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Important 

The information contained in this service manual 阴阳ins only to those models of products 
which a陀 marketed by Datex-Ohmeda as ofthe effective date ofthis manual orthe latest 
revision thereof. This service manual was prepared for exclusive use by Datex-Ohmeda service 
personnel in light of their training and experience as well as the availability to them of parts, 
proper tools and test equipment. ConsequentJy, Datex-Ohmeda provides this service manual to 
its customers purely as a business convenience and forthe customer' s general information only 
without warranty ofthe results with respect to any application of such information. Furthermore, 
because of the wide variety of circumstances under which maintenance and repair activities 
may be performed and the unique nature of each individual' s own experience, capacity, and 
qualifications, the fact that customer has received such information from Datex-Ohmeda does 
not imply in anyway that Datex-Ohmeda deems said individual to be qualified to perform any 
such maintenance or 陀pairservice. Moreover, it should not be assumed that every acceptable 
test and safety procedu陀 or method, precaution, tool, equipment or device is referred to within, 
orthat abnormal or unusual circumstances, may not warrant or suggest different or additional 
procedures or requirements. 

This manual is subject to periodic review, update and revision. Customers are cautioned to 
obtain and consult the latest revision before undertaking any service ofthe equipment. 
Comments and suggestions on this manual are invited from our customers. Send your 
comments and suggestions to the Manager ofTechnical Communications, Datex-Ohmeda, 
Ohmeda Drive, PO Box 7550, Madison, Wisconsin 53707. 

&. CAUTlON Servicing of this product in accordance with this service manual should never be 
undertaken in the absence of propertools, test equipment and the most recent revision 
to this service manual which is clearly and thoroughly understood. 

Technical Competence 

11 

The procedures described in this service manual should be performed by trained and authorized 
personnel only. Maintenance should only be undertaken by competent individuals who have a 
general knowledge of and experience with devices of this nature. No repairs should ever be 
undertaken or a忧empted by anyone not having such qualifications. 

Datex-Ohmeda strongly recommends using only genuine replacement parts, manufactured or 
sold by Datex-Ohmeda for all repair parts replacements. 

Read completely through each step in every procedure before starting the procedu陀; any 
exceptions may result in a failure to properly and safely complete the a吐empted procedure. 
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In this section This section provides a general overview ofthe Aespire 7900 anesthesia machine. 
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1.1 What this manual includes 

This manual covers the service information forthe Aespire anesthesia machine 
with 7900 Ventilator. It covers the following components: 

• Aespire 7900 Ventilator components 
• Gas delivery components 
• Breathing system components 
• Frame component 
• Optional suction 陀gulator

• Optional auxiliary O2 flowmeter 

Other equipment Other equipment may be a忧ached to the system on the display mount, the 
top shelf, or on the side dovetail rails. Consult separate documentation 
relative to these items for details. 

1.2 Standard service procedures 

1.2.1 User's Reference Some sections ofthis manual referyou to the User's Reference manual forthe 
Manuals Aespire 7900 anesthesia machine. To expedite repairs, you must have, and be 

familiar with, the User's Reference manual (Pa役 1 and Pa此 2) forthis product. 

Refer to the Aespire User's Reference manual if you need further information 
about the operation of the system. 

1.2.2 Software versions The 陀vision level is displayed on the ventilator start-up menu. This manual 
includes test and calibration procedures for Revision 4.X software. 

1.2.3 Ventilator tests Service calibration functions let Datex-Ohmeda trained users and Datex
Ohmeda service personnel perform ventilator setup functions, tests, 
calibration and measurements from the front panel display. 

Normal operational tests, calibration, and troubleshooting can be pe斤:ormed

on your Aestiva 7900 Ventilator without 陀moving components from the 
system. Repair may require 陀moving the ventilator components from the 
anesthesia machine. 

&. WARNING Section 4, "SeNice Mode Tests and Calibration" must be pe斤。rmed
whenever you access any internal component ofthe Ventilatorto verify 
that all critical pa同S ofthe Ventilator are still operational and within 
specification. 

&. WARNING Afterthe Ventilator has been serviced, you must pe斤orm "Post -Service 
Checkout"to verifythe entire Anesthesia System is properlyfunctioning 
before the system can be returned to clinical use. 

1-2 02/ 05 1009-0541..QOO 



l lntroduction 

1.3 What is an Aespire 7900 

The Aespire 7900 is a compact, integrated and intuitive anesthesia delivery 
system. The ventilator portion provides mechanical ventilation to a patient 
during surgery as well as mon比oring and displaying various patient 
parameters. 

The system uses a microprocessor-controlled ventilator with internal 
monitors, electronic PEEP, Volume Mode, and other optional featu陀s. Aserial 
interface permits communication to cardiovascular and 陀spiratory gas 
monitoring. 

Note Configurations available for this product depend on local market and 
standards requirements. IIlustrations in this manual may not represent all 
configurations ofthe product. 

The Aespire 7900 is not suitable for use in an MRI environment. 

1.4 Configuration options 

1.4.1 Standard The standard configuration includes the following items. 

configuration • 7900 Ventilator 

• Advanced B陀athing System (ABS) 
• Vaporizer manifold (2 Vap) 
• Auxiliary Common Gas Outlet (ACGO) 
• Seriallnterface - RS232 
• Bi-Ievel LED light strip 
• Two large drawers 

1.4.2 Options Options include the following items. 

1009-0541-000 02/ 05 

• Selected so佼ware features 
• Pipeline configurations (02/N20, O2/ Air, or 02/N20/ Air) 
• Gas cylinder configurations (two inboard) 

- inboard configuration = 02/N20, O2/ Air, or O2/02 
• Manual bag (on suppo忧 arm or on tube) 
• Gas scavenging (active, adjustable, passive, or venturi) 
• A suction regulator (pipeline vacuum or venturi vacuum) 
• An auxiliary O2 flowmeter 
• Localized electrical power outlets (isolated or non-isolated) 
• Two Control Module (Ventilator Display) mounting solutions 

- (Iong arm or folding mount) 

• Various monitoring display mounting solutions 

1-3 
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1.5 System components 
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1. Auxl llary common gas outlet (ACGO) swltch 
2. ACGO 
3. Insplratorycheckvalve 
4. Insplratory flow sensor 
5. Canlster (carbon dloxlde absorbent) 
6. Canlster release 
7. Explratory flow sensor or flow port adapter 
8. Leak test plug 
9. Explratory check valve 
10. Breathlng system release 
11. Manual bag po此
12. APL (adJu剑able pressu陀-lImltlng) valve 
13. Bag;'Vent s州tch

14. Bellows assembly 
15. Pressure gauge (alrway) 
16. Sample gas return port 
17. Scaveng1ng筒。IW Indlcator 
18. RS.232 Serlal po民

日;gure 1-1 • Aespire 7900 anesthesia machine (frontview-Ieft side) 

1-4 
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1. ABS (Advanced Breathlng System) 
2. Row controls 
3. Control Module (Ventllator Dlsplay) 
4. Dovetall ralls 
5. Vaporizer 
6. System swltch 
7. Plpeline pressure gauge( s) (upper row) 
8. CyJlnder pressure gauge(s) (Iower row) 
9. ~ F1ush 
10. Auxlllary 02 flowmeter 
11. Suctlon regulator 

Figure 1-2 • Aespi陀 7900 anesthesia machine (front view - right side) 
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1. Clrcult Breaker for Bectrlcal Outlets 
2. Electrlcal Outlets 
3. Plpellne Connectlon(s) 
4. Cyllnder Supplles 
5. System Clrcult Breaker 
6. Malns Inlet 
7. Equlpotentlal Stud 

Rgu陀 1-3 • Aespire 7900 anesthesia machine (rear view) 
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1.6 Symbols usel le 11 11 (] on t equl It 

。

。

。

。
• 
。

""'-

④ 

_l_ 

l 

专

On (power) 

Off(power) 

Standby 

Lr Wami咿and&. Cautionstell yo boutd叫erousconditions that can 
occur if you do not follow all instruction I this manual. 

Warnings tell about a condition that cal 3use i时ury to the operator or the 
patient. 

Cautions tell about a condition that can Jse damage to the equipment. Read 
and follow all warnings and cautions. 

Other symbols replace words on the eql ment or in Datex-Ohmeda manuals. 
No one device or manual uses all of the mbols. These symbols include: 

因 Alarm silence button 

因 Alarm silence touch key σec 6). 

~ Type B equipment 

Standbyorp陀paratorystate for part of 囚 Type BF equipment 
the equipment 

"ON" only for part of the equipment 圈 Type CF equipment 

"OFF" only for part of the equipment A Caution, ISO 7000-0434 

Direct current AA Attention, referto product instructions, 
IEC 601-1 

Alternating current Dangerous voltage 

Protective earth ground 

G卜 Electrical input 

Earth ground 

G学 Electrical output 

Frame or chassis ground 

囚一 Pneumatic input 

Equipotential 

曰争 Pneumatic output 
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+ Plus, positive polarity ~ Movement in one direction 

Minus, negative polarity 等--击' Movement in two directions 

4ζ二1
Variability 

。
Read top offloat 

..:::ICl口
Variability in steps 

。+
Vacuum inlet 

tt 刊isway up 

芭
Suction bottle outlet 

-'ö.二 Lamp, lighting, illumination 
Cylinder 

自 Lock 

]II[ Isolation transformer 

自 Unlock 

J(J( Linkage system 

;.. Close drain 

⑧ Risk of Explosion. 

;.. Open drain (remove liquid) 
俨~三二〉 ω川w附pre臼邸s臼则s

1340 C Autoclavable 因 Mechanical ventilation 

③ Not autoclavable 位 Bag positionj manual ventilation 

Inspiratory flow Expiratory flow 
Insp 

02+ O2 Flush button 

~% O2 sensor connection 

REF Stock Number SN Serial Number 

1-8 02/ 05 1009-0541-000 
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(> Alarm silence touch key (> Volume alarms On/Offtouch key 

@ End case touch key (> Menu touch key 

。 Circle b陀athing circuit module :• Bain/Mapleson D b陀athing circuit 
module 

俨Pa The primary regulator is setto pre臼ure 俨·嗣 刊e primary 陀gulator is set to pressure 
less than 345 kPa (50 psi) le臼 than 414 kPa (60 psi) 

8-+ Absorberon A CO2 Bypass Option 

C02 

。协 CE Systems with this mark ag陀ewith the 
Absorber off (C02 Bypass active) European Council Directive (93/42/ xm 

EEC) for Medical Devices when they 
a陀 used as specified in their 

l EC 1 REP JAuthorized representa川 Operation and Maintenance Manuals. 
刊ex肌 is the certification number of EC I REP I European Community 
the Notified Body used by Datex-
Ohmeda's Quality Systems. 

d Manufacturer |政 ON凹|
Caution: federallaw prohibits 
dispensing without prescription. 
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Aespire 7900 

2.1 Theory overview 

This section describes: 

• The f10w of gas through the anesthesia machine. 
• The f10w of gas through the breathing system. 
• Electrical signals between the anesthesia machine, includingthe b陀athing

system, and the ventilator. 

2.2 Gas flow through the anesthesia machine 

2-2 

2.2.1 Overview Refer to Figure 2-1. 

Gas supplies Gas comes into the system through a pipeline (2) or cylinder (4) connection. 
AII connections have indexed fittings, filters, and check valves (one-way 
valves). Gauges show the pipeline (1) and cylinder (3) pressures. 

A primary regulator (5) decreases the cylinder pressures to approximately 
pipeline levels. A p陀ssure relief valve (6) helps protect the system from high 
pressures. 

To help prevent problems with the gas supplies: 

• Install yoke plugs on all empty cylinder connections. 
• When a pipeline supply is adequate, keep the cylinder valve closed. 

O2 flow Pipeline or 陀gulated cylinder pressure supplies O2 directly to the ventilator 
(7a for O2 drive gas), the venturi suction (21a for O2 drive gas) supply 
connection, the flush valve (14a), and the auxiliary flowmeter (25). 

The flush valve supplies high flows of O2 to the fresh gas outlet (26 or 27) 
when you push the f1ush button. The flush pressure switch (14b) monitors 
activation ofthe flush valve. 

When the system switch (8) is On, O2 flows to the rest ofthe system. 

A secondary regulator (10) supplies a constant O2 pressure to the O2 flow 
control valve (11). There is a minimum flow of 25 to 75 mLjmin (for dual-tube 
flowmeters) or 175 to 225 mνmin (for single-tube flowmeters) through the 
O2 flowmeter (12). 

The O2 pressure switch (9) monitors the O2 supply pressu陀. Ifthe pressure is 
too low, an alarm appears on the ventilator display. 

02/05 1009-0541-000 



2 Theory of Operation 

Air and N20 flow Pipeline or 陀gulated cylinder pressure supplies Air directly to the ventilator 
(7b for Air drive gas) and the venturi suction (21b for Air drive gas) supply 
connection. 

1009.0541-000 02/ 05 

When the system switch (8) is On, airflows to the Airflow control valve (19). 
Because there is no balance regulator, airflow continues at the set rate during 
an O2 supplyfailure. 

A balance regulaωr (15) controls the N20 supply pre臼ure to the N20 flow 
control valve(16). The O2 secondary regulatorp陀ssure at a pilot port controls 
the output ofthe balance regulator. The N20 output p陀ssure drops with 
decreasing O2 supply pressure and shuts 0仔 hypoxic gas flow before the O2 
supply pressure reaches zero. 

A chain link system (Link-25) on the N20 and O2 flow controls (16, 11) helps 
keep the O2 concentration higher than 21 % (approximate value) at the 
common gas outlet. 

Mixed gas The mixed gas goes from the flowmeter outlet, through the vaporizer manifold 
and vaporizer (23) that is On, to the ACGO selector switch (E). A pressure relief 
valve (24) sets the maximum outlet pressure. 

The ACGO selector switch directs the mixed gas to the selected circuit - to the 
breathing system (26) or to the ACGO (27). 
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Key to Numbered Components 1. Pipeline pressure gauge 

Key to Symbols 

2-4 

2. Pipeline inlet 

3. Cylinder pressure gauge 

4. Cylinder inlet (maximum of 3 cylinders) 
5. Primary regulaωr (cylinder pressure) 

6. High-pressure reliefvalve (758 kPa j 110 psi)* 
7. Supply connections for the ventilator 

a. O2 drive gas 

b. Air drive gas 

8. System switch 
9. Switch for low O2 supply pressure alarm (used with the ventilator) 

10. O2 secondary regulator(207 kPa j 30 psi)* 

11. O2 flow control valve 

12. O2 flow tube(s) 

14. O2 Flush 

a. Flush valve 

b. Pressure switch (used with the ventilator) 
15. N20 balance regulator 

16. N20 币ow control valve 

17. N20flowtube(s) 
19. Airflow control valve 

20. Air flow tube(s) 

21. Supply connection for Venturi suction 
c. O2 drive gas 

d. Air drive gas 
22. Vaporizer po此 valve

23. Vaporizer 
24. Low-p陀ssure reliefvalve (38 kPa j 5.5 psi)* 

25. Auxiliary 罚owmeter (optional) 

26. ToABS 

27. ToACGO 

28. Testpo时primary regulator) 

29. Test port (secondaryjbalance regulator) 

* Approximate values 

t受>+< Pneumatic Connection 

。 Filter 

1> Direction of Flow 

'ô' CheckValve 
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N20 
4 

A. Cyllnder Supplles 
B. Pneumatlc Manlfold 
C. Aowrneter Head 
D. Vaporlzer Manlfold 
E. ACGO Select Swltch 

2 

Figure 2-1 • Pneumatic circuit 
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Air 
4 

7b 

2 

02 
4 

02 
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21a 

2 Theory of Operation 
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14a 
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26 

27 
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2.2.2 Physical Figure 2-2 shows the physical path that the gas takes. 

connections 

Vent Drlve 

Figu陀 2-2 • Typical tubing connections . pictorial 
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2 Theory of Operation 

2.2.3 Suction regulators Pipeline vacuum 

The suction 陀gulator(shown in Figure 2-2) uses an external vacuum source. 

Venturi Drive vacuum 

The suction regulator(shown in Figure 2-3) uses an internal, venturi derived 
vacuum source. 

Drive gas (internally plumbed Air or O2) enters the Venturi Module (VM) at the 
drive port (A). As the drive gas pa臼es through the venturi module, a vacuum 
is created at port B. The drive gas exits the venturi module at port C and is 
exhausted outside the machine through the muffler (D). 

The control port (E) on the venturi module 陀spondsωpneumaticsignals from 
the front panel switch on the Suction Control Module (SCM)ωturn the venturi 
vacuum drive gas on or off. The check valve (C的 helps p陀ventpre臼urization

ofthe suction circuitry ifthe exhaust is occluded orthe venturi unit fails. 

E 

Venturi Drive Gas 
Airor02 

Suctlon 
c 

nu 

Figu陀 2-3 • Venturi suction 
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2.8 

2.2.4 System switch The system switch has two positions: On and Standby. 

In the Standby position The switch: 

• Tums 0仔 the ventilator (electrical). 
• Stops O2 and Air to the flowhead (pneumatic). 
• Without O2 pressure, the N20 balance regulator stops N20. 

In the On position The switch: 

• Tums on the ventilator (electrical). 
• Supplies O2 and Air to the flowhead. 
• Wi由 adequate O2 pressure, the N20 balance regulator supplies N20. 

System Swltch 
( electrfcal) 

。坦 Out(Port4)

System Swltch 
(pneumatlc) 

A,rOut (port4)-IO Oln--飞且出尘L
川(Port 3)-IO 0 1lJ-/一一一一一

。21n (Port 3) 

(RearVlew) 
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2 Theory of Operation 

2.2.5 Flow control Needle valves (one for each gas) adjust gas flows. Clockwise rotation 
decreases flow. Counterclockwise increases flow. Mechanical stops set 
minimum flows for all gases. The link system sets the maximum ratio of N20 to 
O2, 

&. WARNING The Link 25 Prop。而oning System sets a minimum O2 concentration in 

thefresh gasstream when only O2 and N20 are used. Use of an absorber 

or another gas can still cause a hypoxic mixture to be delivered to the 
patient, especially at low O2 flow rates. 

Minimum 伺OWS At minimum flow, two tabs prevent clockwise rotation ofthe valve stem. One 
tab is on the stop collar; the other is on the valve body. 

1009-0541-000 02/05 

Stop Tabs 

Valve 
Stem 

\立~
Valve Body 

Link system The chain link system helps assure an approximate minimum 1 to 3 ratio of 
flow between O2 and N20. When engaged (minimum O2 concentration), a tab 
on the O2 knob is in contact with a tab on the O2 sprocket so that the O2 and 
N20 knobs turn together: 

• an increase in N20 flow causes an increase in O2 f1ow, 
• a decrease in O2 f10w causes a dec陀ase in N20 币ow.

L inkage Tabs 

刘
工

02 Knob 
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2-10 

Higher concentrations of O2 are possible when the link system is not engaged: 
either by reducing the N20 flow below the point of engagement or by 
inc陀asing O2 flow above the point of engagement 

When the N20 flow is belowthe point of engagement, increasingthe N20 flow 
turns the O2 sprocket without changing the O2 flow. At the point of 
engagement, the tab on the O2 sprocket makes contact with the tab on the O2 
knob. Once the linkage is engaged, turningthe N20 flow control 
counterclockwise (increase in N20 flow) also turns the O2 knob 
counterclockwise (increase in O2 flow)ωmaintain a nominal25% minimum 
O2 concentration. 

Decreasingthe N20 flow from the engagement point rotates the tab on the O2 
sprocket away from the tab on the O2 knob. Increasing the O2 flow rotates the 
knob tab away from the sprocket tab. Either action increases the O2 
concentration above 21 %. Sufficiently decreasing O2 flow or increasing the 
N20 flow brings the two tabs back into contact and engages the linkage. 

The kick-in point is defined as the N20 flow at which the N20 valve becomes 
engaged with the O2 valve flowing at 200 mνmin. This engagement point is 
an arbitrary benchmark that assists in calibrating the proportioning system. 
刊e position of the kick-in is set in the factory. During field calibration, you set 
the O2 f10w to 200 mνmin and the N20 flow to the kick-in flow (usually in the 
range of 400 to 700 mLjmin) and then install the sprockets with the O2 
knobjsprocket engaged. 
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2 Theory of Operation 

2.3 Flow through the breathing system 

2.3.1 Overview of flow This section looks at three types of f10w paths. 

paths • Ventilation paths: How gas flows from the drive source (bag or bellows) to 
and from the patient. 

• Fresh gas paths: Fresh gas can f10w from the machine interface directly to 
the patient through the inspiratory check valve, orthrough the abso巾er into 
the expiratory f1ow, or directly to an extemal circuit through the optional 
auxiliary common gas outlet. 

• Scavenged gas pa由5: APL or Pop-o仔.
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2.3.2 Manual ventilation 

Manual inspiration 
(Figu陀 2-4)

B BagNent switch to B ag 

FG Fresh Gas 

AP Airway Pressure 

1 Flow to absorber 

2 Flow 仕om absorber 

3 Inspiratory flow 

The BagjVent switch closes the ventilator path (8 ). 

Gas flows from the bag (1), through the absorber (2), into the breathing circuit 
module, and through a unidirectional valve (inspiraωry check valve) to the 
patient (3). 

During inspiration, fresh gas (FG) flows from the machine into the inspiraωry 
limb, upstream of the inspiratory check valve. 

日igure2-4 . Gas f10w during manual inspiration 
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Manual expiration 
(Figu陀 2-5)

AP Airway Pressure 

B BagNent switch to Bag 

FG Fresh Gas 

SGR Sample Gas Retum 

4 Exp让atory flow 

5 Flow to bag 

Figu陀 2-5 • Flow during manual expiration 

1009-0541-000 02/05 

2 Theory of Operation 

The BagjVent switch keeps the ventilator path closed (8 ). 

Gas flows from the patient (4), through a unidirectional valve (expiratory 
check valve), and into the bag (5). 

During exhalation, fresh gas flows backwards through the absorber (FG) into 
the expiratory limb, downstream of the expiratory check valve. 

For machines that are plumbed to return sample gas to the breathing system, 
the returned gas (SGR) enters the breathing system afterthe expiratory check 
valve (Referto section 9.12). 
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APLValve 
(Figure 2-6) 

D/S APL disc and seat 

6 APLflow 

7 To scavenging 

日igure 2-6 • Flow through 价eAPL Valve 

2-14 

The APL valve sets a pressure limit for manual ventilation. 

As you turn the APL knob, it puts more or less force on the APL disc and seat 
(0/5). Ifthe circuit pressure is too high (旬， the disc and seat inside the 
diaphragm opens and vents gas to the scavenging system (7). 

道委最

电
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2 Theory of Operation 

2.3.3 Mechanical ventilation 

Mechanical inspiration The BagjVentswi也h closes the manual path (V). Pilot pressure (P) closes the 
(Figure 2-7) exhalation valve. 

V BagIVent switch to Vent 

P Pilot pressure 

D Drive gas 

FG Fresh Gas 

AP Airway Pressure 

1 Flow to absorber 

2 Flow from absorber 

3 Insp让atory flow 

日igure 2-7 • Mechanical inspiration 

1009-0541-000 02/05 

Drive gas (0 ) pushes down on the bellows. Gas flows from the bellows (1), 
through the absorber (2), and through a unidirectional valve (inspiratory 
check valve) to the patient (3). 

During inspiration, fresh gas flows into the inspiratory limb, upstream ofthe 
inspiratory check valve. 

3 
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Mechanical e叩iration

(Figure 2-8) 

AP Airway Pressure 

D Drive gas 

FG FreshGas 

SGR Sample Gas Retum 

4 Expiratory flow 

5 Flow to bellows 

6 To scavenging 

日igure 2-8 • Flow through 价eAPL Valve 

2-16 

Drive-gas flow stops and the exhalation valve opens. Exhaled gas flows from 
the patient (4), through a unidirectional valve (expiratory check valve) and 
into the bellows (5). Residual drive gas (0 ) flows out of the bellows to the 
scavenging system (6). 

If PEEP is selected, static p陀ssure on the pilot port of the exhalation valve 
sets the PEEP level. 

During exhalation, fresh gas f10ws backwards through the abso巾er(FG) into 
the expiratory limb, downstream of the expiratory check valve. 

For machines that are plumbed to return sample gas to the breathing system, 
the returned gas (SGR) enters the breathing system afterthe expiratory check 
valve (Refer to section 9.12). 
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Pop-o何valve

(Figure 2-9) 

6 Pop-off fiow 

7 To scavenging 

Rgure 2-9 • Flow through 价epop-offvalve 
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2 Theory of Operation 

The pop-off valve limits the pressure inside the bellows to 2.5 cm H20 above 
the drive gas p陀ssure. This normally occurs when the bellows reaches the top 
of the housing at the end of exhalation. 

Excess gas (7) vents to the scavenging system (6) through the pop-o仔 valve
and the exhalation valve. 

g系最
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2.3.4 Fresh gas and O2 flush flow 

10 ABS breathing system Fresh gas (1) flows from the vaporizer manifold outlet to the ACGO Selector 
(Figure 2-10) Switch. 

With the ACGO Selector Switch in the ABS position, fresh gas flow is 
channeled to the b陀ath ingsystem.

The O2 supply (2) is channeled to the O2 Flush valve. 
When activated, O2 flush flow joins the fresh gas flow in the ACGO Selector 
Switch. 

from 
O2 Supply 

Figu陀 2-10 • Fresh gas and 02 flush flow (to ABS) 
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Auxiliary Common Gas 
Outlet (Figure 2-11) 

ACGO 
Selector 
Switch 

2 Theory of Operation 

Fresh gas (1) flows from the vaporizer manifold outlet to the ACGO Selector Switch. 

With the ACGO Selector Switch in the ACGO position, fresh gas flow is channeled to the 
ACGO outlet. 

At the ACGO outJet, a small sample is diverted to the O2 Sensor in the ABS for O2 
monítoríng. 

The O2 supply (2) is channeled to the O2 Flush valve. 
When activated, O2 flush flow joins the fresh gas flow in the ACGO Selector Switch. 

from 
O2 Supply 

日igure2-11 • Fresh gas and O2 flush flow (to ACGO) 
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2.4 Aespire 7900 Ventilator 

2-20 

The Aespire 7900 Ventilator is a microprocessor based, electronically-
controlled, pneumatically-driven ventilator with built in monitoring systems 
for inspired oxygen, airway pre臼U陀 and exhaled volume. The ventilator is 
designed to be used as a medical device assisting in the delivery of 
anesthesia and is part of the Aespire Anesthesia Machine. 

2.4.1 Features • Sensors in the breathing circuit are usedωcontrol and monitor patient 
ventilation and measure inspired oxygen concentration. This lets the 
ventilator compensate for compression losses, fresh gas contribution, valve 
and regulator drift and small leakages in the b陀athing absorber, b创lows
and system. 

• Positive End Expiratory Pressure (PEEP) is regulated electronically. Du时ng
mechanical ventilation the software maintainsthe set airway pressure. PEEP 
is not active when mechanical ventilation is off. 

• Userse创ngs and microprocessor calculations control breathing pa忧ems.
User interface se忧ingsa陀 kept in non-volatile memory. 

• Mechanical ventilation is started w灿 the BagjVentswitch on the b陀athing
system. 

• Ventilator hardware is regularly monito陀d by software tests. 
• An RS-232 se时al digital communications p。此 connects to and 

communicates with external devices. 
• An exhalation valve modulates flow in the p陀ssure mode. 
• Pressure and volume modes a陀 selectable by the operator. 
• AII pneumatic components are located on one manifold. 
• Exhausted drive gas and bellows pressure relief valve gases are mixed and 

go through the ventilator exhalation valve. 
• Exhalation valve block is autoclavable. 
• Excess fresh gas released from the bellows and ventilator drive gas is 

transferred from the exhalation valve to the Anesthesia Gas Scavenging 
System (AGSS). 

• Optimized for service with a low number of components. 

2.4.2 Safety features • Airway overpressure protection linkedωPmax setting. 
• Dual redundant, software independent, ai阳ayoverpre臼ure devices. 
• Volume over-delivery limits and protection. 
• Proprietary hose connections and fixed manifolds. 
• 10 VA electrical power limiting to potential oxygen enriched environment. 
• 150 psi burst overpressure protection. 
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2 Theory of Operation 

2.5 Aespire 7900 Ventilator components 

Components ofthe ventilator are found in different locations on the Aespire Anesthesia 
Machine. The ventilator package consists of: 

1. Control Module (Ventilator Display) 

2. Pneumatic engine 

3. Enhanced Sensor interface board (ESIB) 

4. Ventilator control electronics 

3 

4 

Rgure 2-12 • Locé重i∞ 0' 7:驳'x) 恍如tilétor∞mpαJerJts
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The ventilator control electronics is found in the lower electrical enclosure at the rear of 
the Aespire 7900 machine. 

Aespire 7900 

2.5.1 Ventilator 
control electronics 

The ventilator control electronics includes a universal power supply and the integrated 
CPU board. The CPU board includes the regulated power circuits and the digital 
circuits. 

The universal power supply receives AC power行om the machine's AC Inlet module 
through the isolation transformer, inline fuses, and separate line filter. It converts AC 
powerto raw DC power that feeds into the power supply circuits of the integrated CPU 
board. 

AII the power necessary to operate the ventilator and light package comes from the 
power ciruits. The digital circuits controls the operation ofthe ventilator. 

A 12 voltba忧ery provides backup power to operate the ventilator in case of mains 
power failure. 
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日igure 2-13 • Aespire 7900 Ventilaωr functional block diagram (Integrated CPU) 
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2 Theory of Operation 

The control panel on the Aespire 7900 Ventilator is mounted on a folding arm on the 
left side of the machine. It permits you to grip the panel and push the control buttons 
with yourthumbs. 

2.5.2 Control 
panel and display 

The control module (ventilator display) includes four submodules: 

• The electroluminescent (EL) display 
• The keyboard front panel 
• A rotary encoder 
• A speaker 

的
安}
O血w
a
d飞

Figu陀 2-14 • Ventilatorcontrol panel 

The keyboard and rotary encoder a陀 used to control the operations ofthe ventilator. 
The front panel uses a three step - selection, change, and approve - setting scheme 
to prevent unwanted selections. The speaker supplies audio input to the operator. 

Logicallayout of primary controls is left to right in the sequence: tidal volume or 
inspiratory pressu陀 level ， respiratory frequency, I:E ratio, maximum inspiratory 
pre臼ure， and PEEP (positive end expiraωry pressu陀).

2-23 

Primary Ventilator interfaces include: 

• Display 
• Softkeys 
• Rotary encoder (control wheel) 
• Knob bu忧on (control wheel) 
· 压D

• Audio 
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2.5.3 Enhanced Sensor 
Interface Board (ESIB) 

The Enhanced Sensor Interface 80ard (ESI8) for the Aespire 7900 Ventilator 
is located underthe tabletop. 

The ESI8 serves as the interface between the ventilator CPU board and the 
breathing circuit sensors and several machine switches. 

The ESI8 processes signals from the: 

• Inspiratory and expiratory flow sensors 

• 02sensor 
• Auxiliary Common Gas Outlet (ACGO) switch 
• 8agjVent switch 
• A8S On switch 
• Drive Pre臼ure Limit (DPL) switch (plumbed to manifold p陀ssure)

• Manifold pressu陀 transducer

• Patient airway pressu陀 transducer

Note: The ESI8 includes additional functions that are not used in the Aespire 
7900 machine 

• Module ID (hard wire for circle circuit) 
• Canister release switch (closed by default) 
• Absorber CO2 8ypass switch (0仔 by default) 

Figure 2-15 • Enhanced Sensorlnterface Board (ESIB) 

2.5.4 Pneumatic Vent 
Engine 

Figu陀 2-16 • Pneumatic Vent Engine 
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刊e pneumatic Vent Engine is located in the back chamber of the breathing 
system that is shielded to contain EMI emissions. The enclosure includes the 
Vent Engine and the Vent Engine Connector 80ard. 

The pneumatic Vent Engine comprises the hardware that drives the ventilator 
bellows. It includes: 

• a drive gas inlet filter 
• a gas inlet valve (GIV) 
• a supply gas pressu陀 regulator

• a flow control valve 
• a drive gas check valve 
• a mechanical over p陀ssure reliefvalve (MOPV) 
• a bleed resistor 
• a free-breathing check valve 
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2 Theory of Operation 

2.6 Electrical 

The Aespire 7900 Ventilator electronicj electrical subassemblies or modules include: 

• Universal power supply (ACωDC converter) 
• CPU board (with power supply and digital circuits) 
• Control module (Ventilator display) 
• Enhanced sensor interface board (ESIB) 
• Sealed lead acid ba忧ery

2.6.1 Block 
diagram 
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日igure 2-17 • Electronic 印nctionalblock diagram (lntegrated CPU) 
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2.6.2 Power 
supply 

Aespire machines with a 7900 Ventilator use a universal power supply for AC to DC 
converslon.刊e remainder of the power supply functions are derived in the power 
supply circuits on the integrated CPU: 

• DC to DC step-down conve民er
• Ba忧ery charger 
• Multiple output DC regulator 
• Battery chargej discharge current monitor 
• Ba忧ery voltage monitor 
• Task light power supply 12V 
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Figu陀 2-18 • Ventilator power supply (lntegrated CPU) 

2-26 

Rem 00 -
AC LEO 

一

02/ 05 1009-0541-000 



2.6.3 Sealed lead 
acid ba忧ery

1009-0541-000 02/ 05 

2 Theory of Operation 

A sealed lead acid ba忧ery supplies ba忧ery backup forthe Aespire 7900 Ventilator. The 
Aespire 7900 Ventilator is not a portable unit. Ba忧eries for the ventilator are used as 
back up power in case of a powerfailure. Thus the battery is in a float charge state most 
ofthe time. Ba忧.eries meet the following: 

• Capacity to operate unit for 30 minutes. 
• Long float charge life. 
• Ba忧ery pack is internallyfused - in line replaceable. 
• Battery terminals and connecting wi陀sa陀 protected against sho此 circuits.

Input 

Nominally 13.7 VDC at 250C during float charge. 

Output 

+10Vω+ 14.8VDC during discharge 
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2.6.4 CPU 
assembly 

The CPU assembly contains all ofthe m句or circuit functions necessary to control 
ventilator operation, they a陀 part of the digital circuits section of the integrated CPU 
board. 
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Figure 2-19 . Ventilaωr CPU block diagram 

Motorola 68340 
processor core 
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The CPU core consists of the following internal functions: 

• Bus access control signals for all memory and peripheral devices 
• Interrupt handling 
• Clocks and timers forthe system 
• Background so佼ware development mode 
• Two RS232C serialljO ports 
• Baud rate generator for serial po此S
• Hard (power-up) and so佼 (watchdog error) reset generation 
• Data bus bu仔ers
• Memory and 1j0 decoding 
• Program memory 
• Safety Relevant Computing (SRC) 
• Watchdog system 
• Data acquisition 
• Flow valve control 
• Inlet valve drive 
• Front panel interface 
• Audio alarm 
• Regulator outputjmanifold p陀ssures
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Serial communications 
module 

Memory and 1/0 
decoding 

2 Theory of Operation 

System clock 

An external32. 768 kHz crystal is used with the internal clock synthesizerto generate a 
24.12 MHz system clock. 

Periodic interrupt创mer

The periodic interrupt timer is the time base for the Real Time Operating System. 

Software watchdog timer 

The software controlled internal watchdog timer guards against program execution 
going astray. 

缸ternal bus inte巾ce

The external bus interface handles the transfer of information between the CPU32, 
external memory and peripherals. 

nming reference 

An external 3.6864 MHz clock oscillator is used as the timing reference for the Baud 
Rate Generator. 

Con筒guration

Both ofthe serial communication channels are configured as full-duplex asynchronous 
RS232C ports. The internal Baud Rate Generator establishes the communication baud 
m旬， with a higher limit of 19.2k Baud. 

Special operating modes 

The serial channels are capable of operating in various looping modes for self testing 
as well as for remote testing of serial communications. 有lese tests include automatic 
echo and remote loop-back. 

Microprocessor Chip Selects 

The four programmable chip selects from Motorola 68340 access external memory 
and peripheral circuits, providing handshaking and timing signals as well as a wait 
state generation, watchdog logic and ventilation control signals. 

1/0 lines 

Spare 1/0 lines are used for digital control andjor sense lines. 

Timer modules Counterj timer #l 

1009-0541-000 02/05 

The first counterjtimer module is usedωmonitorthe MC68340 system clock 
frequency. The externa13.6864 MHz baud rate clock is the time base forthis 
measurement. 

Counterj timer #2 

The second counterjtimer module can be used as desired by the application software. 
The time base forthis timer is the internal24.12 MHz system clock. 
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Program memory Aa5h memory 

Safety Relevant 
Computing (SRC) 

Two 512K x 8 Flash memory devices are used. This memory contains the real time 
operating system (RTOS) and software code. The Flash memory devices are socketed. 

Sy5temRAM 

This memory consists oftwo 128 Kx 16 CMOS static RAMs with on-board expansion 
capabilityto 512Kx 16 SRAMs. 

Non.volatile memory 

This memory consists of a single 2Kx 8 EEPROM and sto陀s information which needs to 
be retained when the system is powe陀d down. This includes userselectable operating 
parameters and a system error log. 

This section add陀sses the Safety Relevant Computing (SRC) requirements of DIN V 
VDE 801. The electronic hardware design provides the nece臼ary capability for meeting 
these requirements. This includes: 

• Digital monitoring of selected control signals. 
• Analog monitoring of supplyvoltages, intemal control voltages, feedbacksignals from 

the flow and inlet valves, and ba忧ery voltage. 
• Automatic switch-over to ba忧eryoperation in the event of an interruption in ac power. 
• Use ofthe software watchdogtimer in the 68340 processorfortemporal monitoring, 
withdi陀ctde-energizing of the flow and inlet valves in the event of a non-recoverable 
error. 

• Use of an operating mode watchdog for logic and timing monitoring, with direct de
energizing ofthe f10w and inlet valves in the event of a non-recoverable error. 

• Monitoring of the system clock to detect an operating行equency out of an acceptable 
range. 

• Use of a redundant high p陀ssure limit safety switch in the bellows drive circuit which 
directly de-energizes the flow valve. 

Watchdog 5ystems MC68340 50伐ware watchdog创mer

Each mode of ventilator operation has a unique watchdog toggle channel that is 
initialized at the legal program entry for that mode. The watchdog is then toggled by 
writing that channel number to the watchdog check address during any program paths 
that occur only in the selected mode of operation. An error is detected if program flow 
is disrupted and an illegal sequence tries to toggle the watchdog with its own different 
channel number. Each mode includes multiple accesses to its watchdog channel 
number to improve detection of incorrect program flow. 

Watchdog operation 

The channel number must be the same for both watchdog initialization and toggle 
channel number. A difference is detected as errant program execution and causes an 
immediate level 7 interrupt (IRQ7). 

A legal watchdog toggle must occur at least once every 35 msec to prevent a time-out 
and subsequent level 7 interrupts. 

A system reset will occur between 62.5 msec and 250 msec if no legal toggle 
addresses occur by that time. Multiple level 7 interrupts will occur prior to a reset. The 
output ofthis watchdog is connected to IRQ7 on the 68340 proce臼or.
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2 Theory of Operation 

Error response sequence 

Errors detected by either watchdog are handled in the following sequence: 

• At the first detection of any error, a watchdog 陀sponds by issuing an IRQ7 interrupt. 
• If the exception handler so食ware for IRQ7 cannot correct the error, then the next 

detection of an error causes a soft system reset. 
• If the error still cannot be corrected, then an audio alarrn sounds (independent of 
proce臼or interaction) and a cyclic soft reset continues until the error is corrected or 
the system is powered down. 

DATA acquisition The data acquisition system for the Aespire 7900 Ventilator consists of two major 
building blocks. The first is an analog to digital converter (ADC) system and the second 
is a digital to analog converter (DAC) system. 

1009-0541-000 02/05 

This portion ofthe Aespi陀 7900 Ventilator allows the microprocessorto interface with 
valves and pressure transducers. 刊e data acquisition system is also used for internal 
monitoring of safety relevant signals. 

刊e ADC system is designed to meet the following specifications: 

Resolution 12 B i岱

InputVoltage Range 0- 4.095 Volts (1mVjLSB) 

Number of Channels 24 

Total Conversion TIme 8 to 8.63 I1sec max 

Integral Nonlinearity 土 1 LSB max 

Differential Nonlinearity 土 1 LSB max (guaranteed monotonic) 

Full-Scale Error 土 6 LSB max 

UnipolarO仔setError 土 3 LSB max 

The DAC system is designed to meet the following specifications: 

Resolution 12 Bi也

Number of Channels 1 

Se忧lingtimeω0.01% 30 I1sec max 

Output Voltage Range 0 -4.095 Volts (1mVjLSB) 

I ntegra I Nonlinearity 土 1 LSB max 

Differential Nonlinearity 士 1 LSB max (guaranteed monoωnic) 

Full-Scale Error 土 9 LSB max 

Zero-Scale Error +4LSB max 
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Analog to digital 
conve此erSystem

A 24 channel multiplexer and buffer amplifier precedes the AjD converter. The 
manifold p陀ssure， patient pressure, inspiratory flow and expiratory f10w signal inputs 
to the multiplexer are filtered with an antialiasing filter. Other inputs a陀 filtered by low 
pass filters. 

Signals that are monitored by the ADC system include: 

• Patient Pressure 
• Manifold Pressure 
• Inspiratory Flow Sensor 
• Expiratory Flow Sensor 
• Flow Current sense 
• Flow DAC output 
• Inlet Valve Current sense 
• O2 Concentration 
• Power Supplies 
• Ba忧ery Backup system 

The ADC system is based around a 12 bit AjD converter. It operates from :t 15V power 
supplies except for the AjD converter. The 12 -bit converter is powe陀d bya filtered +5V 
supply and protected from over-voltage. 

Multiplexer and buffer amplifier 

The multiplexersettles quickly, within 8 1.1 secto 0.01 %, to be stable forthe ADC 12-Bit 
conversion and to maintain the overal120 1.1 sec conversion time. The system 
bandwidth requirement is from dc to 20Hz. The multiplexer is an 8 channel fault 
protected device and the amplifier used as a buffer to drive the AjD converter 
(AD822AR). 

Aj D converter 

The MAX191BCWG is a 12-Bit converterthat operates from a single 5 Volt power 
supply. The clock frequencyto run the AjD converter is 1.507MHz. It is derived from the 
microprocessor system clock. 

With a 1.507MHz clock, the conversion time of the AjD converter is 13 clock periods or 
8.63 1.1 sec. 

The MAX191BCWG has the following unadjusted dc accuracy specifications: 

Integral Nonlinearity 土 1 LSB max 

Differential Nonlinearity 土 1 LSB max (guaranteed monotonic) 

Full-Scale Error 土 3 LSB max 

UnipolarO仔set Error 土 2 LSB max 

Voltage reference 

The MAX191BCWG has an internal4.096 Volt:t 1 mV voltage reference that can be 
adjusted with a potentiometer. This reference voltage is buffered and used forthe 
digital to analog converter reference. 
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2 Theory of Operation 

Aow valve control The flow valve control circuit consists of a D/ A converter and a voltage to current 
conversion circuit. 

D / A conversion 

The D/A conversion forthe flowvalve drive circuit is based around the MAX530 12-Bit 
DAC. The output of the DAC is fed to an input of the A/D converter multiplexer allowing 
the microprocessorto monitorthe DAC output. 

The MAX530 operates from the same 5V power supply as the A/D converter. The 
output voltage range of the converter is 0 to 4.095V (lmV per LSB). 

The MAX530BCWG has the following dc accuracy specifications: 

Integral Nonlinearity 土 1 LSB max 

Differential Nonlinearity 土 1 LSB max (guaranteed monoωnic) 

Full-Scale Error 土 1 LSB max 

Zero-Scale Error +4LSB max 

F10w valve drive circuit 

The flow valve drive circuit does a voltage to current conversion ofthe DAC output 
voltage signal FLW_DAC. With a 0 to 4.000 Volts input, the drive circuit outputs 0 to 1.0 
Amps typical into a 3 ohm load. This current is passed to the flow valve and is used to 
prop。而onallycontrol the flow valve during mechanical ventilation. This circuit does not 
require adjustment and is accurate within :!: 2% of full scale. 

This circuit also Iimits the flow valve output to less than 10VA under normal operation 
and under a single fault condition . This is a requirement ofthe international regulation 
IEC 601-2-13. 

A signal proportional to the actual drive cur陀nt is input to the AjD converter to permit 
the processorto monitor the current and detect fault conditions. 

Gas inlet valve drive This circuit consists of a low-dropout regulator providing a regulated 5 Volts to the inlet 
circuit valve when enabled by the microprocessor. The SHUTDOWN pin of the regulator 

provides on/off control. 

This regulator has an output current of250mA. It has an internal current Iimit of 530mA 
max. This keeps the output under 10VA in a single fault condition. 

1009-0541-000 02/05 

A current sensing circuit is included to let the processor monitor the inlet valve current 
via the A/D converter system and detect fault conditions. 
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Front panel display 
inteñace 

Audio alarm 

缸ternal inteñace 

Communication 
inteñace (RS232C) 

AII signals to and from the Front Panel are protected from ESD through the use of 
transient suppression devices and appropriate filtering. AII of these signals a陀 routed

through a single connector from the microcontroller board to the front panel assembly. 

