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1 About This Service Manual

This service manual conforms with the International Standard IEC 601-1.
This service manual does not replace the relevant instructions for Use.

The service procedures described in this service manual must be performed by qualified
service personnel only.

Carefully read through all instructions and safety precautions (DANGER, CAUTION, and
IMPORTANT statements) which appear throughout this service manual.

Carefully read through each step in a procedure before starting the procedure. Always use
the proper tools and the specified test equipment. If you deviate from the instructions and/or
safety precautions given in this service manual, you may cause the equipment to operate
incorrectly or unreliably, or cause damage to the equipment. Use only genuine spare parts
manufactured or sold by Drager Medizintechnik GmbH as listed in the spare parts list (see
Section 5 “Spare Parts List").

The test list in Section 3 of this service manual does not replace inspections and servicing by
Drager Medizintechnik GmbH.
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1.1 Definitions

DANGER

A DANGER statement refers to conditions with a
possibility of critical injury or death if disregarded.

CAUTION

A CAUTION statement refers to conditions with a
possibility of personal injury and/or damage to the
equipment if disregarded.

IMPORTANT

An IMPORTANT statement provides hints and
additional information intended to avoid inconvenience
during operation or maintenance.

Inspection = examination of actual condition

Service = measures to maintain specified condition

Repair = measures to restore specified condition
Maintenance = inspection, service, and repair, where necessary
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2 For Your Safety and That of Your Patients

For correct and effective use of the equipment and to avoid hazards it is essential to read
the following recommendations and to act accordingly.

2.1 Strictly Follow the Instructions for Use

This service manual does not replace the Instructions for Use. Any use of the equipment
requires full understanding and strict observation of the relevant Instructions for Use. The
equipment may only be used for the purposes specified therein.

2.2 Maintenance

The equipment must be inspected and serviced by qualified service personnel at six-
month intervals (and a record kept). Repair and general overhaul of the equipment may
only be carried out by qualified service personnel. We recommend that a service contract
be obtained with DragerService and that all repairs be carried out by them. Use only

genuine Drager parts for maintenance.

Follow the instructions under “Maintenance Intervals” in this Section.

2.3 Power Connection

The equipment shall be used only in rooms with mains power supply installations
complying with applicable national safety standards.

The requirements laid down in the IEC 601-1 “Safety of Medical Electrical Equipment”
are applicable for electrically powered equipment.

2.4 Not for Use in Explosion-Hazard Areas

The equipment has not been approved or certified for use in areas where combustible or
explosive gas mixtures are likely to occur.

2.5 Safe Connection With Other Electrical Equipment

Electrical connections to equipment which is not listed in the Instructions for Use should
only be made following consultations with the respective manufacturers or an expert.
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2.6 Liability for Proper Function and/or Damage

Liability for proper functioning of or damage to the equipment is irrevocably transferred to the
owner or the operator if the equipment is serviced or repaired by personnel not employed or
authorized by DragerService and/or if the equipment is used in a manner not conforming to
its intended use.

Drager Medizintechnik GmbH cannot accept responsibility for any damage cause by non-
compliance with the above recommendations. The warranty and liability provisions of the
Terms of Sale and Delivery of Drager Medizintechnik GmbH are likewise not modified by the
above recommendations.

Drager Medizintechnik GmbH
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3 Intended Use

The Evita is a time-cycled, constant-volume long-term ventilator for intensive care (for
adults and children with a body weight of at least 3 kg).

The Evita comprises the following ventilation modes (see also ‘Function Description'):
* PPV —Intermittent Positive Pressure Ventilation
¢ SIMV - Synchronized Intermittent Mandatory Ventilation
¢ MMV — Mandatory Minute Volume Ventilation
* SB - Spontaneous Breathing
* CPAP - Continuous Positive Airway Pressure
* ASB - Assisted Spontaneous Breathing
* BIPAP - Biphasic Intermittent Positive Airway Pressure

* APRV - Airway Pressure Release Ventilation

Special modes:

* Apnoea ventilation — For switching over automatically to volume-controlled
mandatory ventilation, if breathing stops.

* |LV (optional) — Independent Lung Ventilation

Diagnostics:
¢ Intrinsic PEEP measurement

¢ Occlusion pressure measurement

Monitoring:
* Airway pressure, Paw
¢ Expiratory minute volume, MV
* Inspiratory O, concentration, FiO,
* Inspiratory breathing gas temperature, T
¢ Expiratory CO, concentration, etCO,
* Inspiratory breathing volume, V7
* Apnoea time

* Tachypnoea monitoring to detect rapid, shallow spontaneous breathing

Automatic gas switch-over:

* Inthe event of a gas failure, the change-over to another gas is automatic.
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DANGER

The patient's safety may be at risk in case the equipment does not operate properly.
Therefore the Evita must only be used under the supervision of qualified medical staff, so
that help will immediately be available, if any faults or malfunctions occur.

DANGER

Risk of fire or explosion in the presence of flammable or explosive gas mixtures or
anaesthetic agents. Do not use the unit in areas where flammable or explosive gas
mixtures are likely to occur.

DANGER

Mobile telephones may impair the functioning of electromedical equipment and be a risk
for the patient's safety. Do not use mobile telephones within 10 metres of ventilators.
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4 Maintenance Intervals

IMPORTANT

Clean and disinfect the equipment and/or components prior to any maintenance
procedure - and before shipping it for repair — according to approved hospital
procedures and the instructions given in this service manual.

Inspection and servicing Every six months by qualified service personnel.

Safety checks Every six months by qualified service personnel.

O, sensor capsule To be replaced in case a “O, measurement inop”
message is displayed and when it is no longer possible
to calibrate the O, sensor. Dispose of the sensor
capsule according to your local waste disposal

regulations.

Ambient-air filter | Clean or replace after 4 weeks. Replace every year.
Cooling-air filter
Lithium battery for To be replaced every 2 years by qualified service
data protection personnel.
Real-time clock To be replaced after 6 years or if the clock does no

. longer function.
Pressure regulator To be replaced every 6 years by qualified service

' personnel.
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Cleaning/Disinfecting/Sterilizing

Use surface disinfectants. For reasons of material compatibility we recommend using
only disinfectants based on

aldehydes;
alcohol; or

quaternary ammonium compounds.

DANGER

Ethylene oxide is hazardous to your health. Never sterilize using ethylene oxide.

CAUTION

Damage to materials may occur if any disinfectants are used that are based on

phenols;

halogen-releasing compounds;
strong organic acids
oxygen-releasing compounds; or

ethylene oxide.

CAUTION

Using alcoholic disinfectants to clean the plexiglass window of the control unit may cause
fissuring of the window. Do not use alcohol nor alcoholic disinfectants for cleaning.
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5.1 CO, Cuvette

Wipe off dirt, in particular inside and outside the windows, using a disposable cloth and a
cotton bud.

Disinfect the cuvette with moist heat {at 93 C for 10 minutes) in a cleaning or
disinfecting machine using detergent only.

Or:

Disinfect in bath of disinfectant based on the listed active substances, e.g. Cidex
(Johnson & Johnson, Norderstedt/Germany).

Or:

Steam-sterilize at 134 °C.

5.2 CO, Sensor
Wipe off dirt with cotton buds, in particular on the windows of the CQO,, sensor.

Disinfect by wiping, e.g. with 70% ethanol.

5.3 Basic Unit Without Ventilation Hoses, Gas Connection Hoses,
and Temperature Sensor

¢ Disinfect by wiping with e.g. Buraton 10 F or Terralin (Schilke & Mayr,
Norderstedt/Germany).
IMPORTANT: Strictly follow the manufacturer’s instructions.
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5.4 Ventilation Hoses, Water Traps Including Collection Containers,
Y-Piece, Expiration Valve (or Component Parts in case the valve
is heavily soiled)

¢ Disinfect with moist heat (93 “C for 10 minutes) in a cleaning or disinfecting machine
using detergents only.

CAUTION

After disinfecting the expiration valve or its component parts with moist heat, steam-
sterilize these items at 134 °C. There may still be liquid present in the pressure
measuring line which may impair the unit's proper functioning.

Or:

In case no cleaning or disinfecting machine is available:

¢ Disinfect by immersion in e.g. Sekusept (Henkel).
IMPORTANT: Strictly follow the manufacturer’s instructions.

* Rinse with clear water — preferably from a soft water supply — and shake water out
thoroughly.

e Then dry components thoroughly. We recommend that this be done in conjunction
with sterilization in an autoclave at 134 °C to make sure that no water remains in the
control and measuring lines and possibly cause malfunctioning.
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Or:

Rinse the expiration valve with clear water — preferably from a soft water supply — and
shake water out thoroughly. Dry the expiration valve thoroughly.

Fig. 1: Rinsing the expiration valve
» Sterilize the expiration valve after drying in an autoclave at 134 °C.

e Sterilize ventilation hoses, water traps and collection containers, Y-piece, expiration
valve, and temperature sensor in an autoclave at 134 °C.
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Device Check

Immediately before using the Evita 4 on the patient, check that the machine is working
properly and is ready for operation. To perform this check, the Evita 4 has an integrated
checklist which guides you through the check in an interactive mode.

The following functions are performed during this device check:

Checking that the machine assembly is complete
Testing the alarm tone

Testing the AIR/O, change-over valve

Testing the safety valve

Calibrating the flow sensor

Calibrating the O, sensor

Calibrating the CO, sensor

Testing the hose system for leaks

Checking the compliance of the hose system.

The test results obtained from this device check and the calibration and zero-checking
values of the sensors remain stored until the next calibration — even if the device is
switched off.
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6.1 Preparing the Device Check

6.1.1 Adult Test Lung

Prepare the adult test lung for the adult hose system. The adult test lung consists of the
following components:

¢ Elbow connector for connection to the Y-piece
¢ Catheter connection for simulating the airway resistance

e 2 litre breathing bag to simulate the compliance.

Fig. 2: Adult test lung
Child Test Lung

Prepare the child test lung for the paediatric hose system. The child test lung consists of
the following components:

e Tracheal tube CH 12 to simulate the airway resistance

¢ Small bellows to simulate the compliance.

Fig. 3: Child test lung
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6.2 Performing the Device Check

¢ Switch the Evita 4 on by pressing the power switch on the back panel until it clicks
into position.
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Fig. 4: ON/OFF switch
The Evita 4 runs through its self-test procedure which lasts about 10 seconds.

After the self-test:
* Press the “Standby” button (1) and keep it pressed for about 3 seconds.

* Press the "Reset" button (2).

The alarm tone is silenced.
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Fig. 5: Standby button and reset button
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* Touch the "Device check" screen key.

e Touch the "“Check” screen key.

The Evita 4 starts running through the device check. This device check is semi-automatic.

* Follow the instructions given by the Evita 4.

On completion of the device check, a checklist will be displayed on the screen to show
the results of the check.

e + = correct result
¢ F = incorrect result

e -- = check not performed.

Standby

Evita 4

Version 0.4 28.7.1995

Last device check:  28.07.14:41 o)

Check Patient
Back-up alarm: % Calibration O7 sensor: S
Expiration valve: N Leak test hose system:

Flow sensor: N Device
Humidiier: \

Patient hoses fitted: N check
AIR-O9 switchover valve: N

Safety valve: 5 Repeat

Supply pressures: . check

Cailibration flow sensor: y

Fig. 6: Device check results

In the event of incorrect results, do the following:
* Correct the fault.

* Touch the “Repeat check” screen key.
Only the tests with incorrect results will now be repeated.

After successful completion of the device check, the Evita 4 is ready for operation.
* You can now start up the machine. To do so. press the "Standby” key.
* You can leave the Evita 4 in standby mode.

* Switch the Evita 4 off for later use. Press the switch on the back panel of the Evita 4.
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The following tests are performed during the device check:
* Expiration valve seating
* Flow sensor seating
* Thermometer seating
¢ Complete hose system
» CO, sensor seating
¢ Humidifier ievel
s Alarm tone test
* AIR/O, change-over valve test
* Safety valve test
* Gas supply pressure test
* O, sensor calibration
* Flow sensor calibration
* COj, sensor calibration

* Leak tightness of the hose system
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7 Technical Data

7.1 Environmental Conditions

in operation

Temperature 10to 40 <C
Atmospheric pressure 700 to 1060 hPa
Rel. humidity 0to 90%

In storage and transport

Temperature -20t0 60 °C
Atmospheric pressure 500 to 1060 hPa
Rel. humidity 0to 100%

7.2 Settings

Ventilatory frequency f 0 to 100/min
Inspiratory time Tj,q, 0.1t0 10s

Tidal volume Vy

Paediatrics 0.02t0 0.3 L, BTPS (body temperature, pressure,
saturation.
Measured values relating to the conditions of the
patient lung, body temperature 37 °C, steam-
saturated gas, ambient pressure.)

Accuracy +10% of the set value, or £10 mL,
whichever is greater.

Adults 0.1t0c 2.0L, BTPS

Accuracy +10% of the set value, or = 25 mL,
whichever is greater.

Inspiratory flow

Paediatrics 6 to 30 L/min

Adults 6to 120 L/min
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Inspiratory pressure Pinsp
Inspiratory pressure limit Py,

O, concentration (O,)

Accuracy

Positive end-expiratory pressure
PEEP or interm. PEEP

Trigger sensitivity
Pressure assist Ppgg
Rise time for pressure assist

Independent Lung Ventilation
ILV (optional)

Master

Slave

7.3 Performance Data
Control principle

Intermittent PEEP frequency
Medicament nebulization
Bronchial suction
Disconnection detection
Reconnection detection
Oxygen enrichment

Active suction phase

Final oxygen enrichment

Valve response time T 0...90

0 to 80 mbar

0 to 100 mbar

21 to 100 vol. %

+5% of the set value, or = 2 vol. %,
whichever is greater.

0 to 35 mar

1to 15 mbar

0 to 80 mbar

Oto2s

with trigger/without trigger

synchr./asynchr./inverse I:E

Drager

time-cycled, constant-volume, pressure-controlled

2 cycles every 3 minutes

for 30 minutes during inspiratory flow phase

automatic

automatic

3 minutes max.

2 minutes max.

2 minutes

<5 ms
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Supply system for spontaneous

breathing and ASB
Max. flow rate

Max. inspiratory flow
Equipment compliance

with Aquapor humidifier
and patient tubing system

with Fischer & Paykel MR730
humidifier and paediatric
tubing system (K)

Additional functions

Inspiratory relief valve

Safety valve

Drager

adaptive CPAP system with high initial flow
2L/sin8ms

180 L/min

< 2 mL/mbar

< 1 mL/mbar

opens if medical air supply fails (pressure < 1.2 bar),
allows spontaneous breathing with filtered ambient
air.

opens the breathing system at 100 mbar.

7.4 Measured Value Displays

Airway pressure measurement

Max. airway pressure
Plateau pressure

Pos. end-exp. pressure
Mean airway pressure
Min. airway pressure
Range:

Resolution:

Accuracy:

peak

plat

PEEP
P

mean

Pmm
0 to 99 bar

1 mbar

+2 mbar
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O, measurement in main flow

(inspiratory side)

Inspiratory O, concentration FiO,

Range:

Resolution:
Accuracy:

Flow measurement
Minute volume MV

Spontaneously breathed
minute volume MV

spon
Range:

Resolution:

Accuracy:

T0..90

Tidal volume V,

Spontaneously breathed
tidal volume Vygpon

Range:
Resolution:

Accuracy:

Frequency measurement

Respiratory rate f;;

Spontaneous respiratory rate fg .,

Range:
Resolution:
Accuracy:

T0..90

Drager

15 to 100 vol. %
1 vol.%

+3 vol.%

0 to 99 L/min, BTPS
0.1 L/min
+8% of measured value

approx. 35 s

0 to 3999 L/min, BTPS
1 mL/min

+8% of measured value

0 to 39999 mL/min, BTPS
1/min
=1/min

approx. 35 s
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Breathing gas
temperature measurement

Range: 18to 51 °C
Resolution: 1°C
Accuracy: +1°C

CO, measurement in main flow

End-exp. CO, concentration etCO,

Range: 0 to 100 mmHg or
Oto 13.3 vol.% or
0to 13.3 kPa

Resolution: 1 mmHg or
0.1 vol.% or
0.1 kPa

Accuracy:

for O to 40 mmHg 12 mmHg

for 40 to 100 mmHg +5% of measured value

T 10...90: <25 ms

Warm-up time: 3 minutes max.

