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Abstract 
 
The paper proposes the concept of a simplified ventilation device that meets the requirements for the 
South African Health Products Regulatory Authority (SAHPRA) approval and may be manufactured in 
large n umbers at  moderate c ost t o meet t he r equirements o f t he c urrent or  future pne umonic t ype 
pandemics. The paper further describes the development of such a device and presents descriptions 
of the final prototype.   
 
The philosophy behind the design was to take an engineering view of the problem of safe ventilation, 
which also m eets World Health Organisation (WHO) guideline ‘Technical specifications for invasive 
and no n-invasive v entilators for C OVID-19’ ( 2020), w hilst us ing t he hum an bi ological r esponses t o 
control t he as piration bo undaries, t hereby a voiding the very c omplex processes which s imulate t he 
breathing mechanism.  
 
The methodology em ployed was a c onceptual d esign ph ase f ollowed by a n engi neering design 
phase, pr ototyping, t esting, and f urther developments. T he c oncept was b ased on guidelines f rom 
WHO, 2020: Technical specifications for invasive and non-invasive ventilators for COVID-19: Interim 
guidance: paragraphs 2.1.2 and 2.2.2.(2020) and measured against the UK standard of the Medicines 
and H ealthcare Products R egulatory Agency ( MHPRA) ‘Rapidly m anufactured v entilator s ystem’ 
(2020). Each component o f the conceptual design was developed in this way and a f inal prototype 
was assembled for independent evaluation and eventual SAHPRA evaluation. 
 
The finished prototype meets WHO guidelines for a Bi-level Positive Airway Pressure (BiPAP) system  
and a lso meets the guideline requirements for portability. The prototype also meets the initial intent 
regarding simplicity, functionality and cost. The further developments to mass production will reduce 
the p art c ount a nd as sembly pr ocesses, with s ome c omponents t o b e r econfigured as di sposable 
items, not for sterilisation or re-use. The project has shown that specialised equipment may be viewed 
pragmatically according to the requirement — to treat all breathing difficulties with a full specification 
ventilator is not possible or necessary; to assist the majority of ostensibly minor cases with a Bi-PAP 
system is both practical and more affordable. The intent is not to compete with the high technology 
commercially s ourced eq uipment, or  e ven t he r apidly prototyped r e-purposed i ndustrial ef forts 
worldwide, but rather to initiate some progress in the Republic of South Africa to quickly produce an 
abundance of t hese m achines, t o c ope with t he p ossible deficit of  m edical v entilators ex pected i n 
future.  
 
The s olution lies in a s imple b ut f ailsafe de vice that provides as sisted br eathing with t he op tion of  
oxygen enrichment. It is intended to be locally manufactured with the minimum of skills and is easily 
maintained and sterilised.  
 
Keywords: COVID-19; Bipap Ventilator; Pneumonia; Pandemic 
 
1. INTRODUCTION 
 
A v entilator d evice is pr esented which was c onceived b y t he au thor during t he Novel C oronavirus 
Pandemic ( COVID-19) Level 5  l ockdown of  20 20, and de veloped t o f ull pr ototype as  p art of  a  
ventilator c hallenge hos ted b y t he Manufacturing, E ngineering, and Related S ervices S ector 
Education and Training Authority (merSETA) to develop medical device manufacturing skills in RSA.  
 
Figures r eleased b y WHO on t heir website dur ing F ebruary a nd March 2 020, World H ealth 
Organisation COVID-19 Statistics (2020), at the initial stages of this project, indicate that the number 
of COVID-19 infected persons requiring hospitalisation at that time was 15% of all infected, a subset 
of 5% to 6% experienced lung dysfunction of such a severity that high care attention was required, 
which in most cases includes mechanical respiration assistance. Sadly, a percentage of these serious 
patients succumbed to the pneumonic effects of the infection. This subset of fatalities was dependent 
on m any f actors, s tated within t he l imits of  0. 9% and 3. 4%. Considering t hat the m ajority of t he 
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hospitalised c ases r ecover w ith as sistance, i t was e stimated b y t he aut hor t hat, s hould as sisted 
breathing facilities not be available due to excessive requirement, the proportion of patient mortality 
would edge closer to the 5% of cases identified, a significant percentage of the populace. During the 
second and larger wave of infections of the pandemic during early 2021, the above fatality rate indeed 
exceeded 6% of  c onfirmed c ases i n s ome pr ovinces. F ortunately, this f igure was of fset b y s everal 
rapidly ad opted t reatment m ethodologies and practises, s uch as  ear ly high f low O xygen t reatment, 
the essential addition of  a  Post Exhalation Excess P ressure (PEEP) device i n assisted r espiration, 
and the placement of the patient in the prone position. The third wave of this pandemic and a modified 
variant of the original virus now accounts for unprecedented numbers of infections and fatalities.  
 
An article p ublished in T he Daily Maverick b y T he Scientists C ollective, t itled ’All you s hould k now 
about w here we ar e with C ovid-19 vaccines’ ( 2020) on 21 D ecember 2020 , poses t he c ase f or 
population immunity b eing pos sible onc e 6 0% t o 70% of  t he p opulace has  ga ined i mmunity ei ther 
through v accination or  ha ving s urvived an i nfection, Gray et al. (2020). F urther i nsights f rom t his 
August collection of  aut hors s tate t hat po pulation i mmunity i s m ost unl ikely d ue t o t he hi gh 
infectiousness of the virus and its ability to mutate readily. Their article published on 15 August 2021 
provides some insight into the most likely future scenarios where sufficient population immunity exists 
to cause the virus to become another seasonal influenza-like consideration. For now, the Delta variant 
provides present s tatistics of  i nfectiousness a nd mortality. C onsidering a worst-case ev entual 
infection tally of 70% of the populace, (natural infections offset by the numbers of vaccinated persons, 
generously as suming e qual numbers of  bot h t ypes), w hich ap proximates t he f igure r equired f or 
sustained l ow numbers of  new i nfections, R SA s tands t o s ee ar ound 21 m illion nat ural i nfections. 
Using the median 5% fatality statistic implies a million potential fatalities over the previous and future 
‘waves’ of infection. The possibility of  re-infections is excluded f rom the above scenario, as  well as 
more serious later mutations of the virus, and serves to amplify the magnitude of the problem. 
 
In the face of this and possible future waves or new pandemics, a simplified human ventilation device 
that could be used outside the hospital environment could save many lives in the RSA. Such a device 
would need to be functionally effective, should be re-usable for many patients, requires several power 
supply options, should have a long life and should be mass-produced using readily available 
materials. T his dev ice i s i ntended as  a medical eq uipment capital i tem, i ntended f or long-term us e 
with a c apital d epreciation l ife of  f ive years, al though f urther development may result i n di sposable 
valve components as an alternative to the conventional system of maintenance comprising stripping, 
servicing and sterilisation. 
 
