429-250Gl
500 345 PX409-500GlI PX419-500GlI PX429-500GlI
750 51.7 PX409-750Gl PX419-750Gl PX429-750Gl
1000 69 PX409-1.0KGI PX419-1.0KGlI PX429-1.0KGI
1500 103 PX409-1.5KGl PX419-1.5KGl PX429-1.5KGl
2500 172 PX409-2.5KGlI PX419-2.5KGl PX429-2.5KGlI
3500 241 PX409-3.5KGl PX419-3.5KGl PX429-3.5KGl
5000 345 PX409-5.0KGlI PX419-5.0KGI PX429-5.0KGlI
5 345 mb PX409-005Al PX419-005Al PX429-005Al
15 1.0 PX409-015Al PX419-015Al PX429-015Al
30 2.1 PX409-030Al PX419-030Al PX429-030Al
50 34 PX409-050Al PX419-050Al PX429-050Al
100 6.9 PX409-100AlI PX419-100Al PX429-100Al
150 10.3 PX409-150Al PX419-150Al PX429-150Al
250 17.2 PX409-250Al PX419-250Al PX429-250Al
500 34.5 PX409-500AlI PX419-500Al PX429-500Al
750 51.7 PX409-750Al PX419-750Al PX429-750Al
1000 69 PX409-1.0KAI PX419-1.0KAI PX429-1.0KAIl

Ordering Examples: PX409-1.0KGl, 4 to 20 mA output, 1000 psi gage pressure range,
2m (6') cable termination. PX429-015Al, 4 to 20 mA output, 15 psi absolute pressure, twist lock
termination, PTO6F10-6S, mating twist lock connector (sold separately), and DP25B-E, 4-digit

Ranges >5 psi:
Ranges <5 psi:

+0.5% span
+1.0% span

meter, system with meter.
(See B-25h for information on meters).
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HIGH AGGURACY PRESSURE
TRA N SD " GE R S PIEZORESISTIVE DESIGN

WITH HIGH TEMPERATURE PERFORMANCE

C—
bt PX429-015Gl,
\ 4 shown smaller than
g y actual size.
¥ -
PX409-100Gl,
shown smaller PX419-100GI, shown PX429 TWIST LOCK PINOUT
than actual size. smaller than actual size. 1)) 5/10V mA
PX409 CABLE CONNECTION PX419 and PX459 PIN OUT A | +EXC + EXC + Supply
COLOR mV 510V mA PIN mV 5/10V mA B |-EXC | Common | — Supply
Black |- EXC |Common |- Supply 1 |+EXC | +EXC | + Supply C | +SIG | + Output NC
White |+ SIG |+ Output NC 2 |-EXC |Common |- Supply D | -SIG NC NC
Green |-SIG NC NC 3 | +SIG |+ Output NC E NC NC NC
Red |+EXC | +EXC |+ Supply 4 | -SIG NC NC F NC NC NC
Dimensions: mm (inch)
Conduit backend PX409C Product Label
28 Hex = 0.87
(1.1) I‘_ %x 14 NPT
Hex 22 (0.87) AF
Ya-18 NPT

I

Integral cable backend PX409 X ;

2
22
5 [ E § (0.88)
0.2)
M12 connector }
backend PX459 87.1 (3.43)4—I
@ 20.2
(0.8)

PX409 Series pressure ranges >15

Pressure Adaptor

MODEL NO: e

OM

OUTPUT:e

Twist lock backend PX429 M12 x 1 psi to 1000 psig for pressure ranges
5 _,| I__ above 1000 psi consult factory.
(0.2)
5(0.2)
. 86.4 (3.4)
Vent with porous plug 1 ‘
(gage units only) oS T
.. — S” s e
mini DIN backend PX419 ¢ é 22
5| | = T HE (0.88)
(0.2) 1%4-18 NPT
|m Pressure Adaptor ?
); Vent with porous plug e
(gage units only) Hex 2.5 (1.0) AF 15 psi and below. o 9o

METERS

MODEL NO. DESCRIPTION

DP41-S 6-digit high accuracy (0.005%) strain meter for use with mV/V output models

DP41-E 6-digit high accuracy (0.005%) process meter for use with voltage and current output models

DP41-B 6-digit high accuracy (0.005%) universal meter for use with voltage and current output models
also accepts thermocouple and RTD inputs

DP25B-S 4-digit precision strain meter for use with mV/V output models

DP25B-E 4-digit precision process meter for use with voltage and current output models

ACCESSORIES

CX5302 Extra mini-DIN connector for PX419 Series

PTO6F10-6S Mating twist lock connector for PX429 Series

PS-4G Pressure snubber for air/gaseous media

PS-4E Pressure snubber for water or light oils

PS-4D Pressure snubber for dense liquids (motor oil)
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COMPATIBLE METER

4-Digit Precision Meter

DP25B
2 CE®n

PATENTED

 mV,V, mA,

Strain Gage Inputs
1+ Full Process Unit Scaling
v Built-In Transducer Power

DP25B, shown close
to actual size.

Process and Strain Models

Because they accept a wide range

of DC voltage and current inputs,

the DP25-B-E strain meters can

handle most process and strain

applications. Features include easy

front-panel scaling to virtually any

fengineerfing units, a remote tare To Order

unction for weighing applications,

and a hardwaregloclgou??o prevent MODEL NO. ~DESCRIPTION
unauthorized changes in setup. DP25B-E Voltage/current input with excitation
In addition, the DP25B-E meters DP25B-S mV input in excitation

feature built-in excitation in c ot with o "

_ ; omes complete with operator’s manual.
4 Uﬁel‘ ?ﬁ lectable VC;['LalgeS_,t;V hICht Ordering Examples: DP25B-E, voltage/current input meter for use with 0to 5V, 0to 10 V, 4
makes them compatible with mos to 20 mA output PX409 Series transducers. DP25B-S, mV input meter for use with mV/V output
transducers and transmitters. PX409 Series transducers.
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DWYER INSTRUMENTS 1/8" Hose Barb Differential Transmitter O to ...

Product Categories / Test Instruments / Pressure and Vacuum Measuring / Pressure and Vacuum Transmitters /
Pressure and Vacuum Transmitters / 1/8" Hose Barb Differential Transmitter 0 to 20...

DWYER INSTRUMENTS

https://www.grainger.com/product/ DWYER-INSTRUMENTS-1-8-Hose...

¥ Print 24 Email

1/8" Hose Barb Differential Transmitter 0 to 20 In. H20, 4 to

20mA DC Output

Item # 247023 Mfr. Model # 616KD-06 Catalog Page # N/A Catalog Group # H3956 UNSPSC # 41112410

Web Price @
$98.50 / each
in ol
OnE-TOUCH®
+ GISHO-CAY
1 rslt;r;s’::c "3 Shipping Weight 0.14 Ibs.
ni AR £

agluztizns
i

sie e
L

complete your order. More

' 360°

@ How can we improve our Product Images?

] Compare

Technical Specs

Transmitter Type Differential Transmitter

Wetted Materials -
Transmitters

Stainless Steel

Range Values - 0to 20
Transmitter
Range Units - In. H20
Transmitter

Accuracy - Transmitter +/-2.00% Full Scale

Electrical Connections -
Transmitter

Screw Terminals

Power Required -
Transmitters

16 to 35VDC

1of2

Note: Product availability is real-time upd.

