7800 Ventilator

Service Manual
Product Group Codes CAT and CBA




7800 Ventilator

Service Manual
Product Group Codes CAT and CBA

This document is not to be reproduced in any manner, nor are the contents
here in to be disclosed to anyone, without the express authorization of the
Product Service Department, Ohmeda.

Copyright © 1995, Ohmeda Inc

7800 DOM - 1500-0081-000 3-95



Important

The information contained in this service manual pertains only to those
models of products which are marketed by Ohmeda as of the effective date of
this manual or the latest revision thereof. This service manual was prepared
for exclusive use by 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, 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 Ohmeda does not imply in any way that 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 Service Education, Ohmeda, Ohmeda Drive, Madison, Wisconsin
53707.

ACAUTION: Servicing of this product 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.

It is strongly recommended that genuine replacement parts manufactured or
sold by Ohmeda be used for all maintenance, service and repair involving this
product.

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 Note, Important, Caution and Warning

Throughout this manual, note, important, caution and warning have special
meaning:

Note: Is used to stress a point.
Important: Is similar to a note but used for greater emphasis

No matter which part of the manual you are using, always be familiar with

the A\ CAUTIONS and /\ WARNINGS that appear. WARNINGS alert you to
conditions or actions that may cause harm to humans. CAUTIONS alert you to
conditions or actions that may result in damage to equipment.

Pay special attention to the WARNINGS and CAUTIONS as they appear in
this manual and on the equipment.

Read the statements under the IMPORTANT heading; they describe what is
expected of you to service, repair and maintain the ventilator.
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1.2 Symbols

We have also used—Dboth in the manual and on the device itself—symbols to
represent some common terms. No one product or manual has every symbol
listed. Refer to this listing concerning symbols found on various products and
manuals. These symbols include:

I On (power) O Lamp, lighting, illumination
O Off (power) g Movement in one direction
I >
U Standby Movement in both directions
[ ]
Q Standby or preparatory state @ Lock
for a part of the equipment a
@ Unlock
“ON” only for part of the equipment
2 134°C  Autoclavable
O “OFF” only for part of the equipment @
=== . Non-autoclavable
Direct Current °
~ . * Type B equipment
Alternating Current s
@ . Ly Type BF equipment
Protective earth ground .
T CF equipment
——l-" Earth Ground ype equip
i . A Caution, ISO 7000-0434
Frame or chassis ground
44 ) AA Attention, consult accompany-
Alarm silence button ing documents, IEC 601-1
6 Equipotential ]_[ This way up
~——1  Variability 4 Dangerous Voltage
—=d0 variability in steps "@ Input
-+ Plus, positive polarity (‘@ Output
- Minus, negative polarity REF Stock Number
SN Serial Number
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1.3 Standard Service Procedures
Operation and Service Manuals

You must have, and be familiar with, the Operation and Maintenance
manuals for this product. Study the Anesthesia System Operation and
Maintenance 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 manual to use. Refer to the various service manuals or
accessory manuals if you require more information.

Bellows Assembly

This manual covers both the Autoclavable Bellows Assembly (ABA) and the
non-autoclavable bellows assembly (non-ABA).

The Autoclavable Bellows Assembly is operator maintainable. For more
information see the ventilator Operation and Maintenance manual, or the
Autoclavable Bellows Assembly, Operation and Maintenance supplement.

Stock Numbers for Replacement Parts

Stock Numbers can be identified in the "8/Illustrated Parts List" section of
this manual. Parts can be obtained through Ohmeda offices/distributors.

Ventilator tests
Normal operational tests can be performed while the ventilator is installed in,

or attached to, an anesthesia system. Calibration, troubleshooting or repair
may require removing the ventilator from the anesthesia system.

AWARNING: Section "4/Tests and Calibration" must be performed
whenever you remove a ventilator cover, to ensure that the ventilator is still
operational and within specification. Failure to do so may result in patient
injury.

AWARNING: You must perform section "3/Post-Service Checkout" for the
entire anesthesia system before returning the system to clinical use. Failure
to do so may result in patient injury.

AWARNING: Do not perform testing or maintenance on medical
equipment while they are being used on a patient; patient injury may result.
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1.4 7800 Ventilator Configuration

The 7800 Ventilator (hereafter called ventilator) is available in significantly
different product packages. This manual is exclusively for ventilators with
product group codes CAT and CBA. Check the product group code before you
proceed.

The Ventilator is composed of two basic units:

e the Bellows Assembly which contains the bellows and bellows
housing, and

e the Control Module containing the control valves, processing
circuits, controls, monitors and display screen.

