


Sarns™ 8000 Modular Perfusion System Field Service Handbook

How To Use This Manual

This manual provides technical information about the Sams™ 8000 Perfusion System. It is intended only
for those trained to service Sarns equipment. The information in this manual is specific to this system and
should not be used for any other equipment.

Repairs may be made only by persons specifically trained and certified by Sams to work on the 8000
Perfusion System.

Fully test the 8000 Perfusion System after each servicing.

8000 Perfusion System

MID Description
98-0702-0643-2 5 pump hase, 100V
98-0702-0644-0 5 pump base, 115V

98-0702-0645-7

5 pump base, 220-240V

98-0702-0640-8

4 pump base, 100V

98-0702-0641-6

4 pump base, 115V

98-0702-0642-4

4 pump base, 220-240V

98-0702-0646-5

Pump modute, 100V

98-0702-0647-3

Pump module, 115V

98-0702-0648-1 Pump module, 220-240V
98-0702-0660-6 Safety Monitor
98-0702-0655-6 Arterial Monitor
98-0702-0654-9 Cardioplegia Monitor
98-0702-0659-8 Occluder Module

98-0702-0722-4

Battery Module




Additional Information
Communications Module

This insert contains technical information and instructions for inspecting the Communications Module of the

Safety Monitor on a 3M™ Sarns™ 8000 Modular Perfusion System.

Insert these pages into the appropriate section of the Sarns™ 8000 Perfusion System Field Service Handbook as

directed.
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Additional Information
Ultrasonic Air Sensor

Pulse Module

This insert contains technical information and instructions for inspecting the Ultrasonic Air Detection System
and the Pulse Module on a 3M™ Sarns™ 8000 Modular Perfusion System.

The air detection information in this insert applies to the following ultrasonic air sensors:

Color Description Catalog No. 3M ID No.
Red 3/8inx 3/32 in (9,5 mm x 2,4 mm) 5773 78-8067-6923-4
Gold 1/4 in x 3/32 in (6,4 mm x 2,4 mm) 5791 78-8067-6922-6

Black 1/41nx 1/16 in (6,4 mm x 1,6 mm) 5785

78-8067-6921-8

The pulse module information in this insert applies to Pulse Module, 3M ID 98-0702-0657-2, Catalog No.

16416.

It 15 recommended that the following parts be ordered for technician parts inventory:

For Ultrasonic Air Sensor:

JMID Description Qty
78-8067-7375-6  Cable Ashy, UAS to Control 1
For Pulse Module:

IMID Description Qty
78-8067-4666-1  Cable Asby, Pulse to Pump 1
78-8067-4379-1 Cable Asby, Potentiometer 1
78-8067-7068-7  Cable Asby, LED 1
78-8067-4385-8  PC Asby, Main Board 1

Insert these pages into the appropriate section of the Sarns™ 8000 Perfusion System Field Service Handbook as

directed below.

Table of Contents

Table of Contents, Section 1

Pulse Module Performance Specification
Section 2, Maintenance

Table of Contents, Section 5
Troubleshooting, Pulse Module
Table of Contents, Section 6
System Diagrams, Puise Board
Systemn Diagrams, Pulse Schematic
Table of Contents, Section 7
Iliustrated Parts Breakdown

Sarns
3M Health Care

6200 Jackson Road

Ann Arbor, M1 48103

US.A.

(800 262-3304 (313)663-4145

34-9888-3073-9 R/A

Replace pages i, ii

Replace pages 1-3, 1-4

Insert pages 1-82, 1-83
Replace pages 2-5 through 2-15
Replace pages 5-1, 5-2

Insert pages 5-19 through 5-21
Replace page 6-1

Insert page 6-20

Insert page 6-21

Replace page 7-1

Insert pages 7-35 through 7-37



Sams™ 8000 Moduiar Perfusion System Fleld Service Handbook Section 1. System Description

Table of Contents

Section 1. System Description

11 System ReviISION HISIOMY ... ..ot e s e an s be s e s e r s s s s aan e s 1-4
T.2  ACCESSOMOS ...uvveieireerniiricrtesesieerisisaner i srreeassasesrerrarnsonsrsnssssnees enanseeanrasenessannssaearmnedsses tabnnsssssnnmenssnnnes 1-5
1.3 ABBreviafion KRY ..ot sttt s s s s r e s e e s ae s g e et a R R e n s 1-5
1.4 SyStem DeSCHPLON ... e s e e r e e s e Rt s ha e p e e e s n e ea s r et 1-6
1.41  System COMPONENES ... eerectrec et rrr e e s rsmees sessmn e e s s s aeesssannrsessmsssasoerasmce snns 1-6
1.4.2  FUnCtioNal DESCIIDION ...c..cocvrireeee i e rerseees e e re e ere e enssenssesnesseessr rerme s e basasbsanssssb s s basbn aones 1-7
1.4.3  Theory of OPEration ...t ssee s st rrar s e biss s b e s s et anasrmeears 1-8
1.5 Modular Perfusion System Performance Specification ..........c.c.coecorerviiniininiiienn, 1-8
LIS B [ (£ Tu (K o 1o T o OO OO O TP UUUU i-8
1.5.2  Oporating ParamMtars ......cccceeeiiiienirrirssarerrivnnrrrrerrasesrssssssssssesassssessnsereessassssssnrssses snssssnses 1-9
1.5.3  Functional DeSCrPHION ......coviirrvrriciniisss st mnie s re e seaan s sesmns s e anms s sen s ssnans 1-10
1.5.4  PhySiCal DESCHPUOMN ........cieee e rrvetercrrreerereer st e e s saesesne e e e ess e s sams sresssnb et s assbbss saar 1-11
1.5.5 Electrical DesCDON ......ccciierr e sre s s e cr e s tsn e a s e s na e rr e nas 1-12
T I (- £ o= SO PSS UO PP 1-12
1.5.7 Theory of Oparation........ciiiiiiiiicerreccssierneesrressis e s sssnessarsressssssnessasmmsns sesssnessssssnsnsss 1-12
1.5.8 Calibration and Configuration Specification ..........ccoci et 1-12
158 SBIVICE ..ooiiiniiiccctiicn st rse e s s ass s e e s e e s e e s s v s e e e e ne s eme e renreane e e e eanebnd s e ke 1-13
1.6 Base Electronics Performance Specification ........ccccovveiecivcecn e et essine s 1-13
1.6.1  Operating Parameters ...t rrrensere s rrcssses s resnmaees s ssisss s ssssasssesansasanes 1-13
1.6.2  Functional DESCrPON ........c.ov it s s s 1-15
1.6.3  PhysiCal DeSCHPUON ..cooo..oiiriinesssirreer i e sssar s s s mes s ssmme s s nan e sanes 1-16
1.6.4  EIGCHACAl DESCHPHON ......ovvvoeeerree e ssessmss s sssscsssssssssssssostsseasssassssssassssssasesssssesssssees e 1-16
1.6.0  INMBAACE ..o s 1-17
1.6.6  Power DIstriDULION ...t e e s 1-18
1.6.7  Theory of Operation . ... e se s s s e s g e 1-18
1.6.9  SEIVICE ettt e s e et e re e e eren b e e R mRE e At seetbeaa R aa e pnnEaren 1-21
1.6.10 Field Service DiagnostiCs ..o e e 1-22
1.7  Roller Pump Performance SpecifiCation ..ot s 1-23
1.7.1  OPOrAtNG PAFAMEBLBIS ......ccveeeeeeeveeees e e eeesestscss s seessssss s sasssensssssees sessassse s ssbasassassasans 1-23
1.7.2  Functiona! Description ..o ernseseee e as s e s e s 1-24
1.7.3  PhySiCal DeSCrPHON ..ottt s e et s st ne e s ssn e s anns s eassasnmnssas smsesarasssnissn 1-28
1.7.4  POWEE SUPPIY ..ottt et verre e e e raaa e s r s e s b4 S s e s e R R e R R sae e s e a e 1-28
1.7.5  Circuit ProtBCHION ... e isrrrs s masns s s sann s s e s vmnan e s ae s 1-28
LT [0 (=1 £ T o O U OO 1-29
1.7.7  Theory Of OPeration...........cco et b s s e e a s caenaes 1-29
1.7.8 Calibration and Configuration Specifications..........cc.cco i e, 1-31
7.9 BOIVICE ..ottt sttt s et et e e h s ss e am e e e e s e e deshet s R e R R e v r e e atnas 1-32

Page 1-1



Sarns™ 8000 Module Perfusion System Service Handbook Sectlon 1. System Description

1.8 Safety Monitor Performance SpecifiCation ..............ccciiieouecic e seasems e ses e 1-34
1.8.1  Operating PATAMEBLETS .........ccoeeeeeeiceerecceer et s arese e s e s s s emessst e seenerasenssseanesneensoren 1-34
1.8.2  FUNCHONAl DESCIIPLON L......ociceiecciiecereii st e e e e b s sas s s s s st e s e sroesreeannssanmneae s 1-35
1.8.3  Physical DESCHPHON ..ottt a e e b e s e eba e 1-36
1.8.4  Electrical DesCHiption ............ccceee i reneseser s rr et e ererbe e sresn e eas sae e beais 1-37
185 IMEAACE ...t eae e e e et e et en 1-37
1.8.6  TREOMY Of OPEIALION.....cee ettt e e et et st ee s e e seessen e sre st e st esne e aneseareseeenns 1-37
1.8.7 Calibration and CONfIQUIAtION ...........ccoereiiuiecmrree et sess s s srssees s e s st eers e 1-38
1.8.8  SBIVICE ..ottt e s en e sh e ea et b e as e ns e e as e bnasna 1-38

1.9 Arterial Monitor Performance Specification ............cececceveecniccniiccnceeee et 1-39
1.9.1  Operating PATAMBIEIS .......ccoiciiirircc et st e et s e s esesssens et e sansesseseeas 1-39
1.9.2  FUNCHONAI DOSCIPLON ... et ccrsrvstr s seesessesee s srressenssae e essnenss st st eseseeseemnens 1-41
1.9.3  PhySICaAl DESCHPHON ...ttt e ee e s essesemssseeanesnesmnos s reenesaennetemensannans 1-45
1.9.4  Electrical DeSCHPUON ...ttt s e e e st s seeneemreanenanennanan 1-46
1.9.5  INterface DESCHPLION .......oovieeeeeccicteee ettt e eseem s e s eme s eess e eeessesane s eeereneenn 1-47
1.9.68  Theory of OPeration.............cciiieeriiee i e ce st sere st ea s e sosee st s sise st e e e e e eeean 1-52
1.9.7  Calibration and Configuration Specifications.............ccccuviveieeceriirceere e 1-53
T.9.8  SBIVICE ...ttt e ee e e eete st er e s s e aer et et et eb e aatsae et ean reeeenatatneneetanran e s teanns 1-54

1.10 Cardioplegia Monitor Performance SPecifiCatiON ..............oeeceieeeeiieeeeeeeeeeeesreeeeeeeeaeraeeeeeeeenes 1-56
1.10.1 Operating PArameters .............ccocvveovrirmerrrrrsesest et eee s s sess s s sss s st see st e eeeesvae 1-56
1.10.2  FUNCHONA! DOSCIPLON ...t cteee ittt eeem e e seeeemeseesrreseessessesesenanssnesteeans 1-58
1.10.3 PhySICal DESCIPHON ...t v s st e e erene s e s se st s s s s renees 1-62
1.10.4 Electrical DOSCHAPLION ...ttt ettt e eneeaeesae e see st eanaes 1-63
1.10.5 INterface DOSCHPON ..ot ettt st sttt see e eeeeeeeee e et e e eneene s 1-68
1.10.6 Theory of OPeration ..............eecirciiiiririreie ettt esres e resresre st nasse s et e e et oen 1-69
1.10.7 Calibration and Configuration SpeciCations .............c.ccccovve i everee e eeeer e e 1-70
TUADB SBIVICE ...t ste e et sa e se b e s e sbe e b s e s m et s ms e e s snearee e s reseans 1-71

1.11  Occluder Module Performance SPECHICALION ............ceveeiieeireeree e iesecerreseeesee et seeaee e esrens 1-74
1.11.1 Operating Par@meLers ..........cc.ceueieciieciisieeeereere e e s sese s s seesessseesssecnessneassstseesmameneess 1-74
1.11.2  FUNCHONA! DOSCHDIION ..cuetieecceeciere et et reeeeseen b et b esesctesaeeneere e eanesan et ssaesansanneseen 1-75
1.11.3  Physical DESCHPHON ......coviiiieeeeee ettt ne s s e snenene e 1-75
1.11.4 ElectriCal DESCAPHION .........oceiiiie ettt ittt ee e em s et eanesoeee e e eeeeeneereeeseerssaessrees 1-76
1115 IMBHACE ..o e ea e s e e e eae st et e st e et e te e emeaaresneesnesananeanns 1-76
1.11.6  Theory of OPBratioN ...ttt st eeee s en e e rssesesenresee e 1-76 -
1.11.7 Calibration and Configuration SpecifiCations ..........c.ceeeeeeieririee e e 1-76
1118 SOIVICE ..ottt e e v e sre e te e er e e s ans 1-77

