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Abstract
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This paper present the design and impiementation of a ventilator for a breathing apparatus. ihe
ventilators that developed are the positive pressure ventilation type, the cycled volume mode and the
controlled mechanical ventilation method (CMV). The technology that used is the ambu bag. The
design and manufacture includes an antomatic ambu bag pressing mechanical svstem and a control
system using the arduino microcontroller. The mechanical design that is compact, lightweight,
energy saving, low cost, meets aesthetics and is friendly makes this tool attractive so it is not scary
for patients. BPM (beep per minute), [ER (inspiratory expiratory ratio) and TV (tidal volume)

parameters can be controlled via a touch screen or remotely using a mobile phone via 4 buttons
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Design and Implementation of Ventilator for Breathing
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Abstract. This paper present the design and implementation of a ventilator for a breathing

anparatis. Tha ventilatara that davelanad ara the nasitive nrscanre ventilatinn timea ths svnlad
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volume mode and the controlled mechanical ventilation method (CMV). The technology that
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mechanical system and a control system using the arduino microcontroller. The mechamcal
design that is compact, lichtweight cncray saving, low cost; mects acsthetics and is friendly
makes this tool attractive so it is not scary for patients. BPM (beep per minute), IER

[11'\01—\1'“'-\?'“17 nvn-rgfr\ﬂ/ v—'xnn\ and TV (hr‘nl vnlmﬂfﬂ v‘qrur\qptarc can he pontrolled via a tanch

screen oOr remotely using a mobile phone via 4 buttons remotely to facilitate and avoid
transmission of Covid-19 to medical personnel, RPM can be set from 5-20 RPM, TER from 1:

1 to 1: 4 and TV from 40-100%. The results of ventilator testing that have been done show a

1. introduction

Ventilator as a breathing apparatus has recently become a hot topic at the national and international.
The issue is the lack of availability of a ventilator to treat Covid-19 patients. Most of the deaths of
corona patients in Japan can be caused by a lack of ventilators [1]. The number of Japanese-made
ventilators is very lacking in Japan, so the Japanese government urges ventilator manufacturers to
increase nroduction and facilitate registration [2]. The number of positive patients infected with corona

in Indonesna S more than 8 057 pcople and in the world 2.73 mllhon pcople [3]. The main complaint

Af Oruid 10 matisnts aominntoeey menlla ranging fram mild tn cayara dicnedare duie 0
WL A VELTL S paniviins AD D\.-.llb.luxl)‘ 1\,3puuu,s_) PLUL}-ML{L} e = R ULJ.& 1i3RERE LU OUVRLAL WLISUIUUIS LUL WU

lung infections which can lead to death [4]. In several cases, the corona virus can cause damage to the
fungs, 50 thai ihe body's oxygen icvels drop and make breathing difficult. In medical scicnice, paticnis
who have difficulty breathing, breathing is assisted by a ventilator. A ventilator is a medical device
used to heip patients who have diificuity breathing or are unabie to breathe on their own. The
ventilator will take over the patient's breathing. Not different from other countries, one of the problems
in handling corona patients in Indonesia is the limited number of ventilators available in hospitals.
Besides the high price, the stock to be purchased is also not available. This is what has prompted
several foreign and domestic institutions and universities to design practical, economical and ready-to-
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use ventilators. ITB with its Vent-I, ITS with Robot Ventilator, Ul, UGM, UNS, BPPT, ESDM
Research and Development and so on. Likewise with overseas universities such as MIT in the United
States, Oxford University. Rice University, etc. Inchuding multinational industries such as the

automotive industry, PT. Pindad, PT. LEN and so on. Because of the urgency of ventilators these days,

1’1‘\@:\:\9 ‘1:1\1-‘3:* are u\n]‘\]ichaﬂ r\r\dﬂ](1 {r\r\aﬂ t-r»,nrr\p\ r!nr‘ rngpqrpl‘nvc are q“r\‘grnr] 10 Ao\rol(\n t‘«am xxnﬂn/“ﬁ»
i he

the need for permission. One of them reccntly Dr. Saud Anwar in America succceded in makmg a
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interested in making the ventilator he found

2. The Theory of Ventilator

Mechanical ventilation is an attempt to assist breathing with a mechanical breath aid. Ventilator as a
means of replacing the chest pump function that is experiencing fatigue or failure. Mechanical
ventilation is used to assist or replace spontancous breathing. Mechanical ventilation is applied with a
special tool that can support the function of ventilation and improve oxvgenation through the use of
gases with high oxygen content and positive pressure. In its current developmcnt mechanical

Cai Puhsﬂlu vvnib K:‘CCd Li_li.buu VE n,:;\dajjj T‘uy uh.i)ii ULJCLA.L\CD uf jxi\.«unuu_u\-ul
ventilatlon allowance are to ensure adequate ventilation, reduce breath work, and correct 1mpa1red
oXygen exchange in the aiveoll. The function of the ventiiator, expanding the lungs during inspiration,
can regulate the time from inspiration to expiration, prevent the lung from contracting during
expiration, and can adjust the time from the expiration phase to the phase of inspiration. All
sophisticated mechanical ventilators are equipped with a pressure gauge monitor, a pressure limiter to
prevent the lungs from barotrauma (pressure limiting device), high and low pressure alarms, and
pulmonary volume regulator (spirometer).

