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Copyright information

Copyright 1999 Mallinckrodt™ Inc, AH rights reserved. The Infant $tar® 500/950 ventilator systems are
manufactured in accordance with Mallinckrodt proprietary information, covered by one or more of the following
U.S. Patents and foreign equivalents: 4,727,871; 4,747,403; 4,838,259; 5,237,987; 5,452,714; 5,385,142; 5,542,415,
infant Star is a registered trademark of Mallinckrodt Inc.

The information contained in this manual is the sole property of Mallinckrodt Inc, and may not be duplicated
without permission. This manual may be revised or replaced by Mallinckrodt Inc. at any time and without notice.
You should ensure that you have the most current applicable version of this manual; if in doubt, contact the
Technical Publications Department of Mallinckrodt Inc. at the Carlsbad, CA location. While the information set
forth herein is believed to be accurate, it is not a substitute for the exercise of professional judgment.

The ventilator should be operated and serviced only by trained professionals. Mallinckrodt’s sole responsibility with
respect to the ventilator, and its use, is as stated in the limited warranty provided.

Nothing in this manual shall imit or restrict in any way Mallinckrodt’s right to revise or otherwise change or modify
the equipment (including its software) described herein, without notice. In the absence of an express, written
agreement to the contrary, Mallinckrodt has no obligation to furnish any such revisions, changes, or modifications
to the owner or user of the equipment (including its software) described herein.

Manufactured by: Corporate Headquarters: Authorized Representative:
Nellcor Puritan Bennett Inc. Mallinckrodt Inc. Mallinckrodt Europe BV
A subsidiary of Mallinckrodt Inc, 675 McDonnell Boulevard Hambakenwetering 1
2200 Faraday Avenue - P.O. Box 5840 5231 DD ‘s-Hertogenbosch
Carlsbad, CA 92008-7208 USA St. Louis, MO 63134 USA The Netherlands

FPhone: 760.603.5300 Phone: 314.652.2000 FPhone: +31.73.6485200
Fax: 760.603.5902 Fax: +31.73.6410915
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Authorized Service

This manual is intended for use by Mallinckrodt trained and authorized Service Personnel.
Any adjustments or procedures that exceed the scope of this manual should be referred to
Mallinckrodt,

Mallinckrodt does not condone or approve of service activity on its products by anyone other
than Mallinckrodt trained and authorized personnel. Mallinckrodt is not responsible for any
repairs made by unauthorized procedures or personnel. '

Use of the incorrect part or failure to exercise due care in the installation, removal, servicing,
or calibration of parts and equipment may result in damage to the equipment and possible
malfunction of the equipment, which may in turn result in damage to property and injury
(including death) to persons. The purchaser and installer of these parts shall bear full
responsibility and liability for the above.

For specific operating instructions and clinical theory of operation, refer to the Infant Star
500/950 Ventilator’s Operating Instructions Manual. Service personnel should become
familiar with the Operating and Repair techniques before servicing this equipment.

Electromagnetic Susceptibility

The Infant Star 500/950 Ventilator Systems comply with the requirements of IEC 601-1-2
(EMC Collateral Standard), including the E-field susceptibility requirements at a level of 10
volts per meter, at frequencies from 26 MHz to 1 GHz, and the ESD requirements of this
standard up to 6 kV direct and 15 KV air discharge. However, even at this level of device
immunity, certain transmitting devices (cellular phones, walkie-talkies, cordless phones,
paging transmitters, etc.) emit radio frequencies that could interrupt ventilator operation if
their proximity is located too close to the ventilator. It is difficult to determine when the field
strength of these devices becomes excessive, Practitioners should be aware that radio
frequency emissions are additive, and that the ventilator must be located a sufficient distance
from transmitting devices to avoid interruption. Do not operate the ventilator in a magnetic
resonance imaging (MRI) environment. Section 9 describes possible ventilator alarms and
what to do if they occur. Consult with your institution’s biomedical engineering department
in case of interrupted ventilator operation, and before relocating any life-support equipment,

Definitions

This manual uses three special indicators to convey information of a specific nature, The text
under each heading states the reason the heading is used. They are listed below:

Means there is a possibility for causing a potential safety hazard, which can result in an
adverse reaction, or injury to the patient, you, or others.

Means that special care is to be exercised to protect against the possibility of damage to the
instrument or other property.

NOTE:
Indicates points of particular interest for more efficient and convenient operation.

N-9910913 Rev. B (12/99) Infant Star 500/950 Service Manual iii



Warnings, Cautions, and Notes

Please take the time to familiarize yourself with the following caveats as they cover safety
considerations, special handling requirements, and regulations that govern the use of the
Infant Star 500/950 ventilator systems.

To ensure proper servicing and avoid the possibility of physical injury, only qualified
personnel should attempt to service or make authorized modifications to the ventilator.

The user of this product shall have sole responsibility for any ventilator malfunction due
to operation or maintenance performed by anyone not trained by Mallinckrodt staff.

To avoid an electrical shock hazard while servicing the ventilator, be sure to remove all
power to the ventilator by disconnecting the power source and turning off all ventilator
power switches,

An electrical shock hazard is present inside the ventilator cabinet when the Vac power is
connected, even though the power switch is in the OFF position. Always take appropriate
safety precautions to avoid accidental shock.

The ventilator has a “hospital grade” Vac Power cord and plug. Grounding reliability can
only be assured when connected to a tested receptacle identified as “hospital grade.”
Tampering with or reconfiguring the cord or plug supplied with the unit may void the
factory warranty, cause damage to the unit, or be injurious to those associated with its use.

To avoid a fire hazard, keep matches, lighted cigarettes, and all other sources of ignition
(for example, flammable anesthetics and/or heaters) away from the Infant Star 500/950
ventilator systems and oxygen hoses.

Do not use oxygen hoses that are worn, frayed, or contaminated by combustible materials
such as grease or oils. Textiles, oils, and other combustibles are easily ignited and burn

-with great intensity in air enriched with oxygen.

In case of fire or a burning smell, immediately disconnect the ventilator from the oxygen
supply, facility power, and backup power source.

When handling any part of the Infant Star 500 or Infant Star 950 ventilator system, always
follow your hospital infection control guidelines for handling infectious material.

Mallinckrodt recommends that users of its products that require cleaning and
sterilization/disinfection, consider the National Standards and Recommended Practices for
Sterilization published by the Association for the Advancement of Medical
Instrumentation (AAMI), as well as the following Center for Disease Control (CDC)
publications: Guidelines for Maintenance of In-use Respiratory Therapy Equipment and
Guidelines for Prevention of Nosocomial Prneumonia.

Patients on life-support equipment should be appropriately monitored by competent
medical personnel and suitable monitoring devices.

The Infant Star 500/950 ventilator systems are not intended to be comprehensive
monitoring devices and do not activate alarms for all types of dangerous conditions for
patients on life-support equipment

For a thorough understanding of ventilator operations, be sure to thoroughly read this
manual before attempting ventilator service.

Before activating the ventilator, be sure to check the equipment for proper operation and,
if appropriate, run a Quick Checkout as described in Section 3 of this manual.

Federal law (U.S.) restricts the sale of this device to, or by the order of, a physician.

Check the ventilator periodically as outlined in this manual; do not use if defective.
Immediately replace parts that are broken missing, obviously worn, distorted, or
contaminated.

“Infant Star 500/950 Service Manual ) N-9910913 Rev. 8 (12/99)
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e An alternate source of ventilation should always be available when using the Infant Star
500/950 ventilator systems.

* The Infant Star 500/950 ventilator systems are a member of the Infant Star family of
products. '
Intended Use

The Infant Star is designed to provide continuous ventilatory support for neonatal and
pediatric patients less than 40 Ibs. (18 kg), with an adjustable FLOW RATE range of 4 to 40
liters per minute (LPM), and BACKGROUND FLOW range of 2 to 30 LPM (2 to 32 LPM
software versions 107 and above).

Functional Considerations

Verify that the ventilator is Y2K compliant. If the ventilator is noncompliant, it may display
incorrect dates.

Shipping instructions

A shipping container for the ventilator is available. To ensure proper preparation and
shipping, contact Mallinckrodt for instructions.

Applicability

This service manual is applicable to Infant Star S00/950 ventilators only.

Mallinckrodt reserves the right to change specifications and procedures without notice.

N-9910913 Rev. B (12/99) Infant Star 500/950 Service Manual v
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Repair Statement/Program Implementation

SECTION
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1.1

1.2

Infant Star 500/950 Ventilators

Always adhere to electrostatic discharge control (ESD) procedures when servicing a ventilator.

Infant Star® 500/950 ventilators are designed, and technical support is provided, to allow
service and repair by qualified personnel. This means personnel who routinely repair
sophisticated electronic, mechanical, and pneumatic equipment; have been specifically
trained to repair Mallinckrodt products.

If a medical facility and/or distributor does not provide service and repair, Mallinckrodt offers
a complete service training program on Infant Star ventilators. For more information contact:

Mallinckrodt Inc.
1-800-635-5267
press 2 for Technical Support.
To support all levels of service and repair the following projects are on going:
» Comprehensive service manuals specialized tooling and festing instrumentation.
+ Most Infant Star major subassemblies are available on an exchange basis.

e Mallinckrodt offers service and repair training classes to medical facility and distributor
personnel. For more information contact Mallinckrodt Technical Support at the number
listed above.

Preventive Maintenance

To reduce mechanical failures, it is important that a routine preventive maintenance program
~ be followed to maintain a functional ventilator.

+ Perform the Quick Checkout Procedure (described in Section 3) each time the ventilator
is used for a new patient or, at a minimum, once a month.

* Perform the Extended Preventive Maintenance Test {described in Section 5) twice a year.

Regular service extends the life of the ventilator, Overhaul service is recommended after
10,000 hours or 7 years; whichever comes first.

Replace the pneumatic chassis at the 10,000 hour overhaul. During the 10,000-hour
overhaul, other components are replaced based on age and usage, and install-free update.
Electrical components are replaced or rebuilt to current specifications. For more information
on overhaul programs, contact Mallinckrodt Technical Support at the number listed above.

N-9910913 Rev. B (12/99) Infant Star 500/950 Service Manual 11
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SECTION

Specifications

2.1 Infant Star 500/950 Ventilator Features

The Infant Star 500/950 ventilators are microprocessor controlled. The Infant Star 500 is a
conventional neonatal ventilator whereas the Infant Star 950 offers both conventional
neonatal and high-frequency ventilation (HFV) modes. The Infant Star 950 ventilator has an
expanded pneumatic system and added control functions, These additional features provide
conventional ventilation, high-frequency oscillatory type of ventilation, or a mixing of both,

The design and construction of the Infant Star S500/950 ventilators are identical, with the
exception of the following features (see Table 2-1):

* The Infant Star 950 control panel MODE selector switch has two additional selections:
- HFV ONLY (high-frequency ventilation)

- HFV +IMV (high-frequency ventilation plus intermittent mandatory ventilation
breaths)

* The Infant Star 950 control panel has two additional ventilator control potentiometers
and an LED display:

— HFV RATE (operator control for setting HFV breathing rate)
- HFV AMPLITUDE (operator control for setting flow amplitude in HFV mode)

The Infant Star 500 Control Panel does not have the additional components and graphic
overlay covers that support HFV.

* The Infant Star 950 pneumatic system has four additional solenoid valves on the flow
manifold in the manifold block: SV11 valves A and B, §V12 valves A and B. The solenoid
low-voltage wiring is connected to the existing terminal block. '

* To prevent unauthorized clinical use of the HFV mode, the Infant Star 950 has a keyed
ON/OFF switch on the rear of the pneumatics compartment.

* The jet orifice, located in the exhalation block, is larger on the Infant Star 950 ventilator
{non-CE mark) to accommodate HFV, as compared to the Star 500 ventilator (non-CE
mark) which does not have HFV. Conversely, Infant Star 500/950 ventilators that are CE,
matked have the same size jet orifice. (CE mark ventilators have a needle valve on the
venturi solenoid that adjust for HFV))

N-9910913 Rev. B (12/99) Infant Star 500/950 Service Manual 21
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Table 2-1: Infant Star 500/950 Comparison Chart .

Feature infant Star 950 Infant Star 500 Comments v

HFV Mode Available -- Not available Switch and harness deleted, chassis V
ON/OFF key switch Harness - hole plugged on Infant Star 500 -
connection to .

Front Panel PCB v

Mode Selector: Available Not available .
HFV Only :
HFV + IMV !
Controis: Available Not available Potentiometers are deleted from -.,
HFV Rate existing front panel display PCB on -
HFV Amplitude Infant Star 500 -
LED Display: Available Not available LED deleted from existing front -
HFV Amplitude panel display PCB on Infant Star 500 )
Solenocids: Installed on flow MNot available Vaive ports plugged on flow p
SOL11/S0L12 (2 ea.) | manifold manifold of infant Star 500 -
Exhalation Block CE mark and Non-CE mark infant Star 500 has standard Venturi v
Venturi jet Orifice ~ Non-CE mark ventilators: Jet .
ventilators: 0.020-in. 1D orifice .

0.032-in. 1D orifice | jet (silver) ¥

jet (blue) CE-mark z

ventilator:

0.032-in. ID orifice v

jet (blue) .

2.2  System Specifications : -
Table 2-2 below lists the Infant Star 500/250 ventilator system specifications, N
Table 2-2: System Specifications* st

Control/Parameter Range v

FRONT CONTROL PANEL ©
Alarms fant Star 9 | ;
High insp. Pressure 3 to 105 cmH,0O (Infant Star 950 only) ]
Low Insp. Pressure 3 to 60 cmH,0 -
Low PEEP/CPAP -
PEEP/CPAP Setting (cmH,0) Pressure difference for 25 seconds or longer between setting and .
proximal required to activate alarm {cmH,0) .

0tos 2 i
6108 3 :
91012 4 .

13 to 24 5 P

A

A

sl o — r
2-2 Infant Star 500/950 Service Manual N-9916913 Rev. B (12/9%) T
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Specifications

Table 2-2: System Specifications* (continued)

Control/Parameter

Range

Alarms (continued)
Airway Leak
Obstructed Tube

Insufficient Exp. Time

Ventilator thop

Low Oxygen Pressure
Low Air Pressure

Low Battery

Ext Power Loss
Alarm Silence

Visual Reset

teak makeup flow exceeds Background Flow by 13 Lpm for 4 seconds
Detects any problems that cause:

¢ Proximal Pressure to rise to the HIP

* Prolonged or impeded exhalation

* PEEP/CPAP pressure to rise above the set point by
6 cmH»0 for 5 seconds

¢ Internal pressure to rise above set HIP by 10 cmH,0
* Internal pressure to rise above set HIP by 5 cmH,0

0.3 seconds at rates 100 bpm
0.2 seconds at rates 100 bpm

System malfunction or fully depleted internal battery

< 45 psig (310 kPa) (35 psi for Infant Star 500 with CE mark)

< 45 psig (310 kPa) (35 psi for Infant Star 500 with CE mark)
Activates within 5 minutes prior to full-battery discharge

Loss of ac power (battery life 30 minutes minimum - if fully charged)
60 seconds

Push to clear alarm indicators (except Power Loss and Ventilator Inop)

VENTILATOR SETTINGS

Modes

s MV

* CPAP

* HFY ONLY {Infant Star 950 only)
L J

HFV+IMY (Infant Star 950 only)

Ventilator Rate

1 to 150 bpm

Peak Insp. Pressure

5 to 90 emH,0

Inspiratory Time

0.1 to 3 seconds

PEEP/CPAP 0 to 24 cmH,0
Flow Rate 4 to 40 Lpm
Background Flow 2to 30 Lpm

2 to 32 Lpm (software versicn 107 and above)

High Insp. Pressure Alarm

5 to 105 cmH,0

Low insp. Pressure Afarm

3 to 60 cmH,0

Manual Breath

Delivers single mandatory breath

HFV Rate (950 only)

2t022Hz

HFY Amplitude (950 only)

Varies pulse flow from 12 to 120 Lpm

N-9910913 Rev. B (12/99)
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Table 2-2: System Specifications* (continued)

Control/Parameter

Range

PATIENT MONITOR

Proximal Airway Pressure

-10 to +120 cmH ;0

Proximal PEEP/CPAP

-9 to +992 cmH,0

Peak Insp. Pressure (PIP)

0 to 110 cmH,0

Proximal Mean

-9.9 t0 +99.9 cmH,0

Selected Data

Push button control allows a single display to be used for multiple
measurements

Dur Pos Press

0.02 to 5.0 seconds

Expiration Time

0.2 to 59.2 seconds

I:E Ratio

1:0.1 10 1:99.9

LOWER SECTION

Pressure Relief Valve

510 120 cmH,0

Exhalation Block

Houses exhalation valve diaphragm and jet venturi

Oxygen %

21 to 100

REAR PANEL CONTROL

Alarm

72 10 88 decibels

Hours (Elapsed Hours Meter)

0.0 to 99999.9 hours

To Star Sync

9-pin DIN connector

ac Circuit Breaker (100/115 V)

100V - 2.0 amps
115V -1.2amps

Mains/Battery Charger (220 V)

220V - 0.6 amps

dc Circuit Breaker

12V - 8.0 amps

12 Vdc input

11.8 to 18 V- 5 arp battery power source

ON/OFF Switch

Turns ventilator ON and OFF

RS-232 Serial Qutput Connection

1200 baud

Analog Pressure Output

TOmVY/camH0-0.11t01.2V

Remote Alarm

30V -0.25 amps

INPUTS

Electrical — Nominal

100V 90 - 105 Vac, 50/60 Hz, 100 W

115V 105 - 123 Vac, 50/60 Hz, 100 W

220-240V 198 - 264 Vac, 50/60 Hz, 100 W

Pneumatics Air and oxygen, 45 to 90 psig (309 to 619 kPa)
2-4 Infant Star 500/950 Service Manual
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Specifications

Table 2-2: System Specifications* (continued)

Control/Parameter

Range

PHYSICAL CHARACTERISTICS

Ventilator 16.25" high x 11.25” wide x 19.25" deep
(41 cm x 29 cm x 49 cm)
Weight 50 Ibs (23 kg) — does not include pedestal stand

Pedestal Stand

44" high x 25" wide
(112 cm x 46 cm)

Weight

14 lbs (6.4 kg)

* Specifications subject to change without notice.

