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LANGUAGE DISCLAIMER

(EN]

WARNING:

This service manual is available in English only

If a customer's service provider requires a language other than English, it is the customer'’s
responsibility to provide translation services

Do not attempt to service the equipment unless this service manual has been consulted and is
understood.

Failure to heed this warning may result in injury to the service provider, operator, or patient
from electric shock, mechanical hazards, or other hazards.

(CS)

VYSTRAHA

Tento provozni navod existuje pouze v anglickém jazyce

V pfipadé, Ze externi sluzba zdkaznikum potfebuje ndvod v jiném jazyce, je zajisténi prekladu
do odpovidajictho jazyka tkolem zdkaznika.

Nesnazte se o Udrzbu tohoto zafizeni, aniz byste si precetli tento provozni ndvod a pochopili
jeho obsah.

V pfipadé nedodrZovani této wwstrahy muZe dojit k poranéni pracovnika prodejniho servisu,
obsluzného persondlu nebo pacientu viivem elektrického proudu, respektive viivem
mechanickych i jinych rizik.

(DA)

ADVARSEL

Denne servicernanual findes kun pa engelsk.

Hvis en kundes tekniker har brug for et andet sprog end engelsk, er det kundens ansvar at
serge for oversaettelse.

Forseg ikke at servicere udstyret uden at laese og forsta denne servicemanual

Manglende overholdelse af denne advarsel kan medfere skade pa grund aof elektrisk sted,
mekanisk eller anden fare for teknikeren, operateren eller patienten

(NL)

WAARSCHUWING

Deze onderhoudshandleiding is enkel in het Engels verkrijgbaar.

Als het onderhoudspersonee! een andere taal vereist, dan is de klant verantwoordelijk voor de
vertaling ervan.

Probeer de apparatuur niet te onderhouden alvorens deze onderhoudshandleiding werd
geraadpleegd en begrepen is.

Indien deze waarschuwing niet wordt opgevolgd, zou het onderhoudspersoneel, de operator
of een patiént gewond kunnen raken als gevolg van een elektrische schok, mechanische of
andere gevaren
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LANGUAGE DISCLAIMER

A NPEAVNP EHWE

ToBa ynsTBaHE 30 pabOTa € HANNYHO CAMO HO GHIMUACKN €31K.

8G) e AKO AOCTABYWKLT HO YCAYTQTA HO KAWEHTO U3UCKA APYI €3UK, 304bMKEHNE HO KIMEHTa e 4a
OCUIYpW NPeBos
e He u3nonzsante o6OPYABAHETO, NPEAN AQ CTE Ce KOHCYNTUPAanK v pa3bpany ynsTBAHETO 30
paboTa
*  HecnaasaHETO Ha TOBA NPeAYNPExXASHUe MOXE A0 A0BEAE A0 HOPOHABAHE HO AOCTABUMKA

HQ yCAyraTa, ONepaTopa uav NAuUeHTa B pesynTtar Ha TOKOB YAAP, MEXAHUYHA WNW ADYra
ONACHOCT.

g
g =

A {5 T AL {36 9 SCRRUAR

VD S RN E 635 55, S NG B o V3 | B O o, N1 e R R B R P L R

o RKVEANRYIE RGeS AHENE F I 2 A, AT rdE(E.

o BREAC G AT GEATAEERR A N BY . B 0E O DLl i s p i . UL o s A S e 4
=

(ZH-CN)

A BE
AR FHE SR M R -
(ZH-HK]  « s & PRIIRFS O RS f 2 2 = LSV 2 iR TSl - & P & (R IR TS -
« FRIFE 2R TFMEVEILRE SRV 7B HEEE -
AR e A By T R O RS - s FER B A\ 2 H R - PRI B s b -

A =
AHERETHAE A 5 Z0hR -
o PSS R E S RDIEES - FERE P B TR -
« AREEIAEEA ST - FRIE B0 & R IR AR A =T -
s HREEAES o wIREREREIERE - RFEES B AREE - RECH e e

(ZH-TW)

A UPOZORENJE

Ovaj servisni prirucnik dostupan je na engleskom jeziku.

(HR] » Akodavatelj usluge klijenta treba neki drugi jezik, klijent je duzan osigurati prijevod
e Ne pokusavajte servisirati opremu ako niste u potpunosti procitali | razumjeli ovaj servisni
prirucnik,

e Zanemarite li ovo upozorenje, moZe dodi do ozljede davatelja usluge, operatera ili pacijenta
uslijed strujnog udara, mehanickih ili drugih rizika.
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LANGUAGE DISCLAIMER

(ET)

HOIATUS

See teenindusjuhend on saadaval ainult inglise keeles

Kui klienditeeninduse osutaja nduab juhendit inglise keelest erinevas keeles, vastutab klient
tolketeenuse osutamise eest

Arge Uritage seadmeid teenindada enne eelnevalt kdesoleva teenindusjuhendiga tutvumist ja
sellest aru saamist.

Kaesoleva heiatuse eiramine voib pdhjustada teenuseosutaja, operaatori voi patsiendi
vigastamist elektrilédgi, mehaanilise vai muu ohu tagajdrjel.

(F1)

VAROITUS

Tama huolto-ohje on saatavilla vain englanniksi.

Jos asiakkaan huoltohenkilosté vaatii muuta kuin englanninkielistd materiaalia, tarvittovan
kaannoksen hankkiminen on asiakkaan vastuulla,

Ala yritd korjata laitteistoa ennen kuin olet varmasti lukenut ja ymmirtanyt tdman huolto-
ohjeen.

Mikali t6td voroitusto ei noudateta, seurauksena voi olla huoltohenkildston, laitteiston
kdyttdjan tai potilaan vahingoittuminen sahkodiskun, mekaanisen vian tai muun vaaratilanteen
vuoksi

(FR

ATTENTION

Ce manuel d'installation et de maintenance est disponible uniquement en anglais

Si le technicien d'un client a besoin de ce manuel dans une langue autre que l'anglais, |l
incombe au client de le faire traduire.

Ne pas tenter d'intervenir sur les équipements tant que ce manuel d'installation et de
maintenance n'a pas été consulté et compris,

Le non-respect de cet avertissement peut entrainer chez le technicien, 'opérateur ou le patient
des blessures dues & des dangers électriques, mécaniques ou autres.

A

(DE)

WARNUNG

Diese Serviceanleitung existiert nur in englischer Sprache.

Falis ein fremder Kundendienst eine andere Sprache bendtigt, ist es Aufgabe des Kunden fuir
eine entsprechende Ubersetzung zu sorgen.

Versuchen Sie nicht diese Anlage zu warten, chne diese Serviceanleitung gelesen und
verstanden zu haben.

Wird diese Warnung nicht beachtet, so kann es zu Verletzungen des Kundendiensttechnikers,
des Bedieners oder des Patienten durch Stromschitdge, mechanische oder sonstige Gefahren
kommen,
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LANGUAGE DISCLAIMER

A NPOEIAONOIHZH
To ntapdv eyxetpidio oepPig dratiBetat pévo ota ayylka
{EL)

Edv 0 Texvikos 0€pPig £vOg TIEAAGTN anattel To apdy eYXeLpldio o8 YAWOOoa EKTOS TLV

ayYALKV, amotehel eLBOVN TOL TIEAGTN VO TIOPEXEL TIS LTINPETies petadpaons.

e Mnv emeLPROETE TNV EKTENEDT EpyaoLwy 0EpPLs otov eEomhiopd av Sev €xete oupPouAeutel
KO KATaVOrOEL TO TIapOv eYxeLpidlo oépBLs.

e Av dev mpooeSeTe Tnv TipoeLdomolnon auth, evOEXETOL VO TIPOKANGEL TPALUATIONOS OTOV

TEXVIKO OEPRLS, OTO XELPLoT 1) oToV aoBevr) ard NAEKTPOTIANELQ, pn)avikolg r) dAAoug

Kwdbvoug,

AE&I&LMEZIEIE

Ezen karbantartasi kézikényv kizarolag angol nyelven érhetd el.

(HU) Ha a vevd szolgdltatdja angoltdl eltérd nyelvre tart igényt, akkor a vevé feleléssége a forditas

elkészittetése.

e Ne probdlja elkezdeni haszndlini a berendezést, amig a karbantartdsi kézikényvben leirtakot
nem értelmezték

* Ezen figyelmeztetés figyelmen kivil hagydsa a szolgdltatd, mikadtetd vagy a beteg aramiités,

mechanikai vagy egyéb veszélyhelyzet miatti sérllését eredményezheti

py
pessi pjonustuhandbdk er adeins fdanleg a ensku
(1S}

Ef ad pjénustuveitandi vidskiptamanns parfnast annas tungumdls en ensku, er pad skylda
vidskiptamanns ad skaffa tungumalapjénustu.

e Reynid ekki ad afgreida taekid nema ad pessi pjénustuhandbék hefur verid skodud og skilin,

e Brot @ sinna pessari advorun getur leitt til meidsla a pjénustuveitanda, stjdrnanda eda sjuklings
fra raflosti, véireenu eda 6drum Ghaettum.

@ AVVERTENZA
Il presente manuale di manutenzione & disponibile soltanto in lingua inglese,

(Im) ¢ Se un addetto alla manutenzicne richiede il manuale in una lingua diversa, il cliente  tenuto a
provvedere direttamente alla traduzione
* Procedere alla manutenzione dell'apparecchiatura solo dopo aver consultato il presente
manuale ed averne compreso il contenuto
* |l mancatoe rispetto della presente avvertenza potrebbe causare lesioni all'addetto alla
manutenzione, all'operatore ¢ ai pazienti provocate da scosse elettriche, urti meccanici o altri
rischi.

A T

COH—EAXZATIICEEBERLASYEE A,

(JA) « H—EREBRUENIEENRTFUNOESBEEERE DS, BREXZTOEED
BETA ENEETHTVAELERT,
« ZOY—EAIZATLERGLERCETIC, BEOHY—ERETHOREVTIEE,
- COBSCibRVES, H—EREBYTIhDS, BEESIVREE AN, BE
PEENRETORORRICEYAET I AN BYET,
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LANGUAGE DISCLAIMER

(KO)

=an}

= MdHlA HE2e F0I20 0Bt 4 USLICH

- 1249 MHIA RIBTOH 0 01212 HOE 2PL B, MY MHIAS RIBsts 22
D2A0| MAL|C,

« 2 MHZA wEE #2610 SXGHK 22 0l g Z2HIE *alsiai 2 A8
Ot A2,

« = Z10 MEN FASHA S22 FI| 43, JIHN A, E= JIEt S22 U
AHIA HBX ASEX £ S0H 248 28 + ASLICH

(Lv)

BRIDINAJUMS
Si apkopes rokasgramata ir pieejama tikai anglu valoda

e Jaklienta apkopes sniedzéjam nepieciesama informdcija cita valoda, klienta pienakums ir
nodrosingt tulkojumu.

* Neveiciet aprikojuma apkopi bez apkopes rokasgramatas izlasisanas un saprasanas
&1 bridingjuma neievérodanas rezultatd var rasties elektriskds stravas trieciena, mehanisku vai
citu faktoru izraisttu traumu risks apkopes sniedzéjam, operatoram vai pacientam.

(LT)

ISPEJIMAS

Sis eksploatavimo vadovas yra tik angly kalba.

* Jei kliento paslaugy tiekéjos reikalauja vadovo kita kalba - ne angly, suteikti vertimo paslaugas
privalo klientas.

e Nemeginkite atlikti jrangos techninés priezidiros, jei neperskaitéte ar nesupratote 8io
eksploatavimo vadovo.

e Jei nepaisysite Sio jspéjimo, galimi paslaugy tiekéjo, operatoriaus ar paciento suzalejimai del
elektros Soko, mechaniniy ar kity pavojuy.

(NOJ

ADVARSEL

Denne servicehandboken finnes bare pa engelsk.

» Huvis kundens serviceleverander har bruk for et annet sprak, er det kundens ansvar a serge for
oversettelse.

» |kke forsek @ reparere utstyret uten at denne servicehandboken er lest og forstatt.

« Manglende hensyn til denne advarselen kan fore til at serviceleveranderen, operateren eller
pasienten skades pa grunn av elektrisk stot, mekaniske eller andre farer

A

(PLI

OSTRZEZENIE
Niniejszy podrecznik serwisowy dostepny jest jedynie w jezyku angielskim

e Jesli serwisant klienta wymaga jezyka innego niz angielski, zapewnienie ustugi tlumaczenia
jest obowigzkiem klienta.

* Nie probowac serwisowac urzgdzenia bez zapoznania sie 2 niniejszym podrecznikiem
serwisowym i zrozumienia go.

* Niezastosowanie sie do tego ostrzezenia moze doprowadzi¢ do obrazer serwisanta, operatora
lub pacjenta w wyniku porazenia prqdem elektrycznym, zagrozenia mechanicznego bqdz
innego.

Part No. 715-0088, Rev. G -7-



LANGUAGE DISCLAIMER

A AVISO

Este manual de assisténcia técnica encontra-se disponivel unicamente em inglés.
(PT-BR]

Se outro servico de assisténcia técnica solicitar a traducdo deste manual, caberd ao cliente

fornecer os servicos de traduco.

* NGo tente reparar 0 equipamento sem ter consultado e compreendido este manual de
assisténcia técnica.

* A ndo observincia deste aviso pode ocasionar ferimentos no técnico, operador ou paciente

decorrentes de choques elétrices, mecanicos ou outros.

g ame
Este manual de assisténcia técnica s6 se encontra disponivel em inglés.
(PT-PT)

Se qualguer outro servico de assisténcia técnica solicitar este manual noutro idioma, é da

responsabilidade do cliente fornecer os servigos de traducdo.

e NGo tente reparar o equipamento sem ter consultado e compreendido este manual de
gssisténcia técnica.

¢ O ndo cumprimento deste aviso pode colocar em perigo a seguranga do técnico, do operador

ou do paciente devido a choques eléctricos, mecanicos ou outros

A ATENTIE

Acest manual de service este disponibil doar in limba engleza

(RO} e Daca un furnizor de servicii pentru clienti necesitd o aita limba decat cea englezd, este de
datoria clientului sa furnizeze o traducere.
* Nuincercati sa reparati echipamentul decat ulterior consultarii si intelegerii acestui manual de
service
e |gnorarea acestui avertisment ar putea duce la rdnirea depanatorului, operatorului sau
pacientului in urma pericolelor de electrocutare, mecanice sau de altd naturd.

Aw

LlaHHOE PYKOBOACTEO MO TEXHUUECKOMY OBCAYKUBAHMIO NPEACTAUBNEHO TONLKO HA GHMMNACKOM

{RU) A3bIKE.

e ECAV CEPBWCHOMY NEPCOHaNY KNMEHTA HeOBX0AMMO PYKOBOACTBO HE HO OHMMWACKOM,  HO
KQKOM-TO APYIroM A3bIKe, KNUEHTY CNeAyeT CAMOCTOATENLHO 06eCNeynTs Nepesos.

o [lepes TexHuueckum obcnyxnaoHnem obopyaoBarna 0ba3aTensHo 06paTTeCk K AQHHOMY
PYKOBOACTBY 1 NOAMUTE U3NOKEHHBIE B HEM CBEAEHUA.

e HecobniogeHve TpeboBaHUA AOHHOTO NPEAYNPEXACHNA MOXET NPUBECTU K TOMY, HTO
CNeuUnaniucT no TexobCNYXMBOHKIO, ONEPaTop UK NALWEHT NOYYUT YAAP 3NeKTPUYECKNM
TOKOM, MEXQHUYECKYIO TRABMY UNK APYToe NoBpeXaeHue.

7 S
Ovo servisno uputstvo je dostupno samo na engleskom jeziku.

(SR * Ako klijentov serviser zahteva neki drugi jezik, klijent je duZan da obezbedi prevodilacke usluge.
Ne pokuSavajte da opravite uredoj ako niste procitali | razumeli ovo servisno uputstvo.
e Zanemarivanje ovog upozorenja moze dovesti do povredivanja servisera, rukovaoca ili
pacijenta usled strujnog udara ili mehanickih i drugih opasnosti.

Part No. 715-0088, Rev. G -8-



LANGUAGE DISCLAIMER

@ UPOZORNENIE
Tento ndvod na obsluhu je k dispozicii len v anglictine.
(SK]

Ak zakaznikov poskytovatel sluZieb vyZaduje iny jazyk ako angli¢tinu, poskytnutie

prekladatelskych sluzieb je zodpovednostou zdkaznika.

* Nepokl3ajte sa o obsluhu zariadenia, kym si nepregitate ndvod na obluhu a neporozumiete
mu.

« Zanedbanie tohto upozornenia mdze spdsobit zranenie poskytovatela sluzieb, obsluhujlcej

osoby alebo pacienta elektrickym pridom, mechanické alebo iné ohrozenie.

4 TS
Este manual de servicio sélo existe en inglés.
(ES)

Si el encargado de mantenimiento de un cliente necesita un idioma que no sea el inglés, el

cliente deberd encargarse de la traduccion del manual.

e No se deberd dar servicio técnico al equipo, sin haber consultado y comprendido este manual
de servicio.

* Lano observancia del presente aviso puede dar lugar o que el proveedor de servicios, el

operador o el paciente sufran lesiones provocadas por causas eléctricas, mecdanicas o de otra

naturaleza

AMLNQ

Den har servicehandboken finns bara tillgénglig pa engelska

(SV) Om en kunds servicetekniker har behov av ett annat sprak én engelska, ansvarar kunden for

att tillhandahalla dversattningstjanster.

e Forsok inte utfora service pa utrustningen om du inte har last och férstar den har
servicehandboken.

e Om du inte tar hdnsyn till den hdr varningen kan det resultera i skador pa serviceteknikern,

operatdren eller patienten till foljd av elektriska stotar, mekaniska faror eller andra faror.

O
Ta servisni priroénik je na voljo samo v angleskem jeziku
(st

Ce ponudnik storitve stranke potrebuje priroZnik v drugem jeziku, mora stranka zagotoviti
prevod.-

* Ne poskuSajte servisirati opreme, e tega prirocnika niste v celoti prebrali in razumeli -

« (e tega opozorilo ne upostevate, se lahko zaradi elektri¢nega udara, mehanskih ali drugih
nevarnosti poskoduje ponudnik storitev, operater ali bolnik.

Bu servis kilavuzunun sadece ingilizcesi mevcuttur.

(TR) » Eger musteri teknisyeni bu kilavuzu ingilizce disinda bir baska lisandan talep ederse, bunu
tercime ettirmek musteriye diser.
e Servis kilovuzunu okuyup anlamadan ekipmanlara midahale etmeyiniz
e Bu uyanya uyulmamast, elektrik, mekanik veya diger tehlikelerden dolay: teknisyen, operator
veya hastanin yaralanmasina yol agabilir.
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1. INTRODUCTION

This service manual is intended for use by qualified service technicians with the tools, facilities,
and training to repair a medical device. For questions, contact International Biomedical.

1.1. Important Safety Considerations

Safety concerns or additional pertinent information will be displayed using warnings,
cautions, and notes, having the following significance:

| A WARNING | Alerts to potential serious injury,

adverse event, or safety hazard.

I A CAUTION ‘ Alerts to the possibility of minor injury or

damage to the equipment.

NOTES: Provides additional information to clarify

a point in the manual.

The principal WARNING and CAUTION notices to be observed in use of this device are brought
together here for emphasis.

Use of the AeroNOx 2.0™ is contraindicated for patients with congenital heart disease on right-to-left
shunt, congenital anomalies, or congestive heart failure.

Do not use the AeroNOx 2.0™ in oxygen rich environments.
If an alarm occurs, safeguard patient before troubleshooting or repair procedures.
Use only pharmaceutical grade NO.