A device as envisaged above has been developed to the prototype stage and is reaching readiness 
for ev aluation. T he s tages and de velopment phas es ar e pr esented in t he ar ticle. The ar ticle i s a 
summary of many previous and frequently updated notes, resulting from a concept for a machine that 
was originally conceived by the author during the lockdown period of April 2020 and the subsequent 
months. 
 
2. METHOD 
 
The journey from the initial idea to the final product requires a methodology that follows the following 
sequence. 
 
2.1. Conceptualisation  
 
An idea is extended into a description and the description is further expanded to include numerical, 
dimensional and other tangible descriptors to form the performance criteria.  
 
This description is then ratified by comparison to known requirements or standards and constraints by 
legislation to form a conceptual design. To create a useful concept, the ventilator requirements were 
based on the World Health Organisation guideline as well as the UK specification by the Medical and 
Healthcare products Regulatory Agency for a Rapidly Manufactured Ventilator System. 
 
2.2. Engineering design phase 
 
The concept above is further expanded into engineering terms, which will eventually dictate materials, 
dimensions and performance. 
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The basis of the design is the process. Air is to be sourced, cleaned, pressurised, and the resulting 
flow is to be controlled and delivered to a patient. The flow is to be applied only as required and so 
must be triggered by the patient’s impulse to inhale. Further to this process, the tidal flow of 
respiration must be reversed in such a way that the device must sense the patient’s impulse to exhale 
and comply by allowing a path for the spent gases to be released at a lower level of pressure. Figure 
1 illustrates this basic process layout. 
 

 

 
KEY 
1. Inlet filter 
2. Blower 
3. Pressure Limiting Valve (PLV) 
4. Flow Limiting Valve (FLV) 
5. Anti-suffocation bypass 
6. Venturi 
7. Oxygen supply 
8. Blender 
9. Shuttle Aspiration Valve (SAV) 
10. PEEP valve 
11. Mask 
12. Wastegate 
13. Enclosure 

Figure 1: BiPAP Process flow diagram 
 
2.3. Development Phase 
 
In t his ph ase, the c omponents an d as semblies ar e pr ototyped and t ested. Deviations f rom the 
required performance are investigated and solutions found, resulting in changes to the shape, f it or 
materials and the test regimen applied. This cycle is repetitive until the performance criteria are met. 
 
Sub-assemblies are created from components and the sub-assemblies are then arranged and 
connected to form process trains. The process trains are tested for conformance to the performance 
criteria. The process trains are linked and built into the portable closure. 
 
2.4. Confirmation Phase 
 
The various systems and components are disclosed for evaluation of their novelty. Where a novelty 
claim may exist, applications for the relevant patent or design registrations are already submitted. 
  
It is intended to submit the prototype for SAHPRA evaluation. The result of this submission will serve 
as a guide to any remedial work that may be required before acceptance by SAHPRA for approval. 
 
2.5. Production Phase 
 
This f inal phase ex tends beyond t he c urrent s cope of  t he pr oject. T he dev ice i s di sclosed t o t he 
Industrial and Manufacturing Engineering disciplines to continue the work of configuring the design for 
mass production. 
 
3. CONCEPTUALISATION 
 
To enable effective design and reduce development time, the many requirements of the device must 
be researched and stated. 
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3.1. Air supply 
 
After many articles and s tatements b y m edical professionals and t echnicians a like, i t i s c lear t hat 
pressurisation b y a p ositive d isplacement t ype a ir s upply is no t s imple t o c ontrol and i s p otentially 
dangerous. See f or ex ample t he article b y technician Teschler, ‘more dang erous t han t he virus? 
Converting m anual r esuscitators t o ventilators’ ( 2020), who qu estions whether t he practice of 
automating m anual r esuscitators m ay pos e a  greater r isk t han C ovid-19 due t o t he lack of  precise 
control of pressure and flow.  Even healthy lungs are fragile organs that can easily be damaged by a 
relatively s mall pr essure, the lung t issue of  an  i nfected pa tient is e ven m ore f ragile s o t hat t he 
pressure control function should be precise and fail-safe, with the functionality to vent to atmosphere 
any pressure over 2.55 kPa (gauge) or the recommended Peak Inhalation Pressure (PIP). This value 
should therefore also be adjustable for younger or more fragile persons. WHO guidelines recommend 
an 800 Pascal m inimum and 250 0 Pascal m aximum appl ied pressure f or Peak Inhalation pressure 
(PIP). 
 
Any device used to assist medical practises and procedures should naturally cause no harm to the 
individual, despite the chronic nature of the malady.  
 
The outcome of these considerations led to the decision to use a curved vane blower or turbine type 
blower for air supply which avoids the risk of serious over pressurisation, in un ison with a valve set 
that is sensitive enough to vent excess pressure rapidly. 
 
To expedite the development progress on the system generally, a commercially sourced blower was 
imported to provide the airflow for the testing of the circuit, whilst development of the blower continued 
in parallel. This blower was tested to es tablish a baseline performance for compact blowers for this 
application. 
 
3.2. Pressure control 
 
Due to pressure losses a long t he a ir s upply r oute, the blower output pressure m ust nec essarily 
exceed t he pr escribed PIP, which varies f rom one patient to t he n ext. T he P IP i s t he prescribed 
maximum pressure delivered in the mask, which cannot be exceeded for safety reasons. The 
pressure f rom the blower is a f unction of  the blower's speed and f low. For an intermittent f low, the 
blower speed will increase when the flow rate is reduced, such as during the exhalation period. For 
this reason, pressure regulation is required immediately after the blower. As the output is limited only 
to the maximum pressure, the type of regulation required is a Pressure Limiting Valve (PLV), a device 
that allows unrestricted flow but discharges air through a wastegate once the set pressure is 
exceeded. T his i s ac hieved b y us ing a pl ug valve that opens t o the atmosphere, c onnected t o a 
diaphragm that senses the static pressure in the airflow. The wastegate is capable of delivering the 
entire b lower f low c apacity t o the atmosphere but t hrottled t o t he r equired v alue through a s pring 
tensioner behind the diaphragm.  
 
3.3. Flow control 
 
Similar to the PLV above, a Flow Limiting Valve (FLV) was required to limit the flow in the system in 
proportion t o the m aximum pr essure del ivered. T he v alve c onstruction us es an adj ustable spring-
tensioned d iaphragm t o pos ition an a erofoil i n t he p ath of  t he ai rflow, ef fectively r educing t he f low 
area as  s tatic pr essure i ncreases. O nce t he bac kpressure has  r educed, t he f low ar ea i ncreases 
again.  
 