EL display controller 

The S-MOS SED1351Fflat panel display controller drives 480 horizontal pixels by 240 
vertical pixels of the EL display. Ferrite beads filter the signals from the display 
controller to the display. 

Video display memory 

This memory consists of one high speed 32K x 8 CMOS static RAM directly connected 
to the display controller. The video memory is mapped into memory space, but access 
is controlled by the display controller to ensure that the EL display is not disturbed 
during an access by the processor. 

Membrane switch inputs 

These signals are electronically debounced by an RC filter and sampled by the 68340 
processor. 

LE.D driver outputs 

The AC ON LED is turned on directly from the AC power applied. 

Rotary encoder input 

This quadratu陀 signal is debounced and routed to a quadrature ciock converter which 
interrupts the 68340 proce臼or at each detent position. 

The circuit consists of a programmable sound generator and a LM4860M audio 
amplifier. The sound generator interfaces directly to the CPU and the audio amplifier 
drives an 8 ohm speaker. It is normally powered 行om the low dropout regulator using 
the 5.8 V supply. In the event of a loss of the 5.8 V supply, the sound generator will be 
powered by the VDD supply to prevent loading of the processor data bus. 

The external interface of the ventilator is an important design task from the standpoint 
of Electromagnetic compatibility (EMC). It is important to protect the ventilator from 
conducted and radiated Electromagnetic Interference (EMI) and from Electrostatic 
Discharge (ESD). In addition, EMI design precautions are takenωcontrol the emission 
of EMI via cabling and access ports. 

There are two RS232C interfaces. Each channel is configured for full -duplex 
asynchronous operation at communication rates up to 19.2k baud. The isolated 
interfaces help eliminate the possibility of ground loops. The RS-232 inputs and 
outputs completely conform to all EIA RS-232C and CCI1TV28 specifications. 
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2.6.5 Enhanced 
Sensor Interface 

Board (ESIB) 

2 Theory of Operation 

The Enhanced Sensor Inte巾ce 80ard (ESI8) is the link between the flow transducers, 
the patient airway p陀ssure transducer, the manifold pressure transducer, the oxygen 
sensor, the Orive Pre臼ure Limit switch, and the ventilator CPU board. 

The ESI8 also passes through various switch positions to the ventilator CPU 80ard. It 
provides an inte巾ce forthe ACGO switch, the 8agjVent switch, the canister release 
switch, control panel cover switch (A8S OnjOff in the Aespire 7900), CO2 bypass 
switch (wired On in the Aespi陀 7900)， and breathing circuit 10 switches (in the Aespire 
7900 the circuit 10 "switches" are wired to a special configuration so thatsoftware 
knows it is an A8S circle system). AII of the switch signals are filtered for EMI immunity 
and protected against ESO. 

Respiratory gas flow, to and from the patient, is monitored by measuring the 
differential p陀ssure across a variable orifice in each flow sensor. The pressu陀
transducers for measuring the differential pressure are on the ESI8. 刊e patientaí川ay

pressure and the pressure in the ventilator manifold are measured by pressu陀
transducers on the ESI8. Conditioning circuitry is supplied forthese transducers and 
for the Oxygen sensor used in the breathing circuit. 

02 SenS()r ACGO Selector 
Sw此ch

日igure 2-20 • Enhanced Sensor Interface Board (ESIB) functional diagram 
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Functional description Power Supply Regulators 

The ESIB power supply is a 10 VA limited + 12 volt supply originating at the CPU board. 
It is filtered as it comes onto the ESIB board. 

There are three regulators on the ESIB that are supplied by the + 12 volt supply. The 
first 陀gulator is a LP295110w dropout regulator that produces digital +5 volts. This 
supply is used to power the flow sensor EEPROMs. Setting the E2_PWR signal to logic 
low will shut down the +5 volt power supply to the EEPROMs. 

The second 陀gulator produces analog +5 volts with another LP2951. This supply is 
used to power all of the operational amplifiers and pressure transducers. 

The third regulator produces analog +6.0 volts with another LP2951. This regulator 
powers an ADM660 switched capacitor inverterto generate analog -6.0 volts. These 
supplies power all of the instrumentation amplifiers. 
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Figure 2-21 • Enhanced Sensor Inter臼ce Board (ESIB) block diagram 
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2 Theory of Operation 

Oxygen Sensor Interface 

The Oxygen sensor connects to the ESIB via a 6 position / 4 pin modular phone jack. 
The sensor generates a linear output voltage that depends upon the O2 concentration 
being measured. The oxygen sensor produces an output of 3ω15 mV DC in air (21 % 
O2), It produces an output of 14 to 72 mV DC in 100% oxygen concentration. 

刊e oxygen sensor amplifier provides a gain of 35 and filtering to condition the raw cell 
output to make 比 compatible with the ventilator ADC. The total error ofthe 
measurementsystem, includingthe ADC, is less than ::l:1 %. This is necessary because 
IS07767 陀quires the oxygen analyzer be accurate to ::1:3% at a constant temperature. 
The oxygen cell uses ::1:2% ofthe accuracy specification, not including thermal drift. 

An 02_DISCONNECT signal is provided and is used by the ventilator software to 
determine that a cell is connected to the cable. The signal is implemented using the 
disconnect loop-back provided by the oxygen cell. Digital ground is provided to the cell 
on pin 2 ofthe connector and the cellloops ground back on pin 4 ofthe connector. The 
SIB passes this signal along to the ventilator CPU Board. The 02_DISCONNECT signal 
is filtered for protection against EMI and clamped for ESD protection. 

Flow Sensor Communications Interface 

刊e SIB provides the interface to the flow sensor EEPROMs. Each flow sensor 
incorporates an EEPROM that contains calibration data to be used by the ventilator 
software to correct for the linearity error of the flow sensor. This data relates an ADC 
reading to a flow value. The flow val阔， integrated over time, allows the system to 
calculate volume. The SIB also provides +5 volt power at up to 10mA to the flow sensor 
EEPROMs. The +5 volt power supply incorporates a shutdown control to allow the CPU 
Board to power down the flow sensor EEPROMs when not communicating with them. A 
MAX488 receives a differential clock signal from the CPU Board and converts it to a 
single ended clock to the flow sensor EEPROMs. The power and communication 
signals to the flow sensors a陀 filtered for EMI protection and clamped to protect 
against ESD. 

Inspiratory and Expiratory Flow Measurement 

Differential pressure levels in the range of -3.5 cm H20 to +3.5 cm H20 are applied to 
the differential pressure transducers by the flow of gasses past the variable orifice in 
the flow sensor. The range of ::1:3.5 cm H20 corresponds to ::1:120 LPM offlow through 
the variable orifice f10w sensors. The output range of the transducer is 0.3 to 3.8 VDC 
with a zero pressure output of 2.05 VDC. 

The pressu陀 transducer is powe陀d bya 4.096 VDC voltage reference and is amplified 
by an instrumentation amplifier with a nominal gain of 370. The instrumentation 
amplifier gain is adjustable over a range of 248 to 495 to accommodate variations in 
pressure transducer span. The instrumentation amplifier also provides an offset 
adjustment that is used to set the zero pressure outputω2.05 VDC nominal. The 
offset reference is adjustable over a range of 1.614 to 2.495 VDC to accommodate 
variation in the pressure transducer zero offset. A RC lag fi忧.er， on the output of the 
pressure transducer amplifie几 slows the response of the p陀ssure transducers to make 
the Enhanced SIB backwards compatible with previous versions of the SIB. A buffer 
amplifier fo 11 ows the lag filter to provide a low impedance driver for the cable going to 
the CPU Board. 
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Manifold and Patient Airway Pressure Measurement 

The precision 4.096 volt reference is used to supply a reference voltage to the 
instrumentation amplifier's reference pin and to supply input power to the pressure 
transducer. The output voltage ofthe pre臼ure transducer changes proportionally to 
the applied pressure. The instrumentation amplifier has a nominal gain of 286. The 
instrumentation amplifier gain is adjustable over a range of 199 to 330 to 
accommodate variations in p陀ssure transducer span. It's nominal zero pressure 
output voltage is 800mV which is the voltage applied to its reference pin. The pressure 
range is - 20 cm H20 to 120 cm H20. At - 20 cm H20 the amplifiers output voltage is 
nominally 300mV and at 120 cm H20 its output is nominally 3800mV. The amplifier 
nominally changes 25mV for every 1 cm H20. The instrumentation amplifier output is 
low pass filtered and buffered before being sent to the CPU Board. 

Over Pressure Signal 

The DPL (drive pre臼ure limit) switch is a pneumatic switch and is used to monitorthe 
airwayp陀ssure . (In the Aespire 7900, the DPL switch monitors the Vent Engine 
manifold p陀ssu陀 to limit patient airway pressure.) It is designed to trip if the airway 
pressure 陀aches 104 cm H20 nominal. The OVER_PRESS signal is monitored by the 
system software and will disable mechanical ventilation, disable the flow valve drive 
circuit, and close the gas inlet valve in the event of an over-pressure condition. 
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2 Theory of Operation 

2.7 Ventilator mechanical subsystems 

2.7.1 Drive gas 
filter and Gas Inlet 

Valve 
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Referto Figure 11-1, "System connection block diagram" in Section11, forthe 
complete pneumaticjmechanical subsystem diagram. 

The mechanical subsystems for the ventilator inciude: 

Pneumatic Vent Engine 

• Drive gas inlet filter 

• Gas inlet valve 

• Supply gas pressu陀 regulator

• Row control valve 

• Drive gas check valve 

• Mechanical Overpressure Valve (MOPV) 

• Bleed resistor 

• Free breathingvalve 

Exhalation valve 

Bellows assembly 

Breathing circuit flow sensors 

Drive gas (can be selected from O2 or Air) enters the Vent Engine (1) at a pressure of 
241 to 690 kPa (35 to 100 psi) through a 2-micron filter (2) that is located under the 
Gas Inlet Valve (3). 

During normal operation the Gas Inlet Valve (GIV) is openωlet supply gas flow. The GIV 
provides a shutoff ofthe supply gas when the ventilator is not in use. The GIV also shuts 
off supply gas to the ventilator under failure conditions detected by the CPU or over-
pressure switch. The output from the GIV stays at the fi ltered supply gas p陀ssure .

Rgure 2-22 • Inlet filter and Gas Inlet Valve (GIV) 
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2.7.2 Pressure 
regulator 

2.7.3 Flow control 
valve 

2-40 

The pressure regulator (4) is a non-relieving pressure regulator that 陀gulates high 
pre臼ure filtered supply gas down to 172 kPa (25 psi). 

日igure 2-23 • Pressure regulator 

The flow control valve (5) is controlled by the CPU. Signals are sent to the flow control 
valve of the necessary flow determined by ventilator settings and sensor signals. 刊e

flow control valve modulates the incoming 172 kPa (25 psi) drive gases to an output 
from 0 to 120 liters per minute at p陀ssu陀s ranging from 0 to 100 cm H20. 

Figure 2-24 • Flow control valve 
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2.7.4 Drive Gas 
CheckValve 

(DGCV) 

2.7.5 Bellows 
Pressure Relief 

Valve 
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2 Theory of Operation 

The Drive Gas Check Valve (6) is used downstream of the flow control valveωc陀ate

the pilot pressure for closing the exhalation valve during inspiratory phases, The DGCV 
valve is biased shut by an integral weight that supplies approximately 3.5 cm H 20 of 
bias p陀ssure before permitting flow downstream to the b陀athing circuit. When the 
ventilator is exhaustingflow from the breathing circuit, the DGCV permits the exhalation 
valve pilotp陀ssure to be de-coupled from the circuit pressu陀. This permits the 
exhalation valve to open and lets gas flow to the exhaust and the gas scavenging 
system. 

Figu陀 2-25 • Drive Gas Check Valve 

The Bellows assembly is the interface between drive gas and patient gas in the 
breathing system. The pressure reliefvalve (or pop-offvalve) in the bellows 
assembly (7) controls the pressure in the breathing circuit and exhausts excess patient 
gas through the exhalation valve. 

刊e pre臼ure reliefvalve is normally closed, maintaining approximately 1.5 cm H20 in 
the breathing circuit in a no-flow condition, enough to keep the bellows inflated. It is 
piloted closed during inspiration and remains closed until the b创lows is refilled during 
exhalation. It will exhaust s; 4 Ljmin excess fresh gas flow at s; 4 cm H20. 

Rgure 2-26 • Bellows p陀ssu陀陀liefvalve
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2.7.6 Exhalation The exhalation valve contains an elastomeric diaphragm that is used along with the 
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valve flow valve to control the pressures in the breathing circuit. The exhalation valve 
includes two male ports on the bottom for: 

• Bellows d时ve gas(8) 
• Exhalation valve pilot (9) - (manifold pre臼ure)

The exhalation valve includes th陀e ports on top that connect to the bellows base 
manifold: 

• Drive gas pass through (10) 
• Drive gas return and pop-o何valve f10w (11) 
• APL exhaust flow to scavenging (12) 

A port at the back ofthe exhalation valve (13) connects to the down tube that directs all 
the exhaust flows to the scavenging receiver. 

The exhalation valve is normally open. Approximately 2 cm H20 of pilot pressure is 
necessary to close the valve. When the exhalation port is open, gas flows from the 
bellows housing to the scavenging port. 

Figu陀 2-27 • Exhalation va/ve 
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2.7.7 Mechanical 
Overpressure Valve 

2.7.8 Reservoir and bleed 
resistor 
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2 Theory of Operation 

The Mechanical Overpressure Valve (MOPV) is a mechanical valve (14) that 
operates regardle臼 ofelectrical power. It functions as a third level of 
redundancy to the ventilator' s pressure limit control functions, supplying 
pressure relief at approximately 110 cm H20. 

Figure 2-28 • Mechanical overpressure valve 

The reservoir (15) is a 200 ml chamber that dampens the manifold (pilot) 
pre臼ure pulses to the exhalation valve. 

The bleed resistor (16) is a "controlled leak" from 0 to 12ljmin in response to 
circuit pressu陀sfrom 0ω100 cm H20. The small quantity of pneumatic flow 
exhaustingthrough the bleed resistor permits control ofthe exhalation valve' s 
pilot pressure by modulation ofthe valve output. The bleed resistor exhausts 
only clean drive gas and must not be connected to a waste gas scavenging 
circuit. The output is routed away from the electrical components to make 
sure that systems using oxygen drive gas meet the 10VA limitation 
requirement for oxygen enrichment. 

日igure 2-29 • ReseNoir and bleed resisωr 
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2.7.9 Free breathing 
valve 

2.7.10 Breathing circuit 
flow sensors 

Thefree b陀athing valve (17) helps assu陀 the patient can spontaneously 
breathe. The ventilator is programmed to supply a specified number of 
breaths per minute to the patient. If, in between one of these programmed 
cycles, the patient needs a breath (spontaneous), the free breathing valve 
permits the patient to inhale. The free b陀athing valve is closed on mechanical 
inspiration. 

Rgure 2-30 • Free breathing valve 

Two flow sensors are used to monitor inspiratory and expiratory gas flow. The 
inspiratory flow sensor is downstream ofthe gas system inspiratory check 
valve. Feedback from the inspiratory transducer is used to supply tidal 
volumes that make aliowances for the e仔ects offresh gas flow and circuit 
compressibility. The expiratory flow sensor is located at the input to the gas 
system expiratory check valve. Feedback from the expiratory flow sensor is 
used to supply signals for expiratory tidal volume monitoring and the breath 
rate. 

Figu陀 2-31 • Flow sensors 
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3 Checkout Procedure 

In this section 3.1 Ventilator post-service checkout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3-2 

3.2 Inspect the system . . . . . . . . . . . . . . . . . . . . . ... . . . .............................. 3-2 
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3.15 日ectrical safety tests ............... . ... . . . ... . . . . . . . ... . . . . . . . . . . . . . . . . . 3-17 

~ WARNINGS After any repairorservice ofthe Aespire system, complete all tests in thissection. 
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Before you do the tests in this section: 

• Complete all necessary calibrations and subassembly tests. Referto the 

individual procedures for a list of necessary calibrations. 

• Completely reassemble the system. 

If a test failure occurs, make appropriate repairs and test for correct operation. 
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3.1 Ventilator post-service checkout 

After servicing the Aestiva 7900 Ventilator, run the service menu tests that 
are pertinent to the components replaced. Perform calibration on flow 
sensors, pressure sensitivity, flow valve and bleed 陀sistor.

Then, complete the checkout procedure forthe entire machine in the following 
sections. 

3.2lnspect the system 

3-2 

~ CAUTION The upper shelf weight limit is 34 kg (75 Ib). 

~ WARNING Do not leave gas cylinder valves open ifthe pipeline supply is in use. 
Cylinder supplies could be depleted, leaving an insu佣cient reserve 
supply in case of pipeline failu陀.

Before testing the system, ensure that: 

• The equipment is not damaged. 

• Components are correctJy a忧ached.

• The breathing circuit is correctJy connected, not damaged. 

• Pipeline gas supplies are connected. 

• Cylindervalves a陀 closed.

• Models with cylinder supplies have a cylinder wrench attached to the 
system. 

• Models with cylinder supplies have a reserve supply of 02 connected to 
the machine du时ng system checkout. 

• The casters are not loose and the brakes are set and prevent movement. 
• The power co叫 is connected to a wall outlet. The mains indicator comes 

on when AC Power is connected. 
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3 Checkout Procedure 

3.3 Pipeline and cylinder tests 
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&. CAUTION To prevent damage: 

• Open the cylinder valves slowly. 

• Do not force the f10w controls. 

If your system does not use cylinder supplies, do not do steps 2 and 3. 

1. Disconnect the pipeline supplies and close all cylinder valves (if 
equipped). Ifthe pipeline and the cylinder pressure gauges a陀 notatzero ，

bleed all gasses from the system. 

a. Connect an O2 supply. 

b. Set the system switch to On. 

c. Set the flow controls to mid range. 

d. Makesu陀 thatall gauges but O2 are at zero. 

e. Disconnect the O2 supply. 

f. Make sure that the O2 gauge goes to zero. As pressure decreases, 
alarms for low O2 supply P陀ssure should occur. 

2. Makesu陀 that the cylinders are full: 

a. Open each cylinder valve. 

b. Make sure that each cylinder has sufficient pressure. If not, close the 
applicable cylindervalve and install a full cylinder. 

3. Test one cylinder at a time for high pressure leaks: 

a. Set the system switch to Standby, which stops the 02 flow. 

b. If equipped, turn the auxiliary O2 flow control fully clockwise (no flow). 

c. If equipped, turn offventuri derived suction. 

d. Open the cylinder. 

e. Record the cylinder p陀ssure.

f. Close the cylinder valve. 

g. Record the cylinder p陀ssure after one minute. Ifthe pressu陀
decreases more than 690 kPa (100 psig), there is a leak. 

Install a new cylinder gasket and do this step again. 

h. Repeat step 3 for all cylinders. 

&. WARNING Do not leave gas cylindervalves open ifthe pipeline supply is in use. 
Cylinder supplies could be depleted, leaving an insufficient 陀serve

supply in case of pipeline创lure.

4. Connect the pipeline supplies one at a time and ensu陀 that the 
corresponding gauge indicates pipeline pre臼ure.
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3.4 Flow control tests 

3-4 

&. WARNING Nitrous oxide (N20) f10ws through the system during this test. Use a safe 

and approved procedure to collect and 陀move it. 

1. Set up the gas scavenging system. 

a. Connectthe AGSS to a gas scavengingsystem. 

b. A忧ach a patient circuit and plug the patient port. 

c. A忧ach a bagωthe bag po民 (or plug the bag po的.

d. Set the BagjVent switchωBag. 

e. Adjustthe APL valve to minimum. 

2. Connect the pipeline supplies or slowly open the cylinder valves. 

3. Turn all flow controls fully clockwise (minimum flow). 

4. Set the ACGO selector switch to ABS. 

5. Turn on the system. 

6. Confirm that the O2 sensor measures 21 % in room air and 100% in pure 
O2, If not, calibrate the O2 sensor. 

7. Makesu陀 that:

• For a dual-tube O2 flowmeter, 
the O2 flowtube shows 0.025 to 0.075 Ljmin. 

• For a single-tube O2 flowmeter, 
the O2 flowtube shows 0.175 to 0.225 Ljmin. 

• The other flowtubes show no gas flow. 

8. Set the flow controls to mid range of each flowtube and make sure that the 
flowtube floats rotate and move smoothly. 

Note Ifthe system does not include N20 , skip steps 9 and 10. 

9. Check the Link proportioning system concentration (inc陀asingN20 币ow) .

Observe the following precautions: 

a. Start with all valves at the minimum setting. 

b. Adjust only the N20 币ow control. 

c. Increase the N20 flow as specified in the following table and make sure 
the O2 concentration is in range. 
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3 Checkout Procedure 

Note: Allow the O2 monitor to stabilize. At the lower flows, the O2 
monitor may take up to 90 seconds to stabilize. 

d. If you overshoot a se创ng， turn the O2 flow control clockwise until the 
N20 flowdec陀ases to the previous se忧ing before continuing the test. 

Setthe N20 例。w(Ljmln) Measured O2 

0.15 (dual flowtubes only) 21% minimum 

0.5 (dual flowtubes on l份 21% minimum 

0.8 21% to 30% 

1.0 21%to30% 

2.0 21% to 30% 

6.0 21%to30% 

9.0 21% to 30% 

10. Check the proportioning system concentration (dec陀asing O2 flow). 
Observe the following precautions: 

a. Start with N20 valve at the maximum se创ng.

b. Adjust only the O2 flow control. 

c. Decrease the O2 flow as specified in the table and make su陀 the O2 
concentration is in the allowed range. 

Note: Allow the O2 monitor to stabilize. At the lower flows, the O2 
monitor may take up to 90 seconds to stabilize. 

d. Ifyou overshoota se忧ing， turn the N20 flow control counterclockwise 
until the O2 flow increases to the previous se忧ingbefore continuingthe 
test. 

Set the O2 flow (Lj min) Measured O2 

3.0 21%to30% 

2.0 21%to30% 

1.0 21%to30% 

0.3 21%to30% 

11. Check the linearity ofthe Airflow control. 

• Tum the N20 flow control fully clockwise to minimum stop. 

Set the O2 flow Set the Alr flow (Lj mln) O2 monltor range 
(Lj mln) 

4.0 3.0 61%to 71% 

3.5 6.0 45%to 55% 

1.5 8.0 28%to38% 
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3.5 Pressure relief test 

To check the pressure relief valve (vaporizer manifold outlet). 

1. Turn all flow controls fully clockwise (minimum f1ow). 

2. Set the ACGO selector switch to ACGO. 

3. Connect a gauge or a digital manometer to the 
ACGO outlet using the positive p陀ssure leak 
test adapter. 

4. Adjustthe O2 f1owto 0.5νmin. 

5. Verify that the test device reading stabilizes 
within the following range: 
31-60 kPa, 230-450 mm Hg, 4.5-8.5 psi. 

6. Remove the test device and the adapter. 

Test 
Adapter 

3.6 O2 supply alarm test 

3-6 

1. Set all flow controls to 3 L/min. 

2. Stop the O2 supply. (Disconnect the pipeline supply or close the cylinder 
valve.) 

3. Make sure that: 

a. The low O2 supply alarm occurs. 

b. The N20 (if equipped) and O2 f10ws stop. The O2 f10w stops last. 

c. Air (if equipped) f10w continues. 

d. Gas supply alarms occur on the ventilator ifthe ventilator uses O2 as 
the drive gas. 

4. Turn all of the f10w controls fully clockwise (minimum flow). 

5. Reconnect the pipeline supplies. 
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3.7 Flush flow test 

3 Checkout Procedure 

1. Set the Bag/Vent switch to Vent. 

2. Set the system switch to Standby. 

3. A忧.ach a patient circuit and plug the patient port. 

4. Set the ACGO selector switch to ABS. 

5. Ensure that the bellows is completely collapsed. 

6. Measure the amount of time it takes to fil l the bellows when the O2 Flush 
button is fully and continuously depressed. 

7. Repeat the above measurement two more times (deflate bellows by 
removing the plug from the patient port). 

· 刊e bellows should fill in 1.8 to 2.3 seconds. 

Possible Causes of Failure • Large leak (if long filling time). 
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• ACGO selector valve inlet cross-connection (if short filling time). 

O2 Aush Output 

02 Supply 

From 

..; JACGO 
Selector 
Swltch 

Vaportzer Manlfold 
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3.8 Vaporizer back pressure test 

3.8 

&. WARNING Anesthetic agent vapor comes out of the common gas outlet du时ngthis
test. Use a safe, approved procedu陀 to remove and collect the agent. 

1. Set up the gas scavenging system. 

a. Connectthe AGSS to a gas scavengingsystem. 

b. A忧ach a patient circuit and plug the patient port. 

c. A忧ach a bagωthe bag po民 (or plug the bag po的.

d. Set the BagjVent switchωBag. 

e. Adjustthe APL valve to minimum. 

2. Set the ACGO selector switch to ABS. 

3. Set the system switch to On. 

4. Setthe O2 flowto 6 Ljmin. 

5. Makesu陀 that the O2 flow stays constant and the float moves freely. 

6. Adjust the vaporizer concentration from 0 to 1 % one click at a time. The O2 

flow must not dec陀ase more than 1 Ljmin through the 仙11 range. Ifthe O2 

flow decreases more than 1νmin: 

a. Install a different vaporizer and try this step again. 

b. Ifthe O2 flow decreases less than 1 Lj min with a differentvaporizer, the 
malfunction is in the first vaporizer. 

c. If the O2 flow also dec陀ases mo陀 than 1 Ljmin with a di仔erent
vaporizer, the malfunction is in the Aespire system. 00 not use the 
system until it is serviced (repair vapo时zer manifold po忧 valve) .

7. Complete steps 3 through 5 for each vaporizer and vapo时zer position. 

8. Set the system switch to Standby. 
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3 Checkout Procedure 

3.9 Low-pressure leak test 

Note Perform either the "Negative low-pressure leak test" orthe "ISO or BSI 
standard low-pressure leak test." It is not necessary to perform both tests. 

~ WARNING Do not use a system with a low-pressure leak. Ane灿etic gas will go into 
the atmosphere, not into the breathing circuit. 

3.9.1 Negative low- 1. Test the leak test device: 

「

pressure leak test a. Put your hand on the inlet of the leak test device. Push hard for a good 

ACGOOutlet 

seal. 

b. Squeeze the bulb to remove all airfrom the bulb. 

c. Ifthe bulb completely inflates in less than 60 seconds, replace the leak 
test device. 

2. Set the system switch to Standby. 

3. Set the ACGO selector switch to ACGO. 

4. Turn 0仔 all vaporizers. 

5. Test the anesthesia machine for low-pressu陀 leaks:

a. Open the flow controls one and a half turns counterclockwise. 

b. Connect the test device to the ACGO outlet. 
c. Compress and release the bulb until it is empty. 

d. The vacuum causes the floats to move.刊is is usual. Ifthe bulb 
completely inflates in 30 seconds or less, there is a leak in the low
P陀ssure circuit. 

6. Test each vaporizerfor low-pressure leaks: 

a. Set the vaporizer to 1 %. 

b. Repeat step 5. 

c. Set the vaporizer to OFF. 

d. Testthe 陀maining vaporizers. 

7. Disconnect the test device. 

8. Turn all flow controls fully clockwise (minimum flow). Do not overtighten . 

.&. WARNING Agent mi双ures from the low-pressure leak test stay in the system. 
Always flush the system with O2 afterthe low-pressure leaktest(l Ljmin 

for one minute). 

Tum off all vaporizers at the end of the low-pressure leak test. 

9. Flush the system with O2: 

a. Set the system switch to On. 

b. Setthe O2 flowto 1 Ljmin. 

c. Continue the O2 flow for one minute. 

d. Turn the O2 flow control fully clockwise (minimum flow). 

e. Set the system switch to Standby. 
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3.9.2 150 or B51 standard 
low-pressure leak test 

3-10 

&. CAUTlON Do the positive pressure leak test at the ACGO outlet only. 

1. Set the ACGO selector switch to ACGO. 

2. Turn all flow controls fully clockwise (minimum flow). 

3. Using the positive p陀ssure leak test adapter, connect the ISO or BSI 
specific leak test device to the ACGO outlet. Push the adapter into the 
ACGO outlet throughout the test to get a good seal. 

-
LeakTestAdapter 

TestDevlce 
(Top VJew) |恨| TestDevlce 

(Front VJew) 

4. Keep flowmeter of the test device ve忧ical for accurate results. 

5. Fully open the needle valve on the test device (counte陀lockwise).

&. CAUTION If the needle valve is not fully open, this test can damage the pressu陀
gauge on the test device. 

6. Set the system switch to On. 
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3 Checkout Procedure 

7. Open the O2 f10w control and set a total flow of 0.4 Ljmin through the 
f10wmeter on the test device. 

8. Makesu陀 that the pressu陀 gauge on the test device reads zero and that 
all other flow controls are fully closed. 

9. Close the needle valve on the test device until the test gauge 陀ads:

l505358 3 kPa 

8514272.3 20 kPa 

10.lf the f10w through the test device is less than 
0.35 Lj min (150) or 
0.3 Lj min (851), 
there is a low pressure leak in the anesthesia machine. 

11. Fully open the needle valve on the test device to decrease the back 
P陀ssure.

12.Test each vaporizerfor 1 ow-pressure leaks: 

a. Set the vaporizer to 1%. 

b. Repeat steps 7 through 10. 

c. Turn the vaporizer OFF. 

d. Test the remaining vaporizers. 

13. Remove test tool and adapter. 

~ WARNING Agent mi炕ures from the low-pressu陀 leak test stay in the system. 
Always flush the system with 02 afterthe low-pressure leaktest(l Ljmin 

forone minu怡).

Turn all vapo时zers OFF at the end of the low-pressure leak test. 

14. Flush the system with O2: 

a. Set the system switch to On. 

b. Setthe O2 f10w to 1νmin. 

c. Continue the O2 f10w for one minute. 

d. Turn the O2 f10w control fully clockwise (minimum flow). 

e. Set the system switch to Standby. 
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3.10 Alarm tests 

3-12 

1. Connect a test lung to the patient connection. 

2. Set the Bag/Vent switch to Vent. 

3. Setthe system switch to On. 

4. Set the controls: 

• Ventilation Mode: Volume control (select 行om main menu) 

• Ventilator: 

- TIdal Vol: 400 ml 
- Rate: 12 
- I:E Ratio:1:2 
- Plimit:40 cm H20 
- PEEP: OFF 

• Anesthesia Machine: 

- O2 f1 0W: minimum flow 
- AII other gases: OFF 
- ACGO selector switch to ABS 

5. Push O2 Flush to fill the bellows. 

6. Set the Bag/Vent switch to Bag and back to Vent. 

7. Makesu陀 that:

a. Mechanical ventilation sta此s.

b. A subatmospheric p陀ssure alarm does not occur. 

Note: With active gas scavenging, too much scavenging f10w can cause 
subatmospheric alarm. 

c. The ventilator displays the correct data. 

d. The bellows inflate and deflate during mechanical ventilation. 

8. Set the O2 f10w control to 5νmin. 

9. Makesu陀 that:

a. The end expiratory pressu陀 is approximately 0 cm H20. 

Note: Positive end expiratory pressure when PEEP is 0仔 may indicate 
that the scavenging system is not removing enough gas. 

b. The ventilator displays the correct data. 

c. The bellows inflate and deflate during mechanical ventilation. 

10. Test the low minute volume alarm: 

a. Go to the alarms menu. 

b. Set the alarm limit for low minute volume to 6.0 Ljmin. 

c. Make sure that a low minute volume alarm occurs. 

d. Go to the alarms menu. 

e. Set the low minute volume alarm to OFF. 
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3 Checkout Procedure 

11. Testthe high airway p陀ssure alarm: 

a. Set Plimit to less than the peak airway p陀ssure.

b. Makesu陀 that the high airway pressure alarm occurs. 

c. Set Plimit to correct level. 

12. Testthe apnea and low airway p陀ssure alarms: 

a. Turn all 刊ow controls fully clockwise. 

b. Remove the test lung from the patient connection. 

c. Other alarms such as low minute volume can occur. 
d. Make sure that the low airway p陀ssure and apnea alarms occur. The 

apnea alarm occurs after 30 seconds. 

13. Test the sustained ai川ay pre臼ure alarm: 

a. Set the controls: 

• APL valve - Closed (70) 

• Bag(Vent switch - Bag 

b. Mechanical ventilation stops when the Bag(Vent switch is set to Bag. 

c. Occlude the bag port connector with a test plug. 

d. Close the patient connection usingthe test plug located on the side of 
the ABS and push the O2 Flush button. 

e. Make sure that the sustained p陀ssure alarm occurs after 
approximately 15 seconds at the sustained pressure limit (6-30 cm 
H20 varies with pressure limit). 

14. Test the O2 monitor and alarms: 

a. Remove the O2 sensor from the circuit module. 

b. Make sure the sensor measures approximately 21 % O2 in room air. 

c. Set the low O2 alarm to 50%. Make su陀 a low O2 alarm occurs. 

d. Set the low O2 alarm back to 21 % and make sure that alarm cancels. 

e. Put the O2 sensor back in the circuit. 
f. Remove the test lung from the patient connection. 

g. Set the High O2 alarm to 50%. 

h. Push the f1ush bu忧on to fill the breathing system. 

i. Set the O2 f10w control to 2 L/min. 

j. Make sure the high O2 alarm comes On. 

k. Set the high O2 alarm back to 100% and make sure that alarm cancels. 

1. After 2 minutes in pu陀 O2 ， the O2 display reads approximately 100%. 

m. Tum the O2 f10w control fully cloc阳ise (minimum flow). 

15. Set the system switch to Standby. 
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3.11 Breathing system tests 

3-14 

.&. WARNING 0时ec岱 in the breathingsystem can stop gasflowto the patient. This can 
cause i时 ury or death: 

• Do not use a test plug that is small enough to fall into the breathing 

system. 

1. Verify that AGSS is operating. For systems that have a f10w indicator on the 
side, make sure that the f10w indicator shows a f10w in the green (normal) 
reglon. 

2. Zero the pressu陀 gauge (Section 5.5.1). 

Check Valves 3. Make su陀 that the check valves on the breathing circuit module work 
correctly: 

a. The Inspiratory check valve rises during inspiration and falls at the sta此
of expiration. 

b. The Expiratory check valve rises during expiration and falls at the start 
of inspiration. 

Ventilator Bellows 4. Ventilator bellows test: 

a. Set the system switch to Standby. 

b. Set the BagjVent switch to Ventilator. 

c. Setall 何ow controls to minimum. 

d. Close the breathing circuit at the patient connection. Use the test plug 
located on the side of the ABS. 

e. Push the O2 f1ush button to fill the bellows. 

f. The p陀ssure must not increase to more由an 15 cm H20 on the 
pre臼ure gauge. 

g. Ifthe bellows falls more than 100 mLjmin (top of indicator), it has a 
leak. 

Service Mode Tests 5. Enterthe Service Mode: Push and hold the adjustment knob on the 
ventilator's display and set the system switch to On. 

a. Select and confirrn "Service Mode". 

b. Select and confirrn "B陀athing System Leak TestW (Section 4.3.12). 

c. Follow the instructions on the screen. 

d. The leak rate should be less than 200 mLjmin. 
For machines with a single-tube O2 f1owmeter, the pressure reading 
should reach 30 cm H20 at minimum flows greaterthan 200 mLjmin. 

Note: If test fails, see Section 7.2, "B陀athing System LeakTest Guide". 
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3 Checkout Procedure 

Bag Circuit 6. Test the Bag circuit for leaks: 

a. Set the system switch to On. 

b. Set the Bag/Ventilaωr switch to Bag. 

c. Plug the Bag po忧 (use your hand orthe approved test plug). 

d. Close the APL valve (70 cm H20). 

e. Setthe O2 f1owto 0.25 Ljmin. 

f. Close the patient connection (using a hand ortest plug on the side of 
the breathing system) and pressurize the bag circuit with the O2 f1ush 
bu忧on to approximately 30 cm H20. 

g. Release the flush button. The p陀ssure must not decrease. A pre岱U陀

decrease large enough to see on the gauge indicates an unacceptable 
leak. 

Note: Iftest fails, see Section 7.2, "Breathing System Leak Test Guide". 

APL Valve 7. Test the APL valve: 

a. Fully close the APL valve (70 cm H20). 

b. Set the total fresh gas f10w to approximately 3 Ljmin and make sure 
thatthe value on the inspiratory pressu陀 gauge does not exceed 85 cm 
H20. Some pressure f1uctuation is normal. 

c. Fully open the APL valve (to the MIN position). 

d. Set O2 f10w to 3 Ljmin. Tum any other gases 0仔.

e. Make sure that the value on the inspiratory pressure gauge is le臼 than

approximately 5 cm H20. 

f. Push the O2 f1ush button. Make sure that the value on the inspiratory 
pressu陀 gauge stays less than 10 cm H20. 

g. Set the O2 f10w to minimum and make sure that the value on the 
inspiratory pressu陀 gauge does not decrease below 0 cm H20. 

8. Remove your hand or the test plug from the patient connection. 

9. Set the System switch to Standby. 

&. WARNING Make sure that there are no test plugs or other objeωcaught in 

the breathing system. 
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3.12 Auxiliary O2 flowmeter tests 

1. Open the O2 cylinder valve or connect an O2 pipeline. 

2. Rotate the flow control clockwise (decrease) to shut offthe flow. The ball 
should rest at the bo忧om of the flow tube and not move. 

3. Rotate the flow control counterclockwise (increase). The ball should rise 
immediately after rotation is begun. It should rise smoothly and steadily 
with continued counterclockwise rotation. When a desired flow is set, the 
ball should maintain in a steady position. 

4. Occlude the auxiliary O2 outlet. The ball should rest at the bottom ofthe 
flow tube and not move. A ball that does not rest at the bottom of the flow 
tube indicates a leak and requi陀sservice.

5. Rotate the flow control clockwise to shut 0仔the flow. 

3.13 Integrated Suction Regulator tests 

3-16 

The gauge needle should come to rest within the zero range bracket when no 
suction is being supplied. Gauges which do not comply may be out of 
calibration. 

1. Adjustthe regulator se忧ing to minimum. 

2. Turn the mode selectorto 1 (On). 

3. Ensure the gauge remains less than 200 mmHg (26 kPa, 0.26 Bar). 

4. Occlude the inlet. 

5. Ensure the gauge remains less than 200 mmHg (26 kPa, 0.26 Bar). 

6. Adjust the regulaωrin an inc陀asing vacuum level. 

7. The gauge should rise after rotation has begun.刊e gauge should rise with 
continued rotation of the regulator adjustment. 

8. Adjust the regulator se创ngωminimum.

9. Turn the Mode selectorto 0 (Off). 

02/ 05 1009-0541-000 



3.14 Power failure test 

3 Checkout Procedure 

1. Connect the power cord to a mains outJet. The mains indicator on the 
display comes on when AC Power is connected. 

If the indicator is not on, the display assembly is not receiving AC power. 

• Verify AC power to the machine (reset circuit b陀aker) .

• Check fuses in display a臼embly's inlet module. 

• Check fuses in machine's AC inlet assembly. 

2. Setthe system switch to On. 

3. Unplug the power cord with the system turned on. 

4. Make sure that the power failure alarm comes on. 

5. Make sure the following message is on the ventilator display: 

• "On Battery - Power OK?" 

6. Connectthe powercable again. 

7. Make sure the alarm cancels. 

3.15 Electrical safety tests 

1009.0541-000 02/05 

Make sure the system is completely assembled and all accessory devices are 
connected to electrical outlets. 

1. Connect an approved test device (e.g. UL, CSA, or AAM 1) and verify that the 
leakage cur陀nt is less than: 

Voltage 

120jl00Vac 

220j240Vac 

Ma兑Leakage Current 

300μAmps 

500μAmps 

2. Make sure that the resistance to ground is less than O.2Q between an 
exposed metal surface and the ground pin on the power cord. 
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4 Self Tests and Service Mode 

&. WARNING Post-Service Checkout is required after you complete this section. You must 

pe斤orm Sectíon 3.1 Post-servíce checkoutafter performing any maintenance, 
service or repair. Failure to do so may result in patient injury. 

In this section To ensure proper operation, the Aespire 7900 Ventilator includes several tests that run 
automatically (selftests) and a series of menu pages that a qualified service person can 
use to test, calibrate, or troubleshoot ventilator 陀lated components in the Aespire 
machine (Service Mode). 
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4 SelfTests and Service Mode 

4.1 Self tests The Aespire 7900 Ventilator software includes selftests that determine 
whether or not the operating softwa陀 is functioning properly and whether or 
not the electronic circuits on the circuit boards are functional. 

The self tests inciude: 

• Powerup tests 
• Continuous tests 
• Periodic tests 

Powerup tests The following is a list of the tests run at powerup: 

• Sequential watchdog 
• Logical watchdog 
• Data RAM walking pattem test 
• FLASH ROM CRC verification 
• Gas inlet valve test (electrical and pneumatic) 
• Calibration ofthe manifold sensor 

If one or more of these tests fail , the display provides a readout of the 
problem. 

The On and Off states ofthe Gas Inlet Valve (GIV) a陀 tested at power up. The 
manifold p陀ssu陀 will be tested to determine passjfailu陀. Ifthe GIV causes 
the self test to fail on power up, an alarm sound and the message "Gas Inlet 
Valve Failure" is displayed. 

Ifthe calibration ofthe manifold sensorfails on power up, an alarm sounds 
and the message "Manifold Pressure Sensor Failure" is shown. 

Continuous tests These tests are run continuously during normal operation and alarms a陀

1009.0541.000 02/ 05 

associated with each test. A failure causes an alarm to display on the sc陀en
in the alarm display area. 

• Flow valve electrical feedback 
• Supply voltage checks 
• Ba忧ery voltage checks 

The flow valve feedback signal is tested in non-mechanical and mechanical 
ventilation states. The flow valve is closed in non-mechanical ventilation. 

Periodic tests These tests are run every 30 seconds during normal operation. Alarms are 
associated with each test. A failure causes an alarm to display on the sc陀en
in the alarm display area. 

• CPUTest 
• Display RAM walking pa忧.ern test 
• Data RAM walking pa忧em test 
• FLASH ROM CRC verification 
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4.2 Service Mode Confirmation menu 

4-4 

The service calibration mode tests andj or calibrates hardware necessary to 
prepare a ventilator manufactured for shipment and to service a ventilator in 
thefield. 

There are two ways to enter the service mode: 

• If the machine is tumed off, push and hold in the adjustment knob while 
setting the system switch to On. Hold the adjustment knob pushed in 
until the "Service Confirmation" menu appears. Use the adjustment 
knob to highlight "Service Mode", then push the adjustment knob to 
confirm the selection. 

Service Confirmation 

Service Mode 
E ~ I'iTii'iF.1llJiT司'F.1llall ……·

• Ifthe machine is already in normal operation, setthe BagjVentswi时 to

Bagand pre岱 the End Case key (push the adjustment knob to confirm). 

• Then, press the Vr/Pinsp, the PEEP, and the Menu switches atthe same 
time ω 陀set the software (powerup). As the system 陀starts， push and 
hold the adjustment knob until the "Service Mode Confirmation" menu 
appears. 

, 

主这

@ 

02/ 05 1009-0541..QOO 



4 SelfTests and Service Mode 

4.3 Main Menu - Service Mode 

向igure 4-1 • Service Mode ma的 menu

The service mode is entered from the service confirmation menu. Select 
"Service Mode" and push the adjustment knob. The Service Mode main menu 
allows navigation to the individual menus for alarm or error logs, calibrations, 
system configurations, diagnostic tests and tools, and user selected defaults. 

service Mode 
I Sot制a阳 V国S阳( 4,6 

$钳制ðre oate: Ncv 1 62旧04 10:14:37 
T供.1 S~slell l-iour在 1撼。

自for Log 
System Conf职E础ion

lJ$er Selecl Defaults 

T以 ÇPUand Me"叫

T田t EEPROM 

Test'GIV 

Test 5... Fail Alarm 
Test Serial Ports 
日昨副IIrngS掷tem Leak Te.st 
Oisl晴ay ND Channe悻

Oisplay Oiscreie ~O Signals 
Oisplay 8拭tery Status 

Test Panel ~~ches 

Tes\ 问刷 Vawe' F阳 VaweTest T叫

Test Drwe PressUJe，Um~， SN量ch Adjus进 DrweGas Re事I1剧时

02 Calibl硝ons

Calíblate，阴阳 Se阳ors

PreWJJe Ser暗iÜ'~y

Cal阳ate 阴阳 Vawe

Bleed Resl$(or Cafibr斟阳、

Service臼ibrations Re刷red .i..

Go toN帽llal Qp田atíons

Any menu can be selected by pressingthe control knob. The software version, 
sof伽are date, and total system hours at the top of the Service Mode main 
menu are notselectable. 

Go to Normal Operations Provides the meansωexit the service mode via a hardware 陀set.
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4.3.1 Alarm Log The Alarm Log displays up to 10 ofthe most cur陀ntalarm messages that have 
been logged. Each log entry shows: 

• Bootup Count - number (the bootup count is incremented each time the 
machine is tumed on). 

• Time (ms) - the time in milliseconds since bootup when the latest alarm 
condition occurred. 

• #Times - the number oftimes that the specific alarm condition has occurred 
duringthe noted bootup count. 