CO, production V. CO4

Range: 0 to 999 mL/min, BTPS
Resolution: 1 mL/min

Accuracy: 1+9% of measured value
T10...90: 12 minutes

Serial dead space Vq

Range: 0to 999 mL, BTPS
Resolution: 0.1mL
Accuracy: ~10% of measured value or =10 mL,

whichever is greater

Urager
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Dead space ventilation Vy/Vy
Range:

Resolution:

Accuracy:

Computed value displays
Compliance C

Range:

Accuracy:

Resistance R

Range:

Accuracy:

Curve displays

Airway pressure Paw (t)
Flow (Flow) (t)

Volume V (1)

Exp. CO;, concentration FCO,

7.5 Monitoring
Expiratory minute volume MV
Upper alarm limit alarm

Setting range

Lower alarm limit alarm

Setting range

Drager

010 99%
1%

+10% of measured value

0 to 250 mlL./mbar

+10% of measured value

0 to 99 mbar/L/s

+10% of measured value

—-10 to 100 mbar
—-150 to 180 L/min
0 to 2000 mL

0 to 100 mmHg or

0to 13 kPa or
0to 13 vol.%

when MV exceeds the upper alarm limit.
4110 0.5 L/min, in 0.1 L/min steps
when MV falls below the lower alarm limit.

0.1 t0 40 L/min, in 0.1 L/min steps
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Airway pressure Paw
Upper alarm limit alarm
Setting range

Lower alarm limit alarm

Insp. O, concentration FiO,

Upper alarm limit alarm

Lower alarm limit alarm

Range:

End-expiratory
CO, concentration etCO,

Upper alarm limit alarm

Setting range

Lower alarm limit alarm

Setting range

Insp. breathing gas temperature

Upper alarm limit alarm

Tachypnoea monitoring

Alarm

Setting range

Drager

if the "Paw high"” value is exceeded.
10 to 100 mbar

if the "PEEP +5 mbar"” value (coupled with the PEEP
setting) is not exceeded for at least 96 ms in 2
successive breaths.

if FiO4 exceeds the upper alarm limit for at least 20
seconds.

if FiO, falls below the lower alarm limit for at least
20 seconds.

both alarm limits are automatically allocated to the
set value:

below 60 vol. % with £4 vol.%
60 vol.% and above: £6 vol.%

if the upper alarm limit has been exceeded
0 to 100 mmHg or O to 15 kPa
if the etCO,, falls below the lower alarm limit

0 to 99 mmHg or 0 to 14 kPa

when the temperature reaches 40 “C. (Evita 4 can
also be used without temperature sensor if the
sensor has not been connected on switching on.)

during spontaneous breathing, when the
spontaneous respiratory rate has been exceeded.

5to 120/min
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Volume monitoring

Lower alarm limit alarm

Upper alarm limit alarm

Setting range
Apnoea alarm time
Alarm

Setting range

7.6 Operating Data
Mains power connection
Current

at 230V

at 100 V

Power consumption
Machine fuses

Range of 100 V to 240 V
Protection class
Machine

CO, sensor

Temperature sensor

Urager

if the set tidal volume V1 (coupled with the V1
setting) has not been supplied.

if the applied tidal volume exceeds the value of the
alarm limit, inspiration is interrupted and the

expiration valve is opened.

30 to 4000 mL

if no breathing activity is detected.

15 to 60 s, adjustable in 1 second steps.

100V to 240V

1.3 A max.
3.2 A max.

typically approx. 125 W

T5H 250 V IEC 127-2/V (2x)

I, type B r

Type BF [R]

Type BF [X]
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Gas supply

O, gauge pressure

O, connection thread

AIR gauge pressure

AIR connection thread

Gas consumption

of control system

Output for pneumatic
medicament nebulizer
Automatic gas switch-over

Sound pressure level

Dimensions (W x H x D)
Basic unit

Unit with trolley

Weight

Basic unit

Unit with trolley

including cabinet 8H

7.7 Machine Outputs
Digital output

Digital output

Digital output (optional)

Digital output (optional)

Analog output (optional)

Drager

3 bar -10% to 6 bar

M 12 x 1, female

3 bar -10% to 6 bar

M20 x 1.5, male. The gases must be dry, free from
oil and dust.

Medical air or O, approx. 3.5 L/min

Medical air or Oy

2 bar max.

10 L/min max.

if one gas fails (inlet pressure < 1.5 bar),
the machine switches to the other gas.

47 dB (A) max. {for free-field measurement over a
reflecting surface)

530 x 290 x 450 mm

580 x 1335 x 660 mm

approx. 27 kg

approx. 89 kg

Output and reception via an RS 232 C interface
Output for independent lung ventilation (ILV)

For output and reception via two RS 232 C
interfaces

For output and reception via a CAN interface

For output of analog data




General

For internal use only. Copyright reserved.

Drager

7.8 Electromagnetic Compatibility EMC
Radio interference suppression in accordance with EN 55011 and EN 55014

Interference immunity in accordance with Directive 89/336/EEC

7.9 Materials Used

Part © Appearance Material

Ventilation hose milky, transparent ~silicone rubber

Water traps yellow, transparent .~ polysulphone

Y-piece yellow, transparent polysulphone

with connector for

temperature measurement | milky, transparent silicone rubber

Expiration valve white polyamide

housing, closure

Diaphragm whitish and grey ' silicone rubber and aluminium

CO, cuvette yellow, transparent polysulphone with glass
windows

Temperature sensor/cable milky / green silicone rubber

CO, sensor/cable t grey / grey polyurethane
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General

The Evita 4 is a time-cycled, constant-volume long-term ventilator for adults and children
with a minimum body weight of 3 kg.

The Evita 4 can be used for the following ventilation modes:

IPPV

SIMV

MMV

SB

CPAP

ASB

Intermittent Positive Pressure Ventilation, controlled and assisted constant-
volume ventilation with the following options:

¢ CPPV = (Continuous Positive Pressure Ventilation) Controlled
ventilation at a continuous positive airway pressure.

e PLV = (Pressure Limited Ventilation) Pressure-limited, constant-
volume ventilation.

* AutoFlow® = for automatic optimizing of the inspiratory flow.
* [RV = (Inversed Ratio Ventilation) Ventilation at a reversed I:E ratio.

Synchronized Intermittent Mandatory Ventilation, weaning method for
spontaneously breathing patients with the following options:

* PLV = (Pressure Limited Ventilation) Pressure-limited, constant-
volume ventilation.

* AutoFlow® = for automatic optimizing of the inspiratory flow.

Mandatory Minute Volume Ventilation, spontaneous breathing with
automatic synchronizing of mandatory ventilation and required minute
volume of the patient. With the following options:

* PLV = (Pressure Limited Ventilation) Pressure-limited, constant-
volume ventilation.

¢ AutoFlow® = for automatic optimizing of the inspiratory flow.

Spontaneous Breathing, spontaneous breathing at atmospheric pressure
conditions.

Continuous Positive Airway Pressure, spontaneous breathing at a positive
airway pressure.

Assisted Spontaneous Breathing. pressure-assisted spontaneous
breathing.
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BIPAP Biphasic Intermittent Positive Airway Pressure, pressure-controlled
ventilation combined with free spontaneous breathing during the entire
respiratory cycle and adjustable pressure assistance on CPAP level.

APRV Airway Pressure Release Ventilation, spontaneous breathing on two
pressure levels with extended time ranges, independently variable.

Special methods:

Apnoea-  For automatic change-over to volume-cycled mandatory ventilation in the
Ventilation event of apnoea. In this case the Evita 4 gives an alarm upon expiry of the
set alarm time (T,n0e4 >) @nd activates constant-volume ventilation.

ILV Independent Lung Ventilation, bilateral, differentiated, synchronized
(optional)  ventilation with two Evita 4 units.

Diagnosis:

Intrinsic ~ For determination of the intrinsic PEEP in air trapping.
PEEP

measure-

ment

Occlusion  For assessment of the respiratory drive during spontaneous breathing.
pressure

measure-

ment

Monitoring:
e Airway pressure (P,,)
* Expiratory minute volume (MV)
¢ Inspiratory O, concentration (FiO,)
¢ Inspiratory breathing gas temperature (T)
¢ Expiratory CO, concentration (etCO,)
* Inspiratory tidal volume (V1))
* Apnoea time

* Tachypnoea monitoring to detect dead-space-intensive spontaneous breathing.
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2 Basic Principle

The Evita 4 consists of three components which communicate via a CAN (fast serial
interface):

e Control unit
e Electronics

¢ Pneumatics

Control unit

Drager Evita d

®

Oe 6 6 mr
DO

BPAP

HEOO@n

EO00HEE @

Electronics
Q o]
: |
CAN e c .
o e}
wo Bo
. ®
0 5 2

Fig. 1: Basic components
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2.1 Control Unit

The control unit is the interface between the machine and the operator. The control unit
serves to make adjustments, to display measured values and to activate alarms. In the
control unit the display, membrane keypad, touch screen and Graphics Controller PCB
are accommodated.

2.2 Electronics

The electronics is the central control unit of the Evita 4. It includes the CPU 68332 PCB,
the CO,-Carrier PCB with the Processor Board PCB and Power Supply PCB and the
power supply unit (Communication PCB, Paediatric Flow PCB and the optional

SpO, PCB).

2.3 Pneumatics

The pneumatics controls the pneumatic valves following preset ventilation parameters. It
includes an independent microprocessor system and the valve control. In the pneumatics
the Pneumatics Controller PCB, the HPSV Controller AIR/O4 PCB, the PEEP valve, the
mixer, the pressure connection, the flow sensor and the O, sensor are accommodated.
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Fig. 2: Basic principle
1 Keys 13  Supply voltages
2  Rotary knob including 14 Mains switch

acknowledgement (by pressing knob)
3  Touchscreen 15 Second inspiratory P,
4  EL display 640 x 480 16 Reset pneumatics processor and

venting
5 Information LEDs and Alarm LEDs 17 Electronics processor reset and
second loudspeaker alarm

6 CAN bus 18 Inspiratory P,
7  Graphics processor reset 19 O, sensor
8 not applicabel 20 FiO, (HPSV mixer)
9  Loudspeaker with sound chip 21 AIR (HPSV mixer)
10 Second loudspeaker (piezo) 22 Flow sensor
11 Voltage monitoring (activates reset of 23 Expiratory valve with PEEP

the processors and the piezo)
12 Rechargeable battery (Goldcap 24 Expiratory P,

capacitor)

25 Loudspeaker with current monitoring
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3 CPU 68332 PCB

The CPU 68332 PCB is integrated in the electronic unit of the Evita 4. The board
includes an independent processor system, two external interfaces, three internal
interfaces, the loudspeaker control and a serial EEPROM.

Service coding .| Uprog L
COM 1
EEPROM
| RESEL Flash-EPROM |
logic
CPU
68332
X2 Sound
4"igeneralor RAMs
‘o Electrical
<->-BL.JS isolation \;’ """"""" COM1
driver : -\
| RS232 driver ,—]

X1, X2 Lo L
- »| CAN ; e

|ILV interface

LV
+5V DC/DC +5V1ISO Driver
»J‘converter -
1 —_—
| Clock
1 X2 2 x RS 232 for optional CO4 and SpO, -
B 'DUART |

Fig. 3: Block diagram CPU 68332 PCB
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3.1 EEPROM
The EEPROM is connected to the synchronized, serial interface 68332. The EEPROM

characterizes the Evita 4 (enabled options, serial number, etc.). When replacing the
CPU 68332 PCB the EEPROM has to be transferred to the new printed circuit board.

3.2 Processor System

The processor system comprises a 68332 CPU, a 512 kByte RAM and a 1 MByte flash
EPROM (electrically programmable and erasable read-only memory). The RAM has a
battery back-up. When the battery is being replaced a Goldcap capacitor ensures

voltage supply of the RAMs. Programming of the flash EPROMS is only possible if the
system identifies the “SERVICE-Q" signal.

3.3 RS232 Interface

The CPU 68332 PCB provides an RS232 interface in the Evita 4. This interface, referred
to as COM1, is electrically isolated from the Evita 4 by means of optocouplers.

3.4 ILV Interface

The ILV interface is required for bilateral ventilation with two Evita 4 units. The ILV

interface is not electrically isolated. Pin 3 of the ILV interface is provided with a filler plug
to prevent confusion with the RS232 interface.

3.5 Driver

The driver adjusts the access times between the 68332, the clock and the DUART.

3.6 Clock

The clock gives the current time. It has a battery back-up and continues to operate even
after the Evita 4 has been switched off.

3.7 DUART

The DUART (Dual Universal Asynchronous Receiver/Transmitter) has two serial
interfaces and digital inputs and outputs. The serial interfaces are intended for
connection of the SpO, and CO, modules.
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3.8 DC/DC Converter

The DC/DC converter provides the voltage supply (+5 V ISO) required for the interface.
The input voltage of the DC/DC converter is +5 V.

3.9 CAN

The CAN interface is a fast, serial interface (Controller Area Network). The control unit,
electronics and the pneumatics communicate via a CAN interface at a transmission rate
of 1 MBit/s.

3.10 Bus Driver

The address bus, the data bus and the check-back signals are transferred by the bus
driver to the motherboard. The 68332 CPU communicates with the printed circuit boards
located on the motherboard via the bus driver.

3.11  Sound Generator

The sound generator controls the loudspeaker in the control unit. The sound generator

incorporates the volume control and sound generation for the loudspeaker. The volume is
controlled by the DUART.

3.12 Reset Logic
The CPU 68332 can reset the control unit and the pneumatics. A reset can also be

activated if the voltage falls below or exceeds +5 V. The pneumatics can also be reset by
the CPU 68332 PCB. The reset logic controls and displays the resets.
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4 CO, Carrier PCB

The CO, Carrier PCB is located in the electronic unit of the Evita 4. The printed circuit
board includes the mount and electrical isolation of the CO, module and the SpO,
module, the mains failure logic, the temperature measurement and the voltage
monitoring.