© Shipping

Expected to arrive Thu. Apr 30.

C) Pickup

+ Add to List |

Ship To 87532 (Change)

Country of Origin USA | Country of Origin is subject to change.

d and adjt d continuously. The product will be reserved for you when you
Process Connection 1/8"

Size - Transmitter

Process Connection Hose Barb
Type - Transmitter
Output - Transmitter 410 20mA DC

Operating Temp. -

0 Degrees to 140 Degrees F
Transmitter

Loop Resistance DC at 1000 Ohms Max,AC at 1200 Ohms

Max

Includes Instruction Manual

4/26/2020, 3:35 PM
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NeulLog logger sensors

Welcome to the new age of experimental data
acquisition with plug and play smart logger sensors.

NeulLog logger sensors offer a myriad of didactic tools to
meet your needs in the field of scientific studies.

The NeulLog system works as a set of independent
computer-based modules complete with a data logger,
flash memory and a sensor — all in each individual
sSensor.

Sensors plug info each other and have the ability to
connect as a chain of sensors and then stream data to
any computer system or smart device.

The NeulLog system can connect to nearly any
computer platform or operating system (PC, MAC, iPad,
Tablets, Android, smart phones, etc). All that is needed is
a USB connection or wireless connectivity.

Note: NeulLog products are intended for educational
use.
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NeulLog user guide

This is a general guide for all NeuLog sensors and
modules instructing how to use them at various
operation modes. Specific user guides for each sensor
and module can be found at www.NeulLog.com. Choose
"Products" on the main menu, and then choose the
relevant sensor or module.

Each specific user guide contains the following sections:

= What is included with the sensor
= Sensor specifications

» Technical background

= Maintenance and storage

= Sensor offset (if needed)

Note: There are some sensors (listed below) that due to
their specific nature require different instructions than
the rest of the NeulLog sensors. For these sensors please
make sure to refer to www.NeulLog.com before use:

= NUL-209, Photo gate sensor
» NUL-243, GPS
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Quick start procedure

PC or Mac Computer — Wired Connection

Materials needed:

= Neulog sensor or sensors

= USB-200 USB Module, or WIFI-201/WIFI-202 (using WiFi as
USB connection)

= USB to mini USB cable (included with the USB-200 module)

Your sensor needs to be connected fo a USB-200
module. The USB-200 module then connects fo a
computer via USB (this can also be done with WIFI-201
or WIFI-202). Please note that you cannot plug the
sensor directly intfo the computer.

The browser-based application can be downloaded for
free at www.NeulLog.com as well as a full application
user guide.

Choose "Downloads" on the main menu and then
choose "Software and Application”.
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Procedure:

1.

2.

Install the NeulLog application.
Connect the USB-200 module to the PC or Mac.

Connect the sensor or sensors to the USB-200
module (they directly plug together). Please note that
no calibration is required for NeuLog sensors. You
should see the red LED on the sensor flash as you
plug them in.

Open the NeulLog application by clicking on the
shortcut on the screen.

The connected probes are automatically identified
by the software; including disconnecting or
connecting other probes.

Once a sensor module box appears on the left side of
the screen, the sensor will give a live reading in its
module box and on the graph appearing on the
screen and you can begin experimentation.
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7. Select one of the following function buttons and the
software will guide you through the function's
options:

a. 'Run Experiment' with the connected sensors.
b. 'Single Step' experiment.

c. 'Visudl' display with four options for one of the
connected sensors values: Digital, Bar, Analog,
gauge and Accumulated graph.

d. 'Load Experiment’ from the sensors' flash
memory.

e. 'Open Experiment' from a saved file.

f. 'Tools' for changing the software settings or
sensor ID.

Tablet, smart phone or any device with WIFI connectivity

Materials needed:

= NeulLog sensor or sensors
= WiFi Module (WIFI-201 or WIFI-202)
= Battery Module (BAT-200 or BAT-202)

Your sensor or sensors needs to be connected to a WiFi
module. The WiFi module will create a closed NeulLog
WiFi network which will stream the NeulLog data to the
device of your choosing. Once your device is wirelessly
connected to the NeulLog network, you can run
experiments and collect data through a browser of your
choosing.
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Procedure:

1.

Connect the sensor or sensors directly to the left side
of a WiFi module (no wires required).

Connect a BAT-200 module to the right side of the
WiFi module or BAT-202 to its left side.

Although not required, we recommend plugging the
BAT-200 to an outlet using a USB to mini USB cord.
The WiFi module will run for 60-90 minutes
(depending on the sensor) without being plugged in.

The WiFi module can be directly powered using a
mini USB to USB cord and plugging it into your
computer or a wall charger. Please note that this
function is only available on WiFi modules with the
mini USB port.

For further WiFi module instructions or the WIFI-201
or WIFI-202 quick start guide please Vvisit:
www.NeulLog.com. Choose "Products" on the main
menu, then choose "WiFi Communication module”.

The WiFi module indicator lights will flash. Take no
action until the LED turns blue. This can take up to
one minute.

Take your tablet or smart phone, go to the WiFi
settings and select the NeulLog network
(NeuLog0184 for example) which matches the ID
found on the back of the WiFi module (0184 for this
example).

Give your device about 20 seconds to connect to the
WiFi module.
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9. Once the device is connected, go to your browser
and type the website wifi201.com intfo the URL bar,
then wait for 30-60 seconds.

10. The connected probes are automatically identified
by the software including disconnecting or
connecting other probes.

11. Once a sensor module box appears on the left side of
the screen, the sensor will give a live reading in its
module box and on the graph appearing on the
screen and you can begin experimentation.

12. If you are not the first one to connect to this WiFi unit,
enter viewer mode and view the screens of the user
master who was the first fo connect.

13. If you are the first one to connect (the Master), you
can select one of the following function buttons and
the program will guide you through the function's
options:

a. 'Run Experiment' with the connected sensors.
b. 'Single Step' experiment.

c. 'Visudl' display with four options for one of the
connected sensors values: Digital, Bar, Analog,
gauge and Accumulated graph.

d. 'Load Experiment’ from the sensors' flash
memory.

e. 'Open Experiment' from a saved file.

f. "Tools' for changing the program settings or
sensor ID.
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14. You can click on the 'Release Master' button in the
‘Tools' options and all the connected viewers will
have a new 'Be Master' button. The first one to click
becomes the 'Master".

15. The 'Tools' also includes a 'WiFi Options' button that
enables to connect the WiFi module as a client to the
WiFi network and to connect to the module through
this network. This option allows using the internet
while using the NeulLog sensors.

16. If you have a newer generation of WIFI-201T module
(with the USB icon on the cover) or a WIFI-202
module this can be used as a USB-200, meaning you
can tether the probes directly to the computer using
the WiFi module. To engage operation in this fashion,
press three times on the panel button. Repeating this
operation will return the module to WiFi mode.