Table of Contents

Page 1-2



wEITR VU MUWWIET FErfuanill o yoioin ren 201 vicl fHancdDooxK

SQLUUIN 1. oysien vestripliiun

Table of Contents
1.12 Battery Module Performance SpecifiCatON ...........cu i ccecrerecenrssesesssnsscsnessssassmssssssessssssssans 1-77
1.12.1 Operating Parameters .........c..coucceevereesrcsrinersansennes 1-77
1.12.2 FUNCHONAl DESCHPHON ..cuvuviiearecurencrsreaserrsnerisssssesessenssssssssssssssssssssesasesssomsssassessamemmmensses 1-78
1.12.3 Physical DESCHPHON uuveseciniceneicecmrmrenessrensnssssmrssessessenssasnsssrssssssssmnsensans 1-78
1.12.4 Electrical Description ..........ccoveceeseecereessessses eeemretessmmsssmesteesesssssssssssereessssrsststserresses 1-79
1.12.5 interface ......ccceerveneeenne HEEEALLiabenaetesessannt tea R b bt dren rennr nmeeseasesannaranmesaesranabatnasaee s s ens 1-79
1.12.6 Theory of Operation ... . seiteeseassesrsannenbeaanans 1-79
1.12.7 Calibration and Configuration SPeCifiCatIONS ....ce..cccieircen e eereeeeeesseesseesensereessssssessens 1-80
1.13 Pulse Moduie Performance SpPacifiCALION....c.iu i eeeceeeeeeceenesssssessssssosssrsnsss o ess s e sosseeen 1-82
1.13.1 Operating Paramelers ......c..vvieeerereesncesrecesrssessenses 1-82
1.13.2 Functionai Description.............. EesressrssrsissstieassLeLaSs s sSSerarEEpeane e ranns 1-82
1.13.3 Electrical Description.... eresssttiesnnressessesasarrasrannsererias ertemiesssessrenresesertseestiasereaserisanen 1-82
1134 INBHACE ... snesses e s eessa s sae e resss s bssessbs s b seas et nmeseemnonsesn s semnseenssra 1-82
1.13.5 Calibration and Confi'guration SPECITICALION......c.eeccirerrrrrrarerseressrnessrsmmssrassersnessessnonneneens 1-83
TL1BE  BBIVICE s vrsis sttt eras s s ess e se s s ass s sassoseasesn et e ot st omtnmbee e amant sas s e sens 1-83
1.13.7  SAIBLY FRAMUIES...........cceeceeccrenrsneniaeisasreceensesasssnsssnssesosmesensanes sessntssessssesemsssasssssssssssseens 1-83
1.14  ComMMUNICALIONS MOGUIR ......coccuieeiererrreniasnersssinracsnsesessenssseortssessmsssesasseesenssesssssasssssns srsostssenssees 1-84
1.14.1  Operating Parameters .......cuiccecerceriereersensescssensessssssesssenssessesessssssosssssssnsssssssssesssns 1-84
1.14.2  PRYSICAl DESCTIPHON ......ocresrreerieenesenessresaesessnssssessssemsaresssssasiessssssssemssmsmssssmsssonmeesssmssss 1-84
1.14.3 Functional Description ..........ceoeeeiirersseesrseserenseenen .1-84
1.14.4  ElCtfiCal DESCHPLION ...o..c e cereeecmeeiraenes it saressensesssesss sessssonsrssesssssssstenssmses anssssensssessen 1-86
A4S IALBHACE ...t sarae e er s en s s sosasa s sasmsnens sesenmsmem s e semt st s e seem e 1-86
1.14.6  THEOry Of OPEIALON .......coceemrecmrresirertetraneseesssenemsssessessssssessanesssenessssssssensnssssessssonsonssssnns 1-88
1.14.7 Calibration and CONfIQUIBHON ......c.cceeeveereeeciceniriti e eeeeeoesas s eesesssessessesseetansbeseesrssssses 1-97
TLTAB  SEIVICE ..ottt er e stssassvernesssssssssnsns st semesene s remtsresenesesmnssemmessemnssoresssmesnesossrn 1-98

Performance information was selected from the performance specifications for the 8000 Perfusion

System, including monitors and modules.
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1.1 System Revision History

This page intentionally left blank to accommodate future updates.

Page 1-4



Sarns™ 8000 Moduiar Perfusion System Field Service Handbook

section 1. sysiem vescription

1.2 Accessories

Part Number

Description

78-8067-4166-2

Accessory Kit

78-8067-4930-1

Cable Retainer, 1/2 inch

78-8067-5068-9

Cable Retainer, 1 inch

98-0702-0275-3

Instrument Tray with Long Mounting Arm

78-8066-6728-9

Level Sensor Transducers

98-0702-0272-0

Level Sensor Pads, 20 sets per box

98-0702-0305-8

Long Mounting Arm with 5/8 inch (1,6 cm) pole

98-0702-0692-9

Mounting Arm for Monitors

78-8066-9381-4

Pole Mounted Writing Surface

98-0702-0664-8

Positionable Lamp

78-8068-6721-4

Pressure Transducer

98-0702-0353-8

Pressure Transducer Holder

98-0702-0211-8

Pressure Transducer Monitoring Kit

98-0702-0304-1

Short Mounting Arm with £/8 inch (1,6 cm) pole

78-8066-7511-8

Solution Rack

78-8066-7520-9

Tube Clamp Assemblies

1.3 Abbreviation Key

ART Arterial

cB Circuit Breaker

CPG Cardioplegia

DVM Digital Volt Meter

DSP Digital Signal Processing
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1.4 System Description

1.4.1 System Components
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Sarns™ 8000 Modular Perfusion System Field Service Handbook Section 1. System Description

1.4.2 Functional Description

The Sarns™ 8000 Modular Perfusion System is a four-unit or five-unit modular heart/lung machine that
will accommodate Sarns modular bicod pumps. Besides the base and pumps, the basic system includes
the safety monitor for level and air bubble detection. The safety monitor receives power and transmits
stop-line signals from the base.

Options that can be added include the arterial and cardioplegia monitors, occluder module, lamp, and
battery module.

Each pump receives power from one of the pigtail power cords coming from the tront of the base, behind
the {ront access door. Alarms are available for air detection, level detection and excessive pressure.
When appropriately configured, these alarms stop the arterial and/or cardioplegia pumps.

A punmp can be assigned for arterial use by connecting the base pigtail marked ART to the pump connec-
tor marked ART/CPG. The cardioplegia pump is so assigned by connecting the pigtail marked CPG to the
ART/CPG connector of that pump. These pigtails contain the stop lines for the pump and the RS-485
computer communications lines.

The arterial pump will stop when an activated air detector senses the presence of air, when an activated
level detector senses low volume conditions in the reservoir, or when the arterial monitor detects over
pressure alarm conditions. The cardioplegia pump will stop during an arterial alarm condition or if the
cardioplegia monitor detects an over pressure alarm condition. An arlerial pump stop due to over pres-
sure is enabled by connecting an 8000 monitor to the ART port on the safety monitor. Similarly, a
cardioplegia pump stop due to over pressure is enabled by connecting an 8000 monitor to the CPG port
on the safety monitor.

Two auxiliary outlets are located on the front of the base. One outlet will lose its power if the safety
system alarms while the other will not. In this way, the perfusionist has the choice of whether or not to
stop attached equipment in the event of an alarm condition.

A 24 VDC receptacie for the lamp is located beneath the base at either end of the base power supply pan
so that a lamp can be connected at either end of the base. If the optional battery module is installed, the
power to the lamp will be uninterrupted.

The occluder connector is located at the left end of the base power supply pan. The occluder cable is long
enough to accommodate locating the occluder at either end of the base. If the optional battery module is
instalied, power to the occluder will be uninterrupted.

The arterial and cardioplegia monitors interconnect with the 8000 system through the rear of the safety
monitor. If the battery module is installed, all three monitors (safety, arterial and cardiopiegia) will receive
uninterrupted power.

The optional battery module is mounted underneath the base. Electrical connection is made by removing
the stainless steel top from the base and connecting the two cables as defined in the battery module
pertormance specification. Uninterruptable power is available for the 8000 pumps to which the ART and
CPG battery cables are connected, as well as to the system components indicated above.

Warning: If a battery moduie is not included on an 8000
system, the safety system will not be operational if main
power is lost. When handcranking due to loss of power, the
safety systems are not operational; monitor closely for air
and reservoir level.

Page 1-7



Sarns™ 8000 Moduie Perfusion Systsm Service Handbook Section 1. System Description

1.4.3 Theory of Operation

The Sarns™ 8000 Modular Perfusion System is a robust, state-of-the-art, modular heart/lung machine for
extracorporeal oxygenation and perfusion of a patient during cardiovascular surgery. The system can be
configured to meet a surgical center's unique needs by selacting from the number of 8000 options pro-
vided.

Accessory equipment such as gas blenders, flowmeters, biood gas monitors, or other patient monitors
can be mounted to the standard 1.3 in. (3,3 cm) poles. The 8000 system is intended to meet all worldwide
standards for perfusion equipment. Accessory equipment requiring significant power (e.g., cooler/heaters)
needs separate power outlets and should not be connected to a base power receptacle.

1.5 Modular Perfusion System Performance Specification

1.5.1 Introduction

The Sarns™ 8000 Modular Perfusion System is indicated for use in extracorporeal circulation of blood for
anterial perfusion, regional perfusion and cardiopuimonary bypass procedures only, when used by a
qualified perfusionist who is experienced in the operation of Sams or similar equipment.

It consists of various modules and monitors which receive power from the base module.

This specification provides an overview of the system and its performance. For details, refer to the
appropriate specification listed below {See Section 1, System Characteristics).

Base Electronics Performance Specification

Safety Monitor Performance Specification

Arterial Monitor System Performance Specification
Cardioplegia Monitor System Performance Specification
Roller Pump Performance Specification

Occluder Module Performance Specification

Battery Module Performance Specification
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1.5.2 Operating Parameters

Electrical Power Requirements

115V Bases 220-240 V Bases 100 V Bases
Voltage: 103.5-126.5 V~ 198-264 V~ 90-110 V~

(115 V, nominal) (220-240 V, nominal) (100 V, nominal)
Frequency: 50/60 Hz 50/60 Hz 50/60 Hz
Circuit Breaker Protection: 16 amps 8 amps 16 amps

Fully loaded system
current rating*:

4 pump base 13 amps 6 amps 14 amps
5 pump base 15 amps 7 amps 16 amps
Base for 4 Pumps** 168400 16405 16409
(98-0702-0641-8) (98-0702-0642-4) (98-0702-0640-8)
Base for 5 Pumps™* 16401 16406 16410
{98-0702-0644-0) (98-0702-0645-7) {98-0702-0643-2)

Notes: *A fully loaded system is defined as follows:

4 or 5 pumps properly occiuded with 1/2 in. diameter tubing. Water circuit is at ambient
temperature. Pump in continuous mode and running at 250 RPM. Both lamps on. Both
auxiliary outiets loaded at specified rating. Occluder activated (stalled). Safety, Arterial and
Cardioplegia Monitors on. Battery Module instatied.

**5 digit numbers are catalog numbers; 11 digit numbers are 3M L.D. numbers.

Electrical Power Parformance

Leakage Current: <100 microamperes for 115V and 100 V bases (fully loaded); <200 microamperes for
220-240 V bases (fully loaded).

The maximum leakage current for the base without pumps is 45 microamperes for all input voltages.
Ground Resistance: 0.1 Ohm maximum for all bases.

Emergency Power: 8000 systam battery (two 12 volt, sealed gel cell batteries) will power the arterial
pump (operating in continuous mode), the monitors, occluder and lamp for 40 minutes; when the arterial
pump is operated in pulsatile mode or the cardioplegia pump is also operating on battery power, the
battery time available will diminish {o 25 minutes.

The base is 1ested for high potential.
* 1200V~ for 100-115 VAC units.
« 1500V~ for 220-240 VAC units.
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Environmental Conditions
Operation 10° to 40°C, less than 95% relative humidity, noncondensing.

Storage Ventilated area, -30°C to 54°C (-22 to 130°F),less than 95% relative humidity,
noncondensing.

Transporting  Units may be transported up or down an incline of up to 15 degrees
without tipping.

1.5.3 Functional Description

The Sarns™ 8000 Modular Perfusion System is & four-unit or five-unit modular heart/lung machine that
wilt accommodate Sarns modular blood pumps. Besides the base and pumps, the basic 8000 system
includes the 8000 Safety Monitor for level and air bubble detection. The Safety Monitor receives power
and transmits stop-line signals via the multiconductor cable from the base.

Options that can be added include the 8000 Arterial and Cardioplegia Monitors, 8000 Occluder Module,
8000 Lamp and 8000 Battery Module.

Each pump receives power from one of the pigtail power cords coming from the front of the base, behind
the front access door. Alarms are available for air detection, level detection and excessive pressure.
When appropriately configured, these alarms stop the arterial and/or cardioplegia pumps.

A pump can be assigned for arterial use by connecting the base pigtail marked “ART" to the pump
connector marked ART/CPG. The cardioplegia pump is so assigned by connecting the pigtail marked
“CPG" to the ART/CPG connector of that pump. These pigtails contain the stop lines for the pump and
the RS-485 computer communications lines.

The arterial pump will stop when an activated air detector senses the presence of air, when an activated
level detector senses low volume conditions in the reservoir, or when the arterial monitor detects over-
pressure alarm conditions. The cardioplegia pump will stop during an arterial alarm condition or if the
cardioplegia monitor detects an overpressure atarm condition. An arterial pump stop due to overpres-
sure is enabled by connecting an 8000 monitor to the ART port on the safety monitor. Similarly,
cardioplegia pump stop due to overpressure is enabled by connecting an 8000 monitor to the CPG port
on the safety monitor.

Two auxiliary outlets are located on the front of the base. One outlet is switched, the other is not. That is
to say, one outlet will lose its power if the safety system alarms while the other will not. In this way, the
perfusionist has the choice of whether or not to stop attached equipment in the event of an alarm condi-
tion.

A 24 VDC receptacie for the lamp is located beneath the base at either end of the base power supply
pans so that a lamp can be connected at either end of the base. If the optional Battery Module is in-
stalled, power to the lamp will be uninterrupted.

The occluder connector is located at the left end of the base power supply pan. The occluder cable is
long enough to accommeodate locating the occluder at either end of the base. If the optional Battery
Module is installed, power to the occluder will be uninterrupted.

The Anerial and Cardioplegia Monitors interconnect with the 8000 system through the rear of the Safety
Monitor. If the Battery Module is installed, all three monitors (Safety, Arterial and Cardioplegia) will
receive uninterrupted power.
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1.5.3 Functional Description (Continued)

The optional Battery Module is mounted underneath the base. Electrical connection is made by removing
the base’s stainless steel top and connecting the two cables as defined in the Battery Module perfor-
mance specification (See Section 1, System Characteristics). Uninterruptable power is available for the
8000 pumps to which the ART and CPG battery cables are connected, as well as to the system compo-
nents indicated above.

