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Aestiva 7900 Anesthesia Ventilator

Important

A\ CAUTION

The information contained in this service manual pertains only to those models of products
which are marketed by Datex-Ohmeda as of the effective date of this manual or the 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. Consequently, Datex-Ohmeda provides this service manual to
its customers purely as a business convenience and for the customer's general information only
without warranty of the 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 repair service. Moreover, it should not be assumed that every acceptable
test and safety procedure or method, precaution, tool, equipment or device is referred to within,
or that 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 of the equipment.
Comments and suggestions on this manual are invited from our customers. Send your
comments and suggestions to the Manager of Technical Communications, Datex-Ohmeda,
Ohmeda Drive, PO Box 7550, Madison, Wisconsin 53707.

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

Technical Competence

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 attempted 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 procedure; any
exceptions may result in a failure to properly and safely complete the attempted procedure.
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1 Introduction

1.1 What this manual includes

1-2

Special notice

1.1.1 Software versions

This manual covers the service information for the Aestiva 7900 SmartVent
Anesthesia Ventilatorwhich is an integral componentin the Aestiva Anesthesia
Machine.

The Aestiva Anesthesia Machine has its own service manual
(Stock Number 1006-0452-000).

Some information in this manual can possibly point the reader to electronic
troubleshooting and component/repair replacement level of service. This
information, when supplied, is only supplied to add clarity to service or
troubleshooting statements. Datex-Ohmeda Service Personnel are mandated
by Company Policy to service electronic equipment to a board replacement
level only.

= Read completely through each step in every procedure before starting
the procedure; any exceptions can result in a failure to properly and
safely complete the attempted procedure.

= Unless otherwise specified, values in this manual are nominal.

= Sectionsin this manual begin on odd numbered orright-hand pages.
If there is no text on the preceding, backup even numbered page, itis
labeled “Notes” for your use if you wish.

= Figures that require more than one page have the title and main text
on the left (even numbered) page. Additional figure information is on
the facing (odd numbered) page.

The revision level is displayed on the ventilator start-up menu. This manual
includes test and calibration procedures for Revision 1.X, 3.X, and 4.X
software.

05/04 1006-0453-000



1 Introduction

1.2 Standard service procedures

1.2.1 Operation
manuals

1.2.2 Service
manuals

1.2.3 Ventilator
tests

/A WARNING

/A WARNING

/A WARNING

1006-0453-000 05/04

You must have, and be familiar with, the Operation manuals for this product.
Study the Aestiva Operation manuals if you need further information about the
operation of the system.

You must determine where a problem is located before you can determine
which service manual to use:

= Use this manual for 7900 Ventilator related problems.

* Use the Anesthesia Machine service manual (1006-0452-000)
for all other components of the Aestiva Anesthesia Machine.

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

Section 4, “Service Mode Tests and Calibration” must be performed
whenever you access any internal component of the Ventilator to verify
that all critical parts of the Ventilator are still operational and within
specification.

After the Ventilator has been serviced, you must perform “Post -Service
Checkout”to verify the entire Anesthesia System is properly functioning
before the system can be returned to clinical use.

Do not perform testing or maintenance on this instrument while it is
being used to ventilate a patient, possible injury may result.

1-3



1 Introduction

1.3 Symbols used in the manual or on the equipment

A Warnings and A Cautions tell you about dangerous conditions that
can occur if you do not follow all instructions in this manual.

Warnings tell about a condition that can cause injury to the operator or the
patient.

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

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

| On (power) 9{ Alarm silence button

Off (power)

Alarm silence touch key
(Tec 6).

Standby Type B equipment

Standby or preparatory state for part of
the equipment

Type BF equipment

Cc O

“ON” only for part of the equipment Type CF equipment

“OFF” only for part of the equipment Caution, ISO 7000-0434

| O ©
> @ B3] > (&

— Direct current AA Attention, refer to product
instructions, IEC 601-1
~ Alternating current l’ Dangerous Voltage
@ Protective earth ground _@ Input
J__ Earth ground 6@ Output
,J7 Frame or chassis ground _— Movement in one direction
@ Equipotential <> Movement in two directions
+ Plus, positive polarity REF Stock Number
_ Minus, negative polarity SN Serial Number

1-4 05/04 1006-0453-000



=ad

134°C

@

Insp

0.%

o @

Variability

Variability in steps

This way up

Lamp, lighting, illumination

Lock

Unlock

Close drain

Open drain (remove liquid)

Autoclavable

Not autoclavable

Inspiratory flow

0, sensor connection.

Alarm silence touch key.

End case touch key

1006-0453-000 05/04
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Read top of float.

Vacuum inlet

Suction bottle outlet

Cylinder

Isolation transformer

Linkage system

Risk of Explosion.

Low pressure leak test

Mechanical ventilation

Bag position/ manual ventilation

Expiratory flow

0O, Flush button

Volume alarms On/Off touch key.

Menu touch key.

1-5



1 Introduction

Absorber on.

@ Absorber off (CO, Bypass active).

YO

St
Syt

*ﬁﬁ?{ﬁ}

1-6

C € European Union Representative.

Gﬁﬁ kPa

<414 kPa

€

The primary regulator is set to
pressure less than 345 kPa
(50 psi).

The primary regulator is set to
pressure less than 414 kPa
(60 psi).

Systems with this mark agree with
the European Council Directive
(93/42/EEC) for Medical Devices
when they are used as specified in
their Operation and Maintenance
Manuals. The xxxx is the
certification number of the
Notified Body used by Datex-
Ohmeda’s Quality Systems.

05/04 1006-0453-000



In this section
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2 Theory of Operation

This section provides functional descriptions and theory of operation for the major
components of the Aestiva 7900 Ventilator.
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2 Theory of Operation

2.1 General description

The Aestiva 7900 Ventilator is a microprocessor based, electronically-
controlled, pneumatically-driven ventilator with built in monitoring systems
forinspired oxygen, airway pressure 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 Aestiva Anesthesia Machine.

2.2 Aestiva 7900 Ventilator features

2-2

= Sensors in the breathing circuit are used to control 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 breathing absorber, bellows
and system.

= Positive End Expiratory Pressure (PEEP) is regulated electronically. During
mechanical ventilation the software maintains the set airway pressure. PEEP
is not active when mechanical ventilation is off.

= User settings and microprocessor calculations control breathing patterns.
User interface settings are kept in non-volatile memory.

= Mechanical ventilation is started with the Bag/Vent switch on the breathing
system.

= The Aestiva 7900 Ventilator reads the status of the Bag/Vent switch and the
breathing circuit type (Circle, Bain-Mapleson D). The operator does not have
to set the breathing circuit type from a menu.

= The Aestiva 7900 Ventilator has an operator-selectable Heliox mode to
permit gas composition compensation when Heliox gas is used.

= All Aestiva 7900 Ventilators have minimum monitoring and alarms
managed on the ventilator panel (there is no other panel for safety
relevant alarm management, etc.).

= Ventilator hardware is regularly monitored by software tests.

= An RS-232 serial digital communications port connects to and
communicates with external devices.

= An exhalation valve modulates flow in the pressure mode.
= Pressure and volume modes are selectable by the operator.
= All 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.

05/04 1006-0453-000



2 Theory of Operation

2.2.1 Safety features = Dual redundant airway overpressure protection, linked to Pmax
setting.

= 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.

2.3 Aestiva 7900 Ventilator components
Components of the ventilator are found in different locations on the Aestiva
Anesthesia Machine. The ventilator package consists of:
1. Ventilator control electronics
2. Control panel and display (two mounting options shown)
3. Sensorinterface board (SIB)
4

. Pneumatic engine

Note Forthe Aestiva/5 MRI machine, the display is centrally mounted above the
flowhead.

Figure 2-1 = Aestiva Anesthesia Machine with hinged and outboard arm options

1006-0453-000 05/04
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2 Theory of Operation

2.3.1 Ventilator control

AB.29.087

electronics

'

100-120 VAC
220-240 VAC
50/60 Hz

AC Inlet Module

-Fuses
-Voltage Selector
-Filter

The ventilator control electronics is found in the electrical enclosure of the
Aestiva machine behind the AC Inlet module.

In the original Aestiva machines, the power supply and the CPU are on

separate boards, as shown in Figure 2-2.

The ventilator control electronics includes the power supply and the CPU. The
power supply receives AC power from the machine’s AC Inlet module. All the
power necessary to operate the ventilator and light package comes from the
power supply. The CPU controls operation of the ventilator.

Tec6 Outlet ——>

Y
Y

Toroid

— Task Light

Battery Power Supply
Y
] CPU Board

<€ Proprietary RS232C

Y

>
=

<— Primary RS232C On/StandBy ———— >

[<€— Vent On/StandBy Switch

02 Supply Switch and 02 Flush Switch

Y

Connector Board

Front Panel
Assembly

Connector Board

Pneumatic
Engine

Sensor
Interface Board

Figure 2-2 = Aestiva 7900 Ventilator functional block diagram (Original CPU)

2-4

<«BCID ——@
< Patient Interface Harness =
<«ACGO ——88M8M8 @
<—0Oxygen Sensof ———————@
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2 Theory of Operation

In current Aestiva machines, the regulated power supplies and the CPU are
included on a single board (Integrated CPU Board), as shown in Figure 2-3.

A universal power supply is used to convert AC to DC that feeds into the power
supply circuits of the integrated CPU board. The universal power supply
eliminates the need for the toroidal transformer.

!

100-120 VAC
220-240 VAC
50/60 Hz
Tec6 Outlet —>
AC Inlet Module Universal
-Fuses :I | I >
-Voltage Selector Power Supply
-Filter
Y
T |
! 1
Battery —> : Power Circuits : — Task Light >
| :
o ______ \
Integrated
CPU Board
:_ __________ = Proprietary RS232C >
1
: Digital Circuits ! (<€ Primary RS232C On/StandBy
: 1 | Vent On/StandBy Switch ®
. \ 02 Supply Switch and 02 Flush Switch

Y

Connector Board Connector Board <«<BCID ————@

Front Panel Pneumatic Sensor <€ Patient Interface Harness =2
Assembly Engine Interface Board |<«-Ac60 ———e

<0Oxygen Sensof ————@

AB.29.082

Figure 2-3 = Aestiva 7900 Ventilator functional block diagram (Integrated CPU)

1006-0453-000 05/04 2-5



2 Theory of Operation

2.3.2 Control panel and
display

The control panel on the Aestiva 7900 Ventilator is either outboard (on an
arm) or on a hinge to fold flat against the machine (depending on the option
ordered) and is made to permit you to grip the panel and push the buttons
with your thumbs. The ventilator control panel position is easily adjusted.

For the Aestiva/5 MRI machine, the display is centrally mounted above the
flowhead.

The front panel assembly has four submodules:

= The electroluminescent (EL) display
= The keyboard front panel

= Arotary encoder

= A speaker

Figure 2-4 = Ventilator control panel with software version 4.X

2-6

The keyboard and rotary encoder are used to control the operations of the
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.

Logical layout of primary controls is left to right in the sequence: tidal volume
orinspiratory pressure level, respiratory frequency, I:E ratio, maximum
inspiratory pressure, and PEEP (positive end expiratory pressure).

Primary Ventilator interfaces include:
* Display

= Soft keys

= Rotary encoder (control wheel)

= Knob button (control wheel)

= LED

= Audio

05/04 1006-0453-000



2.3.3 Sensor Interface
Board (SIB)

Figure 2-5 = Sensor Interface Board (SIB)

2.3.4 Pneumatic Engine

Figure 2-6 = Pneumatic Engine

1006-0453-000 05/04

2 Theory of Operation

A Sensor Interface Board (SIB) serves as the interface between the ventilator
CPU board and the breathing circuit sensors.

The SIB processes signals from the:

= Inspiratory and expiratory flow transducers
= 0, sensor

= Auxiliary Common Gas Outlet (ACGO) switch (optional)
* Module ID board

= Canister release switch

* Absorber CO, Bypass switch

* Bag/Vent switch

= Control panel switch

= Drive Pressure Limit (DPL) switch

= Manifold pressure transducer

= Patient airway pressure transducer

The SIB for the Aestiva 7900 Ventilator is located in the cable duct under the
rear subfloor of the breathing circuit chassis. The SIB uses a 50-conductor
cable that supplies the link between the Aestiva 7900 Ventilator CPU and the
breathing system signals.

The pneumatic engine enclosure is located in the back chamber of the
breathing system and is shielded to contain EMI emissions. The enclosure
includes the Pneumatic Engine and a Pneumatic Engine Connector Board.

The Pneumatic Engine comprises the hardware that drives the ventilator
bellows. Itincludes:

= a 5-micron inlet filter

= a gasinletvalve (GIV)

* a pressure regulator

= a flow control valve

= a drive gas check valve

* a mechanical over-pressure relief valve
= a differential pressure relief valve

= a free-breathing check valve

2-7



2 Theory of Operation

2.4 Electrical

2.4.1 Electrical

(original)

= Power entry toroid

= Power supply board
= CPU board

= Display and front panel assembly
= Sensor interface board
= Sealed lead acid battery

1
1

I . .

| Line Filter
1 Fuse

|

AC Inlet

Voltage Selector

Toroid

Inside Machine

The original (non-integrated) Aestiva 7900 Ventilator electronic/electrical
subassemblies or modules include:

Power Supply Board

EL voltage = +10--14.5V 10.5W max

+12V light output @ 15W max
+15V @ 170mA max

-15V @ 100mA max

+5V @ 1.8A max

+5.5 @ 1.4A max

12

12 Volt Battery

& Harness

| 683
CMS i
I

RS232
D/A

(10

(10
AD

Memory and 1/0 Decoding
Flash, SRAM & EEPROM
SCR Circuitry

Watchdog System
Inlet Valve Control & Drive

Flow Valve Control & Drive

CPU Board

50 Shielded Cable

EL Display

40 Microcontroller

50 Shielded Cable

Converter ™

7 Shielded Cable

VA limited)

VA limited)
Converter

15 VDC Supply (10VA limited)
DC Supply Monitoring

21 2] 14

|02 suppIyI |02 Flush I

Machine/Ventilator
On/Standby switch

—_——— — —

Speaker

EL Display &
Membrane Switch
Key Components

Membrane Switch
Connector Board

50 Pin Connector Series 3
50 Pin Ribbon Cable Header
Optical Encoder

50 Pin Ribbon Cable

20 Pin Ribbon Cable

Pneumatic Engine

SIB

Connector board
Flow valve
Inlet valve

Drive Pressure Limit Switch
Manifold Pressure Transducer

Inspiratory & Expiratory flow transducers

Patient Airway Pressure Transducer

|o2 sensor]

I Flow Sensorsl

| ACGO Switch I

Bag/Vent Switch

Control Panel Switch
Canister Release Switch
Absorber Bypass Switch
Breathing Circuit ID

Figure 2-7 = Electronic functional block diagram (Original CPU)
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2.4.2 Electrical

2 Theory of Operation

The integrated Aestiva 7900 Ventilator electronic/electrical subassemblies or

(integrated)  modules include:
= Universal power supply (AC to DC converter)
= CPU board (with power supply and digital circuits)
= Display and front panel assembly
= Sensor interface board
= Sealed lead acid battery
I
: AC Inlet Inside Machine
I Line Filter
' | Fuse
P(o:wer : Voltage Selector AC to DC Power Supply
d
Dor ! 2 VCHGR = 16.0 V Typical —
| I VMAIN = 12.5 V Typical
I
I
I
I
|
1 ELvoltage = +10 -14.5V 10.5W max 5
! +12V light output @ 15W max
! +15V @ 170mA max
1| -15v@ 100mA max ) PPT— mmmmmm e m e
+5V @ 1.8A max olt Battery |
| | +5.5@1.4Amax == & Harness ; EL Display &
I ! Membrane Switch
I T i
I Integrated | Key Components
! ! 50  Shielded Cabl EL Display
1 CPU Board e Membrane Switch
1 1 Connector Board
1 ) | 50 Shielded Cable 50 Pin Connector Series 3
68340 Microcontroller
— y in Ri
CMS | = Memory and 1/0 Decoding ' 50 Pin Ribbon Cable Header
RS232 memstell] Flash, SRAM & EEPROM | ggt;)c_aIFEEEodeé N
! SCR Circuitry I 7 Shielded Cable n Ribbon Gab'e
| D/A Converter = éO P|L1 Ribbon Cable
[ Watchdog System 1 peaker
! Inlet Valve Control & Drive !
! (10 VA limited) b
: Flow Valve Control & Drive : |
| (10 VA limited) Cl Pneumatic Engine SIB
| A/D Converter o p o Inspiratory & Expiratory flow transducers
I 15 VDC Supply (10VA limited) P Connector board Drive Pressure Limit Switch
1 DC Supply Monitoring | Flow valve Manifold Pressure Transducer
I I : Inlet valve Patient Airway Pressure Transducer
I |
! o\ 2 4 [ 1 1
I | I 02 Sensorl I Flow Sensors I
1 |
! L [ Acco switch ] [ Bagvent switeh
I ) . bl Control Panel Switch
i 102 supply | | 02 Flush Machme/VentlIgtor L Canister Release Switch
| On/Standby switch | = Absorber Bypass Switch
I | . Breathing Circuit ID
I ;| Breathing System
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Figure 2-8 = Electronic functional block diagram (Integrated CPU)

L

AB.29.083

2-9



2 Theory of Operation

2.4.3 Power supply

The power supply performs seven functions:

(original) . actoDC converter
= DC to DC step-down converter
= Battery charger
* Multiple output DC regulator
= Battery charge/discharge current monitor
= Battery voltage monitor
= Task light power supply 12V
[ |
' 2445 '
Entry Module Toroid ' i Bridge Rectfir  [F—— AC_LED
Power - EMI Filter Isolation & Filter Caps '
Cord - Fuse Transformer \ ,
- Voltage Selector ' |
|
—_—- - - - - - - - - - s ' :
| ! VSW
X 30-60 VDC : (+5V VDD Fail Buzzer
1
' ON/Standby X
: vew Switch — Rem_On
' \{BOOT Linear :
: Relgr:ﬁaatror | Regulator !
|
|
N Secondary DC to DC 1 i
: | é Converter #2  T12V (Task Lights)
|
X +16.6V !
1
’ VBUS : [
! Primary VB Linear .
[ DCtoDC ” * Regulator : +10-14.5¢
! Converter .. , VH_EL
1 1 1
: 0.25A : Secondary : :
' , DCtoDC L
| . )
1 Converter #1 Rectifier || Linear o
: : li & Filter Regulator _:_: -15V Analog
! 1 1 1
: ! Transformer vt
5 Battery Charge —N—q X Rectifier Linear .
'S Controller , &Filter  —{ Regulator —— +15VAnalog
:g 1 1 1
B - T seovom |5 Lo
. ' " OWP& L 455V Valves Suppl
Controller o . Y
X : Current Limit Lo
! | f | |
) Battery Voltage & Linear -
12 Battery ! Current Sense E _________________________ Fieg_mj’t‘zr A +5VVDD Digital
: L |Batt,VBatt
|
: Charger

Figure 2-9 = Ventilator power supply (Original CPU)
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2 Theory of Operation

2.4.4 Power supply  Aestiva machines with an integrated CPU board use a universal power supply
(integrated CPU)  forACto DC conversion. The remainder of the power supply functions are
derived in the power supply circuits on the integrated CPU:

= DC to DC step-down converter

= Battery charger

= Multiple output DC regulator

= Battery charge/discharge current monitor
= Battery voltage monitor

= Task light power supply 12V

-
P) 1
S
R »| VOLTAGE and CURRENT VBatt, 1Batt
R MONITOR
<< |
1
CHARGER and TRICKLE TASK LIGHTS LDO )
: DISABLE > TYPICALLY 11.718V
1
1
X v
1
12V BATTERY
! BATTERY CHARGER
1 = z P> THERMAL AUTO VHEL DISPLAY LDO |
! BULK CHARGE = 400mA RESETABLE FUSE > TYPICALLY 11.718V
1
1
1
1
O 4
1
1
. MOSFET
. - SWITCHES VALVES SUPPLY
' SELECT VMAIN OR VBAT »{  VBUS »-| SIMPLE SWITCHER 5.8V OUTPUT and 10VA 9
f AS OUTPUT TO VBUS
1
1
1
I ?
AC TO DC POWER SUPPLY !
\ VDD DIGITAL
85 -~ 264 VAC | OUTPUT LDO -
VCHGR = 16.0 TYPICAL | v 5V *+/-2.5%
VMAIN = 12,5V TYPICAL I
1 -
vy ' DIODE OR | VBUZZER
' > :QA:G'E P OUTPUT TO VDD FAIL
| Voar BUZZER
1
SIB_12V OUTPUT
' A > and 10VALDO [ ™
: VSWITCH
1
| i
1
1
1
AC INLET ' ON / STANDBY SWITCH CIRCUIT
, DUAL OUTPUT
Ty ' SWITCHER
! - > bo +15V ANALOG |
' POSITIVE OUTPUT SUPPLY LDO
|
1 NEGATIVE OUTPUT
1
1
1
1
1
-15V ANALOG )
' SUPPLY LDO
POWER CORD '
1
I Rem_On
1
' N AC LED
1 14l =

Figure 2-10 = Ventilator power supply (Integrated CPU)
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2 Theory of Operation

2-12

2.4.5 Sealed lead acid
battery

A sealed lead acid battery supplies battery backup for the Aestiva 7900
Ventilator. The Aestiva 7900 Ventilator is not a portable unit. Batteries for the
ventilator are used as back up power in case of a power failure. Thus the
battery is in a float charge state most of the time. Batteries meet the
following:

= Capacity to operate unit for 30 minutes.

= Long float charge life.

= Battery pack is internally fused - in line replaceable.

= Battery terminals and connecting wires are protected against short circuits.

Input

Nominally 13.7 VDC at 25°C during float charge.
Output

+10V to +14.8VDC during discharge
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2 Theory of Operation

2.4.6 CPU assembly  The CPU assembly contains all of the major circuit functions necessary to
control ventilator operation. In the original Aestiva 7900 machines, these
functions are on a separate CPU board. For current machines, they are part of
the digital circuits section of the integrated CPU board.

'_? AT |- ——  +15v
o FLASH MEM D0-D15 D0D15 12-BIT A/ID 24-CHANNEL -
Q ~€—— P12V LIGHT
< (512K X 16) - CONVERTER MUTIPLEXER .
2 MC68340 <—|
3
E] —| MICROCONTROLLER ° / A
) 1 T
o 6 —
=} S | z
3 STATICRAM K 651 - 00015 DIGITAL A o
3 (128K X 16) / 00518 N INPUT 0 UL EEE 2 . o
S 3 14 e m 2 ) @
1 = g c
SYSTEM DATA BUS & ADDRESS BUS m 3 3
— ) g
/ b Q
EEPROM K o e “ _”::B o > 128TDA 1 g
(2K X8) 08010 CONVERTER > o Q,
s 4 : e} Q 4 g
8=
gz EPLD-EPM7064 > 25
<N | DIGITAL =
m WATCHDOG -
H 7
s ooRESS VENTILATION
22 DECODING conTroL + &
52 C< =)
- 2 > - c
8 20 S
T 2 2 @ @
SED1351F D801 2
VIDEO v
CONTROLLER 4 YM2413 DS1232 7
oot | <] sy
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3 o
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O Oy — 1
O = o 1 1
IR * SERIAL v
< Py
gzllgg FERRITE Lwggsom <] FREQUENC EEPROM 1%6/?7.?51; gll\(‘;A!\llﬁ_(; MOND|TDOR T VOL:(A)(IEI\IJETTSEST
galle Q BEADS AUDIO AMP DIVIDER INTERFACE
w
[N O 2
o VHEL 45V 5 1 el isv asev sisv A5V
: -l EEEH
Front Panel Assembly O, Supply O, Flush | SIB Connector | Power Supply Connector |
Connector Connector Connector

Figure 2-11 = Ventilator CPU block diagram

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

= Bus access control signals for all memory and peripheral devices
= Interrupt handling

= Clocks and timers for the system

= Background software development mode

» Two RS232C serial I/0 ports

= Baud rate generator for serial ports

= Hard (power-up) and soft (watchdog error) reset generation
= Data bus buffers

* Memory and |/0 decoding

* Program memory

= Safety Relevant Computing (SRC)

= Watchdog system

= Data acquisition

= Flow valve control

= Inlet valve drive

= Front panel interface

* Audio alarm

= Regulator output/manifold pressures
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2 Theory of Operation

Serial communications module

2-14

Memory and 1/0 decoding

Timer modules

System clock

An external 32.768 kHz crystal is used with the internal clock synthesizer to
generate a 24.12 MHz system clock.

Periodic interrupt timer

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.

External bus interface

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

Timing reference

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

Configuration

Both of the serial communication channels are configured as full-duplex
asynchronous RS232C ports. The internal Baud Rate Generator establishes
the communication baud rate, 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. These tests
include automatic echo, local loop-back, 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 and/or sense lines.

Counter/timer #1

The first counter/timer module is used to monitor the MC68340 system clock
frequency. The external 3.6864 MHz baud rate clock is the time base for this
measurement.

Counter/timer #2

The second counter/timer module can be used as desired by the application
software. The time base for this timer is the internal 24.12 MHz system clock.
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Program memory

Safety Relevant Computing
(SRC)

Watchdog systems
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2 Theory of Operation

Flash memory

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.

System RAM

This memory consists of two 128 K x 16 CMOS static RAMs with on-board
expansion capability to 512K x 16 SRAMSs.

Non-volatile memory

This memory consists of a single 2Kx 8 EEPROM and stores information which
needs to be retained when the system is powered down. This includes user
selectable operating parameters and a system error log.

This section addresses the Safety Relevant Computing (SRC) requirements of
DIN VVDE 801. The electronic hardware design provides the necessary
capability for meeting these requirements. This includes:

= Digital monitoring of selected control signals.

= Analog monitoring of supply voltages, internal control voltages, feedback
signals from the flow and inlet valves, and battery voltage.

= Automatic switch-over to battery operation in the event of an interruption in
ac power.

= Use of the software watchdog timer in the 68340 processor for temporal
monitoring, with direct de-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 of the flow and inlet valves in the event of a non-
recoverable error.

= Monitoring of the system clock to detect an operating frequency out of an
acceptable range.

= Use of a redundant high pressure limit safety switch in the bellows drive
circuit which directly de-energizes the flow valve.

MC68340 software watchdog timer

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.



2 Theory of Operation

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 priorto a
reset. The output of this watchdog is connected to IRQ7 on the 68340
processor.

Error response sequence
Errors detected by either watchdog are handled in the following sequence:
= At the first detection of any error, a watchdog responds by issuing an IRQ7

interrupt.

= |f the exception handler software for IRQ7 cannot correct the error, then the
next detection of an error causes a soft system reset.

= |fthe error still cannot be corrected, then an audio alarm sounds
(independent of processor 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 Aestiva 7900 Ventilator consists of two
major building blocks. The firstis an analog to digital converter (ADC) system
and the second is a digital to analog converter (DAC) system.

This portion of the Aestiva 7900 Ventilator allows the microprocessor to
interface with valves and pressure transducers. The data acquisition system is
also used for internal monitoring of safety relevant signals.

The ADC system is designed to meet the following specifications:

Resolution 12 Bits

Input Voltage Range 0-4.095 Volts (1mV/LSB)

Number of Channels 24

Total Conversion Time 810 8.63 psec max

Integral Nonlinearity + 1 LSB max

Differential Nonlinearity + 1 LSB max (guaranteed monotonic)
Full-Scale Error + 6 LSB max

Unipolar Offset Error + 3 LSB max

The DAC system is designed to meet the following specifications:

Resolution 12 Bits

Number of Channels 1

Settling time to 0.01% 30 psec max

Output Voltage Range 0-4.095 Volts (1mV/LSB)

Integral Nonlinearity + 1 LSB max

Differential Nonlinearity + 1 LSB max (guaranteed monotonic)
Full-Scale Error + 9 LSB max

Zero-Scale Error + 4 LSB max
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Analog to digital converter
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System

2 Theory of Operation

A 24 channel multiplexer and buffer amplifier precedes the A/D converter.
The manifold pressure, patient pressure, inspiratory flow and expiratory flow
signal inputs to the multiplexer are filtered with an antialiasing filter. Other
inputs are 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
= 0, Concentration

= Power Supplies

= Battery Backup system

The ADC system is based around a 12 bit A/D converter. It operates from +
15V power supplies except for the A/D converter. The 12-bit converter is
powered by a filtered +5V supply and protected from over-voltage.

Multiplexer and buffer amplifier

The multiplexer settles quickly, within 8 u sec to 0.01%, to be stable for the
ADC 12-Bit conversion and to maintain the overall 20 p sec conversion time.
The system bandwidth requirement is from dc to 20Hz. The multiplexeris an 8
channel fault protected device and the amplifier used as a buffer to drive the
A/D converter (AD822AR).

A/D converter

The MAX191BCWG is a 12-Bit converter that operates from a single 5 Volt
power supply. The clock frequency to run the A/D converteris 1.507MHz. Itis
derived from the microprocessor system clock.

With a 1.507MHz clock, the conversion time of the A/D converter is 13 clock
periods or 8.63 j sec.

The MAX191BCWG has the following unadjusted dc accuracy specifications:

Integral Nonlinearity + 1 LSB max
Differential Nonlinearity + 1 LSB max (guaranteed monotonic)
Full-Scale Error + 3 LSB max
Unipolar Offset Error + 2 LSB max

Voltage reference

The MAX191BCWG has an internal 4.096 Volt +1 mV voltage reference that
can be adjusted with a potentiometer. This reference voltage is buffered and
used for the digital to analog converter reference.
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Flow valve control

Gas inlet valve drive circuit

2-18

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 for the flow valve 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 microprocessor to monitor the DAC
output.