The AeroNOx 2.0™ must be used in accordance with indications, usage, contraindications, warnings,
and cautions described in this manual.

The use of devices which radiate high intensity electrical fields may affect the operation of the
AeroNOx 2.0™. Constant assessment of the patient and all life support equipment is mandatory
whenever interfering devices are operating on or near patient.

When using the AeroNOx 2.0™ adjacent to or stacked with other equipment, observe the operation of
the AeroNOx 2.0™ and the other equipment to ensure normal operation.

Portable RF communications equipment (including peripherals such as antenna cables and external
antennas) should be used no closer than 30 cm to any part of the AeroNOx 2.0™ and associated
cables. Otherwise, degradation of the performance of this equipment could occur.

Part No. 715-0088, Rev. G -10 -



Do not use the AeroNOx 2.0™ with helium/oxygen mixtures. The AeroNOx 2.0™ is only intended to
deliver NO in conjunction with oxygen/air mixtures.

Anytime a new NO gas cylinder and regulator is used, the user must purge to prevent inadvertent
delivery of NO; to the patient.

If the AeroNOXx 2.0™ is not going to be used within 10 minutes, depressurize the regulator supply line.
If the AeroNOx 2.0™ is pressurized and not used within 10 minutes, repeat the purge procedure.

If the AeroNOXx 2.0™ is not depressurized and not used within 12 hours, repeat the pre-use procedure.
A backup NO delivery system must always be available in the event the primary system should fail.

Set AeroNOx 2.0™ alarm thresholds for the current patient conditions to monitor any inadvertent
changes in treatment. For alarm information, see the ALARMS section in the Operator’'s Manual (p/n
715-0086).

Be certain all lines and cables are organized to prevent damage or occlusion.

Use only parts, accessories, transducers, and cables designated by International Biomedical for use
with the AeroNOx 2.0™. Cables and accessories other than those supplied by International
Biomedical may result in unacceptable operation of the AeroNOx 2.0™ and will void the equipment
warranty.

The AeroNOx 2.0™ samples gas at a rate of 220 mL/min; this can affect the sensitivity of flow triggered
synchronized breath of some ventilators. The trigger sensitivity, if equipped, should be checked after
connecting AeroNOx 2.0™ to the breathing circuit.

Do not change NO, NO,, or O, sensors while in use.

Do not attempt to maintain, diagnose, or repair the AeroNOx 2.0™ while delivering NO to a patient.
No modification of the AeroNOx 2.0™ is allowed.

Improper sensor or battery replacement will result in a non-functional or inaccurate device.
Sample/Delivery accessories are single patient use only. DO NOT re-use.

Improper maintenance or replacement of sensors may pose a safety risk to the patient. Maintenance
should be performed by qualified service personnel per the instructions.

Perform cylinder connection and purge procedures in well-ventilated areas to prevent inadvertent
exposure to Nitric Oxide or nitrogen dioxide gas. Follow your facility’s safety procedures for handling
medical gas cylinders.

Overexposure to NO or NO, can lead to physiological effects such as hypoxia which are not apparent
to the operator.

The IP33 rating applies when the AeroNOx 2.0™ is on battery power with the DC Input jack properly
sealed.
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A CAUTION

Caution: U. S. Federal and Canadian law restricts this device to sale by or on the order of a physician
or other licensed medical practitioner. Outside Canada and the U. S., check with local laws for
applicable restrictions.

When using the AeroNOx 2.0™ Bagger or INOstat Bagger, oxygen and NO mix in the reservoir bag. If
not actively bagging patient, turn NO flow off to prevent formation of NO,. Flush the bagger for 20
seconds before and after use to completely remove NO and NO..

Concentrations of NO; in the reservoir bag may exceed 1 ppm. Large tidal volumes may expose
patients to NO, in the reservoir bag. If any interruption occurs during patient bagging, system should
be flushed for 20 seconds.

When using the AeroNOx 2.0™ Bagger or INOstat Bagger, short duration, rapid fluctuations in
delivered gas concentration including NO; is possible. Therefore, the AeroNOx 2.0™ Bagger and
INOstat Bagger are designed for short term use only.

Do not use AeroNOx 2.0™ Bagger or INOstat Bagger to deliver concentration in excess of 20 ppm.
The generation of NO; increases rapidly above this concentration.

Do not alter the length of the INOstat Bagger gas supply tubing as this may cause generation of
excessive levels of NO,,

Do not substitute AeroNOx 2.0™ Bagger or INOstat Bagger components. The Bagger Systems have
been designed and tested for patient safety with the components included.

The AeroNOx 2.0™ Bagger and INOstat Bagger are intended to connect directly to the patient’s
endotracheal tube. Do not insert any additional tubing between the Bagger and the endotracheal tube.

The AeroNOx 2.0™ Bagger and INOstat Bagger are single patient use. Do not reprocess.

The INOstat Kit is intended for use if the primary NO delivery device (AeroNOx 2.0™) fails. The
INOstat Kit is not intended as a primary NO delivery device.

The back-up delivery regulator in the INOstat Kit is preset with a 0.25 L/min flow. It is intended to be
used only with the INOstat Bagger. Do not use this regulator for any other application.

Persons using the AeroNOx 2.0™ should be trained and experienced in the use of this device to
assure effective administration of NO, and to avoid injury to the patient or to others resulting from
inhalation of excess NO, NO,, or other reaction products. Not for use by patients.

Persons using this device who may be particularly sensitive to Nitric Oxide or nitrogen dioxide, or who
may be exposed to these gases for prolonged periods as a result of the use of this device, should be
aware that the AeroNOx 2.0™ does not scavenge the exhaust gas, and that this gas is vented from the
underside of the AeroNOx 2.0™, or through the side vent in the event that the bottom port is occluded.
Ambient concentrations of Nitric Oxide or nitrogen dioxide expected to result from the use of this
device are less than 50 ppb.

Only use International Biomedical approved batteries for AeroNOx 2.0™.
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Even when the external power supply is not connected, the battery provides a bias charge to the NO,
NO,, and O, cells to keep sensors in a ready state. The power drawn from biasing the sensors will
deplete a new fully charged battery in approximately one week. Because of this, it is recommended
the external power supply of the AeroNOx 2.0™ remain plugged in at all times to maintain battery
charge.

Disconnect the battery or leave charging when not in use for extended periods of time.

Allowing the battery to fully discharge repeatedly will reduce the overall number of cycles in the life of
the battery.

Attempting to run the AeroNOx 2.0™ for longer than five hours on battery only could result in an
interruption of Nitric Oxide therapy.

The specified power supply is defined as part of the ME Equipment. Use only the International
Biomedical approved universal power supply for AeroNOx 2.0™,

No other devices are known to cause potential interference with the AeroNOx 2.0™. If interference
occurs, discontinue use of the AeroNOx 2.0™ and use the INOstat Bagger.

Never turn on the NO delivery gas without first turning on the ventilator or bagger flow. Failure to do
this will result in undiluted gas delivery entering the sampling chamber and exposing the sensors to
levels of NO and /or NO, which may damage the sensors.

NO, gas may have collected in the AeroNOx 2.0™ delivery or ventilator circuit during setup. Run
ventilator and AeroNOx 2.0™ on a test lung 30 seconds prior to patient connection to ensure analyzed
levels of NO, and NO are appropriate.

Only use the NO Worries Sample line with filter and Nafion® tubing when operating the AeroNOXx 2.0™.
Failure to do so may result in the egress of moisture which can impair function as well as damage
internal components.

NO flow must be continually evaluated during Nitric Oxide administration to ensure accurate dosing.
NO cannot be administered during the calibration process.
Do not sterilize or disinfect with power connected.

Allow unit to dry thoroughly before use. Immediate use after exposure to excessive cleaning agents
such as Isopropyl Alcohol can affect sensor performance.

Do not push on LCD display.

The VESA 75 mount is required for mounting during transport.

Should there be a sudden need to change therapy tanks; a second tank should always be purged and
ready for immediate use. Perform the purge procedure immediately upon installation of a new

regulator.

The flush procedure must be performed each time NO therapy is started. This includes initial therapy
starts, tank changes, and re-starting therapy after NO has been off.
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Powering the unit off will shut off the delivery gas flow. Gas flow is terminated when the unit is
powered off, whether intentionally, or during a complete loss of power.

DO NOT exceed 2.00 LPM as displayed on the AeroNOx 2.0™ flow display. Displayed values in
excess of 2.00 LPM are not accurate. If the flow on the AeroNOx 2.0™ flow meter is set at a value
greater than 2.00 LPM, the delivered flow will be higher than the displayed flow value.

The NO; sensor may easily be damaged by inadvertent high levels of NO,. Use Nitrogen or air to
flush the system after high levels of NO (> 100 ppm) or NO; (> 20 ppm) have been introduced to the
sensor.

Setting alarm limits to extreme values can render the alarm system useless.

After storage at the extremes of the allowable temperature range, it is recommended that the AeroNOx
2.0™ be given at least an hour at room temperature before use.

NOTES:
The Low Cal does not require calibration gases.

Connections to various ventilators are unique to each manufacturer as well as their corresponding
disposable circuits.

When AeroNOx 2.0 ™is connected to a ventilator and patient is breathing spontaneously, a slight
change in NO ppm (< 10%) may be noted.

When performing high range calibration, make sure to select the correct calibration gas and confirm
expiration date before using.

Never connect calibration circuit to a pressure source > 50 cm H,0O; this could damage the sampling
system.

Protective cover not shown in many images throughout this manual should be used at all times to
provide extra impact resistance if dropped.

AeroNOx 2.0 ™is shipped with battery uninstalled. Follow installation procedure in Section 7.

Do not mount or position the AeroNOx 2.0 such that the rear power connection, exhaust ports, or the
NO inlet are blocked.

The recommended storage temperature limits are within operational temperature limits to preserve
sensor life. No specific time to cool or warm from storage temperature extremes is indicated. Before
normal use, a pre-check must be performed to allow sensors to stabilize.

Use the tethered rubber plug to seal the DC input jack from the environment when not in use.
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2. SPECIFICATIONS
2.1.

Symbols Table

The following symbols appear in the AeroNOx 2.0™ documentation and labels.

“‘ON’/”OFF” Power (Hold for ~3
Seconds to turn off)

Soft Key (3)

Silence Alarm Button &I Date of Manufacture
! M fact tact
=C)= Dim Backlight Button H ) ?nu acturer contac
i information
o
General Warning
Back Button : ; !
D & Caution, Risk of Danger
=1 "
NO Sample Inlet Do not discard in trash
< i
I
NO/N, 9VDC, 4.5A A
: : i Use indicated power
: NO/N, Delivery Outlet ‘ ___Si___ ’ supply only

Nitric Oxide Flow Control (Increasing
flow counter clockwise)

Exhaust Do Not Block

ATTENTION: Observe precautions - USE ONLY -
I“’A o for handling electrostatic sensitive g APPROVED ES? onlz]thn? Epteturﬂed
NON,
& . |
& Consult Instructions For Use < NO/N, Supply Gas Input
2lmin -

Operating pressure limits

&2 k

Operating temperature
limits

Type BF Applied Part

Class Il Equipment

Device serial number

Rx

ONLY

Prescription use only
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Decrease Value

REF Device part number

Confirmation Set Low Alarm Limit

Set High Alarm Limit

- Select High/Low Alarm Limits

AC Power Plugged in and
Charging

Alarm Temporarily Silenced for

Approximately 60 Seconds Screen Lock

. Increase Value

Battery Level
Full / Low

Screen Unlock (Hold to
unlock)

Hold Button Timer (Moving Pie
Chart)

Lock Prohibited with
unacknowledged alarm

Nitric Oxide Concentration in Parts

Per Million Percent Oxygen

Zero Calibration Screen
Soft Key

Set NO=0, NO,=0, and %0,=21 Soft
Key (Hold to zero)

High Calibration Screen
Soft Key

_ Nitrogen Dioxide Concentration in
Parts Per Million
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2.2. Abbreviations

ABBREVIATION DEFINITION
AC Alternating Current
CISPR International Special Committee on Radio Interference
cm Centimeters
DC Direct Current
ESD Electrostatic Discharge
FiO, Fraction of Inspired Oxygen
FSO Full Scale Output
ft Feet
HFOV High Frequency Oscillatory Ventilation
IB International Biomedical
in Inches
L/min Liters per Minute
mA Milliamps
mbar Millibars
mL/min Milliliters per Minute
mm Millimeters
mmHg Millimeters of Mercury
N, Nitrogen Gas
NO Nitric Oxide Gas
NO, Nitrogen Dioxide Gas
O, Oxygen Gas
PM Preventative Maintenance
ppb Parts per billion
ppm Parts Per Million
psi Pounds per Square Inch
psig Pounds per Square Inch Gauge
PTFE Polytetrafluoroethylene
RH Relative Humidity
RF Radio Frequency
V Volts
VESA Video Electronics Standards Association
VRLA Valve Regulated Lead Acid
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2.3. Ventilator Compatibility
The AeroNOx 2.0™ has been validated with the following ventilators:

Conventional:

Bio-Med Devices MVP-10 (CMV/IMV Mode)
Bio-Med Devices CV2i+ (CMV/IMV Mode)
Accutronic Fabian/TV-1 Evolution (IPPV Mode)
HAMILTON-T1 (PCV Mode)

Bio-Med Devices TV-100 (IPPV Mode)

High Frequency:

1. Percussionaire TXP-2D (frequencies between 5 Hz (300 bpm) and 8.3 Hz (500
bpm) and amplitude less than 30 cmH,O with mean airway pressures of 8-18
cmH,0)

2.4. Measurement Range and Accuracy

arwnE

Parameter Measurement Meter Sensor Device’
Range Resolution Accuracy Accuracy
NO 0-99 ppm 1 ppm +1 ppm + 2 ppm
NO, 0-9 ppm 0.1 ppm + 0.1 ppm + 2 ppm
0O, 18-100% + 1% O, +2% O, + 3% O,
NO/N, Flow 0-2 L/min 0.01 L/min + 0.045 L/min + 0.1 L/min

2.5. Backup Delivery Requlator

Parameter Specification
Inlet Pressure 500-2250 psi
Outlet Flowrate 0.25 L/Min Fixed flow of NO/N,
Cylinder Valve Connection CGA 626

2.6. INOstat Bagger

Parameter Specification

O, Gas Flow 10 L/Min

NO Gas Flow 0.25 L/Min

Delivered NO 20 ppm

NO, Generated 0.2 ppm Maximum
20 ppm NO Delivered

Reservoir Volume 05L

Bagger Dimensions Approximately 30 cm length

Tidal Volume 500 ml Max Tidal Volume

Breath Rate Maximum 100 bpm at PIP 18 cmH,0
PEEP 5 cmH;0.
Maximum 50 bpm at PIP 40 cmH,O PEEP
5 cmH,0

I:E Ratio Variable

! Device accuracy is affected by the ventilator that is attached.
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2.7. AeroNOx 2.0™ Delivery Requlator

Parameter Specification
Inlet Pressure 500-2250 psi
Outlet Pressure 45-75 psi
Cylinder Valve Connection CGA 626

2.8. AeroNOx 2.0™ Physical Specifications

Parameter Specification
Weight (device + protective cover only) 4.4 kg
W xDxH 33cm x 14 cm x 25 cm
Precision Metering Valve ~12 turns to fully open
Service Life 8 years with preventative maintenance
Gas Supply Recommend NO @ 800ppm Balance N,
Alarm Sound Pressure Level I\H/Ilgcri]ilfrlnagrlla-rm i gggg mgi g im

2.9. AeroNOx 2.0™ Environmental Specifications

Operating Transport/Storage Transient
Temperature 0°Cto39°C -40°Cto 5°C -20° Cto 50° C
5°to 35° C up to 90% RH
35° Cto 70° C vapor
pressure up to 50hPa
Humidity 15-90% RH See above 15-90% RH
non-condensing non-condensing
Ambient Pressure 62-120 kPa 62-120 kPa Not rated
Altitude 3657 m (12,000 ft) | 3657 m (12,000 ft) Not rated
Ingress Protection
AeroNOXx 2.0™ |P33? IP33? Not rated
Power Supply 1P22° 1P223 Not rated

2 (Falling liquid spray 60° from vertical for 5 min and 2.5 mm object protection)
3 (Dripping water at 15° from vertical for 2.5 min, and 12.5 mm object protection)
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2.10. AeroNOx 2.0™ Electrical Specifications

Parameter

Specification

Medical Rated AC Supply

Meanwell GSM40B09-P2S

Input Fuse

3A Self-resetting

Classification

Class Il, 2 X MOPP

AeroNOx 2.0™ Input Voltage

120 - 240 VAC, 50/60 Hz

Battery

NOTE: Batteries are not interchangeable.

Sealed lead acid 6 V, 4.5 Ah battery
provides standalone power for 5 hours.
IB P/N 888-0115, 1 year life

LiFePO4 6.4 V, 4.5 Ah battery provides
standalone power for 5 hours.

IB P/N 888-0013, 2 year life

Standards

1. 60601-1 (General Requirements for
basic safety and essential
performance)

2. 60601-1-2 (Electromagnetic
Compatibility)

3. 60601-1-8 (Alarms)

4. 60601-1-12 (EMS Environment)

2.11. Sensor Specifications

NO NO, 0O, Flow
Max Overload 1500 ppm 200 ppm N/A N/A
Linearity Linear Linear < 3% error N/A
Response Time | _1gg <50s <13s 10ms
(Too)
Effect of Temp on Compensated
Accuracy N/A N/A N/A 0to50°C

For further sensor details visit the datasheets in the Appendix.

2.12. EMC Compliance

The AeroNOx 2.0™ has been tested and found to comply with limits for
electromagnetic interference and susceptibility as defined by IEC60601-1-2.
However, this equipment may radiate radio frequency (RF) energy and may cause
harmful interference to other devices. The AeroNOx 2.0™ is intended for use in an
electromagnetic environment in which radiated RF disturbances are controlled. The
customer or the user of the AeroNOx 2.0™ can help prevent electromagnetic
interference by maintaining operating the device in the environments and with the
minimum separation distances specified below. Additionally, periodic maintenance
as specified by International Biomedical will allow the device to continue to provide
basic safety and essential performance.
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GUIDANCE AND MANUFACTURER’S DECLARATION - EMISSIONS

The AeroNOx 2.0™ is intended for use in the electromagnetic environment specified below. The
customer or user of the AeroNOx 2.0™ should ensure that it is used in such an environment.

ELECTROMAGNETIC ENVIRONMENT -

21

EMISSIONS TEST COMPLIANCE GUIDANCE

The AeroNOx 2.0™ does not use RF energy for
its internal function. Therefore, its RF

RF Emissions CISPR 11 Group 1 emissions are very low and are not likely to
cause any interference in nearby electronic
equipment.

Conducted Emissions Class B The AeroNOx 2.0™ is suitable for use in all

CISPR 11 establishments, including domestic, and those

Harmonics IEC 61000- Class A directly connected to the public low-voltage

3-2 ass power supply network that supplies buildings

. . f [ :
Flicker IEC 61000-3-3 Complies | |Sed for domestic purposes
RTCA/DO-160F Section Maximum level of conducted RF interface-
Category M .
21 Power line
RTCA/DO-160F Section Category M Maximum level of radiated RF interface

GUIDANCE AND MANUFACTURER’S DECLARATION - IMMUNITY

The AeroNOx 2.0™ is intended for use in the electromagnetic environment specified below.
The customer or user of the AeroNOx 2.0™ should ensure that it is used in such an
environment.
IMMUNITY IEC 60601 COMPLIANCE ELECTROMAGNETIC
TEST TEST LEVEL LEVEL ENVIRONMENT -
GUIDANCE
Floors should be wood,
ESD + 8 kV Contact + 8 kV Contact concrete, or ceramic tile. If
IEC 61000-4-2 + 2/4/8/15 kV Air + 2/4/8/15 kV Air floors are synthetic, the r/h
should be at least 30%.
Mains power quality
Surge + 0.5/1 kV Differential | + 0.5/1 kV Differential | should be that of a typical
IEC 61000-4-5 | +0.5/1/2 kv Common | + 0.5/1/2 kV Common | commercial or hospital
environment.
Power Power Frequency
Frequency magnetic fields should be
50/60 Hz 30 A/m 30 A/m that of a typical
Magnetic Field commercial or hospital
IEC 61000-4-8 environment.
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GUIDANCE AND MANUFACTURER’S DECLARATION - IMMUNITY

The AeroNOx 2.0™ is intended for use in the electromagnetic environment specified below. The
customer or user of the AeroNOx 2.0™ should ensure that it is used in such an environment.