In practice, this measure is required only at the start of the inhalation period, when little backpressure 
exists and the blower set pressure is available in the air supply tube. Once the aspiration valve port 
opens into the mask volume, the trapped air in the supply tube is a llowed to expand into the mask 
without ad ditional s upplementary a ir being supplied b y t he bl ower and which s upplies s ufficient 
pressure t o initiate a  s trong f low i nto the mask w ithout s hock. A t t his s tage o f t he c ycle, t he f low 
control valve will almost be fully shut due to the excess upstream pressure and may only allow flow 
once the backpressure is reduced. This valve will open proportionally with the receding backpressure 
but it will also limit the maximum flow rate.  
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3.4. Air metering 
 
The design basis for the maximum flow rate was taken from the WHO guideline where 0.8  lps flow 
corresponds to 800 Pa and 1.2 lps corresponds to 2500 Pa, and any flow or pressure between these 
limits falls on the proportional line matching these limits. Yet the system is flexible and any prescribed 
pressure and flow combination can be dialled in through the adjustment of the diaphragm-spring load. 
 
3.5. Aspiration control 
 
To reduce dead space to a minimum the aspiration control valve must ideally be placed at the mask. 
This adds the essential requirements of  small construction and low mass, to be as non-invasive as 
possible to the patient's comfort. Estimations of mass and length limitations were made at 150g and 
75mm l ength beyond t he mask. T he s hape was a lso c onsidered t o a llow t he stressed pat ient an 
unhindered field of view of their surroundings. 
 
3.6. Post Exhalation Excess Pressure (PEEP) provision 
 
It is common practise with ventilated patients to prevent full exhalation. The practice for many years 
has been to incorporate some measure of PEEP control as laid out in the journal article by Acosta, 
Santisbon and Varon (2007: 251).  Inflamed and damaged lung t issue s uffers further at trition if the 
lungs are not kept slightly distended at the end of exhalation. The method used is to employ a Post 
Exhalation Excess Pressure (PEEP) valve which allows the free flow of any gas above a set pressure 
limit, ar ound 100  to 100 0 Pa bu t pr events f ull ex halation. T he pr escribed pr essure w ill al ways b e 
determined by the health professional based on their evaluation as described in the journal paper by 
Britos, Smoot and Liu (2011). The patient may induce a negative pressure at the inhalation impulse 
but the lungs will still contain enough distention to prevent interference.  
 
For this system, the PEEP valve may be pos itioned at the end of a short exhalation tube or  routed 
back to within the machine casing for sterile handling and condensate management.   
 
3.7. Suffocation protection  
 
If the prime mover has stopped for whatever reason, the patient would attempt to breathe against a 
closed system until help arrives. Seriously ill patients may not be conscious during this event or may 
be weakened to the point where they are unable to remove the face mask. 
 
3.8. Inlet air purity 
 
The person receiving ventilation is likely occupying a space in which the a ir is contaminated by the 
COVID-19 virus or perhaps many other pathogens. In their weakened state, the burden of re-infection 
or c onstant i nfection m ay well be u nmanageable f or t he pat ient. F or t his r eason, the m echanical 
ventilator i s r equired t o f ilter out  an y vapour dr oplets or  c ontaminated dust f rom t he i nlet ai r. As 
prescribed by the College of Intensive Care Medicine training materials (2021), air entering the device 
must pass through a bio-filter with due consideration that the patient will need to ingest this air, hence 
scrubbing agents which produce vapours and fumes must be avoided.  
 
3.9. Discharge air sanitation 
 
When the patient being treated is not contagious, such as a pneumonia sufferer, the outlet tube may 
be short and there may be no need for a PEEP valve.  
 
Assuming that the patient being treated is contagious, the respiratory vapours may be highly 
contagious an d s hould be  s crubbed bef ore bei ng d ischarged into t he t reatment s pace. T hat ai r 
filtration ( heat, m oisture, par ticulates) i s es sential eq uipment, is illustrated b y t he es sential r eading 
portion of intensive care training examinations as provided by the College of Intensive Care Medicine 
(CICM, 2021). As the air travels in one direction only, it will not be re-ingested by the patient, so the 
outlet may contain an antiseptic scrubbing agent.  
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3.10. Power supply 
 
The device is intended to be portable for use in a variety of scenarios which extend from in-patient 
clinic environments, t hrough travel b y am bulance or pr ivate t ransport, and i nto t he dom estic 
environment. T he p ower supply m ust nec essarily be f lexible enough t o r un on d omestic mains, 
automotive DC, or for the prescribed period on battery storage alone.    
 
4. ENGINEERING DESIGN CONSIDERATIONS 
 
4.1. Air supply 
 
Initial l ogic indicated that a low-speed large r adius blower would provide t he pr essure an d f low 
requirements w hilst k eeping s peed t o a m inimum w ith t he as sociated b enefits of  l ower no ise and  
vibration. A single-stage 250mm diameter unit was built and tested, followed by a 200mm dual-stage 
unit, al l using brushed DC motors and regulating the speed below 10 000 RPM. Flow and pressure 
outputs were adequate but power consumption was excessive due to the large internal recirculation 
flow, caused by the necessary clearances between fixed and rotating parts. 
 
A compact blower of 40mm diameter and using an enclosed runner was designed with inlet and outlet 
vane an gles of  60 a nd 1 5 degr ees and p urely r adial v ane c urvatures. S everal v ariations on t his 
concept were pr inted a nd as sembled. T he final v ariant of  t his bl ower w as t ested us ing a 4 0W 
brushless D C m otor and  running at s peeds up to 22 0 00 RPM. F or r easons of  ex pedience, an 
imported blower unit was purchased and used in the development of the device. The in-house blower 
development i s at  a n ad vanced s tage an d s hows the promise of  meeting or  ex ceeding t he 
performance of the imported unit.  
The i n-house des ign l ends itself to t he m ass pr oduction of  i njection m oulded c omponents i n ABS 
material.  
 
4.2. Pressure control 
 
A PLV as described above was designed and developed. The valve was tested and found to limit the 
pressure in the system to the desired value at any blower speed when the valve outlet is fully blocked 
off. 
 
4.3. Flow control 
 
Using interchangeable components w ith the PLV, a valve of  s imilar construction was des igned and 
developed to limit the maximum flow at maximum pressure conditions. 
 
4.4. Air metering 
 
The venturi was manufactured and tested against a known flow meter and used a digital manometer 
for c omparison. T he des ign w as i ntended as  no n-choking and s ubsonic, us ing the gas f low theory 
from B alachandran (2012). T he Co-efficient of  D ischarge ( Cd) of t he v enturi was f ound b y 
experimentation to average 0.933 across the flow range 0.8lps to 1.2lps.  
 
The f low c alculation was s implified t o as sume i ncompressible f low, due t o t he small pr essure a nd 
temperature variations experienced. A volumetric error at Normal Temperature and Pressure (NTP) 
indicates an under-reading error of only 0.6% of the indicated flow against the actual polytropic flow. 
Compensating for lower d ensity at  higher al titude i nland l ocations, e.g. 85  kPa(abs) bar ometric 
pressure in the highveld regions, an error of 0.8% is expected.  
 