The MAX530 operates from the same 5V power supply as the A/D converter.
The output voltage range of the converteris 0 to 4.095V (1mV per LSB).

The MAX530BCWG has the following dc accuracy specifications:

Integral Nonlinearity + 1 LSB max
Differential Nonlinearity + 1 LSB max (guaranteed monotonic)
Full-Scale Error + 1 LSB max
Zero-Scale Error + 4 LSB max

Flow valve drive circuit

The flow valve drive circuit does a voltage to current conversion of the DAC
outputvoltage 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 proportionally control the flow valve during
mechanical ventilation. This circuit does not require adjustment and is
accurate within £ 2% of full scale.

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

A signal proportional to the actual drive currentis input to the A/D converter
to permit the processor to monitor the current and detect fault conditions.

This circuit consists of a low-dropout regulator providing a regulated 5 Volts to
the inlet valve when enabled by the microprocessor. The SHUTDOWN pin of
the regulator provides on/off control.

This regulator has an output current of 250maA. It has an internal current limit
of 530mA max. This keeps the output under 10VA in a single fault condition.

A current sensing circuitis 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 interface

Audio alarm

External interface

Communication interface
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(RS232C)

2 Theory of Operation

All signals to and from the Front Panel are protected from ESD through the use
of transient suppression devices and appropriate filtering. All of these signals
are routed through a single connector from the microcontroller board to the
front panel assembly.

EL display controller

The S-MOS SED1351F flat 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.

LED driver outputs
The AC ON LED is turned on directly from the AC power applied.
Rotary encoder input

This quadrature signal is debounced and routed to a quadrature clock
converter which interrupts the 68340 processor 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 from 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 taken to control 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 CCITT V28
specifications.
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2 Theory of Operation

2.4.7 Sensor Interface  The breathing circuit Sensor Interface Board, (SIB), is the connection between
Board (SIB)  theflow transducers, patient airway pressure transducer, manifold pressure

ACGO —\ 02 Sensor —\

transducer, oxygen sensor, and ventilator control module. It also passes
different switch functions through to the ventilator control module. These
switches are used to show the position of covers, breathing circuit modules
and pneumatic controls in the breathing circuit.

Respiratory gas flow, to and from the patient, is monitored by measuring the
differential pressure across a variable orifice in each flow sensor. The
pressure transducers for measuring the differential pressure are on the
Sensor Interface Board, (SIB). The patient airway pressure and the pressure in
the ventilator manifold are measured by pressure transducers on the SIB.
Conditioning circuitry is supplied for these transducers and for the Oxygen
sensor used in the breathing circuit.

The SIB for the Aestiva 7900 Ventilator is located in the cable ductin the
bottom of the breathing circuit chassis. Input gas hoses and signal cables are
routed from the sensors and switches in the breathing circuit to the SIB. A 50-
conductor cable is used to transfer power and signals to and from the Aestiva
7900 Ventilator CPU board.
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Figure 2-12 = Breathing Circuit Sensor Interface Board (SIB)
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Functional description
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2 Theory of Operation

Power supply regulators

The SIB power supply is a 10VA limited +12V to +15V supply from the Aestiva
7900 Ventilator CPU board. The supply is filtered at the SIB.

There are two regulators on the SIB that are supplied by the 12V to 15V
supply. A digital +5V is supplied by a low dropout regulator. This supply is
used to power the flow sensor EEPROMs. The +5V to the EEPROMSs can be
shut down by pulling the /SHUTDOWN control on the regulator low.

A +6.7Vis supplied by another low dropout regulator. This voltage is used to
power all of the operational amplifiers and pressure transducers on the SIB.
The +6.7V is necessary for the AD707 bipolar OPAMP to allow for enough
overhead voltage. This supply is also used to power a switched mode
capacitor based inverter.

The voltage inverter supplies -6.7V for analog circuits. This supplies the
AD707 OPAMP and permits it to operate to ground. The ADM660 switches at
25 kHz.

Patient airway pressure measurement

Patient airway pressure is measured at the high side (patient side) of the
inspiratory pressure transducer. A pressure range of -20 to + 120 cm H20
supplies a proportional DC output voltage in the range of 0.3 volts to 3.8V,
with zero pressure supplying 0.8V. The transducer is filtered by an RC filter
with a pole frequency of 1 kHz and buffered by an OPAMP. The output of the
OPAMP is driving a 0.001 mF capacitor. The capacitor is used to keep a low
output impedance at RF frequencies to improve EMI immunity.

Manifold pressure measurement

The manifold pressure is measured from a port on the ventilator pneumatic
engine. A pressure range of -20 to + 120 cm H20 produces a proportional DC
outputvoltage in the range of 0.3V to 3.8V, with zero pressure supplying 0.8V.
This pressure transducer is also filtered and buffered in the same manner as
the patient airway pressure transducer.

Oxygen concentration measurement

The oxygen sensor is connected to the SIB by a 6-pin, 4-conductor modular
jack. The oxygen sensor supplies a linear output voltage in proportion to the
02 concentration being measured. The oxygen sensor supplies an output of 3
to 15mV DC in air (21% 092). It supplies an output of 14 to 72 mV DCin 100%
oxygen concentration.

The oxygen sensor output is filtered for EMI, protected against ESD and
amplified by a factor of 35 by an OPAMP. The amplified signal is then sent to
the Aestiva 7900 Ventilator CPU board after being buffered by an OPAMP.

The 02 OPAMP is bias current compensated. The filter at its positive inputis a
combination of a T-type EMI filter and RC filter. The RC filter has a pole
frequency of 2 kHz. The RC filter in the AD707 feedback has a pole frequency
of 47 Hz.

A “DISCONNECT” signal, in the form of a grounded wire, is sent through the
09 cell and to the Aestiva 7900 Ventilator CPU board. This signal is used to
sense if a cell is connected to the cable. The CPU board has a resistor pull up
to the +5V (VDD) supply and monitors this signal on an /0 port.
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Drive pressure limit switch

The drive pressure limit switch, found on the SIB, is used to monitor the drive
gas pressure from the ventilator pneumatic engine. This normally closed
switch signal is sent to the Aestiva 7900 Ventilator CPU board. The switch will
open if the drive gas pressure is more than 104 +5/-4 cm H9O. The activation
of the switch will stop mechanical ventilation, stop the flow valve drive circuit,
and close the gas inlet valve.

Chassis ground connection

The shell of the 50-pin connector is a continuation of the machine chassis. It
supplies the connection to the SIB shielding box. A mounting hole on the SIB
is attached to the shell of the 50-pin connector and to the SIB shielding box. A
27.4K ohm resistor in parallel with a 0.01 mF capacitor supplies a DC and AC
path to chassis ground for the SIB signal ground.

Inspiratory and expiratory flow measurement

Differential pressure levels in the range of -3.5 cm H20 to +3.5 cm H90 are
applied to the differential pressure transducers by the flow of gasses past the
variable orifice in the flow sensor. This gives DC output voltages in the range of
0.3V to 3.8V, with zero pressure producing 2.05V. The output of the pressure
transducers are buffered with an OPAMP in the same manner as the patient
airway pressure transducer.

The block diagram shows the pneumatic and electrical connections to the
variable orifice flow sensors. Calibration data for the flow sensor is stored in
an EEPROM in each of the sensors. When directed by system software, a logic
1 enable signal turns on 5 VDC power to the EEPROM. A differential clock
signal is sent to the SIB where it is transformed into a single ended clock by
the MAX488 for the EEPROMs. The EEPROM data lines are open drain signals,
one for each EEPROM. When the data has been read by the Aestiva 7900
Ventilator CPU board, the power and signals are turned off. This helps to
protect the EEPROM data when the flow sensors are plugged and unplugged
from the system while it is in operation. The signals and power supply to the
flow sensor EEPROM s are filtered for EMI immunity and protected against
ESD.

Other connections

The SIB is used as a connection point for the different switches that show the
state of moveable elements within the breathing circuit. The connections are
made using the 26-pin high density connector, which is also used to connect
to the flow sensors. The switches include:

= Canister release

= Absorber bypass

» Bagtovent

= Control panel cover micro switches

= Four optical switch signals from the circuit module identification board

There is a 3-pin connector for the connection of the optional ACGO switch. All
of the switch signals are filtered for EMI immunity and protected against ESD.
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2 Theory of Operation

2.5 Mechanical subsystems

2.5.1 Supply gas

Refer to the system connection block diagram in Section 9 of the Aestiva
Anesthesia Machine Service Manual forthe complete pneumatic/mechanical
subsystem.

The mechanical subsystem includes:
Pneumatic Engine

= Drive gas inlet filter

= Gas inletvalve

= Supply gas pressure regulator

= Flow control valve

* Drive gas check valve

= Mechanical Overpressure Valve (MOPV)
= Bleed resistor

* Free breathing valve

Drive gas pressure limit switch
Exhalation valve
Breathing circuit flow sensors

Bellows assembly

Supply gas (can be selected from O, or Air) is supplied from the anesthesia
machine at a pressure of 241 to 690 kPa (35 to 100 psi). This supply gas is
filtered through the 5 micron filter to remove any minute particles of
contaminate. The filter does not significantly lower the output pressure on the
downstream side of the filter.

5 MICRON
INLINE INLET
FILTER
— I ] | |
SUPPLY GAS L
35-100 psi GAS INLET
VALVE

Figure 2-13 = Inlet filter and Gas Inlet Valve (GIV)
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2 Theory of Operation

2.5.2 Gas Inlet Valve
(GIV)

Pressure regulator

Figure 2-14 = Pressure regulator

2.5.3 Flow control valve

Figure 2-15 = Flow control valve

2-24

During normal operation the Gas Inlet Valve (GIV) is open to let supply gas flow
to the ventilator manifold. This valve provides a shutoff of the supply gas to the
ventilator when the ventilator is not in use. This valve 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 filtered supply gas pressure 241 to

690 kPa (35 to 100 psi).

The pressure regulator is a non-relieving pressure regulator that regulates high
pressure filtered supply gas, oxygen or medical air, down to 172 kPa (25 psi).

5 MICRON

M

TEST
POINT

INLINE INLET
FILTER
I 1 I 1
SUPPLY GAS o
35-100 psi GAS INLET
VALVE

REGULATOR

25 psi

The flow control valve is controlled by the CPU. Signals are sent to the flow
control valve of the necessary flow determined by ventilator settings and
sensor signals. The flow control valve modulates the incoming 172 kPa (25
psi) drive gases to an output from O to 120 liters per minute at pressures

ranging from 0 to 100 cm H,0.

5 MICRON
INLINE INLET [:E\ oI 1

— | | I 0-120 L/min.
SUPPLY GAS L L
35-100 psi GAS INLET REGZ%LQOR FLow
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BELLOWS

TO MANIFOLD  se—
PRESSURE
TRANSDUCER

BREATHING CIRCUIT

TO DRIVE PRESSURE  sm—

[
LIMIT SWITCH |
100 cm HZO |

L o
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FREE BREATHING ‘ <
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Figure 2-16 = Exhalation manifold

2.5.4 Drive Gas Check The Drive Gas Check Valve (DGCV) is used downstream of the flow control
Valve (DGCV) valve to create 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,0 of bias pressure before permitting flow
downstream to the breathing circuit. When the ventilator is exhausting flow
from the breathing circuit, the DGCV permits the exhalation valve pilot
pressure to be de-coupled from the circuit pressure. This permits the
exhalation valve to open and lets gas flow to the exhaust and the gas
scavenging system.

2.5.5 Bellows Pressure  The Bellows assembly is the interface between drive gas and patient gas in the

1006-0453-000 05/04

Relief Valve  breathing system. The exhalation valve and pressure relief valve (or pop-off
valve) in the bellows assembly control the pressure in the two gas circuits and
exhaust drive gas and excess fresh gas.

The Bellows Pressure Relief Valve (PRV) is normally closed, maintaining
approximately 1.5 cm H,0 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 bellows is refilled during exhalation. It will exhaust
<4 L/min excess fresh gas flow at < 4 c¢m H,0.
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2.5.6 Exhalation valve

2.5.7 Mechanical
Overpressure Valve

2.5.8 Bleed resistor

2-26

The autoclavable exhalation valve manifold contains an elastomeric
diaphragm that is used along with the flow valve to control the pressures in
the breathing circuit. The manifold contains two male ports on the bottom for:

= Bellows drive gas
= Exhalation valve pilot

The manifold contains two female ports on top for:

= Drive gas (pass through)
= Drive gas return
= Bellows exhaust tube.

The female AGSS port comes out horizontally.

Pilot control of the exhalation valve is done with pneumatic connections
internal to the Aestiva 7900 Ventilator main pneumatic manifold. The valve is
normally open. Approximately 2 cm H,0 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.

The Mechanical Overpressure Valve (MOPV) is a mechanical valve that
operates regardless of electrical power on or off. This valve has two functions.

First, it functions as a third level of redundancy to the ventilator's pressure
limit control functions, supplying pressure relief at approximately
110 cm H,0.

Second, the MOPV valve functions as a backup in the event of a complete
blockage of the exhalation valve system, relieving circuit pressure at
approximately 30 cm H,0 under such failure conditions.

The bleed resistoris a “controlled leak” from O to 10 L/min in response to
circuit pressures from 0 to 100 cm H,0. The small quantity of pneumatic flow
exhausting through the bleed resistor permits control of the exhalation valve's
pilot pressure by modulation of the 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.
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2.5.9 Free breathing

valve

2.5.10 Breathing circuit
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flow sensors

2 Theory of Operation

The free breathing valve helps assure 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 breathing valve is closed on mechanical inspiration.

Two flow sensors are used to monitor inspiratory and expiratory gas flow. The
inspiratory flow sensor is downstream of the gas system inspiratory check
valve. Feedback from the inspiratory transducer is used to supply tidal
volumes that make allowances for the effects of fresh 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.
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3 Post-Service Checkout
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3.1.1 Test the Aestiva 7900 Ventilator ..ot 3-2
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3 Post-Service Checkout

3.1 Post-service checkout

/\ WARNING

/A WARNING

3.1.1 Test the Aestiva
7900 Ventilator

3.1.2 Test the Aestiva
Anesthesia Machine

3-2

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 resistor.

Then you must complete the checkout procedure for the entire machine:

= the Aestiva 7900 Ventilator,
= the Aestiva Anesthesia Machine,
= and all the accessories and options.

You must perform all post-service checks after maintenance or service of
the ventilator. Failure to do so may result in patientinjury.

All components and accessories must be connect correctly. All hoses
and cables must be properly connected before returning the anesthesia
machine to clinical use. Failure to do so may result in patientinjury.

Perform the Preoperative Checkout Procedure in Part 1 of the Aestiva
Operation Manual.

The Aestiva 7900 Ventilator is an integral part of the complete Aestiva
Anesthesia Machine. To be certain the ventilator is functioning correctly, test
the entire system. Refer to the Aestiva Anesthesia Machine Service Manual
for the proper checkout procedures.
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A WARNING

A CAUTION

In this section
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4a Tests and Calibration — Software Revision
4.X

Post-Service Checkout is required after you complete this section. You must
perform Section 3.1 Post-service checkout after performing any maintenance,
service or repair. Failure to do so may result in patient injury.

Section 4a should only be used with version 4.X software. Tests and Calibrations
forversions 1.X and 3.X software are located in section 4b.

To ensure proper operation, the Aestiva 7900 Ventilator includes several tests that run
automatically (self tests) and a series of menu pages that a qualified service person can
use to test, calibrate, or troubleshoot ventilator related components in the Aestiva
machine (Service Mode).

TR 1= - £ AP 4a-3
4a.2 Service Mode Confirmation MENU . ......oviiii ittt 4a-4
da.3Main Menu - SenVviCE MOUE . .t 4a-5
4a. 3. L AIaM L0 .t e 4a-6
4a.3.2EMOrLOg .o da-7
4a.3.3 System Configuration . ..........oiiiiiiii e 4a-8
da.3.4 UserSelect Defaults . ..o e 43-12
4a.3.5TestCPUaNd MemOrY ......oviii i i it 4a-14
4a.3.6 TeStEEPROM ..\t e 4a-15

4a. 3. 7 TeStGIV o e e e 4a-16
4a.3.8TestFlow Valve ..o 4a-17
4a.3.9 Test Drive Pressure Limit Switch ..., 4a-18
4a.3.10Test BV Fail Alarm . ..o 43-19

4a-1



4a-2

4a.3.11Test Serial POrS ...t e 43-20

4a.3.12 Breathing System Leak Test ...t 4a-21
4a.3.13 Display A/DChannels . ........coiiiiii i i 4a-22
4a.3.14 Display Discrete |/0Signals . ......covvin i 4a-24
4a.3.15 Display Battery Status .. .......oiei i e 4a-25
4a.3.16 TestPanel SWItChes . ... ..o e e 4a-26
4a.3.17 Flow Valve TeStTOO! ..o vvv et e i 43-27
4a.3.18 Adjust Drive Gas Regulator ...........c.coiiiiiiiiiii i 43-28
4a.3.19 02 Calibrations ... ..vvitetie i 43-29
4a.3.20 Calibrate FIow SENSOIS ...ttt e i 4a-30
4a.3.21 Pressure Sensitivity .........ouiieeiiii i e 4a-31
4a.3.22 Calibrate Flow Valve . ... ..o e e 4a-32
4a.3.23 Bleed Resistor Calibration . ... 43-33
4a.3.24 Service Calibrations Required . . ..ot 4a-34
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4a.1 Self tests

Powerup tests

Continuous tests
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Periodic tests

43 Tests and Calibration 4.X Software

The Aestiva 7900 Ventilator software includes self tests that determine
whether or not the operating software is functioning properly and whether or
not the electronic circuits on the circuit boards are functional.

The self tests include:

= Powerup tests
= Continuous tests
= Periodic tests

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

= Sequential watchdog

= Logical watchdog

» Data RAM walking pattern test

= FLASH ROM CRC verification

= Gas inlet valve test (electrical and pneumatic)
= Calibration of the manifold sensor

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

The On and Off states of the Gas Inlet Valve (GIV) are tested at power up. The
manifold pressure will be tested to determine pass/failure. If the GIV causes
the self test to fail on power up, an alarm sound and the message “Gas Inlet
Valve Failure” is displayed.

If the calibration of the manifold sensor fails on power up, an alarm sounds
and the message “Manifold Pressure Sensor Failure” is shown.

These tests are run continuously during normal operation and alarms are
associated with each test. A failure causes an alarm to display on the screen
in the alarm display area.

= Flow valve electrical feedback
= Supply voltage checks
= Battery 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.

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 screen
in the alarm display area.

» CPU Test

= Display RAM walking pattern test
* Data RAM walking pattern test

* FLASH ROM CRC verification
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4a.2 Service Mode Confirmation menu

The service calibration mode tests and/or calibrates hardware necessary to
prepare a ventilator manufactured for shipment and to service a ventilator in
the field.

There are two ways to enter the service mode:

= [fthe machine is turned off, push and hold in the adjustment knob while
setting the system switch to On. Hold the adjustment knob pushed in
until the “Service Mode Confirmation” menu appears. Use the
adjustment knob to highlight “Service Mode”, then push the adjustment
knob to confirm the selection.

= [fthe machine is already in normal operation, set the Bag/Vent switch to
Bag. Press End Case key, press the V;/Pinsp, the PEEP, and the menu
switches at the same time to reset the software (powerup). Push and
hold the adjustment knob until the “Service Mode Confirmation” menu
appears.

Service Confirmation

Service Mode
Marmal Operation

Figure 4-1 = Service confirmation menu

From this menu you can go to the Service Mode or into Normal Operation.
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4a.3 Main Menu - Service Mode

Figure 4-2 = Service Mode main menu

Go to Normal Operations

1006-0453-000 05/04

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
Software Version. 4.0 PSWPro
Software Date: Dec 03 2002 17:39.44
Total System Hours: 51
Alarm Log Test 5W Fail Alarm 0z Calibrations
Error Laog Test Serial Ports Calibrate Floa Sensors
System Corfiguration Breathing System Leak Test Preszure Sensithity
Uszer Select Defautts Dizplay &0 Channels Calibrate Flow Vabee
Test CPU and Memary Dizplay Discrete KO Signals Eleed Resiztor Calibration
Test EEPROM Display Battery Status Service Calibrations Required &
Test GIY Test Panel Switches
Test Flow Vake Flows Yakee Test Tool
Test Drive Pressure Limit Switch Adjust Orive Gas Regulator

Go to Mormal Operations

Any menu can be selected by pressing the control knob. The software version,
software date, and total system hours at the top of the Service Mode main
menu are not selectable.

Provides the means to exit the service mode via a hardware reset.
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4a.3.1 Alarm Log

Figure 4-3 = Alarm Log menu

Clear Alarm Log

Remarks

4a-6

The Alarm Log displays up to 10 of the most current alarm 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 alarm

condition occurred.

= #Times - the number of times that the specific alarm condition has occurred

during the noted bootup count.

= Alarm - message associated with the particular alarm condition.

Alarm Log
Eootup Count Time [mz) # Times Alarm

14 F165476 L) Check Flow Sensors b
14 2571444 g VT Mot Achieved
14 921950 o Lo Pt
14 114592 EL) PEEF Mot Achiesed
14 106554 2 Sustained Paw
13 GE3300 2 Ventilate Manually: Fressure Limit Switch Failure
13 GESEE0 2 Inzpiration Stopped &
13 319392 L) Lo Pt
13 TET2 H Sustained Faw
13 Srig2 [ Fres Mode Mot &vail

Dizplaying 1-10 of 10

Bootup Count Last Cleared & Clear Alarm Log

Current Bootup Courit: 15 Goto Service Modes Menu

The bottom left corner of the screen displays additional information:

= Bootup Count Last Cleared
= Current Bootup Count

Select to clear the alarm log. The system will ask you to confirm that you want

to clearthe log.

Afterthe 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 “No entries in log!”.
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4a.3.2 Error Log

Figure 4-4 = Error Log menu

Clear Error Log

Remarks
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43 Tests and Calibration 4.X Software

There are two special types of alarms:

= Minimum monitoring alarms that stop mechanical ventilation
* Minimum system shutdown alarms that stop mechanical ventilation and
monitoring.

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

The Error Log displays up to 10 of the 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 with the particular error condition.

Error Log
Bootup Count Time [ms] Addrezs Error
3 83907055 T4l Sofhware Watchdog Failure

Digplaying 1-1 of 1

Bootup Courd Last Cleared 2
Current Bootup Count: 9 Go to Service Modes Menu

The error address and software revision are important pieces of information to
note if technical support is required.

The bottom left corner of the screen displays additional information:

= Bootup Count Last Cleared
= Current Bootup Count

To clearthe error log, select “Clear Error Log”. The system asks you to confirm
that you want to clear the error log.
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!”.
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4a.3.3 System
Configuration

The System Configuration menu includes settings that are tailored to the

specific machine.

Syzstem Configuration

Lt . Jwooo .|
Orive Gaz Oz

Heliox Mode ot

e Alarm Limits dutomatic

Language English

Optimal Screen Contrast )

Goto Service Modes Menu

Figure 4-5 = Calibrations/System Configuration menu

4a.3.3.1 Altitude

Figure 4-6 = Altitude menu item

4a.3.3.2 Drive Gas

A CAUTION

4a-8

The accuracy of some of the ventilator measurements is altitude sensitive. To
ensure the specified accuracy, the altitude setting should be set to the
specific altitude where each machine is located.

Altitude settings range from -400 to 3600 meters in increments to 100
meters.

Syzstem Configuration

[attitude |[300 m
Orive Gaz Oz
Heliox Mode ot

e Alarm Limits dutomatic
Language English
Optimal Screen Contrast )

Goto Service Modes Menu

Either 02 or Air can be used as the drive gas for the ventilator’s pneumatic
engine. To compensate volume calculations for the specific density of the
drive gas used, the drive gas selection on this menu must match the actual
drive gas.

To change the actual drive gas, referto section 4.1.9 of the Aestiva Anesthesia
Machine Service Manual.

Ifyou change the drive gas, you must also change the drive gas selection
on this service setup screen. If the drive gas selection and the actual
drive gas do not agree, volumes will not be correct.
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Syztem Configuration

Aftitude
Lir

Heliox Mode

e Alarm Limits

Language

Optimal Screen Contrast

Goto Service Modes Menu

Figure 4-7 = Drive Gas menu item

4a.3.3.3 Heliox Mode  Aestiva machines can be configured to deliver Heliox. These machines should
have the Heliox Mode “On”. With the Heliox Mode On, the operator can
choose to turn the Heliox On or Off in the Setup/Calibration menu.

If the machine is not configured to deliver Heliox, the Heliox Mode should be

set to “Off”. With the Heliox Mode Off, the Setup/Calibration menu will not
include the Heliox option.

System Configuration

Aftitude
Drive Gas

e Alarm Limits
Language
Optimal Screen Contrast

Goto Service Modes Menu

Figure 4-8 = Heliox Mode menu item

4a.3.3.4 VE Alarm Limits  The setting for VE Alarm Limits determines how the VE Alarm Limits are set:

= [f VE Alarm Limits is set to User Adjustable, the user sets the limits on the
Alarm Settings menu.

= |f VE Alarm Limits is set to Automatic, the ventilator software calculates the
high and low VE alarm limits and sets them to +20% of the set VE. The user

is still able to change the limits through the Alarm Settings menu in the Main
Menu.
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System Configuration
Aftitude Lizer Adjustable
DOrhve Gag
Heliox Mode

Language
Optimal Screen Contrast

Go to Service Modes Menu

Figure 4-9 = VE Alarm Limits menu item

4a.3.3.5 Language  The text shown in the normal mode of operation is language sensitive.
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.

e Dutch...... Nederlands
= English. .. .. English

* French...... Francais

* German..... Deutsch

e [talian...... Italiano

= Japanese. . .Japanese

= Polish...... Polski

* Portuguese. .Portugués
= Spanish. . .. Espaiiol

Suztem Configuration
Aftitude

Drive Gag Ezpaftiol
Heliox Mode Portugués
WE Alarm Limits Folgki
Language  [{EE
Optimal Screen Contrast Deutsch
LE1EN]
Mederlands
Japanese

Goto Service Modes Menu

Figure 4-10 = Language menu item
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4a.3.4.6 Optimal Screen  The Screen Contrast menu is used to select the display brightness. The values
Contrast  range from 1 to 10, with 10 having the most screen contrast.

Spztem Configuration
aftitude 300 m
DOrive Gas Oz
Heliox Mode i
e Alarm Limits Automatic
Language English
[Cptimal Screen Contrast |5

Goto Service Modes Menu

Figure 4-11 = Optimal Screen Contrast menu item
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4a.3.4 User Select
Defaults

The User Select Defaults menu determines the control settings used by the
system at power up.

Settings related to optional ventilation modes will only appear in the User
Select Defaults if the optional modes are active. These settings include:

= Rate for SIMV and PSVPro
= Trigger Window

* Flow Trigger Level

= Insp. Termination Level

= Tinspired

Lizer Select Defautts Fage 1of 2
Farameter [ Fange) Currenit Value

Powerup/End Ca Lazt Caze
Ventilation Mode Volume Cantrol
VT [20-1500 mL) 500 mL
Pinzpired [5-60 cm Hz0) 5 cm H20
Fizte for Yol Critrl and Pres Crtrl (4-100 breaths!min) 12 breaths/min
Fiate for S and PSYPro [2-60 breaths'min 12 breaths!min
LE[2:1 - 1:8] 1.2

Flimit [12-40 cmHz0] 40 em H20
Inzpiratory Fause [Off, 5-60%] of

Mare Defaults
Goto Service Modes Menu

Figure 4-12 = Page 1 of User Select Defaults menu

User Select Defaults Page 2 of 2
Parameter [Range) Currert Walue
Low Diz alarm limit (15 - 99%)
High 0z alarm linit [ 21 - 99%, 0ff) ot
Lows VE alarm limit (Off, 0.1 - 10 Limin) 2.0 Lemin
High %' alarm limit [0.5 - 30 Lfmin, Off] 10.0 Lfmin
Lowy YTE alarm limit [Off, 5 - 1500 mL] off
High e alarm limit [20 - 1600 mL, 0] 1000 mL
Trigger \Window [0 - 50%) 20%
Flows Trigger Lesel (1 - 10 Limin) 20 Limin
Insp. Termination Lesel [5 - 50%) 0%
Tinzpired (0.2 - 5.0 zec) 1.5 zec

More Defaults
Go to Service Modes Meno

Figure 4-13 = Page 2 of User Select Defaults menu

Powerup/End Case Settings

A CAUTION

4a-12

If Last Case is selected, the system saves settings when the unit is turned off
and powers up with the same settings. If Facility Defaults is selected, the
system powers up with the default facility settings and returns to default
settings when End Case is selected.

Askthe customer BEFORE changing any default settings. Make sure that
they understand these options can only be setin Service Mode.