N-9910913 Rev. B (12/99)
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Quick Checkout -

SECTION

3.1

Quick Checkout

3.1.1 Infant Star 500 Quick Checkout Procedure

NOTE:
Reference Figure 3-1 when performing this procedure.

Connect both source gases and electrical power; attach the breathing circuit, humidifier

Turn circuit breaker (MAINS/Battery Charger) to the ON (I) position.

Turn ventilator ON/OFFE switch to ON and note the software revision number in the

If during start up, any number under 103 appears in the SELECTED DATA display, the software

level should be updated. Contact your local distributor or Mallinckrodt at 1-800-635-5267,

All LED indicators are illuminated except Low Battery, Ventilator Inop., and Ext Power

Loss. (The Ventilator Inop. may blink during power-up.)

The audible alarm is momentarily activated, verifying its function.

1.
and test lung.
2.
3.
SELECTED DATA display.
NOTE:
press 2 for Technical Support.
4,
5.
6. Set standard test conditions;
Mode
Ventilator Rate
Peak Inspiratory Pressure
Inspiratory Time
PEEP/CPAP
Flow Rate
Background Flow

High Inspiratory Pressure
Low Inspiratory Pressure
Selected Data

Oxygen Percent

Pressure Relief Valve

N-9910913 Rev. B (12/99)

MV

30bpm

40 cnH»O

1.0 seconds

0 cmH,0

20 Lpm

4 Lpm

45 cmH,O

30 cmH,0
Expiratory Time (seconds)
60 _
Fully clockwise

Infant Star 500/950 Service Manual
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Quick Checkout

3.2

NOTE:

After 30 seconds the MEAN display, located in the Patient Monitor portion of the control panel,
is 1942 ecmH-,O and the PIP display is 40 +1 cmH,0.

7. During a mechanical breath, kink the From Patient tube to prevent gas flow. Verify that
the proximal pressure drops abruptly when the A03 OBSTRUCTED TUBE alarm activates.

8. Disconnect the To Patient tube at the ventilator and block the connector located under
the pressure-relief valve, Verify that the Hl PIP, A5 OBSTRUCTED TUBE, HIGH INSP.
PRESSURE and LOW INSP. PRESSURE alarms activate and the displays illuminate.

Reconnect the tube, cancel the audibie alarm, then push VISUAL RESET button. Verify
PEEP/CPAP display is 0 +2 cmH;0.,

9. Enter the following settings:

Mode CPAP
PEEP/CPAP 10 emH,0
Flow Rate 8 Lpm
Background Flow 8 Lpm

NOTE:

After 30 seconds the Proximal Airway Pressure meter, PEEP/CPAP, MEAN, and
PEEP/CPAP setting displays should read 10 £1.

10. After checking at 10 cmH;O, reset PEEP/CPAP to 20 cmH,O and again verify displays.
After 30 seconds, the displays (mentioned in the note above) should read 20 +2 cmH,0.

11. If the unit passes the Quick Checkout procedure, it is ready for patient use. Set the
ventilator according to the physician’s orders before connecting it to a patient.

12. To verify functionality of the audible/visual alarms for low oxygen and low-air pressure,
momentarily close off gas sources. The alarms should activate when gas pressures are
removed and reactivate when gas pressures are reapplied.

If a mechanical or electrical problem is discovered while running the Quick Checkout procedure
or while operating the ventilator, the ventilator must be removed from use and serviced by a
certified biomedical technician or person with equivalent experience and training in this type of
equipment.

infant Star 500/950 Service Manual N-9910913 Rev. B (12/99)
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Quick Checkout

ALARM STATUS

[ HIGH INSP PRESSURE
3 LOW INSP PRESSURE
[T LOW PEEP/ CPAP

3 AIRWAY LEAK

[ OBSTRUCTED TUBE
[T INSUFF EXPIR TIME

1 VENTILATOR INOP
[ LOW Oz PRESSURE
7] LOW AIR PRESSURE
[ LOW BATTERY

[] EXT POWER LOSS

[ ALARM
SILENCE VISUAL
{60 sec) RESET

HIGH INSP PRESSURE

O

cm H,0

LOW INSP PRESSURE

VENTILATOR SETTINGS

MODE

VENTILATOR RATE

CPAP
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[®)
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bpm

INSPIRATORY TIME

cmH0
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O

O
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Figure 3-1. Infant Star 500 Ventilator
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3 . Quick Checkout

3.1.2 Infant Star 950 Quick Checkout Procedure

If a mechanical or electrical problem is discovered while running the Quick Checkout procedure
or while operating the ventilator, the ventilator must be removed from use and serviced by a
certified biomedical technician or person with equivalent experience and training in this type of
equipment.

NOTE:
The quick checkout procedure is based on using the following Mallinckrodt products:
* high-frequency breathing circuit (P/N — N-501023) ‘ '
* standard test'lung (P/N - N-1101262)

NOTE:
Reference Figure 3-2 when performing this procedure.

1. Connect the two source gases and electrical power, attach the patient circuit, humidifier,
and test lung. Turn the ventilator power switch to the ON position.

Verify:
* All segments on all digital displays are illuminated and bright.

* All LED indicators are illuminated except EXT POWER LOSS, VENTILATOR INOP,
and LOW BATTERY. VENTILATOR INOP may blink during power-up.

* An audible alarm momentarily sounds.

* A software revision number appears in the SELECTED DATA window.

2. Set the following standard test conditions:

Mode MV
Ventilator Rate 30 bpm
- Peak Inspiratory Pressure 40 cnH,0

Inspiratory Time © S & seconds

PEEP/CPAP O e cmH,0

Flow Rate 20 Lpm

Background Flow 4 Lpm

High Inspiratory Pressure 45 cmH,0

Low Inspiratory Pressure 3¢ cmH,0

HFV Rate 12 Hz

HFV Amplitade Fully counterclockwise
Selected Data Expiratory Time (seconds)

Oxygen Percent
Pressure Relief Valve
HFV Key

Infant Star 500/250 Service Manual
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Fully clockwise
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Quick Checkout 3
Verify:
s No HFV oscillations can be heard
e PEEP/CPAP is O cmH,0O
* Peak Inspiratory Pressure is 40 +1 cmH,0
¢ MEAN Airway Pressure is 9 £1 cmH,O
» Expiratory Time is 1.5 seconds
1. During a mechanical breath, kink the From Patient tube to restrict gas flow. Verify that

7.

N-9910913 Rev. B (12/99)

the proximal pressure drops abruptly when the AO3 OBSTRUCTED TUBE alarm activates.

Disconnect the To Patient tube at the ventilator connection and block the outlet. Verify
the A0S OBSTRUCTED TUBE and LOW INSP. PRESSURE alarms and displays. Reconmnect
the tube; the alarm should stop. Push the VISUAL RESET button to clear the visual alarms,

Turn the Mode switch to HFV + IMV. Rotate the HFV Amplitude control fully clockwise,
High-frequency pulses shiould be visible on the analog gauge and audible between each
mechanical IMV breath. High-frequency pulses should not occur during an IMV breath.
HFV Amplitude display should register at least 34 cmH,O. HFV Amplitude levels will vary
based on compressible volumes in the humidifier, breathing circuit, and test lung. For
example, if the water level in the humidifier is low, the compressible volume increases
and the amplitude decreases.

Rotate the HFV Rate control knob to 20 Hz. HFV pulses should be rapid (too fast to
count). Turn the HFV Rate control knob back to 2 Hz; HFV should be relatively slow
(approximately 3 pulses between each IMV breath). Set the HFV Rate back to 12 Hz.

Turn the HFV Amplitude control knob fully counterclockwise. The amplitude should
incrementally decrease to a minimum of 6 to 13 cmH,O.

Set the following:
Mode CPAP
PEEP/CPAP 10 emH,0
Background ) 8 Lpm
HFV Key : OFF
ety s Oress Fully (poier (ose

* 10 cmH,O of PEEP appears in a total of five displays:

1

Proximal Airway Pressure gauge

- PEEP/CPAP display in the Ventilator Settings portion of the control panel
~ MEAN Airway Pressure monitor display

-~ PEEP/CPAP display in the Patient Monitor portion of the control panel

— -Low Inspiratory Pressure setting display

* There should be no high-frequency oscillations.

After checking at 10 cmH,0O, set the PEEP/CPAP control to 20 cmHZO; again verify that
the five displays (listed above} read 20 cmH;0.

Infant Star 500/950 Service Manual 3.5
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Quick Checkout
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Figure 3-2. Infant Star 950 Ventilator
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SECTION

Theory of Operation

4.1 Introduction

NOTE:

The following information provides an overview of the Infant Star 500/950 ventilators. For an
operational description, reference Section 7 for pneumatic and electronic schematics, circuit
diagrams, and their functional descriptions.

The Infant Star 500/950 ventilators have eight major functions that ensure safety and provide
flexibility:

* full microprocessor control of gas delivery

* adjustable background-flow ventilation to reduce work of breathing
* automatic correction of inadvertent PEEP

* built-in patient monitoring

* five automatic alarms for tubing obstruction

* data output to a personal computer

* 30 minutes of internal battery power

¢ updateable software

4.1.1 Microprocessor Controlled Gas Delivery System

The Infant Star 500/950 ventilator gas-delivery system is microprocessor controlied. The
microprocessor and software program precisely shape the flow and amount of pressure
delivered to the patient.

The Infant Star 500/950 ventilators have solenoid valves. These solenoid valves are
pneumatic switches that are electronically controlled. Gas from the blender enters the
proportional manifold, where 6 solenoid valves (SV) on the Infant Star 500, produce the
following liters per minute (Lpm) flow rates:

s SV1=2Lpm '
s SV2=4Lpm
¢ SV3=81pm

* SV4=16Lpm
* SV5,5V6 =32 Lpm

To produce the additional flow required by the Infant Star 950 for HFV, 4 additional solenoid
valves in the proportional manifold operate with the other 6 solenoid valves:

* two SV11 valves A/ B and two SV12 valves A / B = 64 Lpm

See Table 4-1 for solenoid combinations to control flow,

N-9910913 Rev. B (12/99) Infint Star 500/950 Service Manual 4.1
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Table 4-1;: Solenoid Combinations to Set Flow

64
Lpm
62
Lpm
34
Lpm
32
Lpm
30
Lpm
16
tpm
14
Lpm
12
Lpm
10
Lpm
8 V1
Lpm
6 SV1 V2
Lpm : :
4 Svi sv2 Sv3
Lpm .
2 SV1 SV1 | svz | sv2 V3 V1 Sv4 sV
Lpm ' (2 ea)
SV1 | SV2 | SV2 | sv3 | SV3 | SV3 | SV3 | SV4 | Sv4 | sv5/6 | SV5/6 | svs/6 | svi2
(2 ea)

When flow is required, the microprocessor activates one or more solenoid valves.
A mandatory breath is often examined by looking at the proximal airway pressure waveformy.

A typical pressure curve is produced by a combination of flow rate, peak inspiratory pressure
(PIP), and inspiratory time. The flow rate establishes the angle, or the slope, of the inspiratory
pressure waveform for the mandatory breath. A high-flow rate produces a square-shaped
waveform, while a lower-flow rate produces a sloped waveform.

In the Infant Star 500/950, PIP is an operator-selected value. When flow is established, the gas
flow continues at the set rate until the pressure reaches 75% of PIP. At the 75% point, the
microprocessor gradually reduces the gas flow, preventing pressure overshoot.

infant Star 500/950 Service Manual N-9910913 Rev. B (12/99)
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At 10 Lpm (operator-selected value), the flow waveform shows 8, 6, 4 and 2 Lpm and then

goes to 0 (zero) flow. Since the endotracheal tube is not cuffed, the 2 Lpm solenoid turns ON

and OFF to hold the pressure at the PIP point during the inspiratory plateau. Following

inspiration, the exhalation valve opens and expiration occurs Immediately. In the Infant Star
500/950, the pressure waveform is software modeled to optimize ventilation, regardless of the
flow or breaths per minute (bpm) settings.

4.1.2 Adjustable Background Flow

The adjustable background flow feature produces a low-level flow o

f 2 Lpm which is applied
as a background flow to eliminate the possibility of rebreathing. A sensitive pressure

patient's airway. When the patient produces a
spontaneous inspiratory effort, the signal is transmitted back to the microprocessor, which

then activates one or more solenoids to provide additional gas to the airway (within 30
milliseconds).

NOTE;

For software version 105 and lower, the adjustable background flow can be set up to 30 Lpm
For software version 107 and higher, flow can be set Up to 32 Lpm. Flow is set in 2 Lpm
increments for all software versions.

With the Infant Stgr 500/950, software versions 105 and lower, additional gas flow is in direct

proportion to the patient's effort. For example, i
airway, the patient will receive approximately 6 Lpm

solenoids. An effort of 5 cmH,0 produces up to 34 Lp

107 or higher has increased the responsiveness of the demand flow system. The demand flow
Systeém supplies extra flow to the circuit when the Datient’s spontaneous breathing exceeds
the background flow setting. When the patient effort exceeds 1 c¢mH,O for 30 ms, flow is
incremental. For every 30 ms that the pressure remains -1 cmH,0, flow is incremented until
the sub-baseline pressure is gone or 35 - 40 Lpm flow is reached.

The operator can set flow rates that satis

fy the requirements of the mandatory breath, while
at the same time, reducing the potential

for increased expiratory work of breathing.
4.1.3 Inadvertent PEEP Automatic Correction

The combination of the background flow, PEEP/CPAP, and ventilator rate settings (stored in
microprocessor) predict the amount of inadvertent PEEP produced.

Based on this prediction, it increases or decreases the ON
flow through the Jet Venturi System which is built into
Venturi system produces a subambient
exhalation leg of the breathing circuit. When the ;

cycle of a solenoid directing gas
the exhalation valve block. This Jet

of the pressure correction, the microprocessor checks the pressure at the patient's airway and
compares that value to the PEEP/CPAP Operator-set value, Based on this comparison,
automatic compensation occurs until the inadvertent PEEP/CPAP is eliminated. _

As the ventilator settings are adjusted, the microprocessor works with the pressure transducer
o monitor the patient’s airway, make corrections and hold the PEEP/CPAP level constant,

Infant Star 500/950 Service Manual 4.3
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4.1.4 Built-In Patient Monitoring

While other systems may require add-on equipment for patient momtonng, the Infant Star
500/950 ventilators have a built-in monitoring system.

Digital displays simultaneously shiow pressure measurements of PEEP/CPAF, mean airway
pressure (which is a time weighted average), and PIP. The pressure signal is taken from the
infant's airway through the proximal pressure tube to the pressure transducer and then to the
microprocessor that does the calculations, integrates them, and controls the display.

The integration of ventilator pressure monitoring reduces the duplication of common
components when monitors are purchased separately. This approach also allows us to include
2 pressure transducers: one at the airway and one inside the ventilator. Other systems, using
pressure gauges or stand-alone monitors, are vulnerable to undetected high airway pressure
caused by disconnection or blockage of the proximal pressure tube. Using two transducers
allows a comparison of pressures, alerting the clinician, and preventing undetected high
pressure. This system protects against proximal pressure tube blockage, disconnection, or
even a single transducer failure. The electronics also work to protect the patient's airway in
case of a circuit blockage.

4.1.5 Tubing Obstruction Alarms

The operator-set peak inspiratory pressure (PIP) value, programns the microprocessor to limit

pressure and compare the set value to what is actually occurring at the airway. Five different
detection comparisons are checked, including 3 levels of Pressure Overshoot, the shape of the
Expiratory Curve, actual CPAP versus the setting, and high resistance in the inspiratory leg of
the breathing circuit, Under all of these conditions, the Infant Star 500/950 ventilator systems
senses an obstructed tube and reports a specific error message. At the same time, the patient

airway is protected from sustained pressure by shutting off gas flow.

¢ The AO1 message indicates high inspiratory pressure (HIP), indicating proximal pressure
has reached the HIP setting pressure. If the HIP pressure setting is momentarily reached,
gas flow stops, the exhalation valve opens, and the patient airway is vented to PEEP/CPAP.
The obstructed tube indicator activates both an audible alarm and visual signal. This type
of alarm is most frequently caused by a patient fighting the ventilator, hiccuping, or
crying.