I
Electrical isolation g, .
module
X1. X2 | and mount of P2 X1 Mains failure loa ;
> 5 O module | > Mains failure logic | T |
) |
X Electrical isolation X3 X1, X2 Voltage X1
ECG-SYNC monitoring
i
x1.x2 | Electrical isolation |COg module ‘8
and mount of > , Measurement of
CO, module temperature and
? pressure
* Optional

Fig. 4. CO, Carrier PCB block diagram
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+15V-A PSUT
+ Cont ~aux.contacts
ontr. 1On . Off [Mains off
85V ! ‘ L
- ‘
LN
.
Gold Caps
Horn off
{1
ir g
CPU 68332
r\‘L Test GC
Horn on
+15V-A
Contr. | _ _:1 '~ i5V-A
oV = ADC
+5V +5V —= 1
Ref.01 +12V-A = CPU 68332
+15V-A —»
['9 .8
-15V-A
+10V-A
+10V-A T 124V [
l DC module, ext. batt, —*
g j-—— 5 V - A
AWT [ Temp. ADC '
temp.” | hybrid +10V-A | 2 OPL 68332
Pinsp | +15V-A
Pneumatics F&e# 0T] ﬁB

ettt i

Ambient P 7 -
pressure

Fig. 5: CO, Carrier PCB (part 1) block diagram
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Electrical isolation

— .+ 15 V- 1802
DC i V-1S07 .
Power supply =—— ~  +8,5 V-ISO2 ;
unit . DC +5V- 2 ' Processor ICO, sensor
"% " Board PCB e
Power ‘ B
‘Supply © e
poe e
i B o
Red - CO S ‘ ‘
- | i
CPU68332 2y, ¢ |Rd | |
Txd - CO - |
xa - 2 o
CPU 68332 Oy 1 d
|
CPU 68332 Reset i ‘ ) Reset
DC; 7+ 15 V- 1SO1 . _[Contr 15V ISO1
- 24V 7T T sV ]
Power supply , i
unit 7'DC [-15 V- 1SOf |
5V i
d- SpO J ; '
CPU 68332 2y Rd
Txd - SpOQ )
CPUGE332 w v Ixd SpO, sensor
- - SpO, module e
CPU 68332 Reset v L‘ﬂ Reset ;
ECGsync oy . EKG___

*only for SpO, meas. option

Fig. 6: CO, Carrier PCB (part 2) block diagram
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4.1 Electrical Isolation
Electrical isolation is made by means of optocouplers. The printed circuit board is

coupled with the SpO, and CO, modules by plug-in contacts. The X3 connector is part
of the optional SpO, module and is not fitted.

4.2 Power Failure Logic

The power failure logic monitors the power supply. In the event that a power failure
occurs while the Evita 4 is operating an audible alarm will sound.

4.3 Voltage Monitoring

Monitoring is provided for the voltages £15V, +10V, +24 V, +12V and +5 V. The
relevant voltages are transmitted to a voltage divider and read out by an A/D converter
which in turn is read out by the CPU 68332 PCB.

4.4 Measurement of Temperature and Pressure

The temperature is measured by an NTC thermistor detector. The signals are processed
in a temperature hybrid. The output signal of the temperature hybrid is transmitted to an

A/D converter which is read out by the CPU 68332 PCB.

A pressure sensor measures the ambient pressure and transmits the values to th A/D
converter.
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5 CO, Measurement

The CO, measuring system comprises three modules:

e Sensor
¢ Processor Board PCB

¢ Power Supply PCB.

Sensor

ih

Fig. 7: CO, measurament block diagram

5.1 CO, Sensor

Processor
Board PCB
J4 ]2
P4 P2

Power Supply
PCB

CoT

Urager

A CO, metering unit and a microprocessor system are integrated in the CO, sensor. A
lamp generates a light spectrum up to 4.5 um. This light spectrum is transmitted via the
cuvette and two sapphire lenses to detectors. The detectors emit electrical signals
depending on the CO, concentration. These signals are analyzed by the microprocessor
and transmitted to the Processor Board PCB via a RS232 interface. Build-up of
condensation is prevented by keeping the temperature of the CO, metering unit at a

constant level.
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Pb-Se detector with Cuvette with
silicon lens and 2 sapphire discs
infrared filter Lamp with reflector,
supported in foamed material
= Interference filter N\
m
O
o <
o)
Q
(3]
jod
<
2
S Sapphire disc with
@ Sapphire disc with heating
heating and NTC
L] Sensor Processor PCB
N y,

Aluminium measuring block
with heating and NTC

Fig. 8: Sectional view of CO, sensor

N\’

Sensor connecting cable
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2 Pb-Se detectors

VRef VRef -15V

Y

MUX

Y VY y
Muitiplexer

GNDA
2 temp. sensors

'7

1>
i

+85V GNDA
' Y +5V
GNDA -<— 7805

l_i

Lamp

GNDD

GNDD

|

]

4 GNDA
Heatings Gt \
) ’[ +85V
45V

I

T GNDA
L =
r[ E l - ] DATA
] GNDD <€ ————
l < Processor CLOCK
ﬁ 68HC705 ———

GNDD EEPRCM

Fig. 9: CO, sensor block diagram
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The Processor Board PCB controls the heating of the CO, metering unit and the
measured-data transfer of the CO, sensor.

(Sensor)
J1
J4
+15V AGND
6 r—- 1
on/off +15V l MUX
8 M | - 2
on/off +8,5V Screen
7 —— 3
-15V -15V
5 > +15V <—a 4
5V EQ +15V
T -—> 5
DGND DGND
. .
AGND Clock in +8,5V
4 .—_L 7
+8,5V Data
2 -% ADC O - 8
Clock out Clock
- 9
-15V
J2
W6
5 Reset R
A
- 0 6—=* CPU 68332
TXD
3 0
MAX
RXD 232
o -—
DGND
1 - i EPROM RAM
TTL-TXD
7
RS232
TTL-RXD

Fig. 10: Processor Board PCB

VV8|O__._‘

———(fﬂL
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5.3 Power Supply PCB

The Power Supply PCB provides the supply voltages for the Processor Board PCB and
the CO, sensor. The supply voltages are electrically isolated from the Evita 4. The
measured CO, values are transferred to the CPU 68332 PCB via the Power Supply
PCB.

P2 TP3 P4
I I—HSV’
J1 L 6
Input + 5V TP1 P8
1 . \ ¢ on/oft
Input GND PS2 8
2 m . PG
I A5V
{ 5
TP7
I +5V
¢ 1
PS1
DGND
—1 ¢
1
—{ 4
AGND
TPS
I 18,5V
S { 2
] U1 on/off
.
J2 L
10 == p2
TXD
3 - { 3
RXD
2 = { 2
DGND .
1 - _I; '
TP10
TTL-TXD .
7 C 7
TP
TTL-RXD Igi p
8 = ( s
Reset
6 = { 6

Fig. 11: Power Board block diagram




H664.500 ¢ bvita 4

3

For internal use only. Copyright reserved.

Urager

6 Power Supply Unit

The power supply unit provides the following output voltages:
e 124V
e +15V
e 15V
e +12V
s +5V
The Evita 4 power supply unit is a switched-mode power supply unit. The output voltages

are short-circuit-proof. A DC module is optionally available ensuring voltage supply in
case of power failure or short duration transport of the Evita 4.

Output
O— Electronic Trans-
~, |Rectifier : former Rectifier O
® switch o
Control
unit

Fig. 12: Functional diagram of a switched-mode power supply unit
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7 Graphics Controller PCB

The Graphics Controller PCB is located in the Evita 4 control unit. The printed circuit
board includes an independent processor system, the voltage supply of the control unit,
the interface to the electronics and the display control.

Y+ 12V
CPU 68332 Uore Reyboard X14
X1 prog port K. 1
eys
| X4 . _J
CPU 68332 Rosol
X1 eset Touch screen
CPU 68332 ~—p-
- Reset 582%2 Loudspeaker
Debug Flash- monitoring
interface > EPROMs W 50 Q
] 5Q
X1 = I' —
CPU 68332 ‘ X14
RAMs X14
X1 CAN —»Rot. knob
™ linterface
[ED X14
— -
DC/DC converter driver all LEDs
+ 24V +ov X
~{Conte 2 |} L 12 KL ) Dl
TH j ‘ AC light
5 *ﬁ ™S I —
Display Y 34010 | -mToshiba display - external
G_r-apthu -»=NEC display - in display
L»Sharp display - external
j Display - Display : .
Video RAMs —»= logic = logic X3 gns:;?y
‘pixels D29 colours D 40 ! g

* varying depending on type of display

Fig. 13: Graphics Controller PCB block diagram
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7.1 Processor System

The processor system comprises a 68332 CPU, a 256 kByte RAM and a 2 MByte flash
EPROM (electrically programmable and erasable read-only memory).

7.2 Uprog

Uprog generates the voltage required for programming the flash EPROMs. An enable
logic prevents unintentional supply of the programming voltage to the flash EPROMs.

7.3 Reset

The Graphics Controller PCB operates independently and is fitted with its own reset
generator. The display can be reset by the CPU 68332 PCB.

7.4 Loudspeaker Monitoring

The loudspeaker monitoring checks the loudspeaker function. The current passing
through the loudspeaker is measured by a resistor and then analyzed.

7.5 Keyboard Port and LED Driver

The keyboard and the LEDs are arranged in a 3x8 matrix array. The LEDs are controlled
by transistors which also select the keyboard columns. A driver module controls the
selection of lines of the LEDs in the matrix. The 68332 CPU scans the keyboard using
Schmitt trigger.

7.6 Display Control

The video processor TMS 34010 controls the image processing, generates the
synchronized signals for the display and displays the image to be represented by means
of the display logic. The video RAM is the video processor memory having a capacity of
512 kByte. The video RAM stores the video processor program, the video processor
data and the displayed image.

7.7 CAN Interface

The CAN interface is a fast senal interface (Controller Area Network). The control unit,
the electronics and the pneumatics communicate via a CAN interface. The transmission
rate is 1 Mbit/s.
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7.8 DC/DC Converter

The DC/DC converter supplies +5 V and +12 V for the voltage supply of the control unit.
The input voltage of the DC/DC converter is +24 V. Since the +5 and +12 V voltages are
generated directly on the Graphics Controller PCB there is a tolerance of +2.5%. The
maximum power consumption of the control unitis 1.5 A for +5 and 2.2 A for +12 V.
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The Communication PCB is located in the electronic unit of the Evita 4. The printed
circuit board includes an independent processor system, the voltage supply of the
interfaces, an internal CAN interface, an external CAN interface, two RS232 interfaces
and two analog outputs.

Uprog

Reset

EEPRO

tRul

X1, X2 TCAN interface |
L]

x2 [DC/DC & . sv

> converter—
(3 %)

Fig. 14: Communication PCB block diagram

CPU
68332

Flash-
EPROMs
RAMs
ﬁfi In
[ CAN
CAN ™| o v OouT
interface .
—Lf: comz
RS28Z . P
interfaces o,
L coms
.
Analog (2x)
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isolation
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8.1 Processor System

The processor system comprises a 68332 CPU, a 512 kByte RAM and a 1 MByte flash
EPROM (electrically programmable and erasable read-only memory).

8.2 Uprog

Uprog generates the programming voltage for the flash EPROMSs. An enable logic
ensures that the programming voltage is not accidentally supplied to the flash EPROMs.
8.3 Reset

The reset logic generates a defined reset after power-up. The CPU 68332 can be reset
by the CPU 68332 PCB.

8.4 CAN Interfaces

The Communication PCB is not connected to the data bus of the CPU 68332 PCB. The
data are transmitted via an internal CAN interface (Controller Area Network — fast, serial
interface). The external CAN interface is electrically isolated from the Evita 4 by
optocouplers.

8.5 RS232 Interfaces

The Communication PCB is provided with two RS232 interfaces additionally available in
the Evita 4. These interfaces are referred to as COM2 and COMS3 and are electrically
isolated from the Evita 4 by optocouplers.

8.6 Analog Outputs

The analog outputs supply voltages between 0 V and 4.095 V. The assignment of analog
outputs is freely selectable. The resolution of the output voltage is 1 mV per bit.

8.7 DC/DC Converter

The DC/DC converters supply +5 V ISO each for the voltage supply of the interfaces.
The input voltages of the DC/DC converters are +5 V.

8.8 EEPROM

The EEPROM stores internal data of the interface and has a capacity of 2 kByte.
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9 Paediatric Flow PCB (Optional)

The Paediatric Flow PCB is located in the electronic unit of the Evita 4. The printed
circuit board includes 2 flow measuring channels to connect the Babylog flow sensor,
1 four-channel multiplexer, 1 twelve-bit A/D converter, 1 interface to the CPU 68332
PCB.

1 ! i i
UREF - »| AMP ‘ v | DATA
LIMIT | DATA ‘ BUS
|ADC ouT |
J—
o ' LP CPU
CG - | 68332

L

Multi-
plexer T

Flow
L BIMEAS > I
Babylog
flow RJATA B
sensor Flow o Il
SHAD T -

A ‘

Fig. 15: Paediatric Flow PCB block diagram
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9.1 Flow Measurement

The flow is measured with the Babylog flow sensor which has two measuring wires. One
measuring wire is covered by a plastic bar. The Babylog flow sensor recognizes the
direction of the flow which is analyzed by a measuring bridge.

9.2 Multiplexer

The multiplexer consists of four analog-value selectors. The analog-value selectors are
controlled by the software. The multiplexer transmits the flow sensor measurement
signals, CGND and UREF LIMIT via a buffer (AMP) to an A/D converter (ADC).

9.3 A/D Converter

The input voltage of the A/D converter ranges from 0 V to 10 V. The A/D converter
converts the flow measurement values into digital data. The CPU PCB controls the A/D
converter and the multiplexer via an interface (DATA OUT; DATA IN). The voltage drop
across the multiplexer, the buffer and the A/D converter is measured using the UREF
LIMIT reference voltage and can be taken into account when measuring the flow.
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10 Pneumatics Controller PCB

The Pneumatics Controller PCB is located in the pneumatics of the Evita 4. The printed
circuit board comprises the following features:

* Supply pressure measurement

* Inspiratory and expiratory airway pressure measurement
¢ Oesophageal pressure measurement

* Flow measurement

* Measurement of the O, concentration in the breathing gas
¢ Fan monitoring

* Solenoid valve control

¢ PEEP valve control

* |Interface to the HPSV Controller PCBs

* CAN interface

¢ 68332 CPU with RAM and flash EPROM

¢ Serial EEPROM for storage of device configuration.
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10.1  Pressure Measurement

The pressure is measured with two pressure sensors. During the inspiratory phase and
the expiratory phase, the pressure is measured by the respective pressure sensor. The
airway pressure signals are transmitted to the multiplexer. The pressure sensors are
automatically zero-calibrated every 3 minutes.

10.2 Flow Measurement

The sensor works according to the principle of a constant-temperature hot-wire
anemometer. Respiratory gas flows along a very thin, electrically heated platinum wire in
a measuring tube. The wire is heated to a temperature of 180 °C and kept at this
temperature with a closed-loop control system. If gas flows past this wire, heat is
dissipated. The larger the gas volume per time unit flowing past, the higher the heat
dissipation. The heating power required to keep the wire at a constant temperature is a
measure of the gas flow.

10.2.1 Cleaning the Flow Sensor

The control for cleaning or glowing of the sensor supplies a defined current to both
measuring wires. During calibration the measuring wires begin to glow and burn any
impurities. The sensor is cleaned when pressing the “flow calibration” key or
automatically after medicament nebulization. The cleaning process occurs during the next
inspiratory phase or after 15 seconds at the latest.

10.3 O, Measurement

The O, sensor works according to the galvanic cell principle. Oxygen molecules
contained in the gas mixture to be measured diffuse through a plastic diaphragm into the
electro-chemical cell and are reduced at the noble metal electrodes. At the same time a
base electrode is being oxidized. The base electrode is spent by the oxidation process
and thus determines the life of a sensor. The current flowing through the cell is
proportional to the oxygen partial pressure in the gas mixture to be measured.

Provided the pressure and temperature of the gas mixture to be measured are kept
constant, the measured value will be directly proportional to the oxygen partial pressure.
The O, amplifier on the O, Top PCB is mounted externally on the inspiratory block. The
output signal is transmitted to the O, Contact PCB via spring contacts and transferred to
the Pneumatics Controller PCB. The O, cell is also connected to the O, Top PCB via
spring contacts.

10.4 Fan Monitoring
At the front panel of the machine a fan is mounted to limit the temperature and the O,

concentration in the electronic unit of the pneumatics in case of failure. This fan is
monitored by the electronics.
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10.5 Multiplexer

The multiplexer consists of four analog-value selectors which are controlled by the
software. The multiplexer routes the measurement signals from the pressure sensors, the
O, amplifier, the FAN UREF and the flow sensor to an A/D converter via a buffer (AMP).