Warning: If a battery module is not included on an 8000
system, the safety system will not be operational if main
power is lost. When handcranking due 1o loss of power, the
safety systems are not operational; monitor closely for air
and reservoir level.

1.5.4 Physical Description

The base is of stainless steel construction mounted on four polyurethane casters. The casters on the left
end of the machine will lock so that the base does not rol! i positioned on an incline. The casters on the
right end of the machine will lock in position so that they will not swivel. With just the right-end casters
locked and in the trailing position, the base is easily maneuvered by pulling it.

A polyethylene cover protects the base from fluid spills. The pump feet rest in depressions in this base
cover, the weight of the pump keeps the pump in place and allows easy removal from the base.

The poles for mounting accessory equipment on the 8000 system are standard 1.30 in. (3,3 cm) stainless
steel. Special fittings connect the horizontal cross bars to the two vertical poles of the system.

The monitor brackets mount around a pole, just above a split-ring collar; the monitors slide onto a track
located on the bracket assemblies.

S Di .
Base: with 4 pumps with 5 pumps
Height 25.8in. (65,5 cm) same
Width 33.3in. {84,5 cm) 41.6in. (105,6 cm)
Depth 26.5in. {67,3 cm) same
Weight 330 hs. (149,5 ko) 380 Ibs {172,1 kg)
Pump Roller
Height 14.0 in. (35,6 cm)

Width 8.2in. (20,8 cm)
Depth 19.7 in. (50,0 cm)
Weight 50 Ibs (22,6 kg)

Telescoping Pole: 1.30 in. (3,3 cm) diameter, 6-7 #t. (1,8 -1,9 m} height.
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1.5.5 Electrical Description

Note: Always refer to appropriate module specifications for
detalls.

The 8000 base electronics distributes main voltage to the pumps and converts it to 24 VDC unregulated
power for the various modules of the systern. The main circuit breaker controls power to the entire
system. Most modules and pumps have their own on/off circuit breaker, but the communications and
pulse modules receive power directly from their electrical connectors.

There are two fuses in the base which protect the transformers of the internal power supply and the
Battery Module power supply.

The circuit breaker switch on the rear of the Safety Monitor controls 24 VDC power to the monitors. Each
monitor has one intemnal fuse to protect against internal electrical faults. The stop-line signals from the
Safety Monitor to the arterial and cardioplegia pumps are separate current loops.

The Battery Module is intended to be used for uninterruptable backup power to the arterial and
cardiopiegia pumps, lamp, pole monitors and occluder. In order to conserve maximum backup power, the
8000 system should only be powered using an AC voltage source.

The Sarns™ 8000 Modular Perfusion System has been designed to be approvable by all global reguiatory
agencies including FDA, UL, CSA and TUV.

1.5.6 Interface

Refer to the individual performance specifications of the various modules for details on the user inter-
faces.

1.5.7 Theory of Operation

The Sarns™ 8000 Modular Perfusion System is a robust, state-of-the-art, modular heart/lung machine for
extracorporeal oxygenation and perfusion of a patient during cardiovascular surgery. The system can be
configured to meet a surgical center's unique needs by sslecting from the number of 8000 options pro-
vided.

Accessory equipment such as gas blenders, flowmeters, blood gas monitors, or other patient monitors
can be mounted to the standard 1.3 in. {3,3 cm) poles. The 8000 system is intended to meet all world-
wide standards for perfusion equipment. Accessory equipment requiring significant power (e.q., cooler/
heaters) needs separate power outlets and shouid not be connected to a base power receptacle.

1.5.8 Calibration and Configuration Specification

Any base, pump module or Battery Module can be configured to accommodate various global power
sources. It is essential that all modules and the base are configured to the same local power voltage.
Refer to the wiring diagram of each module for setup.
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Section 1. System Description

1.5.9 Service

All parts are accessible for servicing.

1.5.9.1 Field Service Diagnostics

Not Applicable

1.5.9.2 Preventive Maintenance Guide

The Sarns™ 8000 Modular Perfusion System should receive preventive maintenance inspections every
six months. The Battery Module batteries should be replaced every two years.

1.5.9.3 Precautions

See the various module specifications regarding aspects which may affect the safety of service personnel

or functionality of the unit.

1.6 Base Electronics Performance Specification

1.6.1 Operating Parameters

Electrical Power Requirements

115 V Bases
Voltage: 103.5-126.5 V~
{115 V, nominal)
Frequency: 50/60 Hz
Circuit Breaker
Protection: 16 amps
Fully loaded system
current rating*:
4 pump base 13 amps
5 pump base 15 amps

Base for 4 Pumps** 16400 (98-0702-0641-6)
Base for 5§ Pumps** 16401 (98-0702-0644-0)

Notes:

220-240 V Bases
198-264 V~
(220-240 V, nominal)

50/60 Hz

8 amps

6 amps
7 amps

16405 (98-0702-0642-4)
16406 (98-0702-0645-7)

*A fully loaded system is defined as follows:

100 V Bases
90-110 V~
{100 V, nominal)

50/60 Hz

16 amps

14 amps
16 amps

16409 (98-0702-0640-8)
16410 (98-0702-0643-2)

4 or 5 pumps properly occluded with 1/2 in. diameter tubing. Water circuit is at
ambient temperature. Pump in continuous mode and running at 250 RPM.
Both iamps on. Both auxiliary outlets loaded at specified rating. Occluder
activated (stalled). Safety, Arterial and Cardioplegia Monitors on. Battery

Module installed.

**5 digit numbers are catalog numbers; 11 digit numbers are 3M 1.D. numbers.
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1.6.1 Operating Parameters (Continued)
Electrical Performance

Leakage Current: <100 microamperes for 115V and 100V bases (fully loaded); <200 microamperes for
220-240V bases (fully loaded).

The maximum leakage current for the base non-loaded is 45 microamperes for all input voltages.

Ground Resistance:
= 0.1 Ohm maximum for all bases.

High potential testing:
« 1200V~ for 100-115 VAC units.
* 1500V~ for 220-240 VAC units.

Emergency Power: 8000 system battery (two 12 volt, sealed gel cell batteries) will power the arterial
pump {properly occluded, and operating in continuous mode), the monitors, occluder and lamp for 40
minutes; when the arterial pump is operated in pulsatile mode or the cardioplegia pump is also operating
{properly occluded) on battery power, the battery time available will diminish to 25 minutes.

Environmental Condltions
Operation 10° to 40°C, less than 95% relative humidity, noncondensing.

Storage Ventilated area, -30° to 54°C (-22 to 130°F),
less than 95% relative humidity, noncondensing.

Stability Units, ioaded with any combination of 8000 system components, may be
transported up or down an incline of up to 15° without tipping.
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1.6.2 Functional Description

The 8000 base is a multidistribution center which distributes AC and DC voltages throughout the base
and also handles communication and safety lines.

The base (see figure below) provides connection points for the following:
Power cord with wall plug

4-5 8000 pumps

Safety Monitor

Occluder Module

Two lamp assemblies

Battery Module

Two auxiliary outlets

« = & = 8 8 =

PUMP PUMP PUMP PUMP PUMP

| 2 3 \4/ Q
SAFETY BASE WALL
MONITOR ELECTRONICS PLUG
‘ AUX AUX

OcCL LAMP LAMP BATT OUTLET|{ OUTLET

1.6.2.1 DC Power Supply

The DC power supply has a minimum output of 21 VDC or greater, with a maximum load of 8 amps at the
minimum specified voltage. The power supply also has a maximum ocutput of 36 VDC or less, with a
minimum load of 0.5 amp at the maximum specified voltage.

1.6.2.2 AC Power Supply

The AC power supplies are designed to deliver output voltages equal to that of the input line voltage.

The AC power to the 8000 Pumps is not isolated from the wall input AC supply. The same is tapped off
terminal block TB2, which is connected directly to the input AC line voltage through terminal block TB1
and circuit breaker CB1.

The AC power to the external outlets is isolated from the the wall input AC supply. The same is tapped
off terminal block TB3 and TB4, which are connected directly to the isolation transformers (secondary
winding) T2 and T3.

The AC supply to the Battery Module is not isolated from the wall input AC supply. The same is tapped
off terminal block TB1, which is connected directly o the input AC line voltage through circuit breaker
CB1.
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1.6.3 Physical Description

System Dimensions

Base: with 4 pumps with S pumps
Height 25.8in. (65,5 cm) same

Width 33.3in. (84,5 cm) 41.6in. (105,6 cm)
Depth 26.5 in. (67,3 cm) same

Weight 330 Ibs. (149,5 kg) 380 Ibs {172,1 kg)
Telescoping Pole: Diameter 1.30in. (3,3 cm)

Height 6-7 ft. (1,8 -1,9 m)

Two casters steer & wheel lock 6 in. diameter.
Two casters steer iock 6 in. diameter.

1.6.4 Electrical Description

The 8000 base electronics consist of one DC power supply and three AC power supplies. The supplies
are designed to drive limited amounts of loads protected by circuit breakers and fuses.

The main circuit breaker controls both DC and all AC power supplies.

The following subsections provide detailed information concerning the above mentioned DC and AC
power supplies.

1.6.4.1 DC Power Supply:

The DC power supply section of the base electronics is composed of an input line filter (LF1), a terminal
block (TBS), an isclated step down transformer (T1), a diode rectifier bridge {DB1), a current limiting
resistor (R1), a filter capacitor (C1), two Schottky rectifier fast diodes (D1 and D2) and three linear regula-
tors mounted on a printed circuit board.

* The DC power supply has the ability to deliver uninterruptible DC power to the safety monitor and all
the DC powered accessories connected to it. This is achieved only when the battery option is
instalied.

1.6.4.2 AC Power Supply

The AC section of the base electronics is composed of three types of power supplies as follows:

= Direct line supply: This supply is composed of a main system circuit breaker (CB1), a distribution
terminal block (TB1), a section of the configuration terminal block (TB2), and a section of the
configuration/distribution terminal blocks (TB3 and TB4).

This supply is used to drive all the pumps (each protected with its own circuit breaker), and the
Battery Module which is protected by a slo-blow fuse.

See base distribution board performance specifications for detaiis.

= Isolated supply No. 1: This supply is composed of a 1:1 isolation transformer (T2), a section of
the configuration terminal block {TB2) and a section of the configuration/distribution terminal
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1.6.4.2 AC Power Supply (Continued)

This supply is used to drive the auxiliary outlet. The outlet is rated at 3 amps and protected by a
4 amp circuit breaker for voltages of 100 and 115 VAC. For a 220-240 VAC, itis rated at 1.5
amps and protected by a 2 amp circuit breaker. Power to this supply is controlied by the main
system circuit breaker.

» Isolated supply No. 2: This supply is composed of a 1:1 isolation transformer (T3), a section of
the configuration terminal block (TB2) and a section of the configuratiorvdistribution terminal
blocks (TB3 and TB4).

This supply is used to drive the auxiliary outlet controlled by the safety stop signal. This outlet is
rated at 3 amps and protected by a 4 amp circuit breaker for voltages of 100 and 115 VAC. For

220-240 VAC, it is rated at 1.5 amps and protected by a 2 amp circuit breaker. Power 1o this
supply is also controlled by the main system circuit breaker.

1.6.5 Interface

1.6.5.1 DC Power Supply

There are two different types ot DC power supplies in the base electronics; these are called regulated and
unregulated DC power supplies.

The regulated supply interfaces with both lamp assemblies, the safety circuit on the PC board and the
fan.

See the base distribution board performance specifications for details.

The unregulated power supply interfaces with the occluder assembly and the safety, arterial and
cardioplegla monitors.

1.6.5.2 AC Power Supply

The AC power supplies interface with the 8000 Pumps via terminal blocks TB3 and TB4, both auxiliary
outlets via terminal blocks TB3 and TB4, the DC power supply via terminal block TBS and the Battery
Module via terminal block TB1.
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1.6.6 Power Distribution

The table below describes the type of receptacle on the base from which each module receives its power
and the type of power supplied.

B000 Base Power Distribution Table

Monitor/Module Receptacle Type Voltage

Pump International power cord with molded plug. 100, 115, 220-240
110%.

Safety Monitor 12-pin socket panel mount receptacle. Unregulated VDC.
18 - 36 VDC.

Occluder IEC panel mount receptacie, 4-pin. Unregulated VDC.
18 - 36 VDC.

Lamp IEC panel mount receptacle, 5-pin . Reguiated VDC.
18 - 24 5 VDC.
24 VDC typical.

Battery Mate and lock. 100, 115, 220-240
+10%.

Aucxiliary outlet, switched IEC 320 power inlet receptacle panei mount. | 100, 115, 220-240
+10%.

Aucxiliary outlet, unswitched | 1EC 320 power inlet receptacle panel mount. | 100, 115, 220-240
+10%.

Fan None. Regulated VDC.
18 - 245 VDC,
24 VDC typical.

1.6.7 Theory of Operation

1.6.7.1 Regulated DC Power Supply

The theory of operation for this section is located in the performance specifications for the base distribu-
tion board. The following chart depicts how the regulated voltage varies as a function of the line voltage
supplied to the base. As long as mains voltage is present and greater than or equal to 98% of the nomi-
nal line voltage, regulation remains within +0.5 VDC of 24 volts. If the line voltage falls below 98% of the
nominal line voltage, DC voltage will fall correspondingly.
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1.6.7.1 Regulated DC Power Supply (Continued)

At the minimum specified line voltage (-10%), VDC will be 18 VDC less the resistive drop across the
regulator. All modules have been designed to maintain proper operation at this voltage.

Regulated YOC vs Line Voltage
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1.6.7.2 Unregulated DC Power Supply

The unregulated power varies directly as a function of mains voltage. The following graph depicts this
variation. All modules receiving unregulated DC voltage have their own converters and regulators to
assure proper operation within the specified line voltage.
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e« 36 T —

(=14

©

3

2 |

-

=

@

o

5 |

=

3 1

e 18 [

5 7/

;

% %
! +
£ &
113
£ £
Line Voitage

The unregulated supply receives its main power from terminal block TB2. This power is filtered through
line fitter LF1 and then connected directly to terminal block TB5. This terminal block configures the
primary windings of the unregulated power supply transformer to the appropriate line voltage.