The venturi test results are displayed in Table 1. 
 
4.5. Pressure and flow measurement 
 
For m easurement of  f low and pressure, t wo e lectronic s ensors are em ployed with a venturi m eter, 
installed beyond t he F LV. T he v enturi was designed t o a 19° inlet a ngle and 4° outlet, f rom a n 
upstream tube diameter of 10 mm and a throat size of 8 mm. The meter has two tapping points, the 
first being in the upstream tube (HP) and the second in the venturi throat (LP), both providing local 
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static pr essure. A  t hird s ensor i s pr ovided t o a llow c onstant r ecalibration r elative t o b arometric 
pressure, for instances where the barometric pressure may vary e.g. travelling from Johannesburg to 
Durban where the atmospheric pressure varies around 15kPa.  
 
The high-pressure signal is s plit t o pr ovide a s ystem gauge pressure s ignal and t he H P s ignal f or 
electronic comparison of the LP signal to provide a differential pressure value. Both of these values 
are displayed using Light Emitting Diode (LED) modules for Pressure and Flow indication. 
 
4.6. Aspiration control - mask mounted Shuttle Aspiration Valve (SAV) 
 
The SAV unit contains a shuttle that resides in one of two positions and which covers and uncovers 
the inlet and outlet ports. I n ei ther position, the common port i s always open, which communicates 
with the internal space of the mask. A small diaphragm is connected to the shuttle and is exposed to 
the internal pressure of the mask. The diaphragm causes the shuttle to be drawn forward to open the 
inlet port, where it is held in place by a variable tension ball detente. Once the PIP value is reached, 
the b all dét ente r eleases and t he s huttle s naps t o t he op posite pos ition, c losing t he i nlet port a nd 
revealing the outlet port.  
 
4.7. PEEP valve 
 
Two v ariations of  the PEEP v alve were designed, pr ototyped a nd t ested, des pite t he availability o f 
relatively inexpensive disposable plastic models. 
 
The f irst des ign us es a diaphragm s tretched ac ross a nozzle, t hrough which the exhalation f low 
passes. A cup rests lightly on the diaphragm and is adjustable so that the diaphragm tension may be 
varied. T he valve m eets t he pr essure r etention r equirement of  0 t o 1 00 Pa backpressure but  i s 
physically large and complex. 
 
A s econd v ariant us es a silicone washer a nd s crew t ensioner t o a llow large f lows a bove t he s et 
backpressure but also regulates well between 0 and 100 Pa backpressures. This design is simple and 
compact and  c an be  f urther s implified to be s et a t 100 Pa a nd s ealed. A  di sposable unit of t his 
configuration is possible for mass production.  
  

7



 
 

  
 

Ta
bl

e 
1:

 
Ve

nt
ur

i C
d 

te
st

in
g 

 
 D

iff
er

en
tia

l 
Pr

es
su

re
 

Th
ro

at
 

D
ia

m
et

er
 

Th
ro

at
 A

re
a 

In
le

t 
D

ia
m

et
er

 
In

le
t A

re
a 

 
R

at
io

 
Th

ro
at

 
Ve

lo
ci

ty
 

Fl
ow

 
R

ey
no

ld
s 

N
um

be
r 

An
em

om
et

er
 

R
ea

di
ng

 
Fl

ow
 C

o-
ef

fic
ie

nt
 

dP
 (P

as
ca

l) 
d 

(m
) 

A t
 x

10
-3

 (
m

2 

) 
D

 (m
) 

A p
x1

0-6
(m

2 ) 
A t

 / 
A p

 
V 

(m
/s

) 
Q

t (
LP

S)
 

R
e 

Q
a 

(L
PS

) 
C

d 

10
0 

0.
00

8 
5.

02
65

 
0.

01
 

78
.5

4 
0.

64
 

16
.8

 
0.

84
4 

86
59

 
0.

78
2 

0.
92

6 

11
0 

0.
00

8 
5.

02
65

 
0.

01
 

78
.5

4 
0.

64
 

17
.6

2 
0.

88
6 

90
81

 
0.

82
1 

0.
92

7 

12
0 

0.
00

8 
5.

02
65

 
0.

01
 

78
.5

4 
0.

64
 

18
.4

03
 

0.
92

5 
94

85
 

0.
85

9 
0.

92
8 

13
0 

0.
00

8 
5.

02
65

 
0.

01
 

78
.5

4 
0.

64
 

19
.1

55
 

0.
96

3 
98

73
 

0.
89

5 
0.

93
0 

14
0 

0.
00

8 
5.

02
65

 
0.

01
 

78
.5

4 
0.

64
 

19
.8

78
 

0.
99

9 
10

24
5 

0.
93

0 
0.

93
1 

15
0 

0.
00

8 
5.

02
65

 
0.

01
 

78
.5

4 
0.

64
 

20
.5

75
 

1.
03

4 
10

60
5 

0.
96

4 
0.

93
2 

16
0 

0.
00

8 
5.

02
65

 
0.

01
 

78
.5

4 
0.

64
 

21
.2

5 
1.

06
8 

10
95

3 
0.

99
6 

0.
93

3 

17
0 

0.
00

8 
5.

02
65

 
0.

01
 

78
.5

4 
0.

64
 

21
.9

04
 

1.
10

1 
11

29
0 

1.
02

8 
0.

93
4 

18
0 

0.
00

8 
5.

02
65

 
0.

01
 

78
.5

4 
0.

64
 

22
.5

39
 

1.
13

3 
11

61
7 

1.
05

9 
0.

93
5 

19
0 

0.
00

8 
5.

02
65

 
0.

01
 

78
.5

4 
0.

64
 

23
.1

57
 

1.
16

4 
11

93
5 

1.
08

9 
0.

93
6 

20
0 

0.
00

8 
5.

02
65

 
0.

01
 

78
.5

4 
0.

64
 

23
.7

59
 

1.
19

4 
12

24
5 

1.
11

9 
0.

93
7 

21
0 

0.
00

8 
5.

02
65

 
0.

01
 

78
.5

4 
0.

64
 

24
.3

45
 

1.
22

4 
12

54
8 

1.
14

7 
0.

93
8 

22
0 

0.
00

8 
5.

02
65

 
0.

01
 

78
.5

4 
0.

64
 

24
.9

18
 

1.
25

3 
12

84
3 

1.
17

5 
0.

93
9 

23
0 

0.
00

8 
5.

02
65

 
0.

01
 

78
.5

4 
0.

64
 

25
.4

78
 

1.
28

1 
13

13
2 

1.
20

3 
0.