10.6 Solenoid Valves

The solenoid valves are controlled by two power drivers. The power driver outputs for the
nebulizer and the O,/Air switchover are monitored by a comparator. The power drivers
can be switched off by the electronic unit.

10.7 PEEP Valve Control

The PEEP valve is controlled by a voltage-controlled current source with power MOS
FET. A quad operational amplifier serves to adapt the D/A converter output signal to the
current range of the PEEP valve. The CPU controls the D/A converter. The PEEP valve
control is calibrated to the PEEP valve. The calibration data are stored in the serial
EEPROM.

10.8 HPSV Interface

The status lines of the HPSV Controller PCB are led to the Pneumatics Controller PCB
via the Pneumatics motherboard. Two bus drivers transmit the data to the data bus of the
CPU. The data are transmitted to the HPSV Controller PCB by two power drivers. The

data are accepted by power swing of the respective Chip-Select-Pins.

10.9 CAN Interface

The CAN interface comprises a CAN controller and a series-connected driver. The CAN
controller is directly connected to the data bus of the CPU. The control unit, the
electronics and the pneumatics communicate via the CAN interface at a transmission rate
of 1 Mbit/s.

10.10 Processor System
The processor system on the Pneumatics Controller PCB consists of a 68332 CPU, a

256 kByte flash EPROM (electrically programmable and erasable read-only memory) and
a 256 kByte RAM.
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10.11 Serial EEPROM

The serial EEPROM stores the data of the pneumatics. The EEPROM has a capacity of
1 kByte.
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11 Pneumatics

Compressed air (AIR) and compressed oxygen (O,) must be available at a supply
pressure of 2.7 to 6 bar to drive the machine.

The pneumatics consists of the following components:
* (Gas connection block
¢ Parallel mixer or mixer block
* Pressure sensors
* PEEP/PIP valve
¢ Inspiratory block

¢ Patient system

Gas connection block

—=7 |

O ls
PEEP/PIP valve [:::"]
S/ - Parallel mixer
<]

Pressure sensors

&, N

=T s " Inspiratory block

Fig. 18: Layout of the pneumatic components
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11.1

Legend

AIR

F1.1
Ft.2
F3.2

D1.1
D1.2
D3.1
D3.2
D3.3
D5.1

DR1.1

DR1.2

Y1.1
Y1.2
Y1.3
Y1.4

Y2.1
Y2.2

Function Diagram

Compressed air connection Y3.1
Compressed oxygen connection Y3.3

Y4.1
Filter Y5.1
Filter Y6.1
Filter Y6.2
Check valve S2.1
Check valve 52.2
Check valve S6.1
Check valve = 10 mbar 56.2
Check valve = 100 mbar S83.1
Check valve S5.1
AIR pressure regulator R1.1
O, pressure regulator R1.2

R1.3

R3.1

R4.1

3/2-way solenoid valve, O5/AIR
3/2-way solenoid valve calibration O,-Sensor
3/2-way solenoid valve, venting

3/2-way solenoid valve, nebulizer

Drager

Emergency air valve
Inspiratory valve

PEEP/PIP valve

Expiratory valve

3/2-way solenoid valve, insp.

3/2-way solenoid valve, exp.

AIR pressure sensor (HPSV)
O, pressure sensor (HPSV)
Inspiratory pressure sensor
Expiratory pressure sensor
O, sensor

Flow sensor

Flow control
0.08 L/min/2 bar

Flow control 9 L/min/2 bar
Flow control 0.4 L/min/2 bar

Flow control (hole in the
diaphragm in Y3.3)
0.25 L/min/1.4 bar

Flow control 3.5 L/min/2 bar

HPSV AIR (high-pressure servo-valve) parallel mixer

HPSV O, (high-pressure servo-valve) parallel mixer
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Inspiratory block
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Fig.18a: Pneumatics function diagram
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11.2 Gas Connection Block

The gas connection block comprises the O, gas connection (M 12x1 female) and the
compressed air connection (M 20x1.5 male). In the future, the gas connections for NIST,
DISS (USA) and DIN will be available. The connections are fitted with filters F1.1 and
F1.2 (metal fibre web). The diodes or check valves D1.1 (AIR) and D1.2 (O,) prevent the
gas from flowing back into the central gas supply system.

The pressure regulators DR1.1 and DR1.2 are set to 2 bar. The control gas flows past
the DR1.1 to the 3/2-way valve Y 1.1, from there to the emergency valve Y1.3, to the
PEEP/PIP valve Y4.1 and finally to the emergency valve Y3.1.

The gas also flows to the expiratory pressure sensor S6.2 (purge flow) via the restrictor
R1.1(0.08 L/min).

Gas flows to the nebulizer via the 3/2-way valve Y1.4, if appropriately adjusted.

In the event of AIR supply failure, the machine will switch over to O, supply
(O, switchover function).

F1.1 D1.1 1
AR <
F1.2  D1.2 0
: PN -
0y 4 O
DR1.1W DR1.2
2 bar 2 bar
nc
% BYH
no
c Y1.2
p HCE g]} 3
Y1.4
HCE ?] 6
L
nc
P no N Y1.3
ol ﬁ

Fig. 19: Gas connection function diagram
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Fig. 20: Gas connection block

Legend

DR1.1
DR1.2

Yi.1
Y1.2
Y1.3
Y1.4

AIR pressure regulator
O, pressure regulator

3/2-way solenoid valve, O,/AIR

3/2-way solenoid valve pressure, sensor calibration inspiration
3/2-way solenoid valve, venting

3/2-way solenoid valve, nebulizer
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11.3 Parallel Mixer or Mixer Unit

The parallel mixer is a fast, electrically controllable proportional valve for gas flows
between 5 and 180 L/min at supply pressures of 3 to 6 bar. Partial flows of less than

5 L/min are pulsed at a constant flow of 5 L/min. The supply gases compressed air (AIR)
and oxygen (O,) available at the parallel mixer have a supply pressure of 2.7 bar to 6 bar.
In the parallel mixer the two gases are mixed in accordance with the set parameters. The
parallel mixer supplies the inspiratory gas to the patient.

The parallel mixer consists of the following components:
¢ Mixer connection block

* 2 cartridge valves with displacement sensor system for compressed air (AIR) and
oxygen (Oy).

e 2 supply pressure sensors measuring the inlet pressure of the supply gases.
The HPSV Controller PCB controls the parallel mixer electrically. The control signals are

transmitted to the parallel mixer via the Pneumatics Motherboard PCB and the
Pneumatics Controller PCB.

i

{ )
AIR cartridge
valve

f ®

E Supply pressure
f 0) sensor
O, cartridge
valve
d O

@ Mixer connection block

Fig. 21: Parallel mixer

11.4 Mixer Connection Block

The two cartridge valves are mounted to the mixer connection block. The inspiratory
gases in the mixer connection block are supplied to the respective cartridge valve. The
respiratory gas available at the outlet of the cartridge valves is mixed in the mixer
connection block and supplied to the inspiratory unit.
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11.5 Cartridge Valves or O, and AIR HPS Valves

The cartridge valve or HPS valve (HPSV = high-pressure servo-valve) supplies a defined
amount of gas to the patient in accordance with the preset adjustment parameters for
e.g. inspiration, trigger pressure, leak flow compensation.

O-rings |

Outlet

B

Inlet Label: Oy or AIR

Fig. 22: Cartridge valves or O,, AIR HPS valves

During expiration the supply gas is available at the cartridge valve and at the supply
pressure sensor. In the HPS valve ball A is pressed into the valve seat B. This action
closes the valve.

During inspiration, current is supplied to the drive system which is equipped with a coil
working according to the principle of a moving coil of the type used e.g. in loudspeakers.
The plunger is deflected in proportion to the supplied current and pushes ball A out of
valve seat B causing an annular gap. This action opens the cartridge valve and gas flows
to the patient.

Displacement Drive system
measuring system

Ball A

Valve seat B\ T

Displacement
Sensor System PCB

Fig. 23: HPS valve cross-section
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Consequently, the size of the annular gap determines the gas flow. The annular gap
between the ball and the valve seat is determined by the deflection of the plunger. This
deflection is measured and controlled by the displacement measuring system. At the
same time a supply pressure sensor at the cartridge valve measures the supply pressure
of the gas to be dosed. The supply pressure therefore also determines the gas flow, i.e.
twice the pressure for the same width of gap will produce twice the flow.

Width of gap (annular gap) T or supply pressure T = gas flow T

The gas flow in valves used to dose and mix the respiratory gas is not measured but
determined indirectly by the displacement signal and the supply pressure. The valves
supply a flow of 5 — 180 L/min. The plunger movement (displacement) depends on the
supply pressure varying between 3-6 bar absolute. For a flow requirement of 120 L/min
and a supply pressure of 5 bar the displacement will be approx. 0.2 mm or 0.6 mm for a
supply pressure of 1.5 bar.

As the mixer must permanently operate with high precision it is measured and the data
(non-linearities) are stored in an EEPROM on the Displacement Sensor PCB. Therefore
no calibration is required when the cartridge valves are replaced. The cartridge valves
must not be interchanged since they are specifically dimensioned and fitted for each
individual gas.

11.5.1 Displacement Sensor System

The displacement sensor system measuring the position of the plunger in the valve is
integrated in the cartridge valve and consists of the displacement measuring system and
the Displacement Sensor PCB.

The displacement measuring system is a differential transformer. The a.c. voltage applied
to the primary winding of the transformer has a frequency of approx. 1 MHz. The two
secondary winding are switched such that their output voltage balance out. If the ferrite
core (plunger of the cartridge valves) moves in the differential transformer, the output
voltage of the displacement sensor system will change.

As the displacement output signal is not linear to the gas flow, the characteristic of the
cartridge valves is measured and stored in the EEPROM. The micro-controller on the
HPSV PCB thus balances the non-linearity of the cartridge valves.

The two circuits of the cartridge valves of parallel mixers are operated asynchronousily in
parallel (AIR, O,). To avoid beat interferences, the frequencies of the two oscillators must
differ by a minimum of 200 kHz. To do so, the two cartridge valves are measured at two
different frequencies. The cartridge valves can only be measured at a special test stand.

11.5.2 Supply Pressure Sensors
The supply pressure sensors are calibrated to absolute pressure (0 bar). They measure

the inlet pressure of the supplied gas. The supply pressure sensor is fitted with a P/U
converter supplying a pressure-dependent output pressure.
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Measuring range: 0-7 bar
Sensitivity: 1.58 V/bar £8 mV/bar
Offset voltage: 300 mV £30 mV

The supply pressure sensors are linked via a flex-strip to the Displacement Sensor PCB
which is installed in the HPS valves.

11.6 Pressure Sensors

The pressure sensor mount comprises the airway pressure sensors S6.1 for the
inspiratory side and S6.2 for the expiratory side. S6.1 monitors the inspiratory P, high
and P, low.

Measuring range: 140 mbar
Sensitivity: 36.5 mV/mbar 0.3 mV/mbar
Offset voltage: 1.74 V £0.04 V

11.6.1 Pressure Sensor Calibration

The solenoid valves Y6.1 and Y6.2 expose the relevant pressure sensors to atmospheric
pressure at specific time intervals. Consequently, the sensors are automatically
calibrated. The pressure sensors S6.1 and S6.2 are zero-calibrated every 3 minutes
(calibration of the possible electronic zero drift). To do so, the solenoid valves Y6.1 and
Y6.2 are subsequently exposed to atmospheric pressure and the pressure sensors
automatically calibrated.

>
-

Fig. 24: Pressure sensors function diagram
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11.7 Inspiratory Unit
The safety valve D3.3 limits the pressure in the inspiratory line to100 mbar max.

In the event of compressed air failure or power failure the pneumatically controlled
emergency air valve Y3.1 will open so that the patient can breathe ambient air passing
the filter F3.1. The check valve D3.1 prevents rebreathing of the air through the
inspiratory line. The spring-loaded check valve D3.2 allows pressure to drop if valve Y3.1

opens.

In the case of emergency air spontaneous breathing the patient can expire through the
expiratory valve Y5.1 on account of the spring loading (5 mbar) thus preventing
rebreathing.

The inspiratory unit is provided with the plug-in connection for the oxygen sensor.

The restrictor R1.2 limits the medicament nebulizer flow to 9 L/min.

11.7.1 Emergency Air

In the event of a gas or power supply failure the patient can breathe spontaneously via
filter F3.1. The emergency air valve Y3.1 will in this case no longer be controlled. The
patient can breathe spontaneously via filter F3.1, check valve D3.1 and the emergency air
valve Y3.1.

i —= Nebulizer
P1

3.3 1
{—— P2

-<
w
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&
C
3
p=]
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Fig. 25: Emergency air function diagram
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Fig. 26: Inspiratory unit

Legend

1-1a Patient connection (inspiration)
2-2a Nebulizer connection

3-3a Oesophageal pressure P1

4-4a Oesophageal pressure P2

5 10 mbar pressure relief valve

6 100 mbar pressure relief valve

7 Emergency pressure relief mechanism control
8 Pressure measurement (inspiration)
9 O, calibration control

10 O, sensor chamber

11 O, calibration purge flow outlet

12 Emergency air check valve
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11.8 Patient System

The expiratory gas flows from the patient directly to the expiratory valve Y5.1. The copper
measuring line at the 8a connection has a germicidal effect and connects the expiratory
side to the pressure sensor S6.2.

The expiratory valve has a transmission ratio of approx. 1:1. The check valve D5.1 allows
flow in one direction only and makes sure that gases do not travel backwards. The
expiratory flow is measured with flow sensor S5.1.

R1.1 -

0,08 L/min/2 bar

S5.1
DS5.1
15} > =

{ = [Expiration

Fig. 27: Patient system function diagram

Fig. 28: Patient system cross-section
The ratio between the control pressure at the 7a connection of the PEEP/PIP valve and
the resulting pressure at the expiratory port is linear to the following values:

Control pressure of 3 mbar = expiratory pressure of O mbar
Control pressure of 33 mbar = expiratory pressure of 33 mbar
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11.8.1 Patient System with Water Trap

The water trap avoids flow measurement faults caused by water droplets. Such faults
may occur if the water traps on the ventilation hoses are not positioned at the lowest
possible point. In this case the condensation water is collected in the water trap of the
patient system.

The collector jar of the water trap can be removed during operation. The opening to the
patient system is sealed automatically.

S5.1 D5.1 $
< SN > 4> <a— Expiration

Water trap

Fig. 30: Sectional view of the patient system with water trap
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11.9 PEEP/PIP Valve

The PEEP valve Y4.1 consists of a diaphragm valve acting as a flow-control device and
the linear drive whose plunger closes the diaphragm valve. A coil drives the PEEP valve
Y4.1. The preset ventilation parameters are processed by a computer program and the
coil is driven by an appropriate current. The PEEP valve opens and adjusts a pressure
proportional to the adjusted electric current. A current of 0 mA will correspond to

—1 mbar, 600 mA to 120 mbar.

A servo-line in the valve Y4.1 controls the expiratory valve Y5.1 in the patient system. The
solenoid valve Y 1.3 and the restrictor R4.1 supplies the patient system with control gas.
The non-adjustable restrictor R4.1 is set to a flow of 3.5 L/min.

Depending on the setting the plunger coil is activated causing an appropriate servo-
pressure to be applied to the expiratory valve.

The software compares the preset and measured airway pressures. This comparison is a
measure of the Pneumatic-Controller PCB's control action on the PEEP/PIN valve. The
PEEP/PIN valve is calibrated to the electronics. The calibration data are stored on the
Pneumatic-Controller PCB.