The Ventilator is available in three configurations:

e Ezxcel Mount, as an integrated ventilator in an Ohmeda Excel
anesthesia system or

e Stand-alone, for use with other anesthesia systems or

e Modulus® 11 Upgrade, as an integrated ventilator in an
Ohmeda Modulus II Anesthesia System.

Differences in these configurations include:

e How the control module and bellows assembly are mounted.

¢ Connections between the control module, bellows assembly
and anesthesia system.

e Connection of the oxygen and volume sensors.

Modulus®, registered trademark, BOC Health Care Inc
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A. Excel Mount

The control module can be mounted on
an optional arm, or from a system shelf.

On systems with flowmeters extending
all the way to the top shelf, the control
Module can hang, by a bracket, from the
shelf to the right side of the flowmeters.

On systems with the lower shelf
extending over the flowmeters, the
control module can hang directly from
the shelf over the flowmeters.

The bellows assembly can be mounted on
top of the control module, on an optional
arm, or directly to an Ohmeda GMS
absorber (using an interface manifold).

The anesthesia system ON/OFF switch,
controls ventilator power up.

Oxygen and volume sensor connections
are located on the front left or right side
of the Excel, below the table top.

B. Stand-alone

The control module can be mounted on an
optional arm, or stand.

The bellows assembly can be mounted on
top of the control module, or directly to an
Ohmeda GMS absorber (using an interface
manifold).

A power switch on the lower front panel,
controls ventilator power up.

Oxygen and volume sensors connect
directly to the lower front panel of the
control module.

AA.10.167

Figure 1-1 Excel Mount

AA.10.166

Figure 1-2 Stand-alone
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C. Modulus II Upgrade

The control module is mounted above the
flowmeters inside the Modulus II.

The bellows assembly can be mounted on
an optional arm, or directly to an Ohmeda
GMS absorber (using an interface
manifold).

The anesthesia system ON/OFF switch,
controls ventilator power up.

Oxygen and volume sensor connections
are located on the front left side of the
Modulus II, below the table top.

AA.10.167

AA.04.051

Figure 1-3 Modulus II Upgrade
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Product Group Code

Ventilators with serial numbers starting with CAT were manufactured
without a piggyback watchdog board and other EMC enhancements.

Ventilators with serial numbers starting with CBA were manufactured with a
piggyback watchdog board, Universal pressure transducer board, the newer
EMC/Interface board (International), 4.xx or greater software, and other EMC
enhancements. '

Piggyback Watchdog Board

The piggyback watchdog board provides enhanced monitoring of correct
microcontroller operation.

Note: The piggyback watchdog board is not installed on some units.
Software Versions

This manual includes test and calibration procedures for versions 4.xx and
1.xx software.

EMC/Interface Board

The EMC/Interface board attenuates electrical noise from electro-surgical

units or other electrical noise generators in the operating room environment.
This board is mounted behind the lower front panel (Excel Mount and stand-
alone) or below the control module, inside the Modulus II Anesthesia system.

The EMC/Interface board is available in two versions the original and
international EMC/Interface boards. They are not directly interchangeable
and require different cabling.

Pressure Transducer Board

A newer style "Universal" pressure transducer board is now available as a
replacement for the original pressure transducer board.
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2/Theory of Operation

2.1 Ventilator Overview

The ventilator provides mechanical ventilation of patients during surgery. It
is a microprocessor controlled pneumatic device. The ventilator consists of
two major parts:

¢ bellows assembly, which isolates the driving gas from the
breathing gas

e control module, which drives the bellows assembly; and
monitors oxygen, pressures, and volumes.

Ohmeda 7800 Ventilator

AA.32.044
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The Control Module

Knobs and switches on the front of the control module are used to select
operational parameters. A LCD (Liquid Crystal Display) shows current
parameter information, alarms and error messages. The front panel also has

an alarm silence button with red and yellow alarm lights LEDs (Light
Emitting Diodes).

The control module uses a compressed gas source (typically compressed
oxygen) to pneumatically control patient ventilation. The gas is supplied by
the anesthesia system from either attached cylinders or a pipeline gas supply.

A microprocessor controls the operation of the control module. The
microprocessor performs all of the timing, monitoring and sequencing involved
in applying positive pressure to the bellows.

The main program memory is an EPROM (Erasable Programmable Read Only
Memory). This memory retains its contents when the power is turned OFF.
The EPROM holds the permanent preprogrammed application software
package. The software revision number can be displayed in a special
subroutine called the "Setup Page."

Certain user set parameters are stored in an EEPROM (Electrically Erasable
Programmable Read Only Memory) that can be altered under program control.
These include operator selected parameters that may vary between sites,
such as speaker volume or altitude setting, and are not likely to be changed
during a case. The EEPROM also contains the factory set calibration
parameters for the flow control valve (part of the pneumatic manifold
assembly). The calibration parameters cannot be programmed in the field.