93
9 

8



     

4.8. Anti-suffocation device 
 
The safety mitigation for this scenario is a lightly loaded check valve to the atmosphere, which opens 
if the pressure in the air supply tube reduces below atmospheric pressure. In this case, the patient’s 
inhalation impulse will draw the SAV shuttle into the inhalation position and air will flow through the 
anti-suffocation valve and into the mask. On exhalation, the patient’s exhalation impulse will snap the 
shuttle t o t he ex halation p osition an d ai r will b e di scharged through the SAV e xhalation por t t o t he 
PEEP valve, thereby retaining PEEP integrity without powered flow.  
 
The por ting s ize h as bee n des igned t o c ater f or s uch an emergency al though i t i s a short-term 
measure onl y and t he p atient's ox ygen s aturation alarm i s i ntended t o s ummon as sistance in t his 
event. F or the prevention of  accidental contamination, the v alve i s l ocated w ithin the closure and  
sources air from the blower inlet area, after the inlet filter. It can be seen that the function of the SAV 
is w orking as  i ntended, f resh ai r and s pent ai r ar e moving i n on e di rection o nly, albeit w ithout a 
pressurised air supply. 
 
4.9. Inlet air filtration 
 
A c ommercially available solution was f ound i n t he I NEX® range of m ask an d v entilator f iltration 
products. T he s elected material M SDS c an be f ound on t he I NEX w ebsite at  
https://www.inexmask.co.za/wp-content/uploads/2020/09/Inex-MSDS-document.pdf. 
 
4.10. Condensate management and Biohazard measures 
 
The method envisaged for this is the provision of a disposable plastic bag that attaches to the outlet of 
the P EEP valve an d c auses the ex hausted gas  to s wirl t hrough the bag b efore ex iting. T he bag i s 
initially wetted with a concentrated disinfectant which provides a gauntlet of sterilising vapour for the 
contaminated g ases t o pas s t hrough. T he ex haled gas es c ontain m oisture v apour w hich will 
condense in the system and flow to the bag. The bag is periodically replaced and disposed of as for 
catheter practises. 
 
4.11. Power supplies and power flexibility 
 
With r eference to WHO guidelines an d U K gu idelines, the pressure de livery of  t his c lass of  de vice 
ranges between 800Pa and 2500Pa.  
 
The WHO guideline recommends a flow rate of up to 1.2 litres per second or 72 litres per minute. A 
supply of air that meets WHO guideline is proposed, with the capacity to exceed the recommended 
flowrate by 50% should the need arise. 
 
An important design factor is the scavenging ratio between total internal volume and swept volume. 
Excessive dead space reduces the swept volume efficiency of the patient’s lung capacity by recycling 
some of  the exhaled gas . For this reason, a dua l hose is essential f or this app lication to achieve a 
mask-mounted aspiration system with a minimum amount of air recycling. 
 
4.12. Power and energy considerations 
 
The basic power requirement stems from the air volume requirement of 72 litres per minute of air at 
2.5 kPa gauge pressure, sourced from the air at barometric pressure. Assuming constant temperature 
i.e. ne gligible t emperature c hange due t o the s mall pr essure d ifferential, t he de livery volume i s 
considered e qual to the f ree a ir volume. T his i s very small, as demonstrated bel ow b y t he energy 
requirement estimate at sea level to supply the maximum flow (1.2 lps) and pressure (2500Pa) -  
 
E = (P1V1 - P2V2), V1 = V2 
 
E = [(101.3 - 103.8) x 0.0012] x10-3 

 
E = -3 J/s  
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Actual energy requirements will naturally exceed this value due to motor and blower inefficiencies and 
inlet and outlet airflow system friction, yet the absorbed energy of the blower would still not exceed 10 
J/s. The airflow value is also roughly doubled due to the wastegate flow during the exhalation phase, 
hence the power absorbed estimate of 20W. 
 
4.13. Chemical compatibility  
 
Materials s uch as  c ertain plastics may g ive of f v apours and gas es when he ated. O ther m aterials 
distort or dissolve in high humidity environments. Some disinfectants contain strong reducing agents 
or solvents which may adversely affect materials. For these reasons the materials used are limited to 
ASME 316 stainless steel, Aluminium 6010 and silicone rubber components. Plastic components for 
the prototype were made from laser-cut Plexiglas® and High Density Polyethylene, both of which may 
be replaced with medical-grade plastics for mass production. 
 
4.14. Assembly and maintenance 
 
Assembly is manual using basic hand tools. Wherever possible, components that are reduced to their 
simplest form can be sterilised as one piece. 
 
Assembly is an exercise of around 5 minutes per valve, with practice. It is imperative to strip the unit 
completely f or i nspection and s terilisation between uses, t aking a ll necessary pr ecautions f or an y 
pathogens which exist in the internal spaces. 
 
Particulates from a disintegrating membrane may clog a valve, or worse still, become ingested by the 
patient, yet conservative use may detect this type of fatigue during sterilisation for re-use. For safety 
reasons, there are spare components that are discarded at every sterilisation. Disposal of any parts 
which are replaced should be treated as bio-hazardous waste and incinerated. 
 
4.15. Electrical power supply 
 
The simplest power supply is an electrical 240V single-phase domestic connection, although for the 
off-grid environment and  d uring t ransportation, domestic po wer m ay n ot b e a vailable. T he c hosen 
option is a 7 - 12 Volt DC drive which operates on a step-down transformer whilst charging a battery 
pack. When A C po wer is una vailable, the b attery pack c an maintain op eration f or 3 ho urs. T he 
system also operates in a vehicle with a 12V power socket. The option of a stepdown transformer and 
12V D C dr ive i s c heaper and m ore ef ficient t han t he equ ivalent A C dr ive and  12 V/240V i nverter 
option. 
 
4.16. Materials  
 
A primary consideration is the durability of the components operating dry or with water condensation. 
The stresses may be low due to the low pressure, but eventual fatigue may occur from light section 
materials. A three-week deployment may complete over 900 000 stress cycles. 
 
Throughout the deliberations of the various component designs, the material critical questions below 
were m et i n t he af firmative un less the q uestion is i rrelevant f or t hat c omponent e.g. f or di sposable 
parts the sterilisation questions are not relevant. 
 

• Is the material commonly available? 
• Does the material dissolve, swell or distort in water or moisture? 
• Can the material absorb liquids that can harbour infectious agents? 
• Can the material be sterilised in strong chemical solutions such as alcohols and bleach? 
• Can the material withstand steam sterilisation? 
• Will the material fatigue life meet 20 000 cycles? 
• Does the material exude any harmful gases or vapours when stressed or heated? 
• Does the material distort significantly when stressed? 

 
The answers to all of these questions were available in the public domain. 
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4.17. Availability 
 
The t arget un broken dep loyment t ime bet ween i nspections would be t hree weeks, s uggested b y a 
study of COVID-19 ventilation durations by Hazard et al. (2020), where the average time of ventilation 
was an average of 9.85 days in an ICU stay of 28 days. During this time, the reliability of the machine 
must be absolute.  
 