R4.1

3,5 L/min/2 bar 5a 7

Y4.1

Fig. 31: PEEP valve function diagram

Fig. 32: PEEP valve cross-section
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11.10 AIR Supply

AIR flows through the filter F1.1 passing the check valve D1.1 reaching the mixer and
flow control unit (pressure sensor S2.1 and HPSV Y2.1). At the same time, AIR flows to
the 3/2-way solenoid valve Y 1.1 passing the pressure regulator DR1.1 which is set to 2
bar. From here the gas flows through the 3/2-way solenoid valve Y 1.3 to the emergency
air valve Y3.1 which closes. Furthermore, AIR passes the restrictor R4.1 to reach the
PEEP/PIP valve Y4.1 and from there — depending on the setting — to the expiratory valve
Y5.1. Finally, AIR passes the restrictor R1.1 to flow to the expiratory pressure sensor
S6.2 connecting line on the patient side. At this point, expiratory humidity is prevented
from reaching the pressure sensor S6.2.

A
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Fig. 33: AIR supply function diagram
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11.11 O, Supply

Compressed oxygen flows through the filter F1.2 via the check valve D1.2 to the mixer
and flow control unit (pressure sensor S2.2 and HPSV Y2.2). At the same time, O, flows
to the 3/2-way solenoid valve Y1.1 via the pressure regulator which is set to 2 bar.

S2.41
Y2.1
1 1a I

2 23 —l

Y2.2
S22

3 R\w;a 0,4 L/min

—

Fig. 34: O, supply function diagram

11.11.1 O,/AIR Switchover Valve

In the event that compressed air fails, in the course of O, sensor calibration and when
controlling the nebulizer function (depending on the FiO, setting) the 3/2-way solenoid
valve Y1.1 switches over. The servo-system will then be supplied with O,.
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11.12 Inspiration

Depending on the settings (O, concentration, inspiratory volume, frequency, T,
inspiratory flow, inspiratory pressure) the HPSVs Y2.1 and Y2.2 open. The gas flows via
the inspiratory connector to the patient. At the same time, gas flows to the O, sensor
S3.1 and to the safety valve D3.3. From there, it flows through the 3/2-way solenoid valve
Y86.1 to the inspiratory pressure sensor S6.1.

The safety valve D3.3 is fixed to 100 mbar and serves as an additional safety device in the
event of a complete failure of the electronic control.

When calibrating the O, sensor §3.1 the sensor will be disconnected with valve Y3.3
from the inspiratory gas. The O, sensor S3.1 is purged with calibration gas via valve
Y 1.2, the restrictor R1.3, the restrictor R3.1 and the valve Y3.2. The O, concentration
and the flow will not be influenced by the inspiratory gas.

The pressure sensors S6.1 and S6.2 monitor the inspiratory pressure. During the entire
inspiratory time the PEEP/PIP valve Y4.1 provides pressure to the expiratory valve Y5.1.
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Fig. 35: Inspiration function diagram
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11.13 P,, High

In case the P, high alarm limit is exceeded during inspiration, the HPSV Y2.1 and Y2.2
interrupt the gas flow. The PEEP/PIP valve Y4.1 is switched to expiration and the patient
can exhale.

11.14 Emergency Pressure Relief Mechanism

In case the P, high alarm limit is exceeded by 5 mbar, an additional pressure relief valve
Y 1.3 will open. This will cause the emergency air valve Y3.1 to open and the pressure
can additionally be reduced via check valve D3.2.

11.15 Expiration

At the start of expiration the HPSV Y2.1 and Y2.2 are closed and no gas will be supplied
to the patient. The PEEP/PIP valve Y4.1 is switched to the set PEEP value. The

expiratory valve Y5.1 wilt also be relieved and the patient can exhale via check valve D5.1
and the flow sensor S5.1. The flow sensor S5.1 measures the expiratory volume.
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Fig. 36: Expiration function diagram
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12 Ventilation Modes

12.1  Volume-Controlled Ventilation with PLV and Auto-Flow

Auto-Flow is a new feature optimizing the flow control during the mandatory breath in the
constant-volume ventilation modes IPPV, SIMV and MMV. To understand the differences
you will find below an explanation of the conventional functions.

12.2 Classic Constant-Volume Mandatory Breath

In mandatory breaths without Auto-Flow the “insp. flow” parameter limits the inspiratory
flow. If the inspiratory flow is so high that the set tidal volume V7t is attained prior to the
end of the inspiratory time Tingp, the inspiratory valve will close and the supply of
breathing gas will cease. The expiratory valve will remain closed until the inspiratory time

Tinsp has ended. This phase, also referred to as the inspiratory pause, can be seen as
plateau pressure Py, in the Py, ) waveform.
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Fig. 37: IPPV waveform
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This type of mandatory breaths found in virtually all intensive care ventilators for technical
reasons has two important disadvantages:

¢ The pressure peak can lead to overinflation of individual pulmonary areas in
inhomogeneous lungs, and

¢ the limited inspiratory flow and the inspiratory and expiratory valves closed during the
inspiratory pause will cause the patient to work against the machine unless the
respiratory pattern is regularly adapted to the requirements of the spontaneously
breathing patient.

12.3 Manual Pressure Limitation P,

The P, pressure limitation function in Evita 4 serves to avoid the pressure peak while
maintaining the set tidal volume V1. The tidal volume V1 remains constant as long as a
pressure plateau P, can still be recognized and the flow waveform still shows a short
zero flow between inspiration and expiration.

Evita 4 meets this requirement by reducing the inspiratory flow as soon as the P,
setting has been attained. In the event that the tidal volume V7 at the preset pressure
Pmax Can no longer be applied due to a reduced compliance, an “inconstant volume”
alarm will automatically be given. The manual pressure limitation function is available on
all units of the Evita 4 series.
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12.4  Auto-Flow
The Auto-Flow function can be activated from the “Extended Settings” menu. Auto-Flow
ensures adjustment of the inspiratory flow and Pmax parameters as the relevant adjusting

knobs no longer appear on the “Settings" menu.

The inspiratory flow automatically adapts to the changes of the pulmonary conditions
(C, R) and the respiratory requirements of the patient.

IMPORTANT:

Make sure to always set the ,P,,, /T alarm limit so that an alarm will be given as soon as
the airway pressure increases while the patient's compliance is reduced.

Paw

o
CPAP
t
@ > Te

1/f

\VAVA

Flow

Fig. 38: Auto-Flow waveform

The selected inspiratory time Ti,q, is typically much longer than the filling phase of the
lungs. The inspiratory pressure Pj,q, is equivalent to the minimum value resulting from the
tidal volume V7 and the lungs' compiiance C.

The inspiratory flow is automatically controlled to avoid any pressure peaks which may
result from the tube and airway resistances. The plateau pressure Py, changes with the
compliance C changing, which is common in constant-volume respiratory breaths. In the
Auto-Flow mode these changes occur in steps of 3 mbar max. from one breath to
another.
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When the tidal volume V7 is attained (inspiratory flow = 0) before the inspiratory time g,
has expired, the control of the inspiratory and expiratory valves ensures that the patient
can inspire and expire during the remaining inspiratory time even if the plateau pressure
Pplat remains constant.

If the patient inspires or expires during mandatory inspiration, the plateau pressure will
not change but the inspiratory and expiratory flows will adapt to the patient's demand. It
may occur that the individually applied tidal volume in some breaths differs from the
adjusted tidal volume. However, on the average the tidal volume V7 applied will be
constant.

Exceeding of the tidal volume V7 can be limited with the “V; /T alarm limit. When the set
alarm limit is exceeded for the first time, the Evita 4 will give a message (!}. In case the
limit is exceeded three times in a row an alarm (!!!) will be given. If necessary, the volume
can be limited to the ,Vy; /T alarm limit by switching to the PEEP level.

The flow waveform indicates if the set inspiratory time T, is shorter than the filling time
of the lungs, i.e. at the end of the inspiratory time the flow will not yet be zero. In this case
a decision must be taken if the current condition of the patient allows extending the
inspiratory time Tjngp, in order to lower the peak pressure further.

This effect may also be caused during ventilation, e.g. by congestion of secretions. In this
situation the ,P,,, /T alarm limit limits the pressure. The pressure increase stops at a
level 5 mbar below the ,P,,, /' alarm limit and the “inconstant volume” alarm will only be
activated if the set tidal volume V7t is no longer applied.

P
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Fig. 39: Auto-Flow waveform

It is possible to synchronize the start of the mandatory inspiration with the patient’s
spontaneous respiratory effort using the variable flow trigger. The flow trigger can only be
completely turned off in the IPPV mode (IPPV Assist -> IPPV).
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Furthermore, it is possible to adapt the rate of pressure increase from PEEP level to the
inspiratory level even better to the patient's requirements with the ,, /|_*“ pressure
increase time ventilation parameter in the SIMV and MMV modes.

12.4.1 Starting Performance in Auto-Flow
When starting the Auto-Flow function Evita 4 applies a constant-volume breath with a

subsequent inspiratory pause. The plateau pressure calculated for this breath serves as a
starting value for the inspiratory pressure in the Auto-Flow function.
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12.5 Artificial Sighs

An artificial sigh is an intermittent PEEP in the IPPV, IPPV Assist and ILV ventilation
modes.

The expiratory sigh during ventilation is designed to open collapsed pulmonary areas or
to keep “slow” pulmonary areas open.

Since atelectatic alveoli have a higher time constant i.a. due to stenosed bronchioli, it is
necessary that the airway pressure is higher for a longer period of time to open the
bronchioli.

Sigh phase
Paw g p -
Prax T B A
interm. ( | /
PEEP - S
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Fig. 40: Sigh waveform

The sigh function is often achieved by increasing the ventilatory breath. However, as only
little time is available the “slow” alveoli will not fill much more easily.

In Evita 4 the artificial sigh is an intermittent PEEP during expiration.

The average airway pressure is higher, and normally the available filling time is longer.

In order to avoid overinflation of the lungs, the pressure peaks during the sigh phase can
be limited using the P, pressure limitation function without reducing the efficiency of

the sigh function.

The “inconstant volume” alarm is not activated during the sigh phase.
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12.6  SIMV (Synchronized Intermittent Mandatory Ventilation)

SIMV is a mixed ventilation mode combining mechanical ventilation and spontaneous
breathing.

In the SIMV mode, the patient can breathe spontaneously at specified regular intervals
while mandatory breaths provided by the machine ensure a minimum amount of
ventilation. This minimum ventilation is defined by two ventilation parameters, i.e. the tidal
volume Vy and the frequency f and is the result of Vy x f.

The ventilation pattern is defined by the settings for the tidal volume V7, the inspiratory
flow, the frequency f and the inspiratory time T,sp,. To avoid that the mandatory breath is
applied during spontaneous expiration, the machine's flow trigger ensures that a
mandatory breath is synchronized with the patient’s spontaneous inspiration within a
“trigger window".

= | Mandatory Synchronized
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Spontaneous
breathing
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window P hyreathing time breathing time ‘
+ AT
Set IMV time > Set IMV time >‘
1/f 1/f

Fig. 41: SIMV waveform

The “trigger window" lasts 5 seconds and thus over the entire expiratory time if this is
less than 5 seconds.

Since the synchronization of the mandatory breath reduces the effective SIMV time thus
increasing the effective frequency, Evita 4 extends the subsequent spontaneous
breathing time by the missing time difference AT. Consequently, the SIMV frequency will
not become too high. The second factor determining the minimum ventilation, namely the
frequency f, remains unchanged. Once the patient has inspired a considerable volume at
the start of the trigger window, the machine reduces the subsequent mandatory breath
by decreasing the inspiratory flow phase and the inspiratory time. The tidal volume V7
remains constant and overinflation of the lungs is avoided.
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During spontaneous breathing the patient will receive pressure assistance (ASB).

In the course of weaning the patient from the ventilator the frequency f is reduced further
thus extending the spontaneous breathing time until the required minute volume is
completely covered by spontaneous breathing.
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12.7 ASB (Assisted Spontaneous Breathing)
ASB is used to supply pressure support if spontaneous breathing is insufficient.

The machine supports the patient's insufficient spontaneous breathing effort in a similar
way as the anaesthetist does when he or she observes the patient's recurring
spontaneous breathing on the breathing bag and supports it by squeezing the bag.

The machine assumes part of the inspiratory work while the patient keeps control over his
or her spontaneous breathing.

The CPAP system supplies breathing gas to the spontaneously breathing patient
irrespective of how strong or weak his or her breathing effort may be.

The ASB pressure support will be activated
¢ when the spontaneous inspiratory flow has attained the set flow trigger value, or
e when the spontaneously inspired volume exceeds 25 mL (or 12 mL in paediatric

application).

The machine will in this case increase the pressure to the preset ASB pressure (Pasg)
which has been adapted to the patient's respiratory requirements.

The time for the pressure increase can be adjusted from 64 ms up to 2 s.
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25% insp. flow for adults
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¢

Fig. 42: ASB waveform
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Evita 4 supports the patient's insufficient spontaneous breathing with a high peak flow in
the ASB mode with fast pressure increase /| .

in the ASB mode with slow pressure increase /| Evita 4 supplies a uniform inspiratory
flow. The patient has to do more work of breathing so that the respiratory muscles have
to exercise.

In the ASB mode with adapted pressure increase /| and ASB pressure Pagg the patient
determines the required inspiratory flow with his or her breathing activity. The flow may
rise to 2 L/s within 8 ms.

ASB is terminated

* when the inspiratory flow drops to O in phase |, i.e. when the patient exhales or
breathes against the machine, or

* when the inspiratory flow in phase |l falls by a certain ratio below the maximum value
supplied before:
ventilation of adults: 25% inspiratory flow; ventilation of infants: 6% inspiratory flow;
or

¢ at the latest after 4 seconds (or 1.5 seconds in paediatric application) provided the
two other criteria did not apply. If the time criterion applies three times in a row,
Evita 4 will give an alarm that the breathing system may be leaky.
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12.8 BIPAP (Biphasic Intermittent Positive Airway Pressure)

BIPAP is a pressure/time-cycled ventilation mode in which the patient can always breathe
spontaneously. BIPAP is therefore also often described as time-controlled change
between two CPAP levels.

The time-controlled pressure change ensures controlled ventilation equivalent to the
pressure-controlled ventilation mode PCV. As spontaneous breathing is permanently
possible, however, the change-over from controlled ventilation to weaning and eventually
completely spontaneous breathing is smooth so that there is no need to switch from one
ventilation mode to another. To adapt the ventilation to the spontaneous breathing
behaviour of the patient the change from the expiratory pressure level to the inspiratory
pressure level and vice versa is synchronized with the patient’s spontaneous breathing.

The frequency of the change-over is also kept constant during synchronization by the
trigger windows.

As recent clinical experience has shown, this way of adapting ventilation to the patient's
spontaneous breathing activity requires less sedation thus enabling the patient to return
to spontaneous breathing at a much faster rate.

As in all pressure-controlled ventilation modes the tidal volume delivered to the patient is
not fixed but results primarily from the difference in pressure between the PEEP and
Pinsp settings.

The tidal volume will change if the lung compliance and the airways change or if the
patient breathes against the machine.

Knowing that the tidal volume and consequently the minute volume will not always be
constant, the user has to make sure that the minute volume alarm limits are properly
adjusted.