05/04 1006-0453-000
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43 Tests and Calibration 4.X Software

The following parameters may be set in User Select Defaults:

= Ventilation Mode

= Tidal Volume (VT)

= Inspired Pressure (Pinspired)
= Respiratory Rate

= |:E Ratio

* Pressure Limit (Plimit)

= Inspiratory Pause

* Low O, Alarm Limit

* High O, Alarm Limit

= Low VE Alarm Limit

= High VE Alarm Limit

= Low VTE Alarm Limit

= High VTE Alarm Limit

= Trigger Window (optional)

= Flow Trigger Level (optional)
= Inspiratory Termination Level (optional)
= Tinspired

43-13
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4a.3.5Test CPU and
Memory

Figure 4-14 = Test CPU and Memory menu

The software checks the CPU, ROM, RAM, and display RAM through this
menu. When Start Test is selected the series of tests begins to run. When each
testis running, the word “Testing. . .” appears after the test name.

Tezt CPU and Memary

Directions for Testing:
1. Select *Start Test to perform the test.

Test CFL
Test ROM :
Test RaM
Test Dizplay FaM :

Goto Service Modes Menu |

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 register(s) have failed.

Next, the software 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. If the value that was
calculated does not equal the value that was stored in Flash ROM, the test will
fail.

Finally, the software tests all the external and display RAM memory with a
walking bit pattern test. It writes a certain bit pattern to a block of memory and
then reads that block of memory. If the bit pattern what it wrote is not the
same bit pattern that it reads back, the test fails.

When the testis complete and has passed, the word “Pass” appears after the
name of the test, as in Figure 4-15.

Test CFU and Memorny

Directions for Testing:
1. Select *Start Test" to perform the test.

Test CPU Fazs
Test ROM Fazs
Test Fan Fazs

Test Display RaM :

Pazs

Go to Serdice Modes Meno |

Figure 4-15 = Test CPU and Memory menu after all the tests have passed

4a-14
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4a.3.6 Test EEPROM

The software tests all the EEPROM memory via a bit pattern test. It writes a
certain pattern to a block of memory and then reads back that block of

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

Teszt EEPROM

Directions for Testing:
1. Select " Start Test” to perform the test,

Test Status:

Go to Service Modes Menu |

Figure 4-16 = Test EEPROM menu

1006-0453-000 05/04 4a-15
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4a.3.7 Test GIV

Figure 4-17 = Test GIV menu

GIV Test FAIL instructions

4a-16

To test the GIV (gas inlet valve) the software first closes the GIV. It reads the
A/D channel for the GIV. If the A/D channel for the GIV does not read closed,
the test fails; otherwise, the test continues.

The software then opens the flow valve to the calibrated flow of the 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 H,0. If manifold pressure does not drop below 0.5 cm H,0, the
test fails; otherwise, the test continues.

The software then closes the flow valve and opens the GIV. It reads the A/D
channel forthe GIV. If the A/D channel forthe GIV does not read open, the test
fails.

Test GV

Directions for testing Glv:
1. Select »Start Test" to perfarm GIY test.

Test Status:
Go to Service Modes Menu

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
(see section 7).

Use a multimeter to 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.

= [fthe voltage is 4.5 volts or greater, service the GIV (see section 7).
= [fthe voltage is less than 4.5 volts replace the CPU board (see section 7).

05/04 1006-0453-000



4a.3.8 Test Flow Valve

Figure 4-18 = Test Flow Valve menu

Flow Valve Test FAIL

1006-0453-000 05/04

instructions

43 Tests and Calibration 4.X Software

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 A/D (Analog/Digital) channel for
Flow DAC (Digital to Analog Converter) Feedback and Flow Current Sense will
be read. If the A/D for the Flow DAC Feedback and Flow Current Sense are not
within the correct tolerance the test fails.

After setting the Bag/Vent switch to Vent, disengage the drive gas from the
breathing system by removing the bellows housing.

Test Flow Yabee

Directions for Flow Wakee Test:
1. Set BagWent awitch to Vent.
2. Remoree the bellows canister,
3. Select " Start Test" to perform the test.
4 YWhen test iz complete, replace the bellows canister.

Test Status:
Go to Service Modes Menu

Afailure 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 liters per minute. Unplug the connector
from the pneumatic connection board and measure the resistance between
the leads at the unplugged flow valve connector. A multimeter should read
approximately 1.75 ohms.

= [fthe resistance is approximately 1.75 ohms, the drive circuitis bad, replace
the CPU board (see section 7) and test the flow valve again.

= If the flow valve test fails again, replace the flow valve (see section 7).

4a-17
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4a.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 pressure. The software opens the flow valve to a value
where pressure continues to increase. It then waits for the DPL (Drive Pressure
Limit) switch to trip. The pressure at which the DPL switch tripped is indicated.
This value is the manifold pressure measured upstream of the drive gas check
valve (the typical reading is 112 cm H,0), not the actual pressure at the
switch. If the DPL switch never trips (within 15 seconds) the test fails. If the
DPL switch does not trip at a pressure within the correct tolerance, the test
fails.

Test Orive Pressure Limit Switch

Directions for testing:
1. Set Bag'Went switch to Vert,
2. Set the fresh gas flow to 10 L'min,
3. Occlude the patient circuit at the "y connector.
4. Select "Start Test" to start the test.

Test Status:

Go to Service Modes Menu |

Figure 4-19 = Test Drive Pressure Limit Switch menu

Drive Pressure Limit Switch FAIL

4a-18

instructions

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 (SIB side).

Apply 104 +5/-4 cm H,0 (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 SIB.

05/04 1006-0453-000
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4a.3.10 Test 5V Fail A 5-Voltsupply (VDD) is used to power the digital circuits throughout the
Alarm ventilator.

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

To test the 5V Fail Alarm, follow the directions on the screen.

If the alarm tone does not sound, replace the CPU board (see section 7).

Test 54 Fail Alarm

Directions for Test 5% Fail Alarm:
1. Select "Test 5 Fail Alarm® to start the test.
2. Verify that 5 Fail Alarm tone sounds for about 2 seconds.

Shart Tegt

Goto Service Modes Menu

Figure 4-20 = Test 5V Fail Alarm menu
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4a.3.11 Test Serial Ports

Figure 4-21 = Test Serial Ports menu

4a-20

Two serial port tests may be done:
* Public Port Test (Com 2) - requires pins 6 and 13 of the serial connector to
be jumpered.

= Proprietary Port Test (Com 1)- requires pins 2 and 3 of the serial connector
to be jumpered.

Com 1 and Com 2 ports are located on the back of the ventilator and are
identified with the following symbol:

Cu

Each test routine sets up the serial port circuits so transmitted data is echoed
directly back to the receive circuits. The test fails if the data sent out is not
equal to the data received.

If only the Proprietary Port Test fails, replace the CPU.

If both tests fail:
= check the harness 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.

Test Serial Portz

Directions far Serial test:
1. Dizconnect any serial port connections from the back of the machine.
2. Jumper pins G and 13 on the public port, pins 2 and 3 on the proprietary port.
3. Select "Start Public Port Test" to start the testing.
4. Select "Start Proprietary Port Test" to start the testing.
5. Femovve jumpers from serial ports and recannect any montar to the
serial port that may have been disconnected.

Fublic channel: Start Fublic Port Test
Froprietary channel, Start Proprietary Port Test
Goto Service Modes Menu
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4a.3.12 Breathing  You can estimate how much of a leak there is in the ventilator portion of the
System Leak Test  breathing system by closing the patient circuit, inflating the bellows, and
observing how quickly they fall on their own weight (part of the machine
checkout procedure).

The Breathing System Leak Test allows you to more precisely test the
ventilator portion of the breathing circuit for leaks.

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.

Ereathing System Leak Test

Directions for Breathing System Leak Test:
1. Set Bag'Vert switch to Went position.
2. Set fresh gas flow to minimum.
3. Open patient "™ connection to atmosphere.
4. Select "Start Leak Test" to start the test.
5. Verifu that the Bellows iz completely collapsed.
6. Connect open end of patient ™" to plug on breathing system handle.
7. Slowly increase fresh gas flow until Fressure Gauge reads 30 cm Hz0.
4. Leak rate is the fresh gas flow needed to maintain 30 cm Hz0.
9. Press knob to end test,

Go to Service Modes Menu |

Figure 4-22 = Breathing System Leak Test menu
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4a.3.13 Display A/D  The software displays the A/D values for each of the A/D channels.

Channels

Dizplag &0 Channels Fage 1of 2
A0 Channel Countz Actual Fange
Ingpiratory Flow 2034 0.000 L'min -1200t0 120 Limin
Expiratory Flow 2059 -0.025 Lfmin -120to 120 Limin
Ainaay Pressure 827 0680 cm HzO  -20 10 120 cm Hz0
Manifald Pressure i -0.040 em HzD 2010120 cm HeO
Oz 1644 100.000 % 010 100%
Floww Currert Sense 2 0.000 Amps 0to 1.024 Amps
Flow DAL Feedback 1] 0.001 Vokts 0t 4.085 Yotz
Battery Volage iz 13.300 Vaoks T0to 160 Yaokts
Eattery Current 930 -0.042 Amps -0E to 6.0 Amps

Go to Service Modes Menu |

Figure 4-23 = Page 1 of Display A/D Channels menu

Dizplay A'D Channels Page 2 of 2

&0 Channel Counts fictual Fange
1.225 Walt Fief 1226 1.227 Yalts 1.214 to 1.235 Yaolts
5.8 Volkage Test 2424 5881 Vaolts 4,86 to 6.24 Vaolts
+15Y Analog Supply 2083 14.986 Yotz 1377 1o 16.27 Waltz
-15% Analog Supply 908 -15.012 Yolts -1262 to -17.46 Volts
+12V SIB Supply 2044 11.980 Volts 10.44 o 136 Wolts
WEL Supply 2459 14.433 Voltz 9.56 to 1569 Wolts
WS Supply 2071 14907 Vot 913 to 17.04 Wokts
+12Y Light Supply 2035 11.939 Yolts 10.00 to 1273 Waolts
GV Current Sense [ 0363 md 143.7 to 2354 ma

et A0 Menu

Goto Service Mades [Menu

Figure 4-24 = Page 2 of Display A/D Channels menu

Remarks  This selection displays a listing of A/D Channels which are at various values
depending upon the set parameters.

Refer to the following table for additional details for each of the displayed
channels.

4a-22 05/04 1006-0453-000



Table 4a-1 A/D Channels

43 Tests and Calibration 4.X Software

A/D Channel Counts?! Actual Range! Displayed Range  Special Instructions

Inspiratory Flow? 1800-2300 Near Zero L/min -120t0 120 L/min  Zero Offset Reading (nominal 2050
Counts)

Expiratory Flow? 1800-2300 Near Zero L/min -120t0 120 L/min  Zero Offset Reading (nominal 2050
Counts)

Airway Pressure? 550-1050  NearZerocmH,0  -20to 120 cm H,0 Zero Offset Reading (nominal 800 Counts)

Manifold Pressure2 550-1050  NearZero cm H,0 -20to 120 cm H,0 Zero Offset Reading (nominal 800 Counts)

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

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

Flow DAC Feedback  0-4095 010 4.095 Volts 010 4.095 Volts

Battery Voltage 1740-3976  7to 16 Volts 0to 16.48 Volts <7V = Low battery voltage failure.
<11.65V = Low battery voltage warning.
>16 Volts (10 Sec) = High battery voltage
failure.

Battery Current 700-4000 -600mAto6Amps  -2106.19 Amps -150 to -600 mA = Battery charging.
-601 mAto -2 Amps = Charge current out of
range.
>300 mA = Operating on battery.
>6 Amps = Battery discharge current out of
range.

1.225 Voltage 1214-1235 1.21410 1.235Volts  0to 4.095 Volts

Reference

5.8V Voltage Test 1997-2565 4.86t0 6.24 Volts 0109.96 Volts

+15V Analog Supply  1914-2262  13.771t0 16.27 Volts 010 29.46 Volts

-15V Analog Supply  858-953 -12.62t0-17.46 Volts -61to 1.43 Volts

+12V SIB Supply 1779-2322 10.44t0 13.62 Volts  0to 24 Volts

VEL Supply 1645-2675 9.561t0 15.69 Volts 0 to 24 Volts

VSW Supply 1269-2368 9.13to 17.04 Volts 01t029.46 Volts

+12V Light Supply 1879-2217  11.02to 13 Volts 0to 24 Volts In Rev 3.4 software,
Range = 10.00 to 12.73 Volts

GIV Current Sense3  2371-3884  143.710235.4mA  0t0248.2mA Off state reading is 0 to 259 counts

Notes:

1. These columns show the acceptable range where possible.

2. The A/D count and displayed value shown for Airway Pressure, Manifold Pressure, Inspiratory Flow, and Expiratory Flow are the zero
pressure values. These readings should be taken with the flow sensors disconnected by removing the circuit module.

3. The count range and displayed value shown for GIV Current Sense is with the GIV turned on. If the GIV is turned off, the off count range
is 0 to 259 Counts.
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4a.3.14 Display Discrete  The Discrete /0 Signals menu displays discrete binary signals associated with
1/0 Signals  machine switch positions.

There are several types of switches in the Aestiva machine:

= some switches are mechanically operated
= some switches are pneumatically operated
= some switches are electronic

Dizplay Discrete !0 Signals

Signal Statug Signal Status
ACT0 Suiftch Dz Flush or ]

C0z Bypass IEl Bag'Went Status
Canister Status
Control Panel Cover
0Oz Senzor Status
Breathing Circuit S [0 |
Breathing Circuit Sw2 [0 |
Breathing Circuit S5
Frezsure Limit Statug IEl
0z Supply Pressure

Go to Service Modes Menu

Figure 4-25 = Display Discrete I/0 Signals menu

Mechanical switches = ACGO Switch Status — Ventilation or Aux CGO (machines with ACGO)
* CO, Bypass — Off or On
= Canister Status — Closed or Open
= Control Panel Cover — Closed or Open
= Bag/Vent Status — Bag or Vent

Pneumatic switches = Pressure Limit Status — Off or On
* 0, Flush Status — Off or On
= 0, Supply Pressure Status — Pressure or No Pressure

Electronic switches = 0, Sensor Status — Connected or Disconnected
* Circuit module ID:

Breathing Circuit Circle Bain/Mapleson D | (no module)
Switch
One off On On
Two off Off On
Three On off On

Off = tab present to block light
On =no tab to block light

43-24 05/04 1006-0453-000
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4a.3.15 Display Battery  The software displays the battery charge status. This checks the battery
Status  charge current.

Note: A negative current value means the battery is charging.

Battery Status Values Displayed

On Battery Battery Current>0.300 Amps
Battery Charging -0.600 < Battery Current <-0.150
Battery Charged none of the above

Dizplay Battery Status

Battery Status: Battery Charged
&0 Channel Counts Actual Fange

Battery Voltage 3312 13.300 Yotz 7010 16.0 Yolts
Battery Current 97 -0.042 Ampz 0.6 to 6.0 Amps

Go to Service Modes Menu

Figure 4-26 = Display Battery Status menu

If the battery has been on charge for several hours and you get a “battery is
not charged” display:

= Check the battery in-line cable fuse.
= [fthe fuse is good, the battery is bad and you should replace it.

1006-0453-000 05/04 4a-25
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4a.3.16 Test Panel
Switches

Remarks

Figure 4-27 = Test Panel Switches menu

4a-26

In the Test Panel Switches menu the software is set up to receive keyboard
button presses and rotary encoder turns.

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

When a button is pressed and held, the icon on the screen next to the button
will contain an “x”.

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

As you turn the encoder knob, verify that:
» each click of the encoderin the clockwise direction increments the clockwise

total.

= each click of the encoder in the counterclockwise direction increments the
counterclockwise total.

If any of the select buttons test fails, replace the front panel keyboard
assembly (see section 7). If the encoder knob test fails, replace the rotary
encoder assembly (see section 7).

Test Panel Switches

Directions for testing panel switches:

1. Prezs and hold each bitton and knob on the panel.

2. Werify that each button highlights on the screen and that
an 'w* appears when the buttan of knob is pressed.

3. Select "Test Encoder Knab Tarn®.

4. Turn the encader knob courterclockwise and clackwize.

5. Werify that each "click” of the encoder knob results in an
increment for the counterclockwise or clockwize totals.

Clockwize Totals: 0
Courterclockwize Tatals: 0

Test Encoder Knob Turn
Go to Serdice Modes Menu
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4a.3.17 Flow Valve Test  The Flow Valve Test Tool is available for test and troubleshooting purposes
Tool  only. Itallows you to manually control the flow valve setting from O (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 (see section 5.4). However, it can also be used for
other troubleshooting procedures whenever a set flow is required.

Flow Wakee Test Toal

Directions far verification:
1. Refer to Service Manual for a description of the warious tests.
2. Set Bag'Vert switch to Went.
3. Select "Set Flow Vahe".
4. Adjust flow uging rotary encoder switch,

hinvay Pressure 0.64 cm Hz0
Manifold Pressure -0004 cm Hz0
Inpiratory Flow 0.00 Lfmin

Expiratory Flow -0.02 Lfmin
Go to Service Modes Menu

Figure 4-28 = Flow Valve Test Tool 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 screen.
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4a.3.18 Adjust Drive Gas
Regulator

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

Adjust Orive Gas Fegulator

Directions for adjust Orive Gas Regulator:

1. sttach pressure test device to regqulator pressure port.
2. Remivve the bellows azsembly and exhalztion vabee.

3. Select " Start Regulator Adjustmert®.

4. adjust requlator until pressure test device reads 172 kPa (25 psi).
5. Select "Stop Regulator Adjustment” when requlator iz adjusted.

E. Reassemble exhalation wakve and bellows aszembly when adjustment

caomplete.

Start Regulator Adjustment
Go to Service Modes Menu

Figure 4-29 = Adjust Drive Gas Regulator menu

Remarks  The drive gas regulator should

172 kPa (25 psi).

provide a constant gas input pressure of

You can verify this pressure by attaching a pressure test device to the
regulator pressure port (shown below) and performing the above procedure.

If required, adjust the regulatorto 172 +1.72 kPa (25 £0.25 psi).

Regulator
pressure
port

Figure 4-30 = Location of the regulator pressure port

4a-28

05/04 1006-0453-000



4a.3.19 02 Calibrations

Figure 4-31 = 02 Calibrations menu

1006-0453-000 05/04

Remarks

43 Tests and Calibration 4.X Software

The 02 Calibrations take into account the altitude setting. Before starting the
calibrations, ensure that the altitude setting (in Calibrations/System
Configuration) is set to the appropriate altitude for the machine location.

Note: a circle module is required for all calibrations.

Forthe 21% 02 calibration, software reads the A/D value for the 02 sensor
when the 02 sensor is exposed to room air (21% 02).

= [fthis A/D value is not within the tolerance, the calibration fails.
= [fthe calibration passes, the A/D value is stored in the EEPROM.

The sensor must be calibrated at 21% 02 before calibration at 100% 02.

Oz Calibrations

Directions for the 21% Oz calibration:
1. Select the correct atitude uzing the " System Configuration” page.
2. Fiemave 0z senzor from breathing system and exposze to room air.
3. Select "Start 21% Oz Calibration" to start the calibration.
4. Reingtall 0z senzor upon completion of calibration.

Directions for the 100% Oz calibration:
1. The 100% cal can only be performed after a 21% cal.
2.With Oz =enzor inztalled in the breathing system, flow 100% Oz,
3. Select "Start 100% Oz Calibration” to start the calibration.
4. Stop flow of 100% 0z upon completion of calibration.

Each calibration may take up to 3 minutes to complete.

Calibration Statuz: Start 21% Oz Calibration

Start 100% Oz Calibration
Goto Service Modes Menu

Remove the 02 sensor from the breathing system and expose it to room air.
The displayed reading should be 21% +2% to pass the calibration
requirements.

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

If it displays readings higher or lower than required to pass, replace the
sensor.

43-29
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Figure 4-32 = Calibrate Flow Sensors menu

4a-30

4a.3.20 Calibrate Flow
Sensors

Remarks

The software calibrates the inspiratory flow, expiratory flow, airway pressure
and manifold pressure transducers for zero flow/pressure offset voltage. It
does so by reading the A/D values for inspiratory flow, expiratory flow, airway
pressure and manifold pressure when the flow sensor module has been
disconnected from the bulkhead connector. If the A/D values are not within
the correct tolerance, the calibration fails. If the calibration passes, the offset
A/D values at which the inspiratory flow, expiratory flow, airway pressure and
manifold pressure transducers were calibrated at, are stored in the EEPROM.

Calibrate Flow Sensors

Directions for Calibrating Flow Senzors:
1. Fiemcree flowe sensor module from the breathing system,
2. Select v Start Cal" to start the calibration.
3. Replace flow senzar module upon completion of calibration,

Calibration Status:

Goto Service Mades Menu |

Fail - indicates a problem with the SIB.

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

Check for bad differential pressure transducer.

* Ensure that the flow sensor module is disconnected from the bulkhead
panel.
= Check the transducer outputs using the Display A/D menu.

= [fthe transducer is out of tolerance (Refer to Table 4a-1, on page 4-23),
replace the SIB assembly.
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4a.3.21 Pressure

Figure 4-33 = Pressure Sensitivity menu

Sensitivity

Note

Pressure sensitivity FAIL

1006-0453-000 05/04

instructions

A Caution

43 Tests and Calibration 4.X Software

The software prompts the user to perform the procedure 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 different
pressures. It uses these four different pressure 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 if the SIB assembly or
CPU board is replaced.

The Pressure Sensitivity Calibration can not be successfully performed using a
Bain/Mapleson D breathing circuit module. Install a Circle module to perform
the calibration.

Fressure Sensitivity

Directions for Pressure Sensithvity Calibration:

1. Perform the "Calibrate Flow Sensors calibration,

2. Declude the apening at the bag arm.

3. Connect short patient tubing from insp flos port to exp flow port.

4. Set BagVent switch to Bag position.

5. Select " Start Pressure Sensitivity Calt.

E. Adjust the APL and fresh gas flow to stable pressures of 10,
20, 40 and 60 cm Hz0.

¥ after each sefting wait 5 seconds and select "Save Walue"
to save the value.

Binvay Pressure; 064 cm Hz0

Goto Service Modes Menu

Flow Sensor Leak Test:

1. Select “Display A/D Channels” from the Diagnostic Tests/Tools menu.
Set Fresh gas flow to 2 LPM.
Open the APL valve (O cm H50).
Place Bag to Vent switch in the Bag/APL position.
Connect a short tube between the inspiratory and expiratory flow sensors.

The airway pressure, inspiratory flow and expiratory flow on the ventilator
display should read near zero (between +0.5 and -0.5 LPM flows).

2. Occlude the bag port. Adjust the APLto read 10 cm H,0 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 coming from the flow sensors slightly in all
directions. Observe to see if the flow measurements jump.

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. If the pressure is increased further, the SIB may be damaged.
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3. Adjustthe APLtoread 20 cm H,0 on the gauge. The flows may jump briefly,
but should stabilize to read between +0.5 and -0.5 LPM.

4, Adjustthe APLto read 40 cm H,0 on the gauge. The flows may jump briefly,
but should stabilize to read between +0.5 and -0.5 LPM.

5. Ifthe flow measurements on the ADC page stay near zero, the flow sensors
are good. If either sensorindicates a flow where there is none, there may be
a leak. To troubleshoot, reduce the circuit pressure back to zero. Reverse
the flow sensor connections at the SIB 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 of the circuit, itis likely the leak is
in the tubing, not with the sensor.

4a.3.22 Calibrate Flow  The software prompts the user to perform the procedural steps to calibrate
Valve theflowvalve. This is an automated calibration. It gradually opens the flow

valve and monitors the manifold pressure. When the manifold pressure
reaches 1.9 to 2.0 cm H,0 the value at which the flow valve has been opened
is saved. The flow valve is then closed. The value at which the flow valve was
opened to is then checked to make sure itis within the correct tolerance. Ifitis
not, the calibration fails. If the calibration passes, the flow valve calibration
point is stored in the EEPROM.

Calibrate Flow vahe

Directions for flow vake calibration:

1. Select the drive gas using the system configuration menu.

2 Select the attitude using the sustem configuration menu.

3. Set the fresh gas flow to 10 Lemin.

4. Set Bag'Vent switch to Vent.

5. Oeclude the patient circuit at the " connectar.

6. Select the "Start Cal" selection and push the ratary encoder switch.

Calibration Status:

Go to Service Modes Menu |

Figure 4-34 = Calibrate Flow Valve menu

Remarks  Check that the Bag/Vent selection switch is in the vent position. If the flow
valve calibration test fails immediately, the most likely fault is a failed
manifold transducer. It can also be a failed regulator or the regulator could
need calibration. Another cause could be a failed flow valve.
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4a.3.23 Bleed Resistor  The software calibrates the bleed resistor as described below. Other than the
Calibration  setup procedure, this calibration is completely automated.

Figure 4-35 = Bleed Resistor Calibration menu

Eleed Reziztor Calibration

Directions for bleed resiztor calibration:

1. Select the diive gas using the system configuration menu.

2. Select the attitude using the system configuration menu.

3. Perform the " Cal flow wabee per the directions on that menu.

4. Occlude the patient circuit at the "y connector.

5. Set the fresh gas flow to 3 L'min.

6. Set Bag'ent switch to Vent.

7. Select the "Start Cal" selection and push the ratary encoder switch.

Calibration Status:

Go to Service Modes Menu |

Software procedure  The software performs the calibration as follows:

1.

ok~

Opens the flow valve to the starting point that was found (where
manifold pressure is 91-92 cm H,0).

Waits for the flow to stabilize.

Once the flow stabilized, sets the flow to 12 L/min.

Wait for the flow to stabilize.

Repeat steps 1-4, replacing step 3 with progressively smaller flows.

There are 12 points that are calculated for the bleed resistor calibration. 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 massive circuit leak. Check for
proper regulator pressure calibration. Ensure that the Flow Valve Cal test was
conducted properly. Otherwise, failure indicates a calibration problem with
the flow valve.

1006-0453-000 05/04
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4a.3.24 Service
Calibrations Required

The Schedule Service Calibrations menu lists which setting or calibration
must be performed when the “Service Calibration A” alarm appears in
normal operation. After the setting or calibration is properly completed, the
text for that setting or calibration is removed from the list.

Service Calibrations Required 4

The selections on this menu are the Calibrations Settings that are
required when the "Service Calibration &" alarm is active, Perform

each of the calibrations!Settings starting with the upper most selection.
ORLY zelect Set "Service Calibration &" if you know what you are daing!

: Calibration A"

Go to Service Modes Menu

Figure 4-36 = Service Calibrations Required menu

Remarks

Figure 4-37 = Set Service Calibration menu

4a-34

The normal operation “Service Calibration AA” alarm message is only removed
when all the required settings or calibrations are completed.

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

performed when the Aestiva machine is set up for operation at its permanent
location.

There is no need to set the “Service Calibration A” alarm in the field.

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

Are you sure you want to Set Service Cal.?
Selecting "Yes" will activate the alarm,
"Schedule Service Cal." and require that ALL
the Calibrations/Settings be performed!

OHLY SELECT "Yes" IF YOU KNOW WHAT YOU
ARE DOING! Yes

If you select “Yes” you will see the screen displayed in Figure 4-38. Follow the
directions on the screen to complete the calibrations.
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Service Calibrations Fequired &

The selections on thisz menu are the CalibrationsSeftings that are
required when the " Service Calibration & alarm is active. Perform

each of the calibrations/Settings starting with the upper most selection.
ORLY select Set *Service Calibration & i vou know what you are daing!

DOrive Gas

Oz Calibrations

Calibrate Flow Sengors
Preszure Sensitivity
Calibrate Flow Vakee

Eleed Resistor Calibration
Set "Service Calibration A"

Gota Service Modes Menu

Figure 4-38 = Service Calibration full menu
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/A WARNING

A CAUTION

In this section

1006-0453-000

05/04

4bh Tests and Calibration — Software Revisions
1.X and 3.X

Post-Service Checkout is required after you complete this section. You must
perform Section 3. 1 Post-service checkout after performing any maintenance,
service or repair. Failure to do so may result in patientinjury.

Section 4b should only be used with versions 1.X and 3.X software. Tests and
Calibrations for version 4.X software are located in section 4a.

To ensure proper operation, the Aestiva 7900 Ventilator includes several tests that run
automatically (self tests) and a series of menu pages that a qualified service person can
use to test, calibrate, or troubleshoot ventilator related components in the Aestiva
machine (Service Mode).