Ventilator data can be communicated to another device through an RS232
connection.
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2/Theory of Operation

The Bellows Assembly

The drive gas output of the control module is used to impress breathing gas on
the patient. The drive gas is on the outside of the bellows and is isolated from
the breathing gas on the inside. There is no direct connection between the
two gas volumes. The ventilator moves breathing gas to the patient by
applying positive pressure on the breathing circuit. Exhalation occurs when
the ventilator releases the positive drive gas pressure to atmosphere.

The ventilator drive gas output is connected to the bellows assembly by a
flexible hose. A small diameter pressure sensing tube connects the patient
breathing circuit to the control module which monitors pressure in the
breathing circuit. The operator can select an adjustable inspiratory pressure
limit which limits the inspiration phase of ventilation if excess pressure is
detected.

An independent pressure relief valve is located inside the bellows. If excess
gas accumulates during exhalation, this valve will open and exhaust the
excess breathing gas.
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2/Theory of Operation

2.2 Pneumatic Description

TB11 Exhalation
Solenoid
SOL1 (ON)

Low Pressure
Transducer

Secondary

Filter  gegulator

5u

Inlet Solenoid
SOL2 (ON)

TB2

Bleed —

Flow Control Valve

TB1

Pneumatic
Manifold
Assembly

-
L

. Regulator
o
-
High Pressure High Pressure
w ansducer imit Switc
Supply Gas Transd Limit Switch

Figure 2-1 Block Diagram Pneumatic Circuit
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2/Theory of Operation

A. Gas Inlet Valve

The gas inlet valve switches the supply gas entering the control module. The
gas inlet valve and inlet solenoid together form a valve that is normally OFF.
The supply gas is turned ON by the microprocessor at power up. If the
electrical power ever fails, the gas inlet valve shuts OFF.

Inside the gas inlet valve is a shuttle (spoppet). The shuttle has a small
control stop on one end which blocks or allows the flow of supply gas to the.
primary regulator.

When the inlet solenoid is OFF, a pressure differential holds the shuttle in
the closed position.

The inlet solenoid must be activated (have current flow) in order for the gas
inlet valve to allow supply gas into the control module.

When the inlet solenoid is turned ON, the energized coil attracts a plug that
blocks the inlet orifice. At the same time the exhaust orifice is opened,. the
compressed gas at the large side of the shuttle is vented through the inlet
solenoid. The pressure on the small side of the shuttle moves it, opening the
gas inlet valve.

Inlet Solenoid Inlet Solenoid
SOL2 (OFF) SOL2 (ON)

AA.32.082
AA.32.083

Closed Open

Primary
Regulator

Primary
Regulator

Shuttle Shuttle

Supply Gas Supply Gas

Figure 2-2 Inlet Solenoid and Gas Inlet Valve, OFF and ON .
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2/Theory of Operation

B. Pressure Regulation

The ventilator has a primary regulator and a secondary regulator. The
primary regulator is mounted next to the gas inlet valve. Supply gas enters
the primary regulator directly from the gas inlet valve. The primary regulator
output connects to the pneumatic manifold assembly which contains the flow
control valve. The output of the primary regulator also goes to a secondary
regulator that further reduces the pressure. The output of the secondary
regulator is used to inflate the exhalation valve.

Bleed

Secondary
Secondary Regulator
Regulator
Output

Gas Inlet Valve
Primary |
Regulator <= Supply Gas Input
Output

AA.32.084

Primary Regulator

Filter

Figure 2-3 Primary Regulator and Secondary Regulator
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2/Theory of Operation

C. Flow Control Valve

The drive for inspiration is an increase in pressure applied to the breathing
circuit. Ventilation drive gas flow is supplied by the flow control valve. The
precise amount and rate of inspiration is accurately controlled by the
microprocessor through a digital to analog converter. The microprocessor
proportionally changes the drive gas flow by changing the current applied to
the flow control valve. If the power is removed the flow control valve shuts
OFF.

Exhalation Valve
(Inflated)

Flow Control
Valve

Exhaust
Chamber

Y2

Drive

Chamber Drive Gas

Gas In

AA.32.085

High Pressure Sensor .
Free Breathing

Valve

Figure 2-4 Pneumatic Manifold Assembly Inspiration

The flow control valve releases positive pressure into the drive chamber. As
gas enters, the drive gas pressure builds up in the drive chamber, through the
flexible hose, and increases the pressure in the bellows assembly.