(V1) Vrms

(E1) V/m

IEC 60601 COMPLIANCE ELECTROMAGNETIC
IMMUNITY TEST TEST LEVEL LEVEL ENVIRONMENT -
GUIDANCE
Portable and mobile
communications equipment
should be separated from the
AeroNOx 2.0™ by no less
than the distances
calculated/listed below:
Conducted RF 3Vrms 3Vrms
IEC 61000-4-6 150 kHz to 80 MHz | 150 kHzto 80 MHz | 35 /p
(AC/DC) (AC/DC) Vi
6 Vrms 6 Vrms 35
(in ISM Bands (in ISM Bands D= E— P
between 150kHz between 150kHz | g0 10 800 MHz
and 80MHz) and 80MHz)
D= Z+/P
Eq
800 MHz to 2.7 GHz
Radiated RF 10 V/Im 10 VIm Where P is the max power in
IEC 61000-4-3 80 MHz to 2.7 GHz | 80 MHz to 2.7 GHz | watts and D is the

recommended separation
distance in meters.

Field strengths from fixed
transmitters, as determined
by an electromagnetic site
survey, should be less than
the compliance levels (V1 and
E1).

Interference may occur in the
vicinity of equipment
containing a transmitter.

Proximity fields
from RF Wireless
Communication
Equipment
IEC61000-4-3

See
IEC60601-1-2:2014
8.10

See
IEC60601-1-2:2014
8.10

This equipment should be
placed no closer than 30cm
from the nearest RF Wireless
communication device.
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2.13. Physical Dimensions and Center of Mass

303mm

153mm

233mm

107mm

MASS=4.4kg

2.14. VESA Mounting Pattern

4X HOLES FOR
M4 SCREWS
10MM MAX
LENGTH

137mm

= 76mm ——
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3. THEORY OF OPERATION

The AeroNOx 2.0™ is a durable, light-weight, portable, battery operated device designed to
deliver Nitric Oxide (NO) to a ventilator circuit and continuously monitor and display
concentration levels of Nitric Oxide, Nitrogen Dioxide (NO_), and Oxygen (O5,).

3.1. Front Panel

The front panel contains a 4.3” smart display and a dedicated green LED for indicating
that the device is plugged in. Six push buttons located on the front panel allow setting of
the High and Low concentration alarm points for NO and O, and the High concentration
alarm point for NO,. The right three buttons are soft keys that have varying function
depending on which menu is displayed. The three left push buttons are dedicated to
“Alarm Pause”, “Screen Dim”, and “Back” functions. The manual flow control knob is
located toward the lower right side of the front panel. The On/Off button is located in the
lower right corner.

3.2.  Front View - Labeled

CHARGING
INDICATOR

ALARM PAUSE

SOFT
KEYS

DIM

BACK

SAMPLE DELIVERY NO FLOW ON/QFF
INLET  OUTLET
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3.3. Button Functions

BUTTON FUNCTION

@ e Turn on/off device (Hold for ~3 Seconds to turn off)

e Silences current alarms for 60 seconds and displays the “Alarm
Pause” icon in the upper right hand corner of the display

e Toggles between high brightness and low brightness for operation in
darker environments

e Returns the user to the previous menu

e Enter calibration when held during the startup screen

e Hold together for ~5 seconds to enter “Safety Off” Mode

WARNING: Safety features have been disabled for setup or
troubleshooting. Do not enter “Safety Off”
mode with patient connected.

Depending on the adjacent icon displayed on the screen this button may:
e toggle the calibration mode,

toggle the selected gas

zero the sensors

lock/unlock the buttons

toggle high/low alarm setting

increase/decrease selected value

)
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3.4. Rear Panel

The battery, sensors, charging port, NO inlet, and mounting points are accessed from the
rear of the device. See the following view for respective locations.

3.5. Rear View - Labeled

)
VESA 75mm HANDLE DOVETAIL

|
MOUNT / MOLNE

SENSOR
COVER
BATTERY
COVER
PURGE
PIN
NO SUPPLY
INLET

EXHAUST

PORTS 9V DC POWER

INPUT

3.6. Connection to Ventilator Circuit

The system is divided into a delivery side and a sampling side. The delivery side uses a
precision valve to manually control the flow of pre-mixed medical grade Nitric Oxide and
Nitrogen, while an in-line mass flow meter measures the flow rate. The NO flow is
injected into a ventilator circuit where it mixes with ventilator flow and reduces in
concentration to the prescribed value (e.g., 800 ppm NO/N; reduces to 20 ppm in 5
L/min of Oxygen). Downstream on the ventilator circuit, the AeroNOx 2.0™ diverts a
sample of the mixture to verify its concentration as delivered to the patient. To adjust the
concentration, the user must manually increase or decrease the flow of NO/N via the
control knob on the front panel. Measurements of NO, NO,, O,, and flow rate are
displayed continuously, as well as alarms, indications, and warning messages. The
NO/N; flow and resultant sampled NO concentration are related given the ventilator flow
rate and NO/N; concentration, so the user can cross check the NO concentration for
expected values. The diagram below shows a typical setup. NO; is measured as it is a
toxic byproduct of highly reactive NO and O, when left lingering too long together.
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Inspiratory Limb

Ventilator

-

NO/N,
800 ppm

>15cm %
- T L { Patient
A
Inspiratory
i Limb
Inspiratory g . 30cm  —»
i NO/NO,/O
Limb NO 2/
Titration Sampling
‘ { Nitric Oxide
/ i \ gas supply
N @ 50 psi via
Y braided
stainless
AeroNOx 2.0™ steel hose
with quick
disconnect
O

The following figure describes the pneumatic flow paths for both the sample and the
delivery side of the device when connected to a ventilator.

AeroNOx 2.0™ FLOW BLOCK DIAGRAM

-SSkFa@3ml |
{-50 mbar @ 3mt) t
A I i =ramearnen I |
| 3 | |
FROM VENT - H I ! | CHECK I ! s
- NAFION FILTER |——{ INLET |— I E— | PUMP MANIFOLD/SENSORS : = EXHAUST
CIRCUIT : : VALVE | ’l : !
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3.7.

Delivery System

Regulated 50 psi Nitric Oxide is supplied to the ‘NO/N; Inlet’ quick disconnect through a
braided stainless steel hose. This feeds into the manual flow control valve in the
instrument. This valve controls the delivery rate of the Nitric Oxide and is operated by
the plastic knob on the front panel of the device. From the valve, the Nitric Oxide flows
through a 0-2 L/min Mass Flow Meter. Gas NO/N; then enters the solenoid valve
assembly with states shown below. The first in the series opens and closes with the
operation of the power switch, and its function is to ensure that no gas can flow if the
power switch is turned off. A second valve, in series with the first, activates for about 1
second when the power switch is turned on. This valve diverts the flow of Nitric Oxide to
room air exhaust for ~1 second to release the pressure built up by the gas stored in the
mass flow meter. It then switches to pass the gas through to the “Nitric Oxide Delivery
Outlet”. The microprocessor in the instrument controls the operation of the solenoid
valves.
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Part No. 715-0088, Rev. G -28 -



3.8. Sample Analysis System

Gas for analysis is drawn into the device via a sample circuit with Nafion® tubing into the
filtered “Sample Inlet” quick disconnect. From here, it passes through a check valve, a
tee to the pressure transducer, the sample pump, and into the manifold. The differential
pressure transducer monitors the line attached to the “Sample Inlet” for obstructions. If
vacuum pressure goes below 50 mbar, the pressure transducer signal is used to shut off
the pump, shut down NO/N; flow, and warn the user. Power must be cycled to reset the
device after a “Sample Blocked” condition has occurred. An internal potentiometer
adjusts the pump RPM to set the sample flow rate to ~200 mL/min. As the gas exits the
pump, it flows through a manifold where it travels past the oxygen, nitrogen dioxide, and
nitric oxide sensors before being exhausted to room air. Signals from the oxygen,
nitrogen dioxide, and nitric oxide sensors are sent to the microprocessor for display on
the LCD display on the front of the device. The sampling system operating range is
shown below as well as an isometric view of the Sample/Delivery System components
inside the AeroNOx 2.0™.

Sample
Flow

220mL/min
\\\\\\\\\\\\
120mL/min

SAMPLE
BLOCKED

Vacuum 1
-50mbar 0
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3.9. General Features and Operation

3.9.1. Microprocessor

The AeroNOx 2.0™ is designed around the TEKMOS TK68HC711E9CFNE3
microprocessor operating with a clock frequency of 3MHz. The microprocessor
and associated software are responsible for the NO and NO, analysis operations
and the delivery of NO. Firmware may only be updated by International
Biomedical.

3.9.2. 4.3” Smart LCD

The display is a smart 4.3” LCD that contains graphics and subroutines called by
the TEKMOS processor. The display may only be replaced. Attempting to access
the USB port may harm the device and render it inoperable.

3.9.3. Startup

The AeroNOx 2.0™ is turned on by pressing the power switch on the front panel.
Activating this switch awakens the microprocessor from its “sleep” mode. A
battery voltage and a Read only Memory (ROM) check are performed. If all is
well, the microprocessor (U7) activates the LCD display with a message
containing the model and the current software version showing for about 4
seconds, then defaulting to delivery mode where flow rate and concentrations of
NO, Oz, and NO; are shown. The ‘SYS_ON’ signal is also fed to the power
supply circuit board, enabling transistor Q1, which now pulls U3-2 low. This now
takes the regulator U3 out of “shutdown”, bringing the main +5 volt supply online.
At this point, the instrument is completely powered up and functioning, the O, and
flow displays are on, and the sample pump has started and is running.

Holding down the front panel power button will turn the unit off. When the unit is
“off”, portions of the instrument are still powered up but the microprocessor is put
into a “sleep” mode. Power is still applied to the microcontroller, the power button
circuit, the Analog to Digital converters, and to the analog power supplies. The
Analog to Digital converters are in a power down mode with very small current
consumption when the instrument is off. In addition to some circuits on the control
board, the analog power supplies also support the sensor board. Power is
required to maintain a bias voltage of -300 mV on the NO sensor. If this bias is
lost, several hours are required before the NO sensor can be used to measure
gas accurately. More information on the sensors is provided later in this manual.
Maintaining the bias on the NO sensor means the instrument is ready for
calibration and use immediately upon powering up. The NO, sensor does not
require this constant bias when the unit is off; instead, a set of contacts on the
power switch close when the switch is turned off, placing a short circuit across the
SENSE and REFERENCE electrodes of the cell. This keeps the NO, sensor in a
ready-to-use condition.

On the power supply board, U3 remains powered, although U3 draws little current
in its “shutdown” condition. If the external DC supply is connected, the associated
charge circuit and VDC regulator (U8) will function regardless of unit power state.
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3.9.4. Battery, Charger, and Battery Monitor

The software in the AeroNOx 2.0™ monitors the condition of battery charge and
displays it on the LCD display in the upper left hand corner. In addition, it also
determines if there is sufficient power to correctly operate the instrument.

There are two battery options used in the AeroNOx 2.0™. The first is a sealed
lead-acid battery rated at 6V, 4.5 Ah. The second is a 6.4V, 4.5Ah LiFePO4
battery. The battery is modified with a low voltage cutoff and overcurrent
protection circuit in series with the positive lead. The SLA battery has a 2-pin
connector and the LiFePO,4 has a 3-pin connector. Only use the International
Biomedical approved replacement batteries 888-0115 (SLA) or 888-0013
(LIFePO,).

The AeroNOx 2.0™ was designed to be charged and operated with a medical
grade power supply (P/N 738-1964). Intelligent charging circuitry for the battery is
provided on the power supply board. This is sufficient to fully power the unit and
charge the battery, while preventing overcharging of a powered-off unit with a
depleted battery. Polarity protection is also provided in the event an unapproved
external power source is attached. If the battery discharges to the cut-off point,
the battery may appear completely dead unless charged above the cut-off voltage
or left to spontaneously rebalance its internal charge.

During operation, the battery level is monitored, as well as the external power
input. If the AeroNOx 2.0™ is being externally powered, a symbol representing a
2-prong power plug is displayed in the upper left-most position of the LCD display.
When operating from the internal battery only, this character is replaced with a
battery bar. A fully charged battery will be indicated by the presence of all bars,
which will gradually change color and disappear to become an empty outline of
the battery. As the battery voltage drops through critical thresholds, the
messages “‘LOW BATTERY”, “DATA INVALID”, “CONNECT CHARGER”, and
“‘NITRIC OFF” will appear on the screen. Eventually, the unit shuts off completely.

3.9.5. Alarms, Messages, and Warnings

The AeroNOx 2.0™ has adjustable alarm limits for the NO, O,, and NO, analysis
system, set with the buttons on the front panel. Alarm indications are both audible
and visual. The NO alarm is capable of settings between 0 and 99. The NO, only
has a High alarm limit only up to 9. The oxygen has a low alarm limit of 18 and a
high alarm limit of 100.

If the analyzed concentration of gas meets the conditions listed below, the
microprocessor will cause the solenoid valves to shut off flow of Nitric Oxide and a
High Priority Alarm will be displayed. When conditions return to within the
specifications, the valves will sequence and restart the flow.

o NO > 5 ppm above the NO High Alarm setting
° NO > 100 ppm

J NO, > 1 ppm above the NO, High Alarm setting
. NO, > 9 ppm

The following table summarizes the various messages and warnings, which may
be displayed by the AeroNOx 2.0™.
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Other Messages
LT SAFETY OFF
SAFETY 20 20
OFF 18 10
0.2 | 0.25
IIIIIII SAFETY ON
20 20
ON 18 3 10
0.203) O 25
ERROR CODES LEGEND:
UNKNOWN 0x00
EZLCD RET ERR 0x01
EZLCD_TIMEOUT 0x02
INTERNAL ROM_CORRUPTED 0x03
ERROR ROM WRITE FAILURE 0x04
STATE CORRUPTED 0x05
RTI STOPPED 0x06
WATCHDOG_TIMER 0x07
RX OVERRUN 0x08

3.9.6. Safety On/Off

During initial setup with each patient, the user may find situations where safety
alarms shutoff the flow of Nitric Oxide before adjustments can be made. To allow
for these situations, a Safety Off mode can be enabled by pressing the “Alarm
Pause” and “Back” buttons for ~5 seconds. This disables the “Nitric Off” from
occurring so adjustments can be made to get the flow concentration stabilized.
The device automatically exits “Safety Off” mode after 5 minutes or when
restarted. The user can alternatively return to “Safety On” by holding the buttons
again. In both cases, a message will appear informing the user of the condition.

WARNING: Safety features have been disabled for setup or
troubleshooting. Do not enter “Safety Off” mode with
patient connected.

Part No. 715-0088, Rev. G -33-



3.10. Environmental Effects

3.10.1.

Nitric Oxide and Nitrogen Dioxide Sensors

The Nitric Oxide (NO) and Nitrogen Dioxide (NO) sensors utilized in the
AeroNOx 2.0™ are amperometric (also called electrochemical). They can be
thought of as micro fuel cells, as they produce a measurable electric current
while oxidizing or reducing traces of electroactive gases. The simplest form of
sensor operating on electrochemical principles has two electrodes - SENSE and
COUNTER - separated by a layer of electrolyte and connected by a low
resistance external circuit. Gas diffusing into the sensor is either oxidized or
reduced reacted at the surface of the SENSE electrode, causing a current to
flow between the electrodes through the external circuit. The current is
proportional to the concentration of gas and can be measured across a load
resistor in the external circuit.

Sealed Sensing Electrode
ea'ec Catalyst Material
Container
Porous /
Membrane & / Sense Electrode
Reference Electrode ?
;: _;_:/ :T: Counter Electrode
Counter Electrode —_— ﬁ . ']
Sample > N
Sense Gas ﬁ '] Electrolyte
Electrode _— ’..i"’ N _
1 11
? 5 n Reference Electrode
L U
Z
Conventional Symbol of Sensor Simplified Representation of Sensor

Figure 1 Schematic and Conventional Representations of Electrochemical Gas Sensor

For reaction to take place, the SENSE electrode potential must be within a
specific range. As the gas concentration increases so does the current flow,
causing a change in the potential of the COUNTER electrode (polarization).
With the electrodes connected together by a simple load resistor, the SENSE
electrode potential follows that of the COUNTER. Using a third REFERENCE
electrode and an external potentiostatic operating circuit, the range of
concentrations a sensor can be used to measure is much greater. With this
arrangement, the SENSE electrode is held at a fixed potential relative to the
REFERENCE electrode. No current is drawn from the REFERENCE electrode,
so both maintain a constant potential. The COUNTER electrode is still free to
polarize, but this has no effect on the SENSE electrode and so does not limit the
sensor in any way. By controlling the potential of the SENSE electrode, the
potentiostatic circuit also allows greater selectivity and improved response to the
target gas. The same circuit is used to measure the current flow between the
SENSE and COUNTER electrodes.
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3.10.2.

3.10.3.

Gas diffusing into a cell becomes part of a reaction at the SENSE electrode:
oxidation (e.g. Nitric Oxide) or reduction (e.g. nitrogen dioxide). Each reaction
can be represented in standard chemical equation form.

Nitric Oxide (NO): NO + 2H,0O — HNO3 + 3H" + 3¢ (Oxidation)
Nitrogen Dioxide (NO,): NO, + 2H" + 2e" — NO + H,0 (Reduction)

The COUNTER electrode acts to balance out the reaction at the SENSE
electrode. If oxidation occurs at the SENSE electrode, oxygen will be reduced
to form water at the COUNTER. If, however, the SENSE electrode reaction is a
reduction, the COUNTER electrode reaction will be reversed (i.e. water will be
oxidized). The standard equation for this electrode can be written as:

%0, + 2H" + 2" — H,0

This overall equation demonstrates that the fuel for the reactions is gases
supplied to the sensor and the product is a gas emitted. In other words the
sensor is merely a catalyst for the reaction, and no part of it is directly
consumed.

Temperature Effects

A small signal known as the ‘baseline’ is present on the SENSE electrode of the
cell even when no reactant gas is present. The magnitude of the baseline
increases exponentially with temperature, but can be ‘zeroed’ out during
calibration. A large temperature change after calibration can cause a slight
shifting in an instrument’s zero. Even with wide temperature variations, such a
shift will normally be too small to be significant. However, if the application
requires very high resolution, at very low concentrations, a zero shift could
significantly alter the overall measurement. A fourth pin on these
electrochemical cells is used to compensate for temperature effects.

Nitrogen Dioxide (NOy) Analyzer Circuit

The nitrogen dioxide sensor and signal conditioning circuitry is located on the
Sensor Board. The signal conditioning circuitry provides cell bias and power off
support in addition to converting the cell output current to a voltage. The output
voltage includes compensation from the Auxiliary electrode on the
electrochemical cell, and is nominally V(NOy) = 250mV/ppm. The voltage is
then sent to the control board where it is sampled by a dedicated Analog to
Digital converter and presented to the processor.