4.18. Ease of manufacture 
 
The f inal c onfiguration h as benef itted f rom an ex ercise w hereby eac h c omponent an d i ts i nterface 
with t he s ystem w as r eviewed i n l ine with value engineering pr inciples. B riefly, t he f ollowing s teps 
were followed: 
 

• Assembly components were reviewed with a view to integrate parts. 
• Machined parts were reviewed with the aim of replacement by castings or mouldings. 
• Metal parts were reviewed to assess their suitability in plastic material. 
• Component dimensions were reviewed to minimise excess materials and mass. This included 

the length of hoses and cables. 
• Fastening m ethods were r eviewed t o el iminate permanent f astening b y t hreaded f asteners, 

replacement by rivet, snap assembly, or adhesive bonding. 
• Disassembly of certain components for repair or sterilisation was compared with disposable 

sealed equivalents. 
• Materials were r eviewed i n light of t heir c hemical c ompatibility and whether s urface 

treatments could be avoided. 
 
4.19. Temperature and Humidity control 
 
The WHO guidelines specify heating and humidity correction within given parameters. The reason for 
these inclusions is to supply the patient with air as close to natural conditions as possible. The need 
for heating and humidification stems from the use of dry and sterile compressed hospital services air 
at 6 to 10 Bar, as used with many ventilator systems. This dry air is expanded to the relatively low 
pressure f or v entilation s ervice, c reating a s ubstantial r efrigeration effect and greatly r educing t he 
relative humidity so that the expanded air is very dry and cold.  
 
The proposed system uses natural air from the ambient source which is at the prevailing humidity and 
temperature, apar t f rom t he m inor heat ing pr oduced b y t he m otor c ooling f low. T his ai r c an be 
ingested by the p atient without d iscomfort and which t hen r enders a ny temperature a nd humidity 
controls unnecessary. This position was postulated by Branson and Gentile (2010). 
 
5. DEVELOPMENT PHASE 
 
Having identified, designed and prototyped the various system components, these were assembled in 
their process positions and tested. The description below illustrates the final configuration. 
 
The system was bu ilt into an aluminium casing which was compartmentalised and made practically 
airtight t o e nable light pressurisation, f or the exclusion of  dus t and other c ontaminants. A  wheeled 
exo-frame was designed and built to add portability and handling strength to the lockable enclosure. 
The selected casing is commercially available and has several useful features such as the draw and 
carry handles, a wheeled base, sturdy hinges and latches.  
 
The battery, transformer and power components were mounted in a compartmentalised ‘engine room’ 
which is ventilated by the PLV wastegate during the exhalation phase. The blower is mounted in its 
compartment, which draws ambient air through a biofilter. Motor cooling is achieved by the passage 
of air through the blower, thereby minimising any requirement for additional heating of the air product.  
 
Flow and pressure control are maintained by the series-connected Pressure Limiting Valve (PLV) and 
the F low limiting V alve ( FLV), which ar e m ounted i n a s econd c ompartment that also hous es t he 
pressure and  f low i ndication s ensors an d a n e lectrical m ain p ower s witch.  Pressure an d f low 
adjusters and  t heir indicators ar e ac cessed f rom t he ex ternal c ontrol panel, as  w ell as  t he m aster 
power switch.  
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The mask, hoses, and dry outlet filter casing as well as loose power cables are stored in the lid of the 
casing in specially adapted clips and holders. Machinery and Storage are separated by a hinged foil.  
 
The bl ower i s m ounted on a v ibration i solating s tructure an d inside a c losed c ompartment, which 
draws flow from the outside via a specially adapted housing that holds the biofilter element. The air is 
drawn into the blower inlet where it is in contact with the motor heat sink and which performs the dual 
function of raising air temperature whilst cooling the motor.  
 
5.1. Development of the PLV and FLV 
 
To r educe pr essure f rom a pot ential 7. 5kPa do wn t o a m inimum of  0. 8 k Pa, it was f ound t hat a 
diaphragm of 80mm provided the ideal range. The spring requirement is very specific and does not 
match standard spring production sizes, but a solution was found in the precise rolling of brass wire 
springs with gr ound en ds, w hose per formance m atches t he c alculated values c losely. F or 
standardisation an d i nterchangeability, t he two-port FLV was m odelled on t he t hree-port PLV a nd 
shares many components. The aerofoil ‘bullet’ was positioned in the throat at several positions and 
flow and pressure drop readings were taken to find the matching position for the given inlet pressure. 
The third por t of t he v alve c asing was b lanked us ing a f riction p lug. Sectional illustrations of  t hese 
valves are provided in Figure 2.  
 
Further photographic views of these valves are provided in Figure 3 and Figure 4. 

Figure 2: Schematic section of PLV/FLV tandem 
 

 
 
Figure 3: Control fascia with valves fitted 
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Figure 4: PLV and FLV valve prototypes 
 
5.2. Development of the Shuttle Aspiration Valve (SAV) 
 
This element r anks s econd i n i mportance o nly t o t he bl ower. The c oncept of  BiPAP r elies on t he 
patient’s motor impulse to draw a breath, after which the air feed, flow, and pressure are supplied up 
to the set parameters, and exhalation is automatically triggered and controlled down to PEEP 
pressure. T he s ystem then maintains a s tate of  r est until t he p atient initiates a subsequent breath. 
Unlike enforced ventilation, the BiPAP system is considered to be a semi-automatic process. 
 
To meet this brief, a triggered valve unit was developed over several prototypes as shown in Figure 
5.  
 

 
Figure 5: Sectional view of Shuttle Aspiration Valve (SAV) 
 
The v alve employs a s hifting s huttle e lement which r eveals or  c overs por ts t o di rect airflow. A n 
impulse between 10 and 100mm WG of negat ive pressure is exerted on a p lunger m ounted in the 
valve u nit an d s ignals t he pat ient’s ur ge t o dr aw a breath. T he p lunger d isplaces t he s huttle a nd 
opens the air inlet port, simultaneously setting a ball détente, which is also self-centring and ensures 
good p ort al ignment. As a ir f lows t o t he m ask w ith increasing pr essure and d ecreasing f low, the 
patient's natural chest elasticity is tensioned and causes backpressure.  
 
As the pressure approaches Peak Inhalation Pressure (PIP), the ball détente disengages due to the 
mask pressure applied on the plunger, and the shuttle is forcibly moved to uncover the exhalation port 
where i t r emains unt il m ask pr essure is once agai n r educed b y a n i nhalation pr ompt. Whilst t he 
exhalation port is open, the inhalation port is closed off. As the mask pressure reduces, the area ratio 
of the control surfaces ensures that the port remains open down to PEEP pressure. The system then 
remains at rest until the mask pressure is reduced below PEEP pressure and initiates a subsequent 
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breathing cycle. Illustrations of the SAV operation are provided in Figures 6 and 7, and a photo of the 
plunger assembly is presented in Figure 8. 
 