Tablet, smart phone with Bluetooth connectivity

Materials needed:

= NeulLog sensor or sensors

= BLT-200 — Bluetooth Module (requires IOS 10 and up
for Apple devices and BLE (Bluetooth Low Energy) for
Androids devices)

Download the NeuLog app from the "App Store" or from
"Google Play".
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Procedure:

1.

Connect the sensor or sensors directly to the right
side of the Bluetooth module (no wires required).

Turn the Bluetooth module ON by pressing the BLT-
200 button, the blue LED wiill flash.

Run the app. The app will search for the module and
connect automatically. After connecting, the blue
LED on the module will light constantly, and at the
app the Bluetooth sign (on the right top corner) will
turn green.

If the connection fails, press the gray Bluetooth sign
(on the right top corner) to refresh the connectivity.

If there is more than one Bluetooth module available,
the app will ask you to choose which module to
connect.

The connected sensors are automatically identified
by the software including disconnecting or
connecting other probes.

Once a sensor module box appears on the left side of
the screen, the sensor will give a live reading in its
module box and on the graph appearing on the
screen and you can begin experimentation.
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8. You can select one of the following function buttons
and the software will guide you through the
function's options:

a. 'Run Experiment' with the connected sensors.
b. 'Single Step' experiment.

c. 'Visual' display with four options for one of the
connected sensors values: Digital, Bar, Analog,
gauge and Accumulated graph.

d. 'Load Experiment' from the sensors' flash
memory.

e. 'Open Experiment' from a saved file.

f. 'Tools' for changing the program settings or
sensor ID.

Operation with NeuLog Graphic Display Module (viewer)

Materials needed:
= Neulog sensor or sensors

= VIEW-101 Graphic Display Module
= BAT-200 or BAT-202 Battery Module
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Procedure:

1. Connect the sensor or sensors to the viewer.

2. Connect the BAT-200 or the BAT-202 to the viewer.

3. The VIEW-101 will automatically detect the sensor
and you will see it appear on the left side of the

screen.

4. Once the sensor appears it will be monitoring data in
real time.

5. To run an experiment and collect dataq, press the run
icon (little green person).

Off-line experiments

Off-line experiments are when you do not have a sensor
connected directly o a computer, tablet, smart phone,
or NeulLog viewer.

Materials needed:

= Neulog sensor or sensors
= BAT-200 or BAT-202 Battery Module

Materials needed to configure your offline experiment:

= USB-200 Module, WiFi module (WIFI-201 or WIFI-202)
or VIEW-101 Module

= USB fo mini USB cable (included with the USB-200
module).
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Procedure:

1.

To determine the experiment settings, first connect
to your chosen device (PC, Mac, tablet, smart device)
and wait unftil the sensor search has ended.

Click on each sensor's module box, on the left side of
the screen, and set the experiment parameters
(Range, Duration, Rate and Trigger) for this sensor.
The setting parameters will be saved in the sensor's
flash memory.

Connect the sensor or sensors to a charged BAT-200
or BAT-202 module.

When ready to collect data, press the "Start/Stop"
button on the sensor. A red light will turn on for the
duration of the experiment.

After the experiment has concluded (the "Start/Stop"
button is pressed again or the data collection period
ends). Connect the sensor or sensors to your chosen
device (you can find full instructions in each device's
quick start procedure section).

Open the NeulLog application.
Click the 'Load experiment' icon.
Select which experimental data to upload (up to 5

experimental runs can be stored at one time on the
Sensor).
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Operation with NeulLog Digital Display Module (viewer)

Materials needed:

= NeulLog sensor or sensors
= VIEW-200 Digital Display Module
= BAT-200 or BAT-202 Battery Module

Prior to data collection, it is recommended that you
configure your sensors' settings to your specific
experimental needs. Instructions for off-line experiments
configuration procedure can be found in the "Off-line
experiments" section in the previous page.

If you only use the VIEW-200 to take live readings without
collecting data it is not required to configure your
sensors' settings (unless, if needed, for changing the
sensors' range).
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Procedure:

1.

Connect up to 5 NeulLog sensors of your choice
together and into the left side of your viewer.

Connect a charged battery module into the right side
of the viewer. The screen will automatically turn on.

The viewer will begin searching for sensors at this
time — the screen will read "Search... %". This process
should take roughly 25 seconds to complete.

Note: If no sensors are found, disconnect and
reconnect the battery module.

Once the sensors have been detected, you can
begin collecting data directly onto the internal
memory of each sensor. To do this you simply need
to press the "Start/Stop" button on the front of each
sensor you wish to collect data with.

You can change which sensor data is displayed on
the VIEW-200 by pressing the button on the front of
the module.
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NeulLog spriometer logger sensor NUL-216

The NeulLog spirometer sensor can be used for any
science experiment which is based on lung capacity
such as in the fields of Psychology, Biology, Exercise
Science, etc.

The sensor comes pre-calibrated so you can start
experimentation right out of the box using this guide.

Among hundreds of possible experimental subjects that
can be studied with the NUL-216 sensor are: lung
function, lung physiology, exercise experiments, gas flow
rates and gas flow laws, and many more.

The spirometer sensor's measurement unit is:

Liters per second (L/s): The volume of gas which passes
through the sensor tube per second.

Reset to zero

Even though the NeulLog spirometer sensor does not
need to be calibrated prior to each use, it is
recommended to reset its probe.

To zero the sensor:

1. Connect the spirometer sensor to a voltage source
(USB-200 or BAT-200 module).

2. Press and hold the spirometer sensor’s push button
for 3 seconds. You should see a zero reading on the
sensor's module box.
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Using the spirometer sensor

The NeulLog spirometer sensor comes with laminated
paper for use.

Prior to experimentation, roll a single piece of laminated
paper into a tube and then place it inside the side with
the wider internal opening of the sensor. The paper
should stick out from the metal sensor tube about one
inch. Blowing into the paper instead of directly into the
metal tube is more hygienic for later uses of the sensor.

Using the software's "area" function, you can determine
the total volume of your lungs easily.

Included with sensor

= NeulLog General Guide.
= One package of laminated paper for testing.

Sensor specifications

Range and operation modes | +10 L/s

ADC resolution 15 bit

Resolution 0.2 L/s

Max sample rate (S/sec) 100

Experiment Duration: 1 second to 31 days.
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Sensor’'s features

= Fully digital data.

» Rugged plastic ergonomic case.

» Pushbutton switch for Start/Stop experiments in off
line mode.

» LED indicator of experiment status (blinks while
collecting data).

» Pre-calibrated sensing equipment.

= Metal sensor tube attached by means of 2 durable
rubber-coated wires.

= Two pressure sensors connected to the metal tube o
accurately determine airflow speed.

Note: NeuLog products are intended for educational
use.

Videos and experiment examples

» Videos, literature and other probes can be found at
www.neulog.com.

* In order to access the spirometer sensor's page,
choose "Products" on the main menu and then
"Spirometer logger sensor".

" [In order to access the spirometer sensor's
experiments, choose "Example Labs":

The Lungs and Spirometry Parameters (B-41)
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Technical background

The philosophy behind NeulLog’'s plug and play
technology is based on each sensor’s ability to store its
own data due to an internal flash memory chip and
micro-controller in each plastic NeuLog body. This
technology allows the sensor to collect and then store
the digital data in the correct scientific units (for
example: °C, °F, Lux, %, ppm).