To maintain the cell in a ready to work state when an instrument is switched off,
the NO cell's REFERENCE, AUXILIARY, and SENSE electrodes are shorted
together and the COUNTER electrode is disconnected from the amplifier circuit.

CAUTION: While shorted, it is important to avoid exposure to active gases
or solvent vapors. Exposure to active gases and solvents in
the shorted state will cause damage to the sensor cells.

This emphasizes the importance of “flushing” the sampling system with oxygen
or clean air for a few minutes before turning the instrument off after use.
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3.10.4.

3.10.5.

3.10.6.

3.10.7.

Nitric Oxide (NO) Analyzer Circuit

The Nitric Oxide analyzer circuit is similar in design to the NO; circuit. The
amplifier circuit and standby cell conditioning are different due to the nature of
the electrochemical cell. The signal conditioning, cell bias, and output amplifier
are contained on the sensor board. The output voltage includes compensation
from the Auxiliary electrode on the electrochemical cell, and is nominally V(NO)
=25mV/ppm. The output voltage is sent to an additional dedicated Analog to
Digital on the control board, controlled and read by the processor.

The NO electrochemical cell requires a 300mV bias between the COUNTER
and REFERENCE electrodes at all times. Losing cell bias or installing a new
unbiased sensor will produce a large, rapidly decreasing baseline which will
require 48 hours to stabilize before stable measurements can be made. The
baseline will take about three weeks to fully stabilize. For this reason, the power
supplies associated with the sensor circuits are ON anytime the battery is
installed.

This emphasizes the importance of keeping the unit plugged into the charger in
between uses. Doing so will maintain the unit in a ready to work state.

NO / NO, Circuit Calibration

For maximum accuracy, cells should be calibrated using a gas mixture in the
range where most measurements are to be made or where this is not possible,
choose a mixture towards the top of the cell range. Calibration gases exceeding
the range of the cell must not be used, as this may not provide an accurate
calibration.

As calibration normally involves exposing the sensing face of the cell to gas for a
relatively short period, a calibration gas need not contain oxygen - sufficient is
supplied from ambient air, for a limited time, through the side access paths. In
most cases, a five-minute exposure time is sufficient to achieve a stable
calibration signal. Depending on the equipment used, however, NO, cells may
need a longer exposure time due to surface adsorption.

Pressure Effects

Cells will give a transient response when exposed to sudden changes in
pressure in the presence of a measured gas; however the peak signal decays in
only a few seconds.

Temperature Dependence

Both the span signal and the baseline (zero gas current) are affected by
temperature. The output from a cell will vary only slightly with temperature.
Rapid changes in temperature will create a transient response, which will die
away after 20 - 30 seconds. The graphs show the typical variation in span
output with temperature for cells calibrated at 20° C to a reading of 100% from a
suitable test gas.
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3.10.8.

3.10.9.

3.10.10.

3.10.11.

Humidity Effects

Toxic gas cells use aqueous electrolytes, which, in conjunction with the porous
diffusion barrier, permit water vapor to be absorbed into the electrolyte under
conditions of high water vapor pressure, and allow the electrolyte to dry out at
very low ambient water vapor pressure. Normally, provided conditions are non-
condensing, the cell performance is relatively unaffected by humidity. However,
some sensors will show a transient response when rapid changes in humidity
occur. This should die away after about 20 - 30 seconds.

Continuous operation is possible between 15% and 90% RH over the full
operating temperature range without affecting sensor life or performance as,
under these conditions, the electrolyte will reach equilibrium with the external
water vapor pressure. It is possible to operate outside these conditions, but
water transfer may occur and must be taken into consideration.

High Humidity, High Temperature

Water will slowly diffuse in under continuous operation at high temperatures and
90 - 100% RH. If water uptake exceeds the free space available, then the
sensor becomes prone to leakage - increasingly so as more and more water is
taken up by the sensor. Lowering the humidity before leakage occurs will
gradually restore the sensor to its original condition and no permanent harm will
result from this exposure.

If a sensor is being affected by condensation, drying it with a soft tissue will
restore normal operation. Do not heat sensors above 40° C to dry them out.

Low Humidity, High Temperature

In continuous operation at 0 - 15% RH, water will diffuse out, only becoming a
problem when the volume of electrolyte has decreased by more than 40%. At
this point, the gas sensitivity of the sensor will be affected and the housing and
seals may be attacked by the very concentrated electrolyte. Exposure to a RH
above 15% will begin to restore the water balance, provided a sensor is not left
in this condition long enough for a reduction in the electrolyte to take place. A
medium sensitivity cell can operate for around six to seven weeks at 100% RH
and 40° C (continuous) and two to three weeks at 0% RH (continuous). In
general, low sensitivity cells will have slow water transfer rates, whereas high
sensitivity cells will have higher water transfer rates, and should be operated for
shorter periods of time in these conditions. The cells used in the AeroNOx
2.0™ are towards the higher sensitivity end of the range.

Cell Handling

Toxic gas cells have a rugged design and are relatively insensitive to
mishandling. Following these few simple guidelines will ensure correct
operation in service:

o Do not subject the cells to any pressure when clamping or handling.

o Do not remove or puncture the protective mesh or the underside
slipcover over the capillary region.

o The cell contains a small volume of strong mineral acid. In the unlikely
event of a leak, avoid contact with skin, eyes, and clothing. If exposed,
rinse contaminated parts thoroughly with water and consult a physician.
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3.10.12.

o Do not use solvent based glue directly on or near the cell as the solvent
will cause crazing of the plastic and damage to the electrodes can result
from high concentrations of solvent vapors.

o Do not store or assemble in areas that contain solvent vapors, including
aerosols used in the environment such as air-freshener, wax polish,
window cleaner, and all organic solvents. Formaldehyde, for example, is
known to temporarily inhibit the operation of Nitric Oxide sensors. Other
solvents are known to create false high baselines and, in some cases,
may damage the electrodes.

o Sensors in which the PTFE membrane is clearly visible must not be
stacked on top of each other as the capillary region is particularly
susceptible to damage from Printed Circuit Board pins.

o Do not solder connections directly onto gold Printed Circuit Board pins of
a cell.
o Do not bend the pin connections.

Individual data sheets include tables of the cross-sensitivity of each cell to
gases other than their target gas. These tables show the typical response of a
sensor to a given concentration of test gas, normally around the Threshold
Limit Value level. All values were obtained experimentally at City Technology.
Depending on the nature of the reaction each gas has with the sensor, the
effect can either decrease the signal (negative cross-sensitivity) or increase the
signal (positive cross-sensitivity). For safety concerns, a negative cross-
sensitivity may present more problems than a positive one, as this will serve to
diminish the response to the target gas and so inhibit any alarm. In such
cases, it may be necessary to monitor both gases. When a sensor shows
cross-sensitivity to a particular gas, whether or not this is a threat to accuracy in
an application depends on the degree of accuracy required and the relative
concentration of this gas relative to the target gas. For instance where + 10%
accuracy is needed, any gas likely to be present in a high enough concentration
to cause a 10% signal should be monitored separately.

Oxygen Sensor

The oxygen cell used in the AeroNOx 2.0™ is of the self-powered, diffusion
limited, metal-air battery type comprised of an anode, an electrolyte and an air
cathode as shown below. At the cathode, oxygen is reduced to hydroxyl ions
according to the equation:

O + 2H,0 + 4e” —» 40H

The hydroxyl ions in turn oxidize the metal anode as follows:
2Pb + 40H" — 2Pb0O + 2H,0 + 4e

Overall the cell reaction may be represented as:

2Pb + O, —» 2PbO

Oxygen cells are current generators, and the current is proportional to the rate
of oxygen consumption. This current can be measured by connecting a resistor
across the output terminals to produce a voltage signal. If the passage of
oxygen into the sensor is purely diffusion limited, this signal is a measure of
oxygen concentration.
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3.10.13.

3.10.14.

3.10.15.

3.10.16.

Oxygen Analyzer Circuit

As the O sensor also contains the output resistor, minimal signal conditioning
is required. This circuitry is located on the sensor board and provides an output
voltage proportional to the % oxygen. This voltage is sent to the control board
where it is read directly by the processors internal Analog to Digital Converter.
Sensor output drops as the cell ages. Like the NO and NO;, circuits, O, circuit
calibration is handled in software and requires no mechanical adjustments by
the user.

Linearity
The signal from an Oxygen cell is slightly non-linear and follows the law:

S = K In[1/(1-C)]

NOTE: If the sensor is calibrated in dry air to read 20.9% (S=20.9,
C=0.209), then K=89.14. The maximum error then occurs at
about 10% Oxygen when the cell output is approximately 0.5%
lower than a linear response would indicate. In most
circumstances this error is insignificant.

Carrier Gas Effects

For most purposes, the Oxygen cell may simply be calibrated in ambient air. In
the presence of high concentrations of gases other than air, however, the effect
of the carrier gas (i.e. mixture less oxygen) on the output signal becomes
important. The rate of diffusion of oxygen, and hence the signal from a cell, is
proportional to the molecular weight of the carrier gas (Graham’s Law).

Dry air may be considered to consist of 20.95% oxygen in nitrogen, which has a
molecular weight of 28 g/mole. When using the sensor with a different carrier
gas, with a significantly different molecular weight from nitrogen, the signal from
the cell will be affected.

Cross Sensitivity

Toxic gases at Threshold Limit Value levels will have no cross-sensitivity effect
on the Oxygen cell. At very high levels (i.e. percent levels), highly oxidizing
gases (e.g. ozone and chlorine) will interfere to the extent of their oxygen
equivalent, but most other commonly occurring gases will have no effect.

For example:
Methane 100% 0
Hydrocarbons 100% 0
Hydrogen 100% <-2%
Carbon monoxide 20% <-0.5%

Acid gases such as CO, and SO, will be slightly absorbed by the electrolyte
and tend to increase the flux of oxygen to the electrode. This gives an
enhanced oxygen signal of about 0.3% of signal per 1% CO,. Oxygen cells are
not suitable for continuous operation in concentrations of CO, above 25%.

NOTE: Sensors should not be subjected to prolonged exposure to highly
corrosive atmospheres as this will cause premature failure.
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3.10.17.

3.10.18.

3.10.19.

Temperature / Pressure Dependence

The output of an Oxygen cell varies slightly with gradual changes in
temperature, but when exposed to a step change in temperature, these sensors
exhibit a transient response - a signal decrease for a sharp rise in temperature
and a signal increase for a sharp drop in temperature. The temperature
transient will diminish in about 20 seconds.

Oxygen cells will give a transient response to step changes in pressure - a
signal increase for increased pressure and a signal decrease for decreased
pressure. This transient will disappear after about 8 - 10 seconds. Mechanical
shock may also cause the sensors to give a temporary increase in signal.

Oxygen Concentration vs. Humidity

Prolonged periods of operation in either extremely high, or extremely low,
relative humidity will have little effect on the sensors. Changes in relative
humidity of a gas sample will affect the volume % concentration of oxygen, and
therefore the output of a cell due to the dilution effect caused by increasing
water vapor pressure. The current given by Oxygen cell is only affected
inasmuch as the concentration of oxygen varies.

In conditions where liquid condensation may occur, liquids may form in the
region of the gas access hole, which will restrict the flow of gas to the sensor,
resulting in a low signal. If a sensor shows signs of being affected by
condensation, drying the sensor with a soft tissue may restore normal
operation. Under no circumstances should the sensors be heated above 40° C
to dry them.

Oxygen Cell Handling Precautions
Oxygen cells are relatively insensitive to mishandling and following the simple
guidelines given below should ensure correct operation.

o Oxygen sensors may be stored for up to six months during which time
they should be kept sealed in the containers in which they are supplied
in clean dry air at 0 - 20° C.

o Do not store sensors in areas containing solvent vapors, as exposure to
organic solvent vapors may inhibit their performance.

o Oxygen sensors must not be subjected to any pressure when handling
or clamping.

o At the end of its life, please dispose of the cell properly as it contains a

small amount of lead.

3.11. Mass Flow Meter Circuit

The mass flow meter (MFM) circuit operates when the unit is powered on. The
flowmeter produces a ratiometric analog output voltage of 0.5 V - 4.5 V over the full span
of 0-2 L/min. The signal is offset and amplified before being interpreted by the
processor’s onboard Analog to Digital converter.
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4. CALIBRATION

The AeroNOx 2.0™ must be zeroed daily and high calibrated at least weekly as part of normal
use to ensure the sensors are functioning correctly and the device is operating normally. This
calibration is in addition to the yearly preventative maintenance that must be performed to each
device. More detail on preventative maintenance can be found in Section 5 of this service
manual. The device must have been charged or charging for at least 48 hours to obtain a
stable measurement with fully biased sensors. The unit does not have to be “ON”, but the
internal battery must have been connected. Even while powered off, the device slowly drains
the battery maintaining a sensor bias. After about a week, the internal battery will be dead and
the sensors will become unbiased. Recharging will replenish the battery and re-bias the cells.

4.1. Low Range Calibration (Daily)

The low range calibration of the AeroNOx 2.0™ uses room air to calibrate the NO, NO,
and O sensors at the same time. The system draws in room air from the sample port.
This must also be done prior to the weekly high calibration.

Low Range Calibration

If unit is on, turn unit off and back on
again using power button on front of
AeroNOx 2.0™,

During startup press and hold the “BACK”
soft key to enter calibration mode. It will Frmvarever VIRGT 553935

Build Date: 2016-04-11 0.0055 152

only be available for ~5 seconds. il Ven 5 0.4882 10

9)
ZB BlIOMeDICaL
Hold to Enter Calibration Mode

Press “Zero Cal” soft key to enter low iiiiip
range calibration.

NOTE: “Zero” value for O, is 21%.

Unplug sample line or calibration circuit if
connected. Allow the device to sample
ambient air for a few minutes to clear out
the sample path.

02 0.3/23
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Press and hold “Hold to ZERO” soft key
until timer completes (~3 seconds).
When zero calibration is finished it will
read “Done”.

Monitor should indicate:
NO - 0 ppm
NO- - 0 ppm
%0, —21%

4.2. O3 High Range Calibration (Weekly)

High range calibration requires a 100% O, user supplied gas source. Low Range
calibration must be performed first.

0O, High Range Calibration

FirmwareYer. V7RC7.1 0.0399 0
Build Date: 2016-04-11 0.0055 152
Display Ver. 2.12 0.4882 10

Enter Calibration Mode by holding

O
“BACK?” button on startup. B B I O M e D I C a LIb
Hold to Enter Calibration Mode

libration Mode

Press “High Cal” soft key. (ppm) \ NO, I ‘ %0,

0 ,,\\0H21
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Connect calibration circuit
(P/N 738-1850) to 100% O, gas source.

Set O, to ~1 L/Min.

NOTE: Check valve will dump excess
flow if oversupply of O, is given.

100% O,
~1LPM

EXCESS
FLOW

°
L/CALC.RCU.T

][

Connect sample line plug of calibration
circuit into AeroNOx 2.0™ sample port.

Press “O,” soft key.

0,% becomes highlighted and displays
current measured value. When display
has stabilized after 2-4 minutes, use “UP
AND DOWN?” arrow keys to adjust
reading to 100% O,
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4.3. NO High Range Calibration (Weekly)

Ensure that low range calibration was performed first.

NO High Range Calibration

If Oz high calibration was just
completed, press the “BACK” button
until gas selection screen is shown.

Otherwise, enter Calibration Mode by
holding “BACK” button on startup.

Locate calibration circuit 738-1850.

NOTE: Same calibration circuit from
O, may be used.

Firmware Ver. V7RC7.1 0.0399 0
Build Date: 2016-04-11 0.0055 153
Display Ver.2.12 0.4882 10
© + T3Py
¢ % f ) r
Internation: {
Hold . to Enter Calibration Mode
10 TO AeroNOx 2.0™
CALIBRATION —= : SAMPLE INLET
REGULATOR ‘
o — ’
GAS
FLOW ONE-WAY
OVERPRESSURE
VENT
DO NOT BLOCK

Obtain NO Calibration gas and
calibration regulator, confirm the
following from the label:

1. Expiration Date
2. Concentration

45 PPP {470) Nitric Oxide R0
Balance Nitrogen (N2)

ML@T70'F and 14.7 psia
{1'C and 101 kPa)

111119

o il
t: 806795 ¥

= 1
- S e /

~—w-wa
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Connect calibration regulator to NO
calibration gas. Connect calibration
circuit to calibration regulator.

1. Calibration regulator (731-9141)
2. Calibration Circuit (738-1850)

Press “NO” soft key.

22 (0.0/(98

NO ppm becomes highlighted and
displays current measured value.

231/ 0 |[100) 1

Turn cylinder on. (Replace cylinder if
pressure is below 500 psi).
Allow gas to vent for 10 seconds then
attach calibration circuit to the AeroNOXx
2.0™ sample inlet.
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When NO display has stabilized after 2-
4 minutes, use “UP AND DOWN”
arrow keys to adjust reading to
concentration on label (i.e., 45 ppm).

4.4. NO, High Range Calibration (Weekly)

Perform low range calibration first.

NO, High Range Calibration

If NO high calibration was just
completed, press the “BACK” button
until gas selection screen is shown.

Otherwise, enter Calibration Mode by
holding “BACK?” button on startup.

0.0399 0
0.0055 159
0.4352 10

FirmwareVer. Y7RC7.1
Build Date: 2016-04-11
Display er.2.12

©
&3 BlOMeDICaL”
Hold to Enter Calibration Mode

Locate calibration circuit.

NOTE: Same calibration circuit from
O, and NO;, may be used.

T0 TO AeroNOx 2.0™

CALIBRATION —>; g D i < SAMPLE INLET
REGULATOR ( N
% ;)
+ '\“‘—1\_—':-/”'
GAS
i ONE-WAY
OVERPRESSURE
VENT

DO NOT BLOCK
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Obtain NO, Calibration gas, confirm the
following from the label:
1. Expiration Date
2. Concentration

1EF 1114120 Ll "”f
&) il

10 PPM«(+10%) Nitrogen Ui

21% Oxygen (02)
Balance Nitrogen(N2)

%L @70°F and 14.7 psia
(21°C and 101 kPa)

LoT | 4 “460°
1% 421009
| i 1

Connect calibration regulator to NO,
calibration gas. Connect calibration
circuit to calibration regulator.

1. Calibration Regulator (731-9141)
2. Calibration Circuit (738-1850)

Press “NO,” soft key.

22 (0.0
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NO, ppm becomes highlighted and
displays current measured value.

" e
i

20/8.1[100

Turn cylinder on. (Replace cylinder if
pressure is below 500 psi).
Allow gas to vent for 10 seconds then
attach calibration circuit to the AeroNOx
2.0™ sample inlet.

When NO, display has stabilized after
2-4 minutes, use “UP AND DOWN”
arrow soft keys to adjust reading to

concentration on label
(i.e., 10.0 ppm).

The AeroNOx 2.0™ is calibrated and ready for use.
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5.

MAINTENANCE

5.1.

AeroNOx 2.0™ Service Procedures Overview

The AeroNOx 2.0™ has a Nitric Oxide (NO) delivery flow path and a Sampling flow path
to verify the NO concentration delivered to the ventilator circuit. During assembly, repair,
or yearly PM, both paths must be verified to be leak-free and measuring accurately. This
must be done in addition to in-use low and high calibration that is performed each day or
each week.

The NO delivery path begins with a quick disconnect, then a precision needle valve
(Porter valve) meters the flow down to less than 1.0 L/min in most setups. After leaving
the Porter valve the flow is measured with a mass flow sensor and directed to the
ventilator circuit via two solenoid valves. Due to the high pressure and the nature of
Nitric Oxide gas, a leak check is imperative. The mass flow sensor does not require
adjustment; however its accuracy is checked in this procedure.