Voltage on the secondary of the transformer is rectified by the bridge rectifier diode DB1. The rectified
voltage, which is current limited by the power resistor R1, is filtered by capacitor filter C1.

The filtered voltage is connected to J4 on the power distribution printed circuit board, along with the power
diodes.
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1.6.7.3 Uninterruptible Power

The uninterruptible power is available only when the battery option is installed. The 24 VDC regulated
and unregulated power is diode OR'd with the battery voltage (see figure below).

DIODE ORIng CONFIGURATION CiRCUIT

DC POWER SUPPLY
TO LOAD
BATTERY POWER

The battery circuitry senses line voltage. The battery is disabled as long as the main power switch is on
and line voltage is present. Battery power is enabled by closing a relay when line voltage is lost, as
evidenced by loss of zero crossings on the line voltage input. The diodes thus prevent backward current
flow into the DC power supply. Under these conditions, all DC voltages are that of the battery voltage
until the battery voltage drops below 21 volts. At this point, protective circuitry switches off the batteries to
prevent deep discharging.

DC voltage vs Battery Voltage
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1.6.7.4 Power Supply AC

The main power from the wall circuit is connected to terminal block TB1. This terminal block distributes
power to the Battery Module, the unregulated power supply, auxiliary outlets and the 8000 pumps.

Power to the Battery Module is protected by fuse F2 on the base distribution printed circuit board; power
to the unregulated power supply is protected by fuse F1, also on the base distribution printed circuit
board. This is accomplished through connector P1.

Power to the 8000 pumps is routed from TB1, through TB2 and J/P1 to terminal blocks TB3 and TB4.
These blocks serve as distribution points for all 8000 pump positions on the base.

Power to the auxiliary outlet controlled by the stop signal is routed from T81 through J/P1, into TB2 where
the isolation transformer T3 is configured. The secondary of this transformer is brought up to TB4
through connector T2/T3, where it is configured to match the input line voltage. The output to the outlet is
taken from TB4-1 and TB4-5 through the solid state relay K1; K1 is controlled by the safety system stop
fine.
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1.6.7.4 Power Supply (Continued)

Power to the auxiliary outlet is routed from TB1 through J/P1, into TB2 where the isolation transformer T2
is configured. The secondary of this transformer is brought up to TB3 through connector T2/T3, where it
is configured to match the input line voltage. The output to the outlet is taken from TB3-1 and TB3-5.

For more details and clarification, see the 8000 base wiring diagram.
1.6.8 Calibration and Configuration Specification
No calibration required.

1.6.9 Service
All parts are accessible for servicing by removing the base assembly cover.

Assigned circuit breakers and fuses:

Output Designation Rating
8000 pumps
(4 pump base, voltages of 100 - 115 VAC) CB4 - CB7 3 amps
8000 pumps
{4 pump base, voltages of 220 - 240 VAC) CB4 - CB7 1.5 amps
8000 pumps
(5 pump base, voltages of 100 - 115 VAC) CB4 - CB8 3 amps
8000 pumps
(5 pump base, voltages of 220 - 240 VAC) CB4-CB8 1.5 amps
Safety Monitor CB9 3 amps
Occluder Module CB11 3 amps
Lamps assemblies CB10, CB12 1 amp
Battery Module
{voltages of 100 - 115 V) F2 0.4 amps
Battery Module
(vottages of 220~ 240 V) F2 0.2 amps
Auxiliary outlets
(voltages of 100 - 115V) cB2,CB3 4 amps
Auxiliary outlets
(voltages of 220-240 V) CB2, CB3 2 amps
DC power supply
(voltages of 100 - 115V) F1 2.5 amps
DC power supply
(voltages of 220 - 240V) F1 1.2 amps

Note: See wiring diagram for clarification.
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1.6.10 Field Service Diagnostics

Normal behavior for the base electronics can be diagnosed only when the unit is properly connected to
the appropriately rated wall outlet.

With the main circuit breaker in the on position, the following can be verified:

« Nominal 24 VDC should be present on the pole cable assembly (between pin #M and pin #J, K or L).

- Nominal 24 VDC should be present at the lamp receptacies (between pin #5 and pin #1),

» Nominal 24 VDC should be present at the occluder receptacle (between pin #4 and pin #2).

+ Volage to the pumps (with circuit breakers on) shouid be equal to the input line voltage applied to the
base.

+ Voitage to the auxiliary outlets (with circuit breakers on) should be equal 1o the input line voltage
applied to the base.

*  Under an arterial alarm condition, there should be no output power to the auxiliary outlet controlied by
the stop line (switched outlet).

*  With the battery option installed, line voltage present and the system circuit breaker on, no output
voltage should be present on the anterial and cardioplegia battery cables to the pumps (check TB1
and TB2 on PC board).

= With the battery option installed, line voltage absent and the system circuit breaker on, battery output
voltage should be present on the arterial and cardioplegia battery cables to the pumps (check TB1
and TB2 on PC board); also, nominal 24 VDC should be present at the receptacles for the lamps,
occluder and pole cable assembly. This is true only if the batteries are charged.

1.6.10.1 Preventive Maintenance Guide

The air filter should be checked periodically and replaced if necessary.

1.6.10.2 Precautions

The following may affect the safety of service personnel or functionality of the unit:

= Electrical shock precautions shouid be taken when working on the base electronics.
» Static precautions should be taken when working on boards.
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1.7 Roller Pump Performance Specification

1.7.1 Operating Parameters

Electrical Power Reguirements

115V Pumps 220-240 V Pumps
Voltage: 103.5-126.5 V~ 198-264 V~
(115 V, nominal) {220-240 V, nominal)
Frequency: 50/60 Hz 50/60 Hz
Circuit Breaker
Protection: 2.5 amps 1.25 amps
Fully loaded
current rating*:
Continuous 1.4 amps 0.7 amps
Pulsing 0.2 amps (1.4 A Peak) 0.5 amps (0.7 A Peak)

Roller Pump** 16402 (98-0702-0647-3) 16407 (98-0702-0648-1)

100 V Pumps
80-110 V~
(100 V, nominal)

50/60 Hz

2.5 amps

1.6 amps

1 amp (1.6 A Peak)

16411 (98-0702-0646-5)

Notes: *A fully loaded pump is defined as one properly occluded with 1/2 in. diameter tubing, pumping

water at ambient temperature and 250 RPM.

**5 digit numbers are catalog numbers; 1 digit numbers are 3M 1.D. numbers.

Leakage current: <12 microamperes for 115V and 100V pumps; <30 microamperes for

220-240V pumps.
Ground resistance: 0.1 Ohm maximum for all pumps.
The base module is tested for high potential.

= 1200V~ for 100-115 VAC units.
» 1500V~ for 220-240 VAC units.

Environmental Conditions

Operation 10° to 40°C, less than 95% relative humidity, noncondensing.

Storage Ventilated area, -30° to 54°C (-22 to 130°F),
less than 95% relative humidity, noncondensing.
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1.7.2 Functional Description

The 8000 Roller Pump consists of a universal pump, which is a microprocessor controlled 2-roller peristal-
tic pump with adjustable occlusion, and a power supply. The pump is capable of flows up to 9.99 L/min
(depending on pump head tubing used) at pump speeds up to 250 RPM.

in the case of a microprocessor failure, the pump is capable of basic operation (control of direction, stop
and speed) and basic safety system function (cover interlock, overcurrent and hardware overspeed),
without display.

The pump’s built-in DC power supply is capable of driving a universal roller pump. The power supply

includes a terminal block, which configures the transformer's primary windings for proper input voltages,
and a board which handles the communication and safety lines and regulates DC power for the fan.

The power supply assembly provides connection points for the following:
* Power cord receptacle

* Universal Rolier Pump

+  Safety/Communication signals

*  Battery power input

1.7.2.1 Speed Regulation Under Load

Pump-head torque: 30 to 40 in-lbs (3.4 to 4.5 N-m) at maximum RPM.

Speed variation: With a 10 in-Ib (1.1 N-m) change in load, final speed = initial speed + 1 RPM.

Response time to change in load
* <60 msec to make 63% recovery speed.
* <180 msec to make 100% recovery in speed.

Speed range: 0 to a maximum of 245 to 255 in forward and reverse after the 24 hour break-in.
Speed resolution: The displayed resolution is equal to 1 RPM.
Speed accuracy: The speed accuracy is equal 1o = 2 RPM or 1% of actual, whichever is greater,

Zero speed setting: Zero speed is set at 2 10° clockwise rotation of speed pot from full counterclockwise
before pump tums.

Pump acceleration: Pump acceleration with properly installed tubing, is = 198 RPM/sec with soft start
(pump demand set > 0 before pump Forward or Reverse mode engaged).

Pump deceleration: The pump will reach 0 RPM in response to Stop command within 1 pump-head
revolution at any specified speed.
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1.7.2.2 Pump Flow

Flow rate calculation

« Flow = RPM x Flow Constant
= Display range: 0.00 to 9.99 L/min,
»  Display resolution: 0.01 L/min.

Note: Display accuracy is based on using Tygon S50HL
tubing, with proper occlusion, outlet pressure < 500 mmHg.

Effect of fluid temperature on display accuracy
«  20-40°C £ 8% of actual with defined flow constants;

< 20°C must use Variable Flow Constant, accuracy not defined.

Flow Constants

Measured on Tygon S50HL tubing, 20-40°C.

Flow Constant
Tube ID
0.25in.
0.37 in.
0.50in.
0.62 in.
6 mm

8 mm
10 mm
12 mm
S4:1
S2:1
S1:1

Tube Clamps and inseris
A tubing retention force applies sufficient friction to the tubing to prevent migration during use. This is
accomplished when the proper tube insert is installed (according to tube size), and the tube clamp
assembly is properly installed and locked in position on the pump head.

Removal of tube clamp assembly (P/N 78-8066-7520-9) does not require excessive force.

Tube Insert Sizes

6070
6071
6072
6073
6074
6075
6076
6080
6079
6077
164185
164190

127
25.9
41.9
€0.8
11.8
20.0
28.8
41.6
155
18.0
25.4

1/4
5/16

38

7116

1/2

9/16

5/8

11/16

3/4

3/8, 3/8 (1:1)
3/8, 0.302 (2:1)
3/8, 1/4 (4:1)

(mbrev} EValue

127
259
419
608
118
200
288
416
155
180
254

Color
aluminum
light green
black

goid

dark green
red
aluminum
aluminum
aluminum
white

tan

blue
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1.7.2.3 Pump-Head Concentricity

Roller to roller: 0.0015 in. (0.04 mm) Total Indicator Reading {TIR) maximum:.

Drive shaft to race: 0.0015 in. {0.04 mm) TIR maximum.

Occlusion can be set by rotation of an adjustment knob on the top of the pump.

Belt tension: With 0.06 in. (1,52 mm) deflection of belt (at mid span of free belt between pulieys), indi—
cated force shall be 1.5-2.0 Ibs (6,7 - 8,9 N).

Refarence: Spring adjust/Spring length set to 0.625 + 0.005 in., equivalent to 30 Ibs. (134 N) per spring
manufacturer's specification.

Motor mount slide static friction < 10 lbs. (44,5 N).

Accuracy: The pump run time display must represent the time in forward or reverse with an additive
accuracy of + 0.1 hour for each time the pump is placed in forward or reverse mode.

1.7.2.4 Switches

Manuai switch: Activating the Manual switch while in Computer Control mode will result in the pump
being placed in the Stop mode.

Tube size selection: Tube size selection may not be changed unless the pump is in Stop mode. RPM
may be momentarily displayed by depressing the select switch.

Stop switch: Activating the Stop switch while in Computer Control mode will result in the pump being
placed in the Manua! mode.

Computer Control: Computer Control of the pump can only subtract speed from the demand pot setting.
Prevention of accidental switch actuation: The Stop mode can be easily entered by depressing any of 3
switches located underneath the Stop button, whereas Forward, Reverse, and Computer Control modes
can only be entered by depressing both appropriate switches. All switches, except Reverse, must be

actuated for 100 ms before resulting action is taken, whereas the reverse switch requires a longer actua-
tion of approximately 4 t 1 sec. before resulting action is taken.

1.7.2.5 Electrical Performance for Communications

Meets communications requirements of EIA-485 Standard.

The A terminal of the generator shall be negative with respect to the B terminal for a binary 1 (MARK or
OFF) state.

The A terminal of the generator shall be positive with respect to the B terminal for a binary 0 (SPACE or
ON) state.
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1.7.2.5 Electrical Performance for Communications (Continued)

Send:
Voltage output (A orB) 0to 5 .0 V (typically 0 to 3.75 V)
Differential voltage: 1.5t0 5.0 V

Receive:
Differential input high threshoid 0.2 V minimum
Differential input low thresheold -0.2 V minimum
Hysteresis 50 mV peak {o peak
EEPROM (Electricaily Erasable/Programmabile Read Only Memory) stores the following information:

Run time: The pump run time which is defined as the time that the pump is powered in Forward or
Reverse mode. The run time is incremented at the end of each 0.1 hour up to @ maximum of 9999.8
hours.

Tube size: The last tube size set when the pump was used in forward or reverse mode.

Variable flow constant : The variable fiow constant corresponds to the last VFC entered.

1.7.2.6 Communication Commands

Ali commands and data communicated back and forth from the pump are sent in packets of characters as
follows:

Character format
1 start bit, 7 data bits, 1 odd parity bit, 2 stop bits.
Baud rate = 2400

Packet format
» Header: 1 character namely “<“.

« Device address: 1 character in range of “A™-"Z". Calculated by adding the ASCII value of A to the local
processor |ID number. The device address for the 8000 roller pump is hard wired to “B™.

* Record length: 2 character count representing number of characters in packet. Calculated as 8 +
length in characters (hexadecimal).

+ Command code: 1 character representing a command in range “A™-"2" or “a"-"z" or “?".

= Parameters: 0 to 56 characters. In a response packet, the first character will be a digit representing
the status condition.

+ Checksum: 2 characters representing a hexadecimal number in the range 0-7F.