• Alann - me臼age associated with the particular alarm condition. 

&赋upC融mt Tlme 1m3) 
14 3165‘76 
14 257144‘ 
14 921锵。

14 114驳12

14 1日创~4

13 B创销。

13 663阂。

13 319392 
13 71872 

13 57392 
日脑网aving 1.10 0110 
仇。tup Cou低 last C协4Ied S 

CUrren(歇时up Coun(: 15 

坐坐坐旦
#TI陆es AI翻翻

Check A制$栩栩sA

9 1fT Not Ach阻呻d
54 l刷 P酬

34 PEEP Not Ach如创
&lstained PIm 

Ventilate Manu剖Iy:Pr回sUlelim~ ~民由 Failure

t时俯视ion stopped A 
tαN Paw 

&1st面nedP剧

PresMode N<地 Avaìl

..呵'叫"

Goto S制V趾e Modes Menu 

Figure 今2 • Alarm Log menu 

4.6 

The bottom left corner of the sc陀en displays additional information: 

• Bootup Count Last Cleared 
• Current Bootup Count 

Clear Alarm Log Select to clear the alarm log. The system will ask you to confirm that you want 
to clearthe log. 

Remarks After the Alarm Log is cleared: 

• the Bootup Count Last Cleared number will be reset to the Current Bootup 
Count number. 

• the menu will show the message 呐o entries in log!". 
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4 SelfTests and Service Mode 

4.3.2 Error Log There a陪 two special types of alarms: 

Rgure 4-3 • Error Log menu 

• Minimum monitoring alarms that stop mechanical ventilation 
• Minimum system shutdown alarms that stop mechanical ventilation and 

monitoring. 

An alarm message that 陀sults from these special types of alarms is 
considered an error alarm. 

The Error Log displays up to 10 ofthe most current error messages that have 
been logged. 

Each log entry shows: 

• Bootup Count - number (the bootup count is incremented each time the 
machine is turned on). 

• Time (ms) - the time in milliseconds since bootup when the latest error 
condition occurred. 

• Address - the place in the software sequence where the last occurrence of 
the error took place. 

• Error - message associated w此h the particular error condition. 

旦旦上~
80盹Jp Count TiM! (ms) Ad由ess ElJor 

3 缸到07058 14e1c sof帆布eWalchdog Failu,e 

Dìspl:a~间 1-1 of 1 
B回重up Co四世 Last Cleared 2 

Cu(,efl\ Bootup Count: 9 Go 10 Servlc6 Modes Menu 

刊e error address and software revision are important pieces of information to 
note iftechnical support is 陀quired .

The bottom left corner of the screen displays additional information: 

• Bootup Count Last Cleared 
• Current Bootup Count 

Clear Error Log To ciear the error log, select "Clear Error Log". The system asks you to confirm 
that you want to ciear the error log. 
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Remarks After clearing the error log: 

• the Boot Count Last Cleared number will reset to the Current Boot Count 
number. 

• the menu will show the message "No entries in log!'. 

4-7 



Aespire 7900 

4.3.3 System 
Configuration 

The System Configuration menu includes se忧ings that are tailored to the 
specific machine. 

Svstem Contiguratkln 

rlliliI!lill 

Orwe Gas 02 
Helì倒 Mode 时t

~E Alar恼 L加~s Auto邸allc

L部可U部@ E吨lIsh

OplirDal Screen Contrast 5 

Go to Servlce Modes Menu 

日;gure 4-4 • CalibrationsjSystem Configuratωnmenu 

4.3.3.1 Altitude The accuracy of some ofthe ventilator measurements is altitude sensitive. To 
ensure the specified accuracy, the altitude se忧ing should be set to the 
specific altitude where each machine is located. 

Altitude se忧ings range from -400 to 3600 meters in increments to 100 
meters. 

$vstem Conflguratìon 

IA~ttude 11300111 
DrÑe Gas 02 
Hel刷Mode 时t

~E AlanoL阳tts Auto邸atlc

L抽如血~e English 
。plilllal Screen Cont由目 5 

Go to Servlce Modes Menu 

Rgure 4-5 • Altitude menu item 
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4 SelfTests and Service Mode 

4.3.3.2 Drive Gas Either O2 or Air can be used as the drive gas for the ventilator's pneumatic 
engine. To compensate volume calculations forthe specific density ofthe 
drive gas used, the drive gas selection on this menu must match the actual 
drive gas. 

To change the actual drive gas, referto Section 9.5. 

& CAUTlON If you change the drive gas, you must also change the d时ve gas selection 
on this service setup screen. If the drive gas selection and the actual 

Agure 4.6 • Drive Gas menu item 

drive gas do not agree, volumes will not be correct. 

A~~ude 

HelìoxMode 
\)Ie Alalm lim~s 
L苟明age

。ptiroal SCleen Conuast 

s:~st8m百丽画画i画画
E冒四…

…四价

ωto Servlce Modes Menu 

4.3.3.3 Heliox Mode Aespire 7900 machines can not be configured to deliver Heliox. 

Figure 4.7 • Heliox Mode menu item 
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The Heliox Mode should be setto "Ofr. With the Heliox Mode Off, the 
SetupjCalibration menu will not include the Heliox option. 

州~u曲

01如e G4s

\)Ie Ala", li"，~s 
L甜可uage

。ptíraal SCleen Con(，~st 

s~stelll COnfìgUlatlDn 

伽

co to Servlc8 Mode.s Menu 

4-9 



Aespire 7900 

4.3.3.4 VE Alarm Limits The se忧ing for VE Alarm Limits determines how the VE Alarm Limits are set: 

Rgure 4-8 • VE Alarm Limits menu item 

4-10 

• If VE Alarm Limits is setωUser Adjustab怡， the user sets the limits on the 
Alarm Settings menu. 

• If VE Alarm Limits is set to Automatic, the ventilator software calculates the 
high and low VE alarm limits and sets them to :t20% ofthe set VE. The user 
is still able to change the limits through the Alarm Se忧ings menu in the Main 
Menu. 

AKKude 
Orwe Gas 
HeioxMode 

Lan圳青如

。plimal ScreeJl Conliast 

sustem C油nfigur凰"们

IUset Adju如ble

Go to Sefllice Modes M阳U
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4 SelfTests and Service Mode 

4.3.3.5 Language The text shown in the normal mode of operation is language sensitive. 

Agure 4-9 • Language menu item 

4.3.4.6 Optimal Screen 
Contrast 

However, the majority of service confirmation and calibration modes are 
shown in English. The other language choices are shown in specific language 
text with the exception of Japanese which is shown in English. 

• Dutch. . . . . . Nederlands 
• English. . . . . English 
• French. . . . . .Français 
• German. . . . .Deutsch 
• Italian. . . . . . Italiano 
• Japanese. .. Japanese 
• Polish. . . . . . Polski 
• PO忧uguese. .P。此uguês

• Spanish. . . . Español 

Alarlllllmls 

Optimal ScrMn Contrast 

The Screen Contrast menu is used to select the display brightness. The values 
range from 1 to 10, with 10 having the most screen contrast. 

匀即创 Configur就阳

A~ìtωe 300111 
Drlla Gas Oz 
Hel协x Moøe 。何

\)IE Alarlllllmls Aut剧时趾

L抽恨自ge Engl阶

陆MIllIal Scre栩 Contrast l15 

Go to SelVlce Modes Mer田

Agu陀 4-10 • Optimal Screen Contrast menu item 
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4.3.4 User Select 
Defaults 

The User Select Defa川ts menu determines the control se忧ings used by the 
system at power up. 

Se忧ings related to optional ventilation modes will only appear in the User 
Select Defaults ifthe optional modes are active. These settings include: 

• Rate for SIMV and PSVPro 
• Trigger Window 
• RowTrigger Level 
• Insp. Termination Level 
• TInspired 

Uger 匀如ct Defaults page i (1( 

P~酬eter(Range)ω肘'鸭 Value

Veí1t~atìon Mode Volu!~e 阳由。1

1tr (20-1棚~ ~. 

Pinspired (5-60 cm HlO) 10 阳H20

R棋e 101 Vol Cntll and Pres CntI1 (4-1ωbreatll$l丽in) 12 阳e8th$!刷n

Rale 101 S1MV 貌、d PSVPro (2..$0 breath$!阳n) 12 ble8th$!min 

tE (止 1 - 1:8) 1:2 
问imlt (12-40 cl!lH叫‘。回H20

Inspiratorv P酣睡{侧1，5-60%) 10% ot TI 

More Oéfauft 
Go 10 Servìce Modes Menl 

Rgure 4-11 • page 1 of User SelectDe臼ults menu 

Us~r Selecl Detau民$ Page2 (1( 2 

同gh Ota阳"阳最 (21- 99%， 臼1) αf 

L酬 Ve alarnt tilJl~ (凶，日 1 - 10 LJmin) 2.0.υm 

High I/e a阳m lilllft (0,5 - 30 LJ酬1， 0If) 10.0 LJlllin 
L刷Itrεalarm Umn (例1， 5 - 1500 ni.) 0If 
Hi价liTea阳mßm量 (20 -1刷陆L， otf) 10ωIIIl 

Trl9归W刷刷 (0 - 80辄) 25% 
F1CIN Triggellevel (02 - 10 LJmin) 2.0υm 

阳sp.T田mÎn就ion level (5 - 75%) 30% 

Tínspked 10.2 - Sß sec) 1.5 树$

Rgu陀 4-12 • page 2 of User SelectDefaults menu 

4-12 

More Detauns; 
Goto Servi.ceM田阳 Meou
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4 SelfTests and Service Mode 

Powerupj End Case Se忧ings If Last Case is selected, the system saves se忧ings when the unit is turned 0仔
and powers up with the same se忧ings. If Facility Defaults is selected, the 

1009-0541-000 02/ 05 

system powers up with the default facility se忧ings and returns to default 
se忧ings when End Case is selected . 

.6 CAUTION Ask the customer BEFORE changing any de旬ultse忧ings. Makesurethat 
they understand these options can only be set in Service Mode. 

The following parameters may be set in User Select Defaults: 

• Ventilation Mode 
. 币da l Volume (vr) 
• Inspired Pressure (Pinspired) 
• Respiratory Rate 
• I:E Ratio 
• Pressu陀Limit (Plimit) 
• Inspiratory Pause 
• Low O2 Alarm Limit 
• High O2 Alarm Limit 
• Low VE Alarm Limit 
• High VE Alarm Limit 
• Low VfE Alarm Limit 
• High VfE Alarm Limit 
• Trigger Window (optional) 
• Flow Trigger Level (optional) 
• InspiratoryTermination Level (optional) 
• TInspired 

4-13 
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4.3.5 Test CPU and 
Memory 

日igure 4-13 • Test CPU and Memory menu 

The software checks the CPU, ROM, RAM, and display RAM through this 
menu. When StartTest is selected the series oftests begins to run. When each 
test is running, the word "Testing. . ." appears afterthe test name. 

Test C丽马丽 MelOOlV

αlect阳1S t田 Testi啄
1. seJect .start T est. 10 perform Ihe lest 

Test CPU : 
刊以 ROM :

T创 RAM :

Test Olspl部 RAM :

Go to 句lViIle MO<ies Me阳』

First the software tests the CPU integer instruction set and the CPU register(s). 
Ifthis test fails, the CPU did not perform the integer instruction set correctly, or 
the CPU registe巾) have failed. 

Next, the so佼ware tests the Flash ROM via a CRC check (Cyclic Redundancy 
Check). A CRC value has been calculated for the Flash ROM memory and this 
value is stored in the Flash ROM. This test recalculates the CRC for the Flash 
ROM and compares it to the value stored in Flash ROM. Ifthe value that was 
calculated does not equal the value that was stored in Flash ROM, the test will 
fai l. 

Finally, the software tests all the external and display RAM memory with a 
walking bit pa忧em test. It writes a certain bit pa忧.ern to a block of memory and 
then reads that block of memory. If the bit pa忧ern what it wrote is not the 
same bitpa忧ern that it reads back, the test fai ls. 

When the test is complete and has passed, the word "Pass" appears afterthe 
name of the test, as in Figure 4-14. 

Test CPU and Memo叩
由rect阳ns f()(Testi咱?
1.铃(ect .starl T est" to perf时m the test. 

Test CPU : Pass 
T目IROM ' Pass 
Test RAM : Pass 
Test Oisplay RAM : Pass 

Go to~1V切 Modes Menu 

日igure 4-14 • Test CPU and Memory menu after all the tests have passed 
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4 SelfTests and Service Mode 

4.3.6 Test EEPROM The software tests all the EEPROM memory via a bit pattern test. It writes a 
certaín pa忧ern to a block of memory and then reads back that block of 

Figu陀今15 . TestEEPROMmenu 

1009.0541-000 02/05 

memory. If the bit pa忧ern that was written is not the same bit pattern that it 
reads back, the test fails. 

Te到 EEPfIOM

口量ectíons tor T e制啄
1. Select "sta而 Test. to peffOlω the test. 

Test Status: 

Go \0 SelVice Modes M肝剧
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4.3.7 Test GIV To test the GIV (gas inlet valve) the software first closes the GIV. It reads the 
AjD channel forthe GIV.lfthe AjD channel forthe GIV does not read closed, 
the test fails; otherwise, the test continues. 

The software then opens the flow valve to the calibrated flow ofthe bleed 
resistor and waits for the flow to stabilize (about 2 seconds). Once the flow is 
stabilized the software checks to see if manifold pressure has dropped to less 
than 0.5 cm H20. If manifold pressure does not drop below 0.5 cm H20, the 
test fails; otherwise, the test continues. 

The software then closes the flow valve and opens the GIV. It 陀adstheAjD
channel forthe GIV. lfthe Aj D channel forthe GIV does not read open, the test 
fails. 

Tesl GfV 
Directi阴暗 for 1臼伽9 GIV: 

1. Select .. Start Test" 10 perlorm GlV lesl 

T est S\alus: 
Go 10 Servlce Modes Menu 

向igure 4-16 • TestGIVmenu 

4-16 

GIV Test FAIL instructions Failure can be caused by the valve or the CPU board malfunctioning. 

Use a multimeter to measure the resistance of the GIV solenoid. It should be 
approximately 25 ohms. If necessary, replace the GIV solenoid 
(Section 9.24.2). 

Use a multimeterto measure the voltage at the inlet valve connector on the 
pneumatic connection board. The voltage should be 4.5 volts when the GIV is 
open. 

• Ifthe voltage is 4.5 volts or g陀ater， service the GIV (Section 9.24.3). 
• Ifthe voltage is less than 4.5 volts 陀place the CPU board (Section 9.23.1). 
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4 SelfTests and Service Mode 

4.3.8 Test Flow Valve To test the flow valve the software starts by closing the flow valve. It then 
opens the flow valve in increments until the flow valve is completely open. At 
each of the settings of the flow valve the AjD (AnalogjDigital) channel for 
Flow DAC (Digital to Analog Converter) Feedback and Flow Current Sense will 
be read. Ifthe AjD forthe Flow DAC Feedback and Flow Current Sense are not 
within the correct tolerance the test fails. 

Figu陀 4-17 • Test Row Valve menu 

AowValve Test FAIL 
instructions 

1009.0541-000 02/05 

Afterse创ng the BagjVent switch to Vent, disengage the drive gas from the 
breathing system by removing the bellows housing. 

Dìred酣睡f锐问剧lIalveTest 
1.倒Ba~V例刷刷to Vent. 
Z 部份CNe伽eb钳制sc制ster.
3. Selecl "st硝 Test" to PeIf(阳 tMt臼t

Test F阳VaNe

4. Wher、 test Í$ compk前e， re仰cethe 浏阳鸭 canister

T est status: 

Go to SelVÍce Modes Menu 

A failure can be caused either by the drive circuit or a flow valve malfunction. 

Go to the "Flow Valve Test Tool" menu to check the drive circuit for proper 
voltage output. 

Set the flow control to output 120 1忧ers per minute. Unplug the connector 
from the pneumatic connection board and measu陀 the resistance between 
the leads at the unplugged flow valve connector. A multimeter should read 
approximately 1. 75 ohms. 

• Ifthe 陀sistance is approximately 1. 75 ohms, the drive circuit is bad，陀place
the CPU board (Section 9.23 .1) and test the f10w valve again. 

• Ifthe f10w valve test fails again，陀place the f10w valve (Section 9.24.2 ). 
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4.3.9 Test Drive Pressure 
Limit Switch 

The software tests the pressure limit switch to make sure that it trips at the 
correct manifold over p陀ssure . 刊e software opens the flow valve to a value 
where pressure continues to increase. Itthen waits forthe DPL (Drive Pressu陀
Limit) switch to trip. The p陀ssure atwhich the DPLswitch tripped is indicated. 
This value is the manifold pressure measured upstream ofthe drive gas check 
valve (the typical reading is 112 cm H20), not the actual pressure atthe 
switch. If the DPL switch never trips (within 15 seconds) the test fails. Ifthe 
DPL switch does not trip at a pressu陀 within the cor陀ct tolerance, the test 
fails. 

Test O!Í>le P,essure Limft 9.哺CI1
Oìred阳、s l刷 le$llng:

1. 倒Ba!yV刷刷ftctl 10 Vent. 
2. set 1M IJesh g槌 I1σw lo 10υ阻'肌
3. (比clude lhe patient círcuíl at Ihe 叩. c帕nector
4. Select "Sta晴 Test" 10 start Ihe le$l. 

T目t Status: 

Go 10 Servlc8 Modes Menu 

日igure ~ 18 • TestDrive Pressure Limit Switch menu 

Drive Pressure Umit Switch FAIL 
instructions 

4-18 

Go to the Discrete 1/0 signal menu and check the DPL (Drive Pressure Limit) 
switch status (Off). 

Remove the rear subfloor. Connect a pressure test device to the black inline 
connector that is in the Exhalation Valve interface cuff tubing (S18 side). 

Apply 104 +5/ -4 cm H20 (76.5 +3.8/-2.9 mm Hg) to activate the switch. 
Verify status change on the 1/0 signal screen (On). 

If problem continues, replace S18. 
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4 SelfTests and Service Mode 

4.3.10 Test 5V Fail Alarm A 5-Voltsupply (VDD) is usedωpower the digital circuits throughout the 
ventilator. 

Figure今19 • Test 5V Fail Alarm menu 

1009-0541-000 02/05 

The 5-Volt supply (VDD) is derived in the power section ofthe control board. It 
is used to power the digital circuits throughout the ventilator. If the 5-Volt 
supplyfails, the ventilatorwill sound a continuous alarm tone when the system 
switch is turned on. 

To test the 5V Fail Alarm, follow the directions on the sc陀en.

Ifthe alarm tone does not sound, replace the CPU board (Section 9.23.1). 

Test 5'1 Fail AlarIl1 
四rections f凹Test sv Fa~ Ålarlll: 

1. Select "Test SII Faíl AlarDl" 10 start l he t臼t
2. Ver~vlh司 S't'F副 A阳侧 tone 四uods101 about 2 s饵onds

圄~，"，.~"""""""""""""".，Goto S脚lcepoo阳 Meoo
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4.3.11 Test Serial Ports Two serial po忧 tests may be done: 

Figu陀4-20 • Test Serial Ports menu 

4-20 

• Public PO此Test (Com 2) 
requires pins 6 and 13 of the extemal serial connector (Iocated on the le食
side ofthe machine)ωbe jumpered. 

令⑤

• Proprietary PO此Test(Com 1} 
requires pins 2 and 3 ofthe intemal (download) serial connecωr(located 
above the lower electronic enclosu陀)ωbe jumpered. 

Each test routine sets up the serial port circuits so transmi忧ed data is echoed 
directly back to the receive circuits. 刊e test fails if the data sent out is not 
equal to the data received. 

If only the Proprietary Port Test fails，陀place the CPU. 

If both tests fail: 

• check the hamess connections between the control board and the Serial 
Adaptor Board (SAB). 

• check the ribbon cable between the SAB and the external connector. 
• replace the SAB. 

T est Serial Ports 
αrections lor Serial test 

1. Oisconnect any 辑rial port connec.tions Irom U回 back of Ihe 旧chlr盹
2. Jumper pins 6 and 13. on Ihe public port, p肌s 2 and 3.on Ihe ptoprietarv port. 
3. .$elect "Start p\刷ic Port. Tesl" 10 S阳1 Ihe lestir略
4. Select "Start Proprletary Port Test" 10 start 甘刚回tiI咱
5. Remove jump田s troMS制ial ports 甸回 reconoect any IOOIlHor 10 Ihe 
掉rlal p。此 that may ha've be抽 dlsconnected

PuClic channet. 
Proprlet刮目 channel:

-".而.:mìlrr.:liIi.，冒商…

Start Pro阳ietarv Port T est 
Go 10 SeNÎCe Modes Menu 
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4.3.12 Breathing System 
LeakTest 

Note 

4 SelfTests and Service Mode 

You can estimate how much of a leak there is in the ventilator portion of the 
b陀athing system by closing the patient circuit, inflating the bellows, and 
observing how quickly they fall on their own weight (pa忱。fthe machine 
checkout procedure). 

TheB陀athing System Leak Test allows you to more precisely test the 
ventilator portion ofthe b陀athing circuit for leaks. 

For the breathing sysem leak test to function correctly, the flow valve must be 
calibrated (see section 4.3.22). 

By using the patient circuit to establish a closed loop, you can measure the 
leak rate. 

• The leak rate is the fresh gas flow needed to maintain 30 cmH20. 
• The system should have a leak rate <200 mL/min. 

Ble就hing SVStemle日IUesl

:hing Svi:tem leak T est 
刷刷toV田.po州ion.
fk1N t而 IIlnÌllulII
叩" connection to 挝脚sOÍléle
leak Tesl" 10 SI町I the test. 
Bell制S 峙∞mpl屑e句 coftapsed:

at 、e 吁"四nr制啊，
11阳回削阶臼su陪 G歇地e leads 3ll CIIl HzO. 
I1酬附甜创10m画nt楠、3ll CIIl HiO. 

Go tO.SeIV~ Modes Menu 

Figu陀4-21 • Breathing System Leak Test menu 
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4.3.13 Display AJ D The software displays the AjD values for each ofthe AjD channels. 

Channels 
Display /lJD Channels Panp. 1 tJf ι 

/lJO Channel Coums Actual Range 

Inspir1ltory f陶N 2034 且000. IJmin -1 20 10 120 lJmin 

Expìratory FI刷 20.39 -0..025υ剧由 -120 10 120. LJmin 

AJrway Pressure 821 1),680. CIIl HtO -20 10 120.睛 HtO

Man~oId Pressure 811 -0..0.40. 棚 HtO .2Q 10 120 CII HzO 

oz 1644 10.0..0.0.0 % o. to 100% 

FIow C四rem Sense 0..0.00 Amps 0. to 1.0.24 Amps 

fl酬 。AC f前份捐k 0..0.01 Vo~s o. to 4.0.95 V恍$

阳性则 Vo~age 3312 13.30.0 VO~S 1.0. 10 16.0. 110脏s
Battery Currem 980 -0.042 Amps -0.6 10 6.0. Amps 

围困固H--

Go to Service Modes Menu 

日igure 4-22 • page 1 of Display A/D Channels menu 

口Í$p阳Y A，IO 口回nnels

"'0 Chan即1 C刷刷ts Actual Range 

1.225 \10ft Ref 1226 1.227 Vol$ 1.214 to 1.235 Vofts 

5.8 Villtage T est 2424 5.881 \loh 4.86 to 6.24 I/ofts 
+15\1 阳a10g Suppl日却83 14.986 \lo~s 13.77to 币.27 V时Is

-1511 An划。9 Supply 906 斗5.0.12 \lob -12.62 to -17.461/0ns 

+ 1 2\1 S田 Su即1日 2044 11.980. \lob 10..44 to 131> Voh 

VEL Supply 2459 14‘33 \lob 9.56 10 15.69 VilIts 
\lSWSupply 2071 14.90.7 \lob 9.1310 17.04 V。他

+12\1 Light Su刚p 2035 11.939 \lob 10..0.0. 10 12.73 V耐S

GI\I Currem S剧\$e 0..363111A 1‘3.1 to 235.4 IIlA 
·回F.Zi.:u'.Ølr.m1

Go to SeN~ Modes Menu 

Figure 4-23 • page 2 of Display A/D Channels menu 

4-22 

Rema由s This selection displays a listing of AjD Channels which are at various values 
depending upon the set parameters. 

Referto the following table for additional details for each of the displayed 
channels. 
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Table 4-1 AJD Chanm 

A/ DChannel Counts1 Actual Range1 Dlsplayed Range Speclallnstructlons 

Inspiratory Flow2 1800-2300 NearZero Lj min -120to 120 Lj min Zero Offset Reading (nominal2050 
Counts) 

Expiratory Flow2 1800-2300 NearZeroνmin -120to 120 Lj min Zero Offset Reading (nominal2050 
Counts) 

AirwayP陀ssu陀2 550-1050 Near Zero cm H20 -20 to 120 cm H20 Zero Offset Reading (nominal800 Counts) 

Manifold Pressure2 550-1050 NearZero cm H20 -20 to 120 cm H20 Zero Offset Reading (nominal800 Counts) 

02 0-4095 Oto 100% Oto 100% Count weight and limits are determined 
during 02 calibration 

Flow Current Sense 0-4095 Oto 1.024Amp o to 1.024 Amps 

Flow DAC Feedback 0-4095 o to 4.095 Volts o to 4.095 Volts 

Ba忧eryVoltage 1740-3976 7 to 16 Volts o to 16.48 Volts <7V= Lowba忧ery voltage failure. 
<l1.65V = Low ba忧ery voltage warning. 
>16 Volts (10 Sec) = High ba忧eryvoltage

failure. 

Ba忧ery Current 700-4000 -600 mA to 6 Amps -2 to 6.19 Amps -150ω -600mA= Ba忧ery charging. 

-601 mA to -2 Amps = Charge currentoutof 
range. 

>300 mA = Operating on ba忧ery.

>6 Amps = Battery discharge current out of 
range. 

1.225 Voltage 1214-1235 1.214 to 1.235 Volts o to 4.095 Volts 
Reference 

5.8V Voltage Test 1997-2565 4.86 to 6.24 Volts o to 9.96 Volts 

+15V Analog Supply 1914-2262 13.77 to 16.27 Volts o to 29.46 Volts 

-15V Analog Supply 858-953 -12.62 to -17.46 Volts -61 to 1.43 Volts 

+12V SIB Supply 1779-2322 10.44 to 13.62 Volts Oto 24 Volts 

VELSupply 1645-2675 9.56 to 15.69 Volts Oto 24 Volts 

VSWSupply 1269-2368 9.13 to 17.04 Volts o to 29.46 Volts 

+ 12V Light Supply 1879-2217 11.02 to 13 Volts Oto 24 Volts In Rev 3.4 software, 
Range = 10.00 to 12.73 Volts 

GIV Current Sense3 2371-3884 143.7 to 235.4 mA Ot0248.2 mA Off state reading is 0 to 259 counts 

Notes: 

1. These columns show伽e acceptable range where posslble. 
2. The A/ D count and dlsplayed value shown for AI附ay Pressure, Manlfold Pressu毗 Insplratory Aow, and Explratory Aow are 筒lezero

pressure values. These readlngs should be taken wlth the flow senωrs dlsconnected by removlng the clrcult module. 
3. The count range and dlsplayed value shown for GIV Current Sense Is州th the GIV tumed on. If the GIV Is turned 0衍" theo何 countrange

Is 0 to 259 Counts. 
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4.3.14 Display Discrete 
1/0 Signals 

The Discrete /jo Signals menu displays discrete binary signals associated with 
machine switch positions. 

There a陀 several types of switches in the Aespire 7900 machine: 

• some switches are mechanicaliy operated 

• some switches a陀 pneumaticaliy operated 

• some switches a陀 electronic

阳$plal，l Oi阳rete 1'0 Signðls 

Sig帽I stlllus SigOðl stlllU$ 

ACGO 9Mtch I Vent 二:::J Oz Flush @L二二1
ω嘟础 E二二=:J BaglVent制us 匾ζ二1
C抑制制us ~亘~
Co叫mrol Panel Cwer lQ2亘二3
02栩栩StatU$ ~画口
助制thl句 Cìrcu~ SlN1 臣二二3
由甜hingαcu~ SW2臣ζ二二3
由蛐叼 CÍlcu~ SlN3匮二二3
P闹剧目 Ulll~ st视us [QR二二3
OzSup内 Pr酷sure ~豆王1

.，因...-到四川圃..m!冒，."""由国m________ _ 

Rgur宅 4-24 • Display Discrete 1/0 Signals menu 

ι24 

Mechanical switches • ACGO Switch - Vent or Aux CGO 
• CO2 Bypass - 0仔 or On (hard-wired On in Aespire 7900 machines) 
• Canister Status - Closed or Open 
• Control Panel Cover - Closed or Open (refers to removal ofthe ABS 

on Aespi陀 7900 Machines) 
• BagjVent Status - Bag or Vent 

Pneumatic switches • Pressure Limit Status 一 OfforOn

• O2 Flush 一 OfforOn

• O2 Supply Pressure - P陀ssure or No P陀ssure

Electronic switches • O2 Sensor - Connected or Disconnected 

Breathing Circuit Switches (Circuit module ID) : 
In Aespire 7900 machines, the switch positions are hard-wired in the ESIB to 
ABS harness to indicate Circle patient circuit. 

• Breathing Circuit SWl 一 On

• Breathing Circuit SW2 - On 
• Breathing Circuit SW3 一 O仔
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4.3.15 Display Ba忧ery

Status 

Figu陀 4-25 • Display Ba忧eryStatus menu 

1009-0541-000 02/05 

4 SelfTests and Service Mode 

The software displays the battery charge status.刊is checks the battery 
cha电e current. 

Note: A negative current value means the ba忧ery is charging. 

Ba伽ry Status

On Ba忧.ery

Ba也eryCharging 

Battery Charged 

B拭ter日Status:

ValuesOI叩la削

Battery Current > 0.300 Amps 

-0.600 s; Ba忧ery Cur陀nt S; -0.150 

none ofthe above 

aspl剖 B拟erv Status 

B就tery Charg创

ÞJDChaooel C刷刷s Actual R甜"

Battery Voftage 3312 13.300 V时ts 7.0 to 16.0 I/o~s 
Battery Currenl. 977ω￥2 Amps .. 1l.6 10 6:0 Amps 

EI!IIlIlU'll圃~ro~a.m~~""""""'"…

Ifthe ba忧ery has been on cha电e for several hours and you get a "ba忧ery is 
notcha电ed" display: 

• Check the battery in-line cable fuse. 
• Ifthe fuse is good, the ba忧ery is bad and you should replace it. 
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4.3.16 Test Panel In the Test Panel Switches menu the software is set upωreceive keyboard 
Switches bu忱。n presses and rotary enc.oder turns. 

Press each button and turn the encoder one full turn in both directions. 

When a bu忧on is pre臼ed and held, the icon on the screen next t.o the bu忧on
will contain an " 

After testing all the buttons and the control knob, select "Test Encoder Knob 
Turn". 

As you turn the encoder knob, verify that: 

• each click ofthe encoder in the clockwise direction increments the clockwise 
total. 

• each click ofthe encoder in the counterclockwise direction increments the 
counterclockwise total. 

Remarks If any ofthe select buttons test fai怡，陀place the front panel keyboard 
assembly (Section 9.22.1). Ifthe encoder knob test fails, replace the rotary 
encodera臼embly (Section 9.22.2). 

Tesl Panel S，峨ches

. DMionsfOEMngM叫臼
1. Pless and hold each button and 阳IOb on 愉e panel 
2. \ler~y that each button highlights on the 剖leen耐that
8n'嚣'部悄悄 when the button 啊 knob 捻 pressed

3. se始创 "Tes.l En∞der Knob Tum". 
4. Turn t 、e ençodel knob co削弱C阮刷刷刷dcl∞阳悦

- SV响th刮目川惚川the 制codel k时叫s ín an 
increment 101 the c但mtelclocÌ<'i哺se of ctoc阳/lset悦舔

αockwìse T侃als: O

cour世erclock1阐S8Totals: 0 

• • Go to Service Modes Menu • • 

• 
• 
• 

• 
日igure 4-26 • Test Panel Switches menu 
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4.3.17 Row Valve Test 
Tool 

日igure 4-27 • Row Valve Test Tool menu 
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4 SelfTests and Service Mode 

The Flow Valve Test Tool is available fortest and troubleshooting purposes 
only. It allows you to manually control the flow valve se忧ing from 0 (closed) to 
120 LPM, in 1 LPM increments, and observe key pressure and flow 
measurements on the same screen. 

This is mainly used to test the drive gas circuit and MOPV valves as detailed in 
the MOPV test procedure (Section 6.4). However, it can also be used for other 
troubleshooting procedures whenever a set flow is required. 

Ff<w.I V挝veTestTool

Directions 101 ....er ltìcat阳芷
1. Reier 10 SeN阳 M豁出ðllor ð d自由I阱阳nof tJ回 ....arlous lesls 
2. S回 Bag/Verrt 酬~chlo Vem 
3. Select .SeI fl酬 Vawe.，
4. Adjusl I1酬 using rolary encoder 刷刷

Ai例8日 Pressure

M矶市old Pr臼铜牌

Inspiralory Flc削
E叩ìl挝or日 FI制

0.64 cω HtO 
-0.04 crn 怆O

O.OOUm阳

-0.02υmln 

Go 10 Service Modes Menu 

Note: The flow does not turn off automatically. The flow must be set to zero to 
stop flow. Flow will originally be set to zero upon entering this sc陀en .
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4.3.18 Adjust Drive Gas 
Regulator 

The Adjust Drive Gas Regulator procedure establishes the requi陀d flow rate 
through the drive gas regulator for proper calibration. 

Þ.djust'Or附 Gas ReguJator 
Directioos.f田叫u时 Orwe GasR馆~ator:

1. Attacl\ p阳明re l est d611阳 10 陀guiator pressure port 
2 航tnovethe beB酬s as~刷刷缸ld exbalation vat'f'e 
3. Select "$1副Regulator A唱usl旧吊.
4 州以 regui刷刷ilpre削re l esl ~ce reads 172 kPa (25 psl) 
5. Select "$1叩 Regulator Adjuslmm" wl\en regulator is adjusled. 
6. Rea臼酬IlteeχI\al前íonv.aí.-e and beU酬s as~eMbl9 wl\en adjusl鹏nt

complete. 

Go 10 SefVÍce Modes Menu 

Figu陀 4-28 • Adjust Drive Gas Regulator menu 

Remarks The drive gas 陀gulatorshould provide a constant gas input pressure of 
172 kPa (25 psi). 

You can verify this pressu陀 bya忧aching a pressure test device to the 
regulator pressure port (shown below) and performing the above procedure. 

If required, adjust the regulatorto 172 :1:1.72 kPa (25 :1:0.25 psi). 

Atrss 

w
m
d
川

t'E '"Nmmv u" dsm hp 

Figu陀 4-29 • Location ofthe 陀gulatorp陀ssu陀 port
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4.3.19 O2 Calibrations The O2 Calibrations take into accountthe altitude setting. Before startingthe 
calibrations, ensure that the altitude se忧ing (in CalibrationsjSystem 
Configuration) is set to the appropriate altitude for the machine location. 

日igure 4-30 • 02 CaJibrations menu 

Note: a circle module is required for all calibrations. 

Forthe 21 % O2 calibration, software reads the AjD value forthe O2 sensor 
when the O2 sensor is exposed to room air (21 % O2) , 

• Ifthis AjD value is not within the tolerance, the calibration fails. 
• Ifthe calibration passes, the AjD value is stored in the EEPROM. 

The sensor must be calibrated at 21 % O2 before calibration at 100% O2, 

OzC副illIations

OirectÎons tOl Ihe 21 % 02 C剖面ration:
1. Select Ihe c阳回就h崩 uSÌ<lg t陆 .Syste.. C9f1l幅uration. 阳ge
2. Rernove 02 sensor f lom bre剖h~唱 sy零le闲自1<1 e~pose to 10011) all. 
3. Seled "start 21% 口2 Calilllation'" 10 start 协e caUbrati帕
4. Reinstall 02 sensor upon∞刚etion '01 calibr剖，盹

阳f目tíons f嗣 the 100% 02 C甜ibrat协n:
1, n、e 100%问Ican酬Y be petfolmed 拔制 a 21% cal. 
2. With 口2 刷刷 inst副led in lhe bre胁ÍIfl9 syste!吨fI刷 1ω%02
3, Select "sta同 100% 02 C副illI事tíon" 10 S是art 甘le èaØbration 
4. stop 11(7,41 of 100% 02 叩m∞呻letion of calibt钳制B

Each cal脑ation Illay take up to 3 Illlnutes to 伺mplete.

臼líbration stat即:

start 100% 02 Cal阳就ion

Go to SelVice Modes Menu 

Remarks Remove the 02 sensor from the breathing system and expose it to room air. 

1009-0541-000 02/ 05 

The displayed reading should be 21 % :t2% to pass the calibration 
requírements, 

Reinstall the sensor that passed the 21 % test in the breathing system and 
expose it to 100% 02. Select "Start 100% 02 Calibration" to begin test 

If it displays readings higher or lowerthan required to pass, replace the 
sensor. 
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4.3.20 Calibrate Flow The software calibrates the inspiratory flow, expiratory flow, airway pre臼ure
Sensors and manifold p陀ssu陀 transducers for zero flowjpressure offset voltage. It 

does so by reading the AjD values for inspiratory flow, expiraωry flow, airway 
pressure and manifold p陀ssure when the flow sensor module has been 
disconnected from the bulkhead connector. If the AjD values are not within 
the correct tolerance, the calibration fails. If the calibration passes, the 0仔set
AjD values at which the inspiratory flow, expiratory f1ow, airway pressure and 
manifold pressu陀 transducers were calibrated at, are stored in the EEPROM. 

问融融 Fkw Sensors 

Directions lor Caijbrating fl酬$盹棚配
1. Rel1love I1制 sensor ß!od响 lrollthe 悦目hil1g s~~elll. 
2. Selèct "start Caj' to start the cafibrat阳n.
3. Replacef阳N sensor modvle u阳)Il completlon ot 曰libr司Ion

Ca~br甜n 辄就us:

GotoS臼vlce Modes Menu 

日igure 4-31 • Calibrate Row Sensors menu 

4-30 

Remarks Fail- indicates a problem with the ESIB. 

Inspect the Bulkhead Connector and ESIB tubing for moisture or possible 
occlusion. 

Check for bad differential pressure transducer. 

• Ensure that the f10w sensor module is disconnected from the bulkhead 
panel. 

• Check the transducer outputs usingthe Display AjD menu. 
• Ifthe transducer is out oftolerance (Referto Table 4-1, on page 4-23), 

replace the ESIB assembly. 
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4.3.21 Pressure 
Sensitivity 

Note 

Figu陀今32 . P陀ssure Sensitivity menu 

Pressure sensitivity FAIL 
instructions 

4 SelfTests and Service Mode 

The software prompts the userto pe斤:orm the procedu陀 to calibrate the 
pressure sensitivity. This calibration is not an automated calibration. It 
prompts the user to follow a set of procedural steps to perform the 
calibration. This calibration calculates the pressure sensitivity at four di仔erent
pressures. It uses these four different p陀ssu陀 points along with the 
inspiratory flow and expiratory flow zero offsets to find the pressure 
sensitivity. If the calculations for the pressure sensitivity are not within the 
correct tolerance, the calibration fails. If the calibration passed, the four 
pressure sensitivity points are stored in the EEPROM. 

This pressure transducer calibration must be performed ifthe SIB assembly or 
CPU board is replaced. 

nessure Sell$rtwtt~ 
o;rect阳回 fω Pr时制e Sens蜘均 Calibr拔im

1. Pefform甘le!"臼librate FI酬Sen胡IS. caliblation 
2 战dude the bag port 
3，C~斜阳t p~剧ent tuÞi时 Irom insp 11酬 port to exp fkIN port. 
4.Set BagIV制制民ch 10 Bag position. 
s. s衍创el怡e创c创t
6. Ádjl咖J1蚓l时s剖t 伽eAP饥ta宙矶nd叫d l饷E阳es汕hg挝 n刷 tωo sta制刨e 阳e臼$阳胆虱ot 1(电t 
20.40 橱ld 60 CAI H20. 

7. After 阳ch setling wa~ 5 se∞Inds ar回 selecl "S即eV国ue"
to $事ve the vallJe 

Ai削aUPl1臼剖附 O.ω阳 H20

Go to SelVice Mod阴 阳enu

Flow Sensor Leak Test: 

1. Select "Display Aj D Channels" from the Diagnostic Testsj Tools menu. 
Set Fresh gas flow to 2 LPM. 
Open the APL valve (0 cm H20). 
Place BagωVent switch in the Bag/ APL position. 
Connect a short tube between the inspiratory and expiratory flow sensors. 

The airway p陀ssu陀， inspiratory flow and expiratory flow on the ventilator 
display should 陀ad near zero (between +0.5 and -0.5 LPM flows). 

2. Occlude the bag port. Adjust the APL to read 10 cm H20 on the gauge. The 
flow may jump briefly, but should stabilize to read between +0.5 and -0.5 
LPM. Very gently push the tubes comingfrom the 洞owsensors slightJy in all 
directions. Observe to see ifthe flow measu陀mentsjump.

& Caution If either sensor reads more than 2 LPM, STOP. This indicates a possible 
leak in the flow sensor pneumatic circuit. Skip steps 3 and 4, go directly 
to step 5.lfthe pressure is increased further, the ESIB may be damaged. 
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3. Adjustthe APLωread 20 cm H20 on the gauge. The f10ws may jump briefly, 
butshould stabilize to read between +0.5 and -0.5 LPM. 

4. Adjustthe APLωread 40 cm H20 on the gauge. The 刊owsmay jump briefly, 
but should stabilize to read between +0.5 and -0.5 LPM. 

5. Ifthe f10w measurements on the ADC page stay near zero, the f10w sensors 
are good.lf eithersensor indicates a f10wwhere there is none, there may be 
a leak. To troubleshoot, reduce the circuit pre岱U陀 back to zero. Reverse 
the flow sensor connections at the ESIB interface panel and repeat the 
above tests. 

6. Ifthe problem follows the sensor, discard the sensor. It has a leak. 

7. Ifthe problem stays with the same side ofthe circuit, it is likelythe leak is 
in the tubing, not with the sensor. 

4.3.22 Calibrate Flow The software prompts the userωpe斤orm the procedural steps to calibrate 
Valve the flow valve. This is an automated calibration. It gradually opens the flow 

valve and monitors the manifold pressure. When the manifold pressure 

日igure今33 • Calibrate Flow Valve menu 

reaches 1.9 to 2.0 cm H20 the value at which the flow valve has been opened 
is saved. The flow valve is then closed . 刊e value at which the flow valve was 
opened to is then checked to make sure it is within the correct tolerance. If it is 
not, the calibration fails. Ifthe calibration passes, the flow valve calibration 
point is stored in the EEPROM. 

C温jbrate FION VaWe 
Oirect协时 f回 flOHvaI旷e cafibrat如n;
1. Select tlI6 drrve gas using the systeM configuralionωenu 
Z岱lect 伽e a~阳de 回ing the system c回甘哩四甜on 阳n也
3. set the fresh gas fl(1,'l 10 10 Umin. 
4. Set BagIV翩翩~ch 10 VeJlt 
5 伽clude ~he 归tient circua al甘田 'V" 臼lOOector.
6. Select lhe -St硝 C剖..四lectìon and pu甜the.rotalyencod刷刷'ttch

Calibl甜。n Status: 

Go to SefVÍce Mode( Menu 

Remarks Check that the Bag,lVent selection switch is in the vent position. If the f10w 
valve calibration test fails immediately, the most likely fault is a failed 
manifold transducer. It can also be a failed regulator or the 陀gulator could 
need calibration. Another cause could be a failed flow valve. 
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4.3.23 Bleed Resistor The software calibrates the bleed resistor as described below. Otherthan the 
Calibration setup procedu陀， this calibration is completely automated. 

日igure 4-34 • Bleed Resistor Calibratωnmenu 

Bleed Resistor Callbr柑m

Dir配tiOlls f田刨eed resístor caliblalion: 
1. Sel回 Ihe dlwe g<lS US均tbe systelll 阳匈Jfalion llIenu. 
2. Selecl I惘淄植Ude四ngthe 均由111 configul斟嗣 menu.
3. Pert刷刷 lhe 'Calfl刷vaÞle" per the direc:ti舶s onlh就l\eOO
4. Relli(Ne the ABS as辑W邮目。
5. PI啕 Ihe lÍlònlfllld 萄回甘ledlW怠gasp田Is 01 Ihev'目世目可ine
6. Selecl lhe ' .Start Cal' 叫ecllon and push the.loìary encodel 酬~ch

Catibl副íon St剖us:

Go 10 SelVlce Modes Menu 

Calibration procedure 

1. Remove the ABS breathing system from the machine. 

2. Removethe Exhalation Valve. 

3. Remove the Vent Engine cover. 

4. Plug the Manifold Port (A) and the Drive Port (8) on the Vent Engine 
interface valve. 

5. On the Bleed Resistor Calibration menu, select Starf Cal. 

6. Push the rotary encoder knob to start the calibration. 

Software procedure 

The software performs the calibration as follows: 

1. Opens the flow valve to the high-p陀ssure starting point 
(where manifold pressure is 91-92 cm H20). 

2. Waits for the pressure to stabilize. 

3. Once the pressure is stabilized, sets the f10w to a predetermined level. 

4. Wait forthe pressure to stabilize. 

5. Repeat steps 1-4, replacing step 3 with prog陀ssively smaller 刊ows.

There are 12 points that are calculated forthe bleed 陀sistorcalibration. If the 
calibration passes, the calculated bleed resistor calibration points are stored 
in EEPROM. 