» If the exhalation valve opens, but the pressure continues to rise due to a blockage in the
expiratory leg of the breathing circuit, a second alarm occuss at HIP +5 cnH,O. An AO2
alarm displays and an audible and a visual signal is activated. When this occurs, the

circuit vents through the inspiratory leg of the circuit, thus protecting the patient’s airway
from sustained pressure.

s A third alarm occurs if something partially blocks the expiratory leg of the breathing
circuit and prevents exhalation from coccurring quickly. (Under normal operation, PIP
drops more than 50% in the first 300 milliseconds.) If something is impeding the patient's
exhalation, and pressure is not dropping quickly, the A03 message and an audible alarm
activates, indicating elevated expiratory resistance. A complete pneumatic shutdown
occurs for 1 second to vent the patient to ambient.

¢ The AO4 message indicates CPAP 6 cimH,O greater than what has been set, forup to 5
seconds. This can occur when water, tubing fatigue or some other factor is blocking gas
flow in the expiratory leg of the breathing circuit. If there is a complete pneumatic
shutdown for 3 seconds, the patient is vented to ambient.

» The f{ifth detection point, A0S, indicates a blockage in the inspiratory leg of the circuit or
in the proximal pressure line. The ventilator alarms when the internal pressure transducer
records a pressure 10 cmH,O above the set HIP.

Under the A0O1 alarm condition, the gas delivery stops and both the visual and audible
obstructed tube alarms occur. The exhalation valve opens to vent the airway to PEEP. Under
the A02, A0O3 and A0O4 alarm conditions, gas delivery stops and both the visual and audibie

Infant Star 500/950 Service Manual N-9910913 Rev. 8 (1_2/99)
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Theory of Operation 4

obstructed tube alarms activate. The exhalation valve and the internal vent system open to
vent the airway pressure to ambient. This automatic response protects the patient's airway,
while the error messages identify the most likely problem.

4.1.6 Patient Data Output

Patient data can be sent directly to an IBM compatible personal computer and thea to a
printer. A Standard RS-232 cable, compatible with all PCs, connects to the output on the back
panel of the ventilator. Control settings, airway pressures, and respiratory trending can be
automatically recorded.

4.1.7 Battery Back Up

The Infant Star 500/950 ventilators have a built-in battery backup, and operate on the battery
at all times. When connected to an electrical outlet, a self-contained charger keeps the battery
at full power. In the event of a power failure, the Infant Star 500/950 ventilators continue
operating for a minimum of 30 minutes on battery power.

4.1.8 Updatable Software

Microprocessor control of display calculations and prnieumatics, allows major changes fo be
made to the software by replacing EPROMs installed on printed circuit boards.

4.1.9 Ventilator Functions

The upper module contains the microprocessor electronics and the controls to establish the
ventilator parameters.

The lower compartment contains the pneumatics.

Two modes of ventilation are available on the Infant Star 500:
s (CPAP
o IMV for Infant Star 500

Four modes of ventilation are available on Infant Star 950:
« (CPAP

s MV

+« HFV ONLY

+ HFV IMV

Three additional patient-triggered modes are available for both the Infant Star 500 and 950 by
attaching the Star Sync Interface:

e Assist/Control
o SIMV
¢ CPAP/backup

Dedicated displays identify the control settings:

Flow Rate 4 to 40 Lpm

Background Flow 2 to 30 Lpm (2-32 Lpm 107 software and higher)
Ventilator Rate 1 to 150 bpm

Peak Inspiratory Pressure 5 to 90 cmH,0

Inspiratory Time 1to 3 seconds

Low Inspiratory Pressure 3 to 60 cmH,0O

HIP Alarm 5 to 105 cmHO

PEEP 0 to 24 cmH,0

Infant Star 950 ventilator additional HFV Rate of 2 to 22 Hz and Amplitude

control settings.

N-9910913 Rev. B (12/99) Infant Star 500/950 Service Manual 4.5



Theory of Operation

A push-button control allows a single display to be used for observing the I:F ratio, expiration
time, or duration of positive pressure.

The three proximal pressure displays provide information about the actual pressure being

applied at the patient's aitway. The displays include PEEP/CPAP, MEAN Airway Pressure, and
PIP. .

The intensity of the audible alarm is adjustable. Visual displays show specific alarm
violations. The alarm silence button provides a 60-second silence for all violations with the
exception of continuous power loss and ventilator inoperative. When an alarm self corrects,
the audible part of the alarm automatically stops while the visual indicator continues to

provide information on what caused the problem. Pressing the Visual Reset button clears the
visual alarm indicator. :

Alarms are activated by:

* low inspiratory pressure
* low PEEP/CPAP

s airway leak

» obstructed tube

» insufficient expiratory time
* low oxygen pressure

s high inspiratory pressure
* Jlow air pressure

s external power loss

¢ low battery

s ventilator inoperative

The lower chamber of the ventilator contains the pneumatic systems, including a mechanical

pop-off valve, block assembly (exhalation valve, heater, jet venturi), and oxygen blender
control.

The pneumatics base has both air and oxygen inlets on the back panel. Each is protected with
water fraps and filters. A single outlet provides the blended gas from the operator-set
concentration (set via the oxygen control knob). The blended gas may be connected to an
accessory flowmeter mourited on a rail system for hand resuscitation or aercsol delivery.

The Infant Star 950 has an HFV ON/OFF switch. The rear of the electronics module includes:
» ventilator ON/OFF switch

¢ hour meter

e RS-232 serial output port for a PC connection

s Star Sync™ and remote alarm connector

» analog pressure outputs for connecting to a strip chart recorder

+ external battery connection

¢ circuit breakers

¢ adjustable baffle for changing the audible alarm intensity

Infant, Star 500/950 Service Manual N-2910913 Rev, B (12/99)
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Preventive Maintenance

SECTION

5.1 Preventive Maintenance/Extended Test

5.1.1 When to Run

Table 5-1 Hsts the service performed and the Preventive Maintenance/Extended Test and

calibration procedure that are performed after service. Run the electrical safety tests, which
are a part of the extended test, according to your organization's requirements.

Table 5-1: Performance Verification Intervals

Service Action Performed

Performance Verification Test Requirements

For any service Test 5.5.1

Electronic Section
Rear Panel Assembly Tests 5.5.1,20,32
Power Cord Tests 5.5.1
Hour Meter Test 5.5.32
Alarm Tests 5.5.20
ac Circuit Breaker Tests 5.5.1

Yoke Assembly

MP-2 PCA Test 5.5.32
Analag PCA Tests 5.5.6,8,9,10,12,20
Alarm Driver (A/D) PCA Tests 5.5.7,24
Power Supply (P/S) PCA Tests 5.5.1
Transformer Tests 5.5.1
10V Battery Pack (Ext. Battery Operation) Test 5.5.31

Front Panel (Infant Star 500)

Tests 5.5.6,8,9,10,12,20

Front Panel (infant Star 950)

Tests 5.5.6,8,9,10,12,20,26

Analog Meter

Adjust R76 - Gain Adjust, Test 5.5.6

N-99710913 Rev. B (12/99)
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Preventive Maintenance

Table 5-1: Performance Verification Intervals {(continued)

Service Action Performed

Performance Verification Test Reguirements '

Pneumatic Section

High Pressure Gas Filter Assembly

R8 Regulator adjustment, Test 5.5.7

Air Regulator Assembly

Tests 5.5.4,5,7,15

Oxygen Regulator Assembly

Oxygen Regulator Calibration, Tests 5.5.4,5,7,15

Oxygen Blender Assembly

Oxygen Blender Calibration, Tests 5.5.7,15

Proportional Flow Manifold (Infant Star 500)

Tests 5.5.4,7,19,22.1

Proportional Flow Manifold (Infant Star 950)

Tests 5.5.4,7,19,22.1,26,27,28

IMV Regulator Assembly

Verify output, Test 5.5.9

PEEP Regulator Assembly

Test 5.5.13

Mini Regulator

Verify output is 13 psi,Tests 5.5.4,13

Transducer PCA

Tests 5.5.4,7,19,22.1,26,27,28

SV8 PEEP, SV9 Venturi Solenoids (infant Star 500)

SV8 - PEEP Calibration, Tests 5.5.13,14

SV8 PEEP, 5V9 Venturi Solenoids (Infant Star 950)

SV8 - PEEP Calibration, Tests 5.5.13,14,26

SV7 Safety Vent Valve Solenoid

Test 5.5.22.1

5.2  Test Equipment and Service Material Required

The tools listed in Table 5-2 are required for total performance verification and calibration.
Refer to specific tests for individual tool requirements.

Table 5-2: Test Equipment Tools

Gauge, Capsuhelic -5 - +5 cmH»0 (P/N - N-4300010)

PTS 2000 {or equivalent) pr R TH200

Adjuster Tool, Oxygen Regulator (P/N — N-97101016)

Tee Assembly, (2 required) (P/N - N-9710161)

Manometers: (or equivalent)

0 to 100 cmH,O
Accuracy: +1% of fuli scale
0 to 10 cmH,0 (Positive or Negative Pressure)

Accuracy: +19% of full scale
o
Fo\f)\( Flowmeter: 0 to 200 Lpm, Float or Ball type. Dwyer RMC 103 (or equivalent)
Flowmeter: 0 to 50 Lpm, Float or Ball type. Dwyer RMC 101 (or equivalent)
Oxygen Analyzer: MiniOx 3000 {or equivalent)
Tubing: 1/8 in., and 10 mm, as required
Syringe: 50 ml
Tee Adapter: 1/8 in. pneumatic
5-2 Infant Star 500/950 Service Manual
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Preventive Maintenance 5

Table 5-2: Test Equipment Tools (continued)

Tee Adapter: 10 mm pneumatic

Adapter: 1/8in. to 10 mm

Frequency Counter (use Fluke Volt Meter) for Infant Star 950 HFV Rate

Digital VoIt Meter:  3-1/2 Digit Fluke 87 or simitar

Pattent Circuit:

Standard circuit: P/N — N-501011 (Infant Star 500/950)
HFV circuit: . P/N = N-501023 (Infant Star 950)
Infant Star Test Lung: P/N - N-1101262

Rubber Test Lung: P/N - 4-000612-00 (or similar)
Analyzer: Electrical Safety

Regulators:
With gauge 0 - 50 psi air supply
With gauge 0 - 50 psi oxygen supply
Static Control System

Miscellaneous Supplies (or equivalent)

Isopropyi Alcohol for cleaning

Cotton Swabs

Loctite Adhesive Sealant, #2717, Red

GE RTV 118 Silicone

Torque Seal

Devcon 14210 5-Minute Epoxy

Dow Corning 340 Silicone Heat Sink Compound

Fisher & Paykel low compressible volume humidifier chamber (P/N - N-501209)

5.3  Preliminary Ventilator Cleaning and Inspection

To prevent disease transmission, use personal protective equipment when handling
contaminated bacterial filters or other patient accessories.

NOTE:

If any problems are found during the preliminary inspection, correct them before proceeding
with the performance verification. The failure to correct such problems now may affect the
remainder of the performance verification.

Clean and inspect the ventilator for obvious problems such as missing broken parts, loose
assemblies or disconnected wires, connectors or tubing. Repair as needed.

5.4  Preliminary Ventilator Set Up
Set up the ventilator for the Extended Test:
1. Install a complete infant circuit and Infant Star test lung:
* P/N-N-501011 for the Infant Star 500/950 patient circuit
* P/N-N-501023 for the Infant Star 950 HFV patient circuit _
* P/N-N-501209 for the Fisher & Paykel low compliance humidifier chamber
* P/N-N-1101262 for the Infant Star test lung

2. Connect the ventilator to both an air and oxygen source. (Ventilator hour meter reading
should be observed at this time.)

N-9910913 Rev. B (12/99) Infant Star 500/950 Service Manual 53




5

Preventive Maintenance

5.5

5-4

Preventive Maintenance/Extended Test Procedure

To ensure systematic performance verification and logical fault diagnosis, perform these tests
in the order given. If a test must be repeated, the current control settings are completely
defined at the beginning of each test procedure.

NOTE:

* If running the performance verification tests in the order written, only the boldface
ventilator settings must be changed.

* |f a test fails, identify the cause of a malfunction by noting the item number at the end
of the step; then refer to that item number in Section 5.6. Perform tasks in the
referenced item to identify and correct the causes of malfunctions.

Follow these general guidelines when running the performance verification:

* If a problem occurs during the performance verification, check to verify that the
procedures were correctly performed before attempting to repair the ventilator.

e Verify all data entered.

¢ Use alarm silence and alarm reset keys to restore the ventilator to the test condition.

Using these keys may be necessary because of the nonstandard set of conditions that may
cause an alarm conclltlon to occur.

* When making ventilator settings, be aware that because of the inter-relationship between

some ventilator settings, you may not always be able to make all settings in the indicated
sequence.

» . Except for the alarm silence and alarm-reset keys, do not change the control settings
during these procedures, unless specifically instructed.

* When repairs are completed, repeat the test. When the test is successful, proceed with the
next test, as applicable.

Follow accepted safety procedures for electrical equipment when making connections,
adjustments, or repairs.

5.5.1 Electrical Safety Test

If the ventilator fails an electrical safety test, do not proceed to the next electrical safety test
until the problem is corrected and the test is repeated.

NOTE:
There are no specific ventilator setting requirements for the electrical safety test.

1, Make sure the unit is turned OFFE ,
*2.  Verify ground resistance is 0.1 Q or less (See Section 5.6, item 1.)
3. Turn ON the ventilator,
4. Verify that forward and reverse current leakage to ground is 25 mA on 115 Vac units and
40 mA on 220 Vac units. (See Section 5.6, item 2.)
Infant Star 500/950 Service Manual N-9910913 Rev. B (12/99)
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Preventive Maintenance

5.5.2 Power-On Self Test

1.

Turn ON the power switch.

2. Set the unit to the following Standard Test Conditions:

Mode
PEEP/CPAP

Flow Rate
Background Flow
Ventilator Rate

Peak Inspiratory Pressure

High Inspiratory Pressure

Inspiratory Time

Low Inspiratory Pressure

Display Select

Oxygen Percent
Pressure Relief Valve

HFV Rate

HFV Amplitude

MV

Fully counterclockwise
20 Lpm

4 Lpm

30 bpm

40 cmH,0

45 cmH,0

1.0 second

30 cmH,0
Expiration Time
60
Fully clockwise
12 Hz

Fully clockwise 3 - 4 turns (no hard stop)

3. Verify that all displays illuminate (except Low Battery and Ext Power Loss). Vent Inop
may blink at initial power-up. The software level momentarily appears in the Selected
Data window. (See Section 5.6, item 3.)

5.5.3 AO05 Test (High Peak Inspiratory Pressure)

1. Set the following test conditions:

2. Disconnect To Patient tube at manifold and block the connector on the bottom of

N-9910913 Rev, B (12/99)

Mode
PEEP/CPAP

Flow Rate
Background Flow
Ventilator Rate

Peak Inspiratory Pressure

High Inspiratory Pressure

Inspiratory Time

Low Inspiratory Pressure
Display Select

Oxygen Percent
Pressure Relief Valve
HFV Rate

HFV Amplitude

the Pressure Relief valve.

MV

Fully counterclockwise
20 Lpm

4 Lpm

30 bpm

40 cmH50

45 cmH,O

1.0 second

30 cnH,0O
Expiration Time
60

Fully clockwise
12 Hz

Fully clockwise 3 - 4 turns (no hard stop)

Infant Star 500/950 Service Manual
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5-6

Verify HI-PIP, A0S, Obstructed Tube and Low Inspiratory Pressure Alarms and Displays.
(See Section 5.6, itemn 4.)

Reconnect tube, allow audible alarm to self-cancel, then push Visual Reset.

Set the following test conditions:

Mode : CPAP
PEEP/CPAP 10 cmH,0
Flow Rate 8 Lpm
Background Flow 8 Lpm

Verity that PEEP/CPAP reads 10 cmH,0 in the following four displays:
¢ Proximal Airway Pressure gauge

* PEEP/CPAP window

* MEAN Pressure window

¢ PEEP/CPAP setting display

After checking at 10 cmH,0, reset PEEP/CPAP to 20 cmH,0, and again verify displays.
(See Section 5.6, item 4.)

5.5.4 Low Air and Low Oxygen Pressure Switch Test
1. Set the following test conditions:

Mode CPAP

PEEP/CPAP Fully counterclockwise
Flow Rate 20 Lpm

Background Flow 4 Lpm

Ventilator Rate 30 bpm

Peak Inspiratory Pressure 40 cnH,0O

High Inspiratory Pressure 45 caH,,0

Inspiratory Time 1.0 second

Low Inspiratory Pressure 30 cmH,O

Display Select Expiration Time
Oxygen Percent 60

Pressure Relief Valve Fully clockwise

HFV Rate 12 Hz

HFV Amplitude Fully clockwise 3 - 4 turns (no hard stop)

NOTE:

if using a PTS 2000, the HIGH PRESSURE function is required for the measurements in this
section; all readings are the “current” reading.

2. Reduce air pressure to 40 psi.

3. Verify that the Low Air Pressure alarm is ON. A

4. Raise the air pressure to 45 psi.

5. Verify that the Low Air Pressure alarm is OFE (See Section 5.6, item 5.)

Infant Star 500/950 Service Manual N-9970913 Rev. B (12/99) . ._ .
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Preventive Maintenance 5

6.

Repeat steps 2 - 5 for oxygen pressure. (See Section 5.6, item 6.)
Ensure that the Safety Vent Valve does not open.

5.5.5 Check Valve Test

1.