»  Terminator: 1 character namely “>".
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1.7.3 Physical Description

8000 Roller Pump:

Width 8.2 in. (20,8 cm)
Depth 19.7 in. (50,0 cm)
Height 14 in. (35,6 cm)
Waeight 50 Ibs. (22,6 kg)

1.7.3.1 Universal Pump

Width 8.12in. (20,6 cm)
Depth 14.0in. (35,5 cm)
Height 8.0 in. {20,3 cm)
Weight 31 Ibs. (14 kg)

1.7.3.2 Power Supply

Width 7.4in. (18,8 cm)
Length 5.5in. (14,0 cm)
Height 7.1 in. (18,0 cm)
Weight 22 Ibs. (10 kg)

1.7.4 Electrical Description
1.7.4.1 Universal Pump

On-board power supply:
Positive 12 VDC + 5%
Negative 12VDC +5%
Positive5 VDC £ 5 %

1.7.4.2 Power Supply

= The DC power supply has a minimum output equal to 21 VDC with a maximum load of 8 amperes at

the minimum specified voltage.

» The DC power supply has a maximum output equal to 40 VDC with a minimum load of 0.5 amperes

at the maximum specified voltage.

1.7.5 Circuit Protection:

«  Output power for the fan is limited to 1 amp regardless of the input line voltage and is protected with

a fuse {F1) on the PC board.

= Qutput power to the rolier pump is protected by the power supply main circuit breaker.
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1.7.6 Interface

1.7.6.1 Rolier Pump

The rolier pump interfaces with the user via displays and buttons located on the front panel of the pump.
The displays provide information such as fiuid flow rates, pump speed and pump status. The buttons
allow the user to govern the pump’s rotation and direction (forward and reverse).

The 8000 Roller Pump interfaces with the base electronics through the ART/CPG cable assembly, the AC
universal power cable and the battery (UPS) cable assembly.

+ The ART/CPG cable assembly handles the safety signals and the RS-485 communication signals
from the base electronics. This cable connects to a 6-pin panet mount receptacle located on the
dress panel of the 8000 roller pump.

+ The AC universal power cable handles mains power to the pump, ranging from 100 to 240 VAC. This
cable connects to an AC panel mount receptacle located on the dress panel of the 8000 roller pump.

+ The UPS cable assembly handles battery power to the pump at a nominal voltage of 24 VDC. This
cable connects to a 3-pin pane! mount receptacle located on the dress panel of the 8000 roller pump.
1.7.6.2 Universal Pump

The universal roller pump interfaces with the power supply via a 12 pin panel mount Cannon connector
located on the rear bracket of the power supply. The same will handle power, pump “ID" number, safety
stop lines, RS-485 communication lines and safety ground (chassis).

1.7.7 Theory of Operation

1.7.7.1 Universal Pump

A potentiometer sets the pump speed/low rate.

The pump display can be set to show calculated flow for the pump header tube section used or RPM.
The display also shows messages representing status of the pump.
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1.7.7.2 Power Supply

The primary windings of the transformer are configured to match the input line voltage.

AC power is applied to the receptacle located on the front panel of the power supply. Power is stepped
down to a nominal voltage via a step-down isolated low leakage transformer, then rectified and fittered by
a rectifier bridge and a 27000 uf capacitor.

The DC rectified voltage (unregulated power supply) is used to power the pump, and is also regulated
down to 24 VDC tc power the fan.

The unregulated power varies directly as a function of mains voltage. The following graph depicts this
variation.

Unreguiated Voltage vs Line Voltage
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1.7.7.3 Regulated DC Power Supply

The theory of operation for this section is located in the perfermance speacifications for the pump distribu-
tion board.

The following chart depicts how the regulated vollage varies as a function of the line voltage supplied to
the base. As long as mains voltage is present, and greater than or equal to 98% of the nominal line
voltage, regulation remains within £0.25 VDC of 24 volts. If the line voltage falls below 98% of the
nominal line voitage, DC voltage will fall correspondingly.

At the minimum specified line voltage (-10%), VDC will be 21 VDC less the resistive drop across the
regulator. Al modules have been designed to maintain proper operation at this variation.

Ragulated VDC vs Line Voltage
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1.7.7.4 Uninterruptible Power

The uninterruptible power is available only when the battery option is instalied.

When the battery option is installed, the battery is diode OR'd with the unregulated power supply within
the pump (see figure below). If AC mains is lost, the battery will be automatically brought on-line to power
the pump (see base electronics performance specification). Under this condition, the main circuit breaker
on the pump is by-passed.

DIODE ORIng CONFIGURATION CIRCUIT

DC POWER SUPPLY » Pt
+——> TOLOAD

BATTERY POWER

The battery circuitry senses line voltage. The battery is disabled as long as the main power switch is on
and line voltage is present. Battery power is enabied by closing a relay when line voltage is lost, as
evidenced by loss of zero crossings on the line voltage input. The diodes thus prevent backward current
flow into the DC power supply. Under these conditions, all DC voltages are that of the battery voltage
until the battery voltage drops below 21 volts. At this point, protective circuitry switches off the batteries to
prevent deep discharging.

DC Voltage vs Battery Voltage
24- LewiPce

% Unregulated &
Regulated VDC
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£

1.7.8 Calibration and Configuration Specifications

1.7.8.1 Universal Pump

For calibration on the Universal Pump, see Section 3, Roller Pump Adjustments

1.7.8.2 Power Supply

No calibration required.
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1.7.9 Service

1.7.9.1 Field Service Diagnostics

Normal behavior for the roller pump can be diagnosed only when the unit is properly connected to the
appropriately rated outlet.

With the main circuit breaker in the on position, the battery cable connected (only if the battery option is
installed), the communication safety cable and the AC power cable connected to their respective input
receptacle, the following can be verified:

* Reguiated 24 VDC should be present at the pulse connector on the front of the pump.

« The flow and RPM display on the pump should be blank,

The alphanumeric display should read “RESET" for a few seconds, then go through the self

diagnostic tests.

The pump should be in the stop mode with the LED over the stop and the manual buttons lit,
The fan should be running.

With AC power loss, the pump should remain operational if Battery Module is installed.

An alarm condition will activate the stop relay in the pump.

The circuit breaker will not shut down the unit when the 8000 system is operating on battery.

1.7.9.2 Preventive Maintenance Guide
The air filter should be checked periodically and replaced if necessary.
1.7.9.3 Precautions

The following may affect the safety of service personnel or functionality of the unit:

»  Electrical shock precaution should be taken when working on the pump.

+ Static precautions should be taken when working on boards.

» The ground strap must remain connected to the two sheet metal panels (hosting components of
the power supply) at all times.

1.7.9.4 Safety Features

Stop mode: Two independent relays are employed to put the pump into Stop mode.

» The pump will enter the Stop mode when the stop line is activated at the pump by the base
electronics. This consists of a 5 mA current loop signal from the base electronics to the pump
power supply. The condition is obtained using one of the two stop relays on the pump drive
board of the universal rolier pump.

= Actuation of the Stop switch will independently place the pump in the Stop mode using the
second redundant stop relay.

Loss of pump-head tachometer: Pump must enter Stop mode if pump-head tachometer indicates
0 RPM (ioss of pump-head tach) and motor speed voltage is greater than zero (indicating motor
is turning}.

Belt slip detection: Pump display must indicate “Belt Slip” message if ‘motor tachometer (adjusted for
pump drive ratio of 6:1) indicates desired pump speed is greater or equal to 120% of pump-head tachom-
eter indicated speed.
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1.7.9.4 Safety Features (Continued)

Cover interlock:

«  Pump must not be capabie of operating if cover is open greater than 1.5 in. (3,8 cm).
»  Pump must be capable of operating if cover is open less than 0.2 in. (0,5 cm).

« No message will be displayed if pump cover is open.

Overcurrent (Pump Jam): Within 1 sec. of motor current exceeding 8.0 + .05 amp, the pump will enter the
Stop mode and display the “Pump Jam” message.

Overspeed: There are three overspeed detection conditions designed into the pump. These conditions
will redundantly be checked, ensuring a pump stop whenever a run-away condition is detected at any
stage.

» Overspeed 1: Pump must enter Stop mode if pump-head tachometer indicates pump speed
> 275 + 10 RPM and display the “OVRSPD 1" message. This condition is controlled by pump
electronic hardware.

+ QOverspeed 2: Pump must enter Stop mode if pump-head tachometer indicates pump speed
> 290 RPM and dispiay the “OVRSPD 2" message. This condition is controlled by pump micro
processor software.

« Overspeed 3: Pump must enter stop mode if pump-head tachometer indicates desired pump
speed equals or exceeds the overspeed limit of its pump speed demand. Graphic representation
of this relationship for the entire operating range of the pump is shown in Figure 1 below.

OVERSPEED 3 CONDITION
350

300

250
200 -
150

100

OVERSPEED LIMIT (RPM)
N

Q S0 100 IS0 200 250 300
PUMP SPEED - DEMAND (RPM)

* Note regarding microprocessor watchdog: A hardware circuit will detect loss of normal
microprocessor function by performing a timing test on the processor.
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1.8 Safety Monitor Performance Specification

1.8.1. Operating Parameters

Air Detection Tubing Requirements

Type Clear, flexible PVC tubing.
Size 1/4 Air Sensor (P/N 15020) requires tubing of 1/4 in. (6,4 mm) L.D. x 1/16 in. (1,6 mm)
wall. '

3/8 Air Sensor (P/N 13540) requires tubing of 3/8 in. (9,5 mm) 1.D. x 3/32 in. (2,4 mm)
wall.

Air Sensor Performance

1/4 Sensor Detects bubbles of 0.5 mi or larger at flow rates up to 3 L/min in blood with a hematocrit
of 15-40%.

3/8 Sensor Detects bubbles of 1 ml or larger at flow rates up to & L/min in blood with a hematocrit of
15-40%.

Level Detection Requirements

Fluid Level Level detection occurs when the fluid level in the reservoir is within £ 0.2 in. (0,5 cm)
from the horizontal center line of the level sensor pad.

Reservoir Functions only with clear hard-shell reservoirs of acrylic, PVC, butadiene styrene or
polycarbonate which have a wall thickness of 0.03-0.10 in. (0,8-2,5 mm).

Internal structures must be more than 1.0 cm from the sensor.
Gel Use the gel which comes packaged with the level sensor pads.
Level Detection Performance
Alert and alarm signals function properly with clear priming solutions or blood of any hematocrit.
Environmentai Conditions
Operation 10° to 40°C, less than 95% relative humidity, noncondensing.

Storage Ventilated area, -30° to 54°C (-22 to 130°F),
less than 85% relative humidity, noncondensing.
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1.8.2. Functional Description
The safety monitor performs the following main functions for the 8000 system:

= Air detection and level detection monitoring,
» Power distribution from the base to the arterial and cardioplegia monitors,

= Interface for stop signal from the arterial and cardioplegia monitors.

The primary function of the safety monitor is to provide air detection and blood reservoir level detection.
The air detector activates an alarm if air is detected in the blood line being monitored. The level detection
can activate an alert and/or an alarm if the blood level in the reservoir drops below the location of the
respective sensor attached to the raservoir.

Alerts result in both audible and visual indications. Alarms result in audible and visual indications, and
additionally activate the pump stop signal which is routed to the arterial and cardioplegia pumps.

The safety monitor serves as the power distribution point for all pole mounted modules and provides
circuit breaker protection for those devices.

The air detection and level detection functions of the safety system are always active and monitor the
outputs of the air and level transducers but they must be in the ON mode in order to have alarm capability
(with safety features) to stop the pump.

The air detection and level detection features will automatically be in the OFF mode a few seconds after
the safety monitor circuit breaker is switched from OFF to ON. Any console panel switch must be
pressed and held for approximately 1 second in order to prevent accidentat activation of control panel
functions.

1.8.2.1 Air Detection Controls

The RESET switch can be pressed to clear any prior alarms. if the air detection transducer is not con-
nected to the safety monitor, the air detection feature can not be reset. After the RESET switch has been
pressed and the air alarm indicator no longer illuminates, the air detection system is cleared of prior
alarms.

While in the QFF mode, detected air will cause the right most portion of the air alarm indicator (1/8 of
indicator bar) to illuminate. In ON mode, detected air will cause the entire air alarm indicator to flash, the
audio alarm to sound, and the arterial and cardioplegia pumps to stop.

The green indicator above the ON switch and the red indicator above the OFF switch displays the ON or
OFF mode and shows which switch was last pressed.

When an alarm is detected, an audio warning will sound for two seconds and repeat every 60 seconds
until the condition ceases and the air detection RESET switch is pressed.
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1.8.2.2 Level Detection Controls

A mode switch on the level detection module rear panel selecis the level detection mode.

Switch Positi Mode Selected
1 use of both the alert and alarm.
2 use of only the alarm.
3 not applicable for this product but

functions nominally as an alarm only.
4 use of only the alert.

The RESET switch clears any prior alarms. If the rear panel mode switch is set to the alert/alarm or atarm
and the level detection alarm transducer is not connected to the safety monitor, the level detection feature
can not be reset. If the level detection afert transducer is not connectad, the level detection feature can
be reset but the yellow disconnected level transducer indicator will illuminate to indicate operation with
only the level alarm transducer. After the RESET switch has been pressed and the level alarm indicator
no longer illuminates, the level detection system is cleared of prior alarms.

While in the OFF mode, the level detection alarm will cause the left most portion of the level atarm
indicator (1/8 of indicator) to illuminate if the levei drops below the set reservoir alarm level. Inthe OFF
mode, the level detection alert will cause the left most portion of the alert indicator (1/8 of indicator bar) 1o
lluminate if the leval drops below the set reservoir alert level. In ON mode, level detection will cause the
entire level alarm and alert indicator bars to flash, an audio waming to sound, and the arterial and
cardioplegia pumps o stop.

The green indicator above the ON switch and the red iﬁdicator above the OFF switch displays the ON or
OFF mode and shows which switch was last pressed.