5.3. Avoiding pressure surges 
 
System supply and demand require that a constant flow blower supply must provide for an intermittent 
demand-side flow a s the average f low rate doubles dur ing i nhalation c ycles and r educes to zero 
during t he exhalation c ycle. T his c haracteristic would h ave n egative ef fects on t he c onstant f low 
supply side, as a conventional pressure regulating valve experiences full-stroke cycling, devastating 
normal pr essure c ontrol logic t hrough valve h ysteresis an d inertia and c ausing unn ecessary wear. 
Intermittent flow testing proved that the PLV can cope and still maintain its function due to the gradual 
reduction of flow during the inhalation cycle, but would experience an undesirable control spike at the 
SAV inlet port op ening. T his s pike i s s omewhat d amped b y t he r esponse of  t he F LV, t hereby 
eliminating a pressure surge to the SAV and the patient. Another means of avoiding this shock was 
the shape of the inlet port, yet this was found to be impractical due to the required increase in stroke 
length and diameter of the shuttle, contrary to the aim of reducing the size and mass of the SAV.  
 

 
Figure 6: SAV inhalation phase 
 

 
Figure 7: SAV exhalation phase 
 
5.4. Meeting the WHO exhalation depression requirement 
 
WHO guidelines call for a sudden pressure depression at the start of the exhalation stroke, causing 
the ‘barb’ shape in the pressure/time plot. The prototype achieves this by utilising a larger outlet tube 
beyond the aspiration valve port, which has the effect of delaying the increase in backpressure ahead 
of the PEEP valve and allowing the initial exhalation flow to be high and initiating some inertial flow. 
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Figure 8: SAV plunger and shuttle 
 
5.5. Hose and connector options 
 
The minimum flow area for short ports is 38mm2, which equates to equivalent hole diameter of 7mm, 
but l onger t racts s uch as  duc ting ar e nec essarily larger t o c ompensate f or friction l osses. T he 
prototype functioned well using 10mm vinyl plastic tubing for test purposes, but the friction loss was 
too large for anti-suffocation flow without pressurised inlet air. Hoses up to 2m are necessarily large 
diameter, ar ound 19mm i nternal d iameter. T his s ize matches c ommercial C PAP a nd BiPAP hoses 
with rubber friction connectors.  
 
The v alve c onnectors and ot her internal i nterfaces upstream of the ant i-suffocation v alve i s an 
aluminium t ube of  out side dimension 12m m and bor e 11mm and employing a r ubber/metal f riction 
connection. This al lows a connection f orce exceeding the pressure force and which prevents 
accidental d isconnection. T his also a llows f or s imple as sembly and disassembly w ithout add itional 
connectors or components. 
 
External connections are exposed to contact with surroundings and tampering, hence a firm friction 
connection is required. A ring-lock device is developed and proposed for these external connections 
to the ventilator, SAV, and any external scrubber employed, but is unnecessary as the 19mm rubber 
interface r equires ar ound 5kg force t o di slodge and i s c onsidered ad equate in c ommercial C PAP 
machines.  
 
5.6. Exhauster filter 
 
The exhauster filter is contemplated for fixed usage i.e. not for transportation. It comprises a chamber 
with a f iltered ex it t o the atmosphere. A  plastic vessel with a  l ayer of  p lastic f oam s urrounding the 
exhalation t ube i n a b ath of di lute d isinfectant s erves as  an o utlet s crubber. T he f oam w icks t he 
disinfectant above the liquid level and exhausted air must follow a tortuous path through the saturated 
foam, ent raining disinfectant vapour and ef fectively sterilising t he f low. T he e xhaust s terilisation 
vapours cannot return to the patient so an aggressive concentration can be used. This filter is placed 
at a low elevation so that any accidental back-flow is impossible. 
 
5.7. Mask unit 
 
An initial survey of available re-usable and disposable ventilator masks produced none that could be 
converted to serve the device and house the SAV as sembly. A  proprietary m ask was produced b y 
establishing a c hin-to-bridge c ommon profile bas eline and t ransferring this bas eline ont o a wooden 
blank. The internal shape of the mask was then sculpted into the wood to include the SAV interface 
platform and di aphragm mounting, leaving sufficient i nternal c learance for the passage of  ai r and a  
sealing face resting on the upper surface of the chin, cheekbones, and bridge of the nose. The blank 
mould was then finished and smoothed. A 2mm hard vinyl blank was prepared and attached to the 
mould and t he s hape was formed b y h eating with h ot a ir, c reating a s lump m oulding as us ed with 
glass working. T he f inished m ask w as t ested t o f it a nd s everal c hanges were made t o t he s hape 
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before the final shape was decided on. The mould final profile was copied as wireframe laminates and 
recorded as a 3D file. The first prototype masks were produced using the original wooden shape. 
 
A f ar s impler opt ion f or r apid d eployment was f ound i n t he i mported r esuscitation k its pr ovided b y 
local importers. The mask has an inflated cushion seal and a 22mm inlet aperture for the fitment of 
the resuscitation valve. The SAV unit was reconfigured to adapt this mask for ventilation duties. The 
elastic t ensioning s trap i s m arginally a dequate an d c ould be improved f or v entilation du ty. T he 
complete assembly is shown in Figure 9. 
 

 
 
Figure 9: SAV with mask fitted 
 
5.8. Blower flow and pressure testing 
 
The t hree pr ototype b lowers as  well as  t he imported c ommercial v ersion were tested t o determine 
their Pressure Flow curves and power consumption. The test apparatus comprised a fabricated flow 
tube with an outlet choke that connected to the blower outlet using a large-diameter surgical tube. 
 
The flow tube housed a simple pitot tube and a separate static pressure tapping. The static pressure 
impulse w as s plit with one t ube c onnected t o a water ga uge U -tube m anometer and t he ot her 
connected t o a n e lectronic m anometer ( -) por t. T he total h ead m easured f rom t he p itot t ube was 
connected to the manometer (+) port. At five different blower speeds at 20% intervals, static pressure, 
total head, and differential were measured, as well as supply voltage and current flow. The sequence 
was repeated at four different choke positions to simulate system backpressure. The temperature and 
barometric pressure were noted an d the a ir d ensity was calculated. T he results were then e ntered 
onto a spreadsheet and plots were generated of static pressure against flow and power consumption 
against the flow. F lowrate was d erived us ing t he c onstant f or t he f low t ube. T able 2  provides t he 
results of the blower testing exercise. 
 