Ab. ] Sl eSS vttt e e 4b-3
4b.2 Service Mode Confirmation menu ... e 4b-4
4b.2.1Setthealtitude . ...t e 4b-5
4b.2.2 Setthe language . ......ovviii i i e 4b-5
4h.2.3 Setthe serial coNNECtion . ........cuiii e e i 4b-5
4h.3 Main Menu - Service CalibrationMode .........covii i 4b-6

4b-1



4b-2

4D, 4 DiagnoStiC TESIS .\ vttt e 4b-7

AD. A, A TeStCPU Lottt 4b-7
4b. 4.2 TestExternal RAM .. ..o e 4b-7
4b.4.3TestDisplay RAM .. ... o i e 4b-8
4b.4.4TestFlash ROM . ... e e e e 4b-8
Ab.4. 5 TeStEEPROM ...\ttt e e 4b-9
4b. 4.6 TestPanel SWItChes .. ... ..o e e i 4b-9
Ab.4. 7 Test Serial POMS .. .uvt i e e 4b-10
4b.4.8TestFlowValve . ......ooir i e 4b-11
4b.4.9TestGIV(GasInletValve) ... s 4b-12
4b.4.10 Test DPL (Drive Pressure Limit) switch .................ccoiiioias, 4b-13
4b.4.11Test BV Fail Alarm . . ..o 4b-14
4p.5 DiagnostiCTOOIS ... v vt 4b-15
4b.5.1Display A/Dchannels .........ooueiiii i e 4b-15
4b.5.2 Display [/0 SigNals . ... vv ittt e 4b-17
4bh.5.3 Battery Charge Status ........ovieiiiii e e 4b-18
Ab.5.4 SysteMEMorLog . . ..o 4b-19
Ab.5. 5 AlarM I0g . oo e 4h-19
4h.6 Flow Valve TESETOO! .ottt e e e e 4bh-20
4h.7 Test Breathing System ForLeak .. ......vvueiiii i 4ph-21
4h.8 Adjust Drive Gas RegUIATOr . . ... v vt 4h-22
AD.9 Calibrations ... .v it 4h-23
4b.9.1 Calibrate 02 SENSOr . .\t vv et ittt e e e e e 4ph-23
4b.9.2 Calibrate FIOW SENSOIS ... .vvi it e i 4b-24
4h.9.3 Pressure Sensitivity Calibration .. ............ ... i 4b-25
4b.9.4 Calibrate Flow Valve . . ... e e 4b-26
4b.9.5 Calibrate Bleed ReSIStOr . .....c.vvuiii i i 4b-27
4p.10 Schedule Service Calibration — Software 3.X. ...t 4b-28
4b.11 Sensor(s) cal due — Software 1.X . ... i 4b-29
4D, 12 USBr SEttiNgS . v e ittt 4p-30
4b.12.1 SeleCt AltitUde ... ovee i 4b-30
4D.12.2 SeleCtDIIVE GaS . . o vttt et e 4b-30
4b.12.3 Adjust Brightness . . ... ovei e 4p-31
4b.12.4 SelectHelioxMode ......viii i i 4ph-31
Ab. 125 VEAIArM LIMItS . ..vee i 4h-32
4b.12.6 UserSelect Defaults . ......cvviuiiiii e 4h-32
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4bh.1 Self tests

Powerup tests

Continuous tests

1006-0453-000 05/04

Periodic tests

4b Tests and Calibration 1.X/3.X Software

The Aestiva 7900 Ventilator software includes self tests that determine
whether or not the operating software is functioning properly and whether or
not the electronic circuits on the circuit boards are functional.

The self tests include:

= Powerup tests
= Continuous tests
= Periodic tests

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

= Sequential watchdog

= Logical watchdog

» Data RAM walking pattern test

= FLASH ROM CRC verification

= Gas inlet valve test (electrical and pneumatic)
= Calibration of the manifold sensor

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

The On and Off states of the Gas Inlet Valve (GIV) are tested at power up. The
electronic feedback signal as well as the manifold pressure will be tested to
determine pass/failure. If the GIV causes the self test to fail on power up, an
alarm sound and the message “Gas Inlet Valve Failure” is displayed. An error
code (1002C) will register on the error code service mode menu.

If the calibration of the manifold sensor fails on power up, an alarm sounds
and the message “Manifold Pressure Sensor Failure” is shown. An error code
(1003E) will also show on the error code service menu.

These tests are run continuously during normal operation and alarms are
associated with each test. A failure causes an alarm to display on the screen
in the alarm display area.

= Flow valve electrical feedback

= Gas inlet valve electrical feedback
= Supply voltage checks

= Battery 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.

The Gas Inlet Valve ON state is tested (via electronic feedback) every 3
seconds once normal operation is entered.

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 screen
in the alarm display area.

» CPU Test

= Display RAM walking pattern test
» Data RAM walking pattern test

* FLASH ROM CRC verification
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4h.2 Service Mode Confirmation menu

Figure 4b-1 = Service confirmation menu

4b-4

The service calibration mode tests and/or calibrates hardware necessary to
prepare a ventilator in manufacture for factory shipment and to service a
ventilator in the field.

There are two ways to enter the service mode:

= [fthe machine is turned off, push and hold in the adjustment knob while
setting the system switch to On. Hold the adjustment knob pushed in
until the “Service Mode Confirmation” menu appears. Use the
adjustment knob to highlight “Service Mode”, then push the adjustment
knob to confirm the selection.

= [fthe machine is already in normal operation, set the Bag/Vent switch to
Bag. Then, press the V;/Pinsp, the PEEP, and the menu switches at the
same time to reset the software (powerup). Push and hold the
adjustment knob until the “Service Mode Confirmation” menu appears.

All data displayed by the ventilator during and after a service mode test or
measurement is also output to the serial port.

Service Mode Confirmation

Language English
Serial Connection Ohmeda com 2.0

Service Mode
Normal Qperation

From this menu you can:

= Set Altitude

= Set Language

= Set Serial Connection

* Go to the Service Mode or Normal Operation
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4bh.2.1 Set the altitude  The accuracy of some of the ventilator measurements is altitude sensitive. To

ensure the specified accuracy, the altitude setting should be set to the specific
altitude where each machine is located.

Altitude setting ranges from -400 to 3600 meters in increments of 100
meters. The setting is saved in EEPROM and the default value is 300 meters.

4h.2.2 Set the language  Text shown in the normal mode of operation is language sensitive, but the
service confirmation and calibration modes are shown in English. The other
language choices are shown in language specific text. For example, Swedish
would be shown as “Svenska”.

The language choices are:

* English

* French

* German
= |talian

= Spanish
= Japanese
= Dutch

= Swedish

The language setting is stored in EEPROM with the default setting as English.

4h.2.3 Set the serial  There are two serial ports on the Aestiva 7900 Ventilator, the Datex-Ohmeda
connection  proprietary channel and the public channel. The proprietary channel is used
for software development testing and manufacturing test.

The public channel serial connection alternatives are:

* Ohmeda RGM

= 7800 Emulation
* Ohmeda Com 1.0
= Ohmeda Com 2.0

The serial connection used is stored in EEPROM. The default selection is
Ohmeda RGM.

When you are in the serial connection menu, all display graphics except for
the menu box are removed from the screen. All switches other than the
adjustment knob are inactive, therefore accidently pushing a key will not
cause any action.
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4bh.3 Main Menu - Service Calibration Mode

Software 3.X

Software 1.X

Figure 4b-2 = Service mode main menu

4b-6

Exit Service Mode

The service mode is set from the service confirmation menu. Select “Service
Mode” and push the adjustment knob. The service mode Main Menu displays
all selectable service tests.

Software revision 3.X adds several menu items to the service mode. Most of
the service screens are identical in 3.X or 1.X software. Screens that differ
significantly are shown separately. Minor differences are noted in the text.

3.2 Main Menu - Service Calibiation Mede 105041518
Diagnestic Tesls Toals Calibratisns s en Satlings
MHHFIW.&;D Chan.  Cal 0F Sensor Seleat Altitade

Test Bdernal AAM  Discrete 10 Signals Cal Flew Senseails]  Select Drive Gas
Test Display RAM  Batlery Slalus Press. Seasitivity  Adjust Biighlness
Test FLASH ROM Flow Valve Test Toal Cal Flew Yalve Belech Heling Made
lesh EEFROM lesl ban Leak Cal Biead Resigter Wt Alapm Limits

Teat Panel S=itohes Cal Regulator Sabed, Sardce Cal. User Select Defaults
Test Serial Parts System Frnor Log

Test Flow Valve Alamm Log

Test GBIV

Test OFL Switeh

Test 5¥ Fall alarm Fxit Service Meds

10 Wan Kenii - Service Calibieation Mads 103240745
Uiagmastic Texts o Dol L TE 1T Wlzed Heflings
Tesd GPU Dizplay Tl chanezls  Cal 07 sensor Szleat aliftude
Tedd exiemal RAM Digplay 1'D dgnals Cal Ny senzar Beleal ditve pas
Ted dzplay AM Bslery charge slote: Cal pess. seagilieily  Adjusl bighteess

lesd HLASH 0K Flosy Walbve Tt Toal  Gal Hhiny vabee Galest heliae moda
Tesd [EPRDR Tast far Leak Lal bbaed rasistar

Tesd panel mefiches  Cal Regulafi Senzanieh cal due

Teed seral poris Syslem errorn leg

Ta lliny wakoe

[l gas inbst vakie

Test press. limil swiich
Test 5¥ Fail alarm

Exil gervice mude

The service mode has a top level main menu screen which displays all the
selectable service tests in categorical order; Diagnostic Tests/ Tools,
Calibrations and User settings. Any service test can be selected from this
menu with the adjustment knob cursor. The software version is shown at the
top-left of the screen and the date code is shown at the top-right of the
screen.

Provides the means to exit the service mode via a hardware reset.

Allows the service person to return to the main operating waveform display
and operating menu.
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4h.4 Diagnostic Tests

4b.4.1 Test CPU

CPU test FAIL instructions

4b.4.2 Test External RAM

External RAM test FAIL
instructions

1006-0453-000 05/04

4b Tests and Calibration 1.X/3.X Software

The software tests the CPU integer instructions as well as the CPU register(s).
If this test fails, the CPU did not perform an integer instruction correctly, or the
CPU register(s) have failed.

Tast CMU
Nirectiens for testing:
1. Selecd “Stam Tesl® to pertaim e Tegl.

Cwirant tast siatus:

Go Te Main Mesu

Upon FAIL, replace the CPU board (see Section 7.5).

The software tests all of the external RAM memory with a walking bit pattern
test. It writes a certain bit pattern to a block of memory and then reads that
block of memory. If the bit pattern that it wrote is not the same bit pattern that
it reads back the test fails.

Tast Fatemal TAM
Directiens for testing:
1. Belecd “Siam Tesi® ta peilaim the lesl,

Cwrrant tast status;

Go Te Main Meau

Upon FAIL, replace the CPU board (see Section 7.5).
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4b.4.3 Test Display RAM  The software tests all of the display RAM memory via a walking bit pattern
test. It writes a certain bit pattern to a block of memory and then reads that

block of memory. If the bit pattern that was written is not the same bit pattern
that it reads back the test fails.

Test Misplay AAR
Directiens for testing:

1. Belecd “Siam Tesi® ta peilaim the lesl,

Comest tes status: (Stast Test

Go Te Main Meau

Display RAM test FAIL  Upon FAIL, replace the CPU board (see Section 7.5).
instructions

4b.4.4 Test Flash ROM  The software 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. If the value that was calculated
does not equal the value that was stored in Flash ROM, the test will fail.

Test Flash ROM
Directiens for testing:

1. Belecd “Biam Tesl® 1 peilaim e Tagl.

Cumest bes status: (Stast Test

Go Te Main Mewi

Flash ROM test FAIL  Upon FAIL, replace the CPU board (see Section 7.5).
instructions
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4b.4.5 Test EEPROM  The software tests all of the EEPROM memory via a bit pattern test. It writes a
certain pattern to a block of memory and then reads that block of memory. If

the bit pattern that was written is not the same as the bit pattern read back,
the test fails.

Tast FEPRIM
Directiens for testing:
1. Belecd “Siam Tesi® ta peilaim the lesl,

Comest tes status: (Stast Test

Go Te Main Meau

EEPROM test FAIL instructions  Upon FAIL, replace the CPU board (see section 7.5).

4b.4.6 Test Panel  The software sets up the ventilator to receive all button presses and control
Switches  Wheelturns. The test asks the user to press each of the buttons and turn the

control wheel one full turn in both directions. Each time a button is pressed
the number next to the button is reverse-highlighted. If the button is pressed
and the number next to the button does not reverse highlight the test for that
button failed. If all of the buttons are pressed and all of the numbers next to
the buttons are reverse-highlighted the button press test passes. The control
wheel turn test works the same way. The user is prompted to turn the control
wheel clockwise and counter-clockwise one full turn (16 clicks). When the
control wheel is turned (one full turn in either direction) and the control wheel
is working, the test passes. If the control wheel is not working, the test times-
outin about 10 seconds and the test fails.

I Test Frant Panal "

Test Framt Fanel Dbwmations:;

Follaw the diectisns listed below. 11ihe conec] buflon
or knob is net pressed furned within 70 secends, the testwill fail.
Huotice tht apch button Snok keg & numbes displayed ped o i,

Frass each hettenbeeb frem 1- 10 TEET FASSED
Twin the encader knob aneé complele tain clocksite. TEET FASSED
Twm the enceder knob ane complete tom caunter cleckwise. TESTPASSEN

i
[}

! [Stat Test

a i i i Go Te Main Mewsu

Panel switch test FAIL  If any of the select buttons or the adjustment knob turn test fails, replace the
instructions  front panel keyboard (see Section 7.2) or the rotary encoder (see Section 7.3).
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4b-10

4b.4.7 Test Serial Ports

Serial port test FAIL
instructions

The software performs an internal test on both of the serial ports. The

software sets up the serial ports so data sent out the serial ports is echoed
directly back to that serial port. The test fails if the data sent out is not equal to
the data received. The status of the test is displayed on the ventilator’s front

screen. The software checks the serial ports to ensure any data sent out is

looped back as a direct echo. If the returned data is not the same as that sent,

the ports test fails.

Test Sarial Parts
Mirectisns far serial lest z
1. Digcamnect sny seiial padl conneclions (pem the back ol machine.
7. Select the "Star Test” selection and push the setary encoder switch.

A When Best chmplete, jecamnech By Se0sl pant cosneclions thal may
have beew discennecied.

Sevial test on the praprictary channel: Fass

Ga To Main Menu

Sealal tast on the public channal: Pass

Upon FAIL, replace the CPU board (see Section 7.5).
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4b.4.8 Test Flow Valve

Software 3.X

Software 1.X

Flow valve test FAIL instructions

1006-0453-000 05/04
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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 A/D (Analog/Digital) channel for
Flow DAC (Digital to Analog Converter) Feedback and Flow Current Sense will
be read. If the A/D for the Flow DAC Feedback and Flow Current Sense are not
within the correct tolerance the test fails.

Tasl Flis Valve
Dinections lor lesling:
1. Set BaqYent switch ts Yent
2, Hemoye the belless canialor
3. Belect "Slar Test” to pedom the Lesi.
4. Whan testing I8 complete, ieplace the hallows canlster,

Cument lesl slatus:

Go Ta Main Menu

Tast Flow ¥alyve
Directiens for testing:
1. 5el Bag Vel swileh 1o Venl
¥. Disengage the deive gas from the breathing system.
3 Balect "Star Test” o padoim tha tegt
L When lesting is complete, engage the diive gas 1o the breathing system.

Comest tes status: (Stast Test

Go Te Main Meau

After setting the Bag/Vent switch to Vent, disengage the drive gas from the
breathing system by removing the bellows housing,

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

Go to the “Flow Valve Test Tool” menu (see section 4b.6) to check the drive
circuit for proper voltage output.

Set the flow control to output 120 liters per minute. Unplug the connector
from the pneumatic connection board and measure the resistance between
the leads at the unplugged flow valve connector. A multimeter should read
approximately 1.75 ohms.

= [fthe resistance is approximately 1.75 ohms, the drive circuitis bad, replace
the CPU board (see Section 7.5) and test the flow valve again.

= [f the flow valve test fails again, replace the flow valve (see Section 7.8).
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4h.4.9 Test GIV
(Gas Inlet Valve)

GIV test FAIL instructions

4b-12

To test the gas inlet valve the software first closes the GIV. It reads the A/D
channel for the GIV. If the A/D channel for the GIV does not read closed, the
test fails; otherwise, the test continues.

The software then opens the flow valve to the calibrated flow of the 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 H,0. If manifold pressure does not drop below 0.5 cm H,0, the
test fails; otherwise, the test continues.

The software then closes the flow valve and opens the GIV. It reads the A/D
channel forthe GIV. If the A/D channel forthe GIV does not read open, the test
fails.

Tast GIV
Nirectisns far lesting:
1. Select “Siam Test® to perteim e Tesl.

et best status: Start Test

Go Te Main Menu

Failure can be caused by the valve malfunctioning or the CPU board.

Use a multimeter to measure the resistance of the GIV solenoid. It should be
approximately 25 ohms. If necessary, replace the GIV solenoid (see Section
7.9).

Use a multimeter to 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.

= [fthe voltage is 4.5 volts or greater, service the GIV (see Section 7.9).
= [fthe voltage is less than 4.5 volts replace the CPU board (see Section 7.5).
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4b.4.10 Test DPL

(Drive Pressure Limit)

switch

Pressure limit switch FAIL

1006-0453-000 05/04

instructions

4b Tests and Calibration 1.X/3.X Software

The software tests the pressure limit switch to make sure that it trips at the
correct manifold over pressure. The software opens the flow valve to a value
where pressure continues to increase. It then waits for the DPL (Drive Pressure
Limit) switch to trip. The pressure at which the DPL switch tripped is indicated.
This value is the manifold pressure measured upstream of the drive gas check
valve (the typical reading is 112 cm H,0), not the actual pressure at the
switch. If the DPL switch never trips (within 15 seconds) the test fails. If the
DPL switch does not trip at a pressure within the correct tolerance, the test
fails.

Tl Divwe Feessuie Limil Switch
[Freclions Tad lesling:
1. St Bag Went switch 1o ¥ewl
2. Bl ihe feak gag How te 10 Lpm,
3. Declude the patiend clicuil al the *¥ conmechba.
i, Selact “Star Test" ta star the sk,

Cwmipent tesl slabos:

Gn Te Main Menn

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 (SIB side).

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

If problem continues, replace SIB.
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4b-14

4b.4.11 Test 5V Fail
Alarm

Software 3.X

Remarks

This test is only available in 3.x software.

A 5-Volt supply (VDD) is used to power the digital circuits throughout the
ventilator.

Where the 5-Volt supply (VDD) is derived depends on the type of CPU board
that is used:

* In machines with the original CPU board (non-integrated), the VDD voltage is
derived on the power supply board.

= In machines with an integrated CPU board, the VDD voltage is derived in the
power section of the CPU board.

If the VDD supply fails, the ventilator will sound a continuous alarm tone when

the system switch is turned on. The alarm is generated on the CPU board

through a dedicated “sound source” that is part of the CPU board.

To test the 5V Fail Alarm, follow the directions on the screen.

Tast 5 Valt Fadl Alam
Dlsections for testing:
Belech “Start Test” 1o sonnd the 5laom.

Go To Main Mean

If the alarm tone does not sound, replace the CPU board (see Section 7.5).
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4b.5 Diagnostic Tools

4h.5.1 Display  The software displays the A/D values for each of the A/D channels.

A/D channels

Display &7 channels Fage 1ad 2
& Chamnel Counts Actual Range
Bireay Pressmie 671 1. Hl emH, @ -30.0 te 1200 cmH,D
Hanifeld Fressure 1K) 0000 emb @ -F0.0 te 1700 om0
Inepiratory Flow 0L - 0.1 Limin S120.0 M0 TR0 L min
Ewpinatary Flawr Iz 1.1 Limin 700t 1F0.0 L min
Hw Cupent Semge i 0000 Amps 0.0 ta 1,031 Amps
Florsr DAL Feedback 1 0.001 Valts 0.0 o 4,095 Volis
GIY Cument Sense 057 T3 18 mA 0.0 ta 00,0 mA
02 Concentialion 1634 101439 % 0.0t 1000 %

Gn Te Kain Masu

Display &7 channels Fage 2 ol ¥
& Chamnel Counts Actual Range
1.225 Valiage Hel 122§ 1226 mY 1220 to 1230 m¥
5.0 Yeltage Test 1T S.TRT Welts 4,90 1o 6,00 Valis
+15Y Analog Supply naz 18,067 Valls TLZH ta 1575 Volls
- 15Y Aaalag Supply LIE] TE 00 Yalts 425 be 1575 Valis
+ 1 SI6 Swpply Fl | L) 12008 Vadts 10,880 13,2 Valts
WEL Supply Tl 18526 Valts 10010 15,225 volts
VAW Supply F0id 15006 Velts 0.5 ta 16,5 Yalts
+ 1Y Light Sapply 029 11887 Valis A4 e 12.6 Valis
Hattery Yoltage 3305 TI_F6T Valts .0 ta 160 ¥olts
Battery Cunrant LEL -0.028 Amps -0U6 te 6.0 Amps

Gn Te Kain Masu

Remarks  This selection displays a listing of A/D Channels which are at various values
depending upon the set parameters.

Refer to the following table for additional details for each of the displayed
channels.
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Table 4b-1 A/D Channels

A/D Channel 1 1 Displayed Range  Special Instructions
Counts Actual Range
Airway Pressure 550-1050  NearZero cm H,0 -20t0 120 cm H,0 Zero Offset Reading (nominal 800 Counts)
Manifold Pressure?2 ~ 550-1050  NearZero cm H,0 -20t0 120 cm H,0 Zero Offset Reading (nominal 800 Counts)
Inspiratory Flow2 1800-2300 Near Zero L/min -120to0 120 L/min  Zero Offset Reading (nominal 2050
Counts)
Expiratory Flow? 1800-2300 Near Zero L/min -120t0 120 L/min  Zero Offset Reading (nominal 2050
Counts)
Flow Current Sense 0-4095 0to 1.024 Amp 0to 1.024 Amps
Flow DAC Feedback  0-4095 010 4.095 Volts 010 4.095 Volts
GIVCurrentSense®  2371-3884 143.7t0235.4mA  0t0248.2 mA Off state reading is 0 to 259 counts
02 Concentration 0-4095 0to 100% 0to 100% Count weight and limits are determined
during 02 calibration
1.225 Voltage 1214-1235 1.2141t01.235Volts  0to 4.095 Volts
Reference
5.8V Voltage Test 1997-2565 4.86t0 6.24 Volts 0109.96 Volts
+15V Analog Supply  1914-2262  13.7710 16.27 Volts 010 29.46 Volts
-15V Analog Supply ~ 858-953 -12.62t0-17.46 Volts -61to 1.43 Volts
+12V SIB Supply 1779-2322  10.44t0 13.62 Volts  0to 24 Volts
VEL Supply 1645-2675 9.56t0 15.69 Volts 0 to 24 Volts
VSW Supply 1269-2368 9.13to 17.04 Volts 01029.46 Volts
+12V Light Supply 1879-2217  11.02to 13 Volts 0to 24 Volts In Rev 3.4 software,
Range = 10.00 to 12.73 Volts
Battery Voltage 1740-3976  7to 16 Volts 0to 16.48 Volts <7V = Low battery voltage failure.
<11.65V = Low battery voltage warning.
>16 Volts (10 Sec) = High battery voltage
failure.
Battery Current 700-4000 -600mAto6Amps  -2106.19 Amps -150 to -600 mA = Battery charging.
-601 mAto -2 Amps = Charge current out of
range.
>300 mA = Operating on battery.
>6 Amps = Battery discharge current out of
range.
Notes:

1. These columns show the acceptable range where possible.

2. The A/D count and displayed value shown for Airway Pressure, Manifold Pressure, Inspiratory Flow, and Expiratory Flow are the zero
pressure values. These readings should be taken with the flow sensors disconnected by removing the circuit module.

3. The count range and displayed value shown for GIV Current Sense is with the GIV turned on. If the GIV is turned off, the off count range

is 0 to 259 Counts.

4b-16
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4h.5.2 Display1/0

Mechanical switches

Pneumatic switches

Electronic switches

1006-0453-000 05/04

4b Tests and Calibration 1.X/3.X Software

= some switches are mechanically operated,
= some switches are pneumatically operated,

= some switches are electronic,

There are several types of switches in the Aestiva machine:

The Discrete I/0 Signals menu displays discrete binary signals associated with
machine switch positions.

Disciets LD Signals

Lawton) Fanald Lavai Lloaad
[, Bypass L]

LGN Switch Status Venfilatien
BagVenl Slales T

0, Eensor Status Cennecied
Lamialer SEatus Lloaad

Heeathing Ciicuil Swilch One 04
Mepathing Choult S=itoh Twa  0ff
Hieathing Ciicuil S=ilch Thee Da
Heeathing Chicuit Switch Four (w

UFL Bwitch Statug it

0¥ Supply Pressmie Slalus Piessmie
07 Flwsh Status

G in M#

= Control Panel Cover — Closed or Open
* CO, Bypass — Off or On

= ACGO Switch Status — Ventilation or Aux CGO (machines with ACGO)
= Bag/Vent Status — Bag or Vent

= Canister Status — Closed or Open

* 0, Supply Pressure Status — Pressure or No Pressure
* 0, Flush Status — Off or On
= DPL Switch Status — Off or On

= 0, Sensor Status — Connected or Disconnected
* Circuit module ID

Breathing Circuit Circle Bain/Mapleson D | (no module)
Switch
One off On On
Two off Off On
Three On Off On
Four On On On
Off = tab present to block light
On =no tab to block light

4b-17
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4b-18

4h.5.3 Battery Charge
Status

Remarks

The software displays the battery charge status. This checks to see if the
battery charge is greater than or equal to 12.5 volts. Ifitis less than 12.5
volts, the battery charge status displays that the battery is not charged. If it is

greaterthan or equal to 12.5 volts, the battery charge status displays that the
battery is charged.

Battery Charge Status: Battery Charged (greater than 12.5 volts)

Balery Chaige Slalus

Aattery Charge Status ; Battery chamed

If the battery has been on charge for several hours and you get a “battery is
not charged” display:

= Check the battery in-line cable fuse.
= [fthe fuse is good, the battery is bad and you should replace it.
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4bh.5.4 System Error Log

Software note

Remarks

4h.5.5 Alarm log

Soiftware 3.X only

1006-0453-000 05/04

4b Tests and Calibration 1.X/3.X Software

The System Error Log displays the 10 most current errors that have been
logged. The Error code, the Address, and the software revision are important
pieces of information if technical support is required. Note that the system time
is listed in ticks. One tick equals 10 ms.

The Bootup Count When Log Last Cleared entry is not supported in revision
1.X software.

Seatem [oai lag
Enatup Count System Time Emor Cade Address
(L A1 TREY ticke T i JRUTA b
117 3070 ticks ¥5 hex JAOTA hex
iz 4070 ticks 15 hew JRUTA hax
ALAN 431 licks 1RDZLE R SHOGE hex
100 ADEE ticks 15 hex JAUTA hex
1y BREY ks T iy FANTA ok
1006 M7 T ticks ¥5 hex JAUTA hex
([ ] HRED ticks 15 bew JROUTA has
a9 A06Y ticks T hex JAOTA hen
190 ADE ticks 15 hex JAUTA hex
Cupent Heotup Cosnt: 102/
Eoatup Cound When Lag Lasi Cleased: i m
Total System Bn Thme; 153 Hia 1l Fdins B Ta BMain Masy

The software clears the errors that have been logged when “Clear Error Log” is
set so a new listing may be compiled.

The software displays the 10 most current errors that have been logged. All
alarms are listed in section5, Troubleshooting.

Note that the system time is listed in ticks. One tick equals 10 ms.

Alwim Leg
Mam Message Hertup Comnt Sysiem Time # Times
Sustained Paw 170 17164 ticks 1
Pres Comtral Mot Awall, L A0S tieks i
Unabla to Drive Bellows  3¥9 17067 ticks T
Unable to Drive Bellows 78 1813 ticks 1
Unable to Drive Eellows 24 3 vicks ¥
Unable to Drive Bellows 375 1713 ticks 1
Unable to Drive Bellows 2 1413 nicks i
Chack Flow Sensors i all 70364 ticks 1
Low Paw 18 FRT6S licks 3
Low Paw ¥0a E714 ticks i
Cupent Bawlup Comni: ITTE m
Boatup Count Whes Lag Last Cleased: i Gi Ta Bais Manse
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4b.6 Flow Valve Test Tool

The Flow Valve Control Tool menu is available for test and troubleshooting
purposes only. It allows you to manually control the flow valve setting from O
(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 (see Section 6.4). However, it can also be used for
other troubleshooting procedures whenever a set flow is required.

Florw Vadve Cantenl Tenl
Nirectians far veaifioation;
1. Heded 1o Service Manual fei a desciiplion ol the vaiisus Tagls.
?. Eet Hag/'Vent switch te Yent pesition.
3 Sebect the “Set How (LFM)".
L Sed Mew to the desived lew and push the iotary encader switch.

Klrway Fressmm JE.930 cmH 0
Manifald Prassume 0040 &mH,0
Inspiratory Flow 0.7 L'min

Fepluatary Flaw 0.2 L/min setow (L) [ EET

Go Te Main Mewsu
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4b.7 Test Breathing System For Leak

The software allows you to test the breathing system for leaks. By using the
patient circuit to establish a closed loop, you can measure the leak rate. The
leak rate is equal to the fresh gas flow needed to maintain 30 cm H,0. The
system should have a leak rate <200 mL.

Bieathimg Svelem Leak Tesl

DRiectimi s Tad 1adling:
Software 3.X 1. fet Bag/Vent switch 1o Yeat pasition.

£ Xaliregh gas Flow lo minimum,

3. Opew patient “Y" comnection to almasphee.

L St Flow Yalve ta 17 L/'min,

b, Weiily that the Belliws is campletely collapsed.

. Conmect apen end of patiend “Y™ to pleg en breathing system handle.
£ Slowly inerease lnekh gas Hlow wntil Freseom Gange eade 30 cmH
B. Leak iate is the freesh gas flaw needed o maintain 30 cmH20.

setflow LPey |

Ga To Main Menn

Software 1.X

Hiwathing System lask Test
Nirectiens for testing:
1. 581 BagVesl ewilch 1o Veal posilien.
P Setdresh gas flow o 0,
3, Upam patient *Y" conmection te stmasphare,
L. Bed Flow ¥alve to 13 L/min.
5, Yeulty that the Belless is completely cellapsad,
b. Conmect apen end ol patient "Y' 1o plug on THA handle.
1. Blowlyinciease fresh gas flow wetil Pressere Gawge reads 30 cmHA?0,
B, Leakiabe is the fregh gas Now mesded 1o maintain 30 cmH2L,

el Flaw (LF M) 11

Gol in Mami

Remark  Referto the 3.X software menu to clarify two items on the 1.X software menu:

* In step 2, set the fresh gas flow to minimum.