The sensor is pre-calibrated at the factory. The built-in
software in the logger can be upgraded for free at any
time using the provided firmware update.

Inside the NeulLog spirometer sensor's metal tube
attachment there is a funnel which creates a difference
of air pressures before and after the funneling piece
according to the airflow speed. A pressure differential
sensor is connected to both sides of the funneling piece.

The sensor's controller calculates accurately the air flow
speed according to this pressure difference.

Using the NeulLog software, you can easily determine

the area under or above the curve with the integral
function to calculate lung volumes and capacities.
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Maintenance and storage

= Never submerge the NeulLog plastic body in any
liquid.

» Do not allow liquid intfo the spirometer sensor’s body.

= After use, gently wipe away any foreign material from
the spirometer sensor.

= Store in a box at room temperature out of direct
sunlight.

Warranty

We promise to deliver our module free of defects in
materials and workmanship for a period of 3 years from
the date of purchase. Our warranty does not cover
damage of the product caused by improper use, abuse,
or incorrect storage. Sensors with a shelf life such as ion
selective probes have a warranty of 1 year. Should you
need to act upon the warranty please contact your
distributor. Your module will be repaired or replaced.

Thank you for using NeuLog.
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VT900

Gas Flow Analyzer
Technical data

The Fluke Biomedical VT900 is designed to
accurately and reliably test all types of medical
gas flow equipment—ventilators, insufflators,
oxygen meters—especially those requiring
high accuracy in ultra-low flow and ultra-low
pressure measurements such as anesthesia
machines and flow meters.

Accurate

The VTOO0O0 is Fluke Biomedical’s high-accuracy
premium gas flow analyzer. The single, full-range
+300 lpm air flow channel offers built-in oxygen,
temperature and humidity measurements, to
streamline testing and automatically compensate
for environmental conditions. The VT900 features
an external trigger input and special ultra low-
flow and ultra low-pressure ports. These ultra-low
flow and ultra-low pressure ports allow the high-
est accuracy for devices requiring crucial low
volume and pressure testing such as anesthesia
machines and flow meters. Designed and tested to
world renown Molbloc-L calibration specifications
ensures traceability to global regulatory standards
with reliable measurements you can count on.

Key benefits and features:

e Streamline your testing procedure, reduce
errors and quicken your test time with the
ability to create customized test profiles
Avoid confusion and ensure accuracy with
one-channel, full-range air flow functionality
Reduce testing time with built-in line sensors
which automatically test humidity, temperature
and oxygen while compensating for atmo-
spheric pressure and environmental conditions
Ensure patient safety with ultra-low flow and
ultra-low pressure anesthesia and flow meter
testing

Have confidence that your measurements

comply to global regulatory standards and
adhere to SI units of measurement with the

Molbloc-L calibration system

Easily transport and store the lightweight (3.6
1b/1.6 kg), all-in-one device—no extra modules
for different tests

Have more control over your testing by select-
ing your own trigger point with the external
trigger input
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Traceable

The large on-board memory of the VT900 allows both short and
long term recording and storing of test data. Transfer data via USB

to a PC and upload the generated test file to your CMMS system for
simple reporting. This device can be easily adapted to specific test-
ing needs. With the ability to create custom profiles and the capacity
to take remote commands for automated testing, the VT900 helps to
decrease risk and increase efficiency.

Easy-to-use

The VTOO0O0 offers a large 7" (17.8 cm) touch screen display, allow-
ing you to view multiple measurements at once, and quickly access
menu options. Review results in real-time with either color graphs
or numerical data. The global user interface makes operating this
device straightforward and uncomplicated.

Portable

Weighing only 3.6 1b (1.6 kg), this compact, all-in-one device is
highly portable. The snap-in carrying handle/shoulder strap and
rugged design allow you to easily test on-the-go, while its small
unit size and bale (kick stand) allows comfortable viewing for
benchtop testing. A universal VESA mount also gives you the option
of mounting the device to save space. With AC/DC power options
and an 8-hour battery life, this tester is perfect for laboratory, clini-
cal or field environments where AC power may not be available.

7" (17.8 cm) color touchscreen showing

Onboard memory and USB for real-time graphs and test data. Allows for
easy data transfer and test file customizable test profiles (by user, test type,
upload to your CMMS or model) and data logging

IESTETA=] V900 64s Fow AnaLvzER
— e

Airway / Flow

[F N1\ W Zoom IN+ | ZoomOUTS] Full-range +300

MAX: 300.0 AVG: 150 MIN: -300.0 lpm all’ ﬂOW Channel
with built-in oxygen,
humidity, and temper-

— - - ature measurements

(RENEENNNNNENRARuN

Clear Save

o-:c”x'f'lgw—c LIJ;ELJ'E;JRE

o i | i §
Portable, light (3.6 1bs/1.6 kg) High and differential low-
and rugged design with pressure ports. All sensors
8 hours of battery life have the best accuracies on

the market, reliably calibrated
using Fluke Molbloc-L system
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Technical specifications

Battery life hours 8 hrs

Charge time in hours 5 hrs, typical

Memory internal memory
Connection type USB, Micro-B device port
Weight 3.6 1b (1.6 kg)

Display 7 in (17.8 cm)

Single full-range channel J

Ultra-low flow ports +750 ml/min

Ultra-low pressure port 0 to 10 mbar

Range +300 slpm
Accuracy (air) 1.7 % or 0.04 slpm

Range +750 ml/min
Accuracy (air) +1.7 % or 0.01 slpm

Range +1001
Accuracy +1.75 % or 0.02 1

Range -0.8 to 10 bar
Accuracy +1 % or £0.007 bar
Range +160 mbar

Accuracy +0.5 % or £0.1 mbar
Range 0 to 10 mbar
Accuracy +1 % or £0.01 mbar
Range +160 mbar

Accuracy +0.5 % or £0.1 mbar
Range 550 to 1240 mbar
Accuracy +1 % or +5 mbar

Range 0to 50 °C
Accuracy +0.5 °C
Resolution 0.1 °C
Range 0 to 100 % RH
+3 % RH (20 to 80 % RH)
Accuracy ¥5 9% RH (20< or >80 % RH)
Range 0 to 100 %
Accuracy +1 %
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Technical specifications
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Breath parameters

Inspiratory tidal volume range 01to 601
Inspiratory tidal volume accuracy +1.75 % or 0.02 1
Expiratory tidal volume range 0to 601
Expiratory tidal volume accuracy +1.75 % or 0.02 1
Minute volume range 0 to 1001

Minute volume accuracy

+1.75 % or 0.02 1

Breath rate range

1 to 1500 bpm

Breath rate accuracy +1 %

Inspiratory to expiratory time ratio (I:E) range 1:300 to 300:1
Inspiratory to expiratory time ratio (I:E) accuracy +2 % or 0.1

Peak inspiratory pressure (PIP) range +160 mbar

Peak inspiratory pressure (PIP) accuracy +0.75 % or 0.1 mbar
Inspiratory pause pressure range +160 mbar
Inspiratory pause pressure +0.75 % or 0.1 mbar
Mean airway pressure range +160 mbar