2.

Set up the ventilator as follows:

Mode ' . MV _
PEER/CPAP Fully counterclockwise
Flow Rate 20 Lpm

Background Flow 4 Lpm

Ventilator Rate 30 bpm

Peak Inspiratory Pressure 40 cmmH,0

High Inspiratory Pressure 45 cmH,0
Inspiratory Time 1.0 second

Low Inspiratory Pressure 30 cmHz0

Display Select Expiration Time
Oxygen Percent 60

Pressure Relief Valve Fully clockwise

HFV Rate 12 Hz

HFV Amplitude Fully clockwise 3 - 4 turns (no hard stop)

Disconnect air and oxygen high-pressure hoses alternately at the ventilator, and ensure
that there is no leakage from the connection while the other gas system is applying
pressure.

To test the check valves, insert the disconnected end of the high-pressure hose into a
cup of water.

If there are more than fifty bubbles in 10 seconds, the leak is significant and the check
valve should be replaced. (See Section 5.6, item 7.)

5.5.6 Proximal Pressure Calibration

1.

N-9910913 Rev. B (12/99)

Set the following test conditions:

Mode

PEEP/CPAP

Flow Rate

Background Flow
Ventilator Rate

Peak Inspiratory Pressure
High Inspiratory Pressure
Inspiratory Time

Low Inspiratory Pressuze
Display Select

Oxygen Percent

Pressure Relief Valve
HFV Rate

HFV Amplitude x

CPAP

Fully counterclockwise
20 Lpm

4 Lpm

30 bpm

40 cmH,0

45 cmH,0

1.0 second

30 cmH,0

Expiration Time

60

Fully clockwise

12 Hz

Fully clockwise 3-4 turns (no hard stop)

Infant Star 500/950 Service Manual 57
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2. Auto-Zero the ventilator by disconnecting the proximal airway pressure line and power
the ventilator OFF then ON, 3 times.

3. Verify that the proximal airway meter and the PEEP/CPAP display read 0 cnb,0 +0.50.
(See Section 5.6, item 8.)

4. Using the PTS 2000 (or equivalent), tee a syringe to the + low-pressure port and the
proximal aitway pressure line.

5. Apply pressure, using a syringe, until the desired pressure is displayed.

Apply (cmH,0) Measure Limits
5n 4t06
25 241026
50 48 to 52
75 73077
95 921098

6. Verify that the PEEP/CPAP display and Analog meter readings are within specifications.
(See Section 5.6, item 8.)

Ignore the Obstructed Tube Alarm: during this test.

7. When the ventilator digital readings are verified as correct, it will not be necessary to use
an external pressure gauge in future tests.

5.5.7 Background Flow Control Test

1. Set the following test conditions:

Mode CPAP

PEEP/CPAP Fully counterclockwise
Flow Rate 40 Lpm

Background Flow See below

Ventilator Rate 30 bpm

Peak Inspiratory Pressure 40 cmH,0

High Inspiratory Pressure 45 cmH,0

Inspiratory Time 1.0 second

Low Inspiratory Pressure 30 cmH,0O

Display Select Expiration Time
Oxygen Percent 21

Pressure. Relief Valve Fully clockwise

HFV Rate 12 H=

HFV Amplitude Fully clockwise 3 - 4 turns (no hard stop)

NOTE:

The background control increments at 2 Lpm (2 - 30 Lpm for software version 105 or
lower) and (2 - 32 Lpm for software version 107 or higher).

5-8 Infant Star 500/950 Service Manual N-9910913 Rev. B (12/99)
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3.

Using the PTS 2000 (or equivalent), measure the flow from the To Patient port against the
values listed in the chart below. Use the Air and High Flow function to take the current
reading. (See Section 5.6, item 9.)

If running software 107, disconnect the proximal airway pressure line.

NOTE:

The flow rate must be set higher than, or equal to, the background flow.

The proximal PEEP must read 0 (zero) for the flow measurement to be accurate,

Background Flow Rate Control {Lpm) Measure Limits (Lpm)
2 1.8t 22
4 3.6t0 4.4
8 7.21t08.8
16 14.41017.6
30 27.0t033.0
.32 (Software 107 or higher)
28.81t0 35.2
5.5.8 Ventilator Rate Control Test
1. Set the following test conditions:

Mode IMV

PEEP/CPAP Fully counterclockwise

Flow Rate 20 Lpm

Background Flow 4 Lpm

Ventilator Rate See below

Peak Inspiratory Pressure 40 cmH,0O

High Inspiratory Pressure 45 cmHéO

Inspiratory Time 1.0 second

Low Inﬁpixatory Pressure 30 cmH,O

Display Select Expiration Time

Oxygen Percent 60

Pressure Relief Valve Fully clockwise

HFV Rate 12 Hz

HFV Amplitude

Fully clockwise 3 - 4 turns (no hard stop)
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2. Verify that Ventilator Rate display increments:

» Between 1 and 60, the unit increments in 1 bpm steps.

» Between 60 and 130, the unit increments in 2 bpm steps.

e Between 130 and 150, the unit increments in 5 bpm steps.

3. Set VENT RATE to 30 bpm, and measure the time for 15 breaths.
Test Limits: 29 to 31 seconds. (See Section 5.6, item 10.)

5.5.9 Peak Inspiratory Pressure

"1. Set the following test conditions:

Mode

- PEEP/CPAP
Flow Rate
Background Flow
Ventilator Rate
Peak Inspiratory Pressure
High Inspiratory Pressure
Inspiratory Time
Low Inspiratory Pressure
Display Select
Oxygen Percent
Pressure Relief Valve
HFV Rate
HFV Amplitude

IMV

Fully counterclockwise
See below

See below

30 bpm

See below

105 cmH, 0 (blinking)
1.0 second

3 cmH,0

Expiration Time

21

Fully clockwise

12 Hz

Fully clockwise 3 - 4 turns (no hard stop)

‘2. Check that PIP increments in 1 cmH,O0 steps, from 5 to 90.

3. Using the chart below set the PIP and Flow Rate. Set Background Flow to 4 Lpm. Repeat
the test using a Background Flow of 20 Lpm. (See Section 5.6, items 11, 12.)

PIP (cmHo0) Flow Rate (Lpm) Background Flow (Lpm) | PiP Limits (cmH,0)
10 20 4 then 20 910 11
20 20 4 then 20 18 to 22
40 20 4 then 20 38to 42
60 20 4 then 20 58 to 62
80 20 4 theﬁ 20 78 to 82
20 10* 4 only 18 to 22

NOTE:

If the difference between the PEEP/CPAP and PIP settings is < 5 cnH,0, the ventilator will not
accept the PIP setting and the PIP value display will blink. Perform the steps below to verify this

range.

510 “* Infant Star 500/950 Service Manual
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4. Set PEEP/CPAP to 10 cmi,0.

5. SetPIPtio 14 cmH,O (PIP value should blink).
6. Adjust PIP to 18 cmH;0 (PIP value should stop blinking).

3.5.10 Inspiratory Time Control Test

L. Set the following test conditions:

Mode IMV

PEEP/CPAP Fully counterclockwise
Flow Rate 20 Lpm

Background Flow 4 Lpm

Ventilator Rate 15 bpm

Peak Inspiratory Pressure 40 cmH,0

High Inspiratory Pressure 45 <¢mH,0

Inspiratory Time See below

Low Inspiratory, Pressure 3 cmH,0

Display Select Expiration Time
Oxygen Percent 60

Pressure Relief Valve Fully clockwise

HEFV Rate 121z

HFV Amplitude Fully clockwise 3 - 4 turns (no hard stop)

2. Verify the Inspiratory Time display increments:
* 1 step between 0.10 to 0.60 seconds
* 2 steps between 0.60 to 1.0 seconds
* 10 steps between 1.0 to 3.0 seconds

3. Setmode:
Ventilator Rate 30 bpm
Inspiratory Time 1.0 seconds

Observe the Expiratory Time in the Selected Data window while measuring the
Inspiratory Time at the Analog Output connector on the rear cover of unit (pins 1 and 3).

NOTE:

If using a DVM for the next two measurements, first verify the frequency is 0.5 Hz, then verify
the duty cycle is between 40% and 60%. WSE T12 cn Qlormr Drper Bocre!

4.
3.

N-9910913 Rev. B (12/99)

Verify the Expiratory Time display reads 1.0 seconds. (See Section 5.6, item 13.)

Verify the Inspiratory Time reads between 0.95 to 1.1 second on the measurement device,
(See Section 5.6, item 13)

Infanit Star SO0/050F Camrea hfm o ) 11
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1. Set the following test conditions:

Mode

PEEP/CPAP

Flow Rate

Background Flow
Ventilator Rate

Peak Inspiratory Pressure
High Inspiratory Pressure
Inspiratory Time

Low Inspiratory Pressure
Display Select

Oxygen Percent

Pressure Relief Valve
HFV Rate -

HFV Amplitude

5.5.11 Duration of Positive Pressure Test

IMV

Fully counterclockwise

20 Lpm

4 Lpm

30 bpm

40 cmH,OQ

45 cmlH,0

1.0 second

3 cmH,0

Duration of Positive Pressure
60

Fully clockwise

12 Hz

Fully clockwise 3 - 4 turns (no hard stop)

2. Verify the duration of positive pressure reads between 1.13 and 1.19 in the Selected Data
window. (See Section 5.6, item 14.) /P ast wmids 1,12 -1.13

5.5.12 Expiratory Time and I:E Ratio Display Test

1. Set the following test conditions:

Mode

PEEP/CPAP

Flow Rate

Background Flow
Ventilator Rate

Peak Inspiratory Pressure
High Inspiratory Pressure
Inspiratory Time

Low Inspiratory Pressure
Display Select

Oxygen Percent

Pressure Reliéf Valve
HFV Rate

HEFV Amplitude

IMV

Fully counterclockwise
10 Lpm

4 Lpm

See below

40 cmH,0

45 cmH,0

0.4 second

3 cml], O

Expiration Time

60

Fully clockwise

12 Hz

Fully clockwise 3 - 4 turns (no hard stop)

2. Using the following chart, adjust the Ventilator Rate and verify the Expiration Time
display and Insufficient Expiration Time alarm. (See Section 5.6, item 15.)

Infant Star 500/950 Service Manual
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Preventive Maintenance

3.

Ventilator Rate (bpm) Expiration Time (seconds) Insuff_:_';:s:tA:::f::ation
1 59.6 OFF
62 0.57 OFF
88-98* 0.30 ON
100 0.20 OFF
102-150* 0.20 ON

*Ventilator rate settings will blink during test,

Change Data Select to I:E Ratio.

4. Adjust Ventilator Rate and verify that the I'E Ratio display corresponds to:

(See Section 5.6, item15.)

Ventilator Rate (bpm) I:E Ratio
1 1:99.9 blinks
6 1:24.0
33 1:3.5
102-150 10—
5.5.13 PEEP/CPAP Control Test
1. Set the following test conditions:

Mode CPAP

PEEP/CPAP See below

Flow Rate 40 Lpm

Background Flow See below

Ventilator Rate 30 bpm

Peak Inspiratory Pressure 40 cmH,O

High Inspiratory Pressure 45 cmH,0Q

Inspiratory Time 1.0 second

Low Inspiratory Pressure 3 cmH,0

Display Select Expiration Time

Oxvgen Percent 60

Pressure Relief Valve Fully clockwise

HFV Rate 12 Hz

HFV Amplitade Fully clockwise 3 - 4 turns (no hard stop)

2. Verify the Proximal Airway meter and, while turning the PEEP/CPAP knob, verify that the
PEEP/CPAP Range includes 0 to 20 cmH,0 #1. (In most cases PEEP will go to 24 cmH,0

"N-2910913 Rev. B {12/99)

maximum, but 20 canH,O is acceptable.)

Infant Star 500/950 Service Manual
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Adjust Background Flow and PEEP/CPAP setting according to the table below.

Verify the PEEP/CPAP Proximal Display for 5 seconds after stabilization, and ensure that
PEEP/CPAP setting, and the PEEP/CPAP values are within their specified ranges.

(See Section 5.6, item 17.)

Background Flow (Lpm) PEEP/CPAP Level (cmH,0) Range
4 0 +1
4 2 +1
4 6 +1
4 15 £1
4 20 *i
20 2 +1
20 6 +1
20 15 +1
20 20 +1
30 2 +2
30 6 +2
30 15 2
30 20 +2

5. Set the following test conditions:

Mode

PEEP/CPAP

Flow Rate

Background Flow
Ventilator Rate

Peak Inspiratory Pressure
High Inspiratory Pressure
Inspiratory Time

Low Inspiratory Pressure
Display Select

Oxygen Percent

Pressure Relief Valve
HFV Rate

HFV Amplitude

Infant Star 500/950 Service Manual

MV

Fully counterclockwise

40 Lpm

See below

See below

40 cmH,0

45 cnH,0

See below

3 cmH,0
Expiration Time
60

Fully clockwise
12 Hz

Fully clockwise 3 - 4 tums (nio hard stop)

N-9910913 Rev. B (12/99)
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5

3.5.14 Oxygen Blender Test

1.

N-9910913 Rev. B (12/99)

Set Background Flow, Inspiratory Time, and Ventilator Rate values shown in the table
below; then verify that PEEP/CPAP display reads less than the maximum allowed.
(See Section 5.6, item 17.)

Flow Rate Background Inspiratory Ventilator Rate Maximum Allowed
(Lpm) Flow Lpm) Time (seconds) {bpm) PEEP/CPAP (cmH,0)
40 30 0.50 60 5
30 30 0.33 90 2
20 20 0.15 120 2
10 10 0.10 150 2

Turn the O, control knob fully counterclockwise.

Check that the mark on the O, control knob aligns with the 21 percent mark on the
console base. (Mark is considered aligned if any part of one mark makes contact with

Blender Dial Alignment:
a.
b.
the other.)
c. Turn O, control knob fully clockwise.
d.

Check that the mark on the O, control knob aligns with the 100 percent mark on the
console base. (Mark is considered aligned if any part of one mark makes contact with

the other.)

With air and oxygen connected to the ventilator, connect the ventilator To Patient port to

the High Flow port on the PTS 2000 (or equivalent). Take readings in the % Oxygen and
current function.

Set the following test conditions:

Mode

PEEP/CPAP

Flow Rate

Background Flow
Ventilator Rate

Peak Inspiratory Pressure
High Inspiratory Pressure
Inspiratory Time

Low Inspiratory Pressure
Display Select

Oxygen Percent
Pressure Relief Valve
HFV Rate

HEV Amplitude

CPAP

Fully counterclockwise
20 Lpm

See below

30 bpm

40 cmH,0

-45 cmH,0

1.0 second

3 cmH,0

Expiration time

See below

Fully clockwise

12 Hz,

Fully clockwise 3 - 4 turns (no hard stop)

Infant Star 500/950 Service Manual - 515
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With the ventilator connected to air and oxygen supply, attach a calibrated oxygen
analyzer to the To Patient port, leaving one side of the analyzer’s sensor with a 12-inch
tube open to atinosphere. (See Section 6, Figure 6-6.)

If the ventilator has software 107 installed, disconnect the proximal airway pressure line
and zero the Pressure Transducer PCA.~?+hE @lorm Srlrnee

Set Background Flow to 16 Lpm and verify readings. (See Section 5.6, item 18.)
Repeat the test at 4 Lpm.

Oxygen Percent Measﬁred Value
21 21 to 22
30 27 to 33
60 57 to 63
20 8710 93
100 99 to 100

5.5.15 Oxygen Blender Potentiometer Test

1. Set the following test conditions:

Mode MV

PEEP/CPAP Fully counterclockwise
Flow Rate 20 Lpm

Background Fiow ' 4 Lpm

Ventilator Rate 30 bpm

Peak Inspiratory Pressure 40 cmH,O

High Inspiratory Pressure 45 cmH,0

Inspiratory Time 1.0 second

Low Inspiratory Pressure 3 cmH,0

Display Select L:E Ratio

Oxygen Percent 60

Pressure Relief Valve Fully clockwise

HFV Rate 12 Hz

HFV Amplitude Fully clockwise 3 - 4 turns (no hard sfop)

Be sure to perform this test while unit is plugged into ac power. Performing this test using
battery power may give erroneous readings.

Be sure to perform this test while unit is plugged into ac power. Performing this test
under battery power may give erroneous readings.

Verify: Diagnostics window 2 displays the Oxygen Blender Potentiometer setting. It
should read +3% of what the Q; conirol knob indicates. (See Section 5.6, item 19.)

To adjust the displayed value, loosen the Allen screw on the white gear on the
potentiometer.

Infant Star 500/950 Service Manual . N-9910913 Rev. B (12/99)
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Preventive Maintenance 5

5.

6.

By pulling the white gear forward, the shaft of the Potentiometer can be rotated to
display the appropriate number in the diagnostic window.

Push the white gear to its original position on the shaft and tighten Allen screw.

5.5.16 Crossover Test

1.

Set the following test conditions:

Mode MV

PEEP/CPAP Fully counterclockwise
Flow Rate 40 Lpm
Background Flow 30 Lpm
Ventilator Rate 30 bpm

Peak Inspiratory Pressure 40 cmH,O

High Inspiratory Pressure 45 emH,0
Inspiratory Time 1.0 second

Low Inspiratory Pressure 3 cmH,0
Display Select Expiration Time
Oxygen Percent 21

Pressure Relief Valve Fully clockwise
HFV Rate 12 Hz

HFV Amplitude Fully clockwise 3 - 4 turns (no hard stop)

Using a PTS 2000 (or equivalent), measure high-pressure readings using the current
reading for the High Pressure function.

a. Set air line pressure to 75 psig (or maximum possible considering environmental
conditions).

b. Set oxygen line pressure to 40 psig.