* In step 6, you can occlude the patient circuit by connecting the open end of
the patient “Y” to the plug that is part of the handle at the front of the
breathing system.
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4h.8 Adjust Drive Gas Regulator

The drive gas regulator must be calibrated under flow conditions.

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

Adjwst Drive Gas Regulator

Nireetians for Callbating:

1. Bitach pressuie tesl device 1o Begulabed Piessuie Pa.

I, Make sure Bag/Yent Switch is in the Yent pasition.

3. Remaye the Bellews Cannizter,

b Select Dpen Flow ¥alve and press eelary encoden swilch.

&, Adjust Reguiaton to read 35 P51,

B, Clase Hiw ¥alve and Bl Meni.

ﬂi“ Flaw Valve

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

You can verify this pressure by attaching a pressure test device to the
regulator pressure port (shown below) and performing the above procedure.

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

Regulator !
pressure |
port

&« |
ey

W
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4b.9 Calibrations

4b.9.1 Calibrate 0,

1006-0453-000 05/04

Sensor

Remarks

4b Tests and Calibration 1.X/3.X Software

The software calibrates the O, sensor at a selected altitude, see “Select
Altitude” menu. Set the appropriate altitude for the machine location. The
software in the ventilator calibrates the O, sensor by reading the A/D for the
0, sensor when the v sensor is exposed to room air (21% O5). If this A/D value
is not within the tolerance the calibration fails. If the calibration passes, the
A/D value at which the O, sensor was calibrated is stored in the EEPROM.

Note: a circle module is required for all calibrations.

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

Calibrate 0F Senzan
Nirectians far 7 1% calibration;
1. Select altitude using the “Selec! allitude” page.
7. Aemave OF semsor from the breathing system and expose it ts tnom air.
o Balech “SRam E1% Cal® to stei the calibration {may take up o 3 minetes),
L Reinstall OF senser upen completion of calibation.

Directians lor 100% calibiation:
1. The 100% calibeation cam anly be perdformed afier a valid 1% calibration.
£ #ith E genaer nstallad in the beathieg syitom, flow 100% D,
3. Belect “Star 100% Cal® te star the calibation (may take wp lo J minulbes).
L. Stop flow of VB0 OF upas completion of calibration.

Coment calibiation states: Stait 21% Cal
Tatal System On Time: 04 Has 45 Mins Stait 100% Lal
last Calbbration Time:; 5% Hez 5 Mins

Remove the O, sensor from the breathing circuit module and expose it to
room air for approximately 3 minutes. The displayed reading should be

21% + 2% to pass the calibration requirements. Place the sensor that passed
the 21% testin the breathing system and expose it to 100% O, for 3 minutes.

If the sensor passes, the A/D value at which it passed is stored in the
EEPROM. If it displays readings higher or lower than required to pass, replace
the sensor.
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4p-24

4b.9.2 Calibrate Flow
Sensors

Remarks

The software calibrates the inspiratory flow, expiratory flow, airway pressure
and manifold pressure transducers for zero flow/pressure offset voltage. It
does so by reading the A/D values for inspiratory flow, expiratory flow, airway
pressure and manifold pressure when the flow sensor module has been
disconnected from the bulkhead connector. If the A/D values are not within
the correct tolerance, the calibration fails. If the calibration passes, the offset
A/D values at which the inspiratory flow, expiratory flow, airway pressure and
manifold pressure transducers were calibrated at are stored in the EEPROM.

Calibeate Flow Sengors
Disections for calibiation:
1. Femave flow sensor madule fram the breathing system.
L. Selact "Start Cal® te stan the calibrailon,
1. Beplace s semsor madule upen completion of calibration.

Curient calibration stalus:

Tutsl System D Thme: 1069 Hrs 15 Miss StantCal |

Lagh Calibsation Time: 1038 His 1% Mins Ea To Main Menu

Fail - indicates a problem with the SIB.

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

Check for bad differential pressure transducer.

= Ensure that the flow sensor module is disconnected from the bulkhead
panel.
= Check the transducer outputs using the Display A/D menu.

= [f the transducer is out of tolerance (Refer to Table 4b-1, on page 4-16),
replace the SIB assembly.
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4h.9.3 Pressure
Sensitivity Calibration

Note

Pressure sensitivity FAIL

1006-0453-000 05/04

instructions

A Caution

4b Tests and Calibration 1.X/3.X Software

The software prompts the user to perform the procedure 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 different
pressures. It uses these four different pressure 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 if the SIB assembly or
CPU board is replaced.

The Pressure Sensitivity Calibration can not be successfully performed using a
Bain/Mapleson D breathing circuit module. Install a Circle module to perform
the calibration.

Fapsswie Senshivity Caliboation
Niractions fan prassuns 2enslivity oallbostian:

1. Pedleim the “Cal llew senswis” ped the direciiens on thal page.

7. Deslude the opening af the bag am.

4. Conmect ahard patient tabing fram ingp Flow Senzol To axp e sangor,

§. Bel Bag/Vesd swilch io Bag mode.

5, Salect the “S1ar Cal® selection and push the rotary eneeder switch,

B, Adjusd the APL and Teesh gas llaw to slable pressures of T8, 20, 40,
and 60 cm HI0.

{, AFel @Bch dafbing wait b gadands snd pugh the ralary encader switeh
1o save the value.

|El'.'= Value |

Calibration Stabes:  Adjuet piessuie te: 10cmH, D Start Cal
Gn Te Main Menu

Flow Sensor Leak Test:

1. Select “Display A/D Channels” from the main service menu.
Set Fresh gas flow to 2 LPM.
Open the APL valve (O cm H50).
Place Bag to Vent switch in the Bag/APL position.
Connect a short tube between the inspiratory and expiratory flow sensors.

The airway pressure, inspiratory flow and expiratory flow on the ventilator
display should read near zero (between +0.5 and -0.5 LPM flows).

2. Occlude the bag port. Adjust the APLto read 10 cm H,0 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 coming from the flow sensors slightly in all
directions. Observe to see if the flow measurements jump.

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. If the pressure is increased further, the SIB may be damaged.
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4b-26

4hb.9.4 Calibrate
Flow Valve

Remarks

. Adjustthe APLto read 20 cm H,0 on the gauge. The flows may jump briefly,

but should stabilize to read between +0.5 and -0.5 LPM.

. Adjustthe APLto read 40 cm H,0 on the gauge. The flows may jump briefly,

but should stabilize to read between +0.5 and -0.5 LPM.

. Ifthe flow measurements on the ADC page stay near zero, the flow sensors

are good. If either sensorindicates a flow where there is none, there may be
a leak. To troubleshoot, reduce the circuit pressure back to zero. Reverse

the flow sensor connections at the SIB 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 of the circuit, itis likely the leak is
in the tubing, not with the sensor.

The software prompts the user to perform the procedural steps to calibrate
the flow valve. This is an automated calibration. It gradually opens the flow
valve and monitors the manifold pressure. When the manifold pressure
reaches 1.9 to 2.0 cm H,0 the value at which the flow valve has been opened
is saved. The flow valve is then closed. The value at which the flow valve was
opened to is then checked to make sure itis within the correct tolerance. Ifitis
not, the calibration fails. If the calibration passes, the flow valve calibration
point is stored in the EEPROM.

Floe Valve Callbaation
Niractians far flaw valve calibration ;
1. Belect the diive gas asing the "Seleel drive gag® page.
¥, Eelect the altitude using the “Select altitude® page.
3, el the el gas Maw e 10 Lpm,
b Bel BagVen! switch fn YVend
§, Ooelude the patient cloculd at the Y= connacion,
b, Select the “Stan Cal® gelection aad push the lary encoden $wilch.

Cwrrant calibiation siates; Slail Cal

Go Te Main Meau

Check that the Bag/Vent selection switch is in the vent position. If the flow
valve calibration test fails immediately, the most likely fault is a failed
manifold transducer. It can also be a failed regulator or the regulator could
need calibration. Another cause could be a failed flow valve.
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4b.9.5 Calibrate
Bleed Resistor

Software procedure

4b Tests and Calibration 1.X/3.X Software

The software calibrates the bleed resistor as described below. Other than the
setup procedure, this calibration is completely automated.

Note: Step 5 in software revision 1.0 indicates that you should set the fresh
gas flow to “10 Lpm”. The correct setting is “3 Lpm”.

Mlead Rasister Calibratian
Nirectians far blaed rasister alibiation ;
1. Belect the diive gas wwing the "Selecl dive gas® page.
¥, Select the altitude using the “Select altitede” page.
3, Pardosm the "Cal flow valee” per e disections am thal page
L Declude the patient chicuil al the *¥*° conmec b,
5, Sal tha fieah gas flewta 3 Lpm.
B, el Bag/Venl swilch ts Yenl
7. Belect the “51ar Cal" selection and push the miary enceder switch.

Hiead Calihpation Status; Slanl Cal

Then software performs the calibration as follows:

1. Opens the flow valve to the starting point that was found (where
manifold pressure is 91-92 cm H,0).

Waits for the flow to stabilize.

Once the flow stabilized, sets the flow to 12 L/min.

Wait for the flow to stabilize.

Repeat steps 1-4, replacing step 3 with 11 L/min, 10 L/min, 9 L/min and
soonto 1L/min.

ok~

Therefore, there are 12 points that are calculated for the bleed resistor
calibration. Calibration points may be greater than the listed cm H-0, but if
any one of these points is less than the cm H,0 listed below, calibration fails.
If the calibration passes, the calculated bleed resistor calibration points are
stored in EEPROM.

(12) 246 cm H,0 (8) 223.3cmH,0 (4) 26.9cmH,0

(11) 236.7 cm H,0 (7) 2 18.2 cm H,0 (3) 23.7cmH,0

(10) 232.2 cm H,0 (6) = 14.4 cm Hy0 (2) =-5 cm Ho0
(9) 227.8cm Hy0 (5) 210.6 cm Hy0 (1) =-5¢cmH,0

1006-0453-000 05/04

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 massive circuit leak. Check for
proper regulator pressure calibration. Ensure that the Flow Valve Cal test was
conducted properly. Otherwise, failure indicates a calibration problem with
the flow valve.
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4h.10 Schedule Service Calibration — Software 3.X

The Schedule Service Calibrations menu lists which setting or calibration
must be performed when the “Schedule Cal Due” alarm appears in normal
operation. After the setting or calibration is properly completed, the text for
that setting or calibration is removed from the list.

Software 3.X

Schedule Service Calibratisns
The selections on this mewe ane the Calibrations/ Setlings
1hat aie iequiied when "Schedule Sedvice Cal.” alaim is
active, Pedom each of the Calibmations Settings Select Altitude
elections staning with the upper masd selection Select Drive Gas

The last selection "Set Servloe Cal,” will sutivate the Cal 02 Sensor
‘Srhedele Sevice Cal" alamm amd iaquive Thal ALL Cal Flow Sensor(s)
Calibiations,/Setfings ke pedormed 1o clear fhe alam. e

00 WOT USE THES SELECTION UMLESS YOU KNOW WHAT Press. Sensitivity
YOU ARE DOIMG! Cal Flow Valve

P the *Schedule Serdice Cal.” slam is nol sclive Cal Bleed Resistor
no Calibratisn Setings selections will appear.

St Service Cal.

Ga To Main Menu

The normal operation “Schedule Service Calibrations” alarm message is only
removed when all the required settings or calibrations are completed.

Remarks  The Set Service Cal. menu item is used by the factory to activate the
“Schedule Cal Due” alarm and require that all settings and calibrations be
performed when the Aestiva machine is set up for operation at its permanent
location.

There is no need to set the “Schedule Cal Due” alarm in the field.

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

Are yvou sure you want to Set Service Cal.?
Selecting "Yes" will activate the alarm,
"Schedule Service Cal." and require that ALL
the Calibrations/Settings be performed!

OHLY SELECT "Yes" IF YOU KNOW WHAT YOU
ARE DOING! Yes
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4b.11 Sensor(s) cal due — Software 1.X

1006-0453-000 05/04

Software 1.X

This menu displays which sensors or setting must be performed when the

“Sensors Cal Due” alarm appears in normal operation. After the cal/setting is
properly completed, the text for that cal/setting will be removed.

If the “Sensor(s) Cal Due” alarm is not active, the menu displays the text:

“Sensor(s) Cal Due” alarm not active
No calibrations required

Sensais) Calibration Nee
The selactions on this mene s tee Callbations ' Settings
hal &ie pequiied when "Sensaiie] Cal Due® alam is aclive.
Perfarm each of the Calibeations. Settinns selections
wlarting =ith e appai miit 2eleclion,

I Ehe "Senzanis) Cal Due® alam 5 eet acive the el

Sensop(sh Cal Due Blaim Mol Belive” will appeai and The
enly selection will ke “Ga To Main Meno®

"Senseais) Cal Due” alam nal active
Ha calibrations mquined
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4b.12 User Settings

4b.12.1 Select Altitude  This provides the user with the means to select the altitude setting.

Selact AlRiteda

Select Alitude [[am0m '

Go Te Main Mewsu

4b.12.2 Select Drive Gas  This provides the user with the means to tell the ventilator which drive gas is
being used.

Selact Duiye Gas

Select Diive Gas Iﬂl .

Go Te Main Mewsu

/\ Caution  Ifyouchange the drive gas, you must also change the drive gas selection
on the service setup screen. If the drive gas selection and the actual
drive gas do not agree, volumes will not be correct.

To change the actual drive gas, refer to Section 4, “Repair Procedures,” of the
Aestiva Anesthesia Machine Service Manual.
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4h.12.3 Adjust  This provides the user with the means to select the display brightness.
Brightness
Adjust Brightuess
Adjust Brighlness | ] ]
Go Te Main Mewsu
4h.12.4 Select

This provides the user with the means to select the Heliox mode with systems
Heliox Mode  having ANSI gas systems with Heliox flow tubes installed. Set “Select Heliox
Mode” to Available to allow the user to turn Heliox mode on or off during the
normal operations mode. Set “Select Heliox Mode” to Not Available to
prevent the user from turning Heliox mode on during normal operation.

Selact Hellws Mode

Select Heliox Maode | Aanlable |

Go Te Main Meau
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4b.12.5 Ve Alarm Limits

4b.12.6 User Select
Defaults

Screen with “last set” selected:

4b-32

The setting on the Ve Alarm Limits menu determines how the Ve alarm limits
are set:

= |f Ve Alarm Limits is set to Automatic, the ventilator software calculates the
high and low Ve alarm limits and sets them to +20% of the set V. The useris

still able to change the limits through the Alarm Settings selection in the
Main Menu.

= |f Ve Alarm Limits is set to User Adjustable, the user sets the limits on the
Alarm Settings menu.

W Alarm |imita

vimtam Limits  PTTT

G T Main Mean

This menu (feature) is only available in 3.X software.

The User Select Defaults menu determines the control settings used by the
system at power up:

» [f last set is selected, the system saves its settings when you turn it off and
powers up with the same settings.

» [f facility defaults is selected, the system powers up with default facility
settings and returns to default settings when the user selects “End Case”.

Use this page to set the defaults as shown.

lser Eelect Defaulis

Pasameler Range Cument ¥aloe

Foweiup End Case Settings: last sel/Facility defaulls last sel

When facility defaults is selected, the screen expands to two pages:

= Page 1 of 2 — control settings
* Page 2 of 2 — alarm limits.
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/A CAUTION

Screen with “facility defaults”
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selected:

4b Tests and Calibration 1.X/3.X Software

Ask the customer BEFORE you change any default settings. Make sure
that they understand these options can only be set in Service Mode.

lser Select Defaults

Fage 1of 2

Parameler Range Cupieni Valwe
Powemp/End Case Settings: last selRacility delaulis
Wenlilation Mode: piessuievolume conlial voleme conlinl
LA H T - 1500 ml 50 ml
Flasplied: 5 - 60 cmliyD ¥ omhy0
Rake: 4100 /min 18 /min
IzE= E-14 1
Flimit: 12 - 10 cmH 0 40 e, 0
Iugpiiatery Pauge: 0, § - 6% i3]
Eore Nedaul=z
Gn Te Main Menu
User Select Defanlts Fage 7 of 2
Pasamefer Ramge Cuirent Walue
Lowr OF alaim limit: 16 - 1003 18%
High O &l apm limii: 1 - 100, On A1
Livw VE alaim limit i, 0.1 - 10 L'mim it
High ¥ alamm Hmit: 01 - 20 L i, 06 0t
Lo ¥TE alarm limit; o, 5 - 15900 ml 4F
High ¥TE alasm limii 20 - 1600 ml, Duf 0
Gow Ta Main Menw
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A WARNING

In this section
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5 Troubleshooting

Post-Service Checkout is required after you complete this section. You must
perform section 3 “Post-Service Checkout” after performing any maintenance,
service or repair. Failure to do so may result in patient injury.

5.1 Troubleshooting inStruCtions . ...t e 5-2
5.2 SYStEM EIMOrLOg ..ottt e 5-3
5.2.1 Error messages for Software Revision 4.X. . ... 5-3
5.2.2 Error codes for Software Revisions 1.Xand3.X ...t 5-3

B3 AlAIN MESSAEES v v vttt vttt ettt ettt e 5-7
5.4 Mechanical/electrical troubleshooting guide .. ..o 5-24
5.5 Troubleshooting FIowCharts . ..... ..o e i 5-26
5.5.1 Ventilator assesSMEeNt ProCESS ... .vvvviie et it it 5-26
5.5.2 No display troubleshooting. .. ... 5-27
5.5.3 Inaccurate volume ventilation troubleshooting. . ................ooiventn 5-28
5.5.4 No ventilation troubleshooting. . . ... 5-29
5.5.5 High intrinsic PEEP troubleshooting. . ... 5-30

5.6 Power supply teSt POINtS . ..o oo e 5-31
5.6.1 Power supply board (original CPU). . .......cvviii i 5-31
5.6.20ngiNal CPU. ...\ttt e e 5-32
5.6.3 Power supply (Integrated CPU). . . ... oo 5-33
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5 Troubleshooting

5.1 Troubleshooting instructions

Important

/A WARNING

/A WARNING

5-2

Forventilator problems that do not generate any error or alarm messages, even
though the ventilator may not be functioning correctly:

= Referto section 5.4, Mechanical/electrical troubleshooting guide.
For ventilator problems that result in an Alarm or Error message:

= Referto section 5.2, System Error Log.
= Referto section 5.3, Alarm messages.

To help isolate a problem:
= Referto section 5.5, Troubleshooting Flowcharts.
To locate specific test points:

= Referto section 5.6, Power supply test points.

If the ventilator experiences extreme electrical interference, it may interrupt
mechanical ventilation. If this interruption occurs, the ventilator generates an
internal reset function and resumes normal operation after two (2) seconds.
For situations where 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 of the
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.

This system operates correctly at the electrical interference levels of IEC
601-1-2. Higher levels can cause nuisance alarms that may stop
mechanical ventilation.

Manual ventilation must be performed when electrical interference
causes interruption of ventilator delivered mechanical ventilation.
Manual ventilation must be continued until the ventilator resumes
normal operation or an alternate ventilator/anesthesia system can be
used.
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5.2 System Error Log

5 Troubleshooting

5.2.1 Error messages for Software Revision 4.X

For Revision 4.X software, the Error Log displays up to 10 of the most current
error messages that have been logged.

Error messages include:

= Minimum Monitoring alarms that stop mechanical ventilation;
= Minimum System Shutdown alarms that stop mechanical ventilation and

monitoring.

To troubleshoot Error Log messages for Revision 4.X software, refer to Section
5.3, “Alarm Messages.”

5.2.2 Error codes for Software Revisions 1.X and 3.X

The following table of error codes is numerical in order and may be referenced
from the “System Error Log” menu displayed. Check the number on the menu
and reference this table for the description and service action. Actions are
numbered in a logical action sequence. If action 1 fixes the error, no further
action is required. Otherwise, action 2 and/or 3 need(s) to be taken.

Note: The following Error Log table lists codes for those errors that pertain to
service. Other codes will display from time to time; however, these are
software informational codes only and should not be of concern to a service

person.

Error code (hex) Description of error logged Service action

<10020 Software error Clear error log and reboot the system.

10021 Defaults loaded to non-volatile memory 1. IfEEPROM or CPU board were replaced, clear error log and
EEPROM. reboot.
(This is NORMAL if you have just loaded 2. EEPROM failure, replace EEPROMSs.
new software.) 3. Replace CPU board.

10022 Software error Clear error log and reboot the system.

10023 Defaults loaded to non-volatile memory 1. IfEEPROM or CPU board were replaced, clear error log and

EEPROM.

(This is NORMAL if you have just loaded
new software.)

reboot.
2. EEPROM failure, replace EEPROMSs.
3. Replace CPU board.

10024 - 10026

Software error

Clear error log and reboot the system.

10029

Minimum system monitoring caused by
DPL switch tripping.

Reboot the system. If problem continues, refer to Section
4b.4.10, “Test DPL Switch.”

1002B Minimum system monitoring caused by Reboot the system. If problem continues, referto Section 4b.4.8,
incorrect flow valve feedback. “Test Flow Valve.”

1002C Minimum system monitoring caused by Reboot the system. If problem continues, referto Section 4b.4.9,
incorrect GIV feedback. “Test GIV.”

10030 Minimum system monitoring caused by Reboot system. If problem continues, replace CPU board.
control setting change fail.

10034 Minimum system monitoring cause by a Reboot system. If problem continues, replace CPU board.

state error.

1006-0453-000 05/04
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5 Troubleshooting

Error code (hex)

Description of error logged

Service action

10035

Non-volatile memory EEPROM data out of
range.

(This is NORMAL if you have just loaded
new software.)

Reboot system. If problem continues, replace CPU board.

10036

Non-volatile memory EEPROM region
protected value error.

(This is NORMAL if you have just loaded
new software.)

Reboot system. If problem continues, replace CPU board.

10037

Software error storing parameter in non-
volatile memory.

Reboot system. If problem continues, replace CPU board.

10038

One of three safety relevant parameter
areas has difference in SRC triplicate
storage (external RAM problem).

Reboot system. If problem continues, replace CPU board.

10039

All three safety relevant parameter areas
are different in SRC storage (external RAM
problem).

Reboot system. If problem continues, replace CPU board.

1003A

There are no more EEPROM areas to switch
to (EEPROM problem).

Reboot system. If problem continues, replace CPU board.

1003B - 1003D

Minimum system monitoring caused by
memory failure (external RAM problem).

Reboot system. If problem continues, replace CPU board.

1003E

Minimum system monitoring caused by
manifold pressure sensor failure.

Reboot system. If problem continues, replace SIB board.

1003F - 10041

Software upset. Sample causes includes
too many key pushes too fast.

Reboot system. If problem continues, replace CPU board.

10042 The system clock has been reprogrammed Reboot system. If problem continues, replace CPU board.
(CPU timer problem).
10043 Software time-out Reboot system. If problem continues, replace CPU board.
10044 Memory error (external RAM) Reboot system. If problem continues, replace CPU board.
10045 Sustained airway pressure holding for No Service Action Required. Error only indicates occurrence.
more than 15 seconds.
10047 Minimum system shutdown: Reboot system. If problem continues,
SIB 12V test failed For machines with original CPU:
1. Measure the voltage at TP9 of the CPU (Section 6.6.2)
Verify SIB_12V = +12V +5%.
If out of spec, disconnect CPU and measure again.
If still out of spec, replace the CPU; otherwise continue.
2. Replace SIB.
For machines with Integrated CPU:
1. Replace CPU.
2. Replace SIB.
10048 Minimum system shutdown: Replace PSB (power supply board).
15V Local 10 VA test failed Replace CPU board
5-4 05/04 1006-0453-000
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Error code (hex) Description of error logged Service action
10049 Minimum system shutdown: Reboot system. If problem continues,
display voltage test failed For machines with original CPU:
1. Measure voltage at TP 22 of the PSB (Section 6.6.1).
Verify VH_EL = +14.5V (10-15V).
Ifin spec, replace PSB to CPU cable; otherwise continue.
2. Disconnect the Display cable. Measure again.
If in spec, replace EL Display; otherwise continue.
3. Disconnect CPU board. Measure again.
Ifin spec, replace CPU board; otherwise replace PSB.
For machines with Integrated CPU:
1. Measure voltage at TP 213 of the CPU (Section 6.6.3).
Verify VH_EL = +14.5V (10-15V).
If in spec, replace CPU; otherwise continue.
2. Disconnect the Display cable. Measure again.
Ifin spec, replace EL Display; otherwise replace CPU.
1004A Minimum system shutdown: Reboot system. If problem continues, replace CPU board.
A/D converter failure
1004B Minimum system shutdown: Reboot system. If problem continues, replace CPU board.
CPU test failure
1004C Minimum system shutdown: Reboot system. If problem continues, replace CPU board.
flash EPROM failure
1004D Minimum system shutdown: Reboot system. If problem continues, replace CPU board.
external RAM failure
1004E Minimum system shutdown: Reboot system. If problem continues, replace CPU board.
display RAM failure
1004F Minimum system shutdown: Reboot system. If problem continues, replace CPU board.
software watchdog failure
10050 Minimum system shutdown: Reboot system. If problem continues, replace CPU board.
sequential watchdog failure
10051 Minimum system shutdown: Reboot system. If problem continues, replace CPU board.
CPU clock too fast
10052 Minimum system shutdown: Reboot system. If problem continues, replace CPU board.
CPU clock too slow
10053 through Minimum system shutdown: Reboot system. If problem continues, replace CPU board.
10057 CPU internal error
10058 Minimum system shutdown: Reboot system. If problem continues,
V_AUXtest failed For machines with original CPU:
1. Measure voltage at TP 19 of the PSB (Section6.6.1).
Verify V_AUX = +4.988 to +6.09V.
Ifin spec, replace PSB to CPU cable; otherwise continue.
2. Disconnect CPU board. Measure again.
If in spec, replace CPU board; otherwise replace PSB.
For machines with Integrated CPU:
1. Replace CPU board
10059 Minimum system shutdown: Reboot system. If problem continues, replace CPU board.
external reference voltage failed
1005A Minimum system shutdown: Reboot system. If problem continues, replace CPU board.

bootup memory failure
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Error code (hex)

Description of error logged

Service action

1005B

Minimum system shutdown:
+15V analog out-of-range

Refer to section 5.3, Alarm messages.

1005C

Minimum system shutdown:
-15V analog out-of-range

Refer to section 5.3, Alarm messages.

1005D, 1005E

External communications error.

Reboot system. If problem continues:

1. Make sure any external device is correctly connected.

2. Make sure the correct communications protocol is selected.
3. Replace CPU board.

1005F Unexpected reset in boot code. This can Reboot system. If problem continues, replace CPU board.
occur if the system switch is cycled (On-
0ff-0On) too fast.
10060 Stuck in boot code Reboot system. If problem continues, replace CPU board.
10061 Minimum system monitoring caused by Reboot system. If problem continues:
incorrect feed back on flow valve current. 1 check power supply voltages.
2. Replace CPU board.
20001 Possible CPU board A/D converter Reboot system. If problem continues, replace CPU board.

problem.

20002-2000C

Software upset

Reboot system. If problem continues, replace CPU board.

2000D

A switch for EEPROM region was requested
but there are no more areas to switch to
(EEPROM problem).

Reboot system. If problem continues, replace CPU board.

2000E-2000F Software upset Reboot system. If problem continues, replace CPU board.
20010 Software upset Reboot system. If problem continues:
1. CheckTotal System On Time on the System Error Log Screen.
If unusually large, upgrade software to Rev 3.5 or greater.
2. Replace CPU board.
9999900 Bootup RAM failure Reboot system. If problem continues, replace CPU board.
9999901- CPU upset Reboot system. If problem continues, replace CPU board.
9999918
9999919- Software upset Reboot system. If problem continues, replace CPU board.
999991F
9999920 Flash CRC test failed Reboot system. If problem continues, replace CPU board.
9999921 Software download failed Try to load the software again. Reboot system. If problem
continues, replace CPU board.
9999922 Stuck in boot code. Reboot system. If problem continues, replace CPU board.
9999923 Unexpected interrupt or jumped into boot  Reboot system. If problem continues, replace CPU board.
code unexpectedly. Cycling power too fast
can cause this.
10010100- Serial port error: Reboot system, if problem continues:
10010211 100 = parity 1. Make sure any external device is correctly connected.
203 = baud rate _— .
204 = not initialized 2. Make sure the correct communications protocol is selected.
207 = out of sync 3. Do the serial ports test (Section 4b.4.7).
4. Replace CPU board.
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5.3 Alarm messages

The Service Mode (refer to section 4) includes a log of the most recent Alarm
messages experienced by the ventilator system.

If a User Alarm persists after the 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 by a specific
message, refer to the specific alarm message.

For numbers in parentheses, see the applicable footnote at the end of the table.

Message Alarm type/

Enabling Criteria Alarm Condition Service Repair

Removal Criteria

Priority
+15V Analog Minimum
Out-of- Shutdown
Range (6)

Voltage Check the +15 V supply from service mode
out-of-range under Display A/D channels. Verify that the
Counts value is between 1914 and 2262.

For machines with original CPU:

If notin range, measure the +15 V supply on
CPU board at TP7 referenced to ground at TP1
(14.25to 15.75 volts). If this voltage is in
range, replace the CPU board because the
problemisin the A/D channel.