Mean airway pressure accuracy +0.75 % or 0.1 mbar
Positive end expiratory pressure (PEEP) range +160 mbar

Positive end expiratory pressure (PEEP) accuracy

+0.75 % or 0.1 mbar

Lung compliance range

0 to 1000 ml/mbar

Lung compliance accuracy

+3 % or 0.1 ml/mbar

Inspiratory time range

0to 60 s

Inspiratory time accuracy 0.02 s

Inspiratory hold time range 0to 60 s
Inspiratory hold time accuracy 1% or0.1s
Expiratory time range Oto 90s
Expiratory time accuracy 0.5 % or 0.01 s
Expiratory hold time range 0to 90s
Expiratory hold time accuracy 0.02 s

Peak expiratory flow range +300 lpm

Peak expiratory flow accuracy +1.7 % or 0.04 lpm
Peak inspiratory flow range +300 lpm

Peak inspiratory flow accuracy

+1.7 % or 0.04 lpm

Environmental

Operating temp 10 °C to 40 °C

Storage temp -20 °C to 60 °C

Operating humidity 10 to 90 % non-condensing

Storage humidity

5 to 95 % non-condensing
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Technical specifications
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Gas corrections

Gas types

ATP (ambient temp/pressure, actual humidity)

Air

ATPD (ambient temp/pressure, dry)

Nitrogen (Nj)

ATPS (ambient temp/pressure, saturated)

Nitrous Oxide (N20)

STP20 (20 °C temp/pressure 760 mmHg, actual humidity)

Carbon Dioxide (COy)

STP21 (21 °C temp/pressure 760 mmHg, actual humidity) Oxygen (02)

STPDO (0 °C temp/pressure 760 mmHg, dry) Argon

STPD20 (20 °C temp/pressure 760 mmHg, dry) Heliox (21 % 0, 79% He)
STP or STPD21 (21 °C temp/pressure 760 mmHg, dry) Oxygen/Nitrogen

BTPS (body temp 37 °C/ambient pressure 760 mmHg, saturated) Oxygen/Nitrous Oxide
BTPD (body temp 37 °C/ambient pressure 760 mmHg, dry) Oxygen/Helium

Ordering information
VT900 Gas Flow Analyzer

Includes:

e Bacterial filter (1)

* 1.2 m (4 ft) silicon tubing (2)

e 22 mm ID x 22 mm ID tubing adapters (2)

e 22 mm OD x 22 mm OD tubing adapters (2)

e Tapered 15 mm OD x 33 mm OD tubing adapters (2)

e Flexible 15 mm ID x 22 mm ID tubing adapters (2)

e DISS hand tight nut/nipple to 6.4 mm (1/4 in ) ID hose barb
adapter (1)

e USB serial cable

e AC power adapter

¢ Detachable carrying handle

e Detachable shoulder strap

e Certificate of Calibration with test data

Optional accessories

ACCU LUNG I Test Lung
ACCU LUNG II Test Lung
VESA Mounting system/test arm

5 Fluke Biomedical VT900 Gas Flow Analyzer

Fluke Biomedical.
Trusted for the measurements that matter.

Fluke Biomedical
6045 Cochran Road

Cleveland, OH 44139-3303 U.S.A.

Fluke Biomedical Europe
Science Park Eindhoven 5110
5692EC Son, The Netherlands

For more information,

contact us:

In the U.S.A. (800) 850-4608 or

Fax (440) 349-2307

In Europe/M-East/Africa
Fax +31 40 267 5436
From other countries +1
Fax +1 (440) 349-2307

+31 40 267 5435 or

(440) 248-9300 or

Email: sales@flukebiomedical.com
Web access: www.flukebiomedical.com

©2015-2017 Fluke Biomedical.

Specifications subject to ¢
Printed in U.S.A. 10/2017

hange without notice.
6009789a-en
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Appendix C: Trade Study and Design of Possible System Improvements

Note:
The University of Florida (UF) open hardware ventilator design is licensed under the CERN-OHL-S v2 license, full text available
here. Any reproduction of the UF design remains under the CERN-OHL-S V2 license.

Information regarding the Flometrics open ventilator information is available here.



https://ohwr.org/project/cernohl/wikis/uploads/002d0b7d5066e6b3829168730237bddb/cern_ohl_s_v2.txt

http://www.flometrics.com/covid19-ventilator/



« System Comparisons — Major Differences
o Flometrics (Steve Harrington) Mechanical Ventilator Proposal, dated 4/8/20
o University of Florida Health (UFH) Modular Open Source Ventilator, v 1.2

» Grading Matrix

» Component-level alternatives
o Control valves

Check valves

Pressure Relief/Regulation
Instrumentation

Flow throttling (Flometrics)
Vacuum Pump (Flometrics)

O O O O O
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Flometrics (Steve Harrington) Mechanical Ventilator

Proposal, 4-8-2020
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University of Florida’s Health Modular Open Source

Ventilator v1.2

Modular Open Source Ventilator| 50 PSIG O3 02 from
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April 2, 2020 Room Air - Regulator 50 PSIG O2 |~ VNI.V'é'
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Documentation published describing hardware is licensed under the CERN-OHL-S v2. ‘
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System Comparisons — Air Supply

Type Pressurized air/O, Shop vacuum
(could be hospital
bedside air,
compressor, air tank)
PFOS - Known reliability - Does not need air supply
- Can serve multiple infrastructure/modularity - can be
systems/patients with single used in non-hospital setting (only
compressor needs power)

- More adaptable (can use variety
of pressure sources without
changing system operation)

COHS - Requires separate air supply - System requires use of vacuum
infrastructure (bedside air, pump to provide sufficient deltaP
compressor, etc.) for sprinkler valve operation

- Pressure may require regulation - One shop vac per system/patient
depending on system needs - Less adaptable

- Reliability testing done by
ShopVac indicates consumer units
will not survive 2 week continuous
runtime (commercial grade units
recommended)

Los Alamos National Laboratory 4/29/2020 | 5





System Comparisons — Control Valves

Inspiratory

Expiratory

Pros

Cons

Sprinkler valve

Custom passive
bladder valve

- Requires one sprinkler valve
(procurement, reliability
advantages)

- No active control over
expiratory valve timing

- Build variability in passive
bladder valve

- Highly dependent on inner
tube selection and assembly

Sprinkler valve with
vacuum assist

Sprinkler valve with
vacuum assist

- Active control over expiratory
valve timing

- Requires two sprinkler valves

- Modifications required to valve
(build variability

- Vacuum system required

4/29/2020 | 6
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System Comparisons — Control Systems

User Interface 2x16 LCD Display Cell Phone or PC
with potentiometer
knob and push

button
Controller/Driver Arduino Stereo Amplifier
PFOS - Robust user interface - Can potentially adjust additional
- Sensor integration options settings
- Cannot easily adjust additional - Dependent on additional
Cons settings device (phone/PC)

- Sensor Integration

*Neither control system was tested at LANL. A custom system was developed to
meet our operating and testing needs.
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Grading Matrix