Remarks Ifthe bleed resistor calibration test fails, check altitude and drive gas settings. 
Ensure that the breathing circuit gas is exhausting out the scavenging port 
during the test. A negative finding indicates a ma臼ive circuit leak. Check for 
proper regulator p陀ssure calibration. Ensure that the Flow Valve Cal test was 
conducted properlμOtherwise， failure indicates a calibration problem with 
the f10w valve. 
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4.3.24 Service 
Calibrations Required 

The Schedule Service Calibrations menu lists which se忧ing or calibration 
must be performed when the "Service Calibration ,&" alarm appears in 
normal operation. Afterthe se忧ing or calibration is properly completed, the 
text for that se忧ing or calibration is removed from the list. 

负何如e CafiÞ，atio阴阳吼lÍIed .

TM S剧ections on this menu a，e 伽ðC甜brat出on~Set甘nQs th窑t.are
reQuÎ陀dwhen the "Service Calibration . . ala,m is aclive. Pei1.o,m 
制Ch ot the calibr斟阳IS/S，供tinas sta叫mg州th 阶eupp制 most 蚓ection.
创LV创ect Set唱"悯.CaliÞ，础阳 ..问ou kn酬what you ð'e dolng! 

Go to Servk:e M创树Me刷

日igure 4-35 • SeNice Calibrations Required menu 

The normal operation "Service Calibration ,&" alarm message is only removed 
when all the requ i陀d settings or calibrations are completed. 

Remarks The Set Service Calibration menu item is used by the factory to activate the 
Service Calibration alarm and require that all settings and calibrations be 
pe斤。rmed when the Aespire machine is set up for operation at its permanent 
location. 

There is no need to setthe "Service Calibration'&" alarm in the field . 

Select "No" when the following warning appears if you selected the 
"Set Service Cal" menu item. 

le OU sUle ou want to et elVlce a.. 
Selecting "Yes " will activate the alallß, 
l 'Riním[llliJi'1D"Wiu', iilr!li!'lllIjli'[J:lJ] 
the Caliblations/Settings be perfolmed! 
ONL V SELECT "Ves"丘YOU KN旦旦旦HATYO且
rJ.1iI.IlIIUU .. 

信『
Figu陀4-36 • Set SeNice Calibration menu 
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Rgure 4-37 • Service Calibration full menu 
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4 SelfTests and Service Mode 

Ifyou select "Yes" you will see the screen displayed in Figure 4-37. Followthe 
directions on the screen to complete the calibrations. 

SelVice Cafibr刮目ns Requ由edA

The selecllons on this.menu ale the Calibl(l(协nS/Setlíngslhat ale 
required when the .Servicé Cal阳ationA . alar附 is õctwe. Perfolm 
e配h of Ihe cðlibl剖ionS/Seliîngs SI州附附th the uppel mosl 臼lection.
。肉LY se悔创 Set "SelVi回 Callblation .Aõ, ff v(刷 kn制what 归u are doíng! 

m 
Drwe 臼1$

02 Calibl就ions
Caßblate A酬 Sensors

P,essu,e Sensliv~y 

Cafibrõle A酬 \lawe

Bleed Res以01 Calibla此，肘'

Set "Service C司iblation .A. 

Go 10 Servlce MωesMenu 
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5 Calibration 

&. WARNING A佼er adjustments and calibration a陀 completed ， always perform the checkout 

procedure. Referto Section 3 ofthis manua l. 

In this section This section covers calibration procedu陀s for components of the Aespire anesthesia 
machine. 

1009-0541-000 02/ 05 
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5.1 Primary Regulators 

5-2 

Follow the procedu陀 in Section 5.1.1 to gain access to the regulators. Then, 
in Section 5.1.2, select the test that is appropriate for the 陀gulatoryou are 
testing. 

&. WARNING When testingjadjusting N20 regulato邸， nitrous oxide flows through the 

system. Use a safe and approved procedu陀 to collect and remove it. 

5.1.1 Test setup 

&. WARNING Wear sa阳 glasses while t创 device is connected to the test port. 

&. CAUTION Be careful notto plugthe outputofthe primary吨ulatorwithout having 
a pressure relief valve in the output circuit. 

5.1.2 Testing Primary 
Regulators 

TestA 

1. Set the system switch to Standby. 

2. Disconnect all pipeline supplies. 

3. Remove the upper rear panel (Section 9.2). 

4. Ifequipped, turn the auxiliary O2 f1owmetercontrol fullyclockwise (no flow). 

5. Install a full cylinder in the cylinder supply to be tested. It is essential that 
the cylinder be within 10% of its full pressure. 

6. Remove the plugfrom the test po忧 and connect a test device capable of 
meas川ng 689 kPa (100 psi). 

唱
~-Re 

There are two variations of the test procedure for the primary regulators: 

• Test A - For primary 陀gulators that supply drive gas to the ventilator. 
• Test B - For all gases not used to supply drive gas to the ventilator. 

For primary regulators that supply drive gas to the ventilator (02 or Air): 
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5 Calibration 

Under low flow conditions, the output pressu陀 of a properly adjusted/ 
仙nctioning regulator should fall within specifications listed in step 4. Under 
high flow conditions, the output pressure should not drop below the 
specifications in step 12. 

1. Remove the bellows assembly. 

2. Slowly open the cylinder valve. 

3. Setthe system switch to On. 

4. Low F1owTest: Set the fresh gas flow to 0.05νmin (or minimum flow for 
O2) , When checking an Air regu laωr on systems that have a single 
flowtube, open the needle valve 1/8 turn from the minimum stop to 
achieve a flow close to 0.05 L/min. 

• Close the cylinder valve and allow the p陀ssure to decay to 2068 kPa 
(300 psi) as indicated on the cylinder gauge (upper limitofthe red band). 
The flow may be temporarily inc陀ased to facilitate the decay. 

• At the time that the cylinder pressure reaches 2068 kPa (300 psi), set 
the system switch to Standby. 

• Within one minute, the test device must stabilize between: 

(60) DIN 372- 400 kPa (54- 58 psi) 

(50) Pin Indexed 310- 341 kPa (45.0-49.5 psi). 

If the test device pressu陀 does not stabilize within one minute, 
replace the cylinder supply. 

If the test device stabilizes within one minute, but the readings a陀
not within specifications，陀adjust the regulator (Section 5.1.3). 

5. Slowly open the cylinder valve. 

6. Enterthe Service Mode: 
(Push and hold the adjustment knob on the ventilator's display and set the 
system switchωOn.) 

7. Select and confirm "Service Mode." 

8. Select and confirm "Flow Valve TestTool." 

9. Select and confirm "Set Flow (νmin)." 
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5.4 

10. High F1owTest: Rotate adjustment knob counterclockwise to obtain 
65(νmin): 

• While watching the test device press confirm. 

• After 2 seconds, Set F10w to 0 (νmin)and p陀ss confirm to stop the gas 
flow. 

• The minimum test device reading observed must be greater than: 

(60) DIN 221 kPa (32 psi) 

(50) Pin Indexed 207 kPa (30 psi) 

Repeat this step three times. 

If the test devi ce 陀ading under "high flow" conditions is less than 
specified, readjustthe 陀gulator per the procedure in Section 5.1.3; 
however, set the regulated pressure higher by the difference you noted in 
this step plus 7 kPa (1 psi). This adjusts the "Iowflow" regulated outputto 
the high side ofthe specification so thatthe "high flow" regulated pressure 
can fall within the specification. 

If the regulator subsequently fails the "Iow 白ow" specification (step 4) 
because the reading is too high，陀place the cylinder supply. 

11. Set the system switch to Standby. 

12. Close the cylinder valve. 

13. Bleed the system of all pressure. 

14. Disconnect the test device and plug the test po民 (pull on the plugω 
ensure it is locked in the 币忧ing).

15. Replace the bellows assembly. 

16. Replace the rear panel(s). 

17. Perform the checkout procedu陀 (Section 3). 

Test B For all gases not used to supply drive gas to the ventilator: 

Under low flow conditions, the output pressure of a properly adjustedj 
functioning regulator should fall within specifications listed in step 4. Under 
high flow conditions, the output pressure should not drop below the 
specifications in step 7. 

1. Ifthe cylinder supply being tested is N20, connect a source of02 and set 
the O2 flow control to the minimum stop (pilot pressu陀 forsecondary 
regulator). 

2. Slowly open the cylindervalve forthe 陀gulator being tested. 

3. Set the system switch to On. 
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5 Calibration 

4. Low F1owTest: Setthe flow ofthe gas beingtestedω0.05 L/min (or 
minimum f10w for O2), When checking a regulator on systems that have a 
single flowtube, open the needle valve 1/8 turn from the minimum stop to 
achieve a flow close to 0.05νmin. 

• Close the cylinder valve and allow the pressu陀 to decay to 2068 kPa 
(300 psi) as indicated on the cylindergauge (upper limit ofthe red band). 
The flow may be temporarily increased to facilitate the decay. 

• Atthetimethat由e cylinderp陀ssure reaches 2068 kPa (300 psi), set 
the system switch to Standby. 

• Within one minute, the test device must stabilize between: 

(60) DIN 372-400 kPa (54- 58 psi) 

(50) Pin Indexed 310-341 kPa (45.0- 49.5 psi). 

If the test device p陀ssu陀 does not stabilize within one minute, 
陀place the cylindersupply. 

If the test device stabilizes within one minute, but the readings are 
not within specifications, readjust the regulator (Section 5.1.3). 

5. Slowly open the cylindervalve. 

6. Set the system switch to On. 

7. High F10w Test: Set the f10w control valve to the maximum indicated flow 
on the f10w tube. 

• The test device reading must be greaterthan: 

(60) DIN 221 kPa (32 psi) 

(50)Pln Ind础ed 221 kPa (32 psi) 

If the test device 陀ading under "high flow" conditions is less than 
specified, readjustthe regulatorperthe procedure in Section 5. 1.3; 
however, set the regulated pressu陀 higher by the difference you 
noted in this step plus 7 kPa (1 psi). This adjusts the "Iow flow" 
陀gulated output to the high side ofthe speci行cation so that the 
"high f1ow" regulated p陀ssure can fall within the speci白cation .

If the regulator subsequently fails the "Iow f1ow" specification 
(step 4) because the reading is too high, replace the cylindersupply. 

8. Set the system switch to Standby. 

9. Close the cylindervalve. 

10. Bleed the system of all p陀ssure.

11. Disconnect the test device and plug the test po比 (pull on the plug to 
ensure it is locked in the fi创ng).

12. Replace the rear panel(s). 

13. Perform the checkout procedu陀 (Section 3). 

5-5 



Aespire 7900 

5.1.3 Adjusting Primary 
Regulators 
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Important: Cylinder supplies in an Aespire machine must have all primary 
陀gulators set to the same pressure range: (50) Pin Indexed or (60) OIN. If a 
陀gulator is replaced, the replacement regulator must be set (as required) to 
the same specification as the one removed. 

Important: Install a full cylinder in the cylinder supply to be adjusted. It is 
essential that the cylinder be within 10% of its 仙11 pressure. 

Ifthe cylinder supply being adjusted is N20, connect a source of O2 and set 
the O2 flow control to the minimum stop (pilot pressure for secondary 
regulator). 

To adjust the primary regulators, follow the procedure in Section 5.1.1 to gain 
access to the 陀gulators.

00 nota忧emptωadjustwithout flow. 

1. Slowly open the cylindervalve. 

2. Set the system switch to On. 

3. Setand maintain the fresh gas flow ofthe gas beingtested to 0.05 L/min 
(or minimum flow for O2) , When adjusting a regulator on systems that have 
a single flowtube, open the needle valve 1/8 turn 行om the minimum stop 
to achieve a flow close to 0.05 L/min. 

4. Closethe cylindervalve and allowthe pressureωdecay to 2068 kPa (300 
psi) as indicated on the cylinder gauge (upper limit ofthe red band). The 
flow may be temporarily increased to facilitate the decay. 

5. When the cylinder gauge 陀aches the upper limit of the red band, adjust 
the regulator output pressure to: 

(60) DIN 386-400 kPa (56- 58 psi) 

(50) Pin Indexed 327 - 341 kPa (47.5- 49.5 psi). 

Note: It may be necessary to open the cylinder valve and repeat steps 4 
and 5 a number oftimes to achieve the above se位ing.

6. Testthe regulatorse忧ings per the appropriate test in Section 5.1.2: 

• TestA - For p时mary regulators that supply drive gas to the ventilator. 

• Test B - For all gases not used to supply drive gas to the ventilator. 
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5.2 Secondary Regulators 

&. WARNING 

5.2.1 Testingj Adjusting 
Secondary Regulators or 

Balance Regulators 

1009-0541-000 02/05 

5 Calibration 

When testing N20 regulators, nitrous oxide flows through the system. 

Use a safe and approved procedure to collect and 陀move it. 

1. Set the system switch to Standby. 

2. Remove the f10wmeter panel shield (Section 9.8.1). 

3. Remove the plug from the test p。此and connect a test device capable of 
measuring 689 kPa (100 psi) using 1j8-inch nylon tubing. 

。2
Adjust 

Test Ports 

4. Set the f10w of the tested gas and of O2 as detailed in the chart. 

5. Verify that the output of the tested regulator is within the range listed in the 
chart. 

Regulator Output w 
a
w

龟
'

Ro 
ea -db du --A

曹
‘

、E

a
H
A
M

响

W

由
F
A
r

o

创

L

RR

2 
O2 207 土7 kPa(30 土 1 psi) 

N20 土 14 kPa (土2 psi) of 02 reading 10νmin 4L/min 

6. If 陀quired ， adjust the O2 陀gulatorωmeetthe above specifications. The 
N20 regulator is not adjustable; replace if out of range. 

Note: The adjustment screw for these regulator is self-Iocking. 

7. Disconnectthe testdevice and plugthetest port(pull on the plugωensure 
it is locked in the fi忧ing).

8. Pe斤。rm the Flow Control Tests (Section 3.4). 
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5.3 Flowmeter Needle Valve Calibration 

You need to calibrate a needle valve: 

• if you install a new one, 
• if minimum and maximum flows a陀 notwithin speci白cations.

5.3.1 O2 Needle Valve Calibration (Minimum Row) 

5.8 

.&. CAUTlON: Do not force the needle valve against the seat. Ove民ighten ing the valve 
can cause the minimum flow se忧ingto d时ft out of specifications. 

1. Set the system switch to Standby. 

2. Remove the flowmeter panel shield (Section 9.8.1). 

Note: If adjusting an existing needle valve, 

• remove the N20 and O2 knob and sprocket assemblies, 

• and loosen the O2 stop collar setscrews. 

3. Slide a stop collar onto the valve stem with the stop tab toward the valve. 
Do not tighten setsc陀ws.

吃二日/
• 

4. Set the system switch to On. 

5. Adjustthe O2 needle valve to maintain a flow of 

• 50 :t25 mL/min for dual tube flowmeters. 

• 200 :t25 mL.min for single tube flowmeters. 

6. Push the stop collar against the valve body . 

..... 
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5 Calibration 

7. Turn the collar clockwise until the collar stop tab contacts the minimum 
stop tab on the valve body. Do not tum the valve stem. 

Collar stop must be on 

CCW slde of valve stop. 

Collar 

CollarStop 

Valve 

Stop 

8. Carefully pull the collar back so there is a slight gap between collar and the 
valve body (but still engages the valve stop). 

Collar 
Setscrew 
(example) 

9. TIghten the collar setscrews. Start with the one opposite the tab if possible. 

10. Turn the valve stem counterclockwise at least one revolution to make sure 
the collar tab clears the valve stop. 

y一-- Stop must clear 

~二|
If the stop does not clear丁

a. Turn the valve stem back to minimum position. 

b. Loosen the collar setsc陀ws.

c. Repeat steps 6 through 9. 

11. Turn the valve stem clockwise to the minimum stop. 

12. Verify thatthe 制ow is within the 

• 50 :!:25 mLjmin range for dual tube flowmeters. 

• 200 ::!::25 mLjmin range for single tube flowmeters. 

13. Calibrate the Link proportioning system (Section 5.4). 
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5.3.2 N20 Needle Valve Callbration (Minimum Aow) 

5-10 

Lh. WARNING You must be in a well ventilated room or use a gas evacuation device at 
this time. Anesthetic vapors exhausted into the room air can be harmful 
to your health. 

Lh. CAUTlON: Do not force the needle valve against the seat. Ove此ightening the valve 
can cause the minimum flow se忧ingto d时ft out of specifications. 

1. Disconnect all pipeline supplies and close all cylinder valves. 

2. Remove the upper rear panel. 

Note: If adjusting an existing needle valve, 

• remove the N20 and O2 knob and sprocket assemblies, 

• and loosen the O2 stop collar setscrews. 

3. Remove the f10wmeter panel shield (Section 9.8.1). 

4. Disconnect the tube from the pilot port on the N20 regulator. 

N20 pllot port 

。。

。 Dlsconnect 
tube 

5. Disconnect the 4-mm outlet tube from the back of the N20 pipeline 
manifold. 

Connectto 
N20 pllot port 

Connect 4-mm outlet tube 

6. Using a 4-mm tubejtee fixture (see Service Tools - Section 10.1.2), 
connect a tube (tee end)ωthe N20 supply outlet atthe back ofthe pipeline 
manifold. Connect the outlet tube to the open connection on the tee 
connector ofthe fixture. Connectthe other end ofthe fixture to the N20 pilot 
po忧 at the front of the flowhead. This setup supplies pilot pressure to the 
N20 balancing regulator during the minimum stop calibration. 
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5 Calibration 

7. Slide a stop collar onto the valve stem with the stop tab toward the valve. 
00 not tighten setscrews. 

川
/
-
L

A/' 

叶
M
U

川\
8. Connect either an N20 pipeline or cylinder supply. 

9. Slowly open the N20 cylindervalve. 

Important: 00 not connect the O2 pipeline or open the O2 cylinder valve. 

10.Adjust the needle valve until the float is nearlyωuching the filter, but not 
quite. 

Aowtube 

Alter 

11. Oisconnect the tubing from the inlet ofthe vaporizer manifold (closest to 
flowhead). 

12. Ifthe machine has an Air option, bleed down the air supply. Air can inflate 
the bubble (next step) if it is not shut 0仔.

13. Applya small amount of leak detection fluid (Snoop) to the end ofthe tube 
to form a bubble. 

14. Turn the valve stem clockwise until the bubble no longer inflates. 00 not 
turn more than 10 deg陀es clockwise past this point. 

10degrees .. 
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Aespire 7900 

5-12 

15. Push the stop collar against the valve body. 

_. 

16. Turn the collar clockwise until the collar stop tab contacts the minimum 
stop tab on the valve body. 00 not turn the va(ve stern. 

Collar stop must be on 

CCW slde ofvalve stop. 

Collar 

CollarStop 

Valve 

Stop 

、二/
17. Carefully pull the collar backsothere is a slightgap between collarand the 

valve body (but still engages the valve stop). 

Collar 

Setscrew 

(e泊m冽的 ("" 

咽'

18. TIghten the collar setscrews. Start with the one opposite the tab if 
possible. 

19. Turn the valve stem counterclockwise at least one revolution to make sure 
the collartab clears the valve stop. 

I Stops mus1飞白白

If the stops do not clear: 

a. Turn the valve stem back to minimum position. 

b. Loosen the collar setscrews. 

c. Repeat steps 14 through 17. 
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5 Calibration 

20. Turn the valve clockwise to the minimum stop. 

21. Ve时fy there is no flow at the end of the tube. 

22. Thoroughly clean the end ofthe nylon tube and reconnect itto the 
vaporizer manifold inlet. 

23. After calibrating minimum flow for N20: 

a. Close the cylinder valve and use the needle valve to bleed the 
remammg gas. 

b. Remove the test fixture connectingthe N20 gas supply to pressu陀
balance regulator pilot port. 

c. Reconnect the pilot tube to the N20 pilot po比 Pull on the tubing to 
ensure it is locked into the fitting. 

Connect 

。。

d. Reconnect the outlet tube to the N20 pipeline supply manifold. 

24. Calibrate the Link propo民ioning system (Section 5.4). 
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5.3.3 Air Needle Valve Calibration (Minimum Aow) 

5-14 

.&. CAUTlON: Do not force the needle valve against the seat. Ove此ighten ing the valve 
can cause the minimum flow se忧ingto d时ft out of specifications. 

1. Set the system switch to Standby. 

2. Disconnect all pipeline hoses and close all cylinder valves except for air. 

3. Remove the flowmeter panel shield (Section 9.8.1). 

4. Remove the upper rear panel. 

Note: If adjusting an existing needle valve, 

• remove the Air knob, 

• and loosen the Air stop collar setscrews. 

5. Slide a stop collar onto the valve stem with the stop tab toward the valve. 
Do not tighten setscrews. 

pCollar ./ Tab 

~日'
/ 

Valve Stem 

6. Setthe system switch to On. 

7. Adjust the needle valve until the float is nea叫y touching the filter, but not 
quite. 

Aowt1lbe 

衫二、

Alter 

8. Disconnect the tubing from the inlet to the vaporizer manifold (Ieft: end of 
manifold). 

9. Applya small amount of leak detection fluid (Snoop) to the end ofthe tube 
to form a bubble. 
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5 Calibration 

10. Turn the needle valve clockwise until the bubble no longer inflates. Do not 
turn mo陀 than 10 degrees clockwise past this point. 

10 degrees ... 

11. Push the stop collar against the valve body. 

-… 
12. Turn the collar clockwise until the collar stop tab contacts the minimum 

stop tab on the valve body. 00 not turn the valve stem. 

Collar stop must be on 

CCW slde of valve stop. 

Collar 

CollarStop 

Valve 

Stop 

飞二/
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5-16 

13. Carefully pull the collar backso there is a slightgap between collar and the 
valve body (but still engages the valve stop). 

Collar 

Setscrew 

(example) 

..... • 

14. TIghten the collar setscrews. Start with the one opposite the tab if 
possible. 

15. Turn the valve stem counterclockwise at least one revolution to make sure 
the collar tab clears the valve stop. 

I Stops must clear 

If stops do not clear: 

a. Turn the valve stem back to minimum position. 

b. Loosen the collar setscrews. 

c. Repeat steps 11 through 14. 

16. Turn the valve stem clockwise to the minimum stop. 

17. Ve川fy there is no flow at the end of the tube. 

18. Thoroughly clean the end of the nylon tube and reconnect it to the 
vaporizer manifold inlet. 

19. Set the knob so that at minimum f10w the label text is horizontal and the 
knob is on an even plane (front to back) with the N20 and O2 knobs. 

20. Replace the flowmeter panel shield and the rear panel. 

02/05 1009-0541-000 



5 Calibration 

5.4 Link system calibration 

1009-0541-000 02/ 05 

Before you start, make su陀 that:

• AII pa此s are correctJy installed. 
• Stops on needle valves are set correctly. 
• The machine meets leak check requirements. 
• Confirm thatthe O2 sensormeasures21 % in room airand 100% in pure O2, 

If not, calibrate the O2 sensor. 

Note: AII illustrations in this section show ANSI flowmeter module positions. 
Theo叫er is reversed on ISO machines . 

.&. WARNING You must be in a well ventilated room or use a gas evacuation device at 
this time. Anesthetic vapors exhausted into the room air can be harmful 
to your health. 

1. Set the system switch to Standby. 

2. Remove the flowmeter panel shield (Section 9.8.1). 

3. Put the plastic spacer on the N20 needle valve spindle. 

4. Turn the O2 and the N20 needle valves clockwise to their minimum stop 
position. 

Spacer 

5. Put the chain onto the O2 knobjsprocket a臼embly and the N20 sprocket. 

Note: The N20 sprocket set screws should be away from the valve. 
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5-18 

6. Install the chain and sprockets onto the needle valve stems as an 
assembly. P陀ss the O2 knobjsprocket against the O2 minimum sωp 
collar. 

SprocketjChaln 

Assembly 

7. nghten the setsc陀ws in the O2 knob. 00 not tighten the N20 sprocket 
setscrews. 

Note: If 021abel is on the knob, turn the knob so thatthe identification label 
is horizontal before tightening the setsc陀ws.

8. Turn on the O2 and the N20 gas supplies (pipeline or cylinder). 

9. Set the system switch to On. 

10. Adjust the needle valves: 

• O2 needle valve: 200 主10 mLjmin. 

• N20 needle valve: 600 土25mνmin.
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5 Calibration 

11. Turn the sprocket on the O2 knob sprocket assembly counterclockwise 
until it stops against the tab on the O2 knob. 00 not allow the N20 or O2 
valve stems to rotate. 

/ 

Tum 

counter

clockwtse 

12. Push the N20 sprocket against the plastic spacer. 

13. Holding the O2 knob, rotate the N20 sprocket counterclockwise until all 
slack is removed from the chain. 

14. Ughtly tighten both N20 sprocket setscrews. 

15. Turn the N20 needle valve clockwise to the minimum stop position. 
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16. Install the N20 knob. Turn the knob so that the identification label is 
horizontal before tightening the setscrews. 

17. Turn the N20 needle valve counterclockwise, and check that the oxygen 
f10w inc陀asesas N20 利ow increases. 

18. Turn the O2 needle valve clockwise, and check that the N20 flow 
decreases as O2 decreases. 

19. Check the proportioningsystem concentration (increasing N20 f1 ow). 
Observe the following p陀cautions:

• Start with both valves at the minimum se忧ing.

• Adjustonlythe N20 needlevalve. 

• Increase the N20 flow as specified in the table below and make sure the 
O2 concentration is in the allowed range. 

Note: Allowthe O2 monitorto stabilize. Atthe 10wer f1ows, the O2 monitor 
may take Up to 90 seconds to stabilize. 

• If you overshoot a se忧ing， turn the O2 needle valve clockwise until the 
N20 f10w dec陀ases to the previous se创ng before continuing the test. 

SettheN20 伺ow(Ljmln) Measured O2 

0.8 22%t029% 

1 22%t029% 

2 22%t029% 

6 22%t029% 

9 22%t029% 
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5 Calibration 

20. Checkthe proportioningsystem concentration (dec陀asing O2 f1ow). 
Observe the following precau创 ons:

• Tum the N20 needle valve to the maximum se创ng.

• Adjust only the O2 needle valve. 

• Decrease the O2 f10w as specified in the table and make su陀 the O2 
concentration is in the allowed range. 

Note: Allowthe O2 monitorto stabilize. Atthe lowerflows, the O2 monitor 
may take up to 90 seconds to stabilize. 

• If you overshoot a setting, turn the N20 needle valve counterclockwise 
until the O2 flow increases to the previous setting before continuing the 
test. 

Set the O2 f10w (Lj mln) Measured O2 

3 22%to29% 

2 22%to29% 

1 22%to29% 

0.3 22%to29% 

If both tests meetthe criteria, calibration is complete (go to the nextstep). 
If either test failsωmeet the criteria，陀tum to step 10 and adjust N20 to 
a lower or higher setting. 

If: Then: 

Concentration Low Decrease N20 

Concentration High Increase N20 

Note: Adjusting the regulator pressure is not recommended. It has li忧le

effect on propo削oning. If you have difficulty proportioning the system, you 
may need to replace either or both needle valves. 

21. TIghten N20 sprocket setscrews. 

22. Set the system switch to Standby. 

23. Turn off the O2 and the N20 gas supplies. 

24. Check that all setscrews are tight. 

25. Adjust all needle valves to minimum stop position. 

26. Install f10wmeter panel shield. 
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5.5Ai附ay pressure gauge 

5-22 

5.5.1 Zero the pressure 1. Attach a patient circuit to the Breathing System. Leave the patient end 

gauge open 

2. Set the Bag/Vent switch to Bag. 

3. Adjust the APL valve to maximum. 

4. Remove the lens from the pressu陀 gauge:

• Applya slight pressu陀 with yourthumb and fingertips around the outer 
edge ofthe lens. 

• Tum the lens counterclockwise to remove it. 

5. Adjust the p陀ssure gauge to zero. 

6. Plug the patient circuit. 

7. Press and release the O2 f1ush button to sweep the needle across the 
pressu陀 gauge.

8. Remove the plugfrom the patientcircuitto relieve the pressure in the circuit 
and recheck the zero setting of the p陀ssure gauge. 

9. If 陀quired， repeat zero and span procedure. 

10. Replace the lens cover. 

ZeroAdJust 
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5 Calibration 

5.5.2 Checking the The accuracy ofthe airway pre臼U陀 gauge can be checked by using the 

pressure gauge accuracy following: 

To 
Low-pressure Source 
(Syrln制 卢

1009-0541-000 02/05 

• a low-pressure test device (digital manometer ortest gauge) with an 
accuracy of :!:2% of reading, 

• a low-pressure supply source (typically a syringe), 
• and an ai阳aypre臼ure gauge test adapter. 

1. Ensure that the pressure gauge is zeroed (Section 5.5.1). 

2. Remove the upper rear panel. 

3. Remove the existingtube from the back ofthe pressure gauge and connect 
the test adapter tube directly to the gauge. 

4. Connecta low-pressure supply source (syringe) to one ofthe open tubes of 
the test adapter. 

5. Connect a low-pressure test device to the remaining open tube of the test 

adapter. 

6. Adjustthe pre臼U陀source to the following p陀ssures as read on the airway 
pressu陀 gauge. The test device gauge should read within the values 

indicated. 

Alrway Pressure Gauge Test Devlce 

Ocm H20 0 土1 cm H20 

40cm H20 40 土2 cm H20 

-5 cm H20 -5 土2 cm H20 

To 
TestDevlce 

广」

卜「

~ ~ To 
Pressure Gauge R忧Ing
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6 Installation and Maintenance 

In this section 6.1 Aespire 7900 Installation Checklist. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .6-2 

6.2 Aespire 7900 Planned Maintenance .. . . . . .. .. .... .. .. .. .. .. .. .. .. .. . . .. .. .. .. .6-4 

6.2.1 Everytwelve (12) months . .. .. .. .. .. .. . . .. .. .. .. .. . . .. . . . . .. . . .. .. . . . . .6-4 
6.2.2 Every twenty-four (24) months ........................................ .6-5 

6.3 Free breathingvalve maintenance .. . . . . . . .. .. .... .. .. .. .. .. .. .. .. .. . . .. .. .. .. .6-6 

6.4 MOPVp陀ssure relief valve test ...............................................6-7 

6.4.1 Testsetup ... . . .......... . . . . ...................................... .6-7 
6.4.2 Testprocedure ..................................................... .6-7 

6.5 Auxil iary 02 flowmetertests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .6-8 

6.6lntegrated Suction Regulatortests . . . . . ...................................... .6-9 

.&. WARNINGS Do not perform testing or main怡nance on the Aespire Anesthesia Machine while 
it is being used on a patient. Possible i时ury can 附sult.

1009-0541-000 02/05 

Items can be contaminated due to infectious patients. Wear sterile rubber 
gloves. Contamination can spread to you and others. 

Obey infection control and safety procedures. Used equipment may contain 
blood and body fluids. 
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6.1 Aespire 7900 Installation Checklist 

Serial Number: I Date: (YY/MM/DD) / / 
Hospital: | 附ormed by: 

口 1. Unpack and assemble the Aespire 7900 System. 

口 2. Recon币gu陀 the sample gas 陀turn line as requi陀d (Sectíon 9.12). 

3. Enterthe Service Mode and selectSystem Configuration from the menu 
(Sectíon 4.3.3). Perfonm the following steps: 

口 a. Enterthe site altitude in increments of 100 meters. 

口 b. Select the correct ventilator drive gas (02 or Air). 

口 c. Makesu陀 Heliox Mode is set to "0作' . Aespire 7900 machines cannot 
be configured to deliver Heliox. 

口 d. Select the desired VE Alarm Limits (Automatic or User Adjustable). 

口 e. Change the language selected if necessary. 

口 4. Return to the Service Modes menu and select User Select Defaults 
(Sectíon 4.3.4) . 而is menu detenmines the control settings used by the 
system at power up. Configure these se创ngs as desired by the customer. 

5. Return to the Service Modes menu and perfonm the following calibrations: 

口 a. Adjust Drive Gas Regulator(Sectωn4.3. 18) . 

口 b. 02 Calibrations (Sectíon 4.3.19). 

口 c. Calibrate Row Sensors. This step will zero flow and airway sensors. 
(Sectíon 4.3.20). 

口 d. Pressure Sensitivity (Section 4.3.21). 

口 e. Calibrate Row Valve (Sectíon 4.3.22). 

口 f. Bleed Resistor Calibration (Sectíon 4.3.23). 

口 6. Exit the Service Mode and go to Normal Operations. Verify the "Service 
Calibration" message is not present in the normal system display. 
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6 1nstallation and Maintenance 

口
口
口
口
口
口
口
口
口
口
口

7. Complete the System Checkout by pe斤。rming the following steps: 

a. Inspect the system (Section 3.2). 

b. Pipeline and cylindertests (Sectωn3.3). 

c. Row control tests (Section 3.4). 

d. Pressu陀 relief test (Section 3.5). 

e. O2 supply alarm test (Section 3.6). 

f. Rush f10w test (Section 3.η. 

g. Vaporizer back pressu陀 test(Sectωn3.8).

h. Low-pre臼ure leak test (Section 3.9). 

i. Alarm tests (Section 3.10). 

j . Breathing systems tests (Section 3.11). 

k. Auxiliary 02 f10wmeter tests, if equipped with this option 
(Section 3.12). 

1. Integrated suction regulatortests, if equipped with this option 
(Section 3.13). 

m. Power failure test (Section 3.14). 

n. Electrical safety tests (Section 3.15). 

口

口

口
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6.2 Aespire 7900 Planned Maintenance 

Serial Number: 

Hospital: 

口 12 months 口 24 month 

6.2.1 Everytwelve (12) 
months 

Parts Replacement 

口

Checks and Tests 

口

Date: (yyJMMJDD) 

Pe斤ormed by: 

口

J J 

This section covers the regular maintenance procedures (minimum 
陀quirements) needed to make su陀 that the Aespire 7900 anesthesia 
machine 一 including the ventilator - operates to specifications. 

Perform the following steps every 12 months. 

Replace the vaporizer port o-rings (Section 9.9.1) 
(Kit Stock Number 1102-3016-000) 

Refer to the Aespire 7900 User's Reference Manual, Part 2. 
Perform the following steps: 

1. User maintenance listed below. Including disassembly, inspection, 
cleaning and pa由 replacement as required (Section 3 and Section 2). 

• AGSS Maintenance: 
Empty any condensate from the reservoir (disposable item). 

Inspect air brake for occlusion. 

Inspect, clean or replace filter on active AGSS. 

• Breathing Circuit Maintenance 

• Bellows Assembly Maintenance 

• B创lows Assembly Tests 

• O2 Sensor Calibration 

• Flow Sensor Calibration 

Refer to listed sections in this manual. 
Perform the following steps: 

口 2. Perform the MOPV p陀ssure relief valve test (Sect的n 6.4). 
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6.2.2 Every twenty-four 
(24) months 
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6 1nstallation and Maintenance 

口 3. From the Service Mode menu, pe厅'orm the following: 

• Error Log (Section 4.3.2). 
If any error codes have been logged, follow the appropriate 
troubleshooting procedu陀s. Clear the error log. 

• Display Disc陀te 1/0 Signals (Section 4.3.14). 
Verify proper operation of all switches. 

• Adjust Drive Gas Regulator (Sectωn 4.3.18) 

• Test Gas Inlet Valve (Section 4.3.η 

• Test Row Valve (Section 4.3.8) 

• Test P陀ssure LimitSwitch (Section 4.3.9) 

• Calibrate Pressure Sensitivity (Section 4.3.21) 

• Calibrate Row Valve (Section 4.3.22) 

• Calibrate Bleed Resistor (Section 4.3.23) 

4. Inspect the system (Section 3.2) 口

口
口
口
口
口
口
口
口
口
口
口
口
口
口

5. Pipeline and cylinder tests (Sectωn3.3) 

6. Row control (Section 3.4) 

7. Pressu陀 rel ief tests (Section 3.5) 

8. O2 supply alarm test (Section 3.6) 

9. Rush flow test (Section 3. η 

10. Vaporizer back pressu陀 test (Section 3.8) 

11. Low-pressure leak test (Section 3.9) 

12.Airwayp陀ssure gauge accuracy check (Section 5.5.2) 

13.Alarm tests (Section 3.10) 

14. Breathing systems tests (Section 3.11) 

15. Auxiliary O2 flowmetertests, if equipped with option (Section 6.5) 

16. Integrated suction regulatortests, if equipped with option (Section 6.6) 

17. Powerfailure test(Section 3.14) 

18. Electrical safety tests (Section 3. 1日

口

In addition to the 12-month requirements, replace the following parts every 
24 months. AII machine and ventilator pa此s should be replaced before 
performing the checks, tests, and calibrations. 

1. Replace the intemal backup battery (Section 9.23.4) 
(Stock Number 1503-3045-000). 

2. Replace the free b陀athing flapper valve (Section 6.3) 
(Stock Number0211-1454-100). 

3. Replace the free b陀athing valve o-ring (Section 6.3) 
(Stock Number 1503-3208-000). 

口

口
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6.3 Free breathing valve maintenance 

6-6 

C D 

A A 

1. Unscrew the valve seat (A) from the side ofthe interface manifold. 

2. Inspect the flapper (8) and valve seat for nicks, debris and cleanliness. 

10 replace the flapper valve 3. If necessary, clean the new 何appervalve with alcohol. 

4. Pull the tail (C) ofthe new free b陀athing valve flapper through the center 
of the valve seat until it locks in place. 

5. Trim the tail flush with outside surface of the valve seat (附ferto the 
removed flapper). 

6. Replace the Q-ring (D). Lubricate with a thin film of Krytox. 

7. Hand screw the assembly into the interface manifold. 

8. Reassemble the system. 

9. Perform the Preoperative Checkout Procedure 
(陀ferωthe User's Reference manual). 
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6 1nstallation and Maintenance 

6.4 MOPV pressure relief valve test 

.6 WARNING 0时ec岱 in the breathing system can stop gas flow to the patient. This 
can cause injury or death: 

• Do not use a test plug that is small enough to fa川 into the breathing 
system. 

• Make sure that there are no test plugs or other objects caught in the 
breathing system. 

6.4.1 Test setup 1. Remove the ABS b陀ath i ng system. 

2. Plugthe inspiratory何ow (drive pressu陀)po忧 ofthe exhalation valve with a 
stopper. 

问ug Insplratory Aow 
(Drlve Pressure) Port 

6.4.2 Test procedure 1. Set the system switch to On and enter the Service Mode. 

1009-0541-000 02/ 05 

2. Select "Flow Valve Test Tool". 

3. Set Bag/Vent switchωVent. 

4. Select "Set Flow Valve". 

5. Setflow of 10 L/min. 

6. Carefully listen for the MOPV relief weight to be relieving and "popping off" 
from its seat (a purring sound). This indicates the valve is functioning 
correctly. 

7. Set the system switch to Standby. 

8. Remove the stopper from the inspiratory flow po比

9. Reassemble the system. 

10. Perform the Preoperative Checkout Procedu陀
(refer to the User's Reference manual). 
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6.5 Auxiliary O2 flowmeter tests 

6-8 

1. Open the O2 cylinder valve or connect an O2 pipeline. 

2. Rotate the flow control clockwise (decrease) to shut off the flow. The ball 
should rest at the bo忧om of the flow tube and not move. 

3. Rotate the flow control counterclockwise (increase). The ball should rise 
immediately after rotation is begun. It should rise smoothly and steadily 
with continued counterclockwise rotation. When a desi陀d flow is set, the 
ball should maintain in a steady position. 

4. Rotate the flow control clockwise to shut off the flow. 

Aow Accuracy Test Note: To check flow accuracy, be sure that the f10w test device is capable of 
measuring 0ω15 Ljmin with an accuracy of :t2% of reading. 

1. Connect the flowmeter outlet to the flow test device. 

2. Adjust the flowmeter so the center of the ball aligns with the selected test 
point (observe that the ball maintains a steady position for 10 seconds). 

3. The test device reading should be between the limits shown for each ofthe 
selected se忧ings in the table below. 

F10w Tester Reading 

F10wrneter 5e忧ing Lower Limlt Upper Limlt 
Lj min Lj mln Lj mln 

1 0.52 1.48 

3 2.56 3.44 

5 4.60 5.40 

10 9.70 10.30 

maJ(lmum 12.00 
(valve 仙lIy open) 

4. Rotate the flow control clockwise to shut off the flow. 

5. Close the O2 cylinder valve or disconnect the O2 pipeline. 
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6 1nstallation and Maintenance 

6.6lntegrated Suction Regulator tests 

Note There are two types of integrated suction systems for the Avance anesthesia 
machine: 

• Continuous Vacuum Regulator, Three-Mode, Pipeline Vacuum 
• Continuous Vacuum Regulator, Three-Mode, Venturi Derived Vacuum 

For Pipeline Vacuum systems, 
a vacuum source of at least 500 mm Hg (67 kPa or 20 in Hg) is 陀quired for 
testing. The supply open flow must be a minimum of 50 Ljmin. 

For Venturi Derived Vacuum systems, 
an O2 or Air source of at least 282 kPa (41 psi) is required for testing. 

Gauge Accuracy The gauge needle should come to rest within the zero range bracket when no 
suction is being supplied. Gauges which do not comply may be out of 
tolerance. 

1009-0541-000 02/05 

Note To check gauge accuracy, be sure that the test gauge is capable of measuring 
Oto 550 mm Hgw比h an accuracy of :t 1 % of reading. 

1. Connect the suction patient port to the test gauge. 

2. Turn the mode selector switch to I (ON). 

3. Ensurethatthevacuumtestgauge is in ag陀ementwith the suction vacuum 
gauge :t 38 mm Hg,t5 kPa at the following test points. 

Testpolnts 

Suctlon vacuum gauge 

100 mm Hg (13.3 kPa) 

300 mm Hg(40 kpa) 

500 mm Hg (66.7 kPa) 

Test gauge tolerance 

62-138 mm Hg (8.3-18.4 kPa) 

262-338 mm Hg(35-45 kpa) 

462-538 mm Hg (61.6-71. 7) kPa) 

Flow Test Note: To check flow accuracy, be sure that the f10w test device is capable of 
measuring 0- 30 Ljmin. 

1. Connect the patient port of the suction regulator to the flow test device. 

2. Rotate the suction control knob fully clockwise (increase). 

3. Turn the mode selector switch to I (ON) and verify that the f10w rate is: 

• at least 20 Ljmin. 

4. Disconnect the test f1owmeter. 

(Tests continue on next page.) 
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Regulation Test 1. Turn the mode selecωr switch to 1 (ON). 

2. Occlude the patient po忱 。fthe suction regulator. 

3. Setthe vacuum regulator gauge to 100 mm Hgj13 kPa. 

4. Open and close the patient po优 several times. 

5. With the patient port occluded, the gauge should return to 100 mm Hgj13 
kPa within a tolerance of f: 10 mm Hgj1.3 kPa. 

Vacuum Bleed Test 1. Occlude the patient port of the suction regulator. 

6-10 

2. Setthe vacuum regulator gauge to 100 mm Hgj13 kPa. 

3. Turn the mode selector switch to 0 (OF町 and observe the gauge needle. It 
must return to the zero range bracket orstop pin within 10 seconds. 

Vacuum Leak Test 1. Turn the mode selector switchωO(OF盯.

2. Rotate the suction control knob a minimum of two full turns in the 
clockwise direction (increase suction) to ensure its se忧ing is not at the 0仔
position. 

3. Occlude the patient port of the suction regulator. 

4. Observe the suction gauge, the needle should not move. 

5. Rotate the suction control knob fully counterclockwise to ensure its setting 
is at the fully 0仔 position.

6. Turn the mode selector switch to 1 (ON). 

7. Observe the suction gauge, the needle should not move. 
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7.1 General Troubleshooting 

Problem 

High Pressure Leak 

.6 WARNING 0时ec岱 in the breathingsystem can stop gas flowto the patient. This can 

cause injury or death: 

• Do not use a test plugthat is small enough to fall into the breathing 

system. 

• Make sure that there are no test plugs or other objects caught in the 

breathing system. 

Posslble Cause 

Pipeline leak 

O2 flush valve 

System switch 

Cylinder not insta"ed properly 

Cylinder gauges 

Cylinder gaskets 

Relief valves 

Actlon 

Use a leak detector or Snoopωcheck for source of leak. 
Repair or replace defective parts. 

Use a leak detector or Snoopωcheck for source of leak. 
Makesu陀 tubing connections a陀 ti g阳t

Replace valve if defective. 

Use a leak detector or Snoopωcheck for source of leak. 
Makesu陀 tubing connections a陀 ti g阳t

Replacesw比ch if defective. 

Makesu陀 cylinder is correctly aligned. 
verify thattee handles a陀 tight.

Use a leak detector or Snoopωcheck for source of leak. 
Replace gauge if defective. 

Use a leak detector or Snoop to check for source of leak. 
Replace gasket if defective. 