The required difference in the two pressure levels is adjusted on the basis of the
expiratorily measured tidal volume V1, displayed. Increasing the difference causes a
higher BIPAP breath.
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12.8.1 Applying BIPAP

As in IPPV, the time pattern is adjusted with the parameters of the basic frequency and
T T ratio settings. Evita 4 calculates the inspiratory and expiratory times and displays
the results on the bottom screen below the waveform setting. The lower pressure level is
adjusted with the PEEP parameter, the upper pressure level with the Py, parameter.
When switching from IPPV to BIPAP, only the Pp,5,/Pinsp needs to be changed while the
time pattern remains unchanged.
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Fig. 43: BIPAP waveform

The rate of pressure increase from the lower pressure level to the upper pressure level is
adjusted with the ./|_ setting. The effective time for the pressure increase cannot exceed
the set inspiratory time Tingp. This ensures that the upper pressure level Pjngp, is always
attained during inspiration. The change-over from controlled ventilation to weaning and
eventually completely spontaneous breathing is achieved by gradually reducing the
inspiratory pressure Pj.q, and/or the frequency f until the patient breathes
spontaneously.
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12.9 APRV (Airway Pressure Release Ventilation)

APRYV is a ventilation mode for spontaneous breathing at a continuously positive airway
pressure with short-time pressure release. This ventilation mode is suitable for patients
with a disturbed gas exchange function. The patient breathes spontaneously at a high
pressure level Py, for an adjustable period of time T, g,. In case the expiratory time T,
is very short, Evita 4 will switch over to a low pressure level P,,. The normal pulmonary
areas will be evacuated, the “slow" ones will change their volume insignificantly.

This mode serves to improve the ventilation/perfusion ratio in case of a disturbed gas
exchange function.
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Fig. 44: APRV waveform
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12.10 MMV (Mandatory Minute Volume)

In the MMV ventilation mode a mandatory breath will only be applied in case of
insufficient spontaneous breathing falling below a preset minimum ventilation (unlike in
SIMV). This minimum ventilation is defined by the tidal volume V1 and frequency f settings
and is the product of Vr x f.

Unlike SIMV, in MMV mandatory breaths will not be applied at regular intervals but only
when insufficient ventilation is likely to occur.

The frequency of the mandatory breaths depends on the extent of spontaneous
breathing:

* No mandatory breaths will be applied if the spontaneous breathing activity is
sufficient.

* |f the spontaneous breathing activity is insufficient, mandatory breaths will be applied
in accordance with the set tidal volume V1. If there is no spontaneous breathing
activity at all, the mandatory breaths will be applied at the set frequency f.
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Fig. 45: MMV waveform and diagram
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Evita 4 continuously balances the difference between spontaneous breathing and the set
minimum ventilation. As soon as the balance is negative due to insufficient spontaneous
breathing, Evita 4 will apply a mandatory breath with the set tidal volume V1 and the
balance will be positive again.

Experience has shown that patients usually breathe very irregularly. Phases of weak and
heavy respiration alternate. In order to account for such individual fluctuations, the
balance also includes the portion exceeding the set minimum ventilation. Evita 4 reduces
this value within 7.5 seconds max. after apnoea.

Consequently, the response time of Evita 4 between the incidence and application of the
mandatory breaths automatically adapts to the previous spontaneous breathing:

if spontaneous breathing was approximately the same as the set minimum ventilation, the
machine's response time will be within the IMV time. If, however, the previous
spontaneous breathing of the patient was significantly higher than the set minimum
ventilation, Evita 4 will tolerate a longer respiratory pause. In extreme situations such as
the case of sudden apnoea after a period of intensive spontaneous breathing, the
response time will be approx. 7.5 seconds plus the trigger time, however, 1 IMV time
minimum.

Response times greater than 15 seconds can only occur if the minimum ventilation was
set to a very small value at a very low frequency f.

In this case Evita 4 will give an apnoea alarm which is silenced upon the onset of the
mandatory breaths. If the set IMV time is longer than the T,5n0e /“alarm limit and if there
is no spontaneous breathing between the mandatory breaths, apnoea alarm will be given
at regular intervals.

Example:

f = 8/min = IMV time = 20 seconds
Tapnoe> = 15 seconds

This method serves to prevent that during irregular spontaneous breathing a mandatory
breath is applied too early while an alarm will be given in case ventilation is insufficient for
a longer period of time.
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12.11 Measurement Manoeuvres

12.11.1 Occlusion Pressure

The pressure in the mouth measured under short-term occlusion at the start of inspiration
is the basis for measuring the respiratory drive since the pressure is not influenced by
physiological processes of compensation, e.g. reflex apnoea, increase of drive, within
100 ms. This pressure does not in any way depend on the relevant muscular power of
the diaphragm. Therefore, the negative pressure in the mouth P 0.1 after 0.1 seconds is
a direct measure of the neuromuscular respiratory drive.
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Fig. 46: Occlusion pressure waveform

In patients with healthy lungs the pressure P 0.1 will be approx. 3 to 4 mbar during
regular respiration. A high P 0.1 value signifies an elevated respiratory drive which can
only be sustained for a limited period of time. P 0.1 values in excess of 6 mbar, e.g. in a
COPD patient, are indicative of the expected fatigue (,Respiratory Muscle Fatigue").

Measuring the P 0.1 pressure in COPD-ventilated patients helps to define the time when
weaning should be started.

Evita 4 keeps the inspiratory valve closed after the expiratory phase and measures the
airway pressure built up by the inspiratory effort in 100 ms. The 100 ms time interval
starts when the inspiratory effort of the patient has produced a negative pressure of
—0.5 mbar.

The second pressure value is determined after the 100 ms time interval. At the same
time, the inspiratory valve opens and the patient continues to breathe normally.

The difference between the two pressure values P2 — P1 defines the occlusion pressure
PoO.1.
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12.12 Intrinsic PEEP

Evita 4 keeps the inspiratory and expiratory valves closed for a period of measurement
period 1 so that neither inspiratory gas can enter nor can gas escape from the ventilation
system. In the course of this period pressure compensation will occur between the lungs
and the ventilation system. Evita 4 measures the pressure waveform.

The initial pressure value is equivalent to PEEP, the value at the end of the closing period
is the intrinsic PEEP.
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Fig. 47: Intrinsic PEEP waveform

As soon as measurement period 1 is over, Evita 4 opens the expiratory valve and
measures the expiratory flow generated by the intrinsic PEEP during a defined
measurement period 2. The pressure in the lungs will drop to PEEP level. The
measurement will be terminated:

¢ when the expiratory flow has dropped to 0,

* at the latest after 7 seconds max. (or 3.5 seconds in paediatric application).

The integrated flow is equivalent to the volume Virap gathered in the lungs on account of
the intrinsic PEEP.

Measurement periods 1 for intrinsic PEEP:
¢ For ventilation of adults: 3 seconds max.

¢ For ventilation of infants: 1.5 seconds max.
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Measurement periods 2 for Vtrap:
¢ For ventilation of adults: 7 seconds max.

¢ For ventilation of infants: 3.5 seconds max.
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12.13 Inspiratory O, Concentration During Medicament Nebulization

CAUTION:

The use of other medicament nebulizers may lead to considerable deviations in the tidal
volume and the inspiratory O, concentration!

Use medicament nebulizer 84 12 935 (white centre piece) only.

In order to compensate for minor deviations from the set O, concentration, the Evita 4
provides mixed gas to drive the medicament nebulizer. This mixed gas is produced when
compressed air and oxygen are switched synchronously with inspiration. Consequently,
the drive gas of the medicament nebulizer is virtually equivalent to the set FiO,
concentration.

The diagram shows the possible deviations in the applied O, concentration as a function
of the set FiO, concentration for a minimum inspiratory flow (15 L/min).
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Fig. 48: Diagram of deviations in the applied O, concentration
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12.13.1 Medicament Nebulizer

After pressing the button the medicament nebulizer is switched on for 10 minutes. At the
same time the solenoid valve Y 1.4 is switched through in the flow-active inspiratory
phase. The medicament nebulizer is supplied with drive gas by the restrictor R1.2. After
completion of the inspiratory gas supply phase the solenoid valve Y1.4 is also switched
back. The minute volume remains constant while the flow setting is being corrected. After
termination of the medicament nebulization the flow sensor $5.1 is automatically glowed
clean.

IMPORTANT:

The minimum inspiratory flow is 16 L/min.
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Fig. 49: Nebulizer function diagram

13 HPSV-Controller PCB

The pneumatics of the Evita 4 contain 2 identical HPSV-Controller PCBs. The board slot
determines which of the boards is assigned to O2 and AIR. The PCB comprises the
following functions:

- Microcontroller with EPROM and RAM

- ADC for measurement of supply pressure

- DAC for setpoint entry of current

- Control loop for current control

- Power transistor (power source)

- NOTE: The characteristic of the HPSV cartridge is stored in the cartridge and is read
out by the HPSV Controller PCB. The PCB can be replaced without calibration.
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Fig. 50: HPSV Controller PCB with HPSV
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14 Gas mixture

14.1 Operating principle

The air flow and the oxygen flow are metered directly out of the supply lines with one
HPSYV each. Both sub-flows flow together to the inspiration block in the so-called parallel
mixer. Depending on the set FiO, (0.21 to 1.00), the total flow to be metered is split into
an air sub-flow and an oxygen sub-flow. Sub-folds of less than 5 L/min are no longer
metered continuously, but in pulses lasting at least 8 ms and with a constant flow value of
5 L/min. This results in a pulse/pause ratio that corresponds to the sub-flow value.

14.2 Correcting the oxygen HPSV

Corresponding to its operating principle, the HPSV meters a mass flow. Owing to the
differing gas density values of the compressed air and the oxygen, different volume flows
would therefore be applied if these values were not corrected. Owing to the different gas
density values, the portion of the inspiration flow demanded of the oxygen HPSV is
therefore boosted by 5%.

14.3 Dependence on the input pressure

With regard to the gas supply, the operating range of the Evita 4 is specified from 2.7 bar
to 6 bar gauge pressure. Evita 4 monitors this operating range with the aid of the
absolute pressure sensors on the HPSVs on the basis of the following criteria:

1. Input pressure always higher than 1.2 relative/absolute
2. When the flow obtained is low, input pressure higher than 2.5 bar relative

At low input pressures (below 3 bar gauge pressure), the HPSV can no longer apply high
flow demands without errors, i.e. the actually supplied flow is less than the demanded
flow.

The inspiration flow must be limited for reasons of flow accuracy and thus also for oxygen
concentration accuracy reasons.

How this is implemented in the Evita 4:

Prior to the start of an inspiration, the maximum inspiration flow for spontaneous
inspiration of the HPSV is defined on the basis of the measured supplied gauge
pressure:

Pinput > 4 bar absolute -> max. inspiration flow = 180 L/min
Pinput < 4 bar absolute -> max. inspiration flow = 150 L/min

For mandatory inspirations, the inspiration flow is limited by the setting to 120 L/min.
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14.4 BTPS/NTPD conversion

The HPSV is a mass source and therefore supplies the flow under NTPD conditions.
Nevertheless, the user setting of the inspiration flow or the demand by the demand flow
generator is based on BTPS conditions. Prior to control of the HPSVs, the BTPS flow
demands must be converted to an NTPD flow supply.

P_Ambient + P_Insp_Final - 63 mbar 293K

Flow_NTPD = Flow_BTPS * *
1013 mbar 310K
P_Ambient : value measured by the ambient pressure sensor
P_lnsp_Final : measured airway pressure at the end of the last inspiration
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15 Alarm Messages

Alarm messages in the alarm display field are displayed in hierarchical order. If, for
example, two faults are detected at the same time, the more critical of the two will be
displayed.
The priority for alarm messages is marked by exclamation marks:

e Warning = Message with top priority !!!

¢ Caution = Message with medium priority !!

¢ Advisory = Message with low priority !

In the table below, the messages are listed in alphabetical order. The table will help you to
identify the cause of any alarm, and to ensure rapid remedy of the problem.

Message Cause Remedy

Air supply down !l Air supply pressure too low. Make sure pressure
is greater than 3 bar.

Air supply down ! Air supply pressure too low. Make sure pressure
Air supply pressure not required | is greater than 3 bar.
when FiO, = 100% vol.

Air supply pressure high!! | Air supply pressure too high. Ensure pressure is
less than 6 bar.

Air supply pressure high | | Air supply pressure too high. Ensure pressure is
Air supply is not needed for less than 6 bar.
FiOy = 100% vol.

Airway pressure high !l The upper alarm limit for the Check patient
airway pressure has been condition and
exceeded. The patient is ventilation pattern.
“fighting” the ventilator, cough. Correct alarm limit, if

necessary.

Airway pressure low Il Leaking cuff. inflate cuff and

i perform leak test.

Leak or disconnection. Check hose system
‘ ! for tight connections.
* Check that the
expiration valve is
properly engaged.
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i Message

Cause

Remedy

Apnoea !!!

Patient's spontaneous breathing
has stopped.

Apply controlled
ventilation.

Flow sensor not calibrated or

faulty.

Calibrate flow sensor.
Replace if necessary.

Apnoea ventilation !!!

Due to detected apnoea, the
system has switched over
automatically to mandatory
ventilation.

Check ventilation
procedure.

To return to the
original ventilation
procedure, press the
Reset button.

ASB> 155! Only appears in paediatric mode. | Test ventilation
The ASB cycle has been system for leaks.
switched off 3 times due to time
limitations.

ASB > 4 s !l Only appears in adult mode. The | Test ventilation

ASB cycle has been switched off
3 times due to time limitations.

system for leaks.

Check settings !

Power interruption while setting a
ventilation pattern or the alarm
limits.

Check pattern of
ventilation and alarm
limits. Confirm
message with reset.

Clean CO, cuvette !l

Cuvette window dirty.

Use clean cuvette.

CO, measurement inop!!!

CO, sensor faulty.

Replace faulty CO,

Sensor.

CO4 measurement incorrect.

Call DragerService.

CO, monitoring off !

CO, monitoring is switched off.

CO, sensor !!! Probe of CO, sensor withdrawn | Reinsert probe.
during operation.
CO, sensor not positioned on Place CO, sensor on
. cuvette. cuvette.
CO, sensor faulty. Replace defective
CO, sensor.
CO, zero? !l Zero outside the permitted Perform zero

tolerance.

calibration.
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Message

| Cause

Remedy

Device failure 1!

i Device faulty.

Call DragerService.

etCO, high Il End-expiratory CO, Check condition of
concentration above upper alarm | patient, check pattern
limit. of ventilation,
correct alarm limit,
if necessary.
etCO; low ! End-expiratory CO, Check condition of

concentration below lower alarm
limit.

patient, check pattern
of ventilation,

correct alarm limit,

if necessary.

Execute checklist !!

Equipment check not performed.

Perform equipment
check. Confirm
message with
“Reset Check” key.

Expiration valve inop !!!

Expiration valve not properly
connected to socket.

Push expiration valve
firmly into socket until
it clicks into place.

Flow sensor not calibrated or
defective.

Calibrate flow sensor,
and replace, if
necessary.

Expiration valve faulty.

Replace expiration

valve.
Fan failure !!! Fan failure. Call DragerService.
FiO, high I!! O, sensor not calibrated. Calibrate O, sensor.
Faulty mixer function. Call DragerService.
FiO, low 1!l - Oy sensor not calibrated. Calibrate O, sensor.

Faulty mixer function.

Call DréagerService.

Flow measurement
inop !

Flow sensor faulty.

- Calibrate flow sensor, |
i and replace, if *
! necessary.

- Flow measurement malfunction.

Call DragerService.

- Flow monitoring off !

* Flow monitoring is switched off.
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Message

Cause

 Remedy

Flow sensor? !l!

Flow sensor not fully inserted in
rubber lip of expiration valve.

Insert flow sensor
correctly.

Hard key xx failed !!

Key xx (e.g. “Horn off") can no
longer be pressed.

Call DragerService.

High frequency !!

Patient is breathing at a high
spontaneous frequency.

Check condition of
patient, check pattern
of ventilation,

correct alarm limit,

if necessary.

Insp. hold interrupted !

The “Insp. hold" key was held
down longer than 15 s.

Release “Insp. hold"
key.

Insp/Exp cycle failure !l

No gas supplied by device.

Check Pmax/PEEP
settings.

Device faulty.

Call DragerService.