A single-tone audio alert will sound for two seconds and repeat every 60 seconds until an alert condition
ceases. When a level alarm is detected, a duat-tone audio warning will sound for two seconds and repeat
every 60 seconds until the condition ceases. After the reservoir level has been restored the alert indicator
will stop flashing automatically, but a level alarm will require pressing the RESET switch in order to clear
the alarm.

1.8.3. Physical Description

Height: 6 in. (15,2 cm)
Width: 8in. (20,3 cm)
Depth: 10 in. (25,4 cm)

The safety monitor is a pole mounted structural foam enclosure. Cables are plugged into the rear of the
module under a cable cover. Setup adjustments are made at the rear of the module. Normal operation is
via the front panel which includes LED indicators and membrane switches.

The safety monitor contains a motherboard and board cage. Boards are installed in the board cage from
the rear of the module. A level detection board, air detection board, and a safety power module plug into
the motherboard. Cable connections are made at the cover panels of the plug-in boards at the rear of the
module. A membrane switch panel and display board are located at the front of the module.

The membrane switch and display boards are 5.4 in, (13,7cm) high by 7.1 in. (18,1 cm) wide. The boards
which plug into the motherboard are 4.5 in. (11,4 cm) high by 7.9 in. (19,9 cm) long with a nominal
spacing of 1.3 in. (3,2 cm) between boards. The safety power module occupies 2 board slots.
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1.8.4 Electrical Description

The safety monitor receives power from the base via an interface cable. The module is powered by
unregulated 24 VDC which is converted to +5 and £12 VDC in the safety monitor and distributed to all
boards in the safety monitor, The unregulated 24 VDC is also provided to the arterial and cardioplegia
monitors. The safety monitor requires 24 volis at 0.4 amps without arterial and cardioplegia monitors, and
24 volts at 1.4 amps with both arterial and cardioplegia monitors attached.

A circuit breaker switch is located at the rear of the module. The 24 VDC supply to the safety monitor and
any attached arterial and cardioplegia monitors are switched by this breaker.

The arterial and cardioplegia pump stop signals are generated within the safety monitor and connected to
the base via an interface cable.

An RS-485 compatible communications network connects the arterial monitor to the arterial pump via the
safety monitor. A second such network connects the cardioplegia monitor to the cardioplegia pump. Due
to the software configuration, there is no communication between the monitors and the pumps.

1.8.5 Interface

A single cable connects the safety monitor to the base. This 12-conductor cable includes 24 VDC power
source and retum, arterial pump stop signal, cardioplegia pump stop signal, arterial communications
network, cardioplegia communications network and chassis ground.

A single cable connecis the arterial monitor to the safety monitor. This 6-conductor cable includes 24
VDC power source and return, arterial pump stop signal, arterial communications network and chassis
ground.

A single cable connects the cardioplegia monitor to the safety monitor. This -conductor cable includes
24 VDC power source and return, cardioplegia pump stop signal, cardioplegia communications network
and chassis ground.

The safety power module, air detection board, and level detection board interface to the safety monitor via
56-pin board edge connectors. The motherboard provides all interconnections. The membrane switch
and display board each attach to the motherboard via ribbon cables.

1.8.6 Theory of Operation

Level detection is accomplished by one or two ultrasonic transducers which are attached to the side of a
clear plastic, hard shell blood reservoir. The transducers emit a high frequency sound wave, then monitor
the echo. The transducers detect a difference in the echo when fiuid is present versus when the reservoir
is empty. One transducer may be used for the alert only or alarm only mode. Two transducers are used
for the aleri/alarm mode. The upper transducer will be the alert level, and the lower will be the alarm
level. When the fluid level falls to the midpoint of the transducer, an alert or alarm is initiated.

Air detection is accomplished by transmitting an infrared light beam through the blood line and detecting it
at the other side. Blood will block more light than air. When light above a certain threshold is detected
through the blood line, an alarm is initiated.

Alerts will cause visual and audible indications only. An alarm will cause a visual and audible indication
and stop the arterial and cardioplegia pumps. The pump stop signal is activated on the safety monitor
motherboard by either detector board. The safety power module transmits the stop signai using a current
loop to the pump via the base. An arterial alarm will stop both the arierial and cardioplegia pumps.
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1.8.6 Theory of Operation (Continued)

The arterial stop signal is the result of OR'ing stop signals from air and leve! detection and any arterial
monttor. The cardioplegia stop signal is the result of OR’ing stop signals from air and level detection and
any arterial and cardioplegia monitors.

The safety power module contains circuitry to generate the intermittent alert and warbie alarm tones.
That board also includes circuitry to repeat the audible indication once per minute if the condition is not
resolved.

The safety power module includes a DC/DC converter which converts the 24 VDC power supplied by the
base to the internal voltages used by the detector boards.

1.8.7 Calibration and Configuration

There are no calibrations for the safety monitor as a system; however, calibration and/or configuration for
individual boards plugged into the safety monitor may be required.

1.8.8 Service

1.8.8.1 Field Service Diagnostics

The diagnostic procedure shall consist of connecting the safety monitor as for normal operation, including
connection to base and pump, and operating the safety monitor to verify correct operation. The arterial
and cardioplegia pumps should be allowed to run during these tests.

Check startup.
* Apply power to the systam.
» Verity that all LED indicators on the front of the safety monitor light for approximately 3 seconds
and the audible alarm sounds for approximately 2 seconds.
+ Start the arterial and cardioplegia pumps.

Check air detection.

* Place an opaque object in the air sensor in a position normally occupied by the biood line.

+ Press RESET to clear any prior conditions.

+ Tumon the air detector switch. Verify that the ON indicator lights.

= Remove the test object from the air sensor. Verify that the alarm indicator lights, the audible
alarm sounds for 2 seconds, the pumps are stopped and the alarm sounds again after 1 minute.

* Press the RESET switch and verify that the pumps remain stopped.

* Replace the test object in the air sensor. Press the RESET switch and verify that the visual
indicator turns off and the pumps can be restarted.

»  Press the OFF switch to turn the detector off. Remove the test object from the air sensor. Verify
that the pump continues to run.
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1.8.8.1 Field Service Diagnostic (Continued)

Check level detection.

«  Attach the level sensors to a hard shell plastic reservoir filled with liquid.

«  Check that the selection switch on the rear of the level sensor is in the alert/alarm mode prior to
applying power.

« Tum on the level detection by pressing the ON switch on the front panel. Verify that only the ON
indicator lights.

« Start the arterial and cardioplegia pumps.

«  Allow the alert sensor to sense air. Verify that the alert indicator bar flashes, the alert tone
sounds for 2 seconds, the alert tone repeats after 1 minute and the pumps continue to run.

« Return liquid to the sensor and verify that the visual indicator tums off.

«  Allow the alarm sensor to sense air. Verify thal the alarm indicator bar fiashes, the alarm tone
sounds for 2 seconds, the pumps are stopped and the alarm tone repeats after 1 minute. Return
liquid to the sensor. Press the RESET switch and verify that the indicator turns off and the pump
can be restarted.

«  Press the OFF switch and verify that the OFF indicator lights. Cause the alarm to sense air again
and verity that the pump continues to run.

1.8.8.2 Preventive Maintenance Guide
The safety monitor requires no regular preventive maintenance.

1.8.8.3 Precautions

All circuitry in the safety monitor will operate with a maximum of 24 VDC and will not present shock
hazards.

Power should be removed prior to removing or installing any circuit boards in the safety monitor.

Circuit boards should be handled using static protective equipment and procedures.

1.9 Arterial Monitor Product Performance Specification

1.9.1 Operating Parameters
Temperature Requirements

YSI (Yellow Springs Instruments) 400 series temperature probes or an equivalent probe so indicated by
the manutacturer.

Temperature Performance
Monitors Between 0 - 49.9 °C, with + 0.3 °C display accuracy and 0.1°C resoiution.
Displays “—" when <0°C or no probe.

“999" when >49.9°C or a partially connected probe.
Blank if a channel or temperature system malfunctions.

Page 1-39



Sarns™ 8000 Module Perfusion System Service Handbook Sectlon 1. System Description

1.9.1 Operating Parameters (Continued)
Pressure Requirement

Any probe that meets AAM| standards for physiologic pressure probes. Probes other than that supplied
by Sams may require an adapter cable from Fogg Systems Co, Aurora CO.

Pressure Performance

Monitors Pressures of -45 to 990 mmHg

Display Range {mmHg) Accuracy
Static -45 to 500 + 10 mmHg
Conditions 500 to 990 + 20 mmHg

Dynamic Conditions: Display accuracy is + 40 mmHg,
with a dynamic variation of 150 mmHg maximum.

Displays " --" at < -45 mmHg, no probe or uncalibrated.
“999” at > 990 mmHg.
(Blank) i a channel or pressure system malfunctions.

Alert and Alarm Limit Set-points (mmHg)

Alert Range 0-980 in 10 mmHg increments.
Alarm Range 10 - 990 in 10 mmHg increments.
Displays 999 when disabled.
Default Alarm = 360 Alert = 300
Alert Yellow alert bar flashes with single audio tone.
Alarm Arterial and Cardioplegia pumps stop, red alarm bar flashes with dual audio tone.

Data Storage Alert and alarm set-points are saved when power is off.
A disabled alarm is not saved.

Timer Performance

Two independent timers, each with Start, Stop and 0:00 (zero) switches.
Displays in hours, minutes and seconds.

Environmental Conditions
Operation 10 to 40 °C, less than 95% relative humidity, noncondensing.

Storage Ventilated area, -30 to 54 °C (-22 to 130 °F),
less than 95% relative humidity, noncondensing.
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1.9.2 Functional Description

The 8000 Arteria! Monitor will display one average pressure and three average temperatures and also
provides two digital timers. The pressure channel can have alert and alarm levels set by the userto
indicate overpressure conditions. The alert and alarm level settings are retained by the system and can
be recalled after the next power up. Alert and alarm conditions are indicated by fiashing LED bar with
single or dual audio tones; an alarm will also stop the arterial and cardioplegia pumps. The volume of the
tone is adjustable by the user.

The front panel is divided into four functional areas:
= One pressure display area which includes digital and alphanumeric displays, membrane
switches, and alarm and alert indicators;
+ One temperature display area showing three temperatures;
» Two timer areas, with membrane switches to operate the timers.

All functions are available to the user at all times. The loss of one or more functions will not halt the
overall system.

The rear panel of the monitor has the rotary volume control switch and the arterial monitor cable. The

arterial monitor cable is permanently attached to the monitor and the other end plugs into the 8000 safety
monitor. The main power cable also carries the pump stop sighals and communications.

1.9.2.1 Membrane Switch Panel

The membrane switch panel covers the total front surface of the monitor and is used for operator input.
Switches are provided for each pressure section and for operation of the timers. The temperature section
of the panel has write-on surfaces for the labeling of the temperature displays.

1.9.2.1.1 Pressure Displays and Key Pad

Alarm Display Alert Display

Up and Down

Switches §

Pressure Display

/

Select Switch Message Display

N§ 3%
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1.9.21.2 Timers Displays and Key Pad

The 8000 Arterial Monitoring System includes two timers. Each of the timers has a 5-digit, LED display.
Time values are displayed continuously. The timers are controlled by START, STOP and 0:00 (zero)
switches.

Timer Bispl
Zero Displays Switch imer Lispiay

/
\@%%B

\
HRE

START switch is used to start the timer.
STOP switch is used to stop or pause the timer.

0:00 switch is used to stop the timer and to zero the timer displays.

1.9.2.1.3 Temperature Displays

Each tamperature display can be labeled by the user right on the membrane switch panel surface. There
are no switches needed for the temperature system.

1.9.2.2. Display Board

The display board presents up-to-date pressure, temperature and timer information in a digital character
format. The displays can be read under normal jighting found in the operating room. The board supports
seven-segment LEDs, bar format 1.EDs and eight character, dot-matrix alphanumeric displays. All LEDs
are green except for the yellow alert and red atarm displays.

The pressure channel displays pressure values or an alerl/alarm set-point on three-digit seven-segment
LEDs without a decimal point. The yellow and red LED bars provide flashing visua! wamings for alert and
alarm conditions. Temperatures are displayed on three-digit seven-segment LEDs with a decimal point.
The timer section uses five seven-segment LLEDs for each timer; the colons are lighted at all times and do
not flash.

1.9.2.3 Temperature and Pressure Monitoring Board

This monitor sub-assembly supports the measurement of one pressure and three temperatures. The
hardware on this board is set up to use the Viggo-Spectramed Model P23XL pressure transducer (or an
equivalent disposable with an adaptor cable) and YSi 400 series thermistor temperature probes.

The board can be divided into three electrically isolated functional sections: one digital section, one
analog pressure measurement section and one analog temperature measurement section. information
from each of the analog sections and the control line signals from the digital to the analog sections are
passed over an isolation barrier with optical isolators.
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1.9.2.3 Temperature and Pressure Monitoring Board (Continued)

The digital section has a counter, latch for control lines, a buffer for control and address lines and a bus
transceiver chip for two way data transfer. A single board microcomputer {located on the power interface
board) is used to run software that selects the proper temperature and pressure probe channel, loads and
restarts the counter, receives an interrupt to read the count information after each integration period, then
calculates the temperature and pressure for later display.

The pressure and temperature measurement sections translate voltage levels, read from a selected probe
or reference channel, into frequency based information. This frequency data is passed over an optical
isolator and is translated into counts. The count information is used by the system computer to calculate
the pressure and temperature. The software then transiates the raw data into decimal data suitable for
the display board.
The board has the following functional circuitry blocks:

« Power supply and probe excitation

= Reference circuitry

= Demultiplexer for probes

» Gain and impedance matching amplifier(s)

« Voltage 1o frequency conversion

= Edge to level translation with frequency divided by four

= Optical isolator circuitry

« Computer interface circuitry

More detatied information can be found in the performance specification for this board.

1.9.2.4 Power Interface Board
The power interface board provides power conversion, system cable interconnection and address decod-
ing when used in a monitoring system. This board also provides a mounting location and connector
interface for the Ampro Core Moduie™ /XT computer board.
The power interface board converts the unregulated and fused +24 VDC from the 8000 base power
supply to +5 VDC power using an isolating DC/DC converter. This board provides +5 VDC power to the
computer board, the display board, and the pressure and temperature measurement board.
This board has I/O mapped parallel input and output ports which allow the computer to do the following:
» Read the swilches of the membrane key pad.
= Read a four position D.I.P, switch.
= Activate and deactivate the pump stop line.
+ Control a single and dual audio tone.