Using the same test setup as in 5.5.15, verify that oxygen concentration does not rise
above 22%. (Ignore the LOW O, Alarm.) (See Section 5.6, item 20.)

5.5.17 Air/Oxygen Crossover Network Test

1.

N-9910913 Rev. B (12/99)

Set the following test conditions:

HFV Amplitude

Fully clockwise 3 - 4 turns (no hard stop)

Mode CPAP

PEEP/CPAP Fully counterclockwise -

Flow Rate 40 Lpm

Background Flow 30 Lpm

Ventilator Rate 30 bpm

Peak Inspiratory Pressure 40 cmH,0

High Inspiratory Pressure 45 cmH,0

Inspiratory Time 1.0 second

Low Inspiratory Pressure 3 cmH,0 : ‘

Display Select . Expiration Time

Oxygen Percent 60

Pressure Relief Valve Fully clockwise ' ;

HFV Rate 12 Hz o
—_—

Infant Star 500/950 Service Manual
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5 Preventive Maintenance

Disconnect the Proximal Airway Pressure line.

Using a PTS 2000 (or equivalent), connect a hose between the High Flow port and the
To Patient port on the ventilator.

4. Set the Flow Rate to 40 Lpm and Background Flow to 30 Lpm.

Disconnect air pressure source and allow ventilator to stabilize for approximately 10
seconds.

6. Verify the High Flow reading is > 26 Lpm. (See Section 5.6, item 21.)

7. Reconnect air source, allow ventilator to stabilize.

8. Disconnect the oxygen pressure source and allow the ventilator to stabilize.
9. Verify the High Flow reading is > 26 Lpm. (See Section 5.6, item 21.)

10. Reconnect the oxygen pressure source.

» . 5,518 Blended Gas Outlet Test
1. Turn Ventilator Power OFF

2. Using the PTS 2000 (or equivalent), connect a hose between the High Pressure port zind
the blended-gas port on the ventilator. - Roel of Umtb

Verify the current pressure is 18 psi 1 psi. (See Section 5.6, item 22.)

4. Using the PTS 2000 (or equivalent), connect a hose between the High Flow port and the
ventilator blended-gas port. :

5. Verify the Blended Gas Outlet reads between 18 and 22 Lpni (or +10% of the value stated
on label). (See Section 5.6, item 22.)

5.5.19 Low Inspiratory Pressure Alarm, Audible and Alarm Silence Tests
1. Set the following test conditions:

Mode MV

PEEP/CPAP Fully counterclockwise
Flow Rate 20 Lpm

Background Flow 4 Lpm

Ventilator Rate 30 bpm

Peak Inspiratory Pressure 40 cmH,0
High Inspiratory Pressure 45 cmH,0
Inspiratory Time - 1.0 second

Low Inspiratory Pressure See below

Display Select Expiration Time
Oxygen Percent 60
Pressure Relief Valve Fully clockwise
HFV Rate 12 Hz
HFV Amplitude Fully clockwise 3 - 4 turns (no hard stop)
5-18 Infant Star 500/950 Service Manual N-9910913 Rev. B (12/99)
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11.

12,
13,

. Verify loud “beeps” (back panel) and low steady tone (alarm driver PCA). (See Section 5.6

Check that Low Inspiratory Pressure changes are in increments of 1 cmH,0 between
3 and 60 cmH,0, and the readings are stable. (Ignore alarm.)

Set the Low Inspiratory Pressure to 42 cmH,0.

The Low Inspiratory Pressure alarm should activate. (See Section 5.6, item 23.)
Press ALARM SILENCE.

Verify that ALARM SILENCE period equals 1 minute (+3 sec.)

Press ALARM SILENCE twice.

Verify that Audible turns OFF and back ON. (See Section 5.6, item 23.)

Open Volume Control bafile.

t

item 23.)

Close the baffle and verify that the alarm signal is audible from a distance of six feet,
while facing the front of the ventilator.

Reduce the Low Inspiratory Pressure Alarm setting to 28 cmH,0.

Verify that audible alarm turns OFE and Low Inspiratory Pressure LED stays ON until
Visual Reset button is pressed. (See Section 5.6, item 23.)

3.5.20 Low PEEP/CPAP Alarm Test

1.

N-9910913 Rev. B (12/99)

Set the following test conditions:

Mode CPAP

PEEP/CPAP Fully counterclockwise
Flow Rate 20 Lpm

Background Flow 10 Lpm

Ventilator Rate 30 bpm

Peak Inspiratory Pressure = 40 cmH,0

High Inspiratory Pressure 45 cml,O
Inspiratory Time 1.0 second

Low Inspiratory Pressure 3 cmH,0

Display Select Expiration Time

Oxygen Percent 60

Pressure Relief Valve Fully clockwise

HFV Rate 12 Hz

HFV Amplitude Fully clockwise 3 - 4 turns (no hard stop)

Disconnect the hose from the proximal airway pressure inlet on the front of the
pneumatics unit,

Connect a syringe to the proximal airway pressure inlet fitting; adjust the syringe _
pressure to zero PEEP/CPAP.

Infant Star 500/950 Service Manual 5.19
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4. Perform the following steps for each PEEP/CPAP setting listed below:

PEEP/CPAP Setting (cmH;0) Alarm ON (cmH,0) Alarm OFF (cmH»0)
0 -2 -1
2 0 1
6 3 4
9 5 6
13 8 9
20 15 16

5. Set syringe pressure (as shown on the PEEP/CPAP display setting) to the Alarm Off
pressure setting.

6. Verify that the Low PEEP/CPAP alarm is OFF. (See Section 5.6, item 24.) I the alarm is ON,
wait (up to 25 seconds) for the alarm to turn OFF, then press the Visual Reset button to
clear the LED.

7.. Decrease the syringe pressure to the alarm on setting (ignore the airway-leak alarm).

8. Verify that the low PEEP/CPAP Pressure Alarm activates within 30 seconds, and takes 20
seconds to deactivate. (See Section 5.6, item 24.)

5.5.21 Obstructed Tube Alarm Tests

1. Set the following test conditions:

Mode MV

PEEP/CPAP Fully counterclockwise
Flow Rate 20 Lpm

Background Flow 4 Lpm

Ventilator Rate _ 30 bpm

Peak Inspiratory Pressure 40 emH,0
High Inspiratory Pressure 45 cmHt,0

Inspiratory Time 1.0 second
Low Inspiratory Pressure 3 cmH,0
Display Select Expiration Time
~ Oxygen Percent 60
Pressure Relief Valve Fully clockwise
HFV Rate 12 Hz
HFV Amplitude Fully clockwise 3 - 4 tutns (no hard stop)

2. Crimp the tube at the test lung and verify HIGH PIP alarm. PIP should be > 40 cmH30,
but not higher than 50 cmH,0 in the proximal airway digital display. 44 “”7 et GO

Remove aimp.
4. Squeeze the lung when the breath reaches peak pressure.

Verify that the unit can display HI PP A01, AO2 (unit may not dispiay the A02 alarm) and
AQ5 alarms. (See Section 5.6, item 25.)

Infant Star 500/950 Service Manual N-9910913 Rev. B (12/99)
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Preventive Maintenance 5

6. Kink the From Patient line hard enough to diminish flow and activate Obstructed Tube
Alarm (HI PIP AO3).

7. Verify that the Proximal Pressure drops abruptly when the alarm activates. Continue to
kink the From Patient tube to activate a HI PP A04. (See Section 5.6, item 25.)

5.5.22 High CPAP Alarm Test

1. Set the following test conditions:

Mode CPAP
PEEP/CPAP 10 cmH,0
Flow Rate 20 Lpm
Background Flow 4 Lpm
Ventilator Rate 30 bpm
Peak Inspiratory Pressure 40 cmH»0
High Inspiratory Pressure 45 cmH,0
Inspiratory Time 1.0 second
Low Inspiratory Pressure 3 cmH,0
Display Select Expiration Time
Oxygen Percent 60
Pressure Relief Valve Fully clockwise
HFV Rate 12 Hz
HFV Amplitude Fully clockwise 3 - 4 turns (1o hard stop)
“é. Turn Ventilator OFF
‘QN’ 3. Connect a syringe to the Proximal Airway Pressure inlet.
\‘\ 4. Tumn Ventilator ON. -
‘“tk S. Increase syringe pressure until OBSTRUCTED TUBE (HI CP A04) Alarm activates.
o \’ 6. Log the highest PEEP/CPAP display reading before the alarm activates (Test Limits: 15 to
$ \ \ 25 cmH,0). (See Section 5.6, item 26.)
¢

5.5.23 Overpressure Pressure Relief Valve Test
1. Set the following test conditions:

Mode MV , 74 prescue
PEEP/CPAP Fully counterclockwise 0277/ nod Ao lo/

Flow Rate 20 Lpm PE? S ( T v}

Background Flow 4 Lpm moy o7 be & e?
Ventilator Rate 12 bpm r{) é & try 4 }a o

Peak Inspiratory Pressure 90 cmHZO C l) é ) A

High Inspiratory Pressure 95 cmH,0 : ff‘k; 7, emebing
Inspiratory Time 3.0 second %UOZZT,)?Z{C:[ ;&9 Apﬁ? :
Low Inspiratory Pressure 3 cml,O o g 1 |
Display Select Expiration Time ﬁﬁ?‘ 7 ‘?’?J”‘?S?@*? ";b ép 5
Oxygen Percent 60 i C’éﬂ‘ g Aoer Pressys ¢

Pressure Relief Valve
HTV Rate

Fuliy clockwise
12 Hz

o meter. 7o odug
gf‘méw _ 07(" FJ
ﬁd&/ vs? E Seicwdrwes
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HFV Amplitude Fully clockwise 3 - 4 turns (no hard stop)

Turn the Relief Valve adjustment counterclockwise and note the Relief Valve setting on
the PIP display. (Ignore alarms.)

Increase the adjustmént, and verify that it can be adjusted from 12 to 90 «mH,0.
(See Section 5.6, item 27.)

5.5.24 Vent Inop Test
1. Set the following test conditions:

Mode MV

PEEP/CPAP Fully counterclockwise
Flow Rate 20 Lpm

Background Flow 4 Lpm

Ventilator Rate 30 bpm

Peak Inspiratory Pressure 40 cmH,0
High Inspiratory Pressure 45 cmH,0

Inspiratory Time 1.0 second
Low Inspiratoty Pressure 3 emH,0
Display Select Expiration Time
Oxygen Percent 60
- Pressure Relief Valve Fully clockwise
HFV Rate | : 12 Hz
HFV Amplitude Fully clockwise 3 - 4 turns (no hard stop)
2. Remove the rear cover of ventilator head.
3. Disconnect J9 connector at the Analog PCA.
4. Verity that Vent Inop condition occurs. (See Section 5.6, item 28.)
5. Reconnect 19 connector.
6. Verify that the Vent Inop does not deactivate. If the Vent Inop does deactivate, the
Alarm Driver PCA may have malfunctioned. (See Section 5.6, item 28.)
Switch the ventilator main power switch OFF and ON.
Verify normal conditions.
Disconnect J14 at the 1/0 PCA and repeat the procedure.
Infant Star 500/950 Service Manual N-9910913 Rev. B (12/99)
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Preventive Maintenance

5.5.25 Airway Leak Alarm Test

1.

2. Disconnect the To Patient tube.

Set the following test conditions:

Mode

PEEP/CPAP

Flow Rate

Background Flow
Ventilator Rate

Peak Inspiratory Pressure
High Inspiratory Pressure
Inspiratory Time

Low Inspiratory Pressure
Display Select

Oxygen Percent

Pressure Relief Valve
HFV Rate

HFV Amplitude

CPAP

Fully counterclockwise
20 Lpm

8 Lpm

30 bpm

40 cmH,0

45 cmH,0

1.0 second

3 cmH,0

Expiration Time

60

Fully clockwise

12 Hz

Fully clockwise 3 - 4 turns (no hard stop)

3. Turn PEEP/CPAP control clockwise to 3 cmH,0.
4. Verify that the leak alarm activates within five seconds. (See Section 5.6, item 29.)

3.5.26 HFV Rate Control Calibration and Test (Infant Star 950)

1.

N-9910913 Rev. B (12/99)

Set the following test conditions:

Mode

PEEP/CPAP

Flow Rate

Background Flow
Ventilator Rate

Peak Inspiratory Pressure
High Inspiratory Pressure
Inspitatory Time

Low Inspiratory Pressure
Display Select

Oxygen Percent

Pressure Relief Valve

. HFV Rate

HFV Amplitude

.60

HFV ONLY

Fully counterclockwise
20 Lpm

4 Lpm

30 bpm

40 cmH,0

45 cmH,0

1.0 second

3 cmH,0

Expiration Time

Fully clockwise

12 Hz
Fully clockwise 3 - 4 turns (no hard stop)

Infanit Star 500/950 Service Manual -



5 Preventive Maintenance

2. Using a storage oscilloscope or a frequency counter, observe the Proximal Airway pressure
waveform. The measurement should be taken from the rear panel, on the Analog Output
3-pin Din connector pins (1 positive and 3 negative),

3. Remove the HFV Rate knob. While viewing the measurement device, adjust the HFV
RATE shaft until the time from HFV pulse to HFV pulse equals 0.250 seconds.

4. Install the knob so that the indicator points to 4 Hz.

Adjust the following HFV RATE settings and record the time from HFV pulse to HEV
pulse. Verify it to be within the specified limits listed below. (See Section 5.6, item 30.)

HFV Rate Setting (Hz) | 'IFV Rate (Er'?l‘"(‘)'ﬁj‘)(’e“"d‘) Infant Star 950 HFV Rate (Hz)
10 0.090 t0 0.110 9.09 to 11.11
14 0.064 to 0.079 12.66 10 15.62
20 0.045 to 0.055 18.18 t0 22.22

5.5.27 HFV Flow Test (Infant Star 950)

NOTE: _
This procedure is based on using the Mallinckrodt:
* high frequency breathing circuit (P/N — N-501011)
¢ standard test lung (P/N — N-1101262)

1. Conmect a ball-type flowmeter (or equivalent) in series with the To Patient tube.
2. Set the following test conditions:

Mode HFV ONLY
PEEP/CPAP 24 cmH,0
Flow Rate 20 Lpm
Background Flow 4 Lpm
Ventilator Rate 30 bpm

Peak Inspiratory Pressure 40 anH,0
High Inspiratory Pressure 45 cmH,0

Inspiratory Time 1.0 second

Low Inspiratory Pressure 3 cmH,0O

Display Select Expiration Time

Oxygen Percent 60

Pressure Relief Valve ~ Fully clockwise

HFV Rate 12 Hz

HFV Amplitude Fully counterclockwise 3 - 4 turns (no hard stop)
5-24 Infant Star 500/950 Service Manual N-9970913 Rev. B (12/99.3)7
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and that the flow increas

Verify that the flow is between 6 and 13 Lpm. (See Section 5.6, item 31.)

Slowly turn the HFV Amplitude clockwise., Verify the flowmeter bouncing ball is normal
€s as the knob is rotated clockwise.

Set the HFV Amplitude fully clockwise.
Set the HFV Rate to 14 Hz.
Verify that the HFV Flow is between 34 — 43 Lpm. (See Section 5.6, item 31)
Remove the flowmeter.

3.5.28 HFV Amplitude Test (Infant Star 950)

1.

N-9910913 Rev. B (12/99)

Instail the HFV Breathing Circuit for this test,
2. Set the following test conditions:

Mode HFV ONLY

PEEP/CPAP Fully counterclockwise

Flow Rate 20 Lpm

Background Flow 4 Lpm

Ventilator Rate 30 bpm

Peak Inspiratory Pressure 40 cmH,0

High Inspiratory Pressure 45 cmH,0

Inspiratory Time 1.0 second

Low Inspiratory Pressure 3 cmH,0

Display Select Expiration Time

Oxygen Percent 60

Pressure Relief Valve Fully clockwise

HEFV Rate 12 Hz

HFV Amplitude Fully counterclockwise 3 - 4 turns {no hard stop)
Verify that the HFV Amplitude display is between 6 - 12 cmH»O. (See Secﬁon 5.6,
itemn 32.) ‘ ‘
Set the HFV Amplitude fully clockwise and the Rate to 14 Hz.
Verif;; th)at the HFV Amplitude display is between 42 and 64 ¢mH,0. (See Section 5.6,
item 32.

Infant Star 500/950 Service Manual - 525
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5.5.29 HFV PEEP/CPAP Control Test (Infant Star 950)

NOTE:
This procedure is based on using the Mallinckrodt:
* High frequency breathing circuit (P/N — N-501011)
* Fisher & Paykel low compressible volume humidifier chamber (P/N — N-501209)
+ Standard test lung (P/N - N-1101262)

1, Set the following test conditions:

Mode HFV ONLY
PEEP/CPAP See below
Flow Rate 20 Lpm
Background Flow 4 Lpm
Ventilator Rate 30 bpm

Peak Inspiratory Pressure 40 cmH,0
High Inspiratory Pressure 45 emt,0

Inspiratory Time 1.0 second

Low Inspiratory Pressure 3 amH,0

Display Select EE Ratio

Oxygen Percent 60

Pressure Relief Valve Fully clockwise

HFV Rate 12 Hz .