Q
= o
=)
- Q8
S T W
2 | 868
v | 58
$5 |23 Comment
o 4 (s . omments
Criteria 5> s 35 T
c T .~
Sco|l 295
T o -
- o = [}
v LN o — =
EES| 2L €
os¥| €59
Baseline
Does it function 0 0 Both function well at steady state conditions.
Can it sustain continuous operation for 400 hours 0 0 More long term testing on UFH, Preliminary function testing at LANL shows no major concerns
Amount of routine maintenance for continuous running 0 -1 UFH design does not allow for on the fly adjustments. Orifice plate must be switched out.
Component/System reliability 0 0 Limited cyclic testing cannot validate either. Recommend swapping for intended use components
Ease of procurement (assume 500-2000 systems needed) 0 1 Shop vacs and vacuum pumps may be harder to procure.
Number of components 0 1
ATGOHE SR O P el CamponEnt mediREaton isered 0 1 Sprinkler valve n.mdification can be challenging (one destroyed during build). UFH requires lathe for one part, AM
could replace this.
Ease of assembly 0 0 After modifications, assembly fairly straight forward.
Ease of operation 0 0 Depends on final complexity of control system
Is the system adaptable to meet a patients needs, adjustments requ 0 -1 Maore control over active exhaust valve, adjustments require orifice plate swap.
Is the system adaptable to serve multiple patients 0 1 Higher pressure and flow line may be more capable of supporting multiple patients
Component materials safe for human ventilator use 0 0 Unknown components and chemicals used in sprinkler valves.
Safety systems present (anti-asphyxiation valve, exhale over- oo ) ; ' ;
Hsy P ( Py 0 -1 Original UFH design does not include but could be added in easily
pressure valve)
Sensors, real-time monitoring and alarms 1 microcontroller offers more options for integration with digital sensors than speaker amplifier
Can the components be sterilized (outside or inside/outside if 0 0
internal systems cannot be isolated) Unknown
Certified components (UL, ASTM, etc.) 0 0 No clear specifications on sprinkler valves
General Pressure Safety 0 -1 UFH system operates at higher pressure but reasonably low risk
Total 0 1
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Component Level Alternatives — Control Valve

|

* AM part for improving UFH bladder valve design ‘
* Improves UFH bladder valve “‘*“;Z"”‘J“‘;& e e T
« Original design made of three parts: EEEEE SN
1. Y2 in. PEX barb 90-Degree elbow 48
2. (2) O-rings Gt
3. Schedule 40 1/2 in. Spigot x 1/2 in. Dia. |
Slip PVC Plug, modified using lathe |
* Replaces all three parts
* No lathe required!
« Simplifies assembly
* New part can be easily 3-d printed, estimate |
5-7 days for required quantities (~1000 parts)
using W-11/E div printer

Yo. ploshle Pox
 PN0) ’”M 2lvow

B

e

W el

(o rex
\ bash ¢]
g
Prototype AM part
T f ey i i 94200
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Component Level Alternatives — Control Valve

Solenoid On/Off Valves

* Pneumatic Solenoid Valve = .
* Replaces sprinkler control or UFH bladder valve Q - i
» Readily available from McMaster (1000 within a =52 al¥es

week) - W

« Solenoid-driven, 24 VDC or VAC |‘“ﬁ‘g_°{ |\V=" q

« Engineered for pneumatic systems, not liquid wmon With Wire Leads
(operating under intended use) Pneumatic solenoid valve

» Certified

* $8O Engine computer { PCM)

* Automotive Canister Purge Valve i ““’“E"”'“:
* Replaces sprinkler control or UFH bladder valve 5

 Part of the vehicle Evaporative Emission Control M.%T}—
(EVAP) system e Engine

* Solenoid-driven, 12 VDC Y B

« Can be partially opened

» Operating flow rates/pressures unknown

* Assumed to be widely available in large quantities
« $25-$50

Canister purge valve
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Component Level Alternatives — Control Valve

«  DC solenoid sprinkler valve u DIG products  res
* Replaces 24 VAC sprinkler valve (additional complexity of

controlling AC solenoid) WETSr miern

* DIG In-line sprinkler valve with DC solenoid
« 6-12 VDC latching solenoid
 Yin. NPT DIG sprinkler valve
« 10 - 150 psi
« $42, availability unknown

* Hunter 9 VDC solenoid for battery powered systems
« Designed to be swapped into Hunter sprinkler

valves

« $20, availability unknown

L
e

Hunter 9 VDC solenoid :.

Los Alamos National Laboratory 4/29/2020 | 11





Component Level Alternatives — Check valves

« Philips Respironics Universal Inline Pressure
Valve (PN 302418)
* Is a medical device
* Availability TBD
* Duck Bill Valve
 Low pressure to operate
« Basic Design
* Readily Available
» Easy Material Validation (Rubber/elastomer’
« Exhalation valve
* Low pressure to operate
« Basic Design
« Availability questionable with high mask
production I
« Easy material validation
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Component Level Alternatives - Instrumentation

* Pressure
« Standard Gauges (Analog)
* Readily available
* Requires user monitoring
 Manometer
» Can be built using simple parts
* Requires user monitoring
» Digital pressure sensor (integrates with control system)
* Readily available
* More accurate tracking, can be linked to controller alarm system
* Flow
* Venturi Meter
« Can be built using simple parts
« Requires user monitoring
« Ultrasonic Sensor for microcontroller
« Validation concerns
* Pneumatic inline flow meters
* Readily available
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Component Level Alternatives — Flow Throttling

* Shop vacuum flow throttling
» Replaces dimmer switch/variac throttling of shop vac motor (shop vac runs at full
power)
« Use manual flow control valve after shop vac outlet
* Could be 3-D printed
» Will require shop vac to run at full power — may affect motor life

Los Alamos National Laboratory 4/29/2020 | 14





Component Level Alternatives — Vacuum Pump

« Vacuum pump for Flometrics system (need 1/3 SCFM)
* Replaces Home Depot Stark 3 CFM Vacuum Pump
» Fixed Flow Air-powered vacuum pump (Venturi
Pump)

* Small DC Pump*

0.5-28 CFM

25 — 28 in of Hg max vacuum

Requires 75 - 80 psi compressed air to
operate

No moving parts

Readily available from McMaster (1000
within a week)

$73 - $370

12V

12W

0-16 in of HG vacuum
Total availability unknown

DC Pump

*Some system testing has led to overheating.

Stark >

1/4 HP 3 CFM Rotary Air Vacuum Pump
HVAC A/C Refrigerant

kK ok (13)  Write & Review  Questiens & Answers (5)

* Eliminates all moisture from conditioning systems in little time
* Built te be highly durable and cost efficient

* Self diagnostic tool for A/C repair and HVAG refrigerant recovery

$6598
Home Depot Vacuum Pump

Discharge

Vacuum Intake

Venturi Pump

Los Alamos National Laboratory
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		NeuLog logger sensors

		and modules

		NeuLog logger sensors

		Welcome to the new age of experimental data acquisition with plug and play smart logger sensors. 

		NeuLog logger sensors offer a myriad of didactic tools to meet your needs in the field of scientific studies. 

		The NeuLog system works as a set of independent computer-based modules complete with a data logger, flash memory and a sensor – all in each individual sensor.

		Sensors plug into each other and have the ability to connect as a chain of sensors and then stream data to any computer system or smart device.