Key xx overused? !

Key has been pressed several
times in a short period (e.g. “Horn
off").

Confirm message
with “Reset” key. If
this message occurs
repeatedly, call
DragerService.

Loss of data !!!

Lithium battery discharged.

Call DragerService.

Malfunction fan !

Temperature in machine too high.

Check fan function,
clean cooling-air
filter of call
DragerService.

Mixer inop !!!

- Mixer malfunction. FiO, can
' deviate significantly.

Immediately
ventilate with
separate manual
ventilation device!
Call DragerService.
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' Message . Cause Remedy
‘ MV high !!! The minute volume has exceeded - Check condition of
the upper alarm limit. patient, check pattern
of ventilation,
correct alarm limit,
if necessary.
Flow sensor not calibrated or Calibrate flow
faulty. sensor and replace,
if necessary.
Water in flow sensor. Drain water trap in
hose system.
Machine malfunction. Call DragerService.
MV low ! The minute volume has fallen Check condition of
below the lower alarm limit. patient, check pattern
of ventilation,
correct alarm limit,
if necessary.
Leak in breathing system. Establish leakproof
breathing system.
Flow sensor not calibrated or Calibrate flow
faulty. sensor and replace,
if necessary.
Machine malfunction. Call DragerService.
Nebulizer on ! The medicament nebulizer is
switched on.
O, measurement inop !l | O, sensor provides invalid Calibrate O, sensor.
measured values. Replace, if
necessary.
O, measurement malfunction. Call DragerService.
O, monitoring off | O, monitoring is switched off.
O, supply down !l O, supply pressure too low. Make sure pressure
is greater than 3 bar.
T
O, supply down ! - Oy supply pressure too low. Make sure pressure
. O, supply pressure is not is greater than 3 bar.
required when FiO, = 21% vol. |




Function description/2

For internal use only. Copyright reserved.

Drager

Message

' Cause

~ Remedy

O, supply pressure
high !!

O, supply pressure too high.

Make sure pressure
is less than 6 bar.

O, supply pressure high !

O, supply pressure too high.
O, supply pressure is not

required when FiO4 = 21% vol.

Make sure pressure
is less than 6 bar.

PEEP high !!!

Expiratory system obstructed.

Check hose system
and expiration valve.

Machine faulty.

Call DragerService.

PEEP valve inop !!!

Internal PEEP valve faulty.

Call DragerService.

Pressure limited 1!

Pmax pressure limit is active.

Pressure measurement
inop !!!

Fluid in expiration valve.

Replace expiration
valve, then clean and
dry.

Pressure measurement
malfunction.

Call DragerService.

Standby activated !!!

Evita 4 has been switched to
standby.

Confirm standby
with “Reset” key.

Temperature high !

Breathing gas temperature
higher than 40 °C.

Switch off humidifier.

Temperature
measurement inop !!!

Temperature sensor faulty.

Fit new temperature
Sensor.

Temperature sensor ? !

Temperature sensor probe has
been disconnected during
operation.

Reconnect probe.

Sensor cable broken.

Fit new temperature
sensor.

Tidal volume high !

The inspiratory tidal volume V¢

" has exceeded the upper alarm

fimit.

Check condition of
patient, check pattern
of ventilation, correct
alarm limit, if
necessary.

Leak or disconnection.

Check that hose
system connections
are leakproof.
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Message

Cause

Remedy

Volume not constant !!!

Due to pressure limit or time limit,
the set tidal volume V7t has not
been applied.

Prolong inspiratory
M W ",

time Tinsp '+
Increase inspiratory
flow “Flow";
increase pressure
limit “Pmax".
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16 Service diagnosis mode

The service diagnosis mode enables on-line information to be read out at any time during
operation.

The diagnosis pages are split up as follows:

“Front™ Readout of control panel data:
“Microprocessor”:  Display type
Touchscreen
Keypad
Loudspeaker monitoring
RAM test

“Electronic”™: Readout of electronics section data:

“Sensors”: Ambient pressure measurement
SpO2 measurement
CO2 measurement
Paediatric flow measurement

“Microprocessor”:  Power supply
internal unit temperature
AWT sensor
Ambient pressure sensor
Inspiration pressure
RAM/ROM test results
Service connector
CAN
SW options

“Pneumatic™ Readout of pneumatics section data:
*Valves": Setting of switching valves

HPSV (supply pressure, status,
02 measurement, flow)

PIP/PEEP valve (calibration values))
*Sensors”: 4 airway pressure sensors
Flow measurement

02 measurement
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“Microprocessor”.  RAM/ROM test results
Fan monitoring

Reference voltages

“Other™ Special functions - error list and SW options:

“Logbook™ Readout of error list
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16.1 Call-up of service diagnosis mode

Service diagnosis mode can be called up at any time in the course of operation. This
mode only involves data readout; settings are not altered.

e Press “Configuration” key.

Select “Basic setting” menu

Select “Service diagnosis" menu

Enter the numeral combination “4 6 5 5"

Select the relevant menu

Fig. 51: Entering the service diagnosis mode
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16.2 “Front” diagnosis

16.2.1 Diagnosis page “Microprocessor” of “Front”

Fig. 52: Diagnosis page “Microprocessor” of control panel

Display type Readout of display in control panel. This information is of importance
for renewal of background illumination, as this differs from display to
display.

Important: In the event of display fault, use must always be made of
the current display type. The display accessory set contains all the
components required for installation, e.g. display, decoders D29 and
D40, wiring harnesses, DC/AC converter (if not integrated into dis-
play) and mechanical assembly components.

Evita 4

IR-Touch: Touchscreen data. These data are determined once in BOOT after
switching on Evita. The important touchscreen information is listed
below:
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Sound detected:
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Errors: QOutput 00 (OK, no error) or output of error num-
ber plus error code

Error codes:
01 EPROM error
02 RAM error

04 Broken beams in BOOT, refer to “broken
beams”

0Oa Invalid command
Oc Input buffer overflow
Oe Incorrect parameter number for command

Of Value range parameter exceeded

Broken Beams: Output of broken beams, detected following
switch-on of Evita

X beams for columns
(40 from left to right)

Y beams for lines
(30 from botton to top)

Output 0 (OK, not broken) or 1 (not OK, bro-
ken). Check the following if one or more
beams shown as being broken:

Was there something in the touch window on
switch-on?

Touch window surround dirty?

Important: Defective light barriers are allowed,
provided that the function during operation is
not effected, i.e. all screen keys are functional.

Keypad test, determined by Graphics Controller PCB:
0 key not pressed
1 key pressed

Important: Keys which affect screen content switch Evita out of
diagnosis mode.

Result of current measurement through loudspeaker in control
panel. Detected flow of current through loudspeaker

(= yes) continues to be displayed for 10 seconds.

Output of result of RAM test, Graphics Controller PCB
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16.3 “Electronic” diagnosis

16.3.1 Diagnosis page “Sensors” of “Electronic”

Fig. 53: Diagnosis page “sensors” of “electronics”

Ambient press. Output of ambient pressure measurement values.
Pambient: Air pressure used in Evita

Raw: Current raw voltage from air pressure sensor with
calculated air pressure.

Preference: Air pressure established as air-pressure reference
value when Evita is switched on. If the deviation
from PAir or PO2 is more than 8 %, the message
“Perform apparatus check” is given.

PAir/O2: Air pressure of supply pressure sensors PAir and
PO2 determined in last apparatus check.

Pinsp: Second channel of inspiration pressure sensor.

Sp02: SpO2 measurement values. Valid values are only provided if option
has been fitted and released and SpO2 measurement has been
activated. The PCB version and the measured values are output.
Note: The bar graph value is not displayed on the Evita in operation.

Cco2: CO2 measurement values. A list of important CO2 measurement
data is given below:
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Cco2: Output of Signal Processor PCB type for CO2
measurement on CO2 Carrier PCB, e.g. "Andros
4210” or “Drager HL".

SW rev: Output of SW version on Signal Processor PCB,
e.g. “68 70 277 1.1" for Drager software version
1.1.

Tdet / Twin: Output of decimal value of detector (Tdet) and win-
dow (Twin) temperature in CO2 sensor. Approx.
43°C should have been attained in each case after 3

minutes.

40°C = 5326
41°C = 5116
42°C = 4916
43°C = 4725
44°C = 4543
45°C = 4368
46°C = 4201
48°C = 3888
50°C = 3602

Pediatric-Flow: Paediatric flow measurement values. Valid values are only provided if
option has been fitted. Option is not yet available.
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16.3.2 Diagnosis page “Microprocessor” of “Electronics”

Fig. 54: Diagnosis page "microprocessor” of “Electronics”

5V/12V/15V / Power pack supply voltages measured on CO2 Carrier PCB. Out-

-15V/24V:

10V:

GoldCap:

put of voltages and decimal values of AD conversion. There are no
apparatus error messages with the following values:

5V = 45Vto55V

12V = 9.6Vto 144V
15V = 14Vto 18V

-15V = -12Vto-18V

24V = 19.2V1t028.8V
Important: The power pack is specified as follows:
5V = 5.07Vt0 523V
12V = 11.76 Vo 12.24 V
15V = 455V to 15.45V
-15V = -14.55Vt0-15.45V
24V = 22.32V 102472V

10V reference voltage generated from 15V supply voltage. Output of
voltage and decimal value of AD conversion.

Error message is given in the event of deviation > 4 %.

Set value = 9.65V to 10.35V

Output of GoldCap voltage. The GoldCap capacitor supplies the
substitute horn with current. Output of voltage and decimal value of
AD conversion.

Set value = 8V to 11V




eDiagnosemode

For internal use only. Copyright reserved.

Piezo:

PowerSW:

Batt ext.:

AD1:

AD2:

Tepu:

Tair:
Pinsp:
Pambient:
ILV in/out:

EEPROM:

RAM:
Loss of data:

RAM-Comm:

Urager

The current through the substitute horn is measured on the CO2
Carrier PCB.

Piezo detected ( 30 decimal (0.018V)

Piezo off < 30 decimal

Output of voltage at mains-switch auxiliary contact. Voltage is
important for detecting mains failure. Output of voltage and decimal
value of AD conversion.

Mains switch on < 164 decimal (0.100V)

Mains switch off > 512 decimal (0.312V)

Output of voltage of externally connected DC power supply (option
DC module). Output of voltage and decimal value of AD conversion.

Output of AD converter reference voltage 1. Output of voltage and
decimal value of AD conversion.
Set value approx. 2.500V

Output of AD converter reference voltage 2. Output of voltage and
decimal value of AD conversion.
Set value approx. 2.500V

Temperature inside unit; measured on CO2 Carrier PCB. Output of
temperature in °C and voltage.

Permissible temperature range < 65°C.

As of 65°C info “fan fault!” (reset at 60°C) and as of 70°C alarm “fan
defective!ll" (reset at 65°C).

AWT-sensor breathing-gas temperature. Output of temperature in °C
and voltage.

Second channel of inspiration pressure sensor.

Air pressure currently being used in Evita (filtered). Output of air
pressure in mbar and voltage.
Perm. measuring range: 600 - 1100 mbar

Outputs only defined with ILV ventilation.

Result of EEPROM test. EEPROM D22 is located on CPU 68332
PCB.

Result of RAM test on CPU 68332 PCB.

Output of data loss of RAM and EEPROM D22 on CPU 68332 PCB.
No - OK, no data loss
Yes - data loss

A loss of data in the RAM may be due to a flat battery on the CPU
68332 PCB.

Following data loss, the Evita attempts to restore the data. If this pro-
ves possible, the red alarm "data loss" disappears from the screen.
The Evita is OK if this alarm is no longer present when the unit is next
switched on.

Result of RAM test on Communication PCB. Valid values are only
output if PCB fitted (option).
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connector:

CAN

components:

SW options:
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Output of whether or not RS 232 cable with service encoding is
connected to COM1 on CPU 68332 PCB.

No - service encoding not recognised, normal operation

Yes - service encoding recognised, download of operating software
or external service mode via PCB possible.

Output of PCBs connected to internal CAN at CPU 68332 PCB (0 =
not fitted, 1 = fitted).

Sequence is as follows from left to right:

Graphics Controller PCB/Pneumatic Controller
PCB/Communication PCB/5x undefined

The released options are output in the foliowing form:

“1"_(Option O - 7)_(Option 8 - 15)_(Option 16 - 23)_(Option 24 - 31)
Significance:

“1" = Block 1 with 32 options (1 = Option fitted, 0 = Option not fitted)
The following options are currently envisaged in block 1:

Option 7 = SpO2 measurement

Option 8 = CO2 measurement

Option 9 = DC power pack

Option 10 = Comfort Breath (Ventilation mode PPS and tube
compensation)
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“Pneumatic” diagnosis

Diagnosis page “Valves” of “Pneumatics”

Fig. 55: Diagnosis page “valves of "pneumatics”

Valves:

HPSV:

Actuation of switching valves in pneumatics section. For the valves
Y1.1 and Y1.4 the actuation voltage is read back and output in the
second value. Actuation and checkback must be identical.

off Valve deenergised
on Valve actuated

Y1.1 02/air switching valve, off = air

Y1.2 02 measurement calibration valve, on = O2 measurement
calibration

Y1.3 Safety valve, on = ventilation;
off = safety shutdown active

Y1.4 Nebuliser valve, off = nebuliser off

Y6.1 Calibration valve for inspiration pressure sensor S6.1,

on = calibration

Y6.2 Calibration valve for expiration pressure sensor $6.2,
on = calibration

Yx.x Future option; a total of 10 valves can be connected to the
Pneumatic Controller PCB

Supply pressures and status of cartridges for O2 and air. Settings for
flow and FiO2 are additionally output, as is the measured FiO2 value.




Diagnosemode

=or internal use only. Copyright reserved.

PEEP:

Pressure

Status:
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The absolute air and O2 pressures are output.
Absolute pressure = rel. supply pressure +
ambient pressure.

Measuring range of supply pressure sensors
=0-7 bar

Sensitivity = 1.58 V/bar +/- 8 mV/bar

Offset voltage = 300 mV +/- 30 mV

Status messages of respective HPSV
Controller PCB for O2 and air.

0 - OK, no error

2 - supply pressure less than 2 bar absolute,
failure of pressure supply

1, 3to 15 - errors on HPSV Controller PCB or
in HPSV cartridge.

Values for PEEP/PIP valve Y4.1

Set values:

Cal. values:

Measure

PEEP setpoint input in mbar

Calibration values for actuation of PEEP/PIP
valve. Valve or PCB replacement must be follo-
wed by calibration.

PEEP measured by airway pressure
measurement in mbar
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16.4.2 Diagnosis page “Sensors” of “Pneumatics”

Fig. 56: Diagnosis page “sensors” of “pneumatics”

Pressure Output of measured values from the 4 airway pressure sensors insp.,
sensors: exp., oes and aux (oes and aux are envisaged for future options).

3 values are output for each sensor:

(mbar): Pressure in mbar of calibrated sensor

(V): Output voltage of sensor; read in by Pneumatic

Controller PCB.

Voltage = Calibration voltage + sensitivity
Sensitivity = 36.5 +/- 0.3 mV/mbar
Measuring range = 140 mbar

Cal(V): Calibration voltage of sensor (zero at ambient
pressure)
Set value = 1.74 +/- 0.50 V

The pressure at the Y-piece (Paw) is also calculated:

Paw (mbar) Pressure Paw calculated in each case by insp.
and exp. pressure sensor with allowance for
tubing resistance. Perm. difference between
the two values = 5 mbar.

(PCP CPU) Comparison value in mbar. Output voltage of
insp. pressure sensor is additionally read in on

CO2 Carrier PCB. Max. difference with
respect to Paw insp. = 5 mbar.
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R: Tubing resistance in mbar/L/s
Insp.: Tubing resistance between insp. socket
and Y-piece

Exp.: Tubing resistance between Y-piece and
exp. socket

Top row: Measured in operation by safety soft-
ware

Bottom row: Determined in apparatus check

These values differ as they are measured at dif-
ferent flow rates.