HFV Amplitude Fully counterclockwise 3 - 4 turns (no hard stop)

Adjust PEEP/CPAP settings as listed below.

Verify the PEEP/CPAP setting and the PEEP/CPAP display agree for at least 5 seconds
before recording the Servo Correction. (See Section 5.6, item 33.)

4. To view the Servo Correction, press and hold both the Alarm Silence and Visual Reset

“buttons until “:--1” appears in the Selected Data window.

PEEP/CPAP (cmH,0) Limits (emH,0)
3 -16to +16
4 -16to +16
6 -16 to +16
8 -16 to +16
10 -16 to +16
14 -16 to +16
18 -16to+16
22 -16to+16
24 -l16to +16

Infant Star 500/950 Service Manual N-9910913 Rev. B {12/99)
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Preventive Maintenance

5.5.30

IMV + HFV Inadvertent PEEP Test

1. Set the following test conditions:

Mode

PEEP/CPAP

Flow Rate

Background Flow
Ventilator Rate

Peak Inspiratory Pressure
High Inspiratory Pressure
Inspiratory Time

Low Inspiratory Pressure
Display Select

Oxygen Percent

Pressure Relief Valve
HFV Rate

HFV Amplitude

IMV + HFV

Fully counterclockwise
See below

Sece below

See below

40 cmH,0

45 cmH,0

See below

3 cmH,0

Expiration Time

60

Fully clockwise

12 Hz

Fully counterclockwise 3 - 4 turns (no hard stop)

2. Verify that the PEEP/CPAP display is within limits. (See Section 5.6, item 34.)

Flow Rate Background Inspiratory Time | Ventilator Rate PEEP/CPAP Limits
{Lpm) Flow (Lpm) (seconds) {bpm) {cmH,0)
40 30 _ 0.50 60 Oto5s
30 30 0.33 90 0tas
20 20 0.15 120 0to5
10 10 0.10 150 Oto5

5.5.31 Internal Battery Operation Test

The ventilator internal battery should be charged every 2 months to promote longer battery

life (allow 2 hours to fully charge).

1. Charge the internal battery:

a.

Turn the ventilator OFF

b. Set the green circuit breaker switch ON.

c. Connect the internal battery to an outside ac source and charge for 2 hours.

N-9910913 Rev, B {12/99)
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2. Set the following test conditions:

Mode MV

PEEP/CPAP Fully counterclockwise

Flow Rate 20 Lpm

Background Flow 4 Lpm

Ventiitor Rate 30 II;pm wlndéwa rn 03,07 e

Peak Inspiratory Pressure 40 cmH,0 Mndow 6- 3V fs’ef

High Inspiratory Pressure 45 cmH,0 E31- Vent TNOP )
Inspiratory Time 1.0 second B Uger Bad ";{E f-d%
Low Inspiratory Pressure 3 cmH,0O sV
Display Select Expiration Time 3 U R/ SVZ2 256:,0/%53
Oxygen Percent 60

/\S"V 05“0}}7 Seren /o wmd()to
/M dragnostie.,

/$Y X ,6/653 = 3 Vorts
Fully clockwise 3 - 4 turns {no hard stop)

Pressure Relief Valve Fully clockwise
HFV Rate 12 Hz

HFV Amplitude

NOTE:
Once the battery is fully charged, it can be tested in the IMV mode,

3. Tumn ventilator power ON, unplug the ac power cord and verify:
* Displayed values do not change more than *1.
s EXT POWER LOSS LED is turned ON.
* Ventilator delivers positive pressure breaths.
¢ No active alarms.

4. The ventilator should run for a minimum of 30 minutes before it produces a low battery
LED indication. Replace battery if failed. (See Section 5.6, item 35.)

5.5.32 Hour Meter

Note that the hour meter increased in time (tenths of an hour) during the unit checkout,
(See Section 5.6, item 36.)

Infant Star 500/950 Service Manual N-9910913 Rev. B (12/99)
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Preventive Maintenance 5

5.6  Troubleshooting

Use this troubleshooting information in conjunction with the preventive maintenance /
extended tests.

1. Ground line resistance 0.1 £ or less failure
a. Check for short circuits across or visible damage to power cord.
b. Verify secure connection of ground wires at terminal on weldment.
c. Try another ac outlet.
2. Leakage current out of specification
a. Check‘ for damage to power cord.
b. Replace power supply.
3. Unit power-up test fails
a. Replace power switch. (Check all connections.)
b. 'If unit displays error codes refer to Section 9.
c. Ifunit fails upon power-up, replace MP2 PCA.
d. If unit completes a self test then fails, replace MP101 PCA.
e. Replace EPROMs.
4. A0S test fails (high peak inspiratory pressure)
a. Adjust pressure relief fully clockwise.
b. Replace Pressure Transducer PCA.
¢. Replace Analog PCA.
5. Low air pressure switch test fails
a. Verify air source are within specs.
b. Verify wiring of pressure switch #1.
¢. Recalibrate/replace pressure switch #1,
6. Low oxygen i)ressure switch test fails
a. Verify oxygen source are within specs.
b. Verify wiring of pressure switch #2.
¢. Recalibrate/freplace pressure switch #2.
7. Check valve test fails
*s  Replace airfoxygen check valve.
8. Proximal pressure test fails
a. Verify ﬂmctionaiity of manometer, Replace if necessary.
b. Check for static field on Front Panel. (Wipe overlay with moist towel.)

Re-zero manometer.

a o

If analog gauge is off, recalibrate R76 on Analog PCA.
e. Check Proximal line for leaks.

N-9910913 Rev. B (12/99) infant Star 500/950 Service Manual 5.29
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Schematics 7

7.1.5 MP101 PCA

The MP101 PCA (P/N - N-1101345) uses a 80631 microprocessor and its associated buss
structure to perform program control of the operation of the Infant Star 500/950 ventilators
in basically the same manner as the MP2 PCA.

A function of the MP101 programming is to control the operation of the Analog PCA and the
decoding of the digital information obtained from it.

The programming of this PCA also provides for input and output port timing signals that are
used on the I/O PCA for Front Panel Mode Selection/Display Information and output
direction control of information and control signals.
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Figure 7-7. MP101 PCA
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Schematics

7.1.6 Pressure Transducer PCA

The Pressure Transducer PCA (P/N - N-1101163) is located in the pneumatic base assembly
and provides the following outputs:

« PT2
¢ Prox + and Prox -
e PT1

The P12 signal takes the proximal pressure reading of 0 - 100 cmH,O and converts it to
output voltage 0 - 2.344 Vdc, which is directly proportional to the input pressure. This is
accomplished by the use of a constant I source and a metering circuit (U4 and U2) that feeds
the PT2 output amp to accomplish the signal conversion. The output of the PT2 gain amp is
paralleled to the prox amp which converts the 0 - 100 cmH>O proximal pressure to a
proportional 0 - 1 Vdc output used for oscilioscope viewing of the breathing pulses.

The PT1 signal takes the 0 - 100 cnH,O To Patient pressure and converts this signal to
-0.298 Vdc to +2.126 Vdc in the same scenario as PT2.

To prevent water damage to the Pressure Transducer PCA, an in-line filter
(P/N - N-4403017) can be added to the proximal pressure line.
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Figure 7-9. Pressure Transducer PCA
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Schematics

7.1.7 Front Panel PCA

The Front Panel PCA (P/N - N-1150012) assembly is divided into three sections:
¢ front panel controls

e mode and display select

* sirobe decode and driver (includes display LEDs)

The front panel controls consist of eight separate potentiometers connected to the +5 VA
supply. The output of each are:

* Ventilator Rate 0-5V
* Peak Insp. Time 0-5V
* Inspiratory Time 0-5V
« PEEP/CPAP 0-5V
* Flow Rate 0-5V
¢ Background Flow 0-5V
* High Insp. Pressure 0-5V
¢ Low Insp. Pressure 0-5V

These analog signals are routed to the analog PCA for conversion to digital numbers.

The Mode Select and Display consists of five individual switches that route the +5 Vdc to the
MP2 and 1/O PCAs. These settings are decoded and determine how the Infant Star 500/950
ventilators are being used.

The strobe decode takes the DBO - DB7 buss from the MP2 PCA and decodes them into strobes
0 - 7 at the high-going edge of the DS signal to U6 and U7. The DBO - DB7 buss is then
multiplexed to block data latches 0 - 4 to provide seven segment drivers to the LEDs
associated with each of the four respective blocks. When a strobe is active to a specific LED
within a block that has segments decoded, these segments of the LED light cause the LED to
provide the appropriate front panel indications, as required by the internal program of the
Infant Star 500/950 ventilators. The strobe decode also routes the following signals across the

‘PCA:

s Meter+to E1
* Meter-to E2
* Intik 1 toIntlkk 2

It also provides display information for Power Loss, Ext. Power Loss, and Vent Inop.

N-9910913 Rev. B (12/99) Infant Star 500/950 Service Manual 7_-1 3
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7.1.8 1/0 (Input/Output) PCA
The [/O PCA (P/N - N-1101157) serves three functions:
* input/output buss routing

* watchdog timer circuits for MP101 and MP2 PCAs
o interlock routing of seven separate signals

The functions of the input/output are to gate information into and from ADO - AD7 buss as
follows:

¢« In0O enabies Vent Mode, Vent Type, Manual Breath and MP2 Hand Shake information
from Front Panel to ADO - AD7 buss.

» In 1 enables Display Select and Re-Zero information to ADO - AD7 buss.
* In 2 enables Star Sync Trigger to the ADO - AD7 buss from the front panel.

¢ Qut 0 transfers information from the buss to the MP2 PCA through LO - L7 (information
from the A/D buss).

» Qut 1 passes information from the MP101 PCA via the ADO - AD7 buss to the Alarm
Driver PCA controlling valve enabling lines (out of U7).

*  Qut 2 controls ADO - AD7 information out of U12.

¢ Qut 3 controls information out of U6 from the ADO - AD7 buss which is used for valve
control information and for gating of the MP101 watchdog timer. The watchdog timer
circuits serve to provide resets to the appropriate memory PCAs when these circuits sense
the loss of activity from either of these PCAs.

Interlock routing is provided for the following signals:
= Vent Inop LED

* Power Loss LED +

e Power Loss LED -

s Int. Batt LED

s Interlock 1

e PIP Interlock

e PEEP Value Interlock

Infant Star 500/950 Service Manual . N-9910913 Rev. B {12/99)
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718

7.1.9 Alarm Driver PCA (Original)

The Alarm Driver PCA (P/N - N-1101162) is divided into three operational sections:
¢  Alarm Monitor

¢ Valve Control

* Power Monitoring

The Alarm Monitor checks the status of five control signals and detects whether certain
operational conditions exist. When any parameter is in the wrong state, the alarm monitor
removes power from the solenoids and provides for Front Panel indication of trouble(s) by
causing the Vent Inop LED to light. Once this condition has occurred, the power must be
recycled to clear the Vent Inop thus restoring the 10 V 5V to the solenoids.

The Valve Enable provides drive to the appropriate solenoids as required by the I/O
information (U7 on I/O PCA).

- Power Monitoring provides for both visual and audible indications whenever input voltage

control changes occur. Visual indications appear on the Front Panel and the audible
indication is provided by an internal system of buzzers.
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Figure 7-15. Alarm Driver PCA
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Figure 7-16. Alarm Driver PCA Block Diagram
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7.1.10 Differential Pressure PCA

The Differential Pressure PCA (P/N - N-1101186) controls the flow of blended gases from the
oxygen blender and keeps the accumulator pressuze at 38 psi, including:

* Upstream Pressure

s Downstream Pressure

* Low Flow Oxygen or Air Pressure Alarms
¢ Low Manifold Pressure Alarm (P83) 8 psi

When the pressuze in the Accumulator drops to approximately 28 psi, SV13 turns off,
opening the pilot valve allowing flow and building up the pressure in the Accumulator.
When pressure at the Accumulator increases to within 2 psi of R1 (air regulator pressure -
setting), SV13 energizes, closing the pilot vaive.

The Differential Pressure PCA is connected to SV13, PS-3, 10 VS, 10 VA, and the Upstream and
Downstream Pressure Tubing.

To measure the Upstream and Downstream pressure controls flow, the pressure is fed to the
Differential Pressure PCA where a transducer (XDCR1) converts the pressure to a negative and

positive voltage output. The resultant voltages are sent through two stages of amplification.

This amplified output is then compared with a known Voltage Reference and is used to gate
SV13 on and off. This gating can be observed by watching DS1 on the PCA which iluminates
when SV13 energizes.
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Figure 7-17. Differential Pressure PCA
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Figure 7-18. Differential Pressure PCA Block Diagram
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7.1.11 CE Mark Ventilators

NOTE:
CE marked ventilators can be identified by the CE labels affixed to the rear of the ventilator,
the ferrite cores on the RS-232 cable battery, the analog output harnesses, and the capacitor
between terminals 1 and 4 of Terminal Block 3 (TB3). Contact your local Mallinckrodt
representative if these components are not installed.

7.1.11.1 Power Monitoring

There is a green rocker switch, on the ventilator rear panel, whose function is to charge the
ventilator battery. When the ventilator has power and is turned ON, and the green rocker
switch is set to the ON (|) position, a light behind the switch illuminates. This indicates the
internal battery is charging.

The rocker switch is equipped with an ac circuit breaker which protects the ventilator against
possible shorts and line surges. When the circuit breaker trips, the rocker switch switches OFF
(0 position) thus interrupting ac power to the ventilator. To reset the circuit breaker, set the
rocker switch back to the ON position.

If the ventilator has power and is turned ON, but the green rocker switch is turned OFF, the
power supplied to the ventilator does not charge the internal battery. When this is the case,
the External Power Loss LED, on the front panel display, illuminates. This indicates the
ventilator is operating on the internal battery. After approximately 30 minutes of battery
operation, the Low Battery light illuminates and an alarm sounds. If the ventilator continues
operation without the rocker switch being reset (turned ON), the ventilator will declare a
VENTILATOR INOPERATIVE condition after approximately 5 minutes.

7.1.11.2 Alarm Driver PCA - Current Limiting

The Alarm Driver PCA (P/N —N-1175017) is divided into five operational sections
(Figure 7-19):

» Alarm Monitor

* 12.5 V Power Supply Generation.

s Valve Control

* Power Monitoring

s Alarm Control

The Alarm Driver PCA checks the following status signals:
e VALVE ENA2

* MP2OK

+ VALVE ENA1l

* MP101CK

e PSOK

¢ over-current status from the OXYGEN/AIR gases blending SV13

When any of these parameters are in the wrong state, the alarm monitor will negate the
SYS_RDY and SYS_GOOD signals. Setting the SYS_RDY signal to a logic low state, stops the
10 V solenoid from supplying power to all solenoids. Setting the SYS_GOOD signal to a logic
low state, causes the safety valve (S§V7) to open and the VENTURI INHIBIT valve (SV0) to
deactivate, thus causing no venturi flow to reach the exhalation block. The Front Panel Vent
Inop LED and the External and Internal audible alarms are activated simultaneously. Once

Infant Star-500/950 Service Manual . N-9910913 Rev. B (12/9%)
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this condition occurs, power must be recycled to clear the Vent Inop alarm and thus restore
power to the solenoids.

The 12.5 V power supply generates 12,5 Vdc whenever 10 V solenoid is present. The 12.5V
switching power supply is current limiting at approximately 3A and is precisely adjusting
potentiometer R44 (in the voltage monitoring section) to set output voltage.

Valve Driving provides power to the appropriate solenoids as required by the 1/O information
(U7 on I/O PCA). All valve drivers are current limiting at 500 mA. If any valve exceeds this
limit, the driver for that valve will shut off until power is recycled. All flow valves are driven
by two stage drivers. At approximately 8 mS after activation, the voltage across the valve is
11 Vdc and then changed to 5.5 Vde until the valve is deactivated. The PEEP, EXHALATION,
VENTURI, and SPARE valves are driven with a constant 11 Vdc.

Power Monitoring monitors the supply of current to the heater mounted on the exhalation
block and the 0, blender. When the heater current exceeds approximately 0.62 A, the heater
relay K1 is latched OFF until power is recycled. When the 0, blender current exceeds
approximately 0.64A, the SYS_RDY signal is forced to a logic low state thus causing the 10 V
solenoid to disconnect from the valves and activate the alarms as described above. It also
monitors Power status: *INT BATT and LOW BATT signals from the Power supply and I/O
PCA. The corresponding LEDs are activated as a result of these signals.

Alarm Control drives the internal, external, and remote alarms with the same signal (*BUZZ).
This signal can be activated by the AUD ALM, VENT INOP2, VALVE ENA2, MP2 OK, VALVE
ENA1, MP101 OK, and PS OK signals. The alarms are powered by 10 VP if the ac line voltage
is present, or by the internal battery if the ac line voltage is disconnected. When there is a
system power loss, the 4.8 V back-up battery provides power to the internal audible alarm.

The oscillator with 0.5 seconds on-time and 2 seconds off-time intermittently drives the
internal alarm.