Use a leak detector or Snoop to check for source of leak. 
Replace valve if defective. 

Low Pressure Leak Vaporizer not insta"ed properly Reseat vaporizer if not insta"ed properly. 
(with vaporizer mounted) Have vaporizer serviced at vaporizer center if vaporizer 

leaks. 

Missing or damaged o-ring on vaporizer Check condition of o-ring. 
manifold Replace if missing or damaged. 

Loose fill port Check fi" po比 Tig阳en ifloose. 
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7 Troubleshooting 

Problem Posslble Cause Actlon 

Low Pressure Leak Leaking port valve on vaporizer manifold Use the Vaporizer Manifold Valve Testerto check for leak. 
(with orwithout vaporizer) See Section 9.9.2 for instructions. 

lftest fa i ls，甘ghten， repair, or replace as needed. 

Ifvaporizer manifold passed previous tests: 
Remove tubing from input side of head and occlude 
port. 
Perform leaktest Iftestfails: 
• Check for damaged 0-时ngs between flowmeter 

modules. Replace as needed. 
• Check for damaged 0刑ngs at top and bottom of flow 

tubes. Replace as needed. 
· Check for cracked flow tube. Replace as needed. 

If secondary 陀gulator leaks，陀place the complete 
module. 

Note: An alternate method is to pressu川ze the system 
and use a leak detector or Snoop to check for source of 
leak. 

Remove reliefvalve. 
Occlude opening. 
Perform leak test. 
lftest passes, replace valve. 

A忧.ach pressu陀 measuringdevice on CGO. 
Replace valve if device shows inc陀ased pressure. 

A忧.ach pressu陀 measuringdevice on CGO. 
Replace switch if device show写 inc陀ased p陀ssu陀.

Disassemble pop-o仔 va lve; inspect and clean seats; 
『eseat; reassemble. 

Remove rim and pop-offvalve diaphragm; reseat 
diaphragm; snap rim (2) inωplace. 

8创lows imprope叫y mounted or has a Check that only the last bellows convolute is mounted to 
hole ortear the rim and that the ring roll is in the groove underthe 

rim. Inspectthe bello峭s for damage; replace. 

Abso巾er canister not installed properly Install canister prope叫y.

Leak at flowmeter head 

Leaking reliefvalve on vaporizer 
manifold 

Leaking flush valve 

Leaking system switch 

B创lowsleak Pop-offvalve diaphragm notsealing 
properly 

BeUows mounting rim loose 

Breathing System Leak 

Soda lime dust on canister seals 

ACGO 02 sense check valve Breathing System Leak 
(Intermi忧ent)

N20 flow does not dec陀ase Defective pilot regulator 

with 02 flow 

Unit displays low O2 Low O2 supply switch 
t Hu hu au nH mmm 
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Clean seals and mating surfaces. 

Replace. 

Check pilot regulator. Replace if needed. 

Check switch. Calibrate or replace as appropriate. 

Unable to begin mechanical ABS not fully engaged 
ventilation No 02supply 

Defective Bag;Vent switch 

RemountABS. 

Check O2 supply. 

Check Bag;Vent swi忧h.
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7.2 Breathing System Leak Test Guide 

7-4 

Note Always perform the low-pressure leak test (Section 3.9) on the machine 
before proceeding with these breathing system leak tests. 

The procedure in Section 7.2.1 helps you isolate the leak: to Bag Mode 
components, to Vent Mode components, or to components that are common 
to both modes. 

• If you have a similar leak in both the bag mode and the ventilator mode, you 
must considerthe Flow Sensor Module, the Circuit Modu怡， the Absorber 
Canister area, and the bulkhead components (including CGO tubing). 
Carefully inspectthe circuit module for damaged seals or misassembly, and 
the seating of the O2 sensor. 

• If you have a larger leak in one area than the other (Vent or Bag), the leak is 
most likely NOT in the Flow Sensor Module, the Circuit Module, the Absorber 
Canister area, orthe bulkhead po忧s.

Follow the troubleshooting flowcharts in Section 7.2.2 to determine the best 
sequence of tests for locating a breathing system leak. 

The procedures in Section 7.2.3 testspecific components ofthe breathing 
system for leaks . 

.&. WARNING 0时ec岱 in the breathingsystem can stop gasflowto the patient. This can 
cause i时 ury or death: 

00 not use a test plug that is small enough to 旬11 into the breathing 

system. 

Make sure that there a陀 no test plugs or other objects caught in the 

breathing system. 
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7.2.1 Breathing system 
leaktest 

.&. WARNING 

7 Troubleshooting 

This test checks for leaks in Vent Mode and Bag Mode components. It is part 
ofthe overall checkout procedure, Section 3.11 "B陀athing system tests." It is 
陀peated here for testing convenience . 

Objects in the breathingsystem can stop gasflowto the patient. This can 
cause i时ury or death: 

• 00 not use a test plug that is small enough to fall into the b陀athing

system. 

1. Verify that AGSS is operating. For systems that have a f10w indicator on the 
side, make sure that the f10w indicator shows a f10w in the green (normal) 
reglon. 

2. Zero the pressu陀 gauge (Section 5.5.1). 

Check Valves 3. Make sure that the check valves on the breathing circuit module work 
correctly: 

a. The Inspiratory check valve rises during inspiration and falls at the start 
of expiration. 

b. The Expiratory check valve rises during expiration and falls at the sta民
of inspiration. 

Ventilator Bellows 4. Ventilator bellows test: 

a. Set the system switch to Standby. 

b. Set the BagjVent switch to Ventilator. 

c. Set all f10w controls to minimum. 

d. Close the breathing circuit at the patient connection. Use the test plug 
located on the side of the ABS. 

e. Push the O2 f1ush button to fill the bellows. 

f. The p陀ssure must not increase to more than 15 cm H20 on the 
pre臼ure gauge. 

g. Ifthe bellows falls more than 100 mLjmin (top of indicator), it has a 
leak. 

Service Mode Tests 5. Enterthe Service Mode: Push and hold the adju叹ment knob on the 

1009-0541-000 02/05 

ventilator's display and setthe system switch to On. 

a. Select and con币rrn "Service Mode". 

b. Select and confirrn "B陀athing System Leak Test" (Section 4.3.12). 

c. Follow the instructions on the screen. 

d. The leak rate should be less than 200 mLjmin. 
For machines with a single-tube O2 f1owmeter, the pressure reading 
should reach 30 cm H20 at minimum flows greaterthan 200 mLjmin. 
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Bag Circuit 6. Test the Bag circuit for leaks: 

a. Set the system switch to On. 

b. Set the Bag/Ventilaωr switch to Bag. 

c. Plug the Bag po忧 (use your hand orthe approved test plug). 

d. Close the APL valve (70 cm H20). 

e. Setthe O2 f1owto 0.25 Ljmin. 

f. Close the patient connection (using a hand ortest plug on the side of 
the breathing system) and pressurize the bag circuit with the O2 f1ush 
bu忧on to approximately 30 cm H20. 

g. Release the flush button. The p陀ssure must not decrease. A pre岱U陀

decrease large enough to see on the gauge indicates an unacceptable 
leak. 

APL Valve 7. Test the APL valve: 

a. Fully close the APL valve (70 cm H20). 

b. Set the total fresh gas f10w to approximately 3 Ljmin and make sure 
thatthe value on the inspiratory pressu陀 gauge does not exceed 85 cm 
H20. Some pressure f1uctuation is normal. 

c. Fully open the APL valve (ωthe MIN position). 

d. Set O2 f10w to 3 Ljmin. Turn any other gases 0仔.

e. Make sure that the value on the inspiratory pressure gauge is less than 
approximately 5 cm H20. 

f. Push the O2 f1ush button. Make sure that the value on the inspiratory 
P陀ssu陀 gauge stays less than 10 cm H20. 

g. Set the O2 f10w to minimum and make sure that the value on the 
inspiratory pressure gauge does not decrease below 0 cm H20. 

8. Remove your hand or the test plug from the patient connection . 

9. Set the System switch to Standby. 

Lh WARNING Make sure that there are no 恒st plugs or other objec岱 caught in 

the breathing system. 
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7 Troubleshooting 

7.2.2 Breathing System 
Troubleshooting 

Flowcha此s

Review Leak Test Guide (Section 7功
• Qo macbiD.e low-pressure leak test 
(Sec甘on 3.9) 

• Isolate breathing system leak to 
Bag Mode,Vent Mode, or Both 
(Section 7.2.1) 

Pertorm Test 2 
Low-pressure leak 

testing the machine 

Repair leak in 
machine Fail 

N守d
q
h
h曲，
飞

Go to Flowchart 3 
Vent 
Mode 
only 

Pass 

咱
也W

Mon EMC 

Go to Flowchart 2 

Both Bag and 
Vent Mode 

Pertorm Test 3 
Testing the pressure gauge 

and port U-cup seals 

InspectlReplace tubing to 
gauge; Replace U-Cup seals Fail 

Pass 

Go to Flowchart 4 

1 Flowchart 
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Check or Replace 
the BagNent 

Switch lower Seal 
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Fail 

Yes 

Pass 

No 

Perform Test 5 
Testing the bag 
port cover seal 

Fail 

Inspect 
APυBTV Manifold O-Ring seal 
and Negative Pressure Relief; 

replace as necessary. 

Re-Install all breathing circuit I _ 
components and repeat I 运

Breathing System ιeakTest 1:: 
(Section 7.2.1) I 军

Pass 

Replace APL components 
and repeat Test 4. 

If test fails the second time, 
inspect APL component; 

replace as necessary. 

Flowchart 2 
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Perform Test 6 
Testing the bellows assembly, 

and Bag/Vent Switch 
Pass 

Perform Test 8 
Testing the bellows and 

bellows Pop-o忏

叮
叮O
qh
F国
〈

e UV 

W
A川

mm 
甜
C

创

e

h
H
·叭

，
飞

'
'

ED tt cm ma cu nH 

Fail 

Pass 

Re-Install all breathing circuit 
components and repeat 

Breathing System 
LeakTest 

(Section 7.2.1) 

Perform Test 7 
Testing the Bag/Vent Switch, 

Negative Relief Valve, 
Bellows Base Manifold, 

bellows and Pop-o仔 Valve
Pass 

Fail 

Perform Test 8 
Pass I Testing the bellows and 

bellows Pop-off 

Check / Replace the 
following BagN ent parts: 

Upper Seal, Disk, and O-Ring. 
If test fails the sec_ond time, I Fail 
inspect Negative Relief and 
APUBTV Manifold O-Ring. 

Check/Replace: 
Pop-o何 diaphragm ，
Bellows Housing, 

U-Cup seal, 
and Bellows integrity 

Flo附hart 3 
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Leak In both Bag and Venl Mode 
Common Areas: Flow Sensor 

Module, Circuít Module, Soda Lime 
Canisler, Negative Pressure Relief 

Perform Test 9 
Testing Ihe Flow Sensor 

Module, Circuit MOdule, and 
Soda Lime Canisler 

Pass Faíl Fail Pass 

PerformT，四t 14and 15 
Testing the Flow 

Sensors, Bulkhead 
connectors and tubing 

的
骨o
q
h国
〈

Pass Fail 

Flo附ha对 4
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Fail 

Check/Replace 
Flow Sensors or 

bulkhead connector 
O-Rings 

Swap Module(s) 
with another machine. 晴-Fail

Repair or replace Module 

Flowchart 5 
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Leak in 
Flow Sensor Module 

or Circuit Module 

Perform Tests 14 and 15 
Testing the Flow Sensors 

using the low-pressure 
leak test device 

Perform Breathing 
System Leak Test 1-Pass 

(Section 7.2.1) 

7 Troubleshooting 

Pass 

Check/Replace the seals 
on the Circuit Module and 
the O-Ring on the O2 cell 

Done 

重
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7.2.3 Leak Isolation Tests The previous flowcha由 refer you to the following tests. 

These tests require the use ofthe Low Pre臼ure Leak Test Device and the Leak 
TestTool Kit (referωSection 10.1, "Service tools" . 

The LeakTestTool Kit includes: 

• the Machine TestTool 

• the CircuitTestTool 

• and various Test Plugs 

When performing these tests, ensure that the ACGO selector switch is set to 
the ABS position. 

Test 1 Verifyingthe i nteg川ty ofthe test tools. ……………………………. . 7-13 

Test2 low-p陀ssure leak testing the machine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-14 

Test 3 Testing the ai阳ayp陀ssure gauge, and PO眈 1 and PO眈 3 u-cup seals . . . . . . . . . 7-15 

Test 4 Testing the bag port cove几 the APl valve, the Bag,lVent switch, and the negative 
pressure reliefvalve .. .. . . .. .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 7-16 

Test5 TestingtheAPldiaphram............................................. 7-17 

Test 6 Testing the bellows module and the Bag;Vent switch ......... . .... . . . ... . . 7-18 

Test 7 Testingthe bellows, the bellows pop-o仔va lve， the b创lows base manifold, and the 
Bag;Ventswitch. .. . . . . .. .. .. .. . . .. . . . . .. . . . . .. .. .. .. . . ..... . ... 7-19 

Test 8 Testing the bellows assembly . .. .. .. .. .. .. .. .. .. .. . . . . . . .. .. .. .. .. . . ... 7-20 

Test 9 Testing the flow sensor module, the circuit module, and the soda lime canister. 7-21 

Test 10 Testing the circuit module and the canister . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-22 

Test 11 Testing the circuit module . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-22 

Test 12 Testingthe inspiratory side ofthe ci陀uit module . .. .. . . . . . . .. .. .. .. .. . . ... 7-23 

Test 13 Testingthe negative pressu陀 relief valve. …………………………. . 7-24 

Test 14 Testingtheflowsenso陪 only. . .. .. .. .. .. .. .. .. .. .. . . . . . . .. . . .. . . . . . . . . . 7-25 

Test 15 Testing a flow sensor including the Venti lator Monitoring Assembly and intertacing 
components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-26 

~WARNING 0时ects in the breathingsystem can stop gas f1owto the patient. This can 
cause i时ury or death: 

00 not use a test plug that is small enough to fall into the breathing 

system. 

Make sure thatthere a陀 no test plugs or other objects caught in the 

breathing system. 

~ CAUTlON 00 not use O2 Flush for leak isolation tests. 00 not leave pressurized 

systems unattended. High pressu陀 and equipment damage may result. 
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Test 1 Verifying the integrity of the test tools 

Machlne Test Tool 
FrontVlew 

Bulb 1hru port 
(not∞nnec恒dtoai阳aypa削

阶回sure Sense • 
Port '-

、IJ..

\ 卢每每

刷刷

BackVlew 

Bulb回nPort

1009-0541-000 02/05 

1. Verify integrity of low-pressure leak test device. 

• Put your hand on the inlet of the leak test device. Push hard for a good 
seal. 

• Squeeze the bulb to 陀move all airfrom the bulb. 

• If the bulb completely inflates in less than 60 seconds, replace the leak 
test device. 

「叫卜寸e

2. Attach the l ow-pressu陀 leak test device to the Machine Test Tool. 

3. Plug the two pre臼U陀 orifices.

4. Repeatedly squeeze and release the hand bulb until it remains collapsed. 

5. Ifthe bulb inflates in less than 30 seconds, locate and cor陀ctthe leak. 
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Test 2 Low-pressure leak testing the machine 

1. Remove the breathing system from the machine. 

2. A忧.ach the Machine TestTool (using only the Thru PO的 and the low-
pressu陀 leak test device to PO此3 ofthe b陀athing system interface as 
shown above. 

Note:To p陀vent damage to the airway pressure gauge, ensure that the 
gauge port (Port 1) is not connected to the TestTool. 

3. Set the ACGO selector switch to ABS. 

4. Set the system switch to Standby. 

5. Turn off all vaporizers. 

6. Open the flow controls one and a half turns counterclockwise. 

7. Compress and release the bulb until it is empty. 

8. The vacuum causes the floats to move. This is usual. Ifthe bulb completely 
inflates in 30 seconds or less, there is a leak in the low-pressure circuit. 
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Test3 Testingtheai附ay pressure gauge, and PO此 1 and Port 3 u-cup seals 

1. A忧.ach the Machine TestTool to the breathingsystem interface ports (using 
the alignment post) as shown above. 

2. Turn all of the flow controls fully clockwise (minimum flow). 

3. Setthe system switch to On. 

4. Occlude the tapered plug. 

• At minimum flow, the airway p陀ssure gauge 陀adingshould increase. 

• If not, there is a leak in the tested circuit. 
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Test 4 Testing the bag po此 cover， the APL valve, the BagjVent switch, and 
the negative pressure relief valve 

1. Separate the Bellows Module from the Circuit Module and re-install the 
Bellows Module. 

2. Occlude the Bag Port connector. 

3. Connectthe Machine TestTool to the interface po忧s as shown above. 

4. Set the BagjVent switch to Bag and close the APL Valve (70 cm H20). 

5. Slowly increase the O2 f10w to achieve 30 cm H20. 

• The leak rate is equal to the flow needed to maintain 30 cm H20. 

• The leak rate should be less than 200 mνmin. 

Note: Ifthe bellows rises, it indicates a leak in the BagjVent Switch. 
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7 Troubleshooting 

Test 5 Testing the APL diaphram 

Note If required, set up the Machine Test Tool and breathing system as shown in 
Test4. 

1. Slide the Bellows Module away from the machine. 

2. Remove the APL ramp and diaphragm. 

3. Inse民 a Test Plug into the APL scavenging po忧， as shown above. 

4. Slide the Bellows Module partially back onto the machine casting. 

5. Ensure that the Bag Po忧 is plugged and that the Bag,lVent switch is setω 
Bag. 

6. Slowly increase the O2 f10w to achieve 30 cm H20. 

• Leak rate is equal to the flow needed to maintain 30 cm H20. 

• The leak rate should be less than 200 mL/min. 
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Test 6 Testing the bellows module and the BagjVent switch 

1. Separate the Bellows Module from the Circuit Module and re-install the 

Bellows Module. 

2. Enterthe Service Mode: Push and hold the adju筑ment knob on the 

ventilator's display and set the system switch to On. 

a. Select and confirm "Service Mode". 

b. Select and confirm "Breathing System Leak Test" (Section 4.3.12). 

3. Follow the instructions on the screen. 

• Atstep 6, connect the Machine TestTool to the interface po民:s asshown

above, instead. Continue with steps 7, 8, and 9 on the screen. 

• The leak rate should be less than 200 mνmm. 
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7 Troubleshooting 

Test 7 Testing the bellows, the bellows pop-off valve, the bellows base 
manifold, and the BagjVent switch 

1. Separate the Bellows Module from the Circuit Module. 

2. Inse民 appropriate test plugs into the bellows base manifold as shown to 
the left. 

Note: Position the bellows assembly so that the bellows remain collapsed 
as you plug the ports. 

3. Set BagjVent switchωVent. 

4. Position the b创lows upright with the bellows collapsed. 

5. Connect the Machine Test Tool to the interface ports as shown above. 

6. Slowly increase the O2 f10w to achieve 30 cm H20. 

Note:The b创lows will rise until the pressure equalizes. 

• The leak rate is equal to the flow needed to maintain 30 cm H20. 

. 刊e leak rate should be less than 200 mνmin. 
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Test 8 Testing the bellows assembly 

Note If required, set up the Machine Test Tool and breathing system as shown in 
Test 7. 

1. Remove the bellows base manifold from the Bellows Module. 

2. Inse民 appropriate test plugs into the bellows base manifold as shown to 
the left. 

Note: Position the bellows a岱embly so that the bellows remain collapsed 
as you plug the ports. 

3. Connectthe tapered plug ofthe Machine TestTool to the bellows base inlet 
as shown to the left. 

4. Position the bellows upright with the bellows collapsed. 

5. Slowly increase the O2 f10w to achieve 30 cm H20. 

Note: The bellows wil l rise until the pressure equalizes. 

· 刊e leak rate is equal to the flow needed to maintain 30 cm H20. 

. 刊e leak rate should be less than 200 mνmin. 
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7 Troubleshooting 

Test 9 Testing the flow sensor modu怡， the circuit module, and the soda 
lime canister 

问ug

1. Separate the Bellows Module from the Circuit Module and re-install the 
CircuitjFlow Sensor Module. 

2. Connect sho忧 tubing between the inhalation and exhalation po此softhe
breathing system. 

3. Insert an appropriate test plug in the outlet port of the Circuit Module. 

4. Enterthe Service Mode: Push and hold the adjustment knob on the 
ventilator's display and set the system switch to On. 

a. Select and confirm "Service Modes. ff 

b. Followthe menu structure outline below to 陀achtheadju到mentforthe
inspiratory f10w valve. Select and confirm at each step. 

• "Diagnostics Te也斤。ols"

• "Display AjD Channels" 

c. Record the Inspiratory and Expiratory Flow actual values. 

Note: The Inspiratory and Expiratory Flow actual values should be near 
zero. 

5. Slowly increase the O2 f10w to achieve 30 cm H20 . 

· 刊e leak rate is equal to the flow needed to maintain 30 cm H20 . 

. 刊e leak rate should be less than 200 mνmin. 

6. Observe the Inspiratory and Expiratory Flow actual values. The values 
should be near zero, as p陀viously recorded in step 4. 

Note: If one channel indicates f1ow, see "Inaccurate Volume Ventilation 
Troubleshooting" in the 7100 Ventilator Service Manual. 

7. Release Pressure. 
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Test 10 Testing the circuit module and the canister 

1. Remove the Row Sensor module. 

2. Connectthe CircuitTestTool to the Circuit Module as shown above. 

3. Slowly increase the O2 f10w to achieve 30cmH20. The leak rate is equal to 
the f10w required to maintain 30 cmH20. 

• The leak rate should be less than 200 mLjmin. 

Test 11 Testing the circuit module 

Plug 

Plug 

阴ug

Note: If required, set up the machine as in Test 10. 

1. Remove the Soda Ume Canister. 

2. Using appropriate Test Plugs, plugthe th陀e canisterp。此s in the Circuit 
Module as shown above. 

3. Slowly increase the O2 f10w to achieve 30 cm H20. 

• The leak rate is equal to the flow needed to maintain 30 cm H20. 

. 而e leak rate should be less than 200 mνmin. 
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7 Troubleshooting 

Test 12 Testing the inspiratory side of the circuit module 

Loop 

例ug

Note: If required, set up the machine as in Test 10 and 11. 

1. Connect the CircuitTestTool to the Circuit Module as shown above. 

2. Insert an appropriate test plug in the inspiratory outJet to the canister as 
shown above. 

3. Slowly increase the O2 f10w to achieve 30 cm H20. 

• The leak rate is equal to the flow needed to maintain 30 cm H20. 

. 刊e leak rate should be less than 200 mνmin. 
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Test 13 Testing the negative pressure relief valve 

1. Separate the Bellows Module from the Circuit Module. 

2. Remove the Bellows Interface Manifold. 

3. Inse此testplug (rece臼ed end) into the 陀arBagfVentswitch portas shown. 

-阴ug

4. Install the Bellows Module. 

5. Connect the Machine Test Tool to the interface ports and the Bellows 
Module as shown above. 

6. Set the BagfVent Switch ωVent. 

7. Slowly increase the O2 f10w to achieve 30 cm H20. 

· 刊e leak rate is equal to the flow needed to maintain 30 cm H20. 

. 刊e leak rate should be less than 200 mνmin. 
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7 Troubleshooting 

Test 14 Testing the flow sensors only 

1. Remove the Row Sensor Module. 

2. Plug each Flow Sensor as shown above. 

3. Connectthe low-p陀ssure leak test device to the open end of the Flow 
Sensor. 

4. Block the connector end of the Flow Sensor with your hand. 

5. Compress and release the bulb until it is empty. 

6. If the bulb inflates in 30 seconds or less, there is a leak in the flow sensor. 

7. Ifthere a陀 no leaks in the flow sensors, go to Test 15. 

7-25 



Aespire 7900 

7-26 

Test 15 Testing a flow sensor including the Ventilator Monitoñng Assembly 
and inteñacing components 

1. Remove Flow Sensors from the Flow Sensor Module. 

2. A忧.ach the Row Sensorto the bulkhead connector. 

3. Plug each Flow Sensor as shown. 

4. Connectthe low-p陀ssure leak test device to the open end of the Flow 
Sensor. 

5. Compress and release the bulb until it is empty. 

6. If the bulb inflates in 30 seconds or less, there is a leak. The leak may be 
through the connector o-rings, in the internal tubbing, or in the Transducer 
on the VMB. 

02/ 05 1009-0541-000 



7 Troubleshooting 

7.3 Ventilator Troubleshooting instructions 

1009.0541-000 02/ 05 

Forventilator problems that do not generate any erroror alarm me臼ages， even

though the ventilator may not be 仙nctioning correctJy: 

• Refer to section 7.6, Mechanicalf electrical troubleshooting guide. 

For ventilator problems that result in an Alarm or Error message: 

• Referto section 7.4, System Error Log. 

• Referto section 7.5, Alarm messages. 

To help isolate a problem: 

• Refer to section 7.7, Troubleshooting Flowcharts. 

To locate specific test points: 

• Refer to section 7.8, Power supply test points. 

Important If the ventilator experiences extreme electrical interference, it may interrupt 
mechani沁ca创I ventil恼ation . Ifthis interruption occurs, the ventilator generates an 
internal reset function and 陀sumes normal operation aftertwo (2) seconds. 
For situations whe陀 continuous electrical interference is experienced by the 
ventilator, causing a continuous interruption, the ventilator's internal reset 
repeats until the interference ceases. 

If the electrical interference is continuously present and mechanical 
ventilation is interrupted for approximately 30 seconds, the ventilator 
produces a continuous beeping audio alarm. Manual ventilation ofthe 
patient must be performed while the mechanical ventilation is interrupted. 
When the electrical interference ceases, the continuous beeping audio alarm 
can be silenced only by turning the ventilator or anesthesia machine, as 
applicable, power switch OFF and after five seconds back ON. 

&. WARNING Th is system operates correctly at the electrical interference levels of IEC 
601-1-2. Higher levels can cause nuisance alarrns that may stop 
mechanical ventilation. 

&. WARNING Manual ventilation must be pe斤ormed when electrical interference 
causes interruption of ventilator delivered mechanical ventilation. 
Manual ventilation must be continued until the ventilator 陀sumes
normal operation or an alternate ventilatorjanesthesia system can be 
used. 

7-27 



Aespire 7900 

7.4 System Error Log 
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The Error Log (Section 4.3.2) displays up to 10 of the most cur陀nt error 
messages that have been logged. 

Error messages inciude: 

• Minimum Monitoring alarms that stop mechanical ventilation; 
• Minimum System Shutdown alarms that stop mechanical ventilation and 

monitoring. 

To troubleshoot Error Log messages, referto Section 7.5, "A旭rmMessages气
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7.5 Alarm messages 

Message Alarm typej 
Priorlty 

+15V Analog Minimum 
Out-of- Shutdown 
Range (*5) 

-15V Analog Minimum 
Out-of- Shutdown 
Range (*5) 

12 HourTest User Alarm 

Absorber UserAlarm 
panelopen 

A/ D Minimum 
Converter Shutdown 
Failure (*5) 

1009-0541-000 02/05 

The Service Mode includes a log ofthe most recent Alarm messages (Section 4.3.1) 
experienced by the ventilator system. 

If a User Alarm persis岱 afterthe recommended action has been performed, the 
Service Repair column indicates the probable component and related circuit that 
needs repair. Use the Service Mode tests to isolate the fault. 

For messages that begin with "Ventilate Manually:" and are followed bya specific 
message, referto the specific alarm message. 

For numbers in pa陀ntheses preceded with an asterisk (*X), see the applicable 
footnote at the end of the table. 

Enabllng Crlterla Alarm Condltion Servlce Repalr 

Removal Crlteria 

Voltage Check the +15 V supplyfrom service mode 
out-of-range under Display A/D channels. Verify that the 

Counts value is between 1914 and 2262. 

If not in range, (Referto section 5.6.3) 
measure the +15 V supply on CPU board at 
TP1 referenced to ground at TP207 (14.25 to 
15.75 volts). If this voltage is in range，陀place
the CPU board because the problem is in the 
A/D channel. 

If not in range，陀move the ESIB to CPU cable 
and re-test. If in range, the ESIB to CPU cable 
or ESIB maybe shortingthe +12 V ESIB supply 
and loading the + 15 V supply. 

If still not in range，陀place the CPU. 

Voltage Replace the CPU board. 
out-of-range 

System in use for more 
than 12 hours without a 
power-up self test. 

To do the test, move the system switch from 
Standbyto On. 

ABS not completely If persists, check: 
engaged. • ABS ON switch 
Push the b陀athing system into the frame and • harness to ESIB 
ensure it latches. 

• ESIB 

• cable from ESIB to CPU board 

Ventilator malfunction. Ventilate manuall弘 Replace: 
Monitoring is not CPU board 
reliable. 
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Mes姐ge Alarmtypej Enabling Crlterla Alarm Condltlon Servlce Repalr 
Prlorlty Removal Crlterla 

Adjust Low UserAlarm The audible circuit leak 
Ve Limit alarm isO仔(Alarm

menu) but the low VE 
alarm limit is not set 
within 50% ofmeasured 
Ve. 

Ve alarm limit is 0仔 in

SIMV or PSVPro modes. 

Set the low Ve alarm. 

Apnea Alarm User Alarm Normal condition after Monitoring resumes 
Standby End Case, powe卜up, or after first breath 

ACGO change from On (mechanical) or 2 
to Off. breaths within 30 sec 

(non-mechanical). 

Apnea Alarm User Alarm The cardiac bypass Apnea alarms are 
0仔 option is selected normallyturned off 

(alarm limit menu). when this option is 
selected. 

AuxGas UserAlarm The outlet selection If persists, check: 
OutletOn switch is set to the • ACGO switch 

auxiliary common gas 
• ESIB outlet. 

Connect the patient circuit to the auxiliary outlet. 
• cable from ESIB to CPU board 

For mechanical ventilation or manual ventilation 
with monitoring, select the common gas outlet. 

Backup UserAlarm SIMV-PC + PSV mode No spontaneous breath 
ModeActive entered. within set delay time. 

Ba忧ery UserAlarm 有le current in the The system is Replace: 
Charger Fail ba忧ery cha rgi ng ci陀uit operational, but may fail • ba忧ery

is too high. later depending on what 
• CPU board 

caused this alarm. 

Ba忧ery UserAlarm 有leba忧ery is not fu lIy If persists, replace: 
Charging charged. If power fai ls, • ba忧ery

the total backup time 
• CPU board 

will be less than 30 
mínutes. 

Leave the system plugged in to charge the ba忧ery.

Ba忧.ery UserAlarm Ba忧ery cu rrent > 6 The system continues to If persí sts，陀place :

Current High amps for 10 seconds operate but may fai l. • ba忧ery

CPU board 

Ba忧ery UserAla盯n Ba忧ery voltage > 16 V The system continues to If persists，陀place :

Failure High for 10 seconds. operate, but may fai l. • ba忧.ery

• CPU board 
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Message Alanntypej Enabllng Crlterla Alarm Condltlon Servlce Repalr 
Prlorlty Removal Crlterla 

Ba忧ery UserAlarm Theba忧ery voltage is 刊e battery does not If persists, replace: 
Failure Low ωo low (<7 V) to supply have enough charge to • ba忧ery

the system if power power the equipment if 
CPU board 

fails. powerfails. 

Leave the system plugged in to charge the ba忧ery.

Cal Flow UserAlarm The last flow sensor This alarm message indicates that the last flow 
Sensors calibration failed. sensor's differential pressure transducer 

Calibrate the flow sensors. Look for water in the calibration failed. 

flow sensortubes. Dry if necessary. With the BTV switch in Bag, ensure sensors are 
removed until the "No InspjNo Exp flow 
sensor" message appears. 

If persists，陀place:

• Check for moisture 

• Refer to Troubl臼hooting Flowcharts 
(Section 5.5) 

Calibrate 02 low Sensor connected Offset, slope, or cell Calibrate the O2 sensor. 
Sensor voltage not in range or 

If calibration fails, replace the O2 sensor. 
O2 > 110% 

Successful calibration of sensor. 
If calibration still fails, replace the ESIB board. 

Canister UserAlarm This alarm should not If occurs, check: 
open occur in Aespire 7900. • harness to ESIB 

The open connector sets the canister switch signal • cable from ESIB to CPU board 
to "closed" by default. 

Cannot Drive User Alarm The internal manifold Check the breathing circu比 for leaks or hose 
B创lows P陀ssure is higherthan occlusions. 

Paw + tolerance. Perform flow sensor calibration. 
FiII the bellows, if empty. Check the drive gas check valve. 

Check ESIB to CPU cabling. 

Replace the ESIB board. 

Replace the CPU boa叫.

Cardiac UserAlarm The cardiac bypass 
Bypass op甘on is selected 

(Alarm limit menu). 

Use the alarm limits menu to change this se忧ing.

CheckAow medium In-range flow data No or negative flow on Check flow sensor connections for "No Aow 
Sensors (*1) available in mechanical insp sensor during Sensor" alarm. 

ventilation inspiration in a circle Check the breathing circuit 
system or negative flow 

Perform flow sensor calibration. 
on exp sensor m 
expiration Check inspjexp check valves. 

Inspiratory andjor expiratory flow sens。同s) are Replace the flow sensors. 

connected Check ESIB to CPU cabling. 

Two consecutive b陀aths measured with "correct" Replace the ESIB board. 
flow seen by flow sensors Replace the CPU board. 
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Message A1armtypej Enabllng Crlterla Alarm Condlt lon Service Repalr 
Prlorlty Removal Crlterla 

Circuit Leak UserAlarm Control se忧ingonthe 刊is message tells you 
Audio Off Alarm limit menu. that the audio alarm for 

circuit leaks was turned 
off. 

Connect02 low DigitallfO signal Is O2 sensor connected. If it is, replace the O2 
Sensor indicates a disconnect cable. 

Alarm condition becomes false. If problem pe陀ists， check or replace the ESIB 
to CPU cable. 

If problem persists, replace the ESIB board. 

If problem persists, replace the CPU board. 

CPU Failure Minimum Ventilator malfunction. Ventilate manually. Replace the CPU board. 
Shutdown Monitoring is not 

(*5) reliable. 

CPU Internal Minimum Ventilator malfunction. Ventilate manually. Replace the CPU board. 
Error Shutdown Monitoring is not 
(*6) (*5) reliable. 

Display Minimum Display voltage out-of- Check the VEL supply from service mode 
Voltage Out- Shutdown range under Display Aj D channels. Verify that the 
o仁Range (*5) Counts value is between 1645 and 2675. 

If not in range, (Refer to section 5.6.3) 
measure the VEL supply on CPU board at 
TP213 referenced to ground atTP12 (10 to 
15.23 volts).lfthis voltage is in range, replace 
the CPU board because the problem is in the 
AjD channel. 

Ifthe VELsupply is not in range, remove 
Display to CPU cable and re-test. If in range, 
replace the display. 

If still not in range, replace the CPU. 

Exp Flow UserAlarm The system cannot read Operation continues Replace the f1 0w sensor. 
Sensor Fail the calibration data with default values. 

stored in the sensor. 

Exp Reverse medium In-range f10w data Negative flow on Check flow sensor connections for "No Flow 
Flow (吨) available in mechanical expiratorysensorduring Sensor" alarm. 

ventilation inspiration in circle Check the breathing circuit 
system 

Perform f10w sensor calibration. 
Two consecutive breaths measured with "correct" Check inspjexp check valves. 
flow seen by flow sensors 

Replace the f1 0w sensors. 

Check ESIB to CPU cabling. 

Replace the ESIB board. 

Replace the CPU board. 
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Mes姐ge Alarmtypej Enabling Crlterla Alarm Condltlon Servlce Repalr 
Prlorlty Removal Crlterla 

FlowValve Minimum I ncorrect feed back Perform the flow valve test. 
Failure Monitoring Check the flow current sense from the service 
(DAC) (叮)(咱) mode Display AjD channels. Should be near 

or zero counts. If not, replace the CPU board. 

(Current) Check the cable to the flow valve from the CPU 
board. 

Check the flow valve r臼istance

(approximately 1. 75 主 0.1 ohm). This must be 
tested at the flow valve, not through the cable 
from the CPU boaω. If not correct, replace the 
flowvalve. 

Replace the CPU board. 

Gas Inlet Minimum Bootup test failure Check the GIV currentsense from service 
Valve Failure Shutdown mode under Display AjD channels (2371 to 
(*6) (吨) 3884 counts). 

If out of range, check the CPUωgas inletvalve 
cabling. Then measure the gas inlet valve 
resistance to be 25 :t 2 ohms. If not, replace 
the gas inlet valve solenoid. 

Go ω"Display 1/0 signals. screen. DPL switch 
status must be 0仔. If On is indicated, remove 
the bellows assembly. If On continues to be 
d isplayed，陀place the ESIB. 

Perform Cal bleed resistorfrom service mode 
to ensure there is no problem with the bleed 
resistor. 

Replace the ESIB. 

Replace the CPU board. 

Gas Inlet Minimum Incorrect feedback Perform the gas inlet valve test. 
Valve Failure Monitoring Check the cable to the gas inlet valve from the 

CPU boaω. 

Check the gas inlet valve resistance 
(25 土 20hms).

Replace the CPU board. 

Hardware Minimum Ventilator malfunction. Ventilate manually. Replace the CPU board. 
Watchdog Shutdown Monitoring is not 
Failure (*6) (*5) reliable. 

Heliox Mode low The Heliox option is not Set Heliox Mode to 0仔
isOn available in Aespi陀 (Referto Section 4.3.3.3 Heliox Mode). 

7900. 

1009-0541-000 02/05 7-33 



Aespire 7900 

M臼sage Alarm typej Enabllng Crlterla Alarm Condltlon Servlce Repalr 
Prlorlty Removal Crlterla 

High 02 medium In-range O2 data O2 > high limit Check O2 limit. Is actual O2 higherthan limit 

available and alarm setting? 
limit not = off Verify O2 calibration has been done correctly. 
Alarm condition becomes false or enabling criteria Does calibration pass? 
becomes false. If calibration does not pass，陀place O2 cel l. 

Ifthere is still a calibration problem, replace 
the ESIB board. 

High Paw high In-range Pawdata Paw> P1imit Check Pressure limit setting is not set too low 
(*2) available forventilaωr settings and breathing circuit. 

Alarm condition becomes false for 15 seconds or Check the breathing circuit for occlusions. 

until the end ofthe nextfull inspiratory cycle. Perform flow sensor calibration. 

Check ESIB to CPU cabling. 

Replace the ESIB board. 

Replace the CPU board. 

High VE medium In-range flow data VE> high limit Check ventilator settings and volume output. 
available and alarm Check the breathing circuit and flow sensor 
l im比 not=o仔 connections. 
Alarm cond比ion becomes false orvolume alarms Perform flow sensor calibration. 
state transition to standby (or off). Replace the flow sensors. 

Check ESIB to CPU cabling. 

Replace the ESIB board. 

Replace the CPU board. 

HighVTE medium In-range flow data V陀> high limit Check ventilator se忧ings and volume output. 
available and alarm Check the breathing circuit and flow sensor 
lim itnot=o仔 connectíons. 
Alarm condition becomes fa lse orvolume alarms Perform flow sensor calibration. 
state transitionωstandby (or off). Replace the flow sensors. 

Check ESIB to CPU cabling. 

Replace the ESIB boa叫.

Replace the CPU board. 

Insp Flow UserAlarm The system cannot read Operation continues Replace the flow sensor. 
SensorFail the calibration data with default values. 

stored in the sensor. 

Insp Reverse medium In-range flow data Negative flow on Check flow sensor connections for "No Flow 
Flow (* 1) available in mechanical inspiratory sensor Sensor" alarm. 

ventilation during expiration in Check the breathing ci陀uit
circle system 

Perform flow sensor calibration. 
Two consecutive breaths measured with .cor陀ct" Check inspjexp check valves. 
flow seen by flow sensors 

Replace the flow sensors. 

Check ESIB to CPU cabling. 

Replace the ESIB board. 

Replace the CPU board. 
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Message Alarmtypej Enabllng Crlteria Alarm Condltlon Service Repalr 
Priorlty Removal Crlteria 

Inspiration high Drive gas safety switch Check the breathing circuit. 
Stopped engaged Check ventilator flow output. 
(吃)， (叮) Perform flow sensor calibration. 

Perform the pressure limit switch test in the 
servlce sc陀en.lftest fails, replace the ESIB 
board or ESIB to CPU cabling 

If problem persists, replace the CPU board. 

Internal Minimum Ventilator malfunction. Ventilate manualiy. Replace the CPU board. 
Ventilator Shutdown Monitoring is not 
ClockToo 
Fast(*6) 

(*5) reliable. 

Internal Minimum Ventilator malfunction. Ventilate manualiy. Replace the CPU board. 
Ventilator Shutdown Monitoring is not 
ClockToo 
Slow(*6) 

(吨) reliable. 

Invalid User Ala盯n In the Aespire 7900, the Check: 
Circuit input to the ESIB is • harness to ESIB 
Module hard-wired to indicate a 

• cable from ESIB to CPU board 
Circle patient circuit 

UmitTask User Ala盯n The system is running 
UghtUse on ba忧ery power. 

No action is required. Turn 0仔the light to save 
power. 

Loss of User Ala盯n The audio alarm will not Monitor system Replace the CPU board. 
Backup sound for a CPU failure. operation. 
Audio 

Low Battery User Ala盯n Voltage is <11.65V Manualiy ventilate the Make sure power is connected and circuit 
Voltage while using ba忧ery patient to save power. breaker is closed. Check ventilator fuse. 

power. 

Low Drive User Ala盯n 刊e ventilator did not Manualiy ventilate the Make sure that the appropriate gas supplies 
Gas Pres detect a rise in internal patient. (02 or air) are connected and pressurized. 

pressure when the flow 
valve opened. 

Low02 high In-range 02 data 02 < low limit Check 02 limit. Is actual 0210werthan limit 

available se创ng?

Alarm condition becomes false or enabling criteria Verify 02 calibration has been done correctiy. 
becomes false. Does calibration pass? 

If calibration does not pass，陀place O2 
sensor. 

Ifthere is still a calibration problem, replace 
the ESIB board. 
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Message Alanntypej Enabllng Crlterla A1arm Condltlon Service Repalr 
Prlorlty Removal Crlterla 

Low Paw high In-range Paw data Peak airway pressu陀〈 Checkthe b陀athingcircuit for leaks. 
available IP min I + 4 for 20 Check flow sensors hoses for leaks. 

consecutive seconds. Perform flow sensor calibration. 
Pmin isthebaseline 

Check ESIB to CPU cabling. 
P陀ssure during a 
breath. Replace the ESIB board. 

Alarm condition becomes false or transition from Replace the CPU board. 

mechanical ventilation on to 0仔.

LOWVE high In-range flow data VE<lowlimit Check ventilator se创ngs and volume output. 
available and alarm Check the breathing circuit. 
l imitnot=o仔

Perform f10w sensor calibration. 
Alarm condition becomes false orvolume alarms Replace the flow sensors. 
state transition to standby (or off). 

Check ESIB to CPU cabling. 

Replace the ESIB board. 

Replace the CPU board. 

LowVTE medium In-range flow data Vπ<Iowlim比 Check ventilator se创ngs and volume output. 
available and alarm Checkthe b陀athing circuit and f10w sensor 
lim比 not=o仔 connections. 
Alarm condition becomes false or volume alarms Perform flow sensor calibration. 
state transition to standby (or off). Replace the flow sensors. 

Check ESIB to CPU cabling. 

Replace the ESIB board. 

Replace the CPU board. 

Manifold Minimum Cal failure at bootup or Check the breathing circuit. 
Pressure Monitoring DPLswitch engaged and Perform flow sensor calibration. If calibration 
Sensor (叮)(*8) P manifold < 80 cm H20 fails, replace the ESIB. 
Failure 

Check DPL switch for proper operation using 
the service mode Test press. limit switch 
check. If DPL switch test fails, replace the 
ESIB. 

Memory UserAlarm The system cannot Default settings are Replace the CPU board. 
(EEPROM) access some stored used. Ventilation is still 
Fail values possible but service is 

necessary. 

Memory Minimum CRCfailure Replace the CPU board. 
(flash) Shutdown 
Failure (*5) 
(*6) 

Memory Minimum Walkingpa忧ern test Replace the CPU board. 
(RAM) Shutdown failure 
Failure 
(*6) 

(*5) 

Memory Minimum Memory failure of Replace the CPU board. 
(Redundant Mon比oring system paramete巾)
Storage) Fail (*7) (*8) 
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7 Troubleshooting 

Message Alanntypej Enabllng Crlterla Alarm Condltion Servlce Repalr 
Prlority Removal Crllerla 

Memory Minimum Walkingpa忧ern test Replace the CPU board. 
(video) Shutdown failure 
Failure 
(*6) 

(*6 

Monitoring UserAlarm A severe malfunction Ventilate manually. Cycle system power (On-
Only prevents mechanical Standby-On).lfthe alarm clears, resta民

ventilation.Other mechanical ventilation. 
alarms may also occur. If persists，陀place:

CPU board 

No Circuit UserAlarm In the Aespire 7900, the Check: 
Module input to the ESIB is • harness to ESIB 

hard-wired to indicate a 
• cable from ESIB to CPU board Circle patient circuit 

NoC02 UserAlarm The canisters are open Userse忧ing. Close the canister release to 

absorption (out ofthe circuit) but 陀move CO2 from exhaled gas. 
the bypass mechanism 
prevents a leak 
(optional feature) 

No Exp Flow medium No expiratory sensor Check flow sensor connections for "No Flow 
Sensor (*1) connected Senso俨 alarm.