5.9. Pressure and Flow regulation tests 
 
Given the flow and pressure characteristics, the PLV was tested ex tensively during development to 
produce a pressure and flow range to match the WHO requirements. Development work was done to 
obtain an acceptable ba lance bet ween spring tension r ange and c ontrol diaphragm area and 
elasticity, all the while maintaining a control range between 700 Pa and 2800 Pa to envelope the final 
output range. A final balance was found and further development was done to refine the valve plug for 
better linearity and to refine the spindle diameter and materials for lower friction and reduced 
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hysteresis. A lightened plug and brass wire spindle provided near-zero hysteresis and control within 
5% of the set value. 
 
The t est i nstrumentation u sed w as a di gital m anometer w ith t he s tatic pr essure t eed t o a s econd 
manometer, w ith a n el ectronic anem ometer w hich was m ounted at t he en d of  a f low s traightening 
tube. This apparatus was also used to verify the accuracy of the venturi.  
 
The FLV uni t was initially developed as  a s tandalone f low regulator. S tarting with a common set of 
housings w ith t he P LV, a flow ‘ bullet’ was m anufactured and t he r esulting f low m easured on t he 
miniature f low t ube d eveloped f or t he p urpose and utilising a s imple p itot t ube and s tatic pr essure 
connection, c onnected t o a c alibrated el ectronic m anometer w ith s ensitivity to 1m m WG. The P LV 
and FLV tandem were then tested for limiting pressures and maximum flows by using the early SAV 
prototype as a flow interrupter. 
 
5.10. Aspiration valving 
 
Having achieved r eliable airflow an d pr essure c ontrol, an as piration valve w as des igned a nd 
developed o ver s everal pr ototypes until t he SAV c oncept was s uccessfully f unction t ested. Earlier 
versions of the SAV were intended to be mounted in the ventilator casing due to their weight and size. 
A wafer type of valve succeeded the earlier tensioned-diaphragm concept and was developed to the 
point where i ts m ass and volume w ere r educed t o be pas sably ac ceptable f or i n-mask mounting. 
More weight a nd s ize be nefits w ere ac hieved with t he a doption of  a m iniature s huttle and m ore 
research into the permissible minimum size of aspiration port areas.  
 
Testing of the valve was done in several stages. Basic function testing using static pressure ensured 
that the PIP trigger setting range was comparable with the PLV range, and a system restriction was 
introduced to balance flow and pressure range at constant blower speed. 
 
The system was as sembled on t he w orkbench and  run at  t en different pr essure s ettings. I n t he 
absence of a patient, a plastic bag was prepared and weighted with a beanbag to simulate an adult 
lung s et. I n eac h c ase, the pr ocess was i nitiated with a pr essure r eduction in t he f eed t ube t o t he 
simulated lung and m onitoring the initiation pressure on a m anometer. The s ystem inflated the bag 
and triggered at PIP pressure with good repeatability across the range of pressure settings. 
 
Encouraged by this, the author has tested the device at  various pressure settings across the range 
and found the operation to be consistent. 
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Table 2: Blower test pressures and flows 
 

Speed 1 36 67 
RPM 

Ps (mmH20) Ps (Pascal) DP (Pascal) v (m/s) Qt (LPS) 

 20 392 0 0 0 
 21 412 3 2.914 0.1465 
 21 412 7 4.451 0.2237 
 16 314 22 7.891 0.3966 
 5 98 67 13.77 0.6922 
Speed 2 73 00 
RPM 

Ps (mmH20) Ps (Pascal) DP (Pascal) v (m/s) Qt (LPS) 

 75 1470 0 0 0 
 72 1412 12 5.828 0.2929 
 63 1236 30 9.214 0.4632 
 50 981 96 16.483 0.8285 
 16 314 343 31.156 1.5661 
Speed 3 11000 
RPM 

Ps (mmH20) Ps (Pascal) DP (Pascal) v (m/s) Qt (LPS) 

 145 2844 0 0 0 
 142 2785 20 7.523 0.3782 
 128 2510 40 10.64 0.5348 
 104 2039 170 21.934 1.1025 
 36 706 767 46.59 2.3419 
Speed 4 14600 
RPM 

Ps (mmH20) Ps (Pascal) DP (Pascal) v (m/s) Qt (LPS) 

 212 4158 13 6.065 0.3049 
 205 4021 38 10.370 0.5213 
 172 3373 109 17.563 0.8828 
 148 2903 303 29.283 1.4719 
 43 843 1074 55.131 2.7712 
Speed 5 18300 
RPM 

Ps (mmH20) Ps (Pascal) DP (Pascal) v (m/s) Qt (LPS) 

 268 5256 30 9.214 0.4632 
 257 5040 44 11.159 0.5609 
 217 4256 125 18.808 0.9454 
 156 3060 475 36.664 1.8429 
 45 883 1384 62.584 3.1458 
Speed 6 22000 
RPM 

Ps (mmH20) Ps (Pascal) DP (Pascal) v (m/s) Qt (LPS) 

 305 5980 20 7.523 0.3782 
 275 5400 100 16.823 0.8456 
 242 4750 200 23.791 1.1959 
 175 3440 587 40.758 2.0487 
 54 1056 1595 67.185 3.3771 

 
6. DISCUSSION  
 
The project was undertaken as p art of the Ventilator Challenge sponsored by merSETA and 
accommodated at NMU, of which this work is designated as ViroVent Project 2. 
 
The author and the team are assembling the final prototype for system and endurance testing. Some 
issues r emain t o be r esolved in t he f inal c onfiguration. O n c ompletion, t he f inal pr ototype will b e 
presented for SAHPRA approval.  
 
Further development will be the adaptation of the design for mass production using Value Engineering 
as a gui de t o the manufacturing processes f or t he various parts i.e. em ployment of  CNC, i njection 
moulding of sub-assemblies, and the refinement of fastening methods.   
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Other developments around this work will be the improvement of the local content to include a locally 
manufactured blower unit, as well as an evaluation of the possibility of employing a molecular filter to 
replace the bottled oxygen supply. The aspect of a buffering volume in the system to reduce energy 
consumption m ay be r evisited s hould t he need ar ise t o ex tend t he off-grid oper ating t ime w ithout 
increasing the battery storage capacity. 
 
7. CONCLUSIONS 
 
With the SAHPRA registration only now in progress, the following provisional conclusions are drawn 
from the above: 
 

• The dev ice produces s ufficient airflow to m eet WHO guidelines, at  t he prescribed pressure 
range and within the variability limits of flow and actuation. 

• The device is intrinsically safe, having safeguards against overpressure and suffocation. 
• The dev ice is por table b ut al so m eets t he WHO def inition f or por tability in t erms o f 

performance and operational stamina. 
• The des ign br ief has  be en m et, hav ing produced a working B iPAP v entilator with m inimal 

complexity and low cost, which lends itself to mass production. 
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