The sampling system pump draws up to 220 mL/min from a port downstream of the
delivery injection site on the ventilator circuit. The de-humidified sample enters the
AeroNOx 2.0™ via Nafion dryer tubing and a disposable filter connected to a quick
disconnect on the front of the device. It passes by a pressure sensor on the way to the
pump before passing over the O,, NO, and NO, sensors. The pressure sensor triggers
an alarm if the sample line is blocked, creating a vacuum pressure less than 50 millibars.
The sample exits the rear of the device via a filtered exhaust port. The pump voltage
and pressure sensor trip point may be adjusted to compensate for component tolerances
and wear via two potentiometers inside the device. During assembly or service, the
sample circuit may be calibrated and checked without sensors present. However, to
perform gas testing and sensor calibration, the sensors must be installed. It is also
recommended the enclosure be closed so any tube or cable routing problems will be
found.

This set of procedures is separated into three sections so the appropriate tests may be
applied depending on the state of the AeroNOx 2.0™ device under test. Portions of the
procedure where disassembly is required for adjustment may be skipped if the device
can be tested and verified to be within limits. Any time the case is opened, all three of
these procedures should be performed.
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5.2.

Maintenance Tools

DESCRIPTION SPECIFICATIONS USAGE EXAMPLE
Phillips Screwdriver #1, #2 tips assembly / disassembly | Xcelite X101
Xcelite X102
HEX Wrenches 2.5 mm, assembly / disassembly
5 mm, 0 .035”
Diagonal Cutters component removal / Weller 170-M
replacement Xcelite 54CG
Needle Nose Pliers component removal / Xcelite 57CG
replacement
Socket or Nut Driver 5/16”, 3/8”, 7/16”, assembly / disassembly | Xcelite HS8
1/2” Xcelite HS10
Xcelite HS12
Digital Multimeter test and measure Fluke 73
Miscellaneous Hand Tools
as Deemed Appropriate
ESD Safe Work Surface
and ESD Wrist Strap
52-Pin PLCC Extraction disassembly OK EX5

Tool

Trimmer Adjustment Tool

adjustments

Spectrol Type 8T000
Bourns Type H91

Water Manometer

80 cmH,O

adjustments

Fabricate as required

Gas Flowmeter w/Precision
Valve

0 - 250 cc/min

adjustments

AeroNOx 2.0™ Calibration Calibration 738-1850

Circuit

Gases - NO, NO,, O,, N, Calibration

Delivery Line and Regulator Calibration 738-1853, 731-9141

5.3.

Scheduled Maintenance

Frequency

Maintenance

Daily

Perform low

range calibration (zero).

Start of each patient

Perform pre-

use check.

Between each patient

1. Disinfect

unit.

2. Ensure unit is plugged into AC power.
3. Replace single use items.

Weekly

Perform high range calibration

Annually

Preventive Maintenance
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5.4. Cleaning the AeroNOx 2.0™

1. Disconnect external power before cleaning.

2 Apply cleaning solution to a cloth and wipe down outer surface and cable.
3. Use only the following cleaning agents.

4 Allow unit to dry thoroughly before use. Immediate use after exposure to

excessive cleaning agents such

as Isopropyl Alcohol can affect sensor

performance. Take particular care around the sample inlet.

Cleaning Agent

Active Ingredients

Soap/Water (Various)

Phenols
Phospholipid surfactant

Cavicide or Cavi Wipes

Diisobutylphenoxyethoxethyl dimethyl
benzyl ammonium chloride 0.07%
Isopropyl alcohol 17.2%

Inert ingredients 82.5%

Isopropyl Alcohol

Up to 100% Isopropyl Alcohol

Ethanol

Up to 100% Ethanol

Bacillol 30 or Bacillol 30 Wipes

NOTE: Only applicable to
International/EU Markets.

Ethanol

Propan-2-ol

Propan-1-ol
n-alkyl-aminopropyl-glycine

5.5. Preventive Maintenance

Schedule
Description Maintenance Interval
NO, NO,, and O, sensor replacement 1 Year
Calibration of sample flow rate 1 Year
Calibration of NO delivery flow rate 1 Year

Battery replacement

1 Year (888-0115)
2 Years (888-0013)

Inspection of Exterior

1 Year

Inspection of Power Input Connection

1 Year
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5.6. Replacing NO, NO, and O, Sensors

Sensor Replacement

Description Step lllustration

CAUTION: DISCONNECT
BATTERY AND EXTERNAL
POWER BEFORE SERVICE

A

Remove rear sensor cover by
loosening the 4 screws

1. Remove both
connectors.

2. Remove six screws
retaining circuit board.

3. Lift circuit board out and
remove sensors. Note
that sensors are
socketed to the circuit
board but may stick to 2
manifold and/or gaskets.
Keep both gaskets for re-
use.

4. O, sensor is removed by
unscrewing body
counterclockwise. Be
careful not to cross
thread.
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1. Remove the new sensors
from their packaging and
remove shorting springs,
wires, or bias board from
sensor if present.

2. Carefully clip tabs from 3
sides of sensors to flush
with sensor body.

DO NOT CLIP
VERTICAL PINS

Re-use gaskets for NO and
NO, sensors.

Use new O-ring supplied with
O, sensor (already attached).
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Install new sensors in reverse
order of removal. Be sure NO
and NO, sensors are placed
in their respective locations.
They have the same physical
pin configuration but are NOT
interchangeable.

Replace sensor housing and
tighten screws.

Reconnect battery, connect
external power supply, and
wait 48 hours for new sensors
to bias themselves. Then
proceed to Calibration,
Section 4. Both Low and
High Calibration must be
performed.

FirmwareVer. V7RC7.1 00399 0
Build Date: 2016-04-11 0.0055 153
Display Ver. 2.12 0.4882 10

2 international
B BIOMEDICa N

Hold t to Enter Calibration Mode
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5.7. SLA Battery Replacement
o Replace SLA battery at least every year.

o Rationale:
. Cycle life vs. depth of discharge (Battery datasheet)
o 200 cycles for 100% discharge (66.7 full discharge events per year)
o 450 cycles for 50% discharge (150 discharge events per year)
o 1200 cycles for 30% discharge (400 discharge events per year)

. Potential for decreased length of discharge cycle, noticed at a time of
increased vulnerability (i.e. on internal or external transports)

5.8. LiFePO, Battery Replacement
o Replace LiFePO, battery every 2 years.

o Rationale:
. 1500 cycles for 100% discharge (66.7 full discharge events per year)

o Potential for decreased length of discharge cycle, noticed at a time of
increased vulnerability (i.e. on internal or external transports)

. Potential for decreased length of discharge cycle, noticed at a time of
increased vulnerability (i.e. on internal or external transports)

PLEASE NOTE:

o When the AeroNOx 2.0™ is being used for NO therapy as intended, it is critical
that the AeroNOx 2.0™ always be operated with a fully charged functional battery.
With a discharged battery, the AeroNOx 2.0™ may continue to operate from the
external power supply, but ANY interruption (e.g. intentional or unintentional
disconnection of the external power supply) may shut down the device
unexpectedly. Electrochemical NO and NO; sensors in the machine require a
stable voltage source to maintain their bias and give accurate readings. This
stable voltage source is the battery supplied with the AeroNOx 2.0™.

o If an SLA battery is deeply discharged, its operating life will be significantly
shortened. The LiFePO, battery is more tolerant of deep discharges but running it
to depletion is discouraged for patient safety. If batteries are left in a discharged
state for any period of time, they may become damaged making them incapable of
accepting and holding a charge even when they are again connected to the
charger supplied with the AeroNOx 2.0™. A fully charged NEW 6 VDC 4.5 Ah
Battery is capable of operating the AeroNOx 2.0™ reliably for up to 5 hours. This
time will decrease as the battery ages and particularly if the battery has been
allowed to discharge as explained above. The battery has additional protection
built-in to cut-off at a certain voltage to protect the battery from over-discharge.
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Description lllustration

The AeroNOx 2.0™ is shipped with

an uninstalled rechargeable battery.
To function properly, the device

must have the battery installed.

The batteries are NOT
interchangeable.

The battery does not require
maintenance by anyone other than
service personnel according the
maintenance schedule.

To install battery, remove four M3
screws securing battery
compartment panel.

Connect the loose battery cable
connection in the battery
compartment. Tuck mated
connection into space next to
battery.

Replace cover.

Reverse operations to remove
battery.

run the AeroNOx 2.0™ for five (5) ot gl A
hours in optimal conditions. O O ‘04 ‘ 0_25

When operating on internal battery
power, a battery icon is located on
the screen.

A fully charged battery will normally
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5.9. AeroNOx 2.0™ MFM Flow Check/Leak Test Procedure

This document contains detailed instructions for checking the MFM (mass flow meter)
flow and for ensuring that there are no leaks in the delivery circuit plumbing or around the
stainless steel fittings in an AeroNOx 2.0™. Nitrogen is used as a test flow gas. This
procedure is to be performed as part of the AeroNOx 2.0™ production process prior to
initial release of the product, at least once annually for units returning from the field, and
as part of every servicing process because:

. MFM zero may drift with device age.

o Leaks may be introduced inadvertently by sharp jarring of the device.

. Leaks may be introduced inadvertently during servicing of the gas delivery circuit.
o Leaks may develop due to embrittlement of tubing or stressed connnections.

This procedure may be performed on an AeroNOx 2.0™ with or without sensors. The
device must have a battery connected to function properly, even with external power
applied to the DC jack.

5.9.1. Tools and Materials

ESD-protected workstation and grounded wrist strap
4 mm hex wrench
738-1930  Power Supply, Medical Grade, 40 W, 9 V (for 731-9159 units)

738-1964  Power Supply, Medical Grade, 40 W, 9 V, Locking (for 731-
0426 units)

888-0115  Battery Assembly, SLA, 6 V, 4.5 Ah
888-0013 Battery Assembly, LiFePQO,, 6.4 V, 4.5 Ah

Potentiometer adjusting tool (e.g. P/N 416-0010 - Calibration Screwdriver,
Single)

738-1845  Coupling Body, 1/8” Barb

374-1630  Tubing, Tygon, 1/8 B. x 1/16 W. x 1/4 OD approximately 3
feet

Braided stainless steel hose with Swagelok QC4 male quick connect fitting
and Beswick miniature quick disconnect (e.g. P/N 738-1862 - AeroNOx 2.0
NO™ Supply Hose, 6’). Use of an adapter to an existing benchtop setup is
acceptable.

Compressed nitrogen delivery gas cylinder with regulator, high side
pressure gauge, and low side pressure gauge capable of measuring 30-70
psi, shut-off valve, and female Swagelok quick connect fitting (P/N 278-
1002 - Quick Connect, Female, 1/8” Bulkhead).

Flow meter with range 0 to > 2.0 L/min (e.g. Omega FMA1816A-ST)
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5.9.2. Leak Check

5.9.2.1.

5.9.2.2.

5.9.2.3.

5.9.2.4.

Record the serial number of the device, flowmeter tool ID#, and
Calibration Due date on the Test Record.

Skip disassembly steps if running a leak check on a completed unit.
Remove protective cover and use a 4 mm hex wrench to remove five
fasteners holding the case together.

Separate the halves carefully and support upright on the benchtop.
Cables and tubes route from front to back across the bottom edge.

Attach regulator and/or pressure gauge, shut-off, and female quick
disconnect to Nitrogen bottle per figure below. Adapters may be required
depending on pressure gauge used.

]
L—"1

SHUT-OFF N 5

Swagelok
Large Quick
Disconnect

55 Braided Hose

5.9.2.5.
5.9.2.6.

5.9.2.7.

5.9.2.8.

5.9.2.9.

<= “

Regulator

L |

Beswick
Small Quick
Disconnect

Attach Stainless Steel hose. Do NOT connect the AeroNOx 2.0™ yet.

Open regulator (counter clockwise) completely, then open the valve on
the Nitrogen bottle. Observe that the high pressure gauge spikes to
bottle pressure, and that the low pressure gauge is reading low or zero.

Slowly close the regulator (clockwise) until the pressure on the low
pressure gauge is 30 £ 5 psi.

The purge pin above the NO/N; inlet on the back of the AeroNOx 2.0™
may be used to bleed excess line pressure as required.

Close the shut-off valve.

5.9.2.10. Observe the low pressure gauge for 1 minute. If pressure decreases

visibly, check the SS delivery hose and fittings for a leak. Continue if no
leak, or repair leak and repeat test until no leak observed.

5.9.2.11. The delivery hose is now confirmed to be leak free.

5.9.2.12. Open the shut-off valve again and ensure pressure is still 30 + 5 psi in

the hose.
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5.9.2.13.

5.9.2.14.
5.9.2.15.

5.9.2.16.

5.9.2.17.
5.9.2.18.

5.9.2.19.

5.9.2.20.

5.9.2.21.

5.9.2.22.

5.9.2.28.

5.9.2.24.

5.9.2.25.

5.9.2.26.

5.9.2.27.

5.9.2.28.

5.9.2.29.

Open the AeroNOx 2.0™ flow control knob fully (CCW). If already fully
opened, do not force it further. Knob may turn 10+ times.

Connect Beswick (small quick disconnect) to AeroNOx 2.0™.

Turn on the AeroNOx 2.0™. Hold down the Alarm Silence and Back
buttons simultaneously for ~5 seconds to enter “Safety Off” mode”.

This disables alarms and protections to allow for diagnostics to be
performed. If the battery is not installed, use the external 9 VDC supply.

Connect the delivery fitting and length of Tygon tubing to the output
fitting.

Verify flow is present.

Block the externally attached delivery tube. Note the delivery line
connection may pop off the fitting if the pressure is too high.

Close the shut-off valve.

Observe the low pressure gauge for 1 minute. If pressure decreases
visibly, check the AeroNOx 2.0™ for a leak. Repair leak if detected and
repeat test until no leak observed.

The delivery side of the AeroNOx 2.0™ is confirmed to be leak free.
Check box on test record.

Unblock the delivery tube. Verify that gas is flowing and that the
AeroNOx 2.0™ displays NO (L/min) > 2.00 L/min. Check box on test
record.

Attach the delivery line to the external flowmeter. Note that the actual
flow should be much higher than 2.00 L/min due to the Porter valve
being fully opened, but the AeroNOx 2.0™ only displays accurately up to
2.0 L/min. The external flowmeter should measure higher if it is capable
of a higher range.

Close the AeroNOx 2.0™ flow control knob partially (CW) until external
flowmeter reads 2.00 L/min. Record values on test record table.

Repeat measurements for nominal flow settings in table. Record
values.

Close the AeroNOx 2.0™ flow control knob completely (CW) until
external flowmeter reads < 0.01 L/min.

Submerge the free end of the Tygon tubing in a cup of water and make
sure there is no flow (bubbles). Verify the display NO (L/min) reads
< 0.01 L/min then check box on test record.

Leak check completed and mass flow sensor check complete. Check
box on test record, Sign and Date.

Perform the Sample Rate Adjustment Procedure before closing the
case if already opened.
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° international

BIOMEDICAL
AeroNOx 2.0™ MFM Flow Check / Leak Test Record for
AeroNOx 2.0™ S/N
1. Record the tool control number and calibration date for the following:
Flowmeter Tool # Cal. Due Date
2. AeroNOx 2.0™ has passed leak testing as specified. O Yes O No
3. No flow and display reads > 2.00 L/min at fully open. O Yes O No
4. Record MFM flow check / calibration data in the chart below:
Desired
AeroNOx External Calculated Difference Max Difference
2.0™ flow Flowmeter Reading (L/min) Magnitude Allowed
Setting (L/min) (L/min)
(L/min)
2.00 .10
1.00 .10
0.50 .10
0.20 .10
0 .01
5. No flow (bubbles) observed and NO (L/min) < 0.01. O Yes 0O No
6. MFM flow is now within the specified parameters at all
required nominal flow settings. O Yes 0O No
Completed by: (signature of technician)

Date:
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5.10. AeroNOx 2.0™ Sample Rate Adjustment Procedure

This document provides instructions for adjusting sample flow and the “Sample Blocked”
trip point for AeroNOx 2.0™ devices. This procedure is to be performed for all production
units prior to their initial release, yearly for units returning from the field, and as part of
every servicing process. Changes in sample flow rate are difficult to detect with normal
device usage and a low sampling rate may cause slow or unstable sensor readings.

This procedure may be performed on an AeroNOx 2.0™ with or without sensors. The
device must have a battery connected to function properly, even with external power
applied to the DC jack. If a unit under test passes, it does not have to be disassembled
and adjusted.

5.10.1.Tools and Materials
. ESD-protected workstation and grounded wrist strap

J 738-1853  AeroNOx 2.0™ Sample/Delivery Kit
o 738-1930  Power Supply, Medical Grade, 40 W, 9V, (731-9159 units)
. 738-1964  Power Supply, Medical Grade, 40 W, 9V, Locking (731-0426

units)
o 300 mm - 0 - 300 mm water column manometer or equivalent pressure
meter capable of measuring 60 cm H20 or 5900 Pa
o Gas flowmeter setup with precision metering valve
o 416-0010  Calibration Screwdriver, Single
o 4 mm hex wrench
o Multi-meter with leads

5.10.2.Instructions

NOTE: All flow measurements are assumed to be at standard atmospheric
conditions (STP).

5.10.2.1.Connect power supply to the AeroNOx 2.0™ under test, power the
AeroNOx 2.0™ on, and allow the unit to run at least 1 minute before
attempting to set sample flow as described below.

5.10.2.2.Set up the flowmeter and precision metering valve as shown. Ensure
that both the flow meter and precision metering valves are fully open (fully
counterclockwise) to allow unrestricted flow, and adjust the “zero” on the
paper marker to the H,O level in the water column.

5.10.2.3.Connect the sample line to the AeroNOx 2.0™ sample line inlet.
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’ 170 mL/min

PRECISION
=] METERING

FLOWMETER VALVE

Flowmeter with Precision Metering Valve and Manometer

NOTE: An alternative pressure meter may be used instead of a water
manometer.

5.10.2.4.Connect the other end to the precision metering valve fitting as shown
and power the AeroNOx 2.0™ on.

5.10.2.5.Measure the “AS FOUND” flow under no load with the gas flow meter
and Record this reading in the attached record. The flow rate at no load
must be at least 120 mL/min and should be no greater than 220 mL/min.

5.10.2.6.Adjust the precision metering valve on the test equipment until the water
column in the manometer rises to -50 cm (+ 3 cm), at which point the
pump should shut off. Back the precision metering valve off, and power
the AeroNOx 2.0™ off and then back on again to reset the pump. Then,
repeat this step one more time to determine whether the flow rate under
load as measured by the test equipment is within the specified
parameters, namely that when the pump shuts off at -50 cm (+ 3 cm)
H,0, the measured flow is at least 120 mL/min and no greater than 220
mL/min). Record the “as found” pump shut off point and the flow under
load in the attached record.

5.10.2.7.If sample flow rate was still within the specified parameters, no further
adjustments are required. Sign and date the “AeroNOx 2.0™ Sample
Rate Adjustment Record”.
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5.10.2.8. If sample flow rate adjustment is required, proceed as follows.
CAUTION: Perform this procedure in accordance with ESD Control.

5.10.2.9. Power the AeroNOx 2.0™ off, disconnect the power supply, and remove
the five M5 screws that hold the AeroNOx 2.0™ case together (4 mm hex
wrench). Open the unit, being careful not to unplug connectors.

5.10.2.10.Plug the supply back in and power on the AeroNOx 2.0™. Connect
sample line to test fixture if not already connected.

5.10.2.11.As a starting point, adjust R5 so TP_REF = 0.95 VDC with respect to
TP_SNSGND.