If notin range, remove the SIB to CPU cable
and re-test. Ifin range, the SIB to CPU cable or
SIB may be shorting the +12 V SIB supply and
loading the +15 V supply.

If notin range, measure the +15 V supply on
Power Supply board at TP21 referenced to
ground at TP4 (14.25 to 15.75 volts). If not in
range then remove power supply to CPU cable,
and re-test using PJ1 pin 2 (the round pad) as
the ground reference. If still not in range,
replace the power supply board.

If voltage is in range on the power supply
board, replace the CPU board.

For machines with Integrated CPU:

If notin range, (Refer to 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, replace
the CPU board because the problem is in the
A/D channel.

If notin range, remove the SIB to CPU cable
and re-test. Ifin range, the SIB to CPU cable or
SIB may be shorting the +12 V SIB supply and
loading the +15 V supply.

If still not in range, replace the CPU.
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Message Alarm type/ | Enabling Criteria Alarm Condition Service Repair
Priority Removal Criteria
-15V Analog  Minimum Voltage For machines with original CPU:
Out-of- Shutdown out-of-range Check the -15 V supply from service mode
Range (6) under Display A/D channels. Verify that the
Counts value is between 858 and 953.
If notin range, measure the -15 V supply on
CPU board at TP6 referenced to ground at TP1
(-14.2510 -15.75 volts). If this voltage is in
range, replace the CPU board because the
problem is in the A/D channel.
If notin range, measure the -15 V supply on
Power Supply board at TP20 referenced to
ground atTP4 (-14.25t0-15.75 volts). If notin
range then remove power supply to CPU cable,
and re-test using PJ1 pin 2 (the round pad) as
the ground reference. If still not in range,
replace the power supply board.
If voltage is in range on the power supply
board, replace the CPU board.
For machines with Integrated CPU:
Replace the CPU board.
12 HourTest  User Alarm | System in use for more
than 12 hours without a
power-up self test.
To do the test, move the system switch from
Standby to On.
Absorber User Alarm | The top panel is not If persists, check:
panel open completely closed. « panel switch
Close the panel. = harnessto SIB
« SIB
= cable from SIB to CPU board
A/D Minimum Ventilator malfunction.  Ventilate manually. Replace:
Converter  Shutdown Monitoring is not « CPU board
Failure (6) reliable.
AdjustLow  UserAlarm | The audible circuit leak
Ve Limit alarm is Off (Alarm
menu) but the low VE
alarm limit is not set
within 50% of measured
Ve.
Ve alarm limit is Off in
SIMV or PSVPro modes.
Set the low Ve alarm.
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Message Alarm type/ | Enabling Criteria Alarm Condition Service Repair
Priority Removal Criteria
All Vent low VT Compensation Offis | This alarm means that a previous volume
modes active without the compensation problem has cleared.
Available patient or delivered
(1Xand 3.X) volume mismatch
alarms
Alarm condition becomes false.
Apnea Alarm  User Alarm | Normal condition after ~ Monitoring resumes
Standby End Case, power-up, or  afterfirst breath
ACGO change fromOn  (mechanical) or 2
to Off. breaths within 30 sec
(non-mechanical).
Apnea Alarm User Alarm | The cardiac bypass Apnea alarms are
Off option is selected normally turned off
(alarm limit menu). when this option is
selected.
Aux Gas UserAlarm | The outlet selection If persists, check:
Outlet On switch is set to the = ACGO switch
auxiliary common gas . SIB
outlet.
- — — = cable from SIB to CPU board
Connect the patient circuit to the auxiliary outlet.
For mechanical ventilation or manual ventilation
with monitoring, select the common gas outlet.
Backup UserAlarm | SIMV-PC + PSVmode  No spontaneous breath
Mode Active entered. within set delay time.
Battery User Alarm | The currentin the The system is Replace:
Charger Fail battery charging circuit ~ operational, butmayfail |  pattery
s too high. Iaterdepe.ndmg on what For machines with original CPU:
caused this alarm. . PSB
For machines with Integrated CPU:
= CPU board
Battery User Alarm | The battery is not fully If persists, replace:
Charging charged. If power fails, * battery
th_e total backup time For machines with original CPU:
will be less than 30
. = PSB
minutes.
3 o I - - - For machines with Integrated CPU:
eave the system plugged in to charge the battery. | CPU board
Battery User Alarm | Battery current> 6 The system continues to | If persists, replace:
Current High amps for 10 seconds.  operate but may fail. « battery

For machines with original CPU:
* PSB

For machines with Integrated CPU:
= CPU board

1006-0453-000 05/04
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Message Alarm type/ | Enabling Criteria Alarm Condition Service Repair
Priority Removal Criteria
Battery User Alarm | Battery voltage > 16 V. The system continues to | If persists, replace:
Failure High for 10 seconds. operate, butmay fail. | o pattery
For machines with original CPU:
* PSB
For machines with Integrated CPU:
= CPU board
Battery User Alarm | The battery voltage is The battery does not If persists, replace:
Failure Low too low (<7 V) to supply have enough chargeto | « battery
th'e system if power powerth.e equipment f For machines with original CPU:
fails. power fails. . PSB
Leave the system plugged in to charge the battery. For machines with Integrated CPU:
= CPU board
Cal Flow User Alarm | 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 waterin the | calibration failed.
flow sensor tubes. Dry if necessary. With the BTV switch in Bag, ensure sensors are
removed until the “No Insp/No Exp flow
Sensor’ message appears.
If persists, replace:
= Check for moisture
= Referto Troubleshooting Flowcharts
(Section 5.5)
Calibrate 02 low Sensor connected Offset, slope, or cell Calibrate the O, sensor.
Sensor voltage notin range or If calibration fails, replace the 0, sensor.
05> 110%
— If calibration still fails, replace the SIB board.
Successful calibration of sensor.
Canister User Alarm | The canister release is If persists, check:
open open (large leak) « canister switch
WlthOUté bypass * harnessto SIB
mechanism.
« SIB
Close the canister release.
= cable from SIB to CPU board
CannotDrive User Alarm | The internal manifold Check the breathing circuit for leaks or hose
Bellows pressure is higher than occlusions.
(4.X) Paw + tolerance. Perform flow sensor calibration.
Fill the bellows, if empty. Check the drive gas check valve.
Check SIB to CPU cabling.
Replace the SIB board.
Replace the CPU board.
Cardiac User Alarm | The cardiac bypass
Bypass option is selected
(Alarm limit menu).
Use the alarm limits menu to change this setting.
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Message Alarm type/ | Enabling Criteria Alarm Condition Service Repair
Priority Removal Criteria
Check Flow  medium In-range flow data No or negative flow on | Check flow sensor connections for “No Flow
Sensors (1) available in mechanical insp sensor during Sensor” alarm.
ventilation inspirationin acircle | check the breathing circuit
system or nega_twe flow Perform flow sensor calibration.
on exp sensorin
expiration Check insp/exp check valves.
Inspiratory and/ o expiratory flow sensor(s) are | Replace the flow sensors.
connected Check SIB to CPU cabling.
Two consecutive breaths measured with “correct” | Replace the SIB board.
flow seen by flow sensors Replace the CPU board.
CircuitLeak  UserAlarm | Control settingonthe  This message tells you
Audio Off Alarm limit menu. that the audio alarm for

circuit leaks was turned
off.

Connect02 low

Digital I/0 signal

Is O, sensor connected. If it is, replace the O,

Sensor indicates a disconnect | cable.
Alarm condition becomes false. If problem persists, check or replace the SIB to
CPU cable.
If problem persists, replace the SIB board.
If problem persists, replace the CPU board.
Control Minimum Change initiated by user Internal software error | Replace the CPU board.
Settings Monitoring
Input Has (8)(9)
Failed
CPU Failure  Minimum Ventilator malfunction.  Ventilate manually. Replace the CPU board.
Shutdown Monitoring is not
(6) reliable.
CPU Internal  Minimum Ventilator malfunction.  Ventilate manually. Replace the CPU board.
Error Shutdown Monitoring is not

M (6)

reliable.
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5 Troubleshooting

Message Alarm type/

Priority

Enabling Criteria Alarm Condition

Removal Criteria

Service Repair

Minimum
Shutdown

(6)

Display
Voltage Out-
of-Range

Display voltage out-of-
range

Check the VEL supply from service mode
under Display A/D channels. Verify that the
Counts value is between 1645 and 2675.

For machines with original CPU:
Ifnotinrange, measure the VEL supply on CPU
board at TP5 referenced to ground at TP1 (10
to 15.23 volts). If this voltage is in range,
replace the CPU board because the problem is
inthe A/D channel.

If the VEL supply is not in range, remove
Display to CPU cable and re-test. If in range,
replace the display.

If notin range, measure VEL supply on Power
Supply board at TP22 referenced to ground at
TP16 (10 to 15.23 volts). If not in range then
remove power supply to CPU cable and re-test.
If still notin range, replace the power supply
board.

If voltage is in range on the power supply
board, replace the CPU board.

For machines with Integrated CPU:

If notin range, (Refer to section 5.6.3)
measure the VEL supply on CPU board at
TP213 referenced to ground at TP12 (10 to
15.23 volts). If this voltage is in range, replace
the CPU board because the problemis in the
A/D channel.

If the VEL supply 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
Sensor Fail

User Alarm

The system cannot read
the calibration data
stored in the sensor.

Operation continues
with default values.

Replace the flow sensor.

medium
(1)

Exp Reverse
Flow

()

In-range flow data
available in mechanical
ventilation

Negative flow on

inspiration in circle
system

expiratory sensor during

Two consecutive breaths measured with “correct”
flow seen by flow sensors

Check flow sensor connections for “No Flow
Sensor” alarm.

Check the breathing circuit
Perform flow sensor calibration.
Check insp/exp check valves.
Replace the flow sensors.
Check SIB to CPU cabling.
Replace the SIB board.
Replace the CPU board.
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Message Alarm type/ | Enabling Criteria Alarm Condition Service Repair
Priority Removal Criteria

Flow Valve Minimum Incorrect feedback Perform the flow valve test.

Failure Monitoring Check the flow current sense from the service

(DAC) (8)(9) mode Display A/D 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 resistance
(approximately 1.75 = 0.1 ohm). This must be
tested at the flow valve, not through the cable
from the CPU board. If not correct, replace the
flow valve.
Replace the CPU board.

Gas Inlet Minimum Bootup test failure Check the GIV current sense from service

Valve Failure Shutdown

U (6)

mode under Display A/D channels (2371 to
3884 counts).

If out of range, check the CPU to gas inlet valve
cabling. Then measure the gas inlet valve
resistance to be 25 + 2 ohms. If not, replace
the gas inlet valve solenoid.

Go to "Display 1/0 signals" screen. DPL
switch status must be Off. If On is indicated,
remove the bellows assembly. If On continues
to be displayed, replace the SIB.

Perform Cal bleed resistor from service mode
to ensure there is no problem with the bleed
resistor.

Replace the SIB.

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 board.
Check the gas inlet valve resistance
(25 =2 ohms).
Replace the CPU board.
Hardware Minimum Ventilator malfunction.  Ventilate manually. Replace the CPU board.
Watchdog Shutdown Monitoring is not
Failure (7) (6) reliable.
Heliox? low Control setting on When Helioxis used, the ventilator must adjust
or ventilation setup menu. | volume calculations.
Heliox Mode Check Heliox setting on the ventilator setup
isOn menu.

1006-0453-000 05/04
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5 Troubleshooting

Message Alarm type/ | Enabling Criteria Alarm Condition Service Repair
Priority Removal Criteria

High 02 medium In-range O, data 05 > high limit Check O, limit. Is actual O, higher than limit
available and alarm setting?
limit not = off Verify 0, calibration has been done correctly.
Alarm condition becomes false or enabling criteria | Does calibration pass?
becomes false. If calibration does not pass, replace O, cell.

If there is still a calibration problem, replace
the SIB board.

High Paw high In-range P,,, data Paw > Plimit Check Pressure limit setting is not set too low

2) (5) available for ventilator settings and breathing circuit.
Alarm condition becomes false for 15 seconds or | Check the breathing circuit for occlusions.
until the end of the next full inspiratory cycle. Perform flow sensor calibration.

Check SIB to CPU cabling.
Replace the SIB 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
limit not = off connections.

Alarm condition becomes false or volume alarms | Perform flow sensor calibration.

state transition to standby (or off). Replace the flow sensors.
Check SIB to CPU cabling.
Replace the SIB board.
Replace the CPU board.

High VTE medium In-range flow data VTE > high limit Check ventilator settings and volume output.
available and alarm Check the breathing circuit and flow sensor
limit not = off connections.

Alarm condition becomes false or volume alarms | pPerform flow sensor calibration.
state transition to standby (or off). Replace the flow sensors.
Check SIB to CPU cabling.
Replace the SIB board.
Replace the CPU board.
Insp Flow User Alarm | The system cannotread Operation continues Replace the flow sensor.
Sensor Fail the calibration data with default values.

stored in the sensor.

Insp Reverse medium
Flow (1)
®)

In-range flow data
available in mechanical
ventilation

Negative flow on
inspiratory sensor
during expiration in
circle system

Two consecutive breaths measured with “correct”
flow seen by flow sensors

Check flow sensor connections for “No Flow
Sensor” alarm.

Check the breathing circuit
Perform flow sensor calibration.
Check insp/exp check valves.
Replace the flow sensors.
Check SIB to CPU cabling.
Replace the SIB board.
Replace the CPU board.
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Message Alarm type/ | Enabling Criteria Alarm Condition Service Repair
Priority Removal Criteria
Inspiration high Drive gas safety switch | Check the breathing circuit.
Stopped engaged Check ventilator flow output.
2),3) Perform flow sensor calibration.
Perform the pressure limit switch test in the
service screen. If test fails, replace the SIB
board or SIB to CPU cabling
If problem persists, replace the CPU board.
Internal Minimum Ventilator malfunction.  Ventilate manually. Replace the CPU board.
Ventilator Shutdown Monitoring is not
Clock Too (6) reliable.
Fast(7)
Internal Minimum Ventilator malfunction.  Ventilate manually. Replace the CPU board.
Ventilator Shutdown Monitoring is not
Clock Too (6) reliable.
Slow (7)
Invalid User Alarm | The system does not Make sure the module is correctly installed.
Circuit recognize the type of Look for broken ID tabs or tape on the tabs.
Module circuit module installed. If persists, check:
Normally the system * circuit identification board
used the ID tabs to e hamess to SIB
Identify circuits.
« SIB
= cable from SIB to CPU board
Limit Task User Alarm | The system is running
Light Use on battery power.
No action is required. Turn off the light to save
power.
Loss of User Alarm | The audio alarm will not Monitor system Replace the CPU board.
Backup sound for a CPU failure. operation.
Audio
Low Battery  UserAlarm | Voltage is <11.65V Manually ventilate the | Make sure power is connected and circuit
Voltage while using battery patient to save power. | breaker is closed. Check ventilator fuse.
power.
Low Drive UserAlarm | The ventilator did not Manually ventilate the | Make sure that the appropriate gas supplies
Gas Pres detect arise ininternal  patient. (O, orair) are connected and pressurized.
pressure when the flow
valve opened.
Low 02 high In-range O, data 04 <low limit Check O, limit. Is actual O, lower than limit

available

Alarm condition becomes false or enabling criteria

becomes false.

setting?

Verify O, calibration has been done correctly.
Does calibration pass?

If calibration does not pass, replace O
Sensor.

If there is still a calibration problem, replace
the SIB board.
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Message Alarm type/ | Enabling Criteria Alarm Condition Service Repair
Priority Removal Criteria
Low Paw high In-range Paw data Peak airway pressure < | Check the breathing circuit for leaks.
(®) available [Prain | +4 for 20 Check flow sensors hoses for leaks.
consecutive Seconds. | peform fiow sensor calibration.
Pmin is the baseline ,
) Check SIB to CPU cabling.
pressure during a
breath. Replace the SIB board.
Alarm condition becomes false or transition from Replace the CPU board.
mechanical ventilation on to off.
Low VE high In-range flow data VE <low limit Check ventilator settings and volume output.
() a?va.ilable and alarm Check the breathing circuit.
limit not = off Perform flow sensor calibration.
Alarm condition becomes false or volume alarms Replace the flow sensors
state transition to standby (or off). o
Check SIB to CPU cabling.
Replace the SIB board.
Replace the CPU board.

Low VTE medium In-range flow data VITE < low limit Check ventilator settings and volume output.
available and alarm Check the breathing circuit and flow sensor
limit not = off connections.

Alarm condition becomes false or volume alarms | perform flow sensor calibration.

state transition to standby (or off). Replace the flow sensors
Check SIB to CPU cabling.
Replace the SIB board.
Replace the CPU board.

Manifold Minimum Cal failure at bootup or | Check the breathing circuit.

Pressure Monitoring DPL switch engaged and | perform flow sensor calibration. If calibration

Sensor (8)(9) Pmanitoid < 80 €M H20 | fails, replace the SIB.

Failure Check DPL switch for proper operation using
the service mode Test press. limit switch
check. If DPL switch test fails, replace the SIB.

High Minimum DPL engaged and Paw < | Check the breathing circuit.

Pressure Monitoring 90 cm Hy0 and Perform flow sensor calibration. If calibration

Limit (8)(9) Pmanifold <80 cm H,0 | fails, replace the SIB.

Reached Check the DPL switch for proper operation
using the service mode Test press. limit switch
check. If DPL switch test fails, replace the SIB.

Memory User Alarm | 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 CRC failure Replace the CPU board.

(flash) Shutdown

Failure (6)

(7
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Message Alarm type/ | Enabling Criteria Alarm Condition Service Repair
Priority Removal Criteria
Memory Minimum Walking pattern test Replace the CPU board.
(RAM) Shutdown failure
Failure (6)
(7
Memory Minimum Memory failure of Replace the CPU board.
(Redundant  Monitoring system parameter(s)
Storage) Fail (8)(9)
Memory Minimum Walking pattern test Replace the CPU board.
(video) Shutdown failure
Failure 6
(7)
Monitoring ~ UserAlarm | A severe malfunction Ventilate manually. Cycle system power (On-
Only prevents mechanical Standby-0n). If the alarm clears, restart
ventilation. Other mechanical ventilation.
alarms may also occur. If persists, replace:
= CPU board
No Circuit User Alarm | The patient circuit Install a module. Refer to the setup section.
Module module is not installed. Optical sensors look for tabs on the back of
the module. Is the module assembled? are the
sensors dirty?
If persists, check:
= Circuit Identification Board
= harnessto SIB
= SIB
= cable from SIB to CPU board
No CO, UserAlarm | The canisters are open User setting. Close the canister release to
absorption (out of the circuit) but remove CO, 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 Sensor” 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 Sensor” alarm.
Inspiratory flow sensor is connected Replace inspiratory flow sensor.
No 0, User Alarm | The O, supply has Air flow will continue. Connect a pipeline supply orinstall an O,
pressure failed. Ventilate manually if | cylinder.
necessary.
0, Flush User Alarm | The pressure switch that This alarm occurs if you | If persists, check:
Failure detects flush flow has  hold down the Flush e 02 flush switch
seen avery long flush  button for more than 30 | _ cable to CPU board
(=30 sec). seconds.
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Message Alarm type/ | Enabling Criteria Alarm Condition Service Repair
Priority Removal Criteria
0, sensor UserAlarm | No breathing circuit Install a breathing circuit module and an O,
out of circ module installed. Sensor.
On Battery- UserAlarm | The mains supply isnot  Ventilate manually to Make sure power is connected and circuit
Power OK? connected or has failed save power. At full breaker is closed. Check ventilator fuse.
and the system is using  charge, the battery
battery power. permits approx. 30 min
of mechanical
ventilation.
Patient User Alarm | Exhaled volume <50% Check breathing circuit and flow sensor
Circuit Leak? of inspired volume for at connections.
least 30 seconds
(mechanical
ventilation).
Paw <-10 high In-range Paw data Paw <-10 cm H,0 Check the breathing circuit.
cm H,0 () available Perform flow sensor calibration (10).
Alarm condition becomes false. Check SIB to CPU cabling.
Replace the SIB board.
Replace the CPU board.
PEEP Not low In-range Paw data Pmin does not reach Check settings for not enough expiration time.
Achieved available within 2 cm HQO of Check the breathing circuit.
PEEP by end of Occlusions
mechanical expiration Check .
for 6 breaths in a row. eck scavenging
— Check ventilator output with PEEP off
Alarm condition becomes false or any control o
setting changed (except Plimit) or mechanical Perform flow sensor calibration.
ventilation transition on to off. Check that the patient airway pressure display
matches the airway pressure gage. If they
match, the problem may be pneumatic,
(supply pressure, regulator, inlet or flow valve,
etc.).
Check SIB to CPU cabling.
Replace the SIB board.
Replace the CPU board.
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Message

Alarm type/
Priority

Enabling Criteria

Alarm Condition

Removal Criteria

Service Repair

Positive SIB
Vref Out-of-
Range

Minimum
Shutdown

(6)

SIB+12Vsupplyvoltage
out-of-range

First, verify that the +15V Analog Supply
Counts value is between1914 and 2262. If not
in range, see the +15V Analog Out-of-Range
alarm for diagnostics.

Then, check the +12V SIB Supply.
Verify that the Counts value is between 1779
and 2322.

For machines with original CPU:

If +12V SIB Supply A/D count is notin range,
measure SIB +12V on CPU board at TP9
referenced to ground at TP1 (11.4t0 12.8
volts). If this voltage is in range, replace the
CPU board because the problem is in the A/D
channel.

Ifthe SIB +12V supply is not in range, remove
SIB to CPU cable and re-test. If still notin
range, replace the CPU board.

Ifvoltage is in range on the CPU board, replace
the SIB to CPU cable or the SIB.

For machines with Integrated CPU:

If +12V SIB Supply A/D count is not in range,
remove SIB to CPU cable and recheck the
counts. If notin range, replace the CPU board.

If +12V SIB Supply A/D count is in range,
replace the SIB to CPU cable or the SIB.

Pres Control
Available

(1.Xand 3.X)

low

V; Compensation Off is
active

Alarm condition becomes false.

Check the breathing circuit and flow sensor
connections.

Check the flow sensors for proper connection.
Perform flow sensor calibration.

Replace the flow sensors.

Check SIB to CPU cabling.

Replace the SIB board.

Replace the CPU board.

Pres Control
(Mode) NOT
Avail.

Medium
(pressure
control); else
low

Ventilator not fully
functional and pressure
control mode not
available

Alarm condition becomes false.

Check the breathing circuit and flow sensor
connections.

Check the flow sensors for proper connection.
Perform flow sensor calibration.

Replace the flow sensors.

Check SIB to CPU cabling.

Replace the SIB board.

Replace the CPU board.
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Message Alarm type/ | Enabling Criteria Alarm Condition Service Repair
Priority Removal Criteria
Pres/Vol User Alarm | Outlet selection switch
Mon Inactive is set to auxiliary 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.
Limit Switch  Monitoring | activated ata Paw <90  Monitoring is still Refer to Troubleshooting Flowcharts
Failure cmH,0 and Pmanifold  available. Ext.rem.e (Section 5.5.5, “High intrinsic PEEP
(4.%) <80 cmH,0. control combinations troubleshooting’)
may cause this alarm.
Replace 02  low Sensor connected 0,<5% Verify O, calibration has been done correctly.
Sensor Does calibration pass?
Alarm condition becomes false. If calibration does not pass, replace 0, cell.
If there is still a calibration problem, replace
the SIB board.
Schedule low 1. Replaced CPU board Perform all calibrations in service mode.
Service Cal 2. Calibration data
corrupted
Selectgas  medium Patient breathing Check ventilator settings and ACGO switch
outlet detected in ACGO --3 | position.
breaths detected ina
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. 4.X - Refer to Section 4a.3.24
3.X - Referto Section 4b.10
Software Minimum Ventilator malfunction.  Ventilate manually. Replace:
Error Shutdown Monitoring is not « Software
(6) 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)
(7
Sustained Minimum Paw > 100 cm H,0 for Check tubing for kinks, blockages,
Airway Shutdown 10 seconds. disconnects.
Pressure (6) Calibrate the flow sensors.
0] If persists, check:
= bellows pop-off
= exhalation valve
« SIB
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Message
Priority

Alarm type/

Enabling Criteria

Alarm Condition

Removal Criteria

Service Repair

Sustained high
Paw (5)

In-range Paw data
available

Paw >= sustained limit
for 15 seconds.

Check absorber gage to see if the indicated
sustained Paw is present.

Check the breathing circuit.
Perform flow sensor calibration.
Check SIB to CPU cabling.
Replace the SIB board.
Replace the CPU board.

System low
Leak?

In-range flow data
available

Vgelivered > larger of

Vy + Pmax(CF)+0.3(Vy)
or

Vg, + Pmax(CF)+200

Where
CF = compressibility
factor= 10

Four consecutive breaths measured with “correct
volume” seen by flow sensors

Check flow sensors connections.
Check drive gas.

If Heliox is used, check that Heliox is selected
on the ventilator setup menu.

Check the breathing circuit and drive circuit.
Perform flow sensor calibration.

Replace the flow sensors.

Check SIB to CPU cabling.

Replace the SIB board.

Replace the CPU board.

Unable To low

In-range Paw and

Manifold pressure >

Check the breathing circuit for leaks or hose

Drive manifold pressure Paw + 10 + 0.25-F, occlusions.
Bellows Where F, = flow output | Perform flow sensor calibration.
(1.Xand 3X) from the flow valve in | Check the drive gas check valve.
L/min Check SIB to CPU cabling.

Alarm condition becomes false or transition from | Replace the SIB board.

mechanical ventilation on to off. Replace the CPU board.
Vaux_ref Minimum +5.8V out-of-range For machines with original CPU:
Out-of- Shutdown Check the 5.8 Voltage Test from service mode
Range (6) under Display A/D channels. Verify that the

Counts value is between 1997 and 2565.

If notin range, measure the 5.8 V supply on
CPU board at TP8 referenced to ground at TP1
(4.99 10 6.09 volts). If this voltage is in range,
replace the CPU board because the problemis
inthe A/D channel.

If notin range, (Refer to section 5.6.1)
measure the 5.8 V supply on Power Supply
board at TP19 referenced to ground at TP16
(4.99 10 6.09 volts). If not in range then
remove power supply to CPU cable and re-test.
If still not in range, replace the power supply
board.

If voltage is in range on the power supply
board, replace the CPU board.

For machines with Integrated CPU:
Replace the CPU board.
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Message Alarm type/ | Enabling Criteria Alarm Condition Service Repair
Priority Removal Criteria
Ventilate Minimum Refer to specific alarm message represented
Manually: Shutdown by XXXXXX.
XXXXXX -or-
Minimum
Monitoring
Vext_ref Out- Minimum +1.225V out-of-range | Replace the CPU board.
of-Range Shutdown
(6)
Volume medium In-range flow data No measured breathsin | Check that mechanical ventilation is on.
Apnea available the last 30 seconds Check the breathing circuit.
A breath is measured or apnea alarm detection off | 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  (5) available the last 120 seconds | check the breathing circuit.
gl)n Check ventilator settings and volume output.
A breath is measured or apnea alarm detection off
(cardiac bypass “in progress” or ACGO on).
VT Not low In-range flow data Vq < Vp-(biggerof (0.1- | Check ventilator settings, is P} set too low
Achieved available V;or 5 mL)) for 6 for volume setting?
mechanical breathsina | Check drive gas.
row Check the breathing circuit and flow sensor
Alarm condition becomes false (i.e., 1 breath connections.
exceeding threshold) or mechanical ventilation Perform flow sensor calibration.
transition on to off.
Replace the flow sensors.
Check SIB to CPU cabling.
Replace the SIB board.
Replace the CPU board.
VT medium Active ventilation mode | Check the breathing circuit and flow sensor
Compensation (1) is backup volume connections.
off Check the flow sensors for proper connection.
(L-Xand 3.X) Perform flow sensor calibration.
Alarm condition becomes false. Replace the flow sensors.
Check SIB to CPU cabling.
Replace the SIB board.
Replace the CPU board.
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Message Alarm type/ | Enabling Criteria Alarm Condition Service Repair

Priority Removal Criteria
VIE> Insp VT low In-range flow data V1 > larger of (Vg + Check flow sensor connections.
) available 0.3-VyorVy +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 SIB to CPU cabling.
Replace the SIB board.
Replace the CPU board.

Alarm Message footnotes:

(1)
(2)
(3)
(4)
(5)
(6)

(7)
(8)
(9)

These alarms will de-escalate to low priority following user acknowledgment by pressing the alarm silence switch.

These alarms also have associated text displayed in the user messages window.

These alarm messages do not have an elapsed time indication.

This alarm is enunciated at the maximum volume level and is not silenceable.

Serial connection to the RGM suppresses audio for these alarms

All minimum system shutdown alarms have high priority audio characteristics.

= |f the user presses the alarm silence key, the high priority audio is sil d for 120 ds.)

= If the shutdown condition occurs during non-mechanical ventilation with the Bag/Vent switch in Vent or during mechanical
ventilation and the user moves the Bag/Vent switch to Bag, the high priority audio is silenced for 120 seconds.

= |fthe Bag/Vent switch is moved from Bag to Vent while a shutdown condition is active and the audio silenced, the high priority audio
is generated (once again).

The software will try to cause a reset of the processor after the user presses the control wheel (in response to the shutdown message).

All minimum system monitoring alarms have medium priority audio characteristics.