O n w e naw
¢ S S— L —
nay RE g D o W2 FEaeaf] =
III m’”m%%?mu T— 21
« ]/

S-00136

Figure 7-19. Alarm Driver PCA (current limiting)
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7.1.11.3 Proximal/Differential Transducer PCA

The Proximal/Differential Transducer PCA (P/N - N-1175018) is located in the pneumatic
compartment base assembly and its function is to convert the proximal and internal pressure
signals to electrical signals for pressure control and monitoring purposes; its other function is
to control the 0, blender gases. Following is a detailed description of each function of the
PCA.

The Proximal and Internal Pressure Conversion part of the PCA provides the following
outputs:

s« PT2
¢ Prox +and Prox -
¢« PT1

The PT2 signal is converted from: the proximal pressure reading of 0 - 100 cmH,0. The
proportional voltage of 0 - 2.344 Vdc is accomplished by using a constant current source
(CR1, CR2, U1A, and R10) and an instrument amplifier circuit (U3, U4, and U1D). The output
of the differential amplifier (U3 and U4 which are part of the instrument amplifier} is
connected to PT2 and Proximal op-amps which convert the differential signals to single-
ended signals. The PT2 op-amp output is reference to 2 V. The output of the Proximal op-amp
is reference to an analog ground. The signal is directly connected to an outside monitoring
device. A high-impedance resistor network (R29, R30, and R31) divides the Proximal pressure
signal down to provide internal circuit protection. The voltage produced by this circuitis O -
1 Vdc, which is directly proportional to O - 100 cH;O.

The PT1 signal is converted from a 0 — 100 cmH,O pressure reading to a -0.298 Vdc -
+2.126 Vdc electrical signal in the same manner as PT2.

The Controlling Air/Oxygen Gases Blender part of this PCA controls the flow of blended gases
from the 0, blender and keeps the Accumulator pressure at 38 psi including:

» Upstream Pressure

¢ Downstream Pressure

* Low Flow Oxygen or Air Pressure Alarms
e Low Manifold Pressure Alarm (PS3) 8 psi

When the Accumulator pressure drops to approximately 28 psi, SV13 is turned off, opening
the pilot valve allowing flow and building up pressure in the Accumulator. When
accumulator pressure is within 2 psi of the line Pressure, SV13 energizes and the pilot valve
turns off.

‘The Proximal Differential Transducer PCA provides 10 V (10VSX) for SV13. The Upstream and
Downstream Pressure Tubing is connected to the differential pressure transducer PT3.

Measuring the Upstream and Downstream pressure controls flow. This pressure is fed to the
pressure transducer (PT3) which converts the pressure to a differential electrical signal. The
resultant voltage is amplified by an instrument amplifier (U9A, U9B, U9C and associated
discrete components) which amplifies and converts the signal to a single-ended signal. The
output is then compared with a 3.75 V reference voltage (set up by R63 and R74)) by
comparator UL0A. The output signal of this comparator is inverted by U10B whose output is
connected directly to the SV13 driver (Q4). The driver status can be observed by watching
DS1 that is lit when the solenoid energizes.

N-9910913 Rev. B (12/99) Infant Star 500/950 Service Manual . 7-25
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Figure 7-21. Proximal/Differential PCA Block Diagram
7.1.12 Pneumatic Assem‘bly Functional Descriptions

7.1.12.1 IMV Regulator (R5)

RS is gray and is located at the rear of the pneumatic base, on the bottom right side, adjacent
the transducer PCA. It is calibrated to 65.2 cmH,0. During a delivered breath, the IMV
regulator provides pressure to the back of the exhalatlon diaphragm through SV10 (IMV/
PEEP select solenoid valve).

7.1.12.2 PEEP Regulator (R6)

Ré is located at the rear, bottom left side, of the pneumatic base. It is gray and is visibly
different from the IMV regulator due to its dome port. The one-to-one regulator (a 1 cmH,0Q
of pressure on the dome delivers 1 cmH,0 through the output) is controlled by SV8 (PEEP
solenoid valve). When the ventilator is set to PEEP/CPAF, the PEEP regulator applies pressure
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to the back of the exhalation diaphragm when $V10 is deenergized. When a breath is not
being delivered and there is no PEEP to apply pressure to the back of the exhalation
diaphragm, the patient exhales to atmosphere.

7.1.12.3 Air Regulator (R1)

R1 is located at the rear of the pneumatics base, on the top right side, near the transducer
PCA. It is calibrated to 38 psi (35 psi for CE marked 500 models) and supplies 38 psi pressure
to the oxygen blender, oxygen regulator dome, IMV, PEEF, mini regulators, and $V9. The R1
check valve allows flow into the ventilator, does not allow the air that has entered to return,
and is connected by an attaching inlet manifold block.

7.1.12.4 Oxygen Regulator (R2)

R2 is positioned at the rear of the pneumatics base on the top left side. It is calibrated to the
output pressure of R1 using a differential capsuhelic gauge -5 to +5 cmH,0 to approximately
-0.9 cmH30. It has a bleed on the bottom rear, lett side. It provides the equivalent pressure to
that delivered by R1 to the blender. If R1 drops in pressure, R2 drops equally.

7.1.12.5 O, Blender

The O, Blender is located just behind the O, blender control knob located on the front of the
pneumatic base. It is a long aluminum block with brass sleeves on at each end. It is calibrated
to £3 percent of the control knob setting, with the exception of 21% and 100% which are
calibrated +2%. When the O, control knob is positioned at 21, the oxygen plunger shaft (to
which the knob attaches) is turned back, blocking any flow coming from the oxygen portion
of the blender. When the control knob is positioned at 100, the oxygen plunger shaft is
turned all the way in, blocking flow from the air side of the blender. AH other settings allow a
mixture of the gases producing different oxygen percentages. The blended gases are shared by
the blended gas outlet, and the To Patient port.

7.1.12.6 Mini Regulator (R7)

R7 is located at the front of the pneumatic base to the left of the blender assembly. It is
calibrated to 13 psi to supply a 13 psi PEEP pressure to SV8 and the safety valve regulator (R8).
There is a lock-down ring under the adjuster, which is pushed down and tie wrapped after
calibration.

7.1.12.7 Proportional Flow Manifold

The Proportional Flow Manifold is located in the front left portion of the pneumatic base and
behind the To Patient port. It supplies the To Patient port and the blended gas outlet with gas
from the blender. The regulator (R4) is calibrated to 18 psi and the flows are controlled by the
use of a restrictor in the block under each solenoid. If the flow is 16 Lpm, a restrictor is not
normally required.

7.1.12.8 Jet Venturi

A lower pressure is produced inside the exhalation block assembly to reduce the inadvertent
PEEP/CPAP in the patient circuit. (Inadvertent PEEP/CPAP is unwanted pressure that is higher
in the patient’s circuit than the PEEP/CPAP set on the ventilator.) The solenoid (SV9)
dutycycle varies to control the flow to the venturi inhibit solenoid (SV0). SVO0 is energized
during exhalation to allow the flow to go to the jet venturi. The jet flow through the venturi
creates an area of low pressure. This low pressure aids the exhalation flow and removes the
inadvertent PEEP/CPAP.

L. N-9910913 Rev. B (12/99) Infant Star 500/950 Service Manual - 727
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Figure 7-25. Infant Star 950 Exhalation Pneumatic Diagram
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7/ Schematics

% .

7.1.14 Electrical Interconnect Diagrams
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Schematics
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Schematics 7
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Schematics

7.1.15 CE Mark Electrical Interconnect Diagrams
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Schematics . 7
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SECTION

Hardware Identification

8.1 Hardware Identification
The following assemblies and identifying components are included in this section:
s Yoke
¢ Front Cover
¢ Rear Cover
¢+ Pneumatic Base
s Pneumatic console
¢ Relief Valve
¢ O, Blender/Flow control

NOTE:

Part numbers are provided for convenience of identifying components. They are not
intended to be used to order parts, as they may not be accurate with the latest part number
for a given component. When ordering parts, numbers should be verified in the latest Price
List or by contacting Mallinckrodt at 1-800-635-5267, press 2 for Technical Support.

N-9910913 Rev. B (12/99) ‘ Infant Star 500/950 Service Manual
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Hardware Ildentification
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Figure 8-1. Yoke Assembly
NOTE:
The front panel ground has been moved to the bridge rectifier on latest Infant Star 500/950
ventilators
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Hardware Identification 8
Table 8-1: Yoke Assembly Parts List

Reference Description Part Number
A Alarm Driver PCA N-1101162-5P
Current Limiting Alarm Driver PCA N-1175017-SP

B Cable Assembly J-4 N-1101241
¢ MP-2PCA  sesponsible for Aispla Y Showas Sf By, 11011565
P VOPCA Jight hesbots, ext porer toss N10NS7-5p
E MP101 PCA - 8,5”;,7 O'fn&an‘Z‘ N-1101345-5p
F Analog PCA N-1175040-5P
G Power Supply PCA N-1101160-5P

H Cable Assembly, )-7 N-1101239

I Cable Assembly, }-28 N-1101235
K 100 Vac Transformer N-1101350-5P
Transformer Universal Assembly 115, 220 Vac N-1150042-5P

L Bracket, Battery Upper N-2101307
M Battery Assembly N-1101230-5P

N Bracket, Battery, Lower N-2101306

P Cover, Pneumatic Housing, ISV N-2175025

R Cable Assembly, |-10 N-1101240

T Foam, Cover N-2101389

T£ K/ ,ﬂo/ay oprns Jt wil md alew
a s/gpal 20 He Solronds
03 g"o? Conrretiog /Y Ypp
ot
§83-E30  pressure Fronsducer to Qorm boordl
Stl ors0f - PIP whdow
"N-9910913 Rev. B (12/99) infant Star 500/950 Service Manual 83



Hardware ldentification

)z;onf' 3’3’/ o
/589858

00116

8-4

Figure 8-2. Front Cover Assembly

Table 8-2: Front Cover Assembly Parts List

Reference Description Part Number
A Knob, .43 dia x .62L, Selection N-2120020-2
B Knob, .43 dia x .62L, N-2120020-1
C Plug, 3/16 Hold x 11/32 Head, Nylon N-4800201
D Overlay, Front Panel, Model 5004 /0 28 N-9910371

Overlay, Front Panel, Model 950 N-9910764
E Sub-Panel, 1SV Front N-2175018
F Front Panel PCA, Modet 500 N-1150012-5P
Front Panel PCA, Model 950 N-1195012-5P
G Gauge, 10 to 120 emH;0 N-4300025
H Meter Bracket N-2150035
| Front Cover/Bezel Assembly N-1175015

infant Star 5007950 Service Manual

N-9910913 Rev. B (12/99)
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Hardware Identification

(PLUG NOT USED
ON 230 V VERSION)

-N-9910913 Rev. B (12/9%)

Infant Star 500/950 Service Manual
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” Figure 8-3. Rear Cover Assembly

]

g Table 8-3: Rear Cover Assembly Parts List

? Reference Description Part Number
y A Clamp, Capacitor New Style N-2150029
ﬁ B Capacitor, 2300 uf, 20V, 20% N-6700006
: C CKT BKR, SPST, 8A/250V N-7600006
y D Cable Assembly, Remote Alarm Connector |-37 ‘N-1800010-5P
g E Hour Counter Assembly N-1101255
p F Relay SPDT, 12vdc, 104, .19QCD N-5150011
; G Cover, Rear, ISV N-1175011

? Circuit Breaker, DPST, 2A, 115Vac Lamp, GRN N-7600043
Q Circuit Breaker,1.2A,115V, Universal Transformer N-7600060
) Circuit Breaker,.6A,230V, Universal Transformer N-7600059
# K Cable Assembly, J-17, RS-232 N-1101264
o Cable Assembly, {-17, RS-232 Shielded (CE model) N-1101282
g L Switch, Rocker, DPDT, 3A @ 250Vac, Black  N-7600004
3 M Connector Assembly, Wired Proximal N-1101292
v

7.

) .




Hardware Identification

Table 8-3: Rear Cover Assembly Parts List (continued)

Reference Description Part Number

N Cord, Power W/Hospital Grade Plug N-8109001

Cord, Universal Power N-8109010
P Alarm, Audio, Modified N-2101301
R Cable Assembly, Star Sync, Intermal N-1800077
S Switch Seal, Push Button 3/8-32 Cover, Alarm Remote N-7800169
T Strain, Relief N-7800026
u Anchor Mount N-3440026

Cable Tie, 14.7 Large N-3440027
v Terminal Block, 4 POS N-27120051
w Terminal Block, 3 POS N-2120052
X insulation Terminal Block N-2120050
Y Bracket, Relay, ISV (B/C) N-2175008
zZ Torrid, Ferrite, CYLD, 196 OHM, 100MH; N-7800228

Infant Star 500950 Service Manual

N-9910913 Rev. B (12/99)
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Hardware Identification

O\ OO\ /%

See Detail C
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TERMINAL BLOCK IS NOT SHOWN
For terminal block instaliation, see View D

VIEWD

Some items not
shown for clarity

SECTION A
Some wiring and parts
removed for clarity

SECTIONB

557 k5" |
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VIEW ©
Mini Beg Assy
QOrient approx as shown
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8 Hardware Identification
Table 8-4: Pneumatics Base Assembly Parts List
Reference Description Part Number

A PEEP Regulator N-1700002-5P

B Proportional Manifold Assembly, Model 500 N-1150022-5P
Manifold Assemnbly, Proportional HFY, Model 950 N-1121275-5P

C Double Spade Disconnect Adapter, Male N-7700137

D SV7 Solenoid N-1101229.5P

E PEEP Restrictor and Tubing Assembly N-1101228

F Foam Accumulator N-2101288
0O, Regulator Assembly, 1/8-inch NPT, 35 psi (CE model and N1195006-5P
overhauled since January 1999)

G 05 Regulator Assembly N-1101331-5P
0, Regulator Assembly, 1/4-inch NPT, 38 psi (35 psi CE N-1150068-5P
model 500} '

H 1/4" to 1/4' NPT Bushing Chrome Nipple Fitting N-3600151
1/8-inch NP{T Chrome Nipple (CE model and overhauled N-3600174
since January 1999)

J Chrome 1/4 x 1/4" NPT Elbow Fitting N-3600150
1/8-inch NP{T 90° Elbow Fitting (CE model and overhauled N-3600175
since January 1999)

K 05 Body CGA 1240 x 1/4" Chrome N-3600153
0, Body Adapter dCGA 1240 x 1/8 inch (CE model and N-3600176
overhauled since January 1999)

L Cable Tie 14.5 LG .19 Wide NYL N-3440009

M Accumulator Bundle Assembly N-1101215
Bundle Assembly N-1121215

N Air DISS FTG Body Adapter, 1/4” NPT Chrome N-3600152

p DIS Demand Check Valve 1/4” NPT O, Fitting Chrome N-3600154

R Cable Assernbly, Pres. Sev (1,2,3) N-1101303

) XDCR PCA {non-CE mark ventilator) N-1101163-5P
Proximal/Differential Transducer PCA (CE model ventilator) N-1175018-SP

T IMV Regulator Assembly N-1700056-5P

U - Sleevg, Pole Mount N-2100112

Vv Prt/restricior Assembly Bleed N-11012667

w CBI tie 3.9 LG 0.10 Wide NYL N-3440008

X Muffler/Bleed part Assembly N-1101268-5P

8-8 Infant Star 500/950 Service Manual

N-9910913 Rev. B {12/99)
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Hardware Identification

Table 8-4: Pneumatics Base Assembly Parts List (continued)

Reference Description Part Number
Y Bracket Assembly SV-8, SV-9 solencids, Model 500 N-1101227
Bracket Assembly SV-8, SV-9 Solenoids, Model 950 N-1121227
AA Mini REgulator Assembly N-1101253-5p
AB Inhibit Assembly, Venturi SV Solencid N-1101258-5P
AC Base, Pneumatic, Silk-screen N-2190003-21
AD Foot, Rubber, 1-18 D x 7/8 Tall Black N-4800204
AE Bracket, Mounting Terminal Biock N-2101338
AC Fitting, barbed, 1/8 Tubing - 1/8 NPT N-3610071
AH Fitting, ELL, 1/8 NPT x 10-32 N-3600182
Al Muffler, 10-32, Sintered N-4800118
AK Knob, Thumb Screw, Knurled, NO8 N-5400004
AM Filter Assembly 1/4” NPT 5 Micron N-4402005
Fitter Assembly 1/8” NPT 5 Micron (CE model and N-4402068
overhauled since January 1999)
Filter Element, 5 Micron N-4403006
AN Air Regulator Assembly N-1101202-Sp
Air Regulator Crossover Assembly (CE models only) N-1101529-5P
AP Blender Gas Outlet Assembly N-1101221-5p
AR 0, Biender/Snap Assembly N-1220068-SP
03 Blender Assembly (CE models only) N-1195007-5P
AS Manifold Assembly, Proportional HFV, Model 950 N-1121275-5P
AT Key Lock Assembly, Model 950 N-1195019-5P
Key Lock Assembly (950 CE model only) N-1800059-5P
AU Replacement Key HFV N-7600068

N-9910913 Rev. B (12/99)
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SECTION B-B
VALVE ASSY NOT SHOWN
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LOCATION OF O-RING _
AFTER INSTALLATION