5.10.2.12.As a starting point, adjust R4 until TP_VPUMP = 1.8 VDC with respect
to TP_SNSGND.

5.10.2.13.Fully open the precision metering valve (CCW) on the test fixture and
observe the max flow rate.

5.10.2.14.Adjust R4 until max flow rate is 190 mL/min.

5.10.2.15.Partially close precision metering valve until pressure reaches -52
cmH-0.

5.10.2.16.Adjust R5 until pump cuts off.

5.10.2.17.0pen precision metering valve all the way and cycle power to clear
“Sample Blocked” alarm.

5.10.2.18.Verify max sample flow is still between 130 mL/min and 210 mL/min.
Record Value.
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5.10.2.19.Patrtially close precision metering valve and verify flow rate at -50 + 2
cmH,0 when pump shuts off is 130 mL/min and 210 mL/min. Record
Value.

5.10.2.20.Record check mark if “SAMPLE BLOCKED” visual and audible alarms
occur.

5.10.2.21.Record results of procedure Pass/Fail and why. Repeat adjustment
procedure if necessary.

5.10.2.22.1f the AeroNOx 2.0™ is open due to adjustment or diagnostics,
reassemble it. If servicing a complete device, reinstall the protective
cover.
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° international

BIOMEDICAL
AeroNOx 2.0™ Sample Rate Adjustment Record for
AeroNOx 2.0™ S/N
Record the equipment identification number and the calibration due date (if
applicable) for the following:
Gas Flowmeter: ID # Cal. Due Date
Multimeter: ID # Cal. Due Date
AS FOUND Sample Flow Rate Data:
O N/A Initial calibration needs to be performed.
1. Flow rate at no load is . [specification: 120 to 220 mL/min]
2. Pressure at no load is . [specification: <4 cmH,0]
3. Pump shuts off at . [specification: -50 + 3 cmH,0]
4. Flow rate at -50 cmH,0 was . [specification: 120 to 220 mL/min]
O Pass. Sample rate does NOT require adjustment.
O Fail. Sample rate needs to be adjusted as specified.
ADJUSTED Sample Rate Flow Data:
1. Flow rate at no load is . [specification: 130 to 210 mL/min]
2. Pressure at no load is . [specification: <4 cmH,0]
3. Pump shuts off at . [specification: -50 + 2 cmH,0]
4. Flow rate at -50 cm H,O was . [specification: 130 to 210 mL/min]
O “SAMPLE BLOCKED?” functioning and alarms working.
PASS/FAIL
O Pass. Sample rate has been adjusted as specified.
O Fail. Sample rate could not be adjusted as specified. Recommend:
O Pump replacement
O Fixed orifice replacement
O Other (e.g. pressure sensor replacement)
Signature: Date:
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5.11. AeroNOx 2.0™ Gas Testing Procedure
This document contains detailed instructions for performing the gas test on the AeroNOXx
2.0™ with sensors. The device must have a battery connected to function properly, even
with external power applied to the DC jack. This procedure applies to all AeroNOx 2.0™
units manufactured by International Biomedical and is to be performed as part of the
AeroNOXx 2.0™ production process or as part of the servicing process. Leak check and
sample rate adjustment procedures must be completed first.

5.11.1. Tools and Materials

o 738-1850  AeroNOx2, Calibration Circuit
5 %, one dedicated to each: O, 80 ppm NO, 45 ppm NO, 9 ppm NO,, and 5
ppm NO; use

e 731-9141  Calibration Regulator with CGA 625 Fitting
4 %, one dedicated for each: 80 ppm NO, 45 ppm NO, 9 ppm NO,, and 5
ppm NO; use

e 201-0055 Female CGA 660 to Male CGA 625 Adapter
4 %, one dedicated for each: 80 ppm NO, 45 ppm NO, 9 ppm NO,, and 5
ppm NO; use

o Compressed Oxygen Cylinder and regulator with 1240 DISS output
o 731-9130  Flowmeter, Oxygen - Classic 0-16 (or equivalent)
o 731-0127 Hose Assy, Oxy, 6’, Supply (or equivalent)

5.11.2. General Instructions

5.11.2.1. If at any point during the testing procedure the AeroNOx 2.0™ is
unable to meet the testing specifications, remove the AeroNOx 2.0™
from testing and contact International Biomedical.

5.11.2.2. Ensure that the AeroNOx 2.0™ to be tested:

o Has been plugged in with the battery connected for at least 48
hours prior to being gas tested.

NOTE: This time can be reduced if the NO sensor has been
biased correctly for at least 48 hours.

o Is turned on and has been running for at least 5 minutes before
testing, sampling ambient room air

o Has successfully completed the AeroNOx 2.0™ MFM Flow
Check/Plumbing Leak Test Procedure and the AeroNOx 2.0™
Sample Rate Adjustment Procedure

Record confirmation of other procedure’s completion and attach.
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5.11.3. Battery / Charge Indicator Check

5.11.4.

5.11.5.

5.11.3.1.

5.11.3.2.

Ensure that the battery symbol is full when external power is
temporarily unplugged. Record this by placing a checkmark in the
corresponding box on the AeroNOx 2.0™ Gas Testing Record Form.

Ensure that the charge symbol is displayed, green LED lights up on
front and on back when connected to the 9 V power supply specified
for use with the AeroNOx 2.0™. Record this by placing a

checkmark in the corresponding box on the AeroNOx 2.0™ Gas
Testing Record Form.

Zero Calibration

5.11.4.1.

Allow the AeroNOx 2.0™ to sample room air for at least 2 minutes.
Cycle power, then hold down the “Back” button to enter calibration.
Press “zero cal’, then press it again to “hold to zero”. O, should now
read 21%. NO and NO; are zeroed. Record this by placing
checkmarks in the corresponding boxes on the AeroNOx 2.0™
Gas Testing Record Form.

Oxygen Analyzer Calibration

5.11.5.1.

5.11.5.2.

5.11.5.3.

5.11.5.4.

5.11.5.5.

Connect the 731-0127 (or equivalent) Oxygen hose from the
Compressed Oxygen Cylinder with regulator to the 731-9130 (or
equivalent) Oxygen flowmeter input.

Open the Compressed Oxygen Cylinder valve and adjust the pressure
regulator to 50 + 5 psi and flow through the Oxygen flowmeter to ~ 1
L/min.

Connect the O, dedicated Calibration Circuit (738-1850) from the
Oxygen flowmeter output to the AeroNOx 2.0™ sample port.

Enter calibration mode again and select “High Cal”, then “O,”. Allow
the AeroNOx 2.0™ to sample 100% oxygen for 2 minutes. Use arrows
to set O, value to 100%. Record this by placing a checkmark in
the corresponding box on the AeroNOx 2.0™ Gas Testing Record
Form. If the analyzer is still out of specification or will not hold a
100% measurement, the analyzer is nonconforming. Follow standard
operating procedures for nonconforming product.

Disconnect the O, Calibration Circuit and close the Oxygen Cylinder
valve.

NOTE: The use of a low volume shutoff valve is permitted, but
each gas must be on an isolated flow path to prevent
gas cross contamination.
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5.11.6. Nitric Oxide (NO) Gas Testing
5.11.6.1. NO Calibration

5.11.6.1.1.

5.11.6.1.2.

5.11.6.1.3.

5.11.6.1.4.

5.11.6.1.5.

5.11.6.1.6.

5.11.6.1.7.

5.11.6.1.8.

Ensure that the AeroNOx 2.0™ complete with sensors to
be calibrated has been plugged in for at least 48 hours
prior to being gas tested. This will ensure that the NO
sensor has biased properly.

NOTE: This time can be reduced if the NO sensor
has been biased correctly for at least 48
hours.

Power on the AeroNOx 2.0™ and enter calibration mode if
not already there.

Note that the AeroNOx 2.0™ accuracy is + 1 ppm for NO,
so displayed values need to be within this specification.

Purge the EPA Protocol Gas, 80 ppm NO, Balance
Nitrogen Cylinder.

Connect the 80 ppm NO dedicated 201-0055 Female
CGA 660 to Male CGA 625 Adapter to the 80 ppm NO
Cylinder and the 80 ppm NO dedicated 731-9141
Calibration Regulator. Connect the 80 ppm NO dedicated
738-1850 Calibration Circuit to the 80 ppm NO Calibration
Regulator. Open the 80 ppm NO Cylinder valve for 30
seconds to flush the circuit.

Connect the sample line plug of the 80 ppm NO
Calibration Circuit to the AeroNO2.0™ sample port.

Select “High Cal”, then “NO”. Allow the AeroNOx 2.0™ to
sample NO for approximately 5 minutes or until stable.
Use arrows to set NO value to match bottle calibration
(e.g. 80 ppm). Record bottle cal value and high cal set
value on the AeroNOx 2.0™ Gas Testing Record Form.
If the set value maxes out without matching the bottle
calibration or will not hold a stable NO measurement, the
analyzer is nonconforming. Follow standard operating
procedures for nonconforming product.

Disconnect the 80 ppm NO Calibration circuit and close
the 80 ppm NO Cylinder valve. Open the Oxygen
Cylinder valve and connect the O, Calibration Circuit to
the AeroNOx 2.0™ sample port. Ensure that the displayed
NO value returns to 0-1 ppm and O, goes to 98-100%.
Record “Re-check Zero” value on Gas Testing Record
Form for NO.
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5.11.6.1.9.

Disconnect the O, Calibration circuit and close the
Oxygen Cylinder valve. Open the 80 ppm NO Cylinder
valve and connect the 80 ppm NO Calibration Circuit to
the AeroNOx 2.0™ sample port. Wait for at least 2
minutes for the gas concentrations to stabilize. Ensure
the displayed NO value returns to the established high cal
value. Record this value on the corresponding line for
“Re-check High Span” on the AeroNOx 2.0™ Gas
Testing Record Form. If it does not, repeat high cal once
or twice. If these steps have already been repeated, it is
probable that the NO sensor may have expired. Remove
the AeroNOx 2.0™ from testing and follow approved
procedures for non-conforming product.

5.11.6.2. NO Mid-Range Reference Testing

5.11.6.2.1.

5.11.6.2.2.

5.11.6.2.3.

5.11.6.2.4.

Disconnect the 80 ppm NO Calibration Circuit and close
the 80 ppm NO Cylinder valve.

Purge the EPA Protocol Gas, 45 ppm NO, Balance
Nitrogen Cylinder.

Connect the 45 ppm NO dedicated 201-0055 Female
CGA 660 to Male CGA 625 Adapter to the 45 ppm NO
Cylinder and the 45 ppm NO dedicated 731-9141
Calibration Regulator. Connect the 45 ppm NO dedicated
738-1850 Calibration Circuit to the 45 ppm NO Calibration
Regulator. Open the 45 ppm NO Cylinder valve for 30
seconds to flush the circuit.

Connect the sample line plug of the 45 ppm NO
Calibration Circuit to the AeroNOx 2.0™ sample port.
Allow the AeroNOx 2.0™ to sample NO for approximately
5 minutes or until stable. Record bottle cal value and
AeroNOx2.0 NO reading on the AeroNOx 2.0™ Gas
Testing Record Form. If the AeroNOx 2.0™ NO reading
does not match the bottle cal value within + 1 ppm or will
not hold a stable NO measurement, the analyzer is
nonconforming. Follow standard operating procedures for
nonconforming product.

5.11.7. Nitrogen Dioxide (NO;) Gas Testing

NO, Calibration

Repeat the steps for NO Calibration (Section 5.11.6.1.) substituting
NO. in place of NO noting the following differences:

5.11.7.1.

5.11.7.1.1.

5.11.7.1.2.

5.11.7.1.3.

Note that the AeroNOx 2.0™ accuracy is + 0.1 ppm for
NO,, so displayed values need to be within this
specification.

Use EPA Protocol Gas, 9 ppm Nitrogen Dioxide, Balance
Air for the High Cal gas.

Use the 9 ppm NO, dedicated CGA Adapter, Calibration
Circuit, and Calibration Regulator.
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5.11.7.2.

5.11.7.3.

5.11.7.4.

NO, Mid-Range Reference Testing

Repeat the steps for NO Mid-Range Reference Testing (Section
5.11.6.2.) substituting NO; in place of NO, noting the following
differences.

5.11.7.2.1. Note that the AeroNOx 2.0™ accuracy is = 0.1 ppm for
NO., so displayed values need to be within this
specification.

5.11.7.2.2. Use EPA Protocol Gas, 5 ppm Nitrogen Dioxide, Balance
Air for the Mid-Range Reference gas.

5.11.7.2.3. Use the 5 ppm NO, dedicated CGA Adapter, Calibration
Circuit, and Calibration Regulator.

NO, Alarm Testing
Check the alarm function by ensuring that:

o The audible and visual alarms are activated when the displayed
NO, value is at (or above) the value set on the “HI” alarm.

o The alarm turns off when the “HI” alarm is adjusted up until it is
1 ppm above the displayed NO, value.

Record that the High NO, alarm is functioning by placing a
checkmark in the corresponding box on the AeroNOx 2.0™ Gas
Testing Record Form.

NO Safety Shutoff Alarm
Check the safety shutoff alarm function by ensuring that:

5.11.7.4.1. When the displayed NO value exceeds the “HI” alarm limit
set on the display by 5 ppm (or more), the audible alarm
activates and the AeroNOx 2.0™ display alternates
between the message “NITRIC OFF” and the measured
NO and NO; values. Set “HI” alarm limit by 5 ppm or
more above sampled NO value and observe. Record this
by placing a checkmark in the corresponding box for
“Safety Shutoff: Alarm” on the AeroNOx 2.0™ Gas
Testing Record Form. Ensure that there is no gas flow
from the AeroNOx 2.0™ delivery line. This can be verified
using an AeroNOx 2.0™ delivery line and a cup of water to
check for bubbles. Record this by placing a checkmark
in the corresponding box for “Safety Shutoff: Test” on
the AeroNOx 2.0™ Gas Testing Record Form.
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5.11.7.5.

5.11.7.4.2. While in “NITRIC OFF” alarm condition, simultaneously
pressing and holding the back and alarm silence buttons
for 5 seconds enables the safety shutoff override. The
display should read “SAFETY OFF” once the safety
shutoff has been overridden. Ensure that “SAFETY OFF”
is not displayed before 5 seconds has elapsed. Ensure
that the AeroNOx 2.0™ display now alternates between
the message “SAFETY OFF” and the measured NO and
NO, values. Since the safety system has been
deactivated, ensure that there is gas flow from the
AeroNOx 2.0™ delivery line. This can be verified using an
AeroNOx 2.0™ delivery line and a cup of water to check
for bubbles. Record this by placing a checkmark in the
corresponding box for “Safety Shutoff: Override Test”
on the AeroNOx 2.0™ Gas Testing Record Form.

5.11.7.4.3. While the safety shutoff is overridden, power the AeroNOXx
2.0™ off then power the AeroNOx 2.0™ back on. This re-
activates the safety shutoff and the AeroNOx 2.0™
delivery and alarms should function as normal.

NO Alarm Testing

Check the alarm function by ensuring that:

o The audible and visual alarms are activated when the displayed
NO value is at (or above) the high alarm value set on the
display.

o The audible and visual alarms are activated when the displayed
NO value is at (or below) the low alarm value set on the
display.

o The alarm turns off when the “HI” alarm value is adjusted up
until it is 1 ppm above the displayed NO value.

o The alarm turns off when the “LOW” alarm value is adjusted
down until itis 1 ppm below the displayed NO value.

Record that the High and Low NO alarms are functioning by
placing checkmarks in the corresponding boxes on the AeroNOXx
2.0™ Gas Testing Record Form.
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5.11.7.6. NO, Safety Shutoff Alarm

Check the safety shutoff alarm function by ensuring that:

5.11.7.6.1.

5.11.7.6.2.

5.11.7.6.3.

When the displayed NO; value exceeds the value set on
the “HI” alarm limit by 1 ppm (or more), the audible alarm
activates and the AeroNOx 2.0™ display alternates
between the message “NITRIC OFF” and the measured
NO and NO; values. Set “HI” alarm setting by 1 ppm or
more above sampled NO, value and observe. Record
this by placing a checkmark in the corresponding box
for “Safety Shutoff: Alarm” on the AeroNOx 2.0™ Gas
Testing Record Form. Ensure that there is no gas flow
from the AeroNOx 2.0™ delivery line. This can be verified
using an AeroNOx 2.0™ delivery line and a cup of water to
check for bubbles. Record this by placing a checkmark
in the corresponding box for “Safety Shutoff: Test” on
the AeroNOx 2.0™ Gas Testing Record Form.

While in safety shutoff alarm condition, simultaneously
pressing and holding the NO and NO; alarm silence
buttons for 5 seconds enables the safety shutoff override.
The display should read “SAFETY OFF” once the safety
shutoff has been overridden. Ensure that the AeroNOXx
2.0™ display now alternates between the message
“‘SAFETY OFF” and the measured NO and NO, values.
Since the safety system has been deactivated, ensure that
there is gas flow from the AeroNOx 2.0™ delivery line.
This can be verified using an AeroNOx 2.0™ delivery line
and a cup of water to check for bubbles. Record this by
placing a checkmark in the corresponding box for
“Safety Shutoff: Override Test” on the AeroNOx 2.0™
Gas Testing Record Form.

While the safety shutoff is overridden, power the AeroNOx
2.0™ off then power the AeroNOx 2.0™ back on. This re-
activates the safety shutoff and the AeroNOx 2.0™
delivery and alarms should function as normal.

5.11.8. Sign and date the AeroNOx 2.0™ Gas Testing Record Form and any other
accompanying documentation required.

The unit is now ready for QA Final Inspection, which should occur soon after to
prevent discrepancies in testing. A test battery should still be installed to
maintain bias achieved during initial calibration.
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) international

BIOMeDICaL
AeroNOx 2.0™ Gas Testing Record Form
AeroNOx 2.0™ S/N: Date: Time:
MFM Flow/Leak Check and
Sample Flow Calibration L] Procedures Completed
Battery / Charge Indicators: (] Battery Indicator [] Charge Indicator
Zero Calibration: []0,=21% [ I NO=0ppm []NO,=0.0 ppm
O, High Calibration [] 0,=100%
Calibration Results
NITRIC OXIDE (NO) NITROGEN DIOXIDE (NO,)

High Cal Gas Label: ppm High Cal Gas Label: ppm
High Cal Set: ppm High Cal Set: ppm
Re-check Zero: ppm Re-check Zero: ppm
Re-check High Span: ppm Re-check High Span: ppm

Mid-Range Reference Results

NITRIC OXIDE (NO) NITROGEN DIOXIDE (NO,)
Reference Actual Reference Actual
R — m m m
ppm pp pp pp
Alarms Testing
NITRIC DIOXIDE (NO,) NITROGEN OXIDE (NO)

[] High Alarm [ ] Low Alarm [] High Alarm
Safety Shutoff: [ ] Alarm Safety Shutoff: [ ] Alarm

[] Test [] Test

[ ] Override Test [ ] Override Test

Pass / Fail:
Inspected by:
(print name) (signature) (date)
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5.12. Repair Maintenance

5.12.1. Identifying Firmware Version

OPERATING FIRMWARE VERSION STARTUP SPLASH SCREEN
INFORMATION:

Firrmware Ver. ¥7.1 00399 0

0.0055 152
0.4882 10

iInternational
BlIOMeDICaL’

Hold . to Enter Calibration Mode

DISPLAY FIRMWARE VERSION
INFORMATION:

5.12.2. Front External Layout

CHARGING
INDICATOR

ALARM PAUSE
SOFT
DIM KEYS
BACK

SAMPLE DELIVERY
INLET  OUTLET

NO FLOW ON/OFF

5.12.3. Rear External Layout
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5X M5 SCREWS
(AX UNDER COVER)

SENSOR
COVER
BATTERY
COVER
NO SUPPLY
INLET

9VDCPOWER
INPUT
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5.12.4. Rear Internal Layout

MAIN
PROCESSOR

CONTROL
PCBA

MEMBRANE
SWITCH

ENCLOSURE RIBBON CABLE

(FRONT HALF)

& Hlfgbz\?g ~ |
s e, S| T €

DELIVERY SAMPLE

FITTING FITTING
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5.12.6. Service Parts List

Component/Subassembly

Part Number

Power PCBA, SLA 723-0007
Power PCBA, LiFePO, 723-0008
Control PCBA w/ Processor 723-0001-XX
Sample Pump Assembly 723-0005
AeroNOx 2.04.3" LCD 738-1908
Mass Flow Meter 738-1835 l (
&
@8
00
00
O
i - N =TI
External Fastener Kit w/ 793-0006 I ] & ==
Cover Plates TF = ST
-
57N \
b i1k e
Porter Valve Assembly 723-0004
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Component/Subassembly | Part Number
Sample Inlet Port 738-1905
Delivery Gas Outlet Port 738-1846
NO/N2 Gas Input Port 738-1814
Protective Cover 738-1934

Service parts may be obtained from your AeroNOx 2.0™ distributor or
representative. Consumable parts are listed in the Operator’s Manual.