All messages appear in the user messages window.

(10) Flow sensors are also used to measure pressures.
(11) The sustained pressure threshold is calculated from the pressure limit setting. When mechanical ventilation is on, the sustained limit

is calculated as follows: for pressure limits < 30 cmH,0, the sustained pressure limit is 6 cm H20; for Plimit between 30 and 60 cmH,0,
the sustained limit is 20% of the pressure limit (Plimit); for pressure limits >60 cmH,0, the sustained pressure limit is 12 cm H,0.

If both PEEP and Mechanical ventilation are on, the sustained pressure limit increases by PEEP - 2 cmH, 0 (the compensated weight of
the bellows). When mechanical ventilation is off, the sustained pressure limit is calculated as follows: for pressure limits <60 cmH,0,
the sustained pressure limit is 50% of the pressure limit (Plimit); for pressure limits >60 cm H,0, the sustained pressure limit

is 30 cmH,0.
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5.4 Mechanical/electrical troubleshooting guide

Symptom

For machines with the original CPU board, the power supply circuits are
located on a separate, power supply board (PSB).

For machines with an Integrated CPU, the power supply circuits are located on
two modules: the AC to DC converters are on a universal power supply (PS),
the regulated power circuits are integrated into the CPU board (IntCPU).

For power supply test point, refer to Section 5.6.

Probable cause

Action

System on, AC LED on,
no display

Refer to section 5.5.2, No display troubleshooting.

AC LED noton 1. Power cord 1. Is the cord plugged in?
2. AC power 2. Isthe power outlet 0.k.?
3. Circuit breaker 3. Check main circuit breaker in the AC Inlet
module.
4. 50-pin cable, front panel to CPU board 4. Check cable connection.
5. Power supply board 5. Verify output voltages of power supply. Replace
PSB/CPU.
6. Membrane switch LED 6. Replace membrane keyboard.
No battery 1. Battery cable disconnected 1. Connect cable.

2. Battery power less than 7V while running on
battery power

3. Battery fuse blown
4. Defective battery

2. Charge battery.

3. Replace battery fuse.
4. Replace battery.

Alarms display, but not
audible

1. Audio set too low
2. Speaker cable
3. Speaker

4. CPU board

1. Adjust audio from menu.
2. Ensure cable is plugged in.
3. Replace speaker.

4. Replace CPU board.

Bellows does not expand
ortendsto collapse during
ventilation.

1. Leak in the breathing circuit
2. Bellows not installed properly

3. Tearorleakin bellows.
4. Insufficient fresh gas flow

5. Improperly functioning pressure relief valve in
bellows assembly

1. Check breathing circuit and absorber for leaks.

2. Check the bellows to rim attachment. Make sure
bellows ring roll is into groove under rim.

3. Check the entire surface of the bellows. Pay close
attention to the angles in the convolutions.

4. Check that settings on flowmeters are adequate.

5. Check the pressure relief valve and seal for
damage. Reseat.

Bellows distended and/or
slips off base.

1. Bellows retention problem
2. Bellows assembly exhaust restricted

3. Bellows assembly pressure relief valve
problem

1. Check/replace bellows.
2. Check the waste gas scavenging system for high
vacuum or blockage.

3. Control port plugged or drive gas inlet hose
blocked.

Continuous flow of supply
gas before machine is
turned ON.

1. External hose leak.
2. GIV leak.

1. Check hose.
2. Check/repair GIV solenoid.

5-24

05/04 1006-0453-000
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Bellows does not descend
during inspiration.

1. Normal

2. Leak in breathing system.

1. If the fresh gas flow is greater than tidal volume,
the bellows may not descend.

2. Check for leaks in drive gas circuit. Are twin tube
assemblies on the pneumatic engine lifted all the
way into the interface cuff?

Ventilator will not turn on
when remote on/off
switch is turned on and AC
LEDison

1. Machine interface harness

2. Remote on/off switch
3. Power supply board

1. Ensure cable is plugged in properly at switch and
CPU board (J5).

2. Replace switch
3. Replace power supply board

Erratic pressure waveform

Slow exhalation pressure
release

= Slight to moderate valve leakage

* O-Ring Seal, Housing to Main Manifold

= Alignment of seat and seal after assembly
= Loose mounting screws

= Exhalation valve assembly

1. Check operation of drive gas check valve.
2. Replace drive gas check valve.

3. Inspect and reassemble the exhalation valve
assembly; make sure to put it together correctly.

Mechanically delivered
volumes decrease
significantly immediately
following use of O, Flush.

Failure to cease Volume Compensation when
Flush is used.

* Flush switch
* Flush regulator out of adjustment

1. Go to “Display 1/0 signals” screen in Service
Mode (Section 5.2). Press and release flush button.
Look for proper switch action. Before replacing
switch, do step 2.

2. Check that output of flush regulator is within
specifications: 131 +0/-7 kPa (19 +0/-1 psi)
(Section 6.5 of Aestiva Machine Service Manual).

3. Check wire harness connections at switch and
SIB.

4. Replace CPU board.
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5 Troubleshooting

5.5 Troubleshooting Flowcharts

5.5.1 Ventilator assessment process

Start
Turn on System
Is Displa
w orking®
Proceed "
Review Active Alarms, Yes to “No Display”  [&
Error Log and Alarm Log Troubleshooting  |R
Section 5.5.2 <
. . Are
Diagnosis
achieved? g;grr%s?
Use Alarm
Done Troubleshooting
Yes Section 5 Yes
No No
ALARMS SYMPTOMS
X Proceed t )
roceed to
Alarms of Type: Yes “Breathing System Leak” Yes Bellows falls or leak
Patient Circuit Leak Troubleshooting detected
System Leak *
No No
Alarms of Type:
Vt Compensation Off
Delivered Volume Mismatch Y . Proceedto Y
Check Flow Sensors Yes Inaccurate Volume Yes o
Insp Reverse Flow Ventilation” Inaccurate ventilation
Exp Reverse Flow Troubleshooting
System Leak Section 5.5.3
Unable to drive Bellows
No No
Alarms of Type: ) 4 Y
Low Paw . Proceedto
Volume Apnea Yes No Ventilation < Yes / Will not
Low Drive Gas Troubleshooting \\ ventilate
Pressure System Section 5.5.4
Leak
No No
X Proceed to )
Alarms of Type: Yes “High Intrinsic PEEP” es / Continuously high PEEP
Sustained Paw Troubleshooting ° during operation
High Paw Section 5.5.5

* Referto Section 7.2, “Breathing System Leak Tests,” in the Aestiva Machine service manual, 1006-0452-000.
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5.5.2 No display troubleshooting

Was there single
audio tone on
power-up?

N No

Is there a
continuous or

Is display dim
butinformation
can be seen?

cycling audio
tone?

Yes

}

Turn on System

5 Troubleshooting

Yos Adjustment

Check Contrast

Service Mode

AB.29.095

e

Yes

Check Display
Cable to CPU
Connections

Replace CPU Board

Problem

IsAC LED
power light on?

No l
Check system
circuit breaker

4<>_‘

=
»

A 4

Check AC
power cable

M

| e

Disconnect J5 connector from CPU.
Perform continuity check on
System Switch.

Problem

continues?

Yes

A 4

Replace EL

Yes = Display Panel

A 4

Replace CPU Board

continues?

No == Replace System

Check/Replace harness.

Switch.

<%_

Does the unit have
Integrated CPU?

Done

No

O‘é
»

Yes
A 4

Disconnect 6 pin cable J200
from CPU to Power Supply.
Verify 12.5V and 16V power present.

Voltages
present?

Replace

No =i Power Supply

<>_

Yes

i

Replace CPU Board
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A 4

Disconnect 50 pin cable J2
from CPU to Power Supply.
Verify all voltages present.

continues?

Problem

No

NO =iy

Replace
Power Supply
Board

Yes

Replace CPU Board




5 Troubleshooting

5.5.3 Inaccurate volume ventilation troubleshooting

< Start ’

i ?
d Verify pass?

Calibrate Flow No
Sensors
Section 4

Yes
Pro_blem?
continues? Perform All
Yes ] Calibrations and
Re-evaluate
No

Examine for defect or water plug continues?
in lines. Ensure customeris )
periodically depressing drain NQ m—] Done
button to empty water trap.

Sensor Problem: I Problem

Yes .
Do Bit counts on
either Insp/Exp Flow
channel vary more v
than 10 from the
inital zero counts?
Perform the Flow |r|l$pecft pTeu;natic
H Sensor Leak test ines for leaks or
Problem Solved: . Yes =P1  yater plugs between
Perform All Calibrations flow sensor and SIB
Water, leaks
1_ No or kinks?
| |
) Yes \/ No
Inspect Breathing
Circuit check valves. l l
Replace seat and

disks as necessary.
y Correct kinks or Switch | JdE
— leaks. Replace witch Insp and Exp

[se]
(2]
o
f pneumatic connections o
hamess if necessary. and repeat previous test |
<
Pro_blem7
Continues? Problem
No moves to
other sensor
channel? 'y
Yes R
eplace bulkhead
harness = Yes
Perform All
Calibrations and
Re-evaluate
A 4
No
Perform All
a— Calibrations and
) 2 Re-evaluate
Replace SIB <
A 4
Perform All
Calibrations and
Re-evaluate
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‘ Start ’

5.5.4 No ventilation troubleshooting

5 Troubleshooting

Does bellows
\ 4 Does bellows return to top of
Verify pass? move? canister?
Calibrate Flow Proceed to
Sensors No=»| " Breathln% System Leak"
Section 4 Troub! eshootmg
Yes
Check the output |_' Perform Al
of the Drive Gas Regulator Calibrations and
Proceed to Section 4 Re-evaluate
"Inaccurate Volume Ventilation"
Troubleshooting
Regulator
pressure OK at
25 psi?
. Check Hospital
No > pressure supply
Yes Hospital
¥ pressure OK?
Set Flow Valve to
120 L/min
Yes No
High flow gas
exhausts from
drive gas port? Verify operation of GIV.
Test Flow Valve P Check/Replace
< No inlet filter
if necessary.
Yes
l Correct Hospital _
supply problem
Examine Exhalation Valve
and diaphragm
Does circuit
pressurize? Proceed to ©
"Breathing Circuit Leak" S
No =P Troubleshooting &
o
* <

* Referto Section 7.2,

1006-0453-000 05/04

Yes

!

Check function
of drive pressure
pop-off valve

“Breathing System Leak Tests,” in the Aestiva Machine service manual, 1006-0452-000.



5 Troubleshooting

5.5.5 High intrinsic PEEP troubleshooting

< Start ’

Calibrate Flow
Sensors

Verify pass?

Problem
continues?

- Transducer was out of

Section 4

No

Proceedto
"Inaccurate Volume Ventilation"
Troubleshooting

Yes >

<

Yes

Flow from bleed
orifice with
Bag/Vent
switch in Bag
mode?

¥

Yes

Verify Regulator Calibration
Section 4

L]
Yes

Problem
continues?

I N

Intrinsic PEEPin &
Vent mode only?

Yes No
Problem was improper
Replace regulator setting
Flow Control Valve

5-30

No

No

No

No Yes

A

A

v

calibration

Intrinsic PEEP

in both Bag and

Vent modes?

Yes

A 4

1. Check APL valve

3. Check for obstru

in "Y" manifold.

APL Valve Problem

mechanism

for proper function.
2. Check APL disk for sticking.

ctions in main

manifold downstream of APL or

Exhalation/Pop-off Valve Problem

1. Check bellows pop-off valve for
accurate assembly or sticking.

2. Check exhalation valve for
accurate assembly or sticking.

3. Check for obstructions in bellows
4. Check for obstruction downstream

of exhalation valve in connecting
tube or "Y" manifold.

base upstream of exhalation valve.

Scaven%ing Problem or
Breathing Circuit Obstruction

1. Check Hospital's scavenging
hoses and supply vacuum (active).

2. Check filter on active systems.

3. Check for obstruction in breathin
circuit down tube or "Y" manifold.

4. Check breathing circuit for

incorrect assembly or obstructions.
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5.6 Power supply test points

5.6.1 Power supply board (original CPU)

26

1 24

20 27 23

5 Troubleshooting

25
12
TP Name Typical Value Description
1 VBOOT +15V Supply to power primary regulator
4 PGND ov Power ground
7 VIN +50V Rectified voltage from transformer (30-60 Vdc)
8 VBUS +16.5V Primary regulator output (£5%)
9 BATT_P +13.3V Battery voltage
11 PGND ov Power ground
12 VB +16V Power bus from VBUS or battery (+5%)
15 DGND ov Digital Ground
16 DGND ov Digital Ground
17/18 | VAC(1)/VAC (2) 35Vac AC from toroid (24-45 Vac); measured across TP17 and TP18
19 5R5_VAUX (+5.5-5.8V) +5.6V Supply forinlet valve, flow valve, and speaker (+5%)
20 VAN15 (-15V) -15v Analog -15V supply (+5%)
21 VAP15 (+15V) +15V Analog +15V supply (+5%)
22 VH_EL +14.5V Supply for EL display (+5%)
23 VDD +5.0V Supply for digital circuit (+3.68%, -3.05%)
24 VSW +15V Supply for VDD Fail Buzzer (+10%)
25 TP25 (+20V) +20V Intermediate supply stage before NOSS (task lights) output
26 P15V_NOSS (+12VLP) +12V Supply for task lights (+5%)
27 VB +16V Power bus from VBUS or battery (not short protected)
28 VBUS +16.5V Primary regulator output (not short protected)

1006-0453-000 05/04
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5 Troubleshooting

5.6.2 Original CPU
°
OB
B Ls1
ORPERHEG s
J4 ™ °
+
® TP1L
® TP2
@® TP3
® TP4 o e
® TP5 E e e
® TP6 ~=|||1|||= ='"1'!'=
® TP7
@® TP8
@® TP9
LT ———0000000000000000000000000 —,
:j.—.........................—.::
J1
2 E 16 B g
ot
= T — o = 1 1
TP Name Typical Value Description
1 DGND ov Digital Ground
2 VDD +5.0V Supply for digital circuit (+3.68%, -3.05%)
3 P15V_NOSS (+12VLP) +12V Supply for task lights (+5%)
4 VSW +15V Supply for VDD Fail Buzzer (+10%)
5 VH_EL +14.5V Supply for EL display (£5%)
6 VAN15 (-15V) -15V Analog -15V supply (£5%)
7 VAP15 (+15V) +15V Analog +15V supply (x5%)
8 5R5_VAUX (+5.5-5.8V) +5.6V Supply for inlet valve, flow valve, and speaker (+5%)
9 SIB_12V +12V Analog +12V (+5%) supply to SIB
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5 Troubleshooting

5.6.3 Power supply (Integrated CPU)

6V (s m| ©TP200 SP201 °
12V o
12V o oz Ls1
12V | -
) 12V (%) 2 [1200 oTP207 3 * ¢
oTP202 . e
N
Power @1P209
Supply Int%ggated

J201 J203

@®TP213

—  m— @®TP214

R

1

(]

L Black ] 12v g
\ Red Battery 5
TP Name Typical Value Description
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

Note  The power supply outputs are +16 volts and +12.5 volts.

» The +16 volts is used to charge the battery. Itis only available when the
machine is connected to an AC supply.

» The +12.5voltsis used to generate the regulated voltages on the CPU board.
In case of power outage, the CPU power circuits are supplied by the battery.
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In this section

1006-0453-000 05/04

6 Maintenance

This section details select maintenance procedures that apply to the ventilator portion
of the Aestiva Anesthesia Machine.

6.1 Supply gasinlet filter. . ... e 6-3
6.2 Free breathing valve maintenance .. ...t 6-4
6.3 MOPV differential reliefvalve test ... 6-5
6.4 MOPV pressure reliefvalve test ....... ..ot e 6-6

Note: For maintenance intervals, see Section 5 of the Aestiva Anesthesia Machine
Service Manual.
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6 Maintenance

/A WARNING Do not perform testing or maintenance on this instrument while it is
being used to ventilate a patient. Possible injury can result.

/A WARNING Items can be contaminated due to infectious patients. Wear sterile
rubber gloves. Contamination can spread to you and others.
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6 Maintenance

6.1 Supply gas inlet filter

1. Element assembly
2. 0-ring, install into filter body prior to assembly
3. Filtercap

Figure 6-1 = Filter body assembly on bottom of ventilator manifold

Remove the rear cover of the breathing system.
Locate the filter cap at the bottom of the vent engine.

Unscrew the filter cap and replace the filter.

e

Check the condition of the o-ring on the filter cap. Replace if cracked or
torn.

o

Reinstall the filter and the filter cap.

6. Perform the Preoperative Checkout Procedure in the Aestiva Anesthesia
System Operation Manual.

/\ CAUTION  Cross threading the filter bowl can cause debris to accumulate on the
filter resulting in shorter useful life of the filter.

/\ CAUTION  Once you start the threads on the filter body, with the O-ring mounted to
the body, do not back out the filter body unless you take it all the way out
and restart the mounting. If the body is partially unscrewed or backed
out from the manifold seat, the O-ring will slip out of place and result in
an unacceptable leak.
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6 Maintenance

6.2 Free breathing valve maintenance

Figure 6-2 = Free breathing valve

. Remove the absorber rear cover.

. Unscrew the valve seat from the bottom of the ventilator engine manifold.

It should be hand tight.

. Inspect the flapper and valve seat for nicks, debris and cleanliness.

. Pullthe tail of the new free breathing valve flapper through the center of the

valve seat until it locks in place.

. Trim the tail in line with the bottom of the valve seat.
. Replace the O-ring. Lubricate with a thin film of KRYTOX™,

. Back the seat threads counter clockwise until you feel the thread engage.

Hand screw the assembly into the manifold.

. Perform the Preoperative Checkout Procedure in the Aestiva Operation

Manual.

2
1. Fapper
2. Vaveseat
3. O-ring

Figure 6-3 = Free breathing valve flapper and O-ring

6-4
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6 Maintenance

6.3 MOPV differential relief valve test

/A WARNING Objectsinthe breathing system can stop gas flow to the patient. This can
cause injury or death:

* Do notuse a test plug that is small enough to fall into the breathing
system.

Make sure that there are no test plugs or other objects caughtin the
breathing system.

Turn all flow control valves to their minimum setting.
Set the Bag/Vent switch to Vent.

Attach a patient circuit to the breathing system.
Occlude the patient port.

Remove the rear cover from the breathing system.

o o &~ W N o=

Remove the scavenging assembly and plug the scavenging port with a test
plug.

7. Push the flush button to fill the bellows. The inspiratory pressure gauge
should not exceed 60 cm H,0 with the flush button pushed (will typically
be 50-55 c¢cm H,0).

8. Release the flush button. Within 4 seconds, the absorber pressure gauge
should fall to between 20 and 40 cm H,0. After it reaches this pressure, it
may continue to fall but at a much slower rate.

9. Remove the test plug from the scavenging port.

Plug
AGSS
Port

Figure 6-4 = Plugging the AGSS port
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6 Maintenance

6.4 MOPV pressure relief valve test

/A WARNING

Plug (Manifold Pressure)

Figure 6-5 = Occluding the standpipe tube

6-6

Objects in the breathing system can stop gas flow to the patient. This can
cause injury or death:

* Do notuse a test plug that is small enough to fall into the breathing
system.

» Make sure that there are no test plugs or other objects caughtin the
breathing system.

Note: For this test, the breathing system must be taken apart and the
exhalation valve removed. This test involves plugging the 2 silicone ports
beneath the exhalation valve (drive gas and exhalation valve ports). The drive
gas port, which is the one offset from center, has to be plugged below the take
off port for the drive pressure limit switch.

1. Usingthe standpipe tube from the exhalation valve, and with the u-cup seal
side of the tube up, push the standpipe tube down the silicone drive gas
port until itis approximately 1/2 inch (15mm) from the blue seal. Pushing
the standpipe tube all the way down to the seal may cause the test to fail.

Standpipe (Drive Pressure)

Occlude
with
finger

2. Plugthe othersilicone port (exhalation valve manifold pressure) with a test
plug.
3. Setthe system switch to On and enter the Service Mode.

4. Select “Flow Valve Test Tool” from the menu.

5. Select and activate a flow of 20 LPM.
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6 Maintenance

6. Occlude the top of the standpipe tube with your finger, making sure the
tube remains 1/2 inch (15mm) above the blue seal.

7. Check the manifold pressure reading on the service screen. The MOPV
valve is functioning correctly if the steady state pressure reading is
<120cm H,0.

8. Setthe system switch to Standby.

9. Remove the test plug from the exhalation valve port.

10. Remove the standpipe from the port and reinstall in the exhalation valve.
11. Reassemble the breathing system.

12. Perform the Preoperative Checkout Procedure in the Aestiva Operation
Manual.
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In this section

/A WARNING

/\ WARNING

/A WARNING

1006-0453-000 05/04

7 Repair Procedures

This section covers the repair and replacement procedures for the Aestiva 7900
Ventilator and its related components.

7.1 Control panel @ssembly ... ...t e 7-2
7.2 Keyboard and ELdisplay ...........ooooiuii e 7-3
T.3ENCOAEr SWITCN .. e 7-4
B TR 0= 1] 7-5
7.5 Access to electrical enclosure COMPONENtS . .....veeeii it ennnnn 7-6
T.5. L CPUBOAI . .. e ettt e 7-8
7.5.2 Firmware replacement procedure .........ouiurreiiieeeiiieiiieanns 7-9
7.5.3 Power supply board (fororiginal CPU) . . ... 7-10
7.5.4 Power supply (forIntegrated CPU) . . .. ..o v 7-11
7.5.5Toroid (original CRUONlY) . ... o.v v 7-12
T B Battery . o e e 7-13
T BV ENtENGING . 7-14
7.7 Non-relieving regulator . ... ...t e 7-16
T.8Flow control valve . ... ... e 7-17
T.9GasINIEtvalve . ... e 7-18
7.10 Mechanical Overpressure Valve (MOPV assembly) ............cccoiviiiinann. 7-20
7.10.1To service the original MOPV assembly: ......... ..., 7-20
7.10.2 To service the MOPV assembly with the molded housing:................. 7-22
7.11 Drive gas check valve assembly . ...... ... 7-23

Post-Service Checkout is required after you complete this section. You must
perform Section 3, “Post-Service Checkout,” after performing any maintenance,
service, or repair. Failure to do so may result in patient injury.

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 of the ventilator. Failure to do so can resultin damage
to the flow valve and possible injury to the patient.

The ventilator must be off and unplugged before you perform any disassembly
procedures to avoid injury.
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7 Repair Procedures

7.1 Control panel assembly

The control panel assembly is mounted on either a Folding Display Mount or
on a repositionable Display Arm. Signals between the control panel and the
CPU board are sent through a 50-pin connector cable that passes through the
side of the machine (and through the outboard arm if equipped) and connects
to the rear of the control panel.

Forthe Aestiva/5 MRI machine, the display is centrally mounted above the
flowhead.

Display Mount Display Arm 1

\,

1. Control panel
2. Mounting brackets
3. Connector cover

AA.96.253

Figure 7-1 = Ventilator control panel

To remove the control panel assembly:
1. Remove the screws from the connector cover and slide the cover back.

2. Disconnect the 50-pin connector cable.
3. Remove the screws that attach the control panel to the mounting brackets.
4. Remove the control panel.
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7 Repair Procedures

7.2 Keyboard and EL display

1
2
33—
1. Front housing
2. ELdisplay
3. Keyboard
4. Rotary encoder switch
5.

Control knob

Figure 7-2 = Keyboard and EL Display

/A CAUTION

Note

1006-0453-000 05/04

Use an approved static control workstation and wrist grounding strap.

For MRI machines, refer to the MRI service manual supplement regarding the
EMC shield.

To remove the keyboard and EL display:

1.

Follow the instructions in Section 7.1 to remove the control panel
assembly.

Loosen the screws on the rear corners of the control panel assembly.

. Remove the back cover assembly.

To separate the front and rear assemblies, disconnect the 50-pin ribbon
cable from connector J2 of the keyboard.

Remove the 20-pin ribbon cable from its connector on the EL display.

Remove the four M3 Keps nuts from mounting studs on keyboard and
remove the EL display.

Remove the seven M4 Keps nuts from keyboard studs and remove
keyboard from the front housing.

To replace the encoder switch, see Section 7.3.

When you replace the keyboard, remove the protective film from the back
of the new keyboard window, clean, and check for scratches.

10. Assemble in reverse order.

11. Perform the Checkout Procedure found in Section 3 of the Aestiva

Anesthesia Machine Service Manual.
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7 Repair Procedures

7.3 Encoder switch

Encoder switch with harness
Locking washer

Flat washer

Mounting nut

Control knob

g RWDhR

Figure 7-3 = Encoder switch

7-4

AB.29.072
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To replace the encoder switch:

1.

N o g Rk~

8.
9.

To access the encoder switch, follow the disassembly instructions in
Section 7.2.

Pull the control knob off the encoder shaft.

Disconnect the encoder harness from the back of the keyboard panel.
Remove the mounting nut and flat washer using a 14-mm wrench.
Gently pull the encoder switch from the keyboard panel.

Place a lock washer on the shaft of the new encoder switch.

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 shaft.

Replace the mounting nut using a 14-mm wrench.
Replace the knob.

10. Assemble in reverse order.

11. Perform the Checkout Procedure found in Section 3 of the Aestiva

Anesthesia Machine Service Manual.
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7 Repair Procedures

7.4 Alarm speaker

Figure 7-4 = Alarm speaker

To replace the alarm speaker:

1. To access the speaker, follow the disassembly instructions in Section 7.2.
Remove the two screws holding the alarm speaker to the housing.

Install the new alarm speaker using the previously removed screws.

Assemble in reverse order.

o &~ N

Perform the Checkout Procedure found in Section 3 of the Aestiva
Anesthesia Machine Service Manual.
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7 Repair Procedures

7.5 Access to electrical enclosure components

/A WARNING

/A WARNING

/A CAUTION

/\ CAUTION

/A WARNING

Figure 7-5 = AC Inlet module

7-6

Disconnect the power cord from the outlet receptacle before attempting
to remove or repair any circuit board to avoid shock hazard.

The ACinlet module is very heavy. Use caution when removing it from the
anesthesia enclosure.

Disconnectthe internal battery before attempting to remove orrepairany
circuit board. Failure to do so may damage the internal electronics.

The circuit boards are electrostatic sensitive. Use an anti-static
workstation and wear a wrist grounding strap when handling a circuit
board.

To remove the CPU board:
1. Disconnect the power cord from the outlet receptacle.

2. Remove the AC inlet module from the rear of the Aestiva Anesthesia
Machine.

= Loosen the two captive M4 screws.

= Pulling on the two captive screws, cautiously slide the AC inlet module
outonly halfway from the enclosure. Use the two side handles (cutouts in
the sheet metal) to lift out the AC inlet module from the enclosure.

The AC inlet module is very heavy. Use caution when removing it.

Cutout handles

Captive screws

3. Remove the cover of the electrical enclosure by removing the four Phillips
head screws (two along top edge, one along each side).
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Battery

CPU board

Power supply board

Isolation transformer (toroid)

Eall o

Figure 7-6 = Electrical enclosure components (original CPU)

7 Repair Procedures

1. Battery
2. Integrated CPU board
3. Power supply

Figure 7-7 = Electrical enclosure components (integrated CPU)

1006-0453-000 05/04
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7 Repair Procedures

7-8

7.5.1 CPU Board

/\ CAUTION

To remove the CPU board, you must access the cable connections in the
pneumatic enclosure.

The circuit boards are electrostatic sensitive. Use an anti-static
workstation and wear a wrist grounding strap when handling a circuit
board.

1. Remove the machines rear panel (see Section 4 of the Aestiva Anesthesia
Machine Service Manual).

2. Disconnect the four cable connectors from the bottom of the CPU board.

Note: For better accessibility to the cable connectors, remove the four
mounting screws for the pneumatic manifold standoffs, pull the manifold out
slightly and lower it. Front accessibility can be gained by removing the
vaporizers and removing the panel beneath the vaporizer manifold.

3. Disconnect the battery cable.

= Forthe original CPU, the battery cable is connected to the Power Supply
board.

* Forthe Integrated CPU, the battery cable is connected to the CPU board.

4, Disconnect the two interface ribbon cables (one cable for Integrated CPU)
near the top of the board. The cable(s) go to the DB-9 and DB-15
connectors on the back of the machine.

5. Forthe original CPU, disconnect the power supply ribbon cable at the CPU
board.

Forthe Integrated CPU, disconnect the power supply cable at the top of the
CPU board and (if applicable) the task light harness connector.

6. Remove the three hex nuts holding the circuit board plate to the floor of the
electrical enclosure.

For the Integrated CPU, also remove the bracket that holds the power inlet
connector (hex nut at bottom, screw at top).

7. Remove the screws that hold the CPU board to the back plate of the
electrical enclosure.

8. Liftand remove the board from the electrical enclosure.
Note: Reuse the old gasket to insure an O, tight seal.

9. Transferthe EEPROMs (U14 and U23)from the old board to the new board.
(See Section 7.5.2 Firmware replacement procedure for information on
safely handling the EEPROMSs.)

10. Install the new board by following these instructions in reverse order.
11. Perform the CPU board tests found in Section 7.5.2.

12. Perform the Checkout Procedure found in Section 3 of the Aestiva
Anesthesia Machine Service Manual.
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7 Repair Procedures

7.5.2 Firmware replacement procedure

/A CAUTION

CPU board tests

1006-0453-000 05/04

The circuit board and EEPROMs are electrostatic sensitive. Use an
approved static control workstation and wrist grounding strap.