Expiratory flow sensor is connected Replace expiratory flow sensors. 

No Insp Flow medium No inspiratory sensor Check flow sensor connections for "No Flow 
Sensor (*1) connected Senso俨 alarm.

Inspiratory flow sensor is connected Replace inspiratory flow sensor. 

No02 UserAlarm The O2 supply has Air flow will continue. Connect a pipeline supply or install an O2 
pressure fai led. Ventilate manually if cylinder. 

necessary. 

O2 Flush UserAlarm The pressure switch that This alarm occurs ifyou If persists, check: 

Fai lure detects flush flow has hold down the Rush • O2 flush switch 
seen a very long flush button for more than 30 
(注30 sec). seconds. • cable to CPU board 

02 sensor UserAlarm No breathing ci陀uit Install a b陀athing circu比 module and an 02 

outof circ module inst创led. sensor. 

On Ba忧ery - UserAlarm The mains supply is not Ventilate manually to Make sure power is connected and circuit 
PowerOK? connected or has fa iled save power. At full breaker is closed. Check venti latorfuse. 

and the system is using charge, the battery 
ba忧ery power. permits approximately 

30 minutes of 
mechanical ventilation. 

Patient UserAlarm Exhaled volume <50% Checkb陀athing circuit and flow sensor 
Circuit Leak? of inspired volume for at connections. 

least 30 seconds 
(mechanical 
ventilation). 
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Message Alarmtypej Enabllng Criteria Alarm Condltlon Servlce Repalr 
Prlorlty Removal Crlterla 

Paw < -10 high In-range Paw data Paw<-10cm H20 Check the breathing circuit. 
cm H20 available Perform flow sensor calibration (呼).

Alarm condition becomes false. Check ESIB to CPU cabling. 

Replace the ESIB board. 

Replace the CPU board. 

PEEP Not low In-range Paw data Pmin does not reach Checkse忧ings for not enough expiration time. 
Achieved available within 2 cm H20 of PEEP Check the breathing circuit. 

by end of mechanical Occlusions 
expiration for 6 breaths 

Check scavenging m a row. 

Alarm condition becomes false or any control 
Check ventilator output with PEEP 0仔

setting changed (except Plimit) or mechanical Perform f1 0w sensor calibration. 

ventilation transition on to off. Check that the patient ai阳ay pressure display 
matches the airway pressure gage. Ifthey 
match, the problem may be pneumatic, 
(supply pressure, regulator, inlet orflow valve, 
etc.). 

Check ESIB to CPU cabling. 

Replace the ESIB board. 

Replace the CPU board. 

Positive SIB Minimum ESIB + 12V supply First, verify that the + 15V Analog Supply 
Vref Out-of- Shutdown voltage out-oιrange Counts value is between 1914 and 2262. lf not 
Range (*5) in range, see the + 15V Analog Out-oιRange 

alarm for diagnostics. 

Then, check the + 12V ESIB Supply. 
Verify thatthe Counts value is between 1779 
and 2322. 

If +12V ESIB Supply A/D count is not in range, 
陀move ESIB to CPU cable and recheck the 
counts. If not in range, replace the CPU board. 

If +12V ESIB Supply A/D count is in range, 
replace the ESIB to CPU cable or the ESIB. 

Pres Control Medium Ventilator not fully Check the breathing circuit and flow sensor 
(Mode) NOT (p陀ssure functional and pressure connections. 
Avail. control); else control mode not Check the flow sensors for proper connection. 

low available 
Perform f1 0w sensor calibration. 

Alarm condition becomes false. 
Replace the flow sensors. 

Check ESIB to CPU cabling. 

Replace the ESIB board. 

Replace the CPU board. 
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7 Troubleshooting 

Mes回ge 刷armtypej Enabllng Crlteria Alarm Condltlon Servlce Repalr 
Priorlty Removal Crlteria 

P陀s/Vol UserAlarm Outlet selection switch 
Mon Inactive is set to auxi liary gas 

outlet. 

Connect the patient circuit to the auxiliary gas 
outlet or set the switch to the common gas outlet 
for normal operation. 

Pressure Minimum A pressure safety switch Ventilate manually. Check control settings. 
UmitSw忧ch Monitoring activated at a Paw <90 Monitoring is still Referto Troubleshooting Flowcharts 
Failure cmH20 and Pmanifold available. Extreme 

(Section 7.7.5, "High intrinsic PEEP 
<80cmH20. control combinations 

troub/eshootingì 
may cause this alarm. 

Replace 02 low Sensor connected O2 <5% Verify O2 cal ibration has been done correctJy. 
Sensor Does calibration pass? 

Alarm condition becomes false. If calibration does not pass, replace O2 cell. 

Ifthere is still a calibration problem, replace 
the ESIB board. 

Schedule low 1. Replaced CPU boaω Perform all calibrations in service mode. 
Service Cal 2. Calibration data 

corrupted 

Selectgas medium Patient b陀athing Check ventilator se忧ings and ACGO switch 
outlet detected in ACGO -- 3 position. 

breaths detected in a 
30 sec window 

User presses the alarm silence switch. 

Service UserAlarm Internal calibrations are The system is Service Mode: 
Calibration necessary for maximum operational. • Perform all calibrations 

accuracy. (referto Section 4.3.24). 

Software Minimum Ventilator malfunction. Ventilate manually. Replace: 
Error Shutdown Monitoring is not • So仕ware

(*5) reliable. 
CPU board 

Software Immediate Ventilator malfunction. Ventilate manually. Replace: 
Operating Shutdown Monitoring is not • Software 
System Error reliable. 

• CPU board 

Software Minimum Time-out or incorrect Replace the CPU board. 
Watchdog Shutdown code executed 
Failure 
(*6) 

(*5) 

Sustained Minimum Paw> 100 cm H20 for Check tubingfor kinks, blockages, 
Airway Shutdown 10 seconds. disconnects. 
Pressure (*5) Calibrate the flow sensors. 
(*6) If persists, check: 

• bellows pop-off 

• exhalation valve 

• ESIB 
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Message Alanntypej Enabllng Crlterla A1arm Condltlon Service Repalr 
Prlorlty Removal Criterla 

Sustained high In-range Paw data Paw >= sustained limit Check absorber gageωsee ifthe indicated 
Paw available for 15 seconds (* 10). sustained Paw is present. 

Check the breathing circuit. 

Perform flow sensor calibration. 

Check ESIB to CPU cabling. 

Replace the ESIB board. 

Replace the CPU board. 

System low In-range flow data V delivered > la rger of Check flow sensors connections. 
Leak? available Vπ+ Pmax(Cη+0.3(V甘 Check drive gas. 

or If Heliox is used, check that Heliox is selected 

Vπ+ Pmax(Cη+200 
on the ventilator setup menu. 

Checkthe b陀athingcircuit and drive circuit. 
Where 
CF = compressibi lity Perform flow sensor calibration. 

factor= 10 Replace the flow sensors. 

Four consecutive breaths measured with "correct Check ESIB to CPU cabling. 

volume" seen by flow sensors Replace the ESIB board. 

Replace the CPU board. 

Vaux ref Minimum +5.8V out-of-range Replace the CPU board. 
Out-of- Shutdown 
Range (*5) 

Ventilate Minimum Referto specific alarm message represented 
Manually: Shutdown by刀α以X.

以汩汩 -or-

Minimum 
Monitoring 

Vext refOut- Minimum + 1.225V out-of-range Replace the CPU board. 
of-Range Shutdown 

(*5) 

Volume medium In-range flow data No measured breaths in Check that mechanical ventilation is on. 
Apnea available the last 30 seconds Checkthe b陀athing circuit. 

A breath is measured or apnea alarm detection 0仔 Check ventilator settings and volume output. 
(cardiac bypass "in progress" or ACGO on). 

Volume high In-range flow data No measured breaths in Check that mechanical ventilation is on. 
Apnea >2 available the last 120 seconds Checkthe b陀athing circuit. 
mm 

Check ventilator settings and volume output. 
(*3) 

A breath is measured or apnea alarm detection 0仔
(cardiac bypass "in prog陀ss" or ACGO on). 
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7 Troubleshooting 

Message Alarmtypej Enabllng Criterla Alarm Condltlon Service Repalr 

Prlorlty Removal Criteria 

VTNot low In-range flow data V啊<vT - (bigger of (0.1' Check ventilator se忧ings， is P1imit settoo low 

Achieved available VT or 5 mL)) for 6 forvolume se创ng?

mechanical breaths in a Check drive gas. 
row Check the breathing circuit and 们owsensor

Alarm condition becomes false (i.e., 1 breath connections. 
exceeding threshold) or mechanical ventilation Perform flow sensor calibration. 
transition on to 0仔.

Replace the flow sensors. 

Check ESIB to CPU cabling. 

Replace the ESIB boa叫.

Replace the CPU board. 

VTE> Insp VT low In-range flow data Vπ> la rger of (V有 + Check flow sensor connections. 
(*2) available 0.3'VT orV刊+ 100)for6 Check ventilator settings. 

consecutive mechanical Check the breathing circuit and flow sensor 
breaths in circle system connections. 

Four consecutive breaths measured with .correct Perform flow sensor calibration. 
volume" seen by flow sensors Replace the flow sensors. 

Check ESIB to CPU cabling. 

Replace the ESIB board. 

Replace the CPU board. 

Alann Message footnotes: 

(1) 1hese alanns wlll de-escalate to low priorlty followlng user ackno州edgment by pres到ng the alann sllence swltch. 
(2) 1hese alanns also have assoclated text dlsplayed In the user messages wlndow. 
(3) 1hese alann messages do not have an elapsed tlme Indlcatlon. 
(4) 1hls alarm Is enunclated at the m拟Imum volume level and Is not sllenceable. 
(5) AlI mlnlmum system shutdown alarms have hlgh prlorlty audlo characteristlc窑.

• If the user presses the alarm sllence key, the hlgh prlorlty audlo Is sllenced for 120 seωnds.) 
• If the shutdown condltlon occu附 durlngnon.mechanlcal ventllatlon wl伽 the BagjVent swltch In Vent or durlng mechanlcal 

ventllatlon and the user moves伽e BagfVent swltch to Bag, the hlgh p嗣同ty audlo Is sllenced for 120 seconds. 
• If the BagfVent swltch Is moved from Bag to Vent whlle a shutdown condltlon Is actlve and the audlo sllenced, the hlgh prlorlty audlo 

Is generated (once agaln). 
(6) 1heso伐warewllI try to cause a reset of the proce链。r after the user presses the control wheel (In response to the shutdown message). 
(7) AlI mlnlmum system monltorlng alanns have medlum prlorlty audlo characte巾tlcs.

(8) AlI messages appear In the user mωsages wlndow. 
(9) Rowsenso隐 arealωused to measure pressures. 
(10) 1he sustalned pressure threshold Is calculated from the pressure IImlt se创ng. When mechanlcal ventllatlon Is on, the sustalned IImlt 

Is calculated as follo响: for pressure IImlts < 30 cmH20, thesustalned pressure IImlt Is 6 cm H20; for阴阳Itbetween 30 and 60 cmH20, 
the sustalned IImlt Is 20% of筒le pressure IImlt (Pllmlt);伽p附urellmlω60cmt帆， the sustalned pressure IImlt Is 12 cm ~o. 
If both PEEP and Mechanlcal ventllatlon are on, the sustalned pressure IImlt Increases by PEEp. 2 cm~O (the compensated welght of 
the bellows). When mechanlcal ventllatlon Is off, the sustalned pressure IImlt Is calculated as foll侧事: forpressure IImlts :560 cm~O， 

the sustalned pressure IImlt Is 50% of the pressure IImlt (Pllmlt); for pressure IImlts 碍。 cmt恒。， the sustalned presωrellmlt 
Is30cm~0. 
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7.6 Mechanicalj electrical troubleshooting guide 

Symptom 

System on, AC 压Don，
no display 

AC LED noton 

No ba忧ery

Alarms display, but not 
audible 

The power supply circuits are located on two modules: the AC to DC 
conve同ers are on a universal power supply (PS), the regulated power circuits 
a陀 integrated into the CPU board (IntCPU). 

For power supply test point, refer to Section 7.8. 

Probable cause 

1. Power cord 

2. AC power 

3. Circuit breaker 

4. 50-pin cab怡， front panel to CPU boaω 

5. Power supply board 

6. Membrane switch LED 

1. Ba忧ery cable disconnected 

2. Battery po响er less than 7V while running on 
ba忧ery po州er

3.Ba忧:ery fuse blown 

4. Defective battery 

1. Audio set too 10州

2.Speak冶rcable

3. Speaker 

4. CPU boaω 

Action 

Referto section 7.7.2, No display troubleshooting. 

1. Is the co叫 plugged in? 

2. Is the power outlet o.k.? 

3. Check main circuitbreaker in the AC Inlet 
module. 

4. Check cable connection. 

5. Verify output voltages of power supply. Replace 
CPU board. 

6. Replace membrane keyboaω. 

1. Connect cable. 

2. Charge ba伎ery.

3. Replace battery fuse. 

4. Replace ba位ery.

1. Adjust audio from menu. 

2. Ensure cable is plugged in. 

3. Replace speaker. 

4. Replace CPU board. 

B创lows does not expand 1. Leak in the b陀athing circuit 1. Check b陀athing circuit and abso巾er for leaks. 

ortends to collapse during 2. Bellows not installed proper1y 
ventilation. 

3. Tearor leak in bellows. 

4. Insufficient fresh gas flow 

2. Check the bellows to rim attachment. Make sure 
bellows ring roll is into groove under rim. 

3. Check the enti陀 surface ofthe bellows. pay close 
a忧ention to the angles in the convolutions. 

4. Check that se忧ings on flowmeters a陀 adequate.

5.lmproperly仙nctioning pressure reliefvalve in 5. Check the pressu陀 relief valve and seal for 
be川ows assembly damage. Reseat. 

B创lows distended andj or 1. B创lows retention problem 1. Checl飞Ireplace bellows. 
slipso仔 base. 2. Bellows assembly exhaust restricted 

3. Bellows assembly pressure reliefvalve 
problem 

Continuousflowofsupply 1.臼ternal hose leak. 
gas before machine is 2. GIV leak. 
turnedON. 
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2. Check the waste gas scavengíng system for high 
vacuum or blockage. 

3. Control port plugged or drive gas inlet hose 
blocked. 

1. Check hose. 

2. Checkjrepair GIV solenoid. 
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Bellows does not descend 1. Normal 
during inspiration. 

2. Leak in breathing system. 

Venti latorwill notturn on 1. Machine interface harness 
when remote on/off 
switch is tu rned on a nd AC 2. Remote on/o仔 switch
LED ison 

3. Power supply board 

Erratic pressure waveform • Slight to moderate valve leakage 

Slow exhalation pressure 
release 

Mechanically delivered 
volumes decrease 
significantly immediately 
following use of O2 Flush. 

1009.0541-000 02/05 

• O-Ring Seal, Housing to Main Manifold 

• Alignment of seat and seal after assembly 

• Loose mountingscrews 

- Exhalation valve assembly 

Failure to cease Volume Compensation when 
Flush is used. 

• Flush switch 

7 Troubleshooting 

1. Ifthe fr，臼h gas flow is greaterthan tidal volume, 

the bellows may not descend. 

2. Check for leaks in drive gas ci陀uit. Are twin tube 
assemblies on the pneumatic engine lifted all the 
way into the interface cuff? 

1. Ensu陀 cable is plugged in properly at switch and 
CPU board (J5). 

2. Replace sw比ch

3. Replace power supply board 

1. Check operation of drive gas check valve. 

2. Replace drive gas check valve. 

3. Inspect and 陀assemble the 以halation valve 
assembly; make su陀 to put it together correctly. 

1. Go to "Display 1/0 signals' sc陀en in Service 
Mode (Section 4.3.14). Press and release flush 
bu忧on. Look for proper switch action. 

2. Check wire harness connections at switch and 
ESIB. 

3. Replace CPU board. 
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7.7 Troubleshooting Flowcharts 

7.7.1 Ventilator assessment process 

ALARMS 

Alarms of Type: 
Patient Circu it Leak 
System Leak 

Alarms of Type: 
Vt Compensation Off 
Delivered Volume Mìsmatch 
Check Flow Sensors 
Insp Reverse Flow 
Exp Reverse Flow 
System Leak 
Unable to drive Bellows 

Alarms ofType: 
Low Paw 
Volume Apnea 
Low Drive Gas 
Pressure System 
Leak 

Alarms ofType: 
Sustained Paw 
High Paw 

Review Active Alarms, 
Error Log and Alarm Log 

No 

No 

No 

UseAlarm 
Troubleshooting 
SecUon 7.5 

Proceed t.。
"Breathing System Leak" 

Troubleshooting 

* 

Proceed t。
"Inaccurate Volume 

Ventilation" 
Troubleshooting 
SecUon 7.7.3 

Proceed t。
"No Ventilation" 
Troubleshooting 
SecUon 7.7.4 

Proceed t。
"Hi l!h Intrinsic PEEP" 

Troubleshooting 
Sec筒。n7.7.5

* Referto Section 7.2, "Brea伪ingSystem Leak Test Guide". 
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No 

No 

No 

No 

Proceed 
to 咽。 Displ ay"
Troubleshooting 
SecUon 7.7.2 

SYMPTOMS 

g 
g 
定

Bellows falls or leak 
detected 

Inaccurate ventilation 

Willnot 
ventilate 

Çontinuously ~ igh PEEP 
during operation 
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7.7.2 No display troubleshooting 

Is there a 
continuous or 
cycling audio 

tone7 

Y国

Yes 

Y国

1009-0541-000 02/05 

Was there single 
audio tone on 

power-up? 

Check/Re口lace harness_ 
Replace System Switch 

Does the unit have 
Integrated CPU? 

Replace 
Power $upply 

No 

No 

Y臼

7 Troubleshooting 

( Done ) 

Replace 
Power Supply 

Board 
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7.7.3 Inaccurate volume ventilation troubleshooting 

7-46 

Sensor Problem: 
Examine for defect or water plug 

in lines. Ensure customer is 
periodically depr臼singdrain
button to empty watef t阳P

Problem SolYed: 
Pe厅orm All calib阳tions

No 

Y臼

Yes 

N斗
Yes 

No 

Done 

Inspect pneumatic 
lines for leaks or 

water plugs between 
ftowse阻。randSIB

No 
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7 Troubleshooting 

Proceed to 
. Breathin~Svstem leak. 

TroubTeshoωng 

* 

Perform AII 
Calibrations and 

Re-evaluate 

7.7.4 No ventilation troubleshooting 

Ooesbellows 
Ooes bellows return to tOD of 

move? canister宁

叫::>-YeS~NO
No y，出

No 

Check the outp川
ofthe Orive Gas Regulaωr 

Sectlon 4.3.18 Proceed to 
. Inaccu阳teVolume Ventila甘on "

Troubleshooting 

No Yes 

Yes 

No 
T四 FlowValve

Correct Hospltal 
supply problem 

曲
串
。
白
归
国
〈

Proce创 to
• BreathlM Circuit leal俨

Troubfeshoo甘ng

* 

Yes 

Yes 
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* Refer to Section 7.2, "Breathing System Leak Test Guide气
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7.7.5 High intrinsic PEEP troubleshooting 

Problem 
Vert可 pass? 酬tínu臼?

一。一阳一<;>-"
No ~s 

Transdu国rwasout01 
国libration

n 
。

"u -g u ng en
3 

A
U
M
V创u
…
"

ts0

1 

d

阳

O

川


enh

7 

eus

-

CHe

m 

m
M叭
剧

创

。
r
e
u
-
-

'tnU

A,‘ 
览
M
U
H肉
-


u
e 

E

哇
"

。
。

n ·" 

Aow from bleed 
orificewith 
Ba~/Vent 

switch in Ba~ 
mode? 

No Yes 

No Yes 

No y，国

APL Valve Problem 

1. Check APL valve mechanism 
lor properfunction. 

2.Ch民kAPL disk lorsticking. 

3.Ch民k lor obstructions in main 
manilold downstream 01 APL or 
in "Y' manilold 

Exhalalionj Pop-off Valve Problem 

1. Checkbellows pop-offvalve for 
ac凶阳恒assemblyor sticking 

2. Checke由ala甘on valve for 
ac凶阳恒a臼emblyor sticking 

3. Check lor obstructions in b副10wS
base upstream 01 exhalation valVe. 

4. Check lor obstruction downstream 
01田halation valve in connectiM 
tube or ' Y' manilold 

S臼vengingProblem or 
Breathing Ci陀uitObslruction 

1. Che础 Hospital's scavenglng 
hos国 and supply vacuu而 (ãctive)

2. Check l itteron activesystems. 

3. Check lorobstruction in breathin~ 
αrcuit down tube or "Y' manilold, 

4. Cαh飞咀e配础c
l川n阳∞r附f陌'ec创ta缸ss捂e剧n尚ñ诵汹t论训b创l阳y o町『叫ob阳sl川n阳u巳ωtions. I~ 骂

。。

‘< 
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7 Troubleshooting 

7.8 Power supply test points 

8国由

民国

15 

J202 
TP214⑨ 

m毡田
Integrated 

CPU 

惶
惶。
需h
ha〈TP209⑨ 

国国

12V 
Battery 

原翌豆豆~ @) 
,. TP207 

『+
•• 

,

-

--a 

-

-s 

:k -··

4-
TP202@ 

1200 

@ 
TP2 τ虱

TP201⑥ 
TP200@ 

旦旦

且E且
OND 

。HD

..u.sv 

丛!!且

Power 
Supply 

口

• 

TP Name Typlcal Value Descriptlon 
1 +15V +15V Analog + 15V supply 
2 -15V -15V Analog -15V supply 

200 VCHGR +16V From power supply 

201 PGND OV Power (chassis) ground 

202 VMAIN +12.5V From power supply 

207 AGND OV Analog ground 
209 +5.8V +5.8V Supply for inlet valve, flow valve, speaker 
213 VH El +14.5V Supply for EL display 

214 +12VLP +12V Supply for light package 

The power supply outputs are +16 volts and + 12.5 volts. 

• The +16 volts is used to charge the battery.lt is only available when the 
machine is connected to an AC supply. 

• The + 12.5 volts is used to generate the 陀gulated voltages on the CPU board. 
In case of power outage, the CPU power circuits are supplied by the ba忧ery.

Note 

7-49 02/ 05 1009..()541.000 



Notes 

7-50 02/05 1009-0541-000 



8 Software Installation 

System so役ware resides on two EPROMS (U14 and U23) on the CPU board. 

To upgrade the software, you must install new EPROMs. 

• To ordersoftware, referto Section 10.1.1 
• To acce臼 the CPU board, referto Section 9.23.1. 
• To 陀place the EPROMs, refer to Section 9.23.2 
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9 Repair Proωdures 

In this section This section covers the repair and 陀placement procedures for components of the 
Aespire 7900 anesthesia machine. 
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9 Repair Procedures 

.& WARNING To prevent fires: 

• Use lubricants approved for anesthesia or O2 equipment, such as Krytox. 

• Do not use lubricants that contain oil or grease; they bum or explode in high 
O2 concentrations. 

• AII covers used on the system must be made from antistatic (conductive) 
materials. Static electricity can cause 币陀s. 

.& Obey infection control and sa刷 procedures. Used equipment may contain 
blood and bodyfluids . 

.& A movable part or a removable component may present a pinch or a crush 
hazard. Use care when moving or replacing system pa忧s and components . 

.& Some internal pa由 have sharp edges and can cause cu岱 orabrasions. Use care 
when servicing internal components. 

&. When servicing the ventilator, extreme care must be taken to avoid introducing 
foreign debris, particularly metal chips generated by screw threads, into the 
pneumatic flow passages ofthe ventilator. Failure to do so can result in damage 
to the flow valve and possible injury to the patient. 

.& After repairs are completed, always perform the checkout procedure. Referto 
Section 3 of this manual. 

9.1 How to bleed gas pressure from the machine 
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Before disconnecting pneumatic fi创ngs， bleed all gas pressure from the machine. 

1. Set the system switch to On. 

2. Close all cylindervalves and disconnect all pipeline supplies from the source. 
Note: Ifthe machine includes N20, do not disconnect the O2 pipeline. 
If pipeline O2 is not available, open the O2 cylinder valve. 

3. Turn the flow controls for all gases (except O2) at least one turn counterciockwise. 

4. Ensure that all cylinder and pipeline gauges read zero before proceeding. 

• For machines with N20, disconnect the O2 pipeline supply from the source 
(or close the O2 cylinder valve). 

• Press the O2 f1ush button to bleed O2 from the system. 

5. Set the system switch to Standby. 
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9.2 How to remove the rear panels 

9-4 

9.2.1 To remove 
the rear upper 

panel 

9.2.2 To remove 
the lower access 

panels 

。

• 

二 一

You must remove the rear upper panel to 陀pair or replace many of the machine's 
components. To access the 3rd cylinder supply (if equipped) you must remove the 
loweracce臼 panels.

1. Bleed all gas p陀ssure from the machine (Section 9.1). 

2. Ensure that all cylinder and pipeline gauges read zero before proceeding. 

3. Disconnect all electrical cables. 

4. To remove the rear panel, fully loosen the th陀e captive screws that hold the panel in 
place. Remove the panel. 

• If the machine includes integrated suction, disconnect the two tube fittings from 
the overflow safety trap manifold. 

• If the machine includes electrical outlets, lower the panel and place it so that it 
does notst陀ss the power cable. 

1. Disconnect the power cord from the AC mains supply. 

2. Bleed all gas p陀ssure from the machine (Section 9.1). 

3. Ensure that all cylinder and pipeline pressures read zero before proceeding. 

4. If present, remove the inboard cylinders. 

5. Remove the small upper access panel (A) to access the serial cablej connectors. 

6. Remove the large lower access panel (8)ωaccess the electrical enclosure. 
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9 Repair Procedures 

9.3 How to remove the tabletop 
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The tabletop is held in place with five captive screws along the periphery of the pan 
assembly (accessed from belowthe rim ofthe tabletop). 

• Onesc陀w (A) is in a deep recess at the right-rear corner ofthe tabletop. 
• Twosc陀ws (8) are at the front of the tabletop: one screw is at the right corner of the 

tabletop, one is nearthe O2 Flush bu忧on .

• To access the remainingtwo screws (C), you must remove the ABS: one sc陀w is atthe 
left corner of the tabletop, one is near the APL Valve. 
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9.4 Replace pipeline inlet filter 

9.6 

1. Remove the pipeline inlet fitting. 

2. Pull the pipeline inletfilteroutofthe阳ing. The o-ringshould come out with the filter. 

• 
3. Install the new pipeline inlet filter in the pipeline inlet fi忧ing. The new filter comes 

with an o-ring. 

9.4.1 Replace 1. Removethe 陀ar panel (Section 9.2). 

pipeline inlet 2. Remove the pipeline inletfi创ng.
checkvalve 

3. 刊e Air and O2 pipeline manifolds include a d巾e gas connection atthe back ofthe 
manifold. Remove the drive gas tube or plug to access the check valve. 

4. From the back ofthe pipeline manifo时， use a thin tool to push out the check valve. 
(For an N20 manifold, you will have to carefully apply pressure at the outlet of the 
manifold - with a sy阳ge for example - to gently force the check valve out of the 
manifold). 

5. Push the new check valve into the opening, using the same thin tool. The new check 
valve includes an o-ring - orient ittowa叫 the pipeline inlet. Note: Make sure to push 
the new check valve all the way back into the opening until it bottoms out on the 
shoulder. 

6. Install the pipeline inlet 币忧ing.

7. Perform the checkout procedure (Section 3). 
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9 Repair Procedures 

9.5 Change drive gas 

.& CAUTION If you change the drive gas, you must also change the drive gas selection on the 
service mode System Configuration setup screen (Section 4.3.3). 
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Ifthe drive gas selection and the actual drive gas do not agree, volumes will 
not be correct. 

The ventilatorwill alarm with the message "Low Drive Gas Press" ifthe selected 
drive gas pressure, either O2 or A汀， is lost. 

1. Remove the 陀ar panel (Section 9.2). 

Note: The O2 and Air pipeline manifolds have a drive gas connection at the back. The 
connection not in use is plugged. 

2. Remove the plugfrom the new connection. 

3. Disconnect the drive gas hose from the present connection. 

4. I nsta 11 the plug in this connection (pull on the plug to ensure that it is locked into the 
fitting). 

5. Reroute the drive gas hose so that it does not cause kinks in othertubing. 

6. Connect the d阳e gas hose to the new connection (pull on the hose connecωrto 
ensure that it is locked into the fi创ng) .

7. Do a high-pressure leak test (Section 3.3). 

8. Enter the service mode and select the correct d时ve gas. 

9. Testthe primary regulator. Verifythat itfunctions within specifications nowthat it will 
be supplying drive gas to the ventilator (Section 5.1). 

10. Perform the checkout procedure (Section 3). 

9-7 



Aespire 7900 

9.6 Service the cylinder supply modules 

9-8 

& WARNING 

9.6.1 Tightening 
procedure for 
high-pressure 

tube fi忧ings

Note 

9.6.2 Replace 
prima叩 regulator

module (complete 
replacement) 

Be careful not to expose internal components to g陀ase or oil (except Krytox or 
equivalent). 

The cylinder pressure gauge is connected to the cylinder supply through a copper tube 
with fi忧ings at both ends. Use the foliowing tightening procedure whenever you are 
陀placing a cylinder supply or a cylinder pressu陀 gauge .

1. Insert the tubing into the fi忧ing until the ferrule seats in the fi忧ing.

2 . 币ghten the nut by hand. 

3. Continue tighteningthe nutwith a wrench until it reaches the original position (about 
1/4 turn). You wili feel an increase in resistance at the 0时ginal position. 

4. After 陀aching the original position, tighten the nutjust slightly. 

If you are instaliing a new tube that has not been tightened before, tighten the nut with 
a wrench an additional3/ 4 of a turn after the nut is finger tight. 

1. Bleed ali gas p陀ssure from the machine (Section 9.1). 

2. Ensure that ali cylinder and pipeline gauges read zero before proceeding. 

3. Remove the 陀ar panel (Section 9.2). 

4. Disconnect the high-pressure cylinder gauge fi创ng.

5. Disconnect the output tube fi忧ing.

6. Remove the three mounting screws and 
lockwashers. 

7. To reassemble, perform the previous 
steps in reverse order. 

• nghten the high -pressure 白忧ingas

detailed in Section 9.6.1 

• Puli on the cylinder output fi忧ingto
ensure it is locked in place. 

8. Check the output of the regulator 
BEFORE you instali the rear panel. 
Adjust if necessary (Section 5.1). 

9. Perforrn the checkout procedure 
(Section 3). 
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9.6.3 Replace 
cylinder inlet filter 

9 Repair Procedures 

1. Open the cylinder yokes. 

2. Remove the inlet adapterfrom the cylinderyoke, using a 4 mm hex wrench. 

Note: A brass retaining ring keeps the filter inside the inlet adapter. 

3. Thread a 6-mm screw (two turns only) into the bra岱陀taining ring and pull it out. 

.&. CAUnON Be careful not to crush the filter. Do not thread in the screw more than two full 
turns. 

9.6.4 Replace 
cylinder check 

valve 
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面[]< 0 巳口~
4. Remove the filter. 

5. Install the new filter and brass retaining ring. 

6. Install the inlet adapter in the cylinder yoke. 

7. Perforrn the checkout procedure (Section 3). 

The cylinder check valve is not a replaceable item. If the check valve is defective, you 
must 陀place the complete cylinder supply module. 
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9.7 Replace system switch assembly 

9.10 

1. Bleed all gas p陀ssure from the machine (Section 9.1). 

2. Ensure that all cylinder and pipeline gauges read zero before proceeding. 

3. Remove the tabletop (Section 9.3). 

4. Remove the gauge panel mountingscrews and move the panel fo附ard to access the 
system switch. 

5. Disconnect the wires from the electrical switch. 

System Swltch 
(electrical) 

咱-........_ Gauge panel 

6. Back out the system switch mounting sc陀ws just enough to allow the knob collar to 
be released. 

7. While holdingthe switch assembly, push in the knob and turn itcounterclockwise. 

8. Pull the knob and collar out from the front and remove the switch assembly. 
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9 Repair Procedures 

9. Install the 陀placementswitch assembly: 

a. Loosen the two outside screws on the electrical module. 

b. Inse此 the wires in the electrical module and tighten the screws. 

c. Pull the wires on the electrical module to ensure thatthere is a good connection. 

d. Turn back the system switch mounting screws until their tips recede. 

e. Orient the switch assembly with the Airfi忧ings toward the right and the O2 
f陀tings toward the left. 

f. Install the switch assembly through the gauge panel. 

g. Push the knob collar in with the indicator up and turn it clockwise until it locks. 

h. Tighten the mounting screws. Make sure that the top edge of the switch 
assembly is parallel to the top edge of the gauge panel. 

i. Transfer the tubing from the old system switch to the new system switch on the 
pneumatic module (pull on the tubing to ensu陀 that it is locked into the 
module). 

~Out(Port4) 

川ut (port4)-IO or~川咀川与一

川向民3)-1001忡~

021n (Po此 3 )

(RearVlew) 

10. Testthe 陀placementswitch assembly: 

a. Connect Air and O2 supplies. 

b. Connect the power cable to an electrical outlet. 

c. Set the system switch to On. 

d. Increase the O2 and Airflow. Make sure that gas f1ows. 

e. Make sure that you do not feel or hear any leaks. 

f. Make sure that the display comes On. 

g. Set the system switch to Standby. 

h. Make sure all gas flow stops and the display turns 0仔.

11. Reinstall the gauge panel and the tabletop. 

12. Perform the checkout procedure (Section 3). 
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9.8 Service the flowmeter module 

9.12 

9.8.1 Remove 
front flowmeter 

panel shield 

9.8.2 Remove 
flowtubes for 

cleaningor 
replacement 

1. Bleed all gas p陀ssure from the machine (Section 9.1). 

2. Ensure that all cylinder and pipeline gauges read zero before proceeding. 

3. The flowmeter panel is held in place with two latching tabs at the 崎htside . To 
remove the panel, release each latch by pushing it toward the center ofthe panel 
with a thin rod (3-mm hex wrench) through the access hole in the shroud. 

~ 

4. Remove the panel. 

5. To reinstall the panel, engage the retaining tabs on the left side and p陀ss the right 
side against the shroud to latch it in place. 

1. Remove the front flowmeter panel shield (Section 9.8.1). 

2. To 陀move a flowtube assembly, push up on the tube just enough to clearthe bo忧om
seal, pull out from the bo忧.om until the tube clears the flowtube module, then pull 
down slowly to release it from the module. 
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9 Repair Procedures 

~ WARNING Floats are创brated to a specific tub山ep each float with its tube. Replace 
tube and 们oats together. Interchanging floats can cause incorrect readings. 
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Disassemble the flowtube assemblies only when service 隐隐quired. Excessive 
cleaning can remove the antistatic coating from inside the tube. Damage to the 
float requires replacement ofthe entire flowtube. 

3. Disassemble the f10wtube assembly. 

R!!三串

Tube --1二

Aoat-

Alter--

O-rlng --

Aoat stops are Indexed to 
flowtubes and to flowtube 
modules by gas. 

Tabs and slots at both 
connectlons must be 
allgned to Install 
flowtubes. 

4. Completely clean, rinse, and dry the f1owtube. Use hospital grade alcohol and a 
flowtube brush. 

5. Replace stops，制terand o-rings, as necessary. Lightly coat all 0-阳gswith Krytox. Be 
careful to not get any Krytox on the bottom of small f10wtube float stops. 

6. Reassemble the flowtube assembly. 

7. Inserttheflowtube, springside 币rst， into the top of the module with the scale 
oriented forward. 

8. Push up and slide the bo忧om ofthe flowtube into place on the bottom o-ring. It may 
be nece岱ary to rotate the tube to engage the index tabs. 

Note: Be sure o-rings are inserted completely into the collar. 

9. Push down on the tube to seat the bo忱。m o-nng. 

10. Reinstall the front f10wmeter panel shield. 

11. Perform the checkout procedure (Section 3). 
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9-14 

9.8.3 Remove 
complete 

flowmeter head 

Fresh gas out 

02 1n 

02 suPPIy 
swltch 

1. Remove the 陀ar panel (Section 9.2). 

2. Disconnect the tubing at the rear of each gas module. The following example is a 
back view of the flowmeter head. 

N20ln 

Alrln 

Fresh gas out 
(for slngle-tube flowhead) 

3. Disconnect the O2 supply switch harness. Note position of switch connections so 
that you can reassemble correctJy later. 

Open 

4. Remove the front flowmeter panel shield (Section 9.8.1). 

5. Remove the mounting screw from each 陀gulator manifold. 

6. Pull the f10whead forward. 

7. To reinstall, pe斤ormthe p陀vious steps in reverse order (pull on the tubing to ensure 
it is locked into the fi忧ings).

8. Check for proper alignment of the front flowmeter panel. If any of the needle valve 
knobs rub against the flowmeter panel, reposition the flowhead to allow for proper 
clearance. 

9. Perform the checkout procedure (Section 3). 
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9.8.4 Replace 
flowmeter 

modules 

9 Repair Procedures 

1. Remove the complete flowmeter head (Section 9.8.3). 

2. Referto the following illustrations. Note thatthese illustrationsshow ANSI flowmeter 
module positions. The order is reversed in ISO machines. 

O2 N20 Alr 

.... • - ... 
@ 

.... •- ... 
口…........ . 斗@ @I@: @I@ @I [I 1111111111 "0 

OV'Air modules O2/ Airflowmeter modules are connected at the bottom with a long sc酬 (A)
and nut (8) that is rece岱ed. To remove, retain nut while loosening screw. 

Note The flowmeter modules are held together at the top with a u-clip. To separate the 
modules, pivot the modules (front to back) 45 degree. The u-clip will disengage and 
allow the modules to separate. 

The flowmeter modules are interconnected at the top by a spacertube. The o-ring on 
the spacer tube makes a leak-tight seal. 
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Single-tube flowhead The outlet fitting for a single-tube flowhead is not an integral component of the O2 

9.16 

flowmeter. The outlet fi创ng is a separate component that includes an o-ring seal and is 
held in place with two u-clips. 

5mall 
U.Cllp O.rlng 

3. 10 remove the Air flowmeter module: 

Large 
U.Cllp 

a. Remove the screw located on the side of the Air flowmeter module. 

b. Hold the flowmeter module with the flowtubes facing you. 

c. Grasp the outer modules at the bo忧om ofthe regulator manifold and push the 
left module away from you until the u-clip pops off and the module separates 
from the other assemblies. 

d. Pull the modules sideways to separate them at the top. 
Save the u-clip, spacer tube, and the 0-时ng for reassembly. 

4. 10 remove the O2 or N20 伺owmetermodule: 

a. Setthe O2 and N20 needle valves to their maximum position (counterclockwise). 

b. Loosenthesetsc陀ws on the N20 knob, then remove the knob. 

c. Loosen the set sc陀ws on the N20 sprocket and the O2 knob. 

d. To remove, grasp the O2 knob/sprocket, N20 sprocket, and chain as an 
assembly. Remove as an assembly. 

e. Remove the spacer from the N20 needle valve spindle. 

f. Remove the pilot tube going to the balance 陀gulator.
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9 Repair Procedures 

Remove 

。。

g. The O2 and N20 flowmeter modules are held together by a single screw. Remove 
the screw located on the side of the O2 f10wmeter module. 

h. Hold the flowmeter modules with the flowtubes facing yoU. 

i. Grasp the modules at the bo忧om ofthe 陀gulator manifolds and push the left 
module away from you until the N20 module separates from the O2 module. 

j. Pull the modules sideways to separate them at the top. 
Save the u-clip, spacertube, and the o-ring for reassembly. 

5. To reassemble the flowmeter modules, perform the previous steps in reverse 0叫er.

Note: The u-clips must be reinstalled with the barbed leg to the left as viewed from 
the front. 
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Spacer 
Tube 

6. Install the screw through the O2 f10wmeter module to locks the O2 and N20 
f10wmeter modules together. 

7. Reattach the pilot tube that goes to the balance 陀gulator.

8. Install the f10whead into the machine. Reconnect the tubing and the O2 supply 
switch harness. 

9. Confirm needle valve calibration (Section 5.3). 

10. Install the spacer on the N20 needle valve stem. 

11. Install the chain on the O2 knobjsprocket assembly and the N20 sprocket. 

12. Install the chain and sprockets on the needle valve stems as an assembly. Do not 
tighten the set screws. 
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9.18 

SprocketjChaln 

Assembly 

13. Install the N20 knob. Snug one set screw to hold the knob in place. 

14. Perform the link system calibration (Section 5.4). 

15. Install the flowmeter panel shield. 

16. Perform the checkout procedure (Section 3). 
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9.8.5 Replace 
flowmeter frame 
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9 Repair Procedures 

1. Remove the front flowmeter panel shield (Section 9.8.1). 

2. Remove the complete flowmeter head (Section 9.8.3). 

3. Separate the flowmeter modules as requi陀d (Section 9.8.4). 

4. Remove the flowtubes (Section 9.8.2). Keep all the parts for reassembly. 

5. Remove the gas identification panel by removing the two sc陀ws at the back of the 
frame. Keep all the pa此s for reassembly. 

6. Remove the flowmeter frame by loosening the four mounting screws at the back of 
the regulator manifold. 

Note: There is a retainer in each screw location that keeps each screw within the 
manifold. 

7. To reassemble, pe斤orm the previous steps in reverse order. 

8. If 陀placing O2 or N20 frames, pe斤。rm the link system calibration (Section 5.4). 

9. Perform the checkout procedu陀 (Section 3). 
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9.20 

9.8.6 Replace O2 The O2 supply switch is located on the O2 flowmeter's regulaωrmodule. 

supply switch 1. Remove the upper rear panel (Section 9.2). 

9.8.7 Checkout 
procedure for O2 

supply switch 

2. Remove the two mounting screws from the O2 supply switch. 

AdJustment 
screw 
4.mmhex 

3. Pull the O2 supply switch out of the 陀gulator manifold. 

4. Install the replacement O2 supply switch. 

5. Tighten the screws. 

6. Disconnectthe leads from the old switch and reconnectthem to the new switch. 

7. Adjust the alarm threshold for the new O2 supply switch, as explained in the 
checkout procedu陀 below (Section 9.8.7). 

8. Replace the 陀arpanel.

9. Perform the checkout procedure (Section 3). 

1. Remove the upper rear panel (Section 9.2). 

2. Attach a gauge to the O2 primary regulatortest po比 (On pipeline only machines, 
attach the gauge to a 6-mm O2 po此).

3. Adj脱the O2 flow control to minimum flow (clockwise). 

4. Install an O2 cylinder and open the cylindervalve (for pipeline only, connect O2 
pipeline sou陀e).

5. Turn the system on. 

6. Close the cylindervalve (disconnect pipeline from source) and watch the testgauge 
as the O2 pressure bleeds down slowly. 

Note: The "No O2 pressure" alarm should occur between descending p陀ssure of 
221- 193 kPa (32-28 psi). 

7. If adjustment is required, set the adjustment screw so that the 呐o O2 pressure" 
alarm occurs at 207 j: 7 kPa (30 j:1 psi). 

8. Disconnect the gauge and plug the test port 

9. To reassemble, pe斤。rm the p陀vious steps in 陀verse order. 

10. Perform the checkout procedu陀 (Section 3). 
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9.8.8 Replace 
secondary 

regulator manifold 
。r balance 

regulator manifold 
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9 Repair Procedures 

1. Remove the front flowmeter panel shield (Section 9.8.1). 

2. Remove the complete flowmeter head (Section 9.8.3). 

3. Separate the flowmeter modules (Section 9.8.4). 

4. Remove the flowmeter frame from the regulator manifold by 陀moving the four 
screws at the rear of the regulaωr manifold (no need to remove flowtubes). 

5. Remove the needle valve from the regulator manifold: 

a. Unscrew the complete assembly together (stop collar, needle valve). 

b. Replace the o-ring if nece臼ary.

6. Screw the needle valve into the new regulator manifold. 

7. Removethe plugs and balance regulatorelbowfi忧ing (and O2 supply switch if an O2 
module) from the old regulaωr manifold. 

8. Install the plugs and balance regulator elbow fi忧ing (and O2 supply switch if an O2 
module) into the new regulator manifold (puII on the plugs and fi忧ings to ensure that 
they are locked into the manifold). 

9. Reinstall the flowmeterframe to the 陀gulator manifold. 

10. Reinstall all the flowmeter modules to the flowmeter head. 

11. Reinstall the flowmeter head (Section 9.8.4). 

12. 00 the necessary calibrations (Section 6). 

Necessary caJlbrations 

Secondary Regulator 

O2 minimum flow 

Link system 

Sectlon 

5.2 

5.3.1 

5.4 

13. Reinstall the front flowmeter panel shield. 

14. Perform the checkout procedure (Section 3). 
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9.22 

9.8.9 Replace O2 
。r N20 needle 

valves (on 
machines with 

N20) 

For machines without N20, referto Section 9.8.10 for replacingthe O2 needle valve. 