		The NeuLog system can connect to nearly any computer platform or operating system (PC, MAC, iPad, Tablets, Android, smart phones, etc). All that is needed is a USB connection or wireless connectivity.

		Note: NeuLog products are intended for educational use. 

		NeuLog user guide

		This is a general guide for all NeuLog sensors and modules instructing how to use them at various operation modes. Specific user guides for each sensor and module can be found at www.NeuLog.com. Choose "Products" on the main menu, and then choose the relevant sensor or module.

		Each specific user guide contains the following sections:

		 What is included with the sensor 

		 Sensor specifications

		 Technical background

		 Maintenance and storage

		 Sensor offset (if needed)

		Note: There are some sensors (listed below) that due to their specific nature require different instructions than the rest of the NeuLog sensors. For these sensors please make sure to refer to www.NeuLog.com before use:

		 NUL-209, Photo gate sensor

		 NUL-243, GPS

		Quick start procedure

		PC or Mac Computer – Wired Connection

		Materials needed:

		 NeuLog sensor or sensors

		 USB-200 USB Module, or WIFI-201/WIFI-202 (using WiFi as USB connection)

		 USB to mini USB cable (included with the USB-200 module)

		Your sensor needs to be connected to a USB-200 module. The USB-200 module then connects to a computer via USB (this can also be done with WIFI-201 or WIFI-202). Please note that you cannot plug the sensor directly into the computer. 

		The browser-based application can be downloaded for free at www.NeuLog.com as well as a full application user guide.

		Choose "Downloads" on the main menu and then choose "Software and Application".

		Procedure:

		1. Install the NeuLog application.

		2. Connect the USB-200 module to the PC or Mac.

		3. Connect the sensor or sensors to the USB-200 module (they directly plug together). Please note that no calibration is required for NeuLog sensors. You should see the red LED on the sensor flash as you plug them in.

		4. Open the NeuLog application by clicking on the shortcut on the screen.

		5. The connected probes are automatically identified by the software; including disconnecting or connecting other probes.

		/

		6. Once a sensor module box appears on the left side of the screen, the sensor will give a live reading in its module box and on the graph appearing on the screen and you can begin experimentation.

		7. Select one of the following function buttons and the software will guide you through the function's options:

		/

		a. 'Run Experiment' with the connected sensors.

		b. 'Single Step' experiment.

		c. 'Visual' display with four options for one of the connected sensors values: Digital, Bar, Analog, gauge and Accumulated graph.

		d. 'Load Experiment' from the sensors' flash memory.

		e. 'Open Experiment' from a saved file.

		f. 'Tools' for changing the software settings or sensor ID.

		Tablet, smart phone or any device with WIFI connectivity

		Materials needed:

		 NeuLog sensor or sensors

		 WiFi Module (WIFI-201 or WIFI-202)

		 Battery Module (BAT-200 or BAT-202)

		Your sensor or sensors needs to be connected to a WiFi module. The WiFi module will create a closed NeuLog WiFi network which will stream the NeuLog data to the device of your choosing. Once your device is wirelessly connected to the NeuLog network, you can run experiments and collect data through a browser of your choosing.

		Procedure:

		1. Connect the sensor or sensors directly to the left side of a WiFi module (no wires required).

		2. Connect a BAT-200 module to the right side of the WiFi module or BAT-202 to its left side.

		3. Although not required, we recommend plugging the BAT-200 to an outlet using a USB to mini USB cord. The WiFi module will run for 60-90 minutes (depending on the sensor) without being plugged in.

		4. The WiFi module can be directly powered using a mini USB to USB cord and plugging it into your computer or a wall charger. Please note that this function is only available on WiFi modules with the mini USB port. 

		5. For further WiFi module instructions or the WIFI-201 or WIFI-202 quick start guide please visit: www.NeuLog.com. Choose "Products" on the main menu, then choose "WiFi Communication module".

		6. The WiFi module indicator lights will flash. Take no action until the LED turns blue. This can take up to one minute.

		7. Take your tablet or smart phone, go to the WiFi settings and select the NeuLog network (NeuLog0184 for example) which matches the ID found on the back of the WiFi module (0184 for this example).

		8. Give your device about 20 seconds to connect to the WiFi module.

		9. Once the device is connected, go to your browser and type the website wifi201.com into the URL bar, then wait for 30-60 seconds.

		10. The connected probes are automatically identified by the software including disconnecting or connecting other probes.

		11. Once a sensor module box appears on the left side of the screen, the sensor will give a live reading in its module box and on the graph appearing on the screen and you can begin experimentation.

		12. If you are not the first one to connect to this WiFi unit, enter viewer mode and view the screens of the user master who was the first to connect.

		13. If you are the first one to connect (the Master), you can select one of the following function buttons and the program will guide you through the function's options:

		a. 'Run Experiment' with the connected sensors.

		b. 'Single Step' experiment.

		c. 'Visual' display with four options for one of the connected sensors values: Digital, Bar, Analog, gauge and Accumulated graph.

		d. 'Load Experiment' from the sensors' flash memory.

		e. 'Open Experiment' from a saved file.

		f. 'Tools' for changing the program settings or sensor ID.

		14. You can click on the 'Release Master' button in the 'Tools' options and all the connected viewers will have a new 'Be Master' button. The first one to click becomes the 'Master'.

		15. The 'Tools' also includes a 'WiFi Options' button that enables to connect the WiFi module as a client to the WiFi network and to connect to the module through this network. This option allows using the internet while using the NeuLog sensors. 

		16. If you have a newer generation of WIFI-201 module (with the USB icon on the cover) or a WIFI-202 module this can be used as a USB-200, meaning you can tether the probes directly to the computer using the WiFi module. To engage operation in this fashion, press three times on the panel button. Repeating this operation will return the module to WiFi mode.

		Tablet, smart phone with Bluetooth connectivity

		Materials needed:

		 NeuLog sensor or sensors

		 BLT-200 – Bluetooth Module (requires IOS 10 and up for Apple devices and BLE (Bluetooth Low Energy) for Androids devices)

		Download the NeuLog app from the "App Store" or from "Google Play".

		Procedure:

		1. Connect the sensor or sensors directly to the right side of the Bluetooth module (no wires required).

		2. Turn the Bluetooth module ON by pressing the BLT-200 button, the blue LED will flash.

		3. Run the app. The app will search for the module and connect automatically. After connecting, the blue LED on the module will light constantly, and at the app the Bluetooth sign (on the right top corner) will turn green. 

		4. If the connection fails, press the gray Bluetooth sign (on the right top corner) to refresh the connectivity.

		5. If there is more than one Bluetooth module available, the app will ask you to choose which module to connect.

		6. The connected sensors are automatically identified by the software including disconnecting or connecting other probes.

		7. Once a sensor module box appears on the left side of the screen, the sensor will give a live reading in its module box and on the graph appearing on the screen and you can begin experimentation.

		8. You can select one of the following function buttons and the software will guide you through the function's options:

		a. 'Run Experiment' with the connected sensors.

		b. 'Single Step' experiment.

		c. 'Visual' display with four options for one of the connected sensors values: Digital, Bar, Analog, gauge and Accumulated graph.

		d. 'Load Experiment' from the sensors' flash memory.

		e. 'Open Experiment' from a saved file.

		f. 'Tools' for changing the program settings or sensor ID.