13.Place the CPU board on an approved static control workstation.

14.Note the label and orientation of each EEPROM to ensure they are properly
transferred to the replacement board.

15.Use a PLCC chip extraction tool to remove the two EEPROMSs, U14 and U23.
Insert the two prongs on the extractor tool into the slotted corners of the
EEPROM socket.

16.Install the new EEPROMs, noting the label to ensure the correct chip is
placed inthe correct socket. Align the EEPROM notch with the socket notch
and press the chip down firmly.

Whenever you replace the CPU board and/or the EEPROMs (U14 and U23), or
perform the software upgrade, perform the following tests:

= Select the altitude (Section 4)*

= Select the drive gas (Section 4)*

* Cal 0, Sensor (Section 4)

= Cal Flow Sensor (Section 4)

= Cal Pressure Sensitivity (Section 4)

= Cal Flow Valve (Section 4)

= Cal Bleed Resistor (Section 4)

= Perform the Checkout Procedure found in Section 3 of the Aestiva
Anesthesia Machine Service Manual.

* Even if these settings appear to be set correctly, they must be deliberately
changed and set back to their proper setting.
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7 Repair Procedures

7.5.3 Power supply board (for original CPU)

A CAUTION The circuit boards are electrostatic sensitive. Use an anti-static
workstation and wear a wrist grounding strap when handling a circuit
board.

CPU cable connector
Battery cable connector
Toroid connector
Lighting cable connector

Eall ol A

Figure 7-8 = Power supply board (for original CPU)

1.

Remove the AC inlet module and the electrical enclosure cover
(Refer to section 7.5).

Disconnect the battery cable from the power supply board by pressing the
lock tabs on either side of the connector and gently pulling on the
connector.

Disconnect the 50-pin CPU ribbon cable between the CPU board and the
power supply board by pulling out on the lock tabs on either side of the
connector and gently pulling on the cable connector.

Disconnect the lighting cable by gently pulling on the connector.

Disconnect the connectorfrom the toroid by pressing the lock tabs on either
side and gently pulling on the connector.

Loosen the three captive screws at each corner of the power supply board.

Unlock the two Nylon retainers (on the corners of the board near the rear
panel) by bending their tabs away from the board, and lift out the power
supply board.

8. Toinstall a new board, follow the removal instructions in reverse order.

9. Perform the Checkout Procedure found in Section 3 of the Aestiva

Anesthesia Machine Service Manual.
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7 Repair Procedures

7.5.4 Power supply (for Integrated CPU)

1. Line power
2. Chassis ground
3. Power output

Figure 7-9 = Power supply (for Integrated CPU)

1006-0453-000 05/04

A CAUTION The circuit boards are electrostatic sensitive. Use an anti-static
workstation and wear a wrist grounding strap when handling a circuit
board.

1.

Remove the AC inlet module and the electrical enclosure cover
(Refer to section 7.5).

Disconnect the line power inlet connector and the ground wire at the
bottom edge of the power supply.

3. Disconnect the power outlet connector at the top edge of the power supply.

4. Remove the two nuts that hold the power supply assembly to the back plate

of the electrical enclosure.

5. Transferthe power supply mounting bracket to the new power supply.

6. Toinstall a new power supply, follow the removal instructions in reverse

order.

. Perform the Checkout Procedure found in Section 3 of the Aestiva

Anesthesia Machine Service Manual.



7 Repair Procedures

7.5.5Toroid  To remove the toroid, you must first remove the AC inlet module and the
(original CPU only) electronics compartment cover. The toroid is located in the electronics
enclosure next to the power supply board.

1. Toroid
2. Grounding lug
3. Mounting nuts

Figure 7-10 = Isolation transformer (top view)

1.

o o &

Remove the AC inlet module and the electrical enclosure cover
(Referto section 7.5).

Disconnect the battery cable from the power supply board by pressing the
lock tabs on either side of the connector and gently pulling on the
connector.

Disconnect the grounding lug using a 7-mm socket wrench.
Remove the two mounting nuts using a 7-mm socket wrench.
Remove the toroid.

Install a new toroid by following these instructions in reverse order and
reconnecting like-colored connectors.

Perform the Checkout Procedure found in Section 3 of the Aestiva
Anesthesia Machine Service Manual.
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7.5.6 Battery

Note

1. Battery cable
2. Battery
3. Batteryretainer foam insert

Figure 7-11 = Battery (original CPU shown)

1006-0453-000 05/04

7 Repair Procedures

To remove the battery, you must first remove the AC inlet module and the
electronics compartment cover.

Aestiva machines with the original CPU or with the Integrated CPU use the
same battery. However, they are mounted differently.

= The battery forthe original CPU is mounted on the back plate of the electrical

enclosure. The enclosure cover includes a foam insert to keep the battery in
place.

= The battery for the Integrated CPU is mounted on the floor of the electrical

enclosure and does not require the foam insert on the enclosure cover.

. Remove the AC inlet module and the electrical enclosure cover

(Refer to section 7.5).

. Disconnect the battery cable by pressing the lock tabs on either side of the

connector and gently pulling on the connector.

. Remove the battery.

= Fororiginal CPU machines, the battery is held in place with a metal strap
(and the foam insert). Slide the battery to the right until it clears the strap
and remove it.

= For Integrated CPU machines, the battery is held in place with a formed
bracket and the wall of the electrical enclosure. Remove the bracket to
replace the battery.

. Install a new battery by following these instructions in reverse order.

5. Perform the Checkout Procedure found in Section 3 of the Aestiva

Anesthesia Machine Service Manual.

. Allow the battery to charge.
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7 Repair Procedures

7.6 Vent Engine
The Vent Engine is located at the rear of the breathing system. As with the
electronic circuit boards and the power module, each of the pneumatic
subassemblies can be removed without having to remove other components.
The pneumatic subassemblies are:
= Gas inletvalve (GIV)
= Flow control valve
= |nlet filter
= Mechanical over pressure valve (MOPV)
= Non-relieving pressure regulator
* Free breathing valve
* Drive gas check valve
1
5
6
2
3 7
4
8
1. Twin tube assembly
2. Gas Inlet Valve (GIV)
3. Lifter hex screw
4. Gas supply line
5. Drive gas check valve
6. Flow control valve
7. Mechanical overpressure relief valve (MOPV) — original style shown
8. Pressure regulator

Figure 7-12 = Vent Engine
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7 Repair Procedures

To remove the Vent Engine from the breathing system:

/\ CAUTION  Before servicing the Vent Engine you mustturn the machine off, close the
cylinder valves, disconnect the supply gases, and then bleed the
pressure from the machine.

1.

2.
3.

Loosen the thumbscrew and remove the rear cover of the breathing system.

Disconnect the supply gas line from the GIV fitting,

Disconnect the GIV and flow valve cables from the connector board at the
top of the housing.

Loosen the two screws on both sides of the manifold plate. The manifold
plate is grooved to allow the pneumatic assembly to slide into place.

. Turnthe lifter hex screw on the GIV to lower the double tube assembly clear

of the exhalation valve interface cuff.

Slide the Vent Engine out of the breathing system frame and place on a
work surface.

Note Newer Vent Engines include a spring on the inside tube to keep the tube
assembly engaged with the interface cuff (Refer to section 8.7.6). Push down
on the tube crossbar to disengage the tube assembly from the interface cuff
before removing the Vent Engine.

7.

To install the Vent Engine, perform these steps in reverse order.

8. Perform the Checkout Procedure found in Section 3 of the Aestiva
Anesthesia Machine Service Manual.

Breathing system housing (rear)
Lever Screw

Vent Engine

Mounting screws

Eall oA

Figure 7-13 = Vent Engine removal
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7 Repair Procedures

1.7 Non-relieving regulator

The regulator is replaced as an assembly.

1. Non-relieving regulator
2. Phillips head screws
3. Captive regulator mounting screws

Figure 7-14 = Non-relieving regulator

7-16

To remove the non-relieving regulator:

1.
2.

Follow the instructions in Section 7.6 to remove the Vent Engine.

Do not remove the Phillips head screws (4) that hold the regulator together.
Use a 3 mm hex wrench to loosen the two captive mounting screws.

3. Liftthe regulator from the Vent Engine manifold.

4. Inspect seat and O-rings for damage. Replace as necessary before

®©® N o o

replacing the regulator.

Replace the regulator by following these instructions in reverse order.
Perform the regulator calibration procedure in Section 4.

Install the Vent Engine by following the steps in Section 7.6 in reverse order.

Perform the Checkout Procedure found in Section 3 of the Aestiva
Anesthesia Machine Service Manual.
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7.8 Flow control valve

1. Flow control valve cable
2. Flow control valve
3. Captive mounting screws (2)

Figure 7-15 = Flow control valve

1006-0453-000 05/04

7 Repair Procedures

To service/replace the flow control valve:

1.
2.

Follow the instructions in Section 7.6 to remove the Vent Engine.

Use a 3 mm hexwrench to loosen the two captive mounting screws and lift
out the flow control valve.

Examine the seat and two O-rings for damage.
Replace as necessary.

Reinstall the flow control valve by following these instructions in reverse
order.

5. Perform the flow valve test in Section 4.

6. Install the pneumatic assembly by following the steps in Section 7.6 in

reverse order.

Perform the Checkout Procedure found in Section 3 of the Aestiva
Anesthesia Machine Service Manual.



7 Repair Procedures

7.9 Gas inlet valve

Tube guide plate

GIV solenoid switch

Captive mounting screws (2)
GIV

Inlet filter housing

Manifold plate

Figure 7-16 = Gas Inlet Valve (GIV)

SR wNR

7-18

Follow the instructions in Section 7.6 to remove the Vent Engine.

To remove the solenoid switch:

1. Use a 1.5 mm hex wrench to remove the mounting screws from the GIV
solenoid switch on the inlet valve.

To replace the gas inlet valve:
1. Remove the tube guide plate from the top of the GIV.
2. Remove the inlet filter underneath the manifold plate.

3. Use a3 mm hex wrench to loosen the two captive inlet valve mounting
SCrews.

4. Remove the GIV/inlet filter housing assembly.

5. To separate the GIV from the inlet filter housing, remove the two mounting
screws from within the filter housing.

6. Examine the valve seat and O-rings in the manifold for damage. Replace as
necessary.

7. Reassemble in reverse order.

8. Perform the Checkout Procedure found in Section 3 of the Aestiva
Anesthesia Machine Service Manual.
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7 Repair Procedures

AB.23.148

AB.23.149

Retaining ring
GIV cap

0-ring, upper
Upper U-cup seal
Shuttle

Lower U-cup seal
0-ring, lower
Apply KRYTOX

PN RWNE

Figure 7-17 = Gas inlet valve

To service the gas inlet valve (GIV):

Note: You can service the gas inlet valve without removing it from the Vent
Engine.

1. Remove the tube guide plate from the top of the GIV.

2. Remove retaining ring and GIV cap.
3. Remove the shuttle and replace the lower O-ring and the lower U-cup seal.
Lubricate the seal lightly with KRYTOX.

Note Use pneumatic pressure to remove the shuttle. Cover the shuttle with a soft
cloth and apply pressure (connect the drive gas hose or use pipeline pressure)
through the drive gas inlet.

Reinstall the shuttle and upper U-cup seal.

Reinstall and lubricate upper O-ring lightly with KRYTOX.
Reinstall inlet valve cap.

Install the retaining ring flat side out (away from the valve).

Reassemble in reverse order.

© ® N o o B

Perform the Checkout Procedure found in Section 3 of the Aestiva
Anesthesia Machine Service Manual.
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7 Repair Procedures

7.10 Mechanical Overpressure Valve (MOPV assembly)

MOPV
Assembly
(original style shown)

Figure 7-18 = Mechanical Overpressure Valve

Follow the instructions in Section 7.6 to remove the Vent Engine.

Note  The MOPV housing for the Aestiva 7900 Ventilator has changed. The original
housing, which was rectangular-shaped with a separate cover, has been
replace by a one-piece molded housing.

The molded housing is available in a kit that includes installation instructions
(Refer to section 8.7.2). The alignment tool that was used with the original
housing is no longer required with the molded housing.

7.10.1 To service the original MOPV assembly:

Note: Refer to Figure 7-19 for the following steps.
1. Remove the two cover screws and cover.

2. Remove the over pressure weight and seal assembly.
3. Replace the seal of the over pressure weight.
4

. Remove the two screws holding the MOPV housing to the manifold plate
and remove the MOPV housing.

5. Remove the differential pressure weight and diaphram.
6. Replace the o-ring over the center hole in the plate.

7. Replace the diaphram and differential pressure weight in the MOPV
housing. The diaphram should be flush with the MOPV housing when
properly installed.
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Over pressure weight
Seal, over pressure

Differential pressure weight
Diaphram, differential pressure

PN RONR

Alignment tool

7 Repair Procedures

8. Slidethe MOPV housinginto position, making sure the diaphram and o-ring
remain in place.

9. Loosely replace the screws holding the MOPV housing to the plate.

10.Putthe alignment tool through the over pressure relief valve opening until it
seats in the plate.

11.Tighten the screws holding the MOPV housing to the plate.
12.Remove the alignment tool.

13.Replace the over pressure weight and diaphram assembly.
14.Replace the cover and screws.

15.Install the Vent Engine by following the steps in Section 7.6 in reverse
order.

16.Perform the Checkout Procedure found in Section 3 of the Aestiva
Anesthesia Machine Service Manual.

Figure 7-19 = Mechanical Overpressure Valve, original housing
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7 Repair Procedures

7.10.2 To service the MOPV assembly with the molded housing:

Housing Screws

Housing

Over pressure weight

Seal, over pressure

Differential pressure weight
Diaphram, differential pressure
0-ring

NoakwNhNRE

Note: Refer to Figure 7-20 for the following steps.

© o &~ w b o=

10.

11.

12.

Remove the two screws and lift off the housing.

Remove the over pressure weight and seal assembly.
Replace the seal of the over pressure weight.

Remove the differential pressure weight and diaphram.
Replace the o-ring over the center hole in the plate.

Place the diaphragm (item 6) and the differential-pressure weight (item 5)
over the corresponding seat in the manifold plate.

Place the over-pressure weight and seal assembly (items 3 and 4) over the
corresponding seat in the manifold plate.

Place the molded housing over the weights so that the locating tabs are
within the recess of the manifold plate and that it lies flat against the
manifold plate. Important: Ensure that the diaphragm (item 6) is not
pinched by the housing.

Start both housing mounting screws in the threaded holes.
Ensure that the locating tabs are still positioned in the recess of the

manifold plate and that the diaphragm is not pinched, and then, tighten
the mounting screws.

Install the Vent Engine by following the steps in Section 7.6 in reverse
order.

Perform the Checkout Procedure found in Section 3 of the Aestiva
Anesthesia Machine Service Manual.

s

AB.23.168

Figure 7-20 = Mechanical Overpressure Valve, molded housing
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7 Repair Procedures

7.11 Drive gas check valve assembly

1. Captive mounting screws
2. O-ring
3. Alignment hole

Figure 7-21 = Drive gas check valve

/\ Caution The internal components of the Drive Gas Check Valve are precisely
positioned. Do not attempt to remove or reposition the glass sleeve or
piston assembly

1. Follow the instructions in Section 7.6 to remove the Vent Engine.

2. Use a3 mm hexwrench to loosen the drive gas check valve captive
mounting screws.

Lift out the valve assembly.
Inspect the O-ring and valve seat for damage. Replace as necessary.
Reinstall the valve by aligning the check valve pin into the alignment hole.

Tighten the captive screws.

N o ok~ w

Install the Vent Engine by following the steps in Section 7.6 in reverse
order.

8. Perform the Checkout Procedure found in Section 3 of the Aestiva
Anesthesia Machine Service Manual.
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8 lllustrated Parts

In this section  This section contains assembly illustrations for easier identification of parts as they are
disassembled. Aestiva 7900 Ventilator components are located throughout the
Aestiva Anesthesia System.

8.1 SpPeCial INStIUCHIONS . . . ottt e e 8-2
8.2 SEIVICEI00IS ottt e 8-2
8.3 Ventilator HarmesSesS . ... vv ettt e e 8-3
8.4 Electrical enclosure parts (original CPU) ........ccoiiir e 8-4
8.5 Electrical enclosure parts (integrated CPU) ... ... i 8-6
8.6 Display ModUule .. ... 8-8
8.6.1 RearhoUSING PaMS . ..\ttt e 8-8
8.6.2 Front hOUSING PaItS . . o o\ttt e e e 8-9
8.7 Aestiva 7900 VENtENGING ... uet ittt e e e 8-10
8.7.1GasInletValve ... e 8-11
8.7.2 Mechanical Over Pressure Valve (MOVP). .. ... 8-12
8. 7.3 Inletfiter ..o e 8-13
8.7.4FreeBreathingValve . . ... oot e 8-14
8.7.5Manifold ... e 8-15
8.7.6TubE ASSEMDIY ... e 8-16
8.7.7TwinTube Lifter .. ..o e 8-17
8.8 Vent Engine mounting bracket .. ........ovuiiii i 8-18
8.9 SensorInterface Board (SIB) ..ot 8-19
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8 lllustrated Parts

8.1 Special instructions

Apply a thin coat of oxygen-use-approved lubricant to o-rings prior to
installation (unless otherwise noted). Use:

= KRYTOX™ GPL 205,
Datex-Ohmeda stock number 1001-3854-000

Some screws (as noted) require an anti-loosening bond. Use:

 |octite #24231, screw lock,
Datex-Ohmeda stock number 0220-5016-300

When you replace fittings, position the barb end in the same direction as the
original fitting to make hose connections easier.

8.2 Service tools
Tool Stock Number
Software Update Kit Using PC, Aestiva 1006-8376-000
(does not include ventilator software)
Cable, PC, Software Update, Aestiva 1006-3900-000
(included in update kit 1006-8376-000)
Software Media, 3.5” disk, Aestiva Call Technical Support
Power Jumper Cable (provides power to ventilator with outlet box removed from machine) 1006-4014-000
MOPV alignment tool 1503-3124-000

(included with MOPV elastomers service kit 1503-8017-000)
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8.3 Ventilator Harnesses

1006-0453-000 05/04

Item

Description

Harness, Kit
CPU Board to display,
(for display arm or folding mount)

- Cover (slotted), display connector
- Washer, rectangular

- Screw, M3x6 SST

- Lockwasher, M3

Harness,
CPU Board to System Switch and O, Flush Switch

Harness,
CPU Board to Sensor Interface Board (SIB)

Harness,
CPU Board to Pneumatic Connection Board (Vent Engine)

AA.96.142

8 lllustrated Parts

Stock Number

1006-8056-000

1006-1326-000
1006-4287-000
9211-0430-063
9213-0430-003

1006-3707-000

1006-3700-000

1006-3706-000
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8 lllustrated Parts

8.4 Electrical enclosure parts (original CPU)

Item
1

(OOO\IG)O'I-POOI\)K
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Description

Battery pack

Fuse, battery, 4A 5x20 time delay

Battery support foam

Strip pad, battery

PCB, power supply, Service

PCB retainer/support, Nylon, (support 2 corners of power supply PCB
Fuse holder, rear panel

Fuse, 6.3A 5x20 time delay, rear panel

Toroid

Pad, vent toroid

Toroid hold-down bracket

Strip pad, toroid hold-down (cutto 1/2 length)

PCB, CPU (original - non integrated), Service (without EPROMS)
EPROM Kit, U14 and U23, Aestiva

Gasket, O, seal for CPU board (mounts under CPU bracket)

Ribbon cable, DB9 to CPU
Ribbon cable, DB25 to CPU

Harness, vent CPU to power supply

Harness, from AC input to toroid (includes connector, also goes to Tec 6 outlet)

Harness, to light strip

Harness, fuse to power supply PCB

Bushing, snap-in (cable grommet)

Twist lock (for securing cables)

Seal, conductive (adhesive backed), vent enclosure to top of machine
Seal, conductive (adhesive backed), vent enclosure to rear panel

Bracket, foam block support
Screw, M3x6
Lockwasher, M3

Cover, electrical enclosure

S —

i )
AA.96.230

Stock Number

1503-3045-000
1503-3074-000
1503-3021-000
1006-1496-000
1006-8394-000
1006-3562-000
1001-3933-000
1202-3857-000
1605-3015-000
1006-1497-000
1006-5113-000
1006-1496-000
1006-8389-000

Call Technical Support

1006-5117-000

1006-3702-000
1006-3703-000
1006-3705-000
1006-3795-000
1006-3802-000
1006-3794-000
0208-0854-300
1006-3564-000
1006-1498-000
1006-1525-000

1006-5111-000
9211-0430-063
9213-0430-003

1006-5110-000
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8 lllustrated Parts

8.5 Electrical enclosure parts (integrated CPU)

Item Description Stock Number
1 Battery pack 1503-3045-000
la Fuse, battery, 4A 5x20 time delay 1503-3074-000
4 Power supply, Service 1006-4258-000
5 PCB retainer/support, Nylon, (support 2 corners of power supply PCB 1006-3562-000
12 PCB, CPU (integrated), Service (without EPROMS) 1006-8285-000
13 EPROM Kit, U14 and U23, Aestiva Call Technical Support
14 Gasket, O, seal for CPU board (mounts under CPU bracket) 1006-5117-000
15 Ribbon cable, Serial/Serial Download, CPU to DB9 and DB25 1006-4260-000
16* Standoff, #4-40 DSUB 1202-3092-000
17 Harness, power supply to CPU 1006-4261-000
18 Harness, from AC input to power supply (also goes to Tec 6 outlet) 1006-4259-000
19 Harness, from J201 of CPU to light strip 1006-3802-000
20 Cover, electrical enclosure 1006-4299-000
21 Bushing, snap-in (cable grommet) 0208-0854-300
22 Twist lock (for securing cables) 1006-3564-000
23 Seal, conductive (adhesive backed), vent enclosure to top of machine 1006-1498-000
24 Seal, conductive (adhesive backed), vent enclosure to rear panel 1006-1525-000
* Apply Loctite 242

I ©
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8 lllustrated Parts

8.6 Display Module

Stock Number
Aestiva 7900 Display, complete assembly 1006-8020-000

15
|
15 15 15 14 13 12

Item Description Stock Number

1 Speaker assembly, with leads 1503-3106-000
2 Connector board 1006-3682-000
3 Harness, connector board to front panel board (50 pin) 1503-3052-000
12 Rear housing, vent control display 1006-1242-000
13 Bracket, connector board mount 1006-1322-000
14 Screw, 2-56 x 5/16 PAN PH HD SST, rear panel DB connector (2) 0140-6110-105

15 Screw, M3 x 8 Sems (11) 0140-6219-130
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8.6.2 Front housing parts

AB.29.072

Item Description
Harness, connector board to front panel board (50 pin)
Harness, display-keyboard with ferrite (20 pin)
Knob, soft touch, teal green

Keyboard, front panel vent control display
EL display
Front housing, vent control display
10 Nut, Keps M4, keyboard/display mount (7)
11 Nut, Keps M3, display mount (4)

3
4
5
6 Rotary encoder, with cable and mounting hardware
7
8
9

1006-0453-000 05/04
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Stock Number
1503-3052-000
1605-3072-000
1006-4622-000
1503-3012-000
1006-1325-000
1503-8010-000
1006-1241-000
0144-3717-314
0144-3717-302
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8 lllustrated Parts

8.7 Aestiva 7900 Vent Engine

8-10

Item

1
2
3
4
5
6

Not Shown

Description

Vent Engine Assembly, Service

Tube and collar assembly

Plate, Tube Guide

Screw

Gas inlet valve, GIV

Filter housing assembly, complete with elbow

Drive gas check valve
O-ring under drive gas check

Flow control valve (HSC) BCG
0-ring under flow control valve (2 each)

Mechanical Over Pressure Valve, MOPV
(original style shown)

Regulator 172 KPA BCG

Hardware for securing Vent Engine to housing
Screw, M4x8 BT SKTHD (4)
Lockwasher, M4 internal (4)

* Drive Gas Hose Assembly

Stock Number
1503-8101-000
Refer to section 8.7.6
1503-3226-000
9211-0640-083
Refer to section 8.7.1
Refer to section 8.7.1

1503-3006-000
1503-3213-000

1503-3218-000
1503-3056-000

Refer to section 8.7.2

1504-3623-000

0140-6226-118
0144-1118-128

1503-3219-000
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8.7.1 Gas Inlet Valve

1006-0453-000 05/04

AB.23.150

Item

2
3
4
5
6

10

11

Not shown

Description

Gas Inlet Valve, assembly, complete with solenoid

Solenoid, 3-way NO (with mounting screw)
Shuttle, inlet valve

Retaining ring, 34.9 mm

Cap, inlet valve

0O-ring, upper Viton

U-cup, upper EDPM (fits on shuttle valve)
U-cup, lower Viton (fits on shuttle valve)
0O-ring, lower Viton

Filter housing assembly, complete with elbow

Elbow, 8mm tube

0-rings on bottom of assembly (2)

Screw, M4x20, filter housing to inlet valve (2)

Screw, M4x20, inlet valve assembly to manifold (2)

8 lllustrated Parts

Stock Number

1503-8111-000
1503-3088-000
1503-5018-000
1500-3158-000
1503-5006-000
9221-3032-116
1503-3090-000
1503-3089-000
1503-3108-000
1503-8113-000
1006-3535-000

1503-3056-000
0144-2124-218
0144-2124-218
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8 lllustrated Parts

8.7.2 Mechanical Over Pressure Valve (MOPV)

AB.23.168

Item Description Stock Number
1 Screws M4 x 0.7 8mm 9211-0640-083
2 MOPV Cover e
3* Alignment tool 1503-3124-000
4 Housing, machined, MOPV e
5 Screw M4 x20 1503-3105-000
6** Housing, molded, MOPV (kit includes housing and mounting screws) 1503-8124-000
Housing, molded e
6a Screw, M4x12 SKT HD CAP (2) 1102-3006-000
7 Weight, mechanical overpressure valve 1503-5015-000
8* Seal, mechanical overpressure valve 1503-3016-000
9* Weight, MOPV differential, 1503-5014-000
10* Diaphragm, MOPV 1503-3025-000
11* 0O-ring under MOPV assembly 1503-3056-000

* MOPV Elastomers Service Kit, 1503-8017-000, includes items 8 through 11 and an alignment tool (item 3).

* The alignment tool must be used when replacing seals in MOPV with machined acetal plastic housing.
* When replacing the diaphragm (item 10), the differential weight (item 9) must also be replaced.

** The molded MOPV housing kit (item 6) replaces items 1 through 5.
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8 lllustrated Parts

8.7.3 Inlet filter

Item Description Stock Number

1 Filter, glass media TFL binder 1503-3211-000
2 0O-ring for cap filter housing 1503-3224-000
3 Cap, filter housing 1503-3203-000
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8 lllustrated Parts

8.7.4 Free Breathing Valve

8-14

Description

Seat, free breathing valve
Valve, flapper
0O-ring

Stock Number

1503-3204-000
0211-1454-100
1503-3208-000
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8 lllustrated Parts

8.7.5 Manifold
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Item Description Stock Number
1 Housing, manifold vent 1503-3201-000
2% Elbow, 6.35 mm (1/4 inch) 1006-3529-000
Straight fitting, 6.35 mm (1/4 inch) 1504-3621-000
Plug, 6.35 mm ((1/4 inch) 1503-3245-000
3 Plate, manifold vent 1503-8110-000
4 Manifold gasket 1503-3205-000
5 Screw, M4x8 mm (8) 9211-0640-083

* Now shipping with straight fitting
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8 lllustrated Parts

8.7.6 Tube Assembly

Item Description Stock Number
1* Tube and collar assembly 1503-3215-000
Spring (included with tube assembly) 1503-3842-000
2 Bushing, o-ring retainer (2) 1503-3217-000
3 0-ring (2) 1503-3240-000

* Current tube assemblies include a spring on the inside tube to help keep the tube
assembly engaged with the exhalation valve interface cuff when in place.
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8.7.7 Twin Tube Lifter

8 lllustrated Parts
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Item

B~ W

Description

Arm, tube positioner
Washer, brass
Screw

Screw

Stack Number

1503-3225-000
0202-4528-300
9211-0660-504
1102-3006-000
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8 lllustrated Parts

8.8 Vent Engine mounting bracket
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Item

"
.
g
4
-
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* Cuff interface assembly, 1503-8112, includes items 1 through 5.

Description

Field Replaceable Vent Engine Housing
(includes items 1 through 10)

Cuff, exhalation valve interface

Connector barb

Tubing (specify 150 mm each)

Coupling, inline BLK insert half 4-mm hose barb
Coupling, inline WHT insert half 4-mm hose barb
Shield, cuff protector

Screw, M4x8

Pneumatic connector board

Locking post kit, DSub connector

Bracket, vent engine housing

Screw, SEMS M6 x 16

Stock Number

1503-8042-000

1503-3589-000
1503-3241-000
0994-6370-010
1503-3237-000
1503-3236-000
1503-3214-000
1006-3178-000
1006-3055-000
1503-3822-000
1503-3206-000
0144-2436-109
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8 lllustrated Parts

8.9 Sensor Interface Board (SIB)

1d

1c

1b

Item Description Stock Number

1 SIB assembly 1503-7010-000
la Coupling, inline, black 1503-3128-000
1b Coupling, inline, white 1503-3119-000
1c Coupling, inline, yellow 1503-3132-000
1d Coupling, inline, blue 1503-3130-000
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