71’,\
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sub-atmospheric air (negative pressure), causing the chest to expand and the airway pressure to be
negative. PPV wiii provide positive pressuie above atmospheric pressure so that the chest and iungs
expand in the inspiratory phase, then at the end of inspiration the pressure returns to equal atmospheric
pressure so that air exits passively in the expiration phase. During positive pressure ventilation,
pulmonary inflation is achieved by periodically applying positive pressure to the upper airway through
a tight mask (non-invasive mechanical ventilation) or through an endotracheal tube or tracheostomy.

2. 2. Ventilalor Model

Vantilatar mnda 10 Ajw Aad khacad
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) Iressuie Liniited / Pressuie cycled

The pressure-cycle ventilator goes into the expiratory phase when the air pressure reaches a
predetermined ievel. Tidal Volume (1V) and inspiralory time varied, witil respect o airway and
pulmonary resistance and circuit compliance. In its application, this tool is easier to accelerate by the
patient's breathing effort, but when the airway resistance increases or the chest or lung stretching

power increases, there will be a decrease in tidal volume and minute volume.

h)  The time-cvcled
Time -Cycled ventilator enters the expiratory phase after a predetermined interval calculated from the

cfr\?'f nf 1r-r‘ﬂ"-r:hf\ﬂ T\, 13 n*'nrh!n" n‘F f‘ﬁ:—\ hma n{" 11‘—‘(.‘*\-1'!11’11'\!4 an‘ ﬂ’ln flawe rate of 1'1(:1'\-1":1’1!'\11 T!mn-
EiEi b RFL SpoElTatiicas. ¥ = s aia i e A4SV iaains U Sprazeiaiiai.

cycled ventilators are commonly used for neonates and in the operating room.

(8]
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¢) Cycled volume
This type of ventilator can produce a certain volume that is tailored to the patient's needs. When the set
volume is reached, the inspiration phase ends. Many ventilators for adult patients are volume-cycled

knf anmn nna(] -

h 2 secondary limit on inspiratory pressure to protect the hing from haro trauma, W the

iiziiii i 34 i 23i3: Ti35 %5

msplred pressure exceeds the pressure limit, the engine eyele continues on to expiration even if the

uivblbu ¥ u;uiﬁ\, Lh.ib 1ot ‘6 1 COnV v_y’bu.
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The inspiratory phase changes to expiration when the air flow falls to a certain level. Flow-cycle
ventilators have pressure and flow sensors that allow the ventilator to monitor inspiratory flow at a
preset inspired pressure; when this flow reaches a predetermined level.

3. Design and Impiementation

3. 1. Description

The ventilators developed are the Positive Pressure Ventilation type, the cycled volume mode and the
Controlled Mechanical Ventilation method (CMV). The technology used is the ambu bag. The design
and manufaeture includes an automatic Ambu Bag pressing meehanical system and a control system

and is ﬁrend]y makes thlS tool attractlve ) 1t is not scary for patxents BPM IER and TV palameters

vnmr‘faltg tn £
_)- TRS AR

and avoid transmission of Covid-19 to medical personnel BPM can be set from 5-20 BPM, IER from
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can be controlled via 2 touch screen or remotely using 2 cell nhone vin 4
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5 Figure 1. The step of design and implementation
The power capacrty determination for the arm drive component is calculated so that it consumes
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the surface of the Ambu Bag, resultmg in maximum tidal volume. To stabilize the posmon of the
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Bag is installed which moves in sync with the Ambu Bag suppressor motor. The step of design and
implementation is shown Fig. 1. Design specifications of ventilator such as: using the ambu bag,
respiratory rate (RR) = 5-20 breaths per minute (BPM), inspiratory: expiratory time ratio (1: E ratio) =
1: 1 to 1: 4, tidal volume (TV) = volume of gas (ml) delivered during inspiration: 250-800, setting with

?’!’!!".il’! Q:"Y‘PF\T‘!V{!?‘!!‘! "l{!ﬁ!], i‘!!’!ﬂ!‘!ﬂ
BAfnatoss O i R FEi5%y S34ER3RF pRiiFi o

i 7 L T [ i G S SR
J. L. LCICTIILGIGLIUN Uf viGioyr i Ower

- The mechanical system for pressing the Ambu Bag is planned to have a gripper with two motors,
each of which 1s separated during the pressing and reieasing process. So that tiie caicuiation of the
power of each motor refers to the specifications of the ventilator as follows [3]. Maximum pressure on
the airway (airway): P airway, max = 40 cm H20; Maximum respiration rate: RR max = 20 bpm; The
minimum inhale / exhale ratio is 1: 4: IE ratio, min = 4; Maximum output volume: V max = 800 cm3
In the worst case, the air flow is generated at a pressure of 40 cm H20, in 0.3 seconds.; = 60 sec / RR
max: time in 1 hpm: tin hale = pressing time: tin hale = T/(1 + TF ratio); tin hale = 60 sec /RR max / (1
+ IE ratio); Volumetric flow rate requlrcd in the worst conditions (peak) Q airway =V max / tin hale