SIDE VIEW OF CONSOLE

WITH VENTURI BLOCK ORIENTATION

VIEW A-A

3-00112

Figure 8-5. Pneumatic Console Assembly

Table 8-5: Pneumatic Console Assembly Parts List

Reference Description Part Number
A Venturi Nozzle Assembly Modei 500 N-1150016-5P
Venturi Nozzle Assembly Model 950 or CE modetl 500 N-1195016-5P

B Clamp Assemnbly, Venturi Block N-2175013

C Knaob, Clamp, 1SV N-2175038

E FTG, Short Coupling, #10-32, BRS N-3600141

F Dowel Pin, .125 DiA x .750L N-3400062

G Pivot Block, ISV N-2175014

H Screw, SKTHD, Set 6-32 x 3/16 N-3100511

§ Support, Heater Block N-2175010

K Block Assembly, Heater N-1150019
L Valve Assembly, PEEP/IMV, SV-10 N-1150021-5P

Dowel Pin, .125 dia x 1.50 L, 55 N-3400063

N FTG, Barb, 90 degree 1/8 NPTF x 3/1 N-3610054

8-10 Infant Star 500/950 Service Manual
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Hardware Identification 8
Table 8-5: Pneumatic Console Assembly Parts List {continued)
Reference Description Part Number
P Bracket, Base Support, Right N-2175023-2
S Screw, Panhead, Phil, 8-32 x 3/8 N-3100036
T Bracket, Base Support, Left N-2175023-1
U Plate, Heating, 15V N-2175007
v Thermistor, open @ 140/close @ 120 N-5500008
w Resistor, Power, 30 ohms, 10W, 1% N-6800053
X Venturi Block Assembly, Threaded N-1150024-5P
Y Valve Assembly, Relief N-1150009-5P
AA Screw, Phil, Panhead, #6-32 x 3/8 N-3100026
AB Retainer, Pivot Block 1SV N-2175015
N-9910913 Rev. B (12/99) Infant Star 500/950 Service Manual 811
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ASSEMBLED VIEW
S-00120
Figure 8-6. Relief Valve Assembly
Table 8-6: Relief Valve Assembly Parts List

Reference Description Part Number
B Collar, Shaft N-2175052

C Washer, Nylon, .505 1D x 1.25 CD N-3220154

D Washer, Wave, .578 ID x .995 OD N-3220155

F Bracket, Relief Valve MTG N-2175027

H Cam, Relief Valve, 15V N-2175031

K Spring, Relief Valve N-2175053

L Rall, 3/4 dia. Delrin N-4800182

M Retaining Ring, .25 OD, .219 DX 029 GRV N-3700045

N Shaft, Relief Valve N-2175033

P Valve Block, Relief N-2175032

R Fitﬁng, Barb NYL, 1/8 NPT - 1/8 Hose N-3610020

Infant Star 5001950 Service Manual

N-9910913 Rev. B (12/99)

G L YA A NS A RS I 4 !) ‘} ':‘ (-' {} o () 4‘

% €% 4% £ &> AT 4T A4 LY v a4y 4y 4> v (P > &L &



Y W

2 v Th UL YR B VTV VUL UUEE T VYA T S SR S U U VR VY Y VI SEYE SR YR VRS RN RS AN A% AN

Hardware Identification

Table 8-6: Relief Valve Assernbly Parts List (continued)

N-9910913 Rev. B (12/99)

Reference Description Part Number
S | Fitting, Street-T, 1/8 NPT x 1/8 NPTF (2) N-3600122
U Washer Flat, #6 .156 ID x .375 OD N-3220006
Y Washer, Split Lock, #6 N-3220032
W Screws, Phil Panhead #6-32 x 3/8 N-3100026
X Plunger, Relief Valve Cam N-2175030
Y Bushing, Flanged, .250 x .295 D x .25, NYL “N-4800195
AA Fitting, 10 and 15 mm Barb N-2175029

Infant Star 500950 Service Manual
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To Q2
potentiometer:
Iltem 12

SECTION A-A
500121
Figure 8-7. O, Blender Assembly
Table 8-7: O, Blender Assembly Parts List

Reference Description Part Number
A Blender Assembly, O, Model 500 N-1220069-5P
B Housing, Restrictor ‘N-2101278
C Fitting, Hoser 10-32 to 1/8 Barb Assembly N-3600129
D Restrictor, jeweled Typer .015" N-3540015
E Fitting, Short Coupling, #10-32 N-3600141
F Fitting O, Bleed N-2101313
G Pot, Single Turn N-6300009
H Bracket, Potentiometer N-2101221
i Flow Control Assembly., Blender N-1101301-5P
K Differential Pressure PCA N-1101186-5P
L Bumper, .44 DIA x .20 High N-4800042
M Insulation, Differential N-2101365
N Button, Mounting N-7800024
P Gear, Sput, Molded N-4240001

&14 Anfant Star 5007950 Service Manual
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SECTION

Alarms and Troubleshooting
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2.1 Software Diagnosed Alarms
The ventilator microprocessor can diagnose problems with the functioning of the ventilator.
When one of these conditions is identified, the phrase “Ventilator Inoperative” and an error
code are seen in the “Selected Data” display window. A list of these error codes, the problem
they identify and the probable cause for each appears in Table 9-1, Ventilator Inoperative
Alarm Troubleshooting Chart.
Table 9-1: “Ventilator Inoperative” Alarm Troubleshooting Chart
Error Code Problem ‘Probable Cause
None 10V battery fully discharged fuse blown or battery damaged. 10V battery (if during internal Battery
Accompanied by a POWER LOSS LED. operation) MP2 PCA.
Power Supply or MP2 PCA failures. Power Supply Assembly.

EO1 Unable to perform automatic rezeroing of Praximal Pressure Pressure Transducer PCA. (May require
Transducer on power up or after 24 hours of continuous rezero of Proximal Pressure Transducer.)
operation.

EQ2 Data error {checksum) error found in data from MP101. Two MP101 PCA
errors detected within 10 msec. 1/0 PCA

MP2 PCA

EO3 Internal checks Position 4 of SW1 on MP2 PCA is not in

open (off) position or MP2 PCA failures.

EO4 internal checks 'MP101 PCA failure

EOS Error found in data sent to MP2 (PIP display shows index MP101 PCA
number of erroneous data), I/O PCA

E06, EO7 Controi panel potentiometer (Pot) out of range Control Panel PCA

EQ6 = low, EO7 = high
PIP shows POT NUMBER
Pot No. Pot Name

Cheekd T cuble
oko Jook a4 pws of
ot or Slder splashes

Flow Rate

Ventilator Rate

PEEP/CPAP

Inspiratory Time

Low Inspiratory Pressure

Peak Inspiratory Pressure

Not used

Not used

HFV Rate

HFY Amplitude

VN hwN= O

Analog PCA

N-9910913 Rev, B (12/99)

Infant Star 500/950 Service Manual




Alarms and Troubleshooting

Table 9-1: “Ventilator Inoperative” Alarm Troubleshooting Chart (continued)

Error Code Problem Probable Cause
E08 MP2 waited too long for data from MP101. MP101 PCA
MP2 PCA
EGY Two consecutive A/D errors. Analog PCA
E10 Exhalation valve (SV 10) closed for longer than 3.5 seconds as Alarm Driver PCA
indicated by EXHAL (J5X-8) on Alarm/Driver PCA staying low for | power Supply Assembly
longer than 3.5 seconds. E10 is also displayed 3.5 seconds after | yuious cable assemblies
a VENT INOP occurs when no other error code has been MP101 PCA
previously displayed.
MP2 PCA
1/0 PCA
ET1 No flow greater than 4 Lpm for 66 seconds indicated by the Alarm Driver PCA
FLOW signat on Alarm/Driver PCA staying low for more than 66 | The PIP was held higher than the set PIP
seconds. by more than 15 cmH,0 for 66 seconds.
E12 No HEV breath in 4 seconds as indicated by FLOW on Alarm Driver PCA
Alarm/Driver PCA staying low for longer than 4 seconds in HFY | The PIP was held higher than the set PIP
mode. by more than 15 cmH,0 for 4 seconds
_ during an abstructed tube alarm.
E13 MP2 failed to acknowledge MP101 data transmission. MP2 PCA
E14 MP101 Startup RAM check error. MP101 PCA (RAM IC)
E15 MP101 Background RAM check error. MP107 PCA (RAM IC}
E16 MP101 ROM check error. MP107 PCA (ROM IC)
E17 Not used
E18 MP2 Startup RAM check error. MP2 PCA (RAM IC)
E19 MP2 Background RAM check error. MP2 PCA (RAM [C)
E20 MP2 Background ROM check error. MP2 PCA (ROM IC)
CE2% MP2 Background ROM .check error. MP2 PCA (ROM IC)
E22 MP2 detects error in its own software interrupt routine. MP101 PCA
E23 Zero offset of 0 to 100 cmH,0O A/D converter output >5 cmH,0. | Pressure transducer PCA. (May require
rezero of Proximal Pressure transducer.)
E24 Zero offset of 0 to 100 cmH,0 A/D converter output
<-5 cmH50.
E25 Zero offset of 0 to -50 cmH,0 A/D converter output >5 cmH0
E26 Zero offset of 0 to -50 cmsz A/D converter output
<-5 cmHZ0.
E27 Zero offset of -5 to +50 cmH,0 A/D converter output >5 cmH;0
E28 Zero offset of -5 to +50 cmH,0 A/D converter output Pressure transducer PCA. (May require
<5 cmH,0O ' rezero of Proximal Pressure transducer.)
E29 Zero offset of METER VOLTS A/D converter output >6 cmH,0.
E30 Zero offset of METER VOLTS.
9.2 Infant Star 500/950 Service Manual iN-9910913 Rev. B (12/9%)
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Alarms and Troubleshooting

Table 9-1: “Ventilator Inoperative” Alarm Troubleshooting Chart {continued)

Error Code Problem Probable Cause

E31 Internal 3 V battery reference varies greater than 10%. Power Supply PCA
Analog PCA

E32 Front Pane! Identification is NOT valid. Front Panel is incompatible with
installed. software or identification is
intermittent

E33 Delivery mode is NOT valid. Ventilator delivery mode is not a valid.
selection

E34 Dead Battery. 10.8 V dc Battery Pack is bad.

N-9910913 Rev. B (12/99)
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Alarms and Troubleshooting

9.2

9.4

Infant Star Troubleshooting Guide

This troubleshooting guide should be used with a Mallinckrodt Circuit P/N -~ N-501011, and

Test Lung P/N — N-1101262.

The Infant Star Service Manual has the references for standard test conditions and regular
testing equipment. Always check the external parts of the Infant Star for a problem before
opening it for repair.

The following guides address conditions that may or may not occur with your ventilator.
These guides state problems that may be encountered, they list a probable cause(s) for the
identified problems, and they give suggestions for troubleshooting and correcting these

conditions.

9.2.1 IMV Standard Test

Problem

Possible Causes

PIP set to 40 cmH»0, but only reaches 38.

L bW -

. SV1 not energized or flows from 2 - 4 Lpm are low.

. | time was set to 0.1 but should be 1.0,

. Small hole in the diaphragm,

. Pop-off valve not seating, not screwed fully clockwise.
. Pop-off valve damaged or debris on bali or seat.

Probable Causes

Suggested Actions

L

Bow N =

Suggested Actions 1, Check flows; if low, clean restrictor in the proportional manifold,
2, Set ] timeto 1.0.
3. Replace diaphragm,
4. Turn pop-off valve fully clockwise.
5. Clean or replace ball or seat.
Problem Display settings drift more than 2 increments.
Suggested Actions  Replace F/P PCA or Analbg PCA.
Problem PIP set to 10 cmH,0, but reaches 12 or higher.

. Diaphragm installed backward.

. Leak in Flow Manifeld - caused by very dirty or broken flow sotenoid spider.
. Film on diaphragm making diaphragm stick or bad diaphragm.

. Diaphragm seat on venturi block not completely seated.

. Reinstall diaphragm.

. Clean or replace solenoid.

. Clean or replace diaphragm.
. Replace venturi block.

Problem

Possible Causes

Suggested Actions

PIP set to 90 cmH;0, but only reaches 87.

1

1.
2.

. IMV Regulator out of calibration.
2.
3.

Pop-off valve leaking.
Circuit on test lung leaking.

Calibrate IMV Regulator to 60 cmH»0.
Clean, check the adjuster and spring and ball; replace as necessary.

Infant Star 500/950 Service Manual
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Alarms and Troubleshooting

9.2.2 Obstructed Tube Alarms A01 Test, A01, A02, A05

Problem

Possible Causes

Suggested Actions

A0 Alarm 5 cmH;O over PIP (set by control panel - HIP)

1. Too short a circuit, and/or Proximal line.
2. Possible leaky flow solenoid.
3. VO not closing.

1. Locate a proper circuit and test lung. _
2. Clean flow solenoids; check for broken spiders. Replace if necessary. If the problem
still exists test for leaky solenoid:
Turn off the ventilator.
Connect air and oxygen.

Plug SV7 safety vent valve hole (black, threaded cylinder under flow manifold
facing toward outside of ventilator).
Connect tube from To Patient port into cup of water. Bubbles indicate a leak
coming from flow manifold. Clean or replace solenoids as necessary.

3. Check electrical connection.

Problem

Possible Causes

Suggested Actions

A0S Alarm 10 cmH30 over PIP

- Blocked inspiratory tube on patient circuit or To Patient port is plugged.
- Water in Proximal line or in proximal accumulator inside ventilator.

. Needle valve out of calibration.

. Large leak in flow solenoid valve.

B No—

—

. Clear biockage.

- Disconnect tubing on both sides of accumulator and blow out with an air nozzle.
Install proximal line filter P/N — N-4403017 water from entering ventilator.

3. Calibrate needle valve.

4. Check flow valves for broken spider.

b

Problem
Probable Causes

Suggested Actions

No A05 Alarm
Faulty Transducer PCA

To test A5 Alarm: plug patient port.
Replace Transducer PCA.

N-9210913 Rev. B (12/99)
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9-6

9.2.3 PEEP 0 to 24 cmH,0
Check PEEP calibration before continuing. If necessary, clean SV8.

Problem

Possible Causes

Suggested Actions

PEEP set to 5 cmH,0 but reaches 6 or higher

1. PEEP calibration may be incorrect.

2. PEEP regulator cracking pressure too high.
3. Diaphragm installed backwards.

4. Low jet venturi operation,

1. Check or calibrate PEEP/CPAP needle valve adjustrent.

2a. Inspect 0.024 restrictor (downstream from $V8), clean if necessary.
2b. Check R7 setting. :

3. Reinstail diaphragm or replace diaphragm.

4a. Check or calibrate venturi needie valve adjustment, if installed.

4b. Check R7 setting.

Problem

Possible Causes

PEEP set to 5 cmH,O but only reaches 4 or less

1. Diaphragm not seated properly.
2. Damaged jet venturi O-fing.
3. Cap on PEEP regulator loose, cracked, or broken.

Suggested Actions  1a. Check or calibrate PEEP/CPAP needle valve adjustment.
1b. Reseat diaphragm.
2a. Check O-ring between jet and venturi body.
2b. Inspect venturi body for damage.
3. Tighten regulator cap, if required or replace PEEP regulator (R6).
Infant Star 500/950 Service Manual . N-9910913 Rev. B (12/99)
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Alarms and Troubleshooting

9.2.4 PEEP Circuit

Problem

Possible Causes

Suggested Actions

Cannot calibrate a PEEP of 20 cmH 0O

(Without any pressure from the PEEP circuit, a setting of 20 to 24 cmH,O will result
ira 13 to 15 cmH,O PEER)

1. Leak in internal PEEP circuit
2. 5V8 not energizing.

3. No air flow through SV8.

4. Pop-off valve not fully closed.
5. Faulty internal PEEP circuit.
6. Faulty needle valve.

7. Fauity Sv8.

8. Flow does not reach 8 Lpm.

1. Check all tube connections.
2. Check electrical connections,

Do not break the needle valve. Disconnect $V8 tubing only. Do not pull off
needle valve,

3. Pull needle valve off SV8 and listen for air pulses.
4. Turn fully clockwise.

5. Check dircuit for broken white elbow,

6. Clean or replace needle valve.

7. Clean or replace SV8.

8. Correct flow setting.

N-99710913 Rev. B (12/99)
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9-8

9.2.5 Venturi Solenoid (5V9)

Comntrols the baseline pressure when the PEEP circuit is not in use. Venturi and PEEP never
operate at the same time. '

NOTE:

See venturi calibration for newer Infant Star models 500 and 250.

Problem

Possible Causes

Suggested Actions

A04 Alarm

1. Jet Venturi nozzle plugged.
2. Pressure going to back of diaphragm.

1. Clean nozzle. Using an eyeloop, check nozzle's orifice for a crack; replace if
necessary.

2a. First, disconnect tube behind diaphragm, if problem corrects reconnect tube.

2b. Second, discannect the PEEP regulator output, if problem corrects check PEEP
circuit.

2c. Third, disconnect the IMV regulator output, if problem corrects check SV10 IMV
select valve.

Problem

Possible Causes

Suggested Actions

Unstable baseline

1. Dirty SV9
2. Faulty 5Vv9
3. Inlet pressures are 50 psi or higher.

1. Clean 5V9.
2. Replace SV9.
3. Check static or 45 psi or above dynamic.

Infant Star 500/950 Service Manual N-9910913 Rev. B (12/99)

1 3

LR S L |

Fa A W 'S 4 & & ) A .

PR IR S

+ b