1. Bleed all gas pressure from the machine (Section 9.1). 

2. Ensure that all cylinder and pipeline gauges read zero before proceeding. 

3. Remove the front flowmeter panel shield (Section 9.8.1). 

4. Setthe O2 and N20 needle valves to their minimum position. 

5. Loosen the set screws on the N20 knob, then remove the knob. 

6. Loosenthesetsc陀ws on the N20 sprocket and the O2 knob. 

7. To remove, grasp the O2 knobjsprocket, N20 sprocket, and chain as an assembly. 
Remove as an assembly. 

8. Remove the spacerfrom the N20 needle valve spindle. 

9. Loosen the set screws on the needle valve stop collarforthe needle valve that is 
being replaced. 

10. Remove the stop collar. 

11. To remove the needle valve from the flowmeter block, turn the needle valve 
counterclockwise with a 16-mm wrench . 

12. To install the new needle valve, turn it clockwise and tighten it with the wrench. 

Note: Be sure the o-ring is prope叫y located on the tip of the needle valve. 

&. WARNING The O2 and N20 needle valves are not the same. Patient inju叩 can result ifthe 

wrong needle valve is installed in the f10wmeter block. You can identify the N20 

needle valve by a groove located just below the top brass hex. 

。2 needle valve has no g,oove 

N20 needle valve has a groove 

+ 

咽'
13. Install the stop collar on the new needle valve. Do not tighten the set sc陀ws.

14. Perform the needle valve calibration (Section 5.3). 
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9 Repair Procedures 

15. After calibrating the needle valve, put the spacer the N20 needle valve spindle. 

Spacer 

16. Putthe chain on the O2 knobjsprocketassembly and the N20 sprocket. 

17. Install the chain and sprocketsonthe needlevalvespindles asan assembly. Do not 
tighten the set screws. 

18. Install the N20 knob. Do not tighten the set screws. 

19. Perform the link system calibration (Section 5.4). 

20. Install the flowmeter panel shield. 

21. Perform the checkout procedure (Section 3). 

SprocketjChaln 

Assembly 

/ 
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9.8.10 Replace an 
Air needle valve on 
all machines or an 
O2 needle valve on 
machines without 

N20 

9.24 

For machines with N20, referto Section 9.8.9 for replacing the O2 needle valve. 

1. Bleed all gas pressure from the machine (Section 9.1). 

2. Ensure that all cylinder and pipeline gauges read zero before proceeding. 

3. Remove the front flowmeter panel shield (Section 9.8.1). 

4. Loosen the set screws on the flow control knob and remove the knob. 

5. Loosen the set screws on the stop collar and remove the collar. 

6. If equipped, remove the maximum flow stop collar. 

7. Using a 16-mm wrench, remove the needle valve by turning it counterclockwise. 

8. Install the new needle valve and tighten. 

Note: Be sure the o-ring is prope叫y located on the tip of the needle valve. 

9. If equipped, install the maximum flow sωp collar (do nottighten). 

10. Install the stop collar (do not tighten the screws). 

11. Install the flow control knob on the shaft. Tighten one set screw to snug. 

12. Reconnect the gas supplies. 

13. Perform the flow control stop procedures explained in: 

• Section 5.3.1 for O2 , 

• Section 5.3.3 for Air. 

14. Install the flowmeter panel shield. 

15. Perform the checkout procedu陀 (Section 3). 
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9 Repair Procedures 

9.9 Service vaporizer manifold pa同S

9.9.1 Repair 
manifold po此

valve 
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1. Set the system switch to Standby. 

2. Remove the vaporizers from the vaporizer manifold. 

3. Using a 14-mm wrench, carefully 陀move the valve nipple (threaded). 

母，

4. Disassemble as necessary to replace pa也. The following illustration shows the 
pa民S .

Note: The port valve 
replacement kit includes the 
valve cartridge assembly 
and the seal. The kit does 
not include o-rings. 

。-ring

Nipple 

Spring 

O-rlng 

一主
. . ·. 

‘.. ~..... J" .,. , , r ... Ö 

........... . 

5. When installing a new valve ca此ridge assembly into the vaporizer manifold, put a 
light coat of Krytox on the bottom p。而on ofthe ca此时dge . The bottom po削on ofthe 
ca忧ridge is defined as the brass surface that is inserted in the lowerspring. Note: Do 
notapply 仰ytox to the valve seal. 

6. Verify that the parts are free of dust and dirt. 

7. To reassemble, pe斤orm the previous steps in reverse order. 

8. Complete the port valve checkout procedure described in the following section 
(Section 9.9.2). 
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9.9.2 Checkout 
procedure for 
manifold po民

valve 

Note 

Use the Vaporizer Manifold Valve TestTool to perform the checkout procedure forthe 
manifold port valve. This tool and test procedure are intended for use only when the 
valve cartridge assembly is replaced. 

This replacement and test procedure is a service action and is not part ofthe 
maintenance program. 

1. Set the system switch to Standby. 

2. After 陀placingthe valve ca忧ridge assembly, remove the vapo时zer port o-ring. 

3. Attach the valve testerto the top ofthe valve by slidingthe bo位om of the tester onto 
the o-ring groove. 

4 . 币ghten the tester screw down onto the valve until the screw bo忱。ms out on the top 
of the valve. The tester o-ring should create a seal with the top of the valve. 

5. Remove the upper rear panel (Section 9.2). 

6. Remove the inlet tube from the vaporizer manifold. 

7. Set the SCGO Selector switch to ACGO. 

8. Test the negative low-pressure leak-test device: 

a. Put you hand on the inlet ofthe leak-test device. Push hard for a good seal. 

b. Remove all airfrom the bulb. 

c. The bulb should not inflate in less than 60 seconds. 

9. Attach the negative low-pressu陀 leak-testdevice to the ACGO outlet. 

10. Remove all airfrom the bulb. The bulb should not inflate in less than 45 seconds. 

11. Remove the valve tester. 

12. Reassemble the inlet tube, vapo时zerpo同 0-川ng， and the upper 陀arpanel.

13. Conduct a negative low-pressu陀 leak test on the system (Section 3.9.1) . 

.&. WARNING If the valve test tool is not removed before flowing gas through the system, 
pneumatic head damage could result. 
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9.9.3 Replace 
vaporizer manifold 

checkvalve 
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9 Repair Procedures 

1. Set the system switch to Standby. 

2. Remove the vaporizers from the vaporizer manifold. 

3. Remove the upper rear panel. 

4. Disconnect the tubing from the valve block. 

5. Remove the valve block. 

• To access the le负.-hand mounting screw (A), remove the right (viewed from front) 
side panel (8). 

G 

• The righ仁side extrusion include an access hole (C) for removing the left-hand 
mounting screw. 

• Note: For early production machines that do not have an access hole in the 
e炕rusion ， you must remove the vaporizer manifold to remove the valve block. 

。
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9.28 

Note The valve body, o-ring, and flapper do not come out with the block. They stay intact at 
the bottom ofthe vaporizer manifold. 

6. Pull the f1apper out ofthe valve body. 

O.rlng 

Aapper 

Valve body E …· 、

。.rlng

Aapper 

' 7. Using a hex wrench, putthe wrench through one ofthe holes ofthe valve body and 
pull down to remove the valve body and 0-时ng.

8. Verify that pa由 are free of dust and di比

9. Replace the f1apper by inserting the f1apper stem and gently pulling the stem until 
the f1apper secures to the valve body. 

10. Ughtly lubricate the o-ring with Krytox. 

11. Place the lubricated o-ring on the valve body po忧 atthe bottom ofthe manifold. 

12. Gently install the valve body in the manifold: 

• Check that the o-ring makes a good seal between the manifold and the valve 
body. 

• Check that the f1apper valve makes solid contact with the valve body. 

13. Install the valve block. 

14. Reconnect the tubing to the valve block. Pull on the tube to ensure that it is locked 
in the fitting. 

15. Install the vaporizerfront panel. 

16. Perform the checkout procedure (Section 3). 
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9.9.4 Replace 1. Set the system switch to Standby. 

vaporizer pressure 2. Remove the vaporizers from the vaporizer manifold. 
relief valve 
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3. Remove the upper rear panel (Section 9.2). 

4. Using a 13mm open ended wrench, remove the vaporizer pressure relief valve by 
turning counterclockwise. 

5. Verify that the parts are free of dust and di比

6. Install a new vaporizer p陀ssure reliefvalve. 

7. To reassemble, pe斤orm the previous steps in reverse order. 

8. Perform the checkout procedure (Section 3). 
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9.9.5 Replace 
vaporizer manifold 

9-30 

1. Remove the upper rear panel (Section 9.2). 

2. Remove the front flowmeter shield (Section 9.8.1). 

3. Remove the right side panel (A). 

4. From the front of the machine, remove the sc陀w (8) at the right upright of the 
flowhead bezel. 

5. From the back of the machine, remove the two screws (C) that hold the vapo时zer
manifold vertical supp。此 to the flowhead bracket. 

6. From the back of the machine, remove the two sc陀ws (0) that hold the vertical 
support to the vaporizer manifold. 

7. Remove the vertical suppoπfrom the machine. 

8. While holdingthe vapo时zer manifold, remove the two sc陀ws(日 atthe righ仁hand

extrusion to release the manifold . 

• 

二〉。

ø.c:::::::::::可·

9. Install the new vaporizer manifold in reverse order. Do not fully tighten the screws 
until they are all in place. 

• Attach the new manifold to the right-hand e炕rusion (岛.

• Attach the vertical suppo此 to the vaporizer manifold (0). 

• Attach the bottom of the vertical suppo忧 to the flowhead bracket (C). 

• Attach the vertical suppo此 to the front bezel (8). 

10. TIghten the mounting sc陀ws in the following order: E, 0, C, 8. 

11. Reassemble the machine. 

12. Perform the checkout procedure (Section 3). 
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9 Repair Procedures 

9.10 Replace ACGO selector switch 

Removal 1. Remove the tabletop (Section 9.3). 

2. Clip the tie wraps (1) from the outlet barb 币忧ings at the side ofthe switch. 

5 

6 

3 2 4 1 

3. Disconnectthe fresh gas (2) and flush (3) tubes at the back ofthe switch. 

4. Disconnectthe wires from the ACGO mode microswitch (4) atthe back ofthe selector 
switch. 

5. Disconnect the wires from the f1ush p陀ssure switch (5) on top of the selector switch. 

6. Set the ACGO selector switch to ABS. 

7. Back outthe selectorswitch mountingscrews (6) until the tips are flush with the face 

of the mounting casting. 

8. While pushing the selector knob towa叫 the machine and holding it steady, push the 
valve body towa叫 the knob and rotate it counterclockwise to separate the valve 

body from the knob assembly. 

9. Remove the knob assembly and protective shroud from the machine. 

10. Remove the valve from the silicone output tubes. 

Replacement 1. Remove the knob assembly from the valve body. 

1009-0541-000 02/ 05 

2. Back out the selector switch mounting screws until the tips are f1ush with the face of 
the mounting casting. 

3. Guide the outlet fi忧ings of the valve body into their respective silicone tubes. 

4. Hold the selector knob with the 
indicatormarkfacingdown. Tum the 
chrome collarto its maximum 
counterclockwise position (as 
viewed from the 行ont) .
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5. Place the shroud over the knob and 
guide the assembly into the pan 
opemng. 

6. Ensure that the indicators on the 
shroud align with label on the pan 
and the alignment tab mates with 
the alignment hole in the pan. 

7. While holdingthe knob assembly 
steady against the pan, place the 
valve assembly over the knob 
actuator. Using moderate force 
press the two assemblies together. 
The knob should rotate to the ACGO 
position. 

8. While continuing to force the 
assemblies toge白凹， rotate the 
knob assembly to the ABS position. The assemblies should snap into place. 

9. Verify proper alignment ofthe knob with the setting indicators. 币ghten the mounting 
screws evenly to secu陀 the switch assembly to the pan. 

10. Secure the outlet tubing with tie wraps. 

11. Connect the fresh gas and flush gas tubing. Pull on the tubing to ensu陀 that it is 
locked in the fi忧ing.

12. Reconnect the wires to the ACGO mode microswitch at the back of the valve 
。op two terminals). 

13. Reconnect the wires to the flush p陀ssure switch atthe top of the valve 
(upper and lowerterminals). 

14. Replace the tabletop. 

Test procedure 1. Confirm that flush flow and 5 Ljmin fresh gas flow are divertedωtheACGOpo此and

9.32 

the ABS in the respective knob positions. 

2. Confirm that the ventilator display indicates ACGO mode when the valve is set in the 
ACGO position. 

3. Test the function ofthe flush pressure switch 
(Service Mode - "Display Discrete 1/0 Signals"). 

4. Perform the low-pressure leak test (Section 3.9). 

5. Perform the checkout procedure (Section 3) 
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9.11 Clean or replaceACGO po此 flapper valve 
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1. Remove the tabletop (Section 9.3). 

2. Remove the ACGO cap mounting 
screws. 

3. Remove the cap. 

4. Examine the flapper and disk for 
obstructions or debris. Clean with 
isopropyl alcohol if necessary; retest. 

5. If leak persists, replace the flapper. 

• Remove the flapper from the check 
valve disk. 

• Clean the new flapper with isopropyl 
alcohol. 

• Applya drop of isopropyl alcohol to 
the center hub of the new flapper. 

• Before the alcohol evaporates, align 
the center hub of the new flapper 
with the center hole of the check 
valve disc. 

• While pressing the flapper against 
the disc, use you fingernail to help 
pull the hub through the disc from 
the other side. 

Hub 

6. Lubricate the o-ring sparingly with Krytox (do not get Krytox on the flapper). 

7. Insert the flapper assembly into the ACGO outlet with the flapper up. 

8. Replace the cap. 
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9.12 Reconfigure sample gas return line 

9-34 

Sample gas return is directed to the scavenging system as a factory default. Perform 
the following to reroute the sample gas back to the breathing system. Referto "Tubing" 
on page 11-7. 

1. Remove the tabletop (Section 9.3). 

2. Port 4 (A) of the ABS b陀athing system 
is connected to the expiratory circuit, 
downstream ofthe expiratory check 
valve. As a factory default, Port 4 is 
plumbed with a length of tubing that is 
plugged (8) atthe far end. 

3. Remove the plug from the tube. A B 
E二立同

4. Find the sample return line at the left-
rear corner of the pan assembly. The 
sample retum line includes an inline 
connector (C) at the point where the 
sample line goes down into the vent 
engine housing. c 

5. Separate the scavenging tube, 
removingthe inline connectorfrom the portion ofthe tube that extends into the vent 
engine housing. Plug the open end of the scavenging tube with the plug removed 
above. 

6. Insert the inline connector from the sample return port into the open tube to Port 4. 
Pull on the connectorto ensure that it is securely connected. 

7. Replace the tabletop. 

8. Perform the checkout procedu陀 (Section 3). 
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9.13 Replace the APL valve 
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1. Remove the ABS breathing system. 

2 . 刊e APL valve is held in place with a 
springand a retainer(A)thatsnaps into 
a 陀cess in the lower body of the APL 
valve. To release the retainer, place an 
appropriately sized straight blade 
screwdriver into the housing cutout(B). 
Twist the screwdriver to release the 
retainer. 

3. Place the new APL valve into position 
with the se忧ing indicatorfacing 
forward. 

4. Place the spring into the retainer. 

5. While holding the APL valve tight to the 
housing, Snap the sp时ng and retainer 
onto the valve body from below. 

6. Reinstall the ABS breathing system. 

7. Perform the checkout procedu陀 (Section 3). 

9 Repair Procedures 

B 
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9.14 Replace the bag suppo此 arm

Note: The adjustment nut is 
initially set so that 5-mm of 
exposed thread extends from 
the adjusting nut. With use, 
theforce 陀qui陀dto movethe 
arm increases and may 
reqUl陀 readjustment.

9.36 

1. Remove the ABS breathing system from the machine. 

2. From the underside ofthe casting, 
remove the two screwsj 
lockwashers (A) that hold the arm in 
place. 

• If either of the pins (see below) 
remain in the casting, remove 
them from the casting. 

3. Install the new bagsuppo眈 arm
assembly. 

• Position the bag arm over 
mountingpa忧em of 4 small holes 
in the support ca筑ing. Thearm 
should extend towards the front of 
the machine. Align the two pins 
(8) extending from the base ofthe 
bag arm assembly, with two ofthe 
small holes in the castingthatare 
in line with the APL valve. 

• Lowerthe bag arm, pushingthe two pins into the holes. 

B 

• From the underside ofthe casting, secure the bag arm with two M3x16 screws and 
lockwashers. 

4. Testtheforce required to swingthe bagarm from sideto side and adjustifnecessary. 

The force is adjusted by turning the 
lock nut (8-mm socket) which is 
accessible from underneath the 
suppo吨 casting. Tum clockwise to 
increase the force and 
counterclockwise to reduce the 
force. 

• Swing the bag arm sideways 
through the 90 deg陀e arc 
permi忧ed by its intemal stop. 

• Adjust to just enough friction to p陀vent the bag arm from swinging sideways as 
the bag height is being changed. The bag arm height is changed by squeezingthe 
lock release lever (C) at the free end ofthe bag arm and rotating it to the desired 
position. 

5. Replace the ABS breathing system. 
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9.14.1 Servicing 
the bag suppo此

arm 
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9 Repair Procedures 

Service parts for the bag support arm include the upper and lower assemblies. 

To replace either assembly: 

1. Remove the bag support arm from the machine (Section 9.14). 

2. To separate the upper assembly 
from the lower assembly, use a 
small (2.5-mm) pin punch from the 
bottom to drive the dowel pin up and 
out. 

3. To assemble the bag arm, apply a 
lightcoat of Krytox to the area ofthe 
upper arm (A) that extends into the 
lower arm (including the dowel pin 
groove). 

c 

A 

4. Insert the upper assembly into the lower assembly. Align the su白ce (8) ofthe upper 
assembly with the surface (C) of the lower assembly. 

5. Insert the dowel pin into the hole 
。rom the top side as shown). Drive 
the dowel pin into the bag arm until 
it is flush with the top surface. 
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9.14.2 Replace 
friction pad in 
lower bag arm 

assembly 

1. Remove the ABS breathing system from the machine. 

2. Using an 8-mm socket, remove the 
nut(A), shoulderwasher, and sp时ng
from the lower assembly. 

3. Lift the bag support arm off of the 

swivel post. Remove the old friction 
pad. 

4. Wipe any residue and friction 
pa忧icles from the post. 

5. Inse同 a new friction pad into the 

base. Keep approximately 
1 mm of space between the end of 
the pad and the bo忧.om ofthe base. 

Note: Align the friction pad gap with 

the seam (8) in the base. Position 
the retaining screw so the pin (C) at 
the base is perpendicularto the 

seam. 

6. With the bag support arm facing 

forward, place the base ofthe arm 
overthe swivel post. Ensure thatthe 

c 

slot in the base (D) engages the tab E 

(酌 on the swivel post. 

7. Replace the spring, shoulder 
washer and nut. Tighten the nut until D 

5 mm ofthread extends beyond the 
nut. 

A 

8. Follow the procedure in Section 9.14 to adjust the force required to swingthe bag 

arm from side to side. 

02/ 05 1009-0541-000 



9.14.3 Replace 
bag port housing 

1009.Q541-000 02/ 05 

1. Remove the bag supp。此 arm

cover (A) - screw and 
lockwasher from below. 

2_ Remove nut (8) to remove the 
release lever(C). 

3. Remove the retaining ring (D). 

4. Slide the bag port housing (日
off the end of the bag suppo眈
arm. 

5. Before installing the new bag 
p。此 housing， clean and 
lubricate sparingly with Krytox 
the exposed metal end (町 and

the guide slot (G) of the bag 
support arm. 

6. Slide the new bag port housing 
ontothe bagarm. Secure itwith 
the retaining ring. 

7. Lubricate sparingly with Krytox 
the pivotbo臼 (H) before 
陀placing the release lever. 

8. After 陀placing the release 
lever, adjustthe mounting nut 
so that a 2-mm gap remains 
between the lever and housing 
when the release lever is fully 
depressed. 

9. Replace the bag arm cover. 

9 Repair Procedures 

A 
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9.15 Replace auxiliary O2 flowmeter 

A 

9-40 

1. Bleed all gas p陀ssure from the machine (Section 9.1). 

2. Ensure that all cylinder and pipeline gauges read zero before proceeding. 

3. Remove the tabletop (Section 9.3). 

4. Remove the adjustment knob from the flowmeter; pull forward. 

5. Removethe gauge panel mountingsc陪ws and move the panel fo附ard to access the 
flowmeter. 

c 

6. Disconnect the inlet tube fitting (A). 

7. Disconnect the tube (B) from the outlet 币忧mg.

8. Remove the four screws (C) that hold the flowmeter mounting bracket to the front 
panel. 

9. Transfer the mounting bracket to the new flowmeter. 

10. Reassemble in 陀verse order. 

11. Perform the checkout procedure (Section 3). 
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9 Repair Procedures 

9.16 Replace the suction control module 

9.16.1 Front panel 
method 
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The suction control module can be replaced by removing the front panel, along with the 
ABS and the tabletop, to gain access. Alternatively, ifthe situation warrants, the 
suction control module can be accessed by removing the rear panel. 

1. Bleed all gas p陀ssure from the machine (Section 9.1). 

2. Ensure that all cylinder and pipeline gauges read zero before proceeding. 

3. Remove the tabletop (Section 9.3). 

4. Remove the gauge panel mountingscrews and move the panel fo附ard to access the 
suction control module. 

5. Disconnect the tubing from the suction control module. 

• Tube (A) from overflow safety trap (suction). 

• Tube (8) from vacuum source. 

• If venturi drive, tube (C) from pilot valve adapter. 

6. Remove the two mounting screws that hold the suction control module to the 
mounting bracket. 

7. Transferthe mounting bracket to the new suction control module. 

8. Reassemble in reverse order. 

9. Perform the checkout procedu陀 (Section 3). 
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9.16.2 Rear panel 
method 

F 

E 

9-42 

1. Lowerthe upper rear panel (Section 9.2). 

2. Disconnect the white (A) vacuum and black (8) suction fi忧ings from the 陀arpanel.

Do not remove the tubing行om the regulator. 

3. If you are replacing a venturi drive suction control module, disconnect the tube (C) 
from the pilot valve adapter. 

A 
(vacuum) 

4. Remove the two screws (D) that hold the suction control module to the mounting 
bracket. 

5. Remove the 陀gulatorassembly from the front panel. 

6. Transferthe tubing to the new regulator: 

. A忧.ach the vacuum source tube (white fi忧ing)ωthe lower connecωr(曰.

. A忧.ach the suction tube (black们创ng) to the upper connector (的.

7. Guide the tubes into the front panel opening. 

8. While holdingthe 陀gulator assembly against the front panel, a忧ach the retaining 
bracket to the 陀gulator. Tighten the screws to secure the regulator assembly. 

9. If applicable, a忧.ach the control po忧 tube to the pilot valve adapter (C). 

10. Attach the vacuum and suction fi忧ing to the rear panel manifold. 

11. Replace the rear panel. 

12. Perform the checkout procedure (Section 3). 
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9 Repair Procedures 

9.17 Replace ABS breathing system components 

9.17.1 Replace 
BagjVent switch 

assembly 
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1. Remove the ABS breathing system. 

2. From the underside, remove the bellows base manifold (A) and fully loosen the two 
captive screws (8) at the bag po吨 side of the APνBTV manifold. 

3. From the topside, rotate the BagjVent switch ca此ridge counterclockwise until the 
Bagjvent switch outJet port (C) clears the bellows housing. 

4. Lift out the BagjVent switch cartridge from the housing. 

5. Replace the BagjVent switch cartridge in reverse order. 

6. Reinstall the ABS breathing system. 

7. Perform the checkout procedu陀 (Section 3). 
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9.17.2 Replace 
bellows base latch 

assembly 

9.44 

To replace the latch assembly, you must disassemble the bellows base assembly to the 
point where you can remove the guide (A) and latch assembly (8) as a unit. 

1. Remove the Bag/Vent switch cartridge (Section 9.17.1). 

2. Remove the two remainingsc陀ws (C) that hold the APLjBTV manifoldωthe bellows 
base assembly. Remove the APLjBTV manifol. 

c 

3. To remove the guidejlatch assembly，陀move two mounting screws (D) 仿omthe

underside. Remove two additional mounting screws from the topside. Remove the 
guidejlatch assembly from the bellows base assembly. 

4. Separate the latch assembly from the guide assembly. 

5. To install the new latch assembly, putthe spring (白 into place in the guide assembly 
(Iong leg down). 

6. Place the latch assembly on the guide assembly so that the latch engages the short 
leg of the spring. Secure the latch assembly (的 to the guide assembly. 

E F 

7. Mount the guidejlatch assembly into the bellows base assembly. 

8. Reassemble the breathing system in reverse order. 

9. Perform the checkout procedure (Section 3). 
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9 Repair Procedures 

9.18 Replace casters 

.& WARNING Replacinga casterrequires atleasttwo people to maneuver and tip the machine. 
Personal injury andj or machine damage is possible if one person a忧empts this 
procedu陀 alone .

1. Disconnect all pipeline hoses from the wall and the machine, close all gas cylinders, 
unplug the power cord, and set the system switch to standby . 

.& CAUTION Remove the vaporizers before tipping the machine. If a vaporizer is inverted, it 
must be set to 5% and pu电ed for 30 minutes with a 5 Ljmin flow. The interlock 
system prevents purging more than one vaporizer at a time. 

2. Remove the absorber, the vaporize邸， gas cylinders, drawers and all auxiliary 
equipment. 

.& CAUTION To prevent damage, do not tip the Aespire machine more阳n 10 degrees 行om
ve此ica l.

1009-0541.000 02/ 05 

3. Block the opposite wheels; then, block up the machine until there is enough room to 
remove the defective caster. 

To block up the machine, tip and slide blocks under the caster base. Raise both 
sides evenly until the unit is high enough to remove the caster. 

4. The casters are threaded into the base 
and held with a Loctite compound. 
Remove the caster with an 
appropriately sized open-end wrench. 

5. Ifrequired, clean the threads ofthe new 
caster with denatured alcohol. 

6. Apply Loctite 242 to the threads of the 
new caster. Install the caster securely 
into place. 

7. Make sure the caster turns freely. 

8. Carefully lower the machine to the floor. 

9. Perform the checkout procedure (Section 3). 
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9.19 Replace task light and switch 

9-46 

9.19.1 To replace 
the task-light 

switch 

9.19.2 To replace 
the task-light 
circuit board 

Remove the four screws (A) that hold the task-light lens to the upper shelf. 

A A A A 

D B c 

1. Using a small needle-nose pliers, disconnectthe switch hamess from the task-light 
circuit board connector (8). 

2. Remove the two screws (C) that hold the switch retainer plate to the upper shelf. 

3. Transferthe switch retainer plate to the new switch, counter-sunk side to the outside. 

4. Mount the switch to the upper shelf. 

5. Remount the task-light assembly. Ensure that the switch harness and the task-light 
hamess wires a陀 positioned in their陀spective 陀cesses and are not pinched under 
the task-light lens. 

1. Using a small needle-nose pliers, 

• disconnect the switch harness from the task light circuit boa叫 connector (8). 

• disconnect the task-light hamess from the task light circuit board connector (D). 

2. Slide the task-light circuit board out ofthe lens. 

3. Slide the new task light into the lens, ens川ng that the connectors are aligned with 
the lens cutouts. 

4. Plug the task-light harness and the switch harness into their 陀spective connectors 
on the task-light circuit board. Use a small screwdriverto push the connectors 
securely into place. 

5. Remount the task-light assembly. Ensure that the switch harness and the task-light 
harness wires are positioned in their respective 陀cesses and are not pinched under 
the task-light lens. 
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9.20 Replace the display cable (Iong arm) 

9 Repair Procedures 

Display cable replacement requires that you first remove the display arm from the 
dovetail extrusion. 

Before replacing the display arm, note the routing ofthe cable. 

After 陀placingthe display arm, ensure thatthe cable is dressed properly and does not 
interfere with the motion ofthe display arm. 

9.20.1 Removing If equipped, remove additional equipment行om the arm before removing the arm. 

the display arm 1. Remove the cable connector cover from the display. Disconnect the cable. 

2. Remove the display from the display 
arm. 

3. Remove the cable from the cable 
clamps. 

4. Loosen the screws that secure the 
display arm in the dovetail. 

5. If 陀quired ， use a rubber mallet to tap 
the display arm out of the dovetail. 

9.20.2 Replacing 1. Remove the three screws that hold 

a display cable the dovetail e炕rusion to the upright. 
Remove the extrusion to allow cable 
replacement. 

2. To access the cable routingfor 
replacement, remove: 

• the rear upper panel (Section 9.2.1), 

• the lower electrical enclosure acce臼 panels (Section 9.2.2), 

• the tabletop (Section 9.3) and the cable raceway retainer plate (Section 9.23.5) 
underthe tabletop. 

3. After 陀placing the cable, place the 
cable in the notch shown. 

4. I nsta 11 the dovetail extrusion loosely 
to hold the cables in place. 

5. Adjust the cable length outside the 
machine to approximately 60 cm. 

6. Securely tighten the extrusion 
mounting screws. 

1009-0541.000 02/ 05 

60 cm 
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9-48 

9.20.3 Installing 
the longarm 

1. Place the arm into the extrusion. 

2. Use a rubber malletto tap the arm 
into place. Leave a 12-mm gap 
between the lower edge of the arm 
mounting plate and the end of the 
dovetail. 

3 . 币ghten the mounting sc陪wsto
secure the display arm. 

4. Remount the display. 

5. Route the display cable neatly through the cable ciamps. 

6. Attach the cable to the display. Install the connector cover. 

1 

1. Cover 
2. Rectangular washer 
3. Mountlng screw 

2 3 

4. Ensure that the cable is secured so that it does not interfere with the display arm 
through the entire range of motion. 
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9 Repair Procedures 

9.21 Replace the display cable (folding mount) 

9.21.1 Removing 
the folding mount 

9.21.2 Replacing 
a display cable 
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Display cable replacement requires that you first remove the folding mount from the 
dovetail extrusion. 

Before replacing the folding mount, note the routing of the cable. 

After replacing the folding mount, ensure that the cable is dressed properly and does 
not interfere with the motion ofthe display arm. 

1. Remove the cable connector cover from the display. Disconnect the cable. 

2. Removethedisplayfromthedisplay Ir一一一

arm. 

3. Loosen the screws that secu陀 the

display arm in the dovetail. 

4. If 陀quired ， use a rubber mallet to 
tap the display arm out ofthe 
dovetail. 

1. Remove the three screws that hold 
the dovetail extrusion to the upright. 
Remove the extrusion to allow cable 
replacement. 

2. To acce臼 the cable routingfor 
replacement, remove: 

• the rear upper panel (Section 9.2.1), 

• the lower electrical enclosure acce臼 panels (Section 9.2.2), 

• the tabletop (Section 9.3) and the cable raceway retainer plate (Section 9.23.5) 
underthe tabletop. 

3. After 陀placing the cable, place the 
cable in the notch shown. 

4. I nsta 11 the dovetail extrusion loosely 
to hold the cables in place. 

5. Adjust the cable length outside the 
machine to approximately 43cm. 

6. Securely tighten the extrusion 
mounting screws. 

43cm 

--., 
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9-50 

9.21.3 Installing 
the folding mount 

1. Place the folding mount into the extrusion. 

2. Slide the bracket down until the 
plate is flush with the top ofthe 
dovetail. 

3 . 币ghten the mounting sc陪wsto
secure the display arm. 

4. Remount the display. 

5. Attach the cable to the display. 

6. Install the connector cover. Attach the cable clamp. 

4 

1. Cover 
2. Rectangular washer 
3. MounUng screw 
4. Cable clamp 

1 

• 

2 3 

5. Ensure that the cable is secured so that it does not interfere with the display arm 
through the entire range of motion. 
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9 Repair Procedures 

9.22 Aespire 7900 ControljDisplay module 

To remove the control module: 

1. Disconnect the cable. 

2. Remove the screws that attach the control module to the mounting brackets. 

3. Remove the control module and place it on a static control workstation. 

N
h。因
。
叫
圃
，
‘

9.22.1 Keyboard and EL display 

3 一一一... 

1 

2 

Front houslng 
ELdlsplay 
Keyboard 
Rotary encoder swltch 
Control knob 

a
A
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Use an approved static control workstation and wrist grounding strap. CAUTION A 

10 remove the keyboard and E.L display: 

Loosen the screws on the rear corners of the control panel assembly. 1. 

2. Remove the back cover assembly. 

3. To separate the front and rear assemblies, disconnect the 50-pin ribbon cable from 
connector J2 ofthe keyboard. 

4. Remove the 20-pin ribbon cable from its connector on the EL display. 

5. Remove the four M3 Keps nuts from mounting studs on keyboard and 
remove the EL display. 

6. Remove the seven M4 Keps nuts from keyboard studs and remove 
keyboard from the front housing. 

7. To replace the encoder switch, see Section 9.22.2. 

8. When you replace the keyboard, remove the protective film from the back of the new 
keyboard window, clean, and check for scratches. 

9. Assemble in reverse order. 

9.51 

10.Perform the Checkout Procedure found in Section 3. 
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9.22.2 Encoder switch 

Encoder swltch wlth harness 
Locklng washer 
Aatwasher 
Mountlng nut 
Control knob 

•.• 
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To replace the encoder switch: 

1. To access the encoderswitch, followthe disassembly instructions in Section 9.22.1. 

2. Pull the control knob offthe encoder shaft. 

3. Disconnect the encoder harness from the back of the keyboard panel. 

4. Remove the mounting nut and flat washer using a 14-mm wrench . 

5. GentJy pull the encoder switch from the keyboard panel. 

6. Place a lock washer on the shaft ofthe new encoder switch. 

7. Align the shaft of the new encoder switch with the hole in the front panel circuit 
board, push it through and place a flat washer on the encoder sha优

8. Replace the mounting nut using a 14-mm wrench. 

9. Replace the knob. 
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10. Assemble in reverse order. 

11. Perform the Checkout Procedure found in Section 3. 
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9.22.3 Alarm speaker 
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9 Repair Procedures 
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To replace the alann speaker: 

1. To access the speaker, follow the disassembly instructions in Section 9.22. 1. 

2. Remove the two screws holding the alarm speaker to the housing. 

3. Install the new alarm speaker using the previously removed screws. 

4. Assemble in reverse order. 

5. Perform the Checkout Procedure found in Section 3. 
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9.23 Electrical enclosure components 

.&. WARNING Disconnect the power cord from the outlet receptacle before attempting to 
陀move or repair any circuit board to avoid shock hazard . 

.&. CAUTION Disconnectthe internal battery before attemptingto remove or repair any circuit 
board. Failure to do so may damage the internal electronics . 

.&. CAUTION The circuit boards are electrostatic sensitive. Use an anti-static workstation and 
wear a wrist grounding strap when handling a circuit board. 

1 

3 

To access the electrical enclosure components: 

1. Disconnect the power cord. 

2. Remove the lower electronic access panel (Section 9.2.2). 

3. Disconnect the battery cable by pressing the lock tabs on either side of the 
connector and gently pulling on the connector. 

4 

2 

1. Integrated CPU boa叫
2. Power supply 
3. Ba忧ery

4. Ba忧:ery connector 
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9 Repair Procedures 

9.23.1 CPU Board 

.&. CAUTlON The circuit boards are electrostatic sensitive. Use an anti-static workstation and 
wear a wrist grounding strap when handling a circuit board. 

1009-0541-000 02/ 05 

1. Oisconnect the four cable connectors from the bottom of the CPU board. 

2. Oisconnect the remaining cables: 

• the serial interface ribbon cable near the bo忧.om of the board. The cable goes to 
the OB-9 and OB-15 connectors on top of the electrical enclosure. 

• the power supply cable at the right side of the CPU boaω. 

• the task light harness. 

3. Remove the hardware (A) atthe upper left-hand cornerthat holds the CPU bracket to 
the tab on the mounting plate. 
Remove the five screws (clrcled) that hold the CPU board to the mounting plate ofthe 
electrical enclosure. 

4. Lift and remove the board from the electrical enclosure. 

5. Transferthe EEPROMs (U14 and U23) from the old board to the new board. (See 
Section 9.23.2 Rrmware replacement procedure for information on safely 
handling the EEPROMs.) 

6. Install the new board byfollowingthese instructions in reverse order. 

7. Perform the CPU board tests found in Section 9.23.2. 

8. Perform the Checkout Procedure found in Section 3. 
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9.23.2 Firmware replacement procedure 

9-56 

.&. CAUTlON The circuit board and EEPROMs are electrostatic sensitive. Use an approved 
static control workstation and wrist grounding strap. 

1. Place the CPU board on an approved static control workstation. 

2. Note the label and orientation of each EEPROM to ensure they are prope叫y
transferred to the 陀placement board. 

3. Use a PLCC chip extraction tool to remove the two EEPROMs, U 14 and U23. Insert 
the two prongs on the extractortool into the slotted corners ofthe EEPROM socket. 

4. Install the new EEPROMs, noting the label to ensure the correct chip is placed in the 
correct socket. Align the EEPROM notch with the socket notch and press the chip 
down firmly. 

CPU board tests Whenever you 陪place the CPU board andjorthe EEPROMs (U14 and U23), or pe斤。rm
the software upgrade, perform the following tests: 

• Select the altitude (Section 4.3.3.1 Altitude)* 
• Select the drive gas (Section 4.3.3.2 Drive Gas)* 
• Cal O2 Sensor(Section 4.3.19) 
• Cal Flow Sensor(Section 4.3.20) 
• Cal Pressure Sensitivity (Section 4.3.21) 
• Cal Flow Valve (Section 4.3.22) 
• Cal Bleed Resistor (Section 4.3.23) 
• Perforrn the Checkout Procedure found in Section 3. 

* Even if these se忧ings appear to be set correctly, they must be deliberately changed 
and set back to their proper se忧ing.
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9 Repair Procedures 

9.23.3 Power supply 

&. CAUTION The circuit boards are electrostatic sensitive. Use an anti-static workstation and 
wear a wrist grounding strap when handling a circuit board. 

1 

头/

1. Llne po响r

2. Chassls ground 
3. Power output 

4. Disconnect the line power inlet connector (1) and the ground wire (2). 

5. Disconnect the power outlet connector (3). 

6. Remove the two nuts that hold the power supply assembly to the mounting plate of 
the electrical enclosure. 

7. Transfer the power supply mounting bracket to the new power supply. 

8. To install a new power supply, follow the removal instructions in reverse order. 

9. Perform the Checkout Procedure found in Section 3. 
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9.23.4 Ba忧ery The battery is mounted on the back plate of the lower electrical enclosure. 

2 

1. Battery cable 
2. Ba忧ery

3. Ba忧ery retalner 

9-58 

1 

3 

4. Disconnect the ba忧ery cable by pre臼ing the lock tabs on either side of the 
connector and gently pulling on the connector. 

5. Remove the ba忧ery:

• The ba忧ery is held in place with a formed bracket. To replace the ba忧ery， remove 
the two screws that retain the bracket. 

6. Install a new ba忧ery by following these instructions in reverse order. 

7. Perform the Checkout Procedure found in Section 3. 

8. Allow the battery to charge. 
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9.23.5 Replace 
CPU cables 

9 Repair Procedures 

The four cables from the top edge connectors of the CPU board pass into the pan area 
through a cable raceway: 

• Display cable 
• Vent engine cable 
• ESIB cable 
• Machine switches cable (splits into three segments). 

To replace these cables, you must remove the tabletop (Section 9.3). 

Removing the raceway 1. Remove the four screws that hold 

1009-0541-000 02/ 05 

the raceway plate to the pan. 

2. Slide the plate to the left to 陀lease

the raceway. 

3. If 陀placingmo陀 than one cable, place the display cable (A) and the ESIB cable (8) 

in the raceway in the order shown. The remaining cables can occupy the inner slots 
in any order. Insure that all ferrites are below the pan. 

A 8 

4. Slide the mounting plate into the side slots of the raceway. 

5. Place the raceway overthe right edge ofthe pan. Secure the plate to the pan. 

6. Reassemble in reverse order. 
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9.24 Servicing the Vent Engine 

9.60 

The Vent Engine is found in a housing located below the breathing system beliows 
assembly. 

The Vent Engine includes the foliowing subassemblies. 

• Vent Engine Connector board (1) 
• Gas Inlet Valve A臼embly(2)

• Inlet Filter (3) - Iocated under the gas inlet valve 
• Inlet Valve Solenoid (4) 
• Drive Gas Regulator (5) 
• Flow Control Valve (6) 
• Reservoir (7) 
• Drive Gas Check Valve (8) 
• Interface Manifold (9) 

To replace any ofthe Vent Engine components, you must first remove the Vent Engine 
from the housing (referto Section 9.24.1). 

9 

2---- 6 

7 

4 
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9 Repair Procedures 

9.24.1 To remove 1. Disconnect pipeline supplies; close cylinder valves; bleed 0仔 pressure .

the Vent Engine 2. Remove the ABS breathing system. 

A 
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3. Remove the Exhalation valve. 

4. Remove the scavenging downtube. 

5. Loosen the five captive sc陀ws (A) that hold the Vent Engine cover to the housing. 
Raise the cover to access the Vent Engine. 

F 

c 

F 

E 

D 

F 自

6. Disconnectthe Vent Engine hamess (8). 

7. Disconnect the white tube-coupler (C) - inline with tube to manifold pressure 
transducer on the Ventilator Interface Board. 

8. If present, disconnect the black tube-coupler (D), inline with tube to AGSS flow 
indicator. 

9. Disconnect the drive gas hose (E). 

10. Loosen the th陀e captive screws (的 that hold the engine manifold to the housing. 

11. Lift the Vent Engine out of the housing. 

12. To replace the Vent Engine, reassemble in reverse order. 
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9.24.2 Replacing 
Vent Engine 
components 

Gas Inlet Valve (A) 

Inlet Filter (8) 

Regulator (C) 

Inteñace Manifold (0) 

Orive Gas Check Valve 
(E) 

Inspiratory Flow Valve 
(F) 

Reservoir (G) 

Inlet Valve Solenoid (H) 

9.62 

Refer to Section 6 for Vent Engine components that are to be serviced under regular 
maintenance. Most of the components on the Vent Engine can be replace by removing 
the mounting sc陀ws and remounting the replacement part in place. 

c D 

A 

Inspect the two o-rings that seal it to the manifold. Replace as necessary. 
To replace GIV shu创e valve components, referto Section 9.24.3. 

Install the filter with the smooth side facing up. 
Inspect the o-ring. Replace as necessary. 

Inspect the two o-rings that seal it to the manifold. Replace as necessary. 
Perform the Orive Gas Regulator calibration in Section 4.3.18. 

Inspect the two o-rings that seal it to the manifold. Replace as necessary. 
Lubricate o-rings sparingly with Krytox. 

Inspect the o-ring that seal it to the manifold. Replace as nece臼ary.

E 

F 

G 

Clean the seat on the manifold and the seal on Orive Gas Check Valve with isopropyl 
alcohol. 

Note orientation ofthe flow valve. Inspect the two o-rings that seal it to the manifold. 
Replace as necessary. 
Perform the Inspiratory FlowValve calibration in Section 4.3.22. 

Inspect the two o-rings: reservoir to manifold, reservoir to screw head. 
Replace as necessary. 

Inspect seal between solenoid and GIV body. 
Replace as necessary (included with solenoid). 
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9.24.3 Replacing 
GIV components 

9 Repair Procedures 

Lubricate i怡msmarked with and asterisk (*) sparingly with Krytox. 
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1. Remove the 陀taining ring (A) and the GIV cap (8). 

2. Use pneumatic p陀ssureto 陀movethe shu创e. Cover the shuttle with a cloth and 
briefly apply pressure (connectthe drive gas hose or use pipeline pressure)仙rough

the drive gas inlet. 

3. Remove the upper o-ring (C) and the lower o-rings (D). 

4. Install the lower o-ring (D*). 

5. Lubricate the shuttle (日 at the three areas 俨) shown: the circumference of the 
shu创e where the upper and lower u-cup seals are placed and the body pa阶 ofthe

shuttle that slides along the lower o-ring. 

6. Install the lower u-cup seal (F*) and the upper u-cup seal (G*) on the shuttle. 

7. Press the shuttJe assembly into the GIV manifold. 

8. Install the upper o-ring (C*). 

9. Install the cap (8) and the retaining ring (A). 

10. Reassemble in 陀verse order. 
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10 IIlustrated Parts 

10.1 Service tools 

10.1.1 Software 

Item 

U14/ U23 

Descrlptlon 

Aespire 7900 Rev 4.6 Basic 

Aespire 7900 Rev 4.6 PSVPro 

Stock Number 

1009-8435-000 

1009-8437-000 

10.1.2 Secondary 
regulator pilot pressure 

tool 

1009-0541-000 02/ 05 

Assemble the secondary regulator pilot p陀ssure tool using a 4-mm tee and 
tubing as shown.而is tool is used with N20 needle valve calibration. 