NOTE: Always use direct replacement parts. Substitutions may reduce
performance or safety.

Parts Not Listed

If service to a part not listed is required, contact International Biomedical for
factory repair.

ORDERING PARTS

When ordering replacement parts for this instrument from International
Biomedical, please include the following information:

1. Type or name of the instrument
2. Serial number of the instrument
3. A complete description of the part, including component or reference
number if available
4. Part number from the Service Parts list.
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5.12.7. General Disassembly

a)

b)
c)

d)

Remove the protective boot. Start at top front corners and slip the boot
backwards. Then slip the bottom front corners of the boot backwards.

Remove battery cover, disconnect battery cable, and remove battery.
Remove five M5 screws holding enclosure together. Do not lose sealing

washers.

Carefully flip open enclosure as if hinged from the bottom edge.

5.12.8. Power PCBA

a)

b)

c)
d)

e)
f)
)

h)
)
)

K)

Remove nut and rubber plug on power input connection using a 3/8” thin
walled socket.

Perform general disassembly.
Unplug sample pump and main board to board cable.

Remove tube from pressure sensor, breaking glue joint. Note that it must
be reconnected to the same barb upon reassembly (barb closest to wall).

Snip zip tie retaining ferrite on battery cable.
Remove ferrite for reuse.

Unscrew four M3 screws (2.5 mm hex). Note that the screw in the center
of the heat sink is not removed.

Remove board.

Ensure that the rubber gasket for the LED does not come off. If it does,
reapply it before reassembly.

Use a small zip tie (not provided) to secure tube to barb on pressure
sensor.

Replace board and re-assemble in reverse order.

5.12.9. Control PCBA

a)
b)
c)
d)
e)

f)

Perform General disassembly.

Unplug four cables.

Unscrew four M3 screws (2.5 mm hex).
Unplug ribbon cable.

Unplug PCBA from LCD stacking connector.
Reverse order to reassemble.

5.12.10. AeroNOx 2.0™ 4.3” LCD

a)
b)
c)

Perform steps to remove Control PCBA.
Unscrew four M3 screws (2.5 mm hex) holding LCD.

Reverse order to re-assemble. Bias the display within the oversized
holes so it is horizontal.
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5.12.11. Sample Assembly
a) Perform General disassembly.

b) Unplug sample pump from power PCBA.
C) Unscrew sample pump retaining clamp.
d) Remove right angle barb fitting from manifold.

e) Remove tube from pressure sensor, breaking glue joint. Note that it
must be reconnected to the same barb upon reassembly (barb closest to
wall).

f) Snip the zip tie bundling the tubes and cables. Note that it is not
pinching the tube closed.

Q) Disconnect tube from sample fitting.
h) Remove sample fitting (optional).

)] Replace in reverse order.
)] Replace the zip tie that was removed. Do not pinch the tube.
K) Reverse order to reassemble.

5.12.12. Mass Flow Meter (MFM)
a) Perform general disassembly.

b) Disconnect 4 mm tube from inlet push to connect fitting.
C) Disconnect 4 mm outlet tube from push to connect fitting.
d) Remove two M3 screws from metal bracket.

e) Disconnect cable from MFM.
f) Remove the Flow Meter by sliding it out from under the metal bracket.
Q) Reverse order to reassemble.

5.12.13. Porter Valve Assembly
a) Perform power PCBA removal steps to gain access to the Porter Valve.

b) Remove two 8-32 screws (#1 Phillips).

C) Disconnect 4 mm tube from push to connect.

d) Slide lock collar up ~1/2” and disconnect 1/8” tube from inlet fitting.
e) The Porter Valve can now be freely removed.

f) Unscrew the 4 mm push-to-connect fitting and 1/8” barb fitting.

Q) Re-apply Teflon tape as required and install the fittings on the
replacement Porter Valve. Inlet & Exit are marked on the valve. The 4
mm push-to-connect goes on the exit side. The 1/8” barb fitting goes on
the inlet side, oriented roughly pointed up for tube routing.

h) Reverse order to reassemble
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5.12.14. Sample Inlet Port

5.12.15.

5.12.16.

a)
b)

c)
d)
e)

Perform general disassembly.

Perform Control PCBA removal steps as required for easier access to
the sample inlet port nut.

Disconnect 1/8” tube from the sample fitting.
Remove the sample fitting (5/8” Socket).
Reverse order to reassemble.

Delivery Port

a)
b)

c)
d)
e)

f)

Perform general disassembly

Perform Control PCBA removal steps as required for easier access to
the delivery port nut.

Slide the tube collar up the tube ~1/2”.
Disconnect the 5/32” tube.

Remove the nut from the fitting (1/2” socket).
Reverse order to reassemble.

NO/N> Inlet Port

a)
b)
c)
d)
e)

f)

Perform general disassembly

Slide the tube collar up the tube ~1/2”.

Disconnect the 1/8” tube from the barb.

Unscrew the barb fitting from the Inlet port. (3/8” socket)
Remove the nut on the fitting. (7/16” socket)

Reverse order to reassemble.
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6. TROUBLESHOOTING

6.1. Troubleshooting Alarms Guide

High Priority Alarms

High Priority Alarms

Possible Cause

Recommended Action

s [og) [ NOww 140])
200

0004 025 o

O, Low < 18%

. Alarm is set

inappropriately

Make sure alarm is set
appropriately for the O,
setting delivered on the
ventilator.

. Oy calibration may

have drifted.

a. Perform a low and high
range calibration on the
O, sensor.

b. Change the O, sensor if
the unit fails to calibrate.

c. Contact International
Biomedical Tech Support.

. The O, sensor may

not be seated properly

Make sure sensor is seated
with O-ring sealing to
manifold.

. Oy displaced by NO,

N, or NO» in ventilator
circuit.

Remove patient from circuit
and ventilate with INOstat
Bagger.

LD

99| [ Nowm: [28) 2
211 15

0.0 [o4 0.25 '

Nitric Off

. NO analyzed has

exceeded set high NO
alarm limit by 5 ppm.

a. Disconnect patient and
manually ventilate with
INOstat Bagger,
Operator’'s Manual
Section 3.

b. See NO high alarm
recommended action.

. NO analyzed has

exceeded 99 ppm

a. Disconnect patient and
manually ventilate with
INOstat Bagger,
Operator’s Manual
Section 3.

b. See NO high alarm
recommended action.

. NO; analyzed has

exceeded set high
NO, alarm limit by 1

ppm.

a. Disconnect patient and
manually ventilate with
INOstat Bagger,
Operator’'s Manual
Section 3.

b. See NO; high alarm
recommended action.

. NO; analyzed has

exceeded 9ppm.

a. Disconnect patient and
manually ventilate with
INOstat Bagger. See
Operator’s Manual
Section 3.

b. See NO; high alarm
recommended action.
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High Priority Alarms

High Priority Alarms Possible Cause Recommended Action
1. Alarmis set a. Make sure alarm is set
U inappropriately appropriately for the O,
e 1001 | S Ig0] setting delivered on the
T 20 15 ventilator.
NOytmom )\ [ N 2. O calibration may a. Perform a low and high
0.0 [o4) | 0.25 | have drifted. range calibration on the
O, sensor.

O, Low b. Change the O, sensor if
the unit fails to calibrate.

c. Contact International
Biomedical Tech Support.

3. O, concentration on Make sure O, setting on the

the ventilator was ventilator is correct for the O,
reduced. setting on the AeroNOX
2.0™,
4. The O, sensor may Make sure sensor is seated

not be seated properly | and with O-rings and
housing cover fully closed.

1. Incomplete purge of Perform purge. See the

itilh _ ‘ system. Operator’'s Manual Section
99| M 35(~4 2., Pre-use Checkout.
PAVIT: 20 10 2. Ventilator flow Allow ventilator gas to flush
‘ : stopped circuit and stabilize before
0.25 /&

connecting to patient.

3. NO, alarm limit is set Make sure NO, alarm limit is

NO; High too low. set to appropriate level.
4. NO; calibration may Perform a low and high
have drifted. range calibration on the NO,
sensor.
5. Out of date or wrong a. Verify calibration gas
calibration gas used. expiration date.

b. Replace calibration gas
and perform a low and
high range calibration on
the NO, sensor.

6. The patient circuit Ensure circuit is setup
setup is incorrect. according to Operator’s
Manual Section 3.

7. Sample line blocked. Confirm if NO; high alarm
occurs concurrently with
“‘SAMPLE BLOCKED”
message.

8. The AeroNOx 2.0™ a. Contact International
may have failed. Biomedical Technical
Support.

b. Replace delivery system
if in use.
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Medium Priority Alarms

Medium Priority Alarms

Possible Cause

Recommended Action

b SAMPLE BLOCKED
9911 ™ 25

118 05

0| 0.25

SAMPLE BLOCKED

1. Water contaminates
sample line or filter.

Replace filter or sample
line.

2. Sample line may be
blocked or pinched.

a. Make sure sample line
an outlet ports are not
obstructed.

b. Change sample line.

1y 3009 HIGH =
35 18 20 05
0.0004| 0.25

1. Alarmis set
inappropriately

a. Make sure alarm is set
appropriately for the O,
setting delivered on the
ventilator.

2. Ogcalibration may
have drifted.

a. Perform a low and high
range calibration on the
O, sensor.

b. Change the O, sensor if
the unit fails to calibrate.

c. Contact International
Biomedical Tech
Support.

Tilith
99

N 25| Vi
2118| 35 o5

0.0 04 0.25

NO High

1. New installed NO
sensors will give a
high reading until fully
biased (48 hrs) and
calibrated.

a. After installation of NO
sensor perform a high
and low calibration.

b. Wait 48 hrs and repeat
high and low calibration.

2. The NO high alarm is
inappropriately set.

Make sure the NO high
alarm is set greater than
measured value.

3. The NO calibration
may have drifted.

Perform a low and high
range calibration of NO
sensor.

4. Circuit setup is
incorrect.

Check circuit for correct
setup.

5. Out of date or wrong
calibration gas used.

a. Verify calibration gas
expiration date.

b. Replace calibration gas
and perform a low and
high range calibration
on the NO;, sensor.
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Medium Priority Alarms

Medium Priority Alarms

Possible Cause

Recommended Action

_LOW BATTERY

99 ‘ 25]"

25 05

04| 0.25
YT —
l99] [ NOw [25) ¥a

25 05

0a| 0.25

99 , 25

25 05

04| 0.25

Alternating:
Low Battery
Connect Charger
Data Invalid

1. Battery voltage has
dropped to a point
where data is no
longer accurate.

a. Disconnect patient and
manually ventilate with
INOstat Bagger. See
Operator’'s Manual
Section 3.

b. Plug AeroNOx 2.0™ into
AC outlet.

Low Priority Alarms

Low Priority Alarms

Possible Cause

Recommended Action

i LOW BATTERY
99

200z

20 [od]
0.0/04/| 0.25

Low Battery

1. Battery is running low

approximately 5
minutes until
depletion.

a. Connect to AC power
source.

b. If connected to AC
powers ensure green
charging light is on and
cord is fully inserted
into socket.

il NO LOW

99 o | 35| VA
20hs| 20 23

0.0/04/| 0.25

NO Low

1. The patient gas

sample line may be
disconnected.

Reconnect patient gas
sample line.

2. The NO low alarm

may be
inappropriately set.

Make sure the set NO low
value is above measured
parameter.

3. The NO calibration

may have drifted.

Perform a low and high
range calibration on the
sensor.

4. The NO sensor may

not be properly
seated.

Make sure sensor is seated
and with O-rings and
housing cover fully closed.
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Low Priority Alarms

Low Priority Alarms

Possible Cause

Recommended Action

5. Out of date or wrong
calibration gas used.

a. Verify calibration gas
expiration date.

b. Replace calibration gas
and perform a low and
high range calibration
on the NO, sensor.

Other Messages

Indicator

Cause

Recommended Action

L[ SAFETY OFF

99 |40} 13
95»18 2015

0.0004| 0.25

Safety Shut Off system
has been deactivated.
See Operator’s Manual
Section 4., Alarms.

a. To reactivate push and
hold Silence Alarm key
and Back buttons
simultaneously.

Device is running on
battery

a. Connect to AC power
source when available.

b. Make sure power cord
is fully inserted into
socket and green LED

Battery Power power light is
Indicator illuminated.
Device isrunningon AC |a. N/A

AC Power Indicator

power and charging

INTERNAL ERROR

a. Battery disconnected
or failed
b. Other Internal failure

a. Ensure battery
connected.

b. Contact International
Biomedical for service.

Other Problems

Indicator Cause Recommended Actions

Unable to use up arrows to | Max allowed gain Re-zero.

match calibration gas ppm. | exceeded. Allow 48 hrs to bias (NO
only)
Correct leak in sample
system.
Replace sensors.
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6.2. Troubleshooting Other Symptoms and Solutions

The following section describes the most common symptoms that are likely to occur with
the AeroNOx 2.0™ and suggests the possible solutions.

SYMPTOMS AND SOLUTIONS

1. Instrument has been sitting for some time. It has not been connected to a charger and the
power switch does not turn the instrument on. The sample pump does not run.

Possible solutions: 1. The battery is disconnected, or has become discharged.
Connect charger, cycle power, and see if proper operation
now occurs. Recharge battery for at least 7 hours.

2. The unit has been subjected to a severe ESD occurrence.
Disconnect the AC power supply and remove and disconnect
battery for a few seconds. Reconnect battery and check
operation.

3. Replace battery if it fails to charge.

2. Instrument has been sitting for some time. It has not been connected to a charger. When
charger was connected and the unit turned on, very high NO values are indicated on the LCD
and the alarms are sounding.

Possible solutions: 1. The battery has become deeply discharged and the
instrument has been unable to maintain the bias voltage on
the NO sensor. Connect charger and allow battery to charge
and the instrument to bias the NO sensor for at least 48 hours
before attempting to calibrate the instrument and take

measurements.
2. If battery fails to take a charge, replace the battery.
3. Oxygen analyzer will not calibrate to room air of 21% O..
Possible solution: 1. Check the output of the O, sensor for approximately 10 mV

output in room air. If <9 mV, replace sensor.

2. Check cable and connectors connecting the sensor to the
circuit board.

4, Oxygen analyzer will not calibrate to 100% O..

Possible solutions: 1. Check the output of the O, sensor for approximately 10 mV
output in room air. If <9 mV, replace sensor. 13 mV is
expected at 100% O..

2. If sensor checks OK above, check plumbing, tubing, and
connections for leaks in the system. Ambient air is probably
being drawn into the system. Repair leaks.

3. Check cable and connectors connecting the sensor to the
circuit board.
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5. NO or NO; sensors are very slow to respond or response is very low.

Possible solutions: 1. Sample flow rate low. Verify flow rate is 120-220 mL/min.
Replace old pump, failed orifice, or adjust sample flow rate
potentiometer.

2. Sensor may be old and the catalyst has been depleted.

Check the date code on the sensor - the last 3 digits of the
serial number represent the month and year (e.g., 126 =
December 2016). Under proper conditions of use, sensor life
is approximately 12 months. Replace sensor, allow time to
bias, and check operation.

3. Sensor may have been exposed to gases or conditions that
have damaged or contaminated the sensor. Replace sensor,
allow time to bias, and check operation.

4. System may have gas leaks. Check tubing and connections
for leaks. Repair leaks if any are found.

5. Check status of calibration gases for shelf life or
contamination.

6. NO or NO; values will not reach the calibration values.
Possible solutions: 1. See possible solutions for NO or NO, very slow to respond
(Symptom #5).
7. NO or NO; values will not stabilize. Values drift while calibrating.
Possible solutions: 1. See possible solutions for NO or NO, very slow to respond
(Symptom #5).
2. Check wiring harness and connectors that connect the

sensors to the circuit boards for loose wires or intermittent
connections.

3. NO sensor may not be properly biased. Allow more time.
8. NO or NO, will not respond at all to gas.
Possible solutions: 1. See possible solutions for NO or NO;, very slow to respond
(Symptom #5).
2. Check wiring harness and connectors that connect the

sensors to the circuit boards for loose wires or intermittent
connections.
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9. NO or NO», values drift while instrument is in use.

Possible solutions:

1.

See possible solutions for NO or NO, very slow to respond
(Symptom #5).

Check wiring harness and connectors that connect the
sensors to the circuit boards for loose wires or intermittent
connections.

Incomplete gas mixing may be occurring in the patient circuit.
Refer to “Operator’s Manual” for proper connections and
minimum mixing length from delivery site to sample site on
ventilator circuit.

10. NO; value displayed is “HI” and does not change.

Possible solutions:

1.

NO, sensor has been exposed to gas concentrations in
excess of 10 ppm. Flush the system with room air or oxygen
for a period of time until the value returns to zero.

NO, sensor has been damaged by overexposure. Replace
the sensor.

11. NO sensor value will not return to zero.

Possible solutions: 1. Perform Low and High Calibration.

2. NO sensor has been exposed to concentrations of NO > 100
ppm. Flush system with room air or oxygen until value
returns to zero. Exposure to high concentrations of gas will
shorten sensor life.

12.  “HI” or “LO” displayed continuously on one of the displays.
Possible solutions: 1. Sensors have drifted above max limit or below zero.
Recalibrate per the “Operator’s Manual”.

2. Sensors are not biased. Make sure internal battery was
connected and charged for at least 48 hours prior to use.

3. Sensors are old. Check PM schedule.

Enter calibration mode for numeric display of actual values to
aid troubleshooting. Operating mode masks numeric values
outside of the useable range.

13. “‘SAMPLE BLOCKED?” displayed immediately when turned on.

Possible solutions:

1.

Sample line, hydrophobic filter, or Nafion line has plugged off.
Disconnect filter and lines from instrument and try again. If it
operates correctly, check lines and filter for plugging,
reconnect, and try unit again.
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2. Foreign material may have been drawn into instrument and
has blocked the sampling system. Check and clean if
necessary.

3. Pressure transducer that detects plugged lines may have
failed. Replace power board.

14.  Mass flow display does not return to zero when no flow is present.

Possible solutions: 1. There is no adjustment for the mass flow sensor. Flow <0.01

L/min is acceptable, however this may indicate an issue if it
does not return to zero. Run the MFM Flow Check/Leak
Check Procedure and verify MFM accuracy from 0-2.0 L/min.
Replace as required.

15. “SAMPLE BLOCKED” not displayed when sample line intentionally blocked.