During the inspiratory phase of ventilation the drive gas increases the patient
circuit pressure and, in combination with the duration, determines the tidal
volume.
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D. Exhalation Valve

The pneumatic manifold assembly has an internal exhaust chamber. The
exhaust chamber is open to atmosphere through the back of the control
module. Note the louvers above the drive gas output on the rear panel.
Exhaust gas from the two solenoids and the secondary regulator, is connected
to the exhaust chamber and relieve directly to the atmosphere.

During the exhalation phase, the exhalation valve is deflated and drive gas
pressure is released to the atmosphere through the exhaust chamber.

Exhalation Valve

Flow Control

] / Louvers
Valve (Closed) N

o 4

Gas In

AA.32.086

Free Breathing
Valve

Figure 2-5 Pneumatic Manifold Assembly Exhalation

The drive chamber and exhaust chamber are separated by the exhalation
valve. The exhalation valve inflates, like a balloon, to seal off the opening.
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/ Exhaust

Secondary Regulator Exhalation
Output Solenoid
(Low Pressure) SOL1 (ON)

Bleed

Regulated —»
Pressure

TB8

Secondary Regulator

>y
A&~ ' Na_ |— Exhalation Valve

Figure 2-6 Exhalation Valve Inflating

During inspiration, positive pressure is held in the drive chamber by inflating

the exhalation valve. Positive pressure builds in the drive chamber, drive gas
hose and the outside chamber of the bellows assembly. The flow control valve
allows gas flow for the desired inspiratory time.

Approaching the end of inspiration the flow control valve is turned OFF. If
inspiratory pause (Tjp) is ON, the exhalation valve will remain inflated for an
additional 25% of the set inspiratory time. The exhalation valve is deflated at
the end of inspiration. This relieves the positive pressure in the drive
chamber and allows the drive gas in the bellows assembly to be vented
through the exhaust chamber to the atmosphere.
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A Exhaust

Exhalation
Solenoid
SOL1 (OFF)

Bleed

AA.32.088

Regulated —»
Pressure

TB8

Secondary Regulator

~,

/ \:\ —— Exhalation Valve

Figure 2-7 Exhalation Valve Deflating
E. Bellows

The bellows isolates the drive gas from the breathing gas supplied by the
anesthesia system. At no time does the drive gas enter the patient breathing
circuit.

During the inspiratory phase, the control module delivers drive gas into the
area between the bellows and the bellows housing. As the volume of gas
increases, pressure is exerted on the bellows which compresses. The bellows
in turn exerts pressure on the patient breathing circuit and the patient's
lungs.

During the exhalation phase, the drive circuit pressure is vented to the
atmosphere. This reduction in pressure allows gas to flow from the patient
breathing circuit into the bellows. The bellows rises within the bellows
housing.

F. Pressure Relief Valve

The pressure relief valve is located within the bellows. This valve remains
closed during inspiration. When the bellows cannot extend any further
during exhalation, the pressure relief valve opens and the excess gas is
vented through the exhaust tube. This will happen when the pressure in the
patient circuit during exhalation exceeds the vented driving gas circuit
pressure by approximately 2.5 cm H30.
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2/Theory of Operation

G. Free Breathing

The free breathing valve acts as a check valve. Normally the pressure within
the drive chamber and corresponding bellows and breathing circuit is
controlled by the ventilator. If the patient attempts to inhale, a sudden drop
in breathing circuit pressure occurs. If the drive gas flow is less than the
demand, pressure within the drive chamber will drop, the free breathing
valve will open making up the additional volume with ambient air. This
allows the patient to breathe spontaneously.

[ \NAA880880L /

Free Breathing
Valve

AA.32.090

Figure 2-8 Free Breathing Valve

7800 DOM - 1500-0081-000 3-95 2-11



2/Theory of Operation

H. Pressure Sensing

The output of the primary regulator is monitored by a high pressure
transducer. If the pressure is greater than about 207 kPa (30 psi), the
microprocessor will not allow ventilation and an error message is displayed.

The pressure within the drive chamber is monitored by a pressure switch.
This circuit is independent of the microprocessor to maintain operational
integrity in the event of a microprocessor failure. If excessive pressure
(approximately 105 cm H3O) is detected, the switch closes and causes the
exhalation valve to deflate relieving the drive circuit pressure.

/——- Low Pressure

Transducer

Patient
— 4— Airway
Pressure IN

Drive Circuit
—  Ppressure OUT

Gas IN

AA.32.143

High Pressure
Transducer

High Pressure
Limit Switch

Figure 2-9 Pressure Sensing

A pressure sensing point is located in the breathing circuit. This pressure is
fed back to the control module though a clear pressure sensing tube. The tube
is connected to the low pressure transducer, located on the pressure
transducer board. This pressu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>