1 

2 咱=t;J

Item Description Stock Number 

1 Tee, 4 mm, tube/ tube/ tube 1202-3653-000 

2 Tubing, 4 mm (approximately 450 mm - 18 inches) 1001-3060-000 

3 Tubing, 4 mm (approximately 50 mm - 2 inches) 1001-3060-000 
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10.1.3 Test De叫ces

Item Tool Stock Number 

1 Test flowmeter, 6-50νmin (Suction FlowTest) 1006-8431-000 

1 

NotShown 

Low-p陀ssu陀 LeakTest Device (negative pressu陀) 0309-1319-800 

Low-p陀ssu陀 LeakTest Device (positive pressure - ISO) 1001-8976-000 

Low-p陀ssu陀 LeakTest Device (positive pressure - BSI) 1001-8975-000 

Flow test device capable of measuring 0- 15νmin Referto section 6.5 
with an accuracy of 土2% of reading 

Vacuum testgauge capable of measuring 0 to 550 mm Hg Referto section 6.6 
with an accuracy of 土1% of reading 

Test device capable of measuring 0- 30 L/min (see Item 1 above) Referto section 6.6 

Leakage currenttest device Referto section 3.15 

Test device capable of measuring 689 kPa (100 psi) Referto section 5.1 

Low-p陀ssu陀 testdevice (digital ma nometer or test ga uge) Refer to section 5.5.2 
with an accuracy of 土2% of reading 

10.1.4 Lubricants and Adhesives 

Item Descriptlon 

1 Lubricant, Krytox GPL 205, 2 oz 

2 Thread Lock, Loctite No 24221, 10 ml 

10-4 

Stock Number 

1001-3854-000 

0220-5017-300 

02/05 1009.0541-000 



10.1.5 Test Tools 

le 
(2) 

2 

1009-0541-000 02/ 05 

Item 1001 

1 leak TestTool Kit, ABS breathing system 

1a TestTool, bulkhead 

1b Plug, tapered 27x12 mm 

1c Plug, tapered 24x18 mm 

1d TestTool, circle module (2 each) 

1e Plug, service BjS 11 mm (2 each) 

1f Plug, service B刊 18 mm (2 each) 

2 Plug, stopper 

3 Adapte巳 positive low-pressure leak test 

4 Vaporizer Manifold Valve TestTool 

NotShown 

Tool to help disconnect tubing from legris fi创ngs

Test lung 

leak detection fluid, Snoop 

lb 

1f 
(2) 

/ 

3 

10 IIlustrated Parts 

Stock Number 

1407 -7013-000 

1407 -8500-000 

1407 -8505-000 

1407-8506-000 

1407 -8502-000 

1407-8504-000 

1407 -8503-000 

2900-0001-000 

1009-3119-000 

1006-3967 -000 

2900-0000-000 

0219-7210-300 

obtain locally 

^ - ‘ 

4 
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10.2 External components - front view 

3 

20 

Item Description Stock Number 
1 Caster, 125-mm with brake (front) 1006-3070-000 
2 Caster, 125-mm no brake (陀ar) 1006-3071-000 

3 Cove飞 cable channel 1009-3020-000 
4 Uppershelf 1009-3022-000 
5 Bolt, M6x40 0144-2131-911 
6 Lockwasher, M6 internal 0144-1118-130 
7 Gauge, airway pressure (includes mounting hardware) 1009-3034-000 

8 Handle, side 1009-3033-000 
9 Handle, Medirail 1009-3101-000 

10 Screw, M6x12 Sems 0144-2436-106 

11 Spacer 1009-3102-000 

12 Screw. M6x70 0144-2131-923 

13 Lockwasher M6 external 9213-0560-003 

14 Screw, M6x20 0144-2131-921 

15 Shim 1009-3131-000 

16 Task Light PCB 1009-5504-000 

17 Lens, Task Light 1011-3308-000 
Screw 0142-4254-106 

18 Switch Assembly, task light 1009-5587-000 

19 Plate, switch mounting retainer 1009-3143-000 
Screw 0140-6226-107 

20 Label, Sj5 Aespi陀 1009-3187-000 

10-6 02/05 1009-0541-000 



10 IIlustrated Parts 

10.3 External components - front view references 

1 

2 

16 

Item Description Sectlon number 

1 "Serial board" Referto section 10.31 

2 "AGSS gauge, and sample return" Referto section 10.31 

3 "Vent Engine Housing" Refer to section 10.22 

4 "Anesthetic Gas Scavenging System - AGSS" Referto section 10.28 

5 "Breathing System" Refer to section 10.19 

6 "Drawer" Referto section 10.10 

7 "Tabletop components" Referto section 10.7 

8 "Display cables" Referto section 10.31 
"Longarm" Referto section 10.32.1 

9 "Flowmeter components" Referto section 10.16 

10 "Auxiliary O2 Flowmeter" Refer to section 10.30 

11 "Integrated Suction Regulator" Refer to section 10.29 

12 "Front panel, gauges and system switch" Referto section 10.5 

13 "ABS to machine Interface Components" Referto section 10.17 

14 "Vaporizer manifold" Referto section 10.15 

15 "Right-side Components" Referto section 10.8 

16 "External components -Iower assembly" Referto section 10.9 

1009-0541-000 02/05 10-7 
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10.4 External Components - rear view 

4 

5 

3 

Item Description Stock Number 

1 AC Inlet Referto section 10.11 

2 Pipeline Inlets Referto section 10.13 

3 句linder Gas Supplies Referto section 10.14 

4 Electrical Power Outlet Referto section 10.12 

5 Suction items Referto section 10.29 

6 Rear panel items Referto section 10.6 

7 Thumbscrew 1406-3304-000 
Ring, retainer 1406-3319-000 

10-8 02/ 05 1009-0541-000 
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10.5 Front panel, gauges and system switch 
9 

7乙 4 

10 

11 

8 7 5 

Item Descrlptlon Stock Number Stock Number Stock Number 
(plpeline) (cyllnder) 

1 Panel, gauge front 1009-3018-000 

2 Switch, D-O system 1006-8452-000 

3 Gauge, low pressure (includes mounting hardware) 1009-3079-000 

4 Connector, 1/ 8 inch Legris to 10-32 1006-3711-000 

5 Gauge, high pressure (includes mounting 1009-3080-000 
hardwa陀)

6 Connector, 1/ 8 inch coppertube to 5/ 16-24 1006-3712-000 

7 Label, gauge 02 ANS1 1009-3081-000 1009-3199唰000

N20ANSI 1009-3082-000 1009-3201-000 
Air ANSI 1009-3083-000 1009-3200-000 

02 1SO 1009-3202-000 1009-3204-000 
N20lSO 1009-3082-000 1009-3201-000 

Air lSO 1009-3203-000 1009-3205-000 

O2 Neutral 1009-3234-000 1009-3237 -000 
N20 Neutral 1009-3235-000 1009-3238-000 

Air Neutral 1009-3236-000 1009-3239-000 

8 Tube 附t， coppertube and fi创ngs (inboard cylinder) 1006-8371-000 
Tube Kit, coppertube and fi创ngs (3rd gas) 1006-8372-000 

9 Plate, gauge blanking 1009-3045-000 

10 Plate, gauge blank backing 1009-3147-000 

11 Palnut 1009-3090-000 
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10.6 Rear panel components 

1 2 (3) 4 
8 (9) 

5 

17 6 (7) 

13 (15,16) 

、

10 (9) 
, 

12 (9) 11(9) 

Item Description Stock Number 

1 Cover, rear upper 1009-3073-000 

2 Cap, hose reel 1009-3075-000 

3 Screw, M5.5x20 1009-3384-000 

4 Strap, hookj loop 1009-3233-000 

5 Screw, M6x1.0 captive 1009-3114-000 

6 Door, access (not functional for Aespire) 1009-3074-000 

7 Screw, M4x12 1009-3109-000 

8 Spring, cantilever 1009-3124-000 

9 Screw, M3x8 0142-4254-106 

10 Cover, trap bottle (if no internal suction) 1009-3173-000 

11 Cover，陀gulator yoke (if no regulaω。 1009-3121-000 

12 Plate, clip cover 1009-3185-000 

13 Wrench, DIN cylinder (without cable) 1202-3651-000 

14 Wrench, pin index cylinder (with cable) 0219-3415-800 

15 Cable 1010-3049-000 

16 Ferrule, cylinderwrench cable retainer 1001-3708-000 

17* Handle, P-g川p 1009-3343-000 

* Clean mounting surface with isopropyl alcohol. 
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10.7 Tabletop components 
9 10(11, 12) 1 

8 

7 

4(3) 2 (3) 

Item Description Stock Number 

1 Tabletop, work surface 1009-3029-000 

2 Screw, relieved M4x12 1504-3001-000 

3 Washe几 retainer 1009-3178-000 

4 Screw, relieved M4x16 1011-3980-000 

5 Clip (used with bagarm) 1009-3142-000 

6 Clip (used with bag on hose) 1009-3139-000 

7 Window, check-valve 1009-3088-000 

8 Palnut 1009-3090-000 

9 Hook, breathing circuit 1009-3086-000 

10 801t, shoulder 1009-3172-000 

11 Washe几 wave 1009-3035-000 

12 Washe巳 Nylon 1009-3150-000 
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10.8 Right-side Components 

1 2 (3) 

Item Descrlption 

1 Extrusion cover 

2 Screw, M6x20 

3 Lockwasher, M6 internal 

4 Dovetail, RH upright 

5 Screw, M4x10 self-tapping 

6 Cover, pipeline inlet 

7 Screw, M4x8 

5 

4 

Stock Number 

1009-3021-000 

0144-2131-921 

0144-1118-130 

1009-3129-000 

1009-5534-000 

1009-3091-000 

1006-3178-000 

6 

7 
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10.9 External components - lower assembly 

10 (11, 12) 13 (8, 9) 

2 

• 
• • 

4 (5) 

Item Descrlptlon Stock Number 

1 Panel, access 1009-3059-000 

2 Panel, service 1009-3141-000 

3 Screw, M4x8 1006-3178-000 

4 Thumbscrew 1406-3304-000 

5 Ring, retaining 1406-3319-000 

6 Cover, scavenger reservoir 1009-3027-000 

7 Bracket, suction reservoir 1009-3107 -000 

8 Screw, M4x16 9211-0440-163 

9 Lockwasher, M4 external 9213-0540-003 

10 Clip, suction bag hose 1407-3327 -000 

11 Screw, M5x16 PAN HD 9211-8350-163 

12 Lockwasher, M5 external; 0144-1118-220 

13 Bumper, abso由er 1009-3105-000 
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10.10 Drawer 

3 1 

2 

5 (6) 

4 (6) 6 

Item Descriptlon Stock Number 

1 Slide, drawer 1009-3084-000 

2 Screw, M4x8 Nyloc 1009-3183-000 

3 Drawer, body 1009-3078-000 

4 Drawer Front, lower (down arrow) 1009-3032-000 

5 Drawer Front, upper (up arrow) 1009-3031-000 

6 Screw, M4x12 1009-3109-000 

10-14 02/ 05 1009-0541-000 



10 IIlustrated Parts 

10.11AC Powercords 

'‘ 4 / J ~ >3 

\ 

Item Descrlption Stock Number 

1 PowerCord 

Australia and China, 220-240 VAC AS 3112 outlets 1006-3888-000 

EURO and France, 220 VAC with CEE 7/ 7 1001-3380-000 

India and South Africa, 220-240 VAC BS546 1006-3885-000 

Japan and US, 100-120 VAC NEMA 1006-3907-000 

Peru, 220-240 VAC NEMA 1006-3889-000 

Swiss, 220-240 VAC SEV 1011 1006-3889-000 

UK, 220-240 VAC BS1363 1006-3884-000 

2 Clamp, power cord retainer 1009-3103-000 

3 Screw, M4x8 Pozidriv 0140-6226-113 

4 Filter, foam 1009-3064-000 

5 Retainer, filter 1009-3058-000 
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10.12 AC InletjOutlet Components 

Item Description Stock Number 

1 Inlet, 100/ 120 AC, with line filter and 15 A circuit b陀aker 1009-5698-000 
Inlet, 220/240 AC, with line f ilter and 8 A circuit breaker 1009-5757-000 

2 Fuse, 5A - 5x20mm 1009-5779-000 
Fuse holder 1009-5674-000 

3 Circuit board, Inrush, 100-120V 1006-3245-000 
Circuit board, Inrush, 220-240V 1006-3246-000 

4 Filter, AC Line, 6VW1, 100-240V 1009-5690-000 

5 Stud, Equal Potential, 6 mm 0208-0070-300 

6 Harness, 100/ 120 V to Toroid 1009-5752-000 
Harness, 220/ 240 V to Toroid 1009-5753-000 

7 Harness, to 100/ 120 V outlets 1009-5716-000 
Harness, to 220/ 240 V outlets 1009-5717-000 

8 Outlet Receptacle, Australia, AS 3112 1001-3305-000 

Outlet Receptacle, EURO, CEE 7/ 7 1202-3551-000 

Outlet Receptacle, France, CEE 7/ 4 1006-4421-000 
Support Frame, snap in 1006-4422-000 

Outlet Receptacle, India and South Africa, BS 546 1006-3805-000 

Outlet Receptacle, Japanese 1006-3578-000 

Outlet Receptacle, NA, Nema 5-15 1006-3555-000 

Outlet Receptacle, Swiss, S凹 1011 1006-3807-000 

Outlet Receptacle, UK, BS1363 1001-3309-000 

9 Circuit Breaker, 1A, Rocker 1009-5722-000 

Circuit Breake巳 2A Rocker 1009-5721-000 

Circuit Breaker, 3A Rocker 1009-5720-000 

Circuit Breaker, 4A Rocker 1009-5719-000 

10 Toroid, 100-240V 1009-5692-000 

11 Screw, M6x70 0144-2131-923 

12 Lockwasher, M6 9213-0560-003 

13 Washer 0402-1107-500 

14 Cover, transformer 1009-3063-000 

15 Screw, M4x8 DIN84 (fortransformer cover) 1006-3178-000 

10-16 02/ 05 1009-0541-000 
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10 

11 
(12,13) 

14, 15 

⑥ |第| 陆3112
Australia/ China 

a g = 

③ 
[一二 I Nema 5-

, Japanese 

固 |勤部/7 同 ~.:::纠 SEV 1011 
Swiss, 

国 i笠| zr 。 「且τ喃 BS1363 
也旬1 ~~ 

。 「fJJ m46r. India and So削阶ica ④ [一二可 I Nema 5-
" NA 
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10.13 Pipeline inlet fittings 

8 1 2 3 4 

明口~[]

Item Description Stock Number 
1 Pipellne inlet - 02 f阳ings

Body, 02 DISS 1006-5149-000 

Body, O2 NIST 1006-5158-000 

Body, O2 DIN 1006-5161-000 

Body, O2 G 3/ 8 BSPP 1006-5170-000 

Pipeline inlet assembly O2 France 1006-8363-000 

Pipeline inlet assembly 02 Canada 1006-8360-000 

Pipeline inlet assembly 02 Australia 1006-8396-000 
7 6 

1 Pipeline inlet - N20 fi饥ings

Body, N20 DISS 1006-5150-000 

Body, N20 NIST 1006-5159-000 

Body, N20 DIN 1006-5162-000 

Body, N20 G 3/ 8 BSPP 1006-5171-000 

Pipeline inlet assembly N20 France 1006-8362-000 

Pipeline inlet assembly N20 Canada 1006-8359-000 

Pipeline inlet assembly N20 Australia 1006-8397-000 

1 Pipellne inlet Air fi忧ing
Body, Air DISS 1006-5151-000 
Body, Air NIST 1006-5160-000 
Body, Air DIN 1006-5163-000 
Body, Air G 3/ 8 BSPP 1006-5172-000 
Pipeline inlet assembly Air France (service kit) 1006-8361-000 
Pipeline inlet assembly Air Canada (service kit) 1006-8358-000 
Pipeline inlet assembly Air Australia (service kit) 1006-8398-000 

2 O-ring, bo陀 seal

02 and N20 0210-0479-300 

Air 0210-0539-300 
3 Sintered metal filter with o-ring 1006-8351-000 
4 Pipeline checkvalve with o-ring 1006-3160-000 
5 Gas Inlet Manifold (replacement) O2 1009-8066-000 

N20 1009-8067 -000 
Air 1009-8068-000 

6 Reliefvalve, 758 kPa (110 psi) 1011-3049-000 
7 Screw, M4x20 0144-2124-218 

Lockwasher, M4 external 9213-0540-003 
8 Label, pipeline inlet blank 1009-3197-000 
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10.14 Cylinder Gas Supplies 
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Item Descriptlon Pin Index (Inboard) DIN (Inboard) DIN, Large Cylinder 
(lnboard) 

1 Gas supply O2 1006-3201-000 1006-3207 -000 1006-3880-000 

1 Gas supply N20 1006-3202-000 1006-3208-000 1006-3881-000 

1 Gas supply Air 1006-3203-000 1006-3209-000 

Item Descriptlon Stock Number 

2 Standoff (3 per supply) 1009-3085-000 
Screw, M6x80 socket head cap (3 per supply) 0144-2131-913 
Lockwasher, M6 external (for above screw) 9213-0560-003 

3 Cylinder inlets (Pin Index or DIN for external cylinder) Refer to section 10.14.1 

4 Tee handle beige 0219-3372-600 

5 Clamp, yoke 1001-4076-000 

6 Spacer, gas block (2) 1001-4077 -000 
Screw, M8 x 25 long socket head cap (2) 9211-0680-253 

7 Elbow fi忧ing for cylinder pressu陀 gauge (coppertube connection of gas supply) 1006-3713-000 

8 Label Set, cyl inder supply, 02 1006-3854-000 

Label Set, cyl inder supply, N20 1006-3855-000 

Label Set, cyl i ndersuppl弘 Ai r 1006-3856-000 

1009-0541-000 02/ 05 10-19 
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10.14.1 Cyllnder inlet fi忧ings

1 Pln Index 2 DIN (exlemal cyUnder) 

2c 2d 

由二E ;
la lb l c ld le 

2b 2f 

Item Desc付ptlon Stock Number 

1 Cylinder inlets (Pln Index) 

1a Gasket 0210-5022-300 

lb* 0-时ng 9221-3013-116 
1c Adapter, inlet 1001-4075-000 

ld Filter, sintered bronze 9914-6380-000 

1e Retaining ring, filter 1001-5954-000 

2 Cyllnder Inlets (DIN) 

2a Screw, M8x16 0144-2140-242 

2b Sealing ring (DIN) 1009-3356-000 
2c DIN Adapter(02) 1006-4000-000 

DIN Adapter (N20) 1006-4001-000 

。IN Adapter (Air) 1006-4002-000 

2d 0-时ng， 0.687ID, 0.812 OD 0210-0544-300 

2e Filter, sintered bronze 9914-6380-000 

2f Sealing ring, N20 DIN Conn 11 1202-3641-000 

2g Adapter, large cylinder ~O 1006-4028-000 

2h Adapter, large cylinder ~ 1006-4027-000 

* Lubricate sparingly w比h Krytox 

10-20 02/05 1009.0541-000 
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10.15 Vaporizer manifold 
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Stock Number 
1006-8355-000 
1009-8065-000 
0210-0544-300 
1006-3736-000 
1006-8373-000 
1006-3690-000 
1102-3043-000 
1102-3016-000 
1006-4215-000 
1006-3037-000 
1102-3056-000 
1006-1352-000 
1006-3866-000 
0211-1451-100 
1009-8477-000 
9211-0640-304 
1006-4128-000 
1001-3064-000 

Description 
Manifold assembl弘 complete， two position 
Manifold assembly, complete, one position 
O-ring, 0.687 inch ID 0.812 inch OD 
Spring, comp陀ssion

Valve kit, includes seal 
Seal 
O-ring, 14.3 mm ID 
(Package of 6 o-rings) 
Nipple, vaporizer port (New Style) 
Screw, M2.5 - 0.45x6 PAN, Pozidriv, SST 
Spring, Dzus 
Seat, check valve 
O-ring 27.1 OD 21.89 mm ID 
Flapper 
Housing assembly 
Screw, M4 x 30, cap head 
Valve, relief, 5.5 psi, 7/ 16-20 THD 
Flexible tubing, 1/ 4 inch, mixed gas 

Item 

12345 

012345 

6789111111 
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Item 

1 

Description 

Flowhead Module: includes regulator(02 and N20), flowtube mOdule, 
f1owtubes, needle valve, intermodule tube and associated o-ring, and label 
plate; does not include labels, Iink-25, or knobs (0叫er separatel份.

O2 flowhead module with dual flowtubes 

O2 flowhead module with single f10wtube 

N20 flowhead module with dual flowtubes 

N20 flowhead module with single flowtube 

Air f10whead module with dual f10wtubes (manifold without regulator) 

Airflowhead module with single flowtube (manifold without regulator) 

Secondary regulators/Balance Regulators 

Regulator Kit, 02 (adjustabl的， without pressure switch 

Regulator Kit, N20 (pressu陀 balancing)

Needle Valve Manifold Kit, Air (without regulator) 

1006-8341-000 

1006-8344-000 

1006-8322-000 

Stock Number 

1006-8380-000 

1009-8069-000 

1006-8381-000 

1009-8070-000 

1009-8405-000 

1009-8404-000 

2 

02/05 1009-0541-000 



Item 
3 

4 

5* 
6忡

7 
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Descrip创on

Flowtube Module: includes housing, o-rings, and plug ball; does not include, 
flowtubes, label or label panel (order separately). 

Flowtube module, ü:2 -dual 

Flowtube module, O2 - single 

Flowtube module, N20 - dual 

Flowtube module, N20 - single 

Flowtube module, Air - dual 

Flowtube module, Air - single 

Tube, intermodule connector 

O-ring, intermodule connector 
Clip, U-type self 陀taining

Screw, M5x30 (module mounting) 

Screw, M5x55 (02iN20/3rd gas module connect) 

Screw, M5x110 (02 - Air module connect) 
Washer, M5 (02 - Air module connect) 
Nut, M5 Keps (02 - Air module connect) 

Flowmeter labels 

Label panel, flowmeter module 

Side panel, (02 - Air flowmeter module) 

Screw, label panel 

Adapte民 single-tube outlet 

Clip, small 

Elbow, 1/4 inch 

Bezel, flowmeter 3-gas 

Bezel, flowmeter 2-gas 

10 IIlustrated Parts 

5tock Number 

1006-8338-000 

1009-8234-000 

1006-8337-000 

1009-8235-000 

1006-8333-000 

1006-8334-000 

1006-3628-000 

1006-3613-000 

1006-4350-000 

1102-3049-000 
1006-3607-000 

1006-3080-000 
1006-1459-000 
0144-3717-324 
refer to chart below 

1006-1290-000 

1009-3186-000 

1006-3608-000 

1009-3056-000 

1009-3309-000 

1202-3804-000 

1009-3104-000 

1009-3108-000 

* Lubricate sparingly with 阶ytox.

* * Note orientation of item 6; with flowmeter facing forward, the ba巾s should face to the left. 
*** Position the label on the panel so thatthe right edge ofthe label is flush with the rightedge ofthe panel. The left 

edge of the label will extend slightly beyond the left edge ofthe panel. When mounted in the flowmeter mOdule, 
the f1 0wmeter label on the right should slightly overlap the flowmeter label directJy to its left. 

**** The 02 1abel setcontains a label for both the dual-tube (A) and single-tube (B) modules. Make sure to install 

the correct label. 

1009"()541-000 02/ 05 

Chart: F10wmeter Labels (include knob labels) 

5tock Number 5tock Number 5tock Number 

AN51 Alr (Yellow) N20 (Blue) O2 (Green) 

1006-0209-000 1009-3209-000 1009-3210-000 

150 O2 (Neutral) N20 (Blue) Alr (Blackj Whlte) 

1009-3211-000 1009-3209-000 1009-3242-000 

Neutral O2 (Neutral) N20(Ne川ral) Air (Neutral) 

1009-3211-000 1009-3240-000 1009-3240-000 
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10.16.1 F10wtube pa此S

Item Descriptlon Stock Number 

1 Large flowtube klts (includes float, filter, o-rings, tube) 

Flowtube kit, Air, large 1006-8325-000 

Flowtube kit, N20, large 1006-8329-000 

Flowtube kit, 02, large 1006-8331-000 

2 Small flowtube klts (includes float, filter, o-rings, tube) 

Flowtube kit, Air, small 1006-8326-000 

Flowtube kit, N20, small 1006-8330-000 

Flowtube kit, O2, small 1006-8332-000 

3 Single-tube flowtube kits (includes f1 oat, filter, o-rings, tube) 

Flowtube kit, single-tube Air flowmeters use the Large flowtube kits 

Flowtube kit, N20, single-tube, dual-taperwith filter 1009-8199-000 

Flowtube kit, O2, single-tube, dual-taper with fi lter 1009-8198-000 

4 Spring, top of f10wtubes 1006-3624-000 

5 Float stop, O2 large 1006-1225-000 

Float stop, N20 large 1006-1226-000 

Float stop, Air large 1006-1227-000 

6 O-ring, 17.600, 12.3710, large flowtube, top 1006-3615-000 

7 Filter, large flowtube 1006-3584-000 

8 O-ring, 17.600, 12.3710, large flowtube, bottom (red) 1006-3968-000 

9 Floatstop, 02 small 1006-1233-000 

Float stop, N20 small 1006-1234-000 

Float stop, Air small 1006-1235-000 

10 O-ring, 11.2600, 6.0210, small flowtube, top 1006-3617-000 

11 Filter, small flowtube 1006-3583-000 

12 O-ring, 11.2600, 6.0210, small flowtube, bo忧om (red) 1006-3969-000 

13 Ball, 6 mm (plug fresh gas end) 1006-1353-000 

NotShown: 

O-ring 附t， flowtubes (includes 4 each of top and bottom o-rings for large 1006-8393-000 
flowtube and 3 each oftop and bottom o-rings for small flowtube). 

Silicon tube kit, long, including cable ties 1006-8378-000 

Silicon tube kit, short, including cable ties 1006-8379-000 

10-24 02/05 1009-0541-000 
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Aespire 7900 

10.16.2 Secondary 
regulator components 

Item Descriptlon Stock Number 

1 Knob (N20) (Air) without label 1006-3633-000 

2 ü:2 Propo叫oningassembly 1006-8339-000 

(i nclud臼 knob， sprocket, set screws, without knob label) 

3 Setscrew 0141-4227-105 

4 ü:2 Propo叫onerchain 1006-3610-000 

5 Sprocket, N20 1006-3625-000 

6 Spacer, link system, N20 needle valve 1006-5140-000 

7 Valve, needle (02) (Air) 1006-8346-000 

Valve, needle N20 (has notch around valve body) 1006-8345-000 

8 O-ring, 10.110 13.300 9221-3010-116 

9 O-ring, 0.250 inch 10 0.375 inch 00 0210-0687-300 

10 Minimum sωp coliar (ali gases) 1006-3632-000 

11 Pressure switch, O2 supply alarm 1006-3623-000 

12 O-ring, 0.250 inch 100.375 inch 00 0210-0687 -300 

13 Screws, M4x12 Pozidriv PAN 0140-6226-111 

14 Plug, P陀ssu陀 switch cavity 1006-3665-000 

15 Screws, M4x8 Pozidriv PAN 1006-3178-000 

16 Fi忧ing， O2 pilot, plug-in elbow 1006-3533-000 

17 Fitting, O2 pilot, thread-in elbow 1006-3663-000 

18 Tubing, 4-mm (RH head 144 mm - LH head 164 mm) 1001-3060-000 

10-26 02/ 05 1009-0541-000 
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10.17 ABS to machine Interface Components 
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Descriptlon 
Enhanced Sensor Interface board (ESIB) 
Cables and harnesses 
Screw, M4x8 POZI-DR PAN SSTTYPE 316 
O2 Flush Valve 

ACGO Selector Valve 
Tiewrap 
Port, ACGO body 
Screw, M3x6 
Screw, M4x30 
Lockwasher, M4 
Cap, ACGO check valve 
Screw, M4x8 
Disk, ACGO check valve 
Flapper, ACGO check valve 

Stock Number 
1503-7014-000 
Refer to section 10.27 
1006-3178-000 
Referto section 10.17.1 

Referto section 10.17.1 
0203-5915-300 
1009-3096-000 
9211-1030-055 
9211-0640-304 
9213-0540-003 
1009-3095-000 
9211-1040-069 
1009-3062-000 
1009-3097 -000 
0210-0543-300 
1009-3160-000 
0210-0691-300 
1009-3442-000 
1009-3417 -000 
1009-3418-000 

16* O-ring 
17 Fitting, elbow barbed 
18* O-ring 
19 Cable raceway 
20 Plate, cable raceway 
21 Gasket, cable raceway plate (self adhesive) 
* Lubricate sparingly with Krytox. 

10-28 02/ 05 1009-0541-000 



10.17.1 Aush Valve and ACGO Selector Switch 
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Item 
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11 

12 
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Descriptlon 

Flush valve, without bu忧.on

Flush Bu忱。n with rod 

Spring 

E-clip 

Bracket 

Screw, M4x8 

Screw, M4x12 

Lockwasher, M4 

ACGO Selector SWitch, complete 
for machines without a Flush Regulator 
(without guard - item 10) 

9a Flush pressure swìtch 

9b O-ring 

9c Screws 

Guard 

Tubing, silicone 

Tìewrap 

10 IIlustrated Parts 

7 (8) 

2 (3, 4) 

Stock Number 

1006-8357-000 

1011-3354-000 

1006-3186-000 

0203-5225-300 

1011-3355-000 

1006-3178-000 

0140-6226-111 

9213-0540-003 

1009-3411-000 

1006-3972-000 

1006-3213-000 

0144-2124-201 

1009-3140峭000

1009-3164-000 

0203-5915-300 
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10.18 Breathing system interface 

17 16 19 18 (21,22) 1 13 (11, 12) 9(11气 12) 13 (11气 12)

2 

6 (7, 8) 

Item Descriptlon Stock Number Qty 
1 Assembly, main support casting 1407-7010-000 
2 Bolt, M6x16 flange 1009-3125-000 (5) 
3 Handle, grip 1407-3317 -000 
4 Screw, M6X16 Sems 0144-2436-109 (2) 
5 latch, push to close 1407-3309-000 
6 latch, push to close w/ microswitch 1407-3310-000 
7 Screw, S盯HD CAP M3x8 SST 1006-3865-000 (2) 
8 Washer, lock external M3 9213-0530-003 (2) 
9 Port, plug circuit 1407-3333-000 
10 Port, fresh gas 1407-3314-000 
11* Seal,U-Cup 12. 71D BCG 19.05 OD EPR 1407-3320-000 (4) 
12 Ring，陀tain i ng 15.88 SHA阿 DIA TYPE E SST 1406-3446-000 (4) 
13 Port, sample gas 1407-3318-000 (2) 
14 Connector, bulkhead 02 Cell, with harness 1009-5586-000 
15 Ring，陀taining 9.53 SHAFT DIA TYPE E SST 1406-3277-000 
16 Switch, subminiture w/ QDISC terminals 1406-3296-000 (2) 
17 Screw, M2.5 x10 1009-3153-000 (4) 
18 Bracket, BTV switch 1407-3319-000 
19 Lever, BTV switch 1407-3325-000 
20 Bracket, cap BTV 1407-3324-000 
21 Screw, S盯HD CAP M3x8 SST 1006-3865-000 (2) 
22 Washer, lock external M3 9213-0530-003 (2) 
23 Bracket, bypass switch 1407-3139-000 
24 Paddle, switch actuator 1407-3141-000 
25 Bracket, paddle hinge 1407-3140-000 
26 Sc陀w， M6x6setcup 1007 -3329-000 (2) 
* Lubricate sparingly with Krytox. 

10-30 02/ 05 1009-0541-000 
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10.28 AnestheUc Gas Scavenglng System - AGSS 
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10.29 Integrated Suctlon Regulator 

10.29. 1Ma阳Compo棚'也{ω耐刷刷嗣andY，回lIIr1 s监制on)

.J.. 
~ .. <a~-百l

...J.. ...JI盟.~

S伽曲N...

ReI"ω捕C白。 皿'.29.2
ReI"甸睡C由n 10.29.3 
1∞9-3211-000 
1∞9-327().()()O 

1∞9-5曰"∞
l009.JI23-ð∞ 
1009-3384-0∞ 
抽11-35毫&α到0

0221-07田&曲

圃19-8292'()∞
由U‘3S11'()曲

lQ09.3C路。()Q

11)(路.J3l3.()∞

皿)9.331"α刻。
田将.J37t.()曲

回路-33币4阳

-"''''''阳、四'.26
1似)9.3137.(剧

1α)9-3385.()∞ 

6700-0647-000 

.... 剧.....
s，翩翩臼附01MockIlt 
Venturi 阳sembly
c .. 冒11'， blank(If崎$，翩。0)
8rac加t， blank CXWlt'moω叫咱
sa酬。刷.10刷刷匈盼l咱
Manifold 
S惆俑. 1画1120 B!<民S阿"'0民贼"刷G
c.n ..... ‘惜自
connec寇..-
COOneCI自民抽t坤... 
-.阳帽..;DOIOO

a明曲唱。-_.. ‘ a 
。明曲‘~o.wl>Odr_
阳"*‘~o.o阳_... 圄
阳"*‘~o.o阳M耐响曲
缸"*‘。*细.-回啕
T幽略部胆'
F抽"阳晒fjDß..mml哺‘·
臼‘，.翩翩
曲时..s.饱tyT，..，

M
1
2
3·5
6
7阳
岛
K
剖
'
m
u
u
u
u白
蜡
U

α"'" I曲'心制"'"泪。, .. 。



10111国trated Pa陆

10.29.2 Suctlon Control Module 
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1011-3510-000 
9221-3032-116 
1503-3108-α刻。

tOU-8002-O∞ 
1009-3182，(剧

16 scr盹胁ao剧scs阿THO FOI刷刷G l∞9-33fl4.O∞ 

17 ca凶elie 02α3，.5915-300 

18 Tu脑、ι哥脚、 R""'..国d町、 10.25

αν"" 曲94l制M曲



10111国trated Pa陆

10.30 Auxlllary O2 Aowmeter 

宝2

氢1

lO 

由:
，田. Dee时'胁. Stoc:k侧嗣恤，

阴阳"".馆r， 1.10ν阳"。阳呻1帽刷、fltting9: in由"时 100&割掉αE
R阳:metsr， t.l0 L/min，w耐lOUt箭创"" 10(路~1'()曲

跑回b， g晴'1 101l-3471-OC川O

Set Screw 9211-0830-0臼

M酬e.Pan副书刷吨阳涌ia<yo，队则et 1006-5177-000 

Label.国nk~f no Audiary龟l 1009-32A3-000 

6. N吨1d 12x1.75， SST ()144.3臼2-14。

7.. 自owm酬，Fi创略 1/8N阿'U suaigt阳由阳 0204-8877-3ω

阴阳m酬，Fi创略 1月创阿.... ebJwadapter 02胆-8788-3∞

8" Rowm剧，阳唱k嗣mbty，ß.mmTu恼19Ada.，t&f 1006-8423-<阳

倒掘， 阴阳m曲，仇'阳晒唔 1∞9-312~∞ 

10 sc帽w， 10-32x318 0140-6631.107 

11 sc酬r，M4x10set阳pping 1009-5534-0∞ 

12 Tu剧唱。阳咂盹晌t}25ο刷咽 . 1/4in由 1闺5-1∞1-000

U 例幽. blank (rf no A酬liaoyo，l 皿09-3四8-000

• Applyloc划饱 242

•• Ap由T剧。..... 

10峙。"山"。由."， w.", 



Aespire 7900 

10.31 Serial and task IIght cable, AGSS flowtu悦， and sample retum 

『

- .... 剧，110. sω..陆翩-

c.酶，阳ial， lnt咱_couωsidepal1el 1009 曲724000

Standolf 12田-3092-000

LI据加百巾.， 。144-1104-331

国耐键。 lnægra回 C阳 to task light ham醋 1009 曲76-∞o

Label. flow indi国1O，AGSS lA06-3527-000 
label. flow indi田1O，AG陌 (forGerman咽巾呻 1009-3301-0∞ 
Label. bl嗣k价lfmac:hin路时伽时flowiodica回? 四09-3241.()∞

同阳缸岛e.AGSS lA06-35品α刻。

α.p. 略目帽.. - 1009-3181-0∞ 

CoUpl吨臼胁'似抽出曲，m阳晒唔rwt) 四09-8321-00。

LaI回甜t。国nk(1阳m由i帽'".训"，，"，矶、enging} 1009-3351-000 

LabeI. AGfS(fo吨erm副，ana呻 1009-33胁。∞

, ... ‘ αν"" 曲94l嗣lA)曲
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10.32 Dlsplay mounts 

hE 
10.32.1 Lor、garm

、电

S协础他a醺..，

1∞9-3262-000 

1∞9-8419-∞0 
10曲-3263.000

曲。6-3701-000

1∞9-3113-000 

01M吐白'.925

1009-3451-000 
1()Q6.132~∞ 
1()(滔~287-OOO

目11-0430.0国

.. .. 
。.....，.蜘-
G臼 Ann蝇飞 long

Spa国，

G由 8，割:bt陆

阳，d肘。splaymotlnt阳，幢幢&bard(3b), and mounting h刷刷"
c.胁。 ln!eflB1Bd α咽ω7900 Oisplay 

bωus，。的.Upj袍'd.... 凶"
Scr酬'， M6:I20

labIe.b阳nk
C阳窜，

w.约".隅ta咱曲，

S"酬。1.13>8
. 

·
56789" 

w. .. 

• ApplyLoc!ite242 

10峙。"山"。由."，



Aespire 7900 

10.32.2 Foldlng mount 

ßJ 

1。幽

-1 

2' 
3' 

• 
5 
6 

7 
8 

9 

10 

11 

12 

13 

14 

15 

16' 

17 

生3·
。eecrlpöo.

。"民d阳回
scr酬。M8x:16SKTHO

scr酬。"缸12SKTHD

Eictrusion, Ventbracl咽m刷.. 

Bolt,.caniage 

G剧唱Vent8tacket. 20 dl!gl圃仰

Beari啤 whi!epl鹅。0(2)

'也nCIe. T-damping 

w.曲，吨钢at

Setscrew, t.I&10 

scr酬。制>20

lod帽"ðshe厅。 M4

αam， 

C阳窜，

wa由徊r， tecta呻血，

scr酬。 陆3x8

ca胁。 1阳归国。uω79ω Display

, A,ølyLoclile242 

11tH) .. 18 

S协e巍地翩-

1009.340&<)ω 

1009-3435-0ω 

0144-2A:峰回g

臼胁剖忡创泪。

1006-1433-000 

15胁-3526-ô∞

1006-3228-0∞ 

1301-3001.000 

9213-01胁。面

1009.34U<lω 

014今2124-218

。"牛1111忌128
1504-3527。ω

1006-132S.仅)()

1006-4287.0ω 

92-tl-0430-083 

1006-3701~泊。

αν"" 曲94l嗣... 曲



10.33 Cable management arm 

10峙。"山"。由'"，

4(i ) 

1(2, 

阳m Oeecrl ..... 

C副悔 man唔阳回tarm，国m曲...篇酬副y

B帽抽M副emanagem酬

Screw,M4l12 

I..ocbasher, M4 ext:ema1 

缸U田'回。国帕 西m，fromlo甜，唔

Scr酬，制晴崎‘0.

R民3lne'， mU即lecable

R阳mer， 国国 smal

w.由er， ..w fl就

10111国trated Pa陆

7{2,S,8) 

Sω.kM幅幅..，

1()()9.副81.()()O

1OO9-3261..(X沁

0140-6226-111 

目13.054G<l由

1009-324 7-000 

阳路扭扭。00

10<路'1252-<)00

10<路'l259-<lO0

0144-1025.1国

S损



Aespire 7900 

10.34 Dlsplay arm mounting klts for optional equlpment 

Stoc:kNtIf田..，

1仪浴-3265-000

~266-000 

2侃浴-3267-000

1仪治-3268-000

。-.....
C酬'阻碍5mount

S{5阳tPanelmount

Spac划a路网atPanelmount

Spac泊'01施PC S∞Jtmount

酬
"

1

23

· 

αν011'曲... 嗣lA)曲1。幽



11 Schematics and Diagrams 

In Ihls sectlon sc闸ma血s...印刷cttocl\a咿withoutn国国

由tCultt灿M由am avaUable onlyas阳刚幽a由酬1>11盹

F胁，同 11.1 Sys_回闹剧川lock曲pn . 11.2 

F胁，昭 11.2 GaS5C嗣刑事gαm曲， .. .. .. .. .. .. .. .. .. .11-3 

F胁，同 11-3 目前刨回国bli唔胁ckdiagram .. .. .. .. .. . 11-4 

萨胁，昭 11-4 阳刷m副cα阳jtdiagram .. .. .. .. .. .. .. .. .. .11.5 

F胁，同 11~5 Wiringham耻捕S .. .. .. .. .. .11-6 

F胁，昭 11.6 Tubing .. .. .. .. .. .. .. .. .. . 11-7 

F胁，同 11.7 Schem副c.ACk1letm睛Jle: tOO-120V恤，.田。叫瞄 令 . . .. .. .. . ... . ..11-8 

F胁，昭 11-8 S嗣m町、AClnletm础问220.240V(lso1翩。u阳1) .. . . .. .. .. .. .. .. .. .. .. . ..11-9 

10件嗣同曲曲"" 11-1 



JE子佳王

AespÎre 7900 

电周11.1' 峙sæm"""帽ctÎOIIb耻'd.战'gram

11.2 

‘隘-嚼啕

叫/回 10协@阳。∞



低.， 10句W嗣10

ao_ ..... 
侃"""""

X • Plugged port(I/ 8 1，阳呻 (orsample gas ren.wn 

"""嚼，

p挝副唰@

• . Plug醉d port(30mm)for.山lllarybnl耐llngsystêm 坦酬。gJng.

o • Opøn port (30 mm)阳aUld阳ryb刷刷咱句幽m部御咽glng.

• . Oto tOljmind川、"，"S.Oω10 I/mln p剧ent and fr酷的 伊.， 01020 I/""nω，13l ty回国1 刷QW，

"幡d.快蜘e.... 蜡...悔
。除S.阳

位刷融-

N"':A曲唱瞄SS SystOOlS ",11th a 12.7 mm剧1nOC剧。o notln创udethe A刷刷刷ceand 阶eAowlndicatot.

FIg.B 11-2 - Gs到，..... 曹可gcifaJts

10峙。"山"。由."，

崎ust副a

NlÐlarl.ow 
陆时ω-笛"
悔"销'匈睛m

11 Schema笛臼 and Diagrams 

A_ 
(...嗣峭

11-3 



:阳t EngIne 
俨……- -

Aespi呻 7900

同阳11-3 . 000晴坷，国睛闭g幢幢a嘈帽
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11 Schema笛臼 and Diagrams 

民呵腼帕.mbe帽d Co_ne刑事 1. Plpelln6pre由ureg;剧'go

2. Plpelln61nlQt 

3. CyUndorp酷凶regauge

4. CyUndOr Inlst 

5. Prlmary reg_ulaωr!町lJnderp阻阳刚

6. Hl(ðl-p酷剖rereωOfV31ve (758响1110削‘

7. Supp~田1田tlons for the vø刚，.ωr

3. ~d阳gas

b. Alrd叫四g;lS

8. Sy.血mswltdl

9 阳1时1 1orlo\\'02剑Jl>plypre曲um alðnn (uSðd w1th thø ventJlðtol') 

10. 02蝇。ond叫仰伊liltor(207kP./ 3O"，1)'

11. 02f1ow∞川剧咽惘

12. 02ßOWlUbe(S) 

14. 02AuSh 

ð . RUSh唰呻

b. P瞄剧re swltch(u回dwlththe酬tll血。

15. H:z(l balan曲reg_ulator

16. H:z(l ftowco附。IvalVé

t7附加WIUbe(S)

19. Alrftow曲抽回valve

20. Alrftowtubo(s) 

21. Supp~翩翩t10n (orVenturfsu幽n

•. o, dr!veg;ls 
b. Alrdrt鸭g;lS

22. V.pol12er阳IJtV，晶，.

23. V.port酬

24. Lowψ 鸣曲ure时lof回，"'.(38陪'3/5.5国)'

25. Au~llalY ftαwmetor{opUonal} 

26. TOABS 
21. ToACGO 

28. T，‘四 port(p命naryregulðtol) 
29. T，剧 port(secondalY/旧制国regul剧。

' App伯划m创.V.ωUOS

低町tDSymbo比 眨〉叫 阳eumatlcCon闸ctIon

。 阴阳，

1> 胁伽M阴阳

~ CheckV31ve 

四
军
丽
凶

1Aa 

26 

21 

'. C圳翩'曲... 嗣•. .. …...翩翩
C. F阳嗣... 阳... 刚
@刷刷-麟捕胁.. 

E.ACGOW剑'‘.....

邸，肘 1-4 -丹田四省c叶aitd，电阳"

10峙。"山"。由."， 11-5 
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\IEB -v...t旬国neBoaω

ES邸 . EnhanOE则缸n剧 Inte~剖e Boðrd

ACGO....~lIaryComm倒GasOUUet

.... 坦

E是
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AVO-

--
o
a-
-······ 

. . . . -·········' 

@ ~抽酬Ga_蛐回edlðllle叩刷刷刷刷
制町制鼠，也A刷刷刷S8I'喃且'咱F幽侃""'"翩翩翩翩阳

umøIO<<ao bo曲ω1IIe_lOg勾销....侃OIOr他s..到曲9.12.

11.) 

民~1f~.llb'Iw
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叫叫

四"

t 
电周11.7' S<:阳时盹"'In阳modu旬，础)-l20V(lso.归时侃'"由J

11.8 叫/回 10协@阳。∞
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