= 0007 m?2 /[ o T!qa_ _"l'!‘l“!‘\ 3!’ enarov {1 Hna ‘anm nf‘ a 1x‘-pccnrﬁ'7,rsr‘ xr\lump ﬂn“ |11 tha atrurave) io-
UL 3833 4 3, &R0 U LagS wiivagy (\2ii “Fiiii i P Yidiissiais SRR TLiE ¥viry o 23

Power airway = Pair way, max Q air way = 10.46 W. However, some of the power used to compress
ilie Ambu Bag is lust (aiubu bag delotmation, {iclion, etc.), aud au estimated 50% is converied o a
pressurized volume flow. Taking into account efficiency, the power required by the gripper is: Power
gripper = 2 Power airway = 20.92 W, Assuming half of tiie motor power output is lost to mechanicai
and electrical inefficiencies (gears, thermal dissipation, etc.), the required power output of the motor is
given by: Power motor = 2 Power gripper = 41.84 W. The ventilator is designed to use a gripper with
2 fingers. Parameters that can be obtained by measurement such as ambu bag contact area, the length
of the lever arm, sweep angle. For typical prototypes, note that: Maximum Ambu Bag contact area:
Abag = 00 mm x 115mm Tength of the lever arm: finger = 12 cm ; Sweep angle: a..... = 30°; The
maximum strength of the one ﬁnger Ambu Bag (when fully pressed) is, using the same 50% pressure

1"1"']“(‘#1"41"(‘1"?1 Amnv\wcw ac hnfArs B =2 A han Dnir voavy mov = 21 10O N Tha mavimitm tarane
LiiriEiiIOOEU ALY s ULIUIL Y finger | &~ f 3 URE F At vvay, fTias Gi,i 77 %o 110 AU U qut

required for each finger is: finger = F 4,00, | finger = 9.74 N.m. The power required for a two-finger
gripper usiitg the sweep angic rate {(in §.3 scconds): T gipper = 2 X [ZST W finger — 594.01 W. The tolal
power for the motor (assuming a sing]e motor) with an additional 50% and the same gearbox
=08.03 W~ 70 W.
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4. Test Result and Analysis.
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The test was carried out using the following equipment, that are computer, stopwatch, vessel and
measuring cup. The step of testing technical are given the RR, IER and TV values, noted the time
pressing (Inspiratory, Ti) releases (Expiratory, Te) the ambu hag. noted the BPM value. measured the

volume based on the amount of water spilled and calculated the IER value. The first test is given
setting value of BPM — 15, TER = 1: 1 and TV = 80% th

obtamed are BPM = 15, IER = 1 1 and TV = 80%. ThlS shows that the ventilator can respond

bt ;s P ~ DR L __
aClain ullLE G ﬂlv FEH I slvvh u_y mu vuuuuuui iiiCii bbybuu et ib Bxib.u, uaiiibiy un, btd.his DiTive —

15, IER = 1: 2 and TV = 80%, then the ventilator is activated. The results obtained are BPM = 15, IER
= 1: Zand TV = 80%. This shows (hai the ventlator can respond according (o 4 given amouni. By the
test results, it can be seen that the ventilator is able to respond to the given setting values quickly. The
test results for the other parameters can be seen in Table 1. Changes to test parameters can also be
done remotely via hand pone.

Table 1. The test result of ventilator

fkg vay

_f{\r ‘c qnnv nA !L\a rnr“1'fc

No Setting value Actual Value

BPM IER TV (%) BPM Tidty Te(dt) IER TV(%)

i i3 i 8070 i5 P Z i 8070
2 15 1:2 80% 15 1,30 2,60 1:2 80%
3 12 1:2 80% 12 1,60 3,30 1:2 80%
4 10 1:2 20/, 12 ) 4 1-2 'N0/
5 15 1:1 60% 15 2 2 1:1 60%
6 15 1:2 60% 15 1,30 2,60 1:2 60%
7 12 1:2 70% 12 1,60 3,30 1:2 70%
8 10 1:2 70% 12 2 4 1:2 “70%

5. Conclusion
The ventilator is designed to be very friendly in terms of performance and physical appearance
is not scary Changes to test parameters can also be done remotely via hand pone. Every change in the
parameters given the ventilator can respond and work as desired. Ventilator testing will continue to
TV 140 T oM 1y Po o e
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provides guarantees for medical equipment, namely BPFK Medan
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