C: Inspiratory tubing compliance in mL/mbar

Expiratory flow measurement values. Note: All values are disptayed
under BTPS conditions unless otherwise stated.
Explanatory notes:

BTPS Based on 37°C, ambient pressure + insp. pres-
sure, 100 % rel. humidity. Ali Evita measured
values and settings are based on BTPS.

NTPS Based on 20°C, 1013 mbar, 100 % rel. humi-
dity. Corresponds to raw value of measured
exp. flow.

NTPD Based on 20°C, 1013 mbar, dry. The mixer

supplies the flow under these conditions. The
Evita setting under BTPS is converted to NTPD
for the mixer.

(L/min): Measured expiratory flow converted to BTPS.
Corresponds to displayed value.

(L/min)NTPD/S Raw flow value measured under NTPS or
NTPD conditions

V) Flow measurement voltages in V
Uinop:
Voltage set value ( 0.1V, sensor probably OK if
FO and Fsig OK.

“Flow measurement fault” is displayed if voltage
<01V

FO:

Flow-measurement bridge voltage with 4-fold
amplification.

Set value in no-flow condition = 4.04 V
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02 Sensor:

Cal DA:

Switch:

NTPS— BTPS:

Quotient:

BTPS—NTPD:
Mvinsp:
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Fsig:

Flow-measurement bridge voltage with 2-fold
amplification.

Set value in no-flow condition = 2.02 V

Decimal DA converter value for calibration of
flow sensor
Set value = 2200 - 3200

Microswitch for detecting position of flow
sensor

On - Flow sensor in right-hand operating
position

Off - Flow sensor not ready for operation in
replacement position

Factor for converting raw value of measured
flow NTPS to displayed flow BTPS value
Permissible deviation from “quotient” = 5 %

NTPS/BTPS conversion factor calculated in a
different way.

Factor for converting flow BTPS to NTPD

Inspiratory minute volume calculated from

actuation signals of mixer. The measured

expiratory minute volume may be max. 20 %

more than this value. “Flow measurement fault”

is displayed if the difference is greater. The

problem may be due to the following:

- Flow measurement defective

- Impermissible feed-in of external flow (e.g. by
nebuliser)

- Mixer supplying excessive flow rate

Measured values and calibration values for inspiratory O2 measure-
ment. Output voltage of O2 sensor is amplified directly at the sensor.

FiO2 (Vol%):

(V):

Pmean:

Measured O2 concentration with pressure
compensation

Amplified sensor voltage at Pneumatic Control-
ler PCB input. This voltage is read in twice on
this PCB. Refer to Cal(V) for permissible vol-
tage range.

Current mean pressure in tubing system in
mbar. Required for pressure compensation of
02 measurement.
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Cal (V) Amplified sensor voltage on calibration with 100
vol. 02
Permissible range: 1.257 to 5.644 V

Voltage too low: End of sensor service life

Voltage too high: O2 measurement defective
(O2 amplifier or Pneumatic Controller PCB)

Cal P {(mbar) Air pressure allowance in mbar on calibrating
02 measurement
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16.4.3 Diagnosis page “Microprocessor” of “Pneumatics”

Fig. 57: Diagnosis page of “microprocessor” of “pneumatics”

Periphery of Status of processor system of Pneumatic Controller PCB and fan for

processor: cooling electronics in pneumatics section. Error message is given in
the event of deviation. Fan must be detected within 1 minute.

ADC: POutput of reference voltages of Pneumatic Controller PCB. Error
message is given in the event of deviation.
Set values:

UrefSV = 4.9V to 5.1V
ADCref = 2.9V to 3.1V
DACref = 2.9V to 3.1V
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16.5 Error list

16.5.1 Diagnosis page “Logbook” (error list)

Fig. 58: Diagnosis page “logbook"

16.6 Structure of the Error List

All system errors (software and hardware) of the safety software are stored in the error
list. The system errors are stored as follows:

Code Number First Occurrence Last Occurrence
LL — NN - MMM 1 24.11.96 16:45 24.11.96 16:45
LL —= NN - MMM 4 24.11.96 16:55 25.11.96 07:25

The error messages are stored in chronological order. The most recent error message
will appear at the bottom of the error list. If a specific error message is already on the list,
only the most recent event will be updated and the error number will be incremented. In
this case, no line will be added to the error list.
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16.7 Error Number Definition

LL = Allocation to a specific component, board, or software
NN = Type of error
MMM = More detailed description or enumeration

LL NN MMM | Description
00 XX XXX | Normal monitoring. Stored in the user log only.

01 XX XXX | Settings, etc. Stored in the user log only.

02 01 001
to to Errors detected by the safety software.
61 999

71 001 Loudspeaker not detected.

002 The flow measurement is faulty.

003
to Gold Cap capacitor.
006

007 BOOT test is faulty.

008 Generation of auxiliary alarm.

009 The current through the piezo alarm generator is too high.

010 The current through the piezo alarm generator is too low.

011 The nebulizer valve monitoring is faulty.

012 The loudspeaker monitoring circuit has detected an error.

013 The loudspeaker monitoring circuit has detected an error.

014 The +15 V voltage is too low.

015 The +10 V voltage is too low.

016 The A/D conversion for the O, measurement is faulty.

017 The O,/AIR changeover valve control is faulty.

018 Wrong nebulizer gas.

019 | The cold start recognition is faulty.

020 The hardware initialization is faulty.

+ 021 Different quartz times.

72 000
to Errors that are detected by the safety software.
006
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| LL NN MMM l Description
007
to Errors that are detected by the ventilation software.
070

03 XX XXX | Control unit components.

04 XX XXX | Electronic assembly components.
Components which are not located on the printed circuit
boards.

01 XXX | Power supply unit.
05 XX XXX | Pneumatics components.
01 XXX | Fan
02 001 Reset-up line.
002 Reset-down line.
003 Disable line.
04 001
to O4/AIR changeover valve.
004

06 XX XX Extensionbox components

07 XX XXX | Software error (ROSI = operating system software)

08 XX XXX | Future Expansion

09 XX XXX | Miscellaneous

10 XX XXX | Pneumatics Controller PCB

11 XX XXX | HPSV Controller AIR PCB

12 XXX | XXX | HPSV Controller O, PCB

13 XX XXX | CPU 68332 PCB

98 001 BOOT error.

14 XX XXX | CO, Carrier PCB

15 XX XXX | Communication PCB

16 XX XXX | Paediatric Flow PCB

17 XX XXX | Grafik Controller PCB

18 XX XXX | Pneumatics Motherboard PCB

19 | XX XXX | Electronics Motherboard PCB
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Evita 4 Folder no.:
5664.500
Revision:
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This Test List does not replace inspections and servicing by Drager Medizintechnik GmbH.
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Test Equipment Required to Perform the

Steps in the Test List

Pressure gauge -10 mbar to 10 mbar
Pressure gauge O mbar to 160 mbar
Flowmeter 10 L/min to 120 L/min
Flowmeter 0.01 L/min to 14 L/min
Syringe 50 mL

T-piece or Y-piece

Thermometer

Test pressure regulator

This Test List does not replace inspections and servicing by Drager Medizintechnik GmbH.

Class 1.6

Class 1.6

Class 1.6

Class 1.6
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1 General Condition

Rear panel

Interface connection

Sensors with sensor cable

Sensor mount

Cooling air filter

Ambient-air filter

Lip seals and/or sealing washers

Inspiratory block

Locking function of the expiratory valve mount
Expiratory valve

Hose systems according to Instructions for Use

Instrument tray (if available)

1.1 Control Unit with Fastening
Housing

Labelling is legible

Screen keys

Synchro-generator

Control unit swivels and locks into place
Control unit is detachable

Rail fastening with mechanical interlock
Cable take-up reel

Control unit connection cable

This Test List does not replace inspections and servicing by Drager Medizintechnik GmbH.
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1.2 CO, Sensor

Housing including anti-kink sleeve

Cable

Connector

Is the window in the sensor clean and undamaged

Has the span-check filter been fastened to the
connecting cable

Is the window in the sensor of the cuvette for adults
clean and undamaged

Is the window of the paediatric cuvette clean and
undamaged

Holder for parking the CO, sensor

Socket on the back panel of Evita 4

1.3 Accessories (if available)
Trolley

Castors

Holder for humidifier

Cabinet

Muiltiple socket outlet

Fuses T 3.15A

1.4 Special Accessories (if available)
Resutator 2000

Resutator 2000 for children

Baby Resutator

Hooks for Resutator

This Test List does not replace inspections and servicing by Drager Medizintechnik GmbH.
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2 Checking Accompanying
Documents

Check that the set of accompanying documents is
complete (Instructions for Use, etc.).

3 Safety Check

Check the power cable for damage.

Check the fuses which are accessible from outside.
The fuses must conform to the specifications on the
rear panel of the Evita 4.

3.1 Protective Conductor Resistance

Perform a protective conductor test according to
VDE 0751.R<0.2 Q.

3.2 Equivalent Device Leakage Current

Test the equivalent device leakage current according
to VDE 0751. The first measured value should be

< 1,0 mA. All subsequent measurements may exceed
the first measured value by no more than 50% and
should at the same time be < 1,0 mA.

The battery of units provided with a DC module must
be discharged.

This Test List does not replace inspections and servicing by Drager Medizintechnik GmbH.
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4

4.1

Checking the Safety Valves

Checking the Emergency Breathing
Valve

Connect the Evita 4 to the central gas supply.
Operate the Evita 4 without the test lung according to
the following settings:

CPAP mode

Set O, to 21 vol.%
Set PEEP to 4 mbar
Set ASB to O mbar

Set alarm limit “Paw high" to 10 mbar

Supply a flow of approx. 50 L/min through the
inspiratory port.

The flow should be blown off by the safety valve in the
inspiratory block.

This Test List does not replace inspections and servicing by Drager Medizintechnik GmbH.
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4.2

Checking the 100 mbar Safety
Valve

Connect the Evita 4 to the central gas supply without
switching it on. Open the unit.

o °F)

——

4

HHYH o

(RO,

T ™

PN,

Disconnect the hose from the connection (4a).
Supply a pressure of 2 bar to the connection
(4a).

Supply a flow of 1L/min to the inspiratory port.

The pneumatic safety valve should open at a pressure
of (100 + 5) mbar. The pressure must not increase

any f

This Test List does not replace inspections and servicing by Drager Medizintechnik GmbH.

urther.




Testhstim

Copyright reserved. Reproduction only allowed for non-commercial purposes

Drager

4.3 Checking the 10 mbar Safety Valve

Connect the Evita 4 to the central gas supply without
switching it on.

I
o
— [ 4

%..

s

Supply a flow of (1 = 0,2) L/min to the inspiratory
port. The measured pressure should exceed 5 mbar. D

This Test List does not replace inspections and servicing by Drager Medizintechnik GmbH.
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4.4 Checking the Check Valve

Check the check valve without the expiratory
diaphragm. Seal the openings with your fingers.

Build up a negative pressure of —4 mbar in the
expiratory port using a syringe. After 10 seconds, the
negative pressure should not have fallen below

-1 mbar.

5 Checking the Temperature
Measurement

Connect the temperature sensor which will indicate
the room temperature.

This Test List does not replace inspections and servicing by Drager Medizintechnik GmbH.
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6 Checking the CO, Sensor

Connect the test gas cylinder and the cuvette with the
hose from the calibration set. Plug the CO, sensor
onto the cuvette and enter the concentration of the
test gas cylinder in the Evita 4. Calibrate the CO,
sensor and check the concentration.

7 Power-On Test

Assemble the Evita 4 ready for operation and switch
the unit on.

The Evita 4 runs a self-test. At the end of the self-test
all LEDs come on for approx. 2 s.

After the power-on test, set the Evita 4 to the standby

mode.

71 Checking in Accordance with the
Internal Device Checklist

Carry out the internal “device check”.

This Test List does not replace inspections and servicing by Drager Medizintechnik GmbH.
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8 Mains Failure Alarm Without the DC
Module

Switch the Evita 4 to any mode of ventilation.
Disconnect the unit from mains. The unit will give an
audible mains failure alarm.

Reconnect the unit to mains. After a brief self-test, the
Evita 4 should start with the previously set mode of
ventilation.

In case the unit is equipped with a DC module, there
will be no mains failure alarm. The Evita 4 must be
operated without mains supply until the internal
battery will be discharged. Only then will

a mains failure alarm be given.

9 Place unit at the user’s disposal ready for operation.

10 Test performed

This Test List does not replace inspections and servicing by Drager Medizintechnik GmbH.
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1 Replacing the O, Sensor

The Oy sensor must be replaced when the “O, measurement inop” message appears
and when it is no longer possible to calibrate the O, sensor.

¢ Fold up the control unit.
* Remove the screw A of the cover B.

* Remove the cover B.

L]

Fig. 1: Front view pneumatics

* Remove the knurled screws C and the sensor housing D.

Fig. 2: Front view pneumatics (dismounting the O, sensor)

* Remove the O, sensor.
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@ Important

The O, sensor is special waste. Dispose of the O, sensor
according to your local waste disposal regulations.

* Place the new O, sensor with the ring-form printed conductors on the contacts of
the sensor housing.

* Assemble the new O, sensor in reverse order.

¢ Calibrate the new O, sensor.

2 Replacing the Ambient-Air Filter

The ambient-air filter must be cleaned or replaced after 4 weeks. The ambient-air filter
must be replaced after 1 year.

¢ Fold up the control unit.

Remove the screw A of the cover B.

Remove the cover B.

Fig. 3: Front view pneumatics

* Remove the ambient-air filter from the cover.

e Assemble the new ambient-air filter in reverse order.
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3 Replacing the Cooling-Air Filter

The cooling-air filter must be cleaned or replaced after 4 weeks. The cooling-air filter
must be replaced after 1 year.

* Remove the cooling-air filter from the mount.
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Fig. 4: Rear view (dismounting the cooling-air filter)

* Replace the cooling-air filter or clean the cooling-air filter with warm water (warm
water with detergent).

* Dry the cooling-air filter.

¢ Place the cooling-air filter into its mount avoiding any creases.
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4 Replacing the Battery for Data Protection

The battery for data protection must be replaced every 2 years.

Caution

Electrostatic discharges can damage the electronic
components. Use an ESD protection mat and a wrist strap when
handling electronic modules.

* Switch the Evita on and allow it to warm up for 2 minutes (in order to charge the
capagcitor for power supply to the RAMs).

Important

Data loss will occur if the RAM supply voltage is not present.
Replace the battery within one minute's time. Pay attention to
correct polarity when installing the battery.

¢ Write down the customer-specific settings (alarm limits, screen layout, etc.) for later
entry in case they got lost.

¢ Switch the Evita off.
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¢ Remove the fixing screws of the CPU 68332 PCB.
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Fig. 5: Rear view (dismounting the CPU 68332 PCB)

¢ Remove the CPU 68332 PCB.

¢ Remove the battery.
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Fig. 6: Component mounting diagram CPU PCB (replacing the batteries)
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Important

The battery is special waste. Dispose of the battery according to
your local waste disposal regulations.

¢ Place the new battery into the battery mount.
¢ |[nstall the CPU 68332 PCB in the Evita.
¢ Secure the CPU 68332 PCB with the screws.

e Check the Evita according to the corresponding test list.
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5 Replacing the Real-Time Clock

The real-time clock must be replaced every 6 years or if the clock of the Evita is no longer
operational.

Caution

Electrostatic discharges can damage the electronic
components.

Use an ESD protection mat and a wrist strap when handling
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