« Pullin temperature and pressure data from the monitor's decoded parallel address and data bus.

= Post information to the display board using the monitor's parallel bus.
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1.9.2.5 Processor Board

The monitor uses a PC DOS based single board computer with 512K byte of RAM. The system runs at
9.8 MHz. The computer and software controls all the monitor functions.

The Ampro Core Module™/XT, with the monitor system software, controls the foliowing functions of this
monitor system:

» Reading membrane switch panel input.
= Input, storage and retrieval of alert and alarm set points.

= Sampling raw temperature and pressure data counts from the pressure and temperature
measurement board for all channels including references.

«  Verifying the analog channel set-up.

» Calculating the temperature and pressure for all channels.
+ Looking for alert and alarm conditions.

+ Reporting audio and visual alert and alarm indications.

»  Activating the current loop source for the pump stop line.
= Counting elapsed time.

= Displaying temperature, pressure and timer information.

The Ampro Core Module™/XT is a single board microcomputer with the following standard PC fea-
tures that are important to the function of the monitor:

9.8 MHz V20 CPU

PC compatible ROM-BIOS 1.13 or later
3-channel DMA controller

6-channel interrupt controller

512K byte of RAM

System clocks

Programmable timers

PC expansion BUS

Keyboard interface (for development use)

The following are features unique to the Ampro board that is used with the system.

+ DOS Solid state disk sockets: Socket S1 contains an EPROM chip configured as a floppy disk
drive A. This drive is the start-up drive for the monitor. Socket SO contains a battery backed
SRAM module configured as a floppy disk drive B. This drive is the storage location for the
pressure alert and alarm set-points.

= Configuration EEPROM: This contains computer board configuration information so that is can
be used as a target system.
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1.9.3 Physical Description

Height 9.9in. (25,1 cm)
Width 8.5in. (21,6cm)
Depth 5.1in. (13,0 cm)
Weight 6.4 Ibs. (2,9 kg)

The 8000 Arterial Monitor is composed of a two piece, structural foam, clam shell housing. The structural
foam has an EM! shielding coating on the inside and grey paint on the outside. The front and the back
sdges of the foam each have a slot buitt into them. The front slot will trap the four edges of the mem-
brane switch panel. The rear slot will trap the brushed stainless steel back plate. The membrane switch
panel provides the support structure for the display board. The metal back plate provides the mounting
structure for a power cable, the audio volume control switch, two of the electronic subassemblies, the
temperature and pressure measurement board and the power interface board. The cable is permanently
attached to the back of the membrane swiich panel on one end with a black strain relief and has a high
performance connector on the other end. Temperature and pressure transducer cable connections are
made to the right hand side of the monitor.

A sliding rail-type bracket mounts on the top of the monitor, with #6-32 screws into threaded inserts in the
foam housing. This mounting bracket attaches the monitor to the bottom of the 8000 system mounting
arm, allowing the monitor to be pole mounted, left, center, or right on the 8000 base.

inside the unit, the electronics of the system can be divided into three major sub-assemblies intercon-
hected by a 50-pin ribbon cable.

The first subassembly is a membrane switch panel and a dispiay board fastened together with standoffs.
Electrical signals from the membrane switch panel are passed through a 10-pin, dual row, connector to
the display board for routing to the computer bus. The display board has LED displays, drivers, bufiers
and decoding circuitry. Power and computer bus signals are brought to the display board through the 50-
pin ribbon connector header.

The second subassembly is the power interface board with the Ampro Core Module™/XT processor
board piggy-backed to it using a 84-pin connector. This assembly has the system DC/DC power con-
verter. The power cord and the volume control switch cable plug into this assembly. Computer bus
signals and the +5 VDC and + 12 VDC power are delivered to the system from this subassembly through
its 50-pin ribbon connector header.

The third subassembly is the temperature and pressure measurement board. First it is mounted to the
sheet metal back plate. Then the power interface board is stack-mounted to it using aluminum standoffs.
The pressure and temperature probe header connectors pass through holes in the sheet metal back
plate. The pressure connector earthing crown is connected to chassis (sheet metal) ground via an EMI
reducing grounding ring. The temperature probe connector headers are insulated from the chassis
ground.
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1.9.3.1 Membrane Switch Panel

The membrane switch panel is a printed circuit board with a polyester graphics overiay.‘ Sw_itch station
pads are embossed into the plastic. The membrane switch panel is 7.3 in. wide x 6.35 in. high by 0.119 +
0.012in. (18,5cm x 16,1 cmx 0,3 £ 0,03 cm).

Metal domes inside the switch panel give the switches tactile feed-back when they are pressed. Activa-
tion force is approximately 10 ounces. The switch panel is designed to mount into a four-sided slot in the
front of the two piece structural foam housing. Four PEM stud fasteners buil into the switch panel board
are used to attach the display board. Standofis are used to space out the display board from the switch

panel. The switch panel circuitry is passed to the display board using a male, 10-pin, dual row board
connector. The switch panel has an ESD layer which is grounded through the four mounting studs.

1.9.3.2 Processor Board

This board assembly is 3.6 in. x 3.8 in. x 0.60 in. (16,0 cm x 9,7 cm x 1,5 cm). It has four 0.125 in. (0,32
cmj diameter mounting holes. It mounts to the power interface board on one 64-pin, dual row, male
header. Two plastic #4 male-female standoffs and hex nuts complete the mounting. Two 10-pin, male,
ribbon headers connect the processor serial port and reset line to the power interface board.

1.9.4 Electrical Description

The arterial monitor receives power from the safety system via the arterial monitor cable. The monitor is
powered by unregulated 24 VDC which is converted to +5 and 12 VDC in the monitor and distributed to
all boards in the monitor. The anterial monitor requires 24 volis at 0.46 amps.

There is not circuit breaker directly on this monitor; instead, the 24 VDC supply for the arterial monitor is
switched by a circuit breaker located at the rear of the safety monitor.

1.9.4.1 Membrane Switch Panel

The beard switch array is an X-Y matrix.

Switch contact plus trace series resistance is less than 10Q.
Nominal current carried through any switch is 2 mA during contact.

Maximum current carrying capability is 20 mA.

1.9.4.2 Processor Board

The Ampro Core Module™/XT board requires +5 VDC + 5% at 280 mA typical. All bus signals are TTL
compatible with a 6 mA drive capability.
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1.9.5 Interface Description

A single cable connects the arterial monitor 1o the 8000 safety monitor. This 6-conductor cable includes a
7-pin Fisher connector. The cable supplies power to the monitor, routes a pump stop signal to the safety

monitor, and routes communications between the monitors. The cabie is shielded, and the shield provides
the chassis safety ground connection.

Pin one is the center pin and is used as part of a keying system that prevents the bubble detector cable
and the monitor cables from being interchanged.

The pin-out is as follows:

Bin
1 Used as part of keying system

2 +24 VDC power

3 24 VDC power return

4 RS-485

5 RS-485

8 Pump stop output to safety monitor
7 Pump stop retum

Shield Chassis ground

1.9.5.1 Membrane Switch Panel

Two rows of male pins plug into a 10-pin, dual row, female ribbon style header on the display board. The
switches are active low (making contact between the signal pin and return) when pressed. The following
is the membrane switch panel matrix diagram:

0:00
P7. 6 - Column 1 I

. Column 2

Col
P7: 2 - umn3

Anterial Mombrane Switch Schematic
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1.95.2 Display Board

The membrane switch panel connector on the display board is a 10-pin, dual row, female board to board
interconnect with standard ribbon header pin labeling scheme.

The pin-out for connector P7 is as follows:

Pin Signal [ ipti Pin Signal D ipti
1 Key Row 1 2 Key Column 3

3 Key Row 2 4 Key Column 2

5 Key Row 3 (Not Used) 6 Key Column 1

7 Key Row 4 8 Not Used

9 Not Used 10 Not Used

The display board gets its computer bus connection through 50-pin connector P6. See the Power inter-
face Board section below for the 50-pin bus pin-out description.

1.9.5.3 Temperature and Pressure Monitoring Board

One 50-pin ribbon cable forms the system bus and connects the temperature/pressure monitoring board
to the display board and the power/safety/processor mother board.

See the Power Interface Board section below for the 50-pin bus pin-out description.
The board includes three board mounted phone jack receptacles for the temperature probes.
It also has one board mounted, 5-pin LEMO™ connector* for the pressure probe.

*“Trademark of Lemo USA Ingc., Santa Rosa, CA.
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1.954 Power Interface Board

One 50-pin ribbon cable forms the system bus and connects the power interface board 1o the display

board and to the temperature and pressure monitoring board.

The pin-out for the 50-pin ribbon bus connector P6 is as follows:

Siqnal Descripti

AD

A1

A2

A3

Ad

IOR **
Iow*™

Do

D1

D2

D3

D4

D5

Dé

D7

IRQ 2 {(or 5)
Display Blank
+5V DC
+5V DC
Key Row 4
Key Row 3
Key Row 2
Key Row 1
Probe Select
ALPHAS

Siqnal Descripti

GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND

INT Enable from Counter

+5V DC
+5vV DC
+5v DC
+5V DC
Key Column 3
Key Column 2
Key Column 1

Counter Chip Select

MAXIMS

Note: ** after a signal description defines the signal as active low.
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1.95.4 Power Interface Board

Two 10-pin ribbon cables connect the processor serial port and reset line to this board.

Serial Port Connector P4

HDRPin SignalN TypicalFungi Signal DirectionAnd Functi
1 DCD Data Carrier Detect in, not used

2 DSR Data Set Ready in, not used

3 RXD Receive Data in

4 RTS Request o Send out, direction select

5 TXD Transmit Data out

6 CTS Clear to Send in, not used

7 DTR Data Terminal Ready out, not used

8 Rl Ring tndicator in, not used

9,10 GND Signal Ground —, not used

Utility Connector P3:

1 Speaker + Not Used

2 Speaker - Not Used

3 Reset SW Reset control
4 nc No Connection
5 Keyboard data Not Used

6 Keyboard clk Not Used

7 Ground Not Used

8 +5V Not Used

9 Battery V Not Used

10 Power good Not Used

One 64-pin, dual row, female header allows the piggy backed connection for the processor board expan-
sion bus. See Processor Board section for the pin-out.
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1.9.5.5 Processor Board

One 64-pin, dual row, male header allows the piggy backed connection of the Ampro Core Module™/XT
processor board to the power interface board. The pin-out is as follows:

Bm&qnalﬂameﬁmalEumtm

A2

A3

Ad

Ab

Ab

A7

A8

AS

A10
A1
Al2
A13
Al4
A15
A16
A17
A18
A19
A20
A21
A22
A23
A24
A25
A28
A27
A28
A29
A30
A31
A32

-1/0 CHCK
D7
D6
D5
D4
D3
D2
D1
Do
IO CHRDY
AEN
A18
A18
A17
Al18
A15
Al4
A13
A12
Al1
A10
A9
A8
A7
A6
A5
A4
A3
A2
Al
AQ
GND (")

Mem parity error
Data bit 7
Data bit 6
Data bit 5
Data bit 4
Databit 3
Databit 2
Data bit 1
Data bit 0
Proc Ready
Address Enable
Address hit 19
Address bit 18
Address bit 17
Address bit 16
Address bit 15
Address bit 14
Address bit 13
Address bit 12
Address bit 11
Address bit 10
Address bit 9
Address bit 8
Address bit 7
Addrass bit 6
Address bit 5
Address bit 4
Address bit 3
Address bit 2
Address bit 1
Address bit 0
Ground

2in Name Eunction

B1 GND Ground

B2 RESET System reset
B3 +5V +5 volits power
B4 IRQ2 int Request 2
B5 -5V 0 J4 pin 9

B6 DRQ2 DMA Request 2
B7 -12V 0 J4 pin 10

BS -OWS 0 wait state

B9 +12v 0J4pin8

‘B10 GGND Ground

B11 -SMEMW Mem Wr iwr 1MB
B12 -SMEMR Mem Rd wr 1MB
B13 -lOW O Write

B14 -IOR /O Read

B15 -DACK3 DMA Ack 3

B16 DRQ3 DMA Request 3
B17 -DACKA1 DMA Ack 1

Bi8 DR DMA Request 1
B19 -REFRESH Memory Refresh
B20 CLK CPU clock

B21 IRQ7 int Request 7
B22 IRQS6 int Request &
B23 IRQS Int Request 5
B24 IRQ4 int Request 4
B25 IRQ3 int Request 3
B26 -DACK2 DMA Ack 2

827 fC DMA Term Count
828 BALE Addrs latch en
829 +5V +5 volts power
B30 0OsC 14.3 MHz clock
B31 GND Ground

B32 GND (") Ground
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1.9.5.5 Processor Board (Continued)

Two 10-pin, male, ribbon headers connect the processor serial port and reset line to the power interface

board. The pin-outs are as follows:

Serial Port Connector J2:

1 DCD Data Carrier Detect in

2 DSR Data Set Readyin

3 RXD Receive Data in

4 RTS Request to Send out

5 TXD Transmit Data out

6 CTS Clearto Send in

7 DTR Data Terminal Ready out
8 Ri Ring Indicator in

9,10 GND Signal Ground -

Utility Connector J4:

1 Speaker + Audio signai through 33 chms
2 Speaker - Ground

3 Reset SW Reset control

4 n/c No Connection

5 Keyboard data Keyboard data

6 Keyboard clock Keyboard clock

7 Ground Ground

8 +5V +5 for keyboard

9 Battery V Backup battery connection
10 Power good Power good signal

1.9.6 Theory of Operation

The arterial monitor digitally displays pressures and temperatures from external probes and provides
digital timer functions. The pressure channel can have alert and alarm levels set by the user to warn of
impending overpressure and to stop a pump. Warnings include flashing light indicators and audio tones.