Possible solutions: 1. Tube to pressure sensor disconnected or plugged into the

wrong port. Note this will also drastically lower the NO, NO,,
and O, sensors’ responses.

All routine maintenance, repairs, and replacement of standard parts should be conducted according to
procedures outlined in the Service Manual. For all clinical or technical issues not addressed in the
manual, please contact International Biomedical directly at:

Call 1-512-873-0033
FAX: 1- 512-873-9090

6.3. Customer Service

Should you need clinical or technical information, please contact International
Biomedical. To help us to help you, please have the following information available:

A complete description of the problem / observation
Model #

Serial #

Your Institution address

Your fax #

The above information is necessary to determine warranty status as well as to gather the
information necessary for us to fill out a Return Merchandise Authorization (RMA) should
you need to send anything back for repair. Any equipment sent to International
Biomedical without an RMA will not be accepted for delivery. Do not ship any
products to International Biomedical without first obtaining an RMA.
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Return Merchandise Authorization

1. To return AeroNOXx 2.0™ contact customer service at International Biomedical.
2. Disconnect battery.
3. Pack AeroNOx 2.0™ as requested by customer service along with any requested

accessories.

4. Put RMA number on outside of packaging and send to location specified by
customer service.

7. APPENDIX
7.1. External Power Supply Electrical Specifications

Parameter Specification

Medical Rated AC Supply | Meanwell GSM40B09-P2S

Voltage Range 80 -264 VAC 113-370VDC

Frequency 47 - 63 Hz

Efficiency 86%

AC Current (Typical) 1 A/115VAC 0.5 A/230 VAC

Inrush Current (Typical) 30 A/115 VAC 65 A/230 VAC

Overload 105 - 160% rated power output
Protection Type: Hiccup mode, recovers automatically after
fault condition is removed
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7.2. Isolation Diagram

A AeroNOx2.0™
e e e e e e e e e e e e e e e e e - =
C _//
Isolation Table
Section |Desc Insulation Type [Max Voltage
A Line-Neutral Bl 240Vac
B* Mains Secondary to LV Secondary 2 MOOP 240Vac
C Secondary to Accessible 2 MOOP 9vdc
D Ungrounded Metal to Secondary 2 MOPP 9vdc

No Electrical Patient
Connections

* Mains- Secondary isolation through use of 60601 Compliant supply (Mean Well# GSMA0B09-P2S, UL FILE # E227340)
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7.3.

Nitric Oxide Sensor Specifications

Product Data Sheet

MNO-1 & MNO-1B MediceLs®

Nitric Oxide (NO) Gas Sensor
Part Numbers: AFOF4-HOO (standard) AFOF7-HOQ (with Bias Board)

Ke

Technical Specifications

y Features & Benefits:
¢ Capable of continuous measurement
o 4th electrode for additional temperature stability

Product Dimensions

MEASUREMENT

Operating Principle
Measurement Range
Maximum Overlaod
Output Signal
Response Time (T )
Typical Baseline Offset
(clean air)
Repeatability

Linearity

ELECTRICAL

Recommended Load Resistor
Bias Voltage
Recommended Gain

MECHANICAL

Weight

Housing Material
Colour Coded Ring
Orientation

ENVIRONMENTAL

Typical Applications
Operating Temperature Range
Recommended Storage Temp
Operating Pressure Range
Differential Pressure Range
Storage Pressure Range
Operating Humidity Range

LIFETIME

Long Term Ouput Drift
Expected Operating Life
Standard Warranty

Doc Ref mnatindd las 3 ECN 12335
18" Apeli 2011

/—‘_—_———_—f‘:w’ =g

www.citytech.com

RATT HOMING

4-electrode electrochemical
0-100 ppm

1500 ppm

0.25 £ 0.05 uAlppm

<10 seconds

-1 to +1 ppm equivalent

3 ROURTING
HOLES ON &
EER e o)

2% of signal
Linear

100
+300 mV
1.1

21 g (nominal)

20% glass-filled polypropylene
Orange

Any

\
T AUKLLARY
COUNTER —

sEnswE — ¥ ~—REFERENCE

Inhaled Nitric Oxide Therapy
-20°C to +50°C

0°C to +20°C

800 - 1200 mBar

+100 mBar

800 - 1200 mBar

15% to 90% RH non-condensing

All dimensions in mm
All tolerances £0.15 mm
unless otherwise stated

IMPORTANT NOTE:

Connection should be mads via recommended
mating parts only. Soldering to the sensor wall

Depends on usage level
o < damage it and invalidate the warranty.

1 year

12 months from date of despatch Al pert data is based on i

made with cylinder gases using a flow rate of
100 mi‘min. Conditions at 20°C, 50% RH and
1013 mBar, using City Technology recommended
circuitry. For sensor performance data under
other conditions, contact City Technology.

Page 1012

City Technology Centre, Walton Road, Portsmouth, Hampshire P06 18Z UK
Tel +44 23 9232 S511 Fax +£4 23 9238 6511
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Product Data Sheet

Continuous Exposure

After continuous exposure to high concentrations of NO for several days the sensor may take some time to
stabilise in fresh air before further use is advised. During this recovery peniod high baseline offsets may be
seen. City Technology recommend 24 hours recovery period before reuse following exposures which excesd 4
days at levels of 80 ppm or above.

Poisoning

CiTicels are designed for operation in a wide range of environments and harsh conditions. However, it is
important that exposure to high concentrations of solvent vapours is avoided, both during storage, fitting into
instruments and operation.

When using sensors with printed circuit boards (PCBs), degreasing agents should be used before the sensor is
fitted. Do not glue directly on or near the CiTicel as the solvent may cause crazing of the plastic.

Cross Sensitivity Table

Whilst CiTicels are designed to be highly specific to the gas they are intended to measure, they will still
respond to some degree to various gases. The table below is not exciusive and other gases not included in the
table may still cause a sensor to react.

Gas Response
Carbon Monoxide (CO) None
Nitrous Oxide (N,O) None
Nitrogen Dioxide (NO,) <25%
Desflurane None
Isoflurane None
Halothane None
SAFETY NOTE

Although this product is not designed for use in life safety applications, if it is used in such applications it is

a requirement that the function of the device is confirmed by exposure to target gas (bump check) before
each use of the sensor and/or instrument, to ensure that the sensor and/or instrument in which it is used, are
operating properly. Failure to carry out such tests may jeopardize the safety of people and property.

Every emor has basn maok o ensure the 3ccuracy of T1s socumeant & the ime of prnting. 17 3c0OMance WIT e COMPany's POTCY of ConinuEd Droauct Improve-
ment City Technoiogy LIMi=d resarves the right 10 make proouct Changes Wthout notice. No Babilty is acosptad for any ;

the products may be used by e cient In Creumstances the Inowleage and contral of
reisvance of Mese PAICULars to an appication. 1 is e clents responsipiity 1D CATy ot the N2cassary tests I determine the USeINess of e products and to
ensure ek safety of operation In 3 appiicaton.

Doo. Rel: mnotindd ve 3 ECN | 2335 Page 2042
18% Agntl 201

//f[”.' S

City Technology Centre, Walton Road, Portsmouth, Hampshire POS 1SZ UK
www.citytech.com Tol +44 23 9232 SSI1 Far +44 23 9238 6611

Part No. 715-0088, Rev. G -94 -



7.4.

NO, Sensor Specifications

Product Data Sheet

MND-1S Medicel®

Nitrogen Dioxide (NO,) Gas Sensor
Part Number: AG010-HCD

Key Features & Benefits:
« Capable of continuous measurement
e 4th electrode for additional temperature stability

Technical Specifications

MEASUREMENT

Operating Principle
Measurement Range
Maximum Overlaod

Ouput Signal

Response Time (T, )

Typical Baseline Offset (clean
air)

Repeatability

Linearity

4-electrode electrochemical
0-50 ppm NO,

200 ppm

0.5+0.1 uA/ppm

< 50 seconds

-0.75 to +0.75 ppm equivalent

2% of signal
Linear

ELECTRICAL

Recommended Load Resistor
Bias Voltage
Recommended Gain

100
Not Required
03

MECHANICAL

Weight

Housing Material
Colour Coded Ring
Orientation

21 g (nominal)

20% glass-filled polypropylene
Black

Any

ENVIRONMENTAL

Typical Applications
Operating Temperature Range
Recommended Storage Temp
Operating Pressure Range
Differential Pressure Range
Storage Temperature Range
Operating Humidity Range

Inhaled Nitric Oxide Therapy
-20°C to +50°C

0°Cto +20°C

800 - 1200 mBar

+100 mBar

800 - 1200 mBar

15% to 90% RH non-condensing

LIFETIME

Typical Long Term Ouput Drift
Expected Operating Life
Standard Warranty

Doo. Ref: mnd-1aindd wa 2 ECNI 2286
2% December 2070

2% signal loss/month
1 year

12 months from date of despatch

Page 1042

COUNTER —

Product Dimensions

R 377 NOMINAL
e
_~—3NMOUNTNG

HOLES ON &
MAPCD

N AURILLARY

- N
SENSING — "—REFERENCE

All dimensions in mm
All tolerances £0.15 mm
unless othewise stated

IMPORTANT NOTE:

Connection should be made via recommended
mating parts only. Soldering to the sensor will
damage it and invalidate the warranty.

All performance data is based on measurements
made with cylinder gases using a flow rate of
100 mis/min. Conditions at 20°C, 50% RH and
1013 mBar, using City Technology recommended
circuitry. For sensor performance data under
other conditions, contact City Technology.

///Tﬂv s

City Technaology Centre, Walton Road, Portsmouth, Hampshire POS 18Z UK
Tel +44 23 9232 5511 Fax +44 23 9238 6611

www.citytech.com
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Product Data Sheet

Poisoning

CiTicels are designed for operation in a wide range of environments and harsh conditions, however itis
important that exposure to high concentrations of solvent vapours is avoided, both during storage, fitting into
instruments and operation.

When using sensors with printed circuit boards (PCBs), degreasing agents should be used before the sensor is
fitted. Do not glue directly on or near the CiTicel as the solvent may cause crazing of the plastic.

Cross Sensitivity Table

Whilst CiTicels are designed to be highly specific to the gas they are intended to measure, they will still
respond to some degree to vanous gases. The table below is not exclusive and other gases not included in the
table may still cause a sensor to react.

Gas Response
Carbon Monoxide (CO) None
Nitrous Oxide (N,O) None
Nitric Oxide {NO) None
Desflurane None
Isofiurane None
Halothane None

The cross-sensitivity values quoted are based on tests conducted on a smali mumber of sensors. They are
intended to indicate sensor response to gases other than the target gas. Sensors may behave differently with
changes in ambient conditions and any batch may show significant variation from the values quoted.

N.B. Unaffected by operation in 100% oxygen

WARNING: By the nature of the technology used, any elecirochemical or catalytic bead sensor can potentially
fail to meet specification without waming. Although City Technology makes every effort to ensure the reliability of
our products of this type, where life safety is a performance requirement of the product, and we recommend that
all sensors and all instruments using these sensors are checked for response to gas before use.

Every efort has been mads o ensure the 30cUracy of tis document at the ime of prnting. 11 3cCORIaNce WM ME COMPANY'S POFCY Of COMMNUEd Product Improve-
ment Cly Technaiogy Lim¥ad resefves the Fgit 1o make product changess without notics. No iabiilly Is accepted for ATy consaquentia 106526, Injury o damage
resuiting from the use of this document of from Ny CMESSIoNS of STOFs harein. The data Is given %r quicance only. It 0ces Not constituee 3 spacification of an
ofier o s3e. The products are always subject 1o 3 programme of Improvement and testing which my result In some changss In the charactenstics quoted. As
the products may be used by e dlient In creumstances beyond the knowledge and contal of City Technology Limited, we cannot gve any waranty 3s o the
reisvance of ese particulars to an appication. & is e clents’ rasponsibiity 10 caTy ot the n2c2ssary tests 10 determine the usefiness of e products and to
ensure Mer safety of opEration In 3 paricuar appication.

Pesformance characteristics on this data sheet outiine the performance of newty suppli=d sensors. Cutut Sgnal can drft Delow the lowes imit

over ime.

Doc. Ref. mnd-18indd 8a 2 ECN | 2256 Page2uf2

R m
//— City Technalogy Limited

City Technology Ceatre, Walton Road, Partsmouth, Hampshire PCS 1SZ UK
www.citytech.com Tol +44 23 9232 5511 Fax +44 23 9238 6611
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Oxygen Sensor Specifications

7.5.
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7.6. Mass Flow Sensor Specifications

Mass Flow Meter

0-2.00 L/min, 0.5V -4.5V (0.5 V offset at zero, 4 V Span)

ELECTRICAL CONNECTION

Pin | Connection | Wire colour }
1 1/C* Ble
2 +Vs Graen
-3 +Vou V:‘E d
4 GND Black
5 1/C* Yellow

* Intamal connaction. Do not connect 1or any reason
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7.7. Recommended Practices for Handling of Gas Cylinders and Regulators to Maintain Gas
Quality
Any time a regulator is installed on a tank or cylinder of compressed gas, certain
precautions must be followed to prevent contamination of the gas in the tank with the air
that is trapped in the dead space of the regulator. This dead space is composed of the
volume of the nipple on the regulator that attaches to the valve on the tank, the volume of
the valve on the tank exposed to air, that is not displaced by the nipple on the regulator
when it is attached to the valve, and any volume in the high pressure side of the
regulator.

Whenever a regulator is attached to a cylinder, it must be purged before use. The valve
on the tank must not be opened and left open until the regulator is purged. The reason
for this being, as soon as the valve is opened, the dead space described above becomes
common with the tank. Any air or gas in this dead space will now diffuse into the tank,
contaminating the contents.

The major concern with Nitric Oxide is that the oxygen in the air that is trapped in the
dead space will unite with the Nitric Oxide to produce nitrogen dioxide. Each molecule of
oxygen will convert two molecules of Nitric Oxide to nitrogen dioxide. Although the dead
space volume is physically small, it carries sufficient oxygen to convert a significant
amount of Nitric Oxide to nitrogen dioxide. This chemical reaction will have the effect of
reducing the concentration of the Nitric Oxide and increasing the concentration of
nitrogen dioxide. The levels of Nitric Oxide in the cylinders are quite low, typically less
than 800 ppm and often 80 ppm for calibration gases.

On low concentrations in small tanks, just one regular installation without following
proper purging technigue can almost make the tank unusable.

Presented here are three methods of suggested practice to minimize contamination of
cylinders. The first two are practiced by NIST, the first being the most desirable method.
The third method is a next best solution that should give good results out in the field
when a laboratory environment is not available.

Purge Method 1: (BEST)

Install a shut-off valve on output of regulator.

Install and tighten the regulator onto tank.

Connect vacuum source to shut-off valve.

Open regulator so it will allow flow.

Open the shut-off valve and pull vacuum on regulator. If the gauge will indicate
vacuum, draw down to 30 in/Hg.

6. Close shut-off valve.

7. Crack tank valve open and immediately close.

8. Open shut-off valve and pull down to 30 in/Hg again. Close shut-off valve.
9. Repeat steps 7 and 8 two more times.

10. Crack valve and immediately close.

11. Open shut-off valve and draw down to 0 in/Hg. Close shut-off valve.

12. Repeat steps 10 and 11 once more.

13. Tank valve may now be opened and left open.

14. Remove vacuum source.

15.  The regulator is now purged and ready for use.

arwnE
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Purge Method 2:

Install a shut-off valve on output of regulator.

Install and tighten the regulator onto tank.

Open regulator to allow flow through it.

Close shut-off valve.

Crack and immediately close the tank valve.

Open shut-off valve and bleed pressure to 0, preferably to an external vent. Close
shut-off valve.

Repeat steps 5 and 6 four more times.

The tank valve may now be left open as needed.

0. The regulator is now purged and ready to use.

OuANE

© N

Purge Method 3:

1. Install and tighten regulator onto tank.

2. Open regulator to allow flow through it.

3. Crack open and immediately close tank valve and allow regulator to bleed down to
0, venting the gas to atmosphere.

4, Repeat step 3 at least 5 more times to ensure that all air has been purged from
regulator.

5. Connect to equipment and open the tank valve as needed.

Although not as elaborate as the previous two methods, this is far better than typical
practice of attaching a regulator, opening the tank valve, and starting to use it. Once a
regulator is installed on a tank, it should be left on the tank until the tank is empty to
minimize the chance of tank contamination.

CONTAMINATION EFFECTS OF AIR ON NO, FORMATION IN NO/N,

Sample calculations to indicate the significance of contamination due to inadequate
purging procedures:

LARGE 2040 LITER (SIZE 2R) TANKS:

2040 Liter cylinder, 800 ppm NO in N, @ 2000 psi
Contains 1632 ml of NO, balance N..

1 molecule of O, will convert 2 molecules of NO to NO».

Volume of air trapped between tank valve and regulator body is typically 1.25 ml or more.

Conceivably, an additional 0.75 ml could be contained in the regulator body for a total of 2 ml.
Internal dimensions of regulator nipple: 0.18” dia x 3.1” long = 0.079 in®=1.29 ml
Internal dimensions of regulator nipple: 0.18” dia x 3.5” long = 0.089 in® = 1.46 m|

Assuming 21% Oxygen in air, (.21 x 2 ml) = 0.42 ml of Oxygen will be
available.

This can convert 0.84 ml of NO to NO..
0.84 ml represents [(0.84 / 1632) x 100]% = 0.05% of the NO present in the tank.
0.05% of 800 ppm is 0.4 ppm.
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Each time a regulator is mounted on a tank and not properly purged, the concentration of NO
could be reduced by 0.4 ppm by diffusion of the Oxygen back into tank through the valve.

Conversely, NO, concentration could increase by 0.4 ppm each time.

As a tank empties, for example at 1000 psi, with 816 ml of NO left in the tank, 0.84 ml now
represents [(0.84 / 816) x 100]% = 0.102% of the NO present in the tank.

0.102% of 800 ppm is 0.82 ppm.

Each time a regulator is mounted on tank and not properly purged, the concentration of NO
could be reduced by 0.82 ppm by diffusion of the Oxygen back into tank through the valve.

Conversely, NO, concentration could increase by 0.82 ppm each time.

As a tank empties, it becomes much more critical to observe correct procedures to prevent
contamination of the gases. The effect of contamination is cumulative.

With 80 ppm calibration gases, as used in the lab, a full 2040 liter tank will contain
approximately 16.32 ml of NO at 2000 psi.

Now 0.84 ml represents [(0.84 / 16.32) x 100]% = 5% of the NO present in the tank.
5% of 80 ppm is now 4 ppm......... very significant!
As a tank empties, this becomes more significant.
SMALL 97 LITER (SIZE 6R) TANKS:
97 Liter cylinder, 800 ppm NO in N, @ 1600 psi
Contains 77.6 ml of NO, balance N..

If the same regulator was used, 0.84 ml of NO now represents (84 / 77.6)% = 1.08% of the
available NO.

1.08% of 800 ppm is 8.6 ppm.

The small silver transport regulators appear to have approximately 1 ml of dead space or about
half that of the other regulators.

This still implies a 4.3 ppm change in NO and NO, concentrations.
NO by itself in nitrogen is stable. It does not decompose on its own.
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7.8.

System Wiring Diagram

357-0024-01 (SENSOR PCBA)
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7.9. Sensor Connection Block Diagram

SENSE

®

SENSE ———

NO
SENSOR

J1

AUX

"

TO 357-7613
CONTROL BOARD

OFF
RELAY

(&)
AR

AUX—

SENSOR BLOCK DIAGRAM

Part No. 715-0088, Rev. G -103 -



	715-0088G.pdf
	MYSCAN_20250225_0001.PDF

	715-0088G.pdf