		Operation with NeuLog Graphic Display Module (viewer)

		Materials needed:

		 NeuLog sensor or sensors

		 VIEW-101 Graphic Display Module

		 BAT-200 or BAT-202 Battery Module

		Procedure:

		1. Connect the sensor or sensors to the viewer.

		2. Connect the BAT-200 or the BAT-202 to the viewer.

		3. The VIEW-101 will automatically detect the sensor and you will see it appear on the left side of the screen.

		4. Once the sensor appears it will be monitoring data in real time.

		5. To run an experiment and collect data, press the run icon (little green person).

		Off-line experiments

		Off-line experiments are when you do not have a sensor connected directly to a computer, tablet, smart phone, or NeuLog viewer.

		Materials needed:

		 NeuLog sensor or sensors

		 BAT-200 or BAT-202 Battery Module

		Materials needed to configure your offline experiment:

		 USB-200 Module, WiFi module (WIFI-201 or WIFI-202) or VIEW-101 Module

		 USB to mini USB cable (included with the USB-200 module).

		Procedure:

		1. To determine the experiment settings, first connect to your chosen device (PC, Mac, tablet, smart device) and wait until the sensor search has ended.

		2. Click on each sensor's module box, on the left side of the screen, and set the experiment parameters (Range, Duration, Rate and Trigger) for this sensor. The setting parameters will be saved in the sensor's flash memory.

		3. Connect the sensor or sensors to a charged BAT-200 or BAT-202 module.

		4. When ready to collect data, press the "Start/Stop" button on the sensor. A red light will turn on for the duration of the experiment.

		5. After the experiment has concluded (the "Start/Stop" button is pressed again or the data collection period ends). Connect the sensor or sensors to your chosen device (you can find full instructions in each device's quick start procedure section).

		6. Open the NeuLog application. 

		7. Click the 'Load experiment' icon.

		8. Select which experimental data to upload (up to 5 experimental runs can be stored at one time on the sensor).

		Operation with NeuLog Digital Display Module (viewer)

		Materials needed:

		 NeuLog sensor or sensors

		 VIEW-200 Digital Display Module

		 BAT-200 or BAT-202 Battery Module

		Prior to data collection, it is recommended that you configure your sensors' settings to your specific experimental needs. Instructions for off-line experiments configuration procedure can be found in the "Off-line experiments" section in the previous page.

		If you only use the VIEW-200 to take live readings without collecting data it is not required to configure your sensors' settings (unless, if needed, for changing the sensors' range).

		Procedure:

		1. Connect up to 5 NeuLog sensors of your choice together and into the left side of your viewer.

		2. Connect a charged battery module into the right side of the viewer. The screen will automatically turn on.

		3. The viewer will begin searching for sensors at this time – the screen will read "Search… %". This process should take roughly 25 seconds to complete.

		Note: If no sensors are found, disconnect and reconnect the battery module.

		4. Once the sensors have been detected, you can begin collecting data directly onto the internal memory of each sensor. To do this you simply need to press the "Start/Stop" button on the front of each sensor you wish to collect data with.

		5. You can change which sensor data is displayed on the VIEW-200 by pressing the button on the front of the module.

		/

		NeuLog Spirometer

		Logger Sensor Guide

		NUL-216

		/

		NeuLog spriometer logger sensor NUL-216

		The NeuLog spirometer sensor can be used for any science experiment which is based on lung capacity such as in the fields of Psychology, Biology, Exercise Science, etc.

		The sensor comes pre-calibrated so you can start experimentation right out of the box using this guide. 

		Among hundreds of possible experimental subjects that can be studied with the NUL-216 sensor are: lung function, lung physiology, exercise experiments, gas flow rates and gas flow laws, and many more.

		The spirometer sensor's measurement unit is:

		Liters per second (L/s): The volume of gas which passes through the sensor tube per second.

		Reset to zero

		Even though the NeuLog spirometer sensor does not need to be calibrated prior to each use, it is recommended to reset its probe. 

		To zero the sensor:

		1. Connect the spirometer sensor to a voltage source (USB-200 or BAT-200 module).

		2. Press and hold the spirometer sensor’s push button for 3 seconds. You should see a zero reading on the sensor's module box.

		Using the spirometer sensor

		The NeuLog spirometer sensor comes with laminated paper for use. 

		Prior to experimentation, roll a single piece of laminated paper into a tube and then place it inside the side with the wider internal opening of the sensor. The paper should stick out from the metal sensor tube about one inch. Blowing into the paper instead of directly into the metal tube is more hygienic for later uses of the sensor.

		Using the software's "area" function, you can determine the total volume of your lungs easily.

		Included with sensor

		 NeuLog General Guide.

		 One package of laminated paper for testing.

		Experiment Duration: 1 second to 31 days.

		Sensor’s features

		 Fully digital data.

		 Rugged plastic ergonomic case.

		 Pushbutton switch for Start/Stop experiments in off line mode.

		 LED indicator of experiment status (blinks while collecting data).

		 Pre-calibrated sensing equipment.

		 Metal sensor tube attached by means of 2 durable rubber-coated wires.

		 Two pressure sensors connected to the metal tube to accurately determine airflow speed.

		Note: NeuLog products are intended for educational use.

		Videos and experiment examples

		 Videos, literature and other probes can be found at www.neulog.com.

		 In order to access the spirometer sensor's page, choose "Products" on the main menu and then "Spirometer logger sensor".

		 In order to access the spirometer sensor's experiments, choose "Example Labs":

		The Lungs and Spirometry Parameters (B-41)

		Technical background

		The philosophy behind NeuLog’s plug and play technology is based on each sensor’s ability to store its own data due to an internal flash memory chip and micro-controller in each plastic NeuLog body. This technology allows the sensor to collect and then store the digital data in the correct scientific units (for example: oC, oF, Lux, %, ppm).

		The sensor is pre-calibrated at the factory. The built-in software in the logger can be upgraded for free at any time using the provided firmware update.

		Inside the NeuLog spirometer sensor’s metal tube attachment there is a funnel which creates a difference of air pressures before and after the funneling piece according to the airflow speed. A pressure differential sensor is connected to both sides of the funneling piece.

		The sensor's controller calculates accurately the air flow speed according to this pressure difference.

		Using the NeuLog software, you can easily determine the area under or above the curve with the integral function to calculate lung volumes and capacities.

		Maintenance and storage

		 Never submerge the NeuLog plastic body in any liquid.

		 Do not allow liquid into the spirometer sensor’s body.

		 After use, gently wipe away any foreign material from the spirometer sensor.

		 Store in a box at room temperature out of direct sunlight.

		Warranty

		We promise to deliver our module free of defects in materials and workmanship for a period of 3 years from the date of purchase. Our warranty does not cover damage of the product caused by improper use, abuse, or incorrect storage. Sensors with a shelf life such as ion selective probes have a warranty of 1 year. Should you need to act upon the warranty please contact your distributor. Your module will be repaired or replaced.

		Thank you for using NeuLog.
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