1.9.6.1 Membrane Switch Panel

The membrane key pad is X-Y type switch matrix. Pressing a switch closes the metal dome against a
switch contact area on the printed circuit board creating a short circuit. The software scans across the
matrix periodically by activating one of three column lines and looking for a logic zero for the switches on
each row fine. The software decodes the switch press into the correct function.
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1.9.6.2 Temperature and Pressure Monitoring Board

This board is used by the computer to capture pressure and temperature data in frequency count form.
The software then translates the raw data into decimal data suitable for the display board.

The board can be divided into three electrically isolated functional sections: digital section, one analog
pressure measurement section and one analog temperature measurement section. Information from
each of the analog sections and the control line signals from the digital to the analog sections are passed
over an isolation barrier with optical isolators.

The digital section has a counter, latch for control lines, a buffer for control and address lines and a bus
transceiver chip for two way data transfer. A single-board microcomputer, located on the Power Interface
Board, is used to run software that selects the proper temperature and pressure probs channel, loads and
restarts the counter, receives an interrupt 1o read the count information after each integration period, and
calculates the temperature and pressure for later display.

The pressure and temperature measurement sections translate voltage levels, read from a selected probe
or reference channel, into frequency-based information. This frequency data is passed over an optical
isolator and is translated into counts. The count information is used by the system computer to calculate
the pressure and temperature.

1.9.6.3 Processor Board

The Ampro Core Module™/XT is functionally equivaient, from both a hardware and software perspective,
with the IBM PC computer mother board with a serial port expansion board and a battery backed RAM
feature card.

More information can be found in the “Core Module™/XT Technical Manual”,

p/n A74080, Revision A, Ampro Computers, Incorporated, Sunnyvale, CA., 1991.

1.9.7 Calibration and Configuration Specifications

1.9.7.1 Pressure Monitoring

The user must zero the pressure transducer to local atmospheric pressure after it is installed into the
perfusion circuit. This calibration can be done at any time. Calibration is done from the front panel
membrane keypad. The user presses the select switch until “CAL” shows up in the text dispiay. Pressing
either of the arrow switches will zero or calibrate the transducer and the monitor to the local atmospheric
pressure.

See the performance speciication for the pressure and temperature monitoring board for board ievel
calibration information.

1.9.7.2 Temperature Monitoring

The monitor does not need temperature calibration by the user. The temperature system is calibrated
only at the board level.

1.9.7.3 Timers

The timers are software driven and do not require calibration.
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1.9.7.4 Membrane Switch Panel

None

1.9.8 Service
1.9.8.1 Field Service Diagnostics

1.9.8.1.1 Power On Self-Test

Plug the 8000 Arterial Monitor into the rear of the 8000 Safety Monitor and turn On the power switch on
the rear of the Safety Monitor. The arterial monitor will perform a power on self-test (POST). It will
sound the two-tone audible alarm and light ali the alert and alarm LED bars, all the seven-segment LED
displays (“888") and all the dots on both of the alphanumeric message display for approximately three
seconds. The software revision level will then appear on each alphanumeric message display in English.

After the POST, the user will see the following:
* The alert and alarm LED bars are off.

- " --" will be displayed on the pressure display signifying that the channel is OK but needs to be
zeroed (calibrated) to atmospheric pressure.

« “CAL” will be displayed, in the first three character positions of the pressure channel message
display, fo indicate that the monitor has preselected the calibrate mode for the user at start up or
“DEFAULTS" will be displayed indicating that the monitor is using the default alert and alarm
pressure set-points. Default alert and alarm values are in use (from EPROM) as battery backed
values are not available because they have been lost, corrupted or the BBRAM is new.

« li there is no temperature probe plugged into a channel then “- - -” will be displayed on the
temperature display signifying that the channel is OK but needs to have a probe plugged in.

+  If the temperature probe is plugged into a channel only part of the way, “999" will be displayed on
the temperature display signifying that the system cannot measure the temperature.

+ Ifthere is a probe plugged into a channel, then the current temperature will be displayed.

I any of the pressure or temperature channels or probes are malfunctioning, the 7-segment
displays will be blanked.

+ Both of the timer displays will show “0:00:00" and will not be running.

1.9.8.1.2 Mode Check

Press the Select switch to display “CAL", “ALARM" and “ALERT".

1.9.8.1.3 Calibrate and Test the Pressure System

Use the SELECT switch to show “CAL" in the message display. Pressing either the UP or DOWN arrow
will calibrate a transducer to the monitor pressure system. The pressure display should show zero, “0",
until the pressure data become available. The message display will show “mmHg” {or ** * * mmHg"” if the
alarm is disabled). If there is no transducer plugged in, then the pressure display should remain - - -” and
the text display should remain “CAL". The next selection will show “ALARM" in the message display.

Unplugging a calibrated pressure transducer wilt cause that channel to lose calibration. The pressure
display will show “- - -" and the message display will show “CAL".

Use a pressure transducer simulator to test the pressure accuracy.
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1.9.8.1.4 Test Alarm Set-Point

Start the arterial and cardioplegia pumps. Use the Select switch to show “ALARM" in the message
display. The red alarm bar should light; the yellow alert bar will go off. The current alarm value will be in
the pressure display. Pressing the UP or DOWN arrow switch will increment or decrement the set-point.
The alert and alarm set-points cannot be set the same and are kept 10 mmHg apart by the software. [f
the alarm set-point is decremented to at least 10 mmHg from the alert set-point, the display will blink each
time the switch is pressed. The new value is entered and retained by the system by pressing the Select
switch. “ALERT” will show up in the message display as this is the next selection. If the monitor receives
no further input, it times out in ten seconds and the message display will show “mmHg”.

Enter a valid alarm set-point using the insiructions above. With the arterial and cardioplegia pumps
running, use a pressure transducer simulator to exceed the set-point. The monitor will stop both the
arterial and cardioplegia pumps and sound a two-tone alarm while flashing the red LED bar displays. The
audio alarm will stop momentarily and then repeat every minute until the alarm condition is removed. The
alarm indicators will cease when the pressure is lowered below the set-point. The pump will not restart
untit the forward buttons are pressed.

1.9.8.1.5 Test Alert Set-Point

Use the Select switch 1o show "ALERT" in the text display. The yellow alert bar should light; the alarm bar
will be off. The current alert value will be in the pressure display. Pressing the UP or DOWN arrow
switch will increment or decrement the set-point. The alert and alarm set-points cannot be set the same
and are kept at least 10 mmHg apart by the software. If the alert set-point is incremented up to 10 mmHg
from the alarm set-point, the display will blink each time the switch is pressed. The new value is entered
and retained by the system by pressing the Select switch. “mmHg” or “... mmHg” will show up in the text
display as this is the next mode choice. (If uncalibrated, “CAL”" will show in the text display.)

Note: Confirmation must be made within 10 seconds or the system will default to “CAL" or “mmHg".

Enter a valid alert set-point using the instructions above. With the arterial and cardioplegia pumps
running, use a pressure transducer simulator to exceed the set-point. The monitor should not stop the
pumps. The monitor will sound the single tone alert while flashing the yellow LED bar. The audio alert
will stop momentarily and then repeat every minute until the alert condition is answered. The alert
indicators will cease when the pressure is lowered below the set-point.

1.9.8.1.6 Test a Disabled Alarm

The alarm can be disabled by the user. Use the Salect switch to show “ALARM” in the text display. The
red alarm bar should light, the yellow alert bar will go off. The current alarm value will be in the pressure
display. Press the UP arrow switch to increment the set-point to 999 mmHg. “* * * ALARM” will appear in
the text display. The set-point will blink one time for each switch press after the 999 has been reached.
The new value is entered and retained by the system by pressing the Select switch. “ALERT" will show
up in the text display as this is the next selection. If the monitor receives no further input, it times out in
ten seconds and the text display will show “** * mmHg".

Note: Confirmation must be made within 10 seconds or the system will default to “CAL" or “mmHg”.
With the arterial and cardioplegia pumps running, use a pressure transducer simulator to input pressure

up to 1000 mmHg. There will be no alarm visual or audio indications. The monitor will not stop the
pumps.
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1.9.8.1.7 Test Set-Point Storage

Enter valid alert and alarm set-points (not disabled). Turn the monitor off for 10 seconds. Turn the
monitor back on again. After the POST, use the Select switch to view the previously entered set-points.

1.9.8.1.8 Operate the Timer System

For either timer, the function of the START, STOP and 0:00 switches are listed balow.

After start-up with Switch Pressed Timer Bftect
0:00:00 displayed: START starts running
STOP no change
0:00 no change_
With a timer running: START no change
STOP freezes, pauses
0:00 stops at 0:00:00
With a timer paused: START starts running from previous value
STOP stays frozen
0:00 stops at 0:00:00

1.10 Cardioplegia Monitor Performance Specification

1.10.1 Operating Parameters

Temperature Requirements

YSI (Yellow Springs Instruments) 400 series temperature probes or an equivalent probe so indicated by
the manufacturer.

Temperature Performance

Monitors Between 0-49.8 °C, with £ 0.3 °C display accuracy and 0.1 °C
resolution.
Displays *—"when <0 °C or no probe.

“989" when »49.9 °C or a partially connected probe.
Blank if a channel or temperature system malfunctions.

Pressure Requlrement

Any probe that meets AAM!I standards for physiologic pressure probes. Probes other than that supplied
by Sams may require an adapter cable from Fogg Systems Co, Aurora CO.
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1.10.1 Operating Parameters (Continued)

Pressure Performance ‘
Monitors Pressures of -45 to 980 mmHg

Display Static Conditions:
Bange (mmHgQ)  Accuracy
-45 to 500 + 10 mmHg
500 to 990 + 20 mmHg

Dynamic Conditions: Display accuracy is + 40 mmHg,
with & dynamic variation of 150 mmHg maximum.

Displays “ - -" at < -45 mmHg, no probe or uncalibrated.
999" at > 990 mmHg.
(Blank) if a channel or pressure system malfunctions.

Alert and Alarm Limit Set-points (mmHg)

Alert Range 0 - 980 in 10 mmHg increments.
Alarm Range 10 - 990 in 10 mmHg increments.
Displays 929 when disabled.
Default Alarm = 380 Alert = 300
Alert Yellow alert bar flashes with single audio tone beep.
Alarm Cardioplegia pump stops, red alarm bar flashes with dual audio tone
Data Storage Alert and alarm set-points are saved when power is off.

A disabled alarm is not saved.
Timer Performance
Delivery timer (CPG) can run when Between Delivery timer (No CPG) is stopped.
Between Delivery timer (No CPG) can run when Delivery timer (CPG) is stopped.
Disptays in hours, minutes and seconds.
Environmental Conditions
Operation 10 to 40 °C, less than 95% relative humidity, noncondensing.

Storage Ventilated area, -30 to 54 °C (-22 to 130 °F),
less than 95% relative humidity, noncendensing.
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1.10.2 Functional Description

The 8000 Cardioplegia Monitor will dispiay two average pressures and three average temperatures and
also provides a specialized digital timer function. The pressures can have alert and alarm levels set by the
user to warn of overpressure conditions., The alert and alarm level settings are active at the next power
up. Alert and alarm conditions are indicated by flashing LED bar displays with single or dual audio tones;
an alarm will also stop the cardioplegia pump. The volume of the tone is adjustable by the user.

The front panel is divided into four functional areas:

» Two pressure display areas which include digital and alphanumeric displays, membrane switches,
and alarm and alert indicators;

+ One temperature display area showing three temperatures;

+  One timer area showing cardioplegia delivery time and time since last delivery, with membrane
switches to operate the timers.

All functions are available to the user at all times. The loss of one or more function will not halt the overali
system.

The rear panel of the monitor has the rotary volume control switch and the cardioplegia monitor cable.

The cardioplegia monitor cable is permanently attached to the monitor and the other end piugs into the
8000 safety monitor. The main cable power also carries the pump stop signals and communications.

1.10.2.1 Membrane Switch Panel

The membrane switch panel covers the total front surface of the monitor and is used for operator input.
Switches are provided for each pressure section and for operation of the timers. The temperature section
of the panel has write-on surfaces for the labeling of the temperature displays.

1.10.2.1.1 Pressure Displays and Key Pad

Alarm Display Up and Down Switch Pressure Display

el

Alart ésplay : mllml Hlg

Select Switch Message Display

User input for either of the pressure channels:

SELECT switches are used to page through a rotating list of modes. Once calibrated, the display cycles
as follows, left justified and sequencing:

“mmHg"” or Units of measurement during use.

“** mmHg" Mode indicating alarm is disabled.

“ALARM” or Mode for setting alarm.

“** *ALARM” Mode indicating alarm is disabled (set beyond limit).
“ALERT " Mode for setting alert,

“CAL" ' Calibrate or recalibrate mode
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1.10.2.1.1 Pressure Displays and Key Pad (Continued)
Display pressures mode is unavailable when the channel is uncalibrated or malfunctioning.

UP switch is used to increment a pressure alert and alarm set-point. It will also be used during the
pressure transducer calibration process (zero the transducer).

DOWN switch is used to decrement a pressure alert and alarm set-point, It will also be used during the
pressure transducer calibration process (zero the transducer).

1.10.2.1.2 Timers Displays and Key Pad

Start Delivery/Pause Switch
Zero Displays Switch

© EREEEHE
emeer Deég"’ Timer Display /

Between Delivery Timer Switch

User input for the timer section has three switches:

CPG switch is used to start and pause the delivery timer. Pressing this switch while the lower display is
running will freeze the lower display and restart the upper display.

NO CPG switch is used to start timing the interval between deliveries.

0:00 switch is used to stop the timer and 1o zero both of the timer displays.

1.10.2.1.3 Temperature Displays

Each temperature display can be labeled by the user right on the membrane switch panel surface. There
are no switches needed for the temperature system.

Whrite-On Surfaces
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1.10.2.2. Display Board

The display board presents up-to-date pressure, temperature and timer information in a digital character

format. The displays can be read under normal lighting found in the operating room. The board supports
seven-segment LEDs, bar format LEDs and eight character, dot-matrix alphanumeric displays. All LEDs

are green except for the yellow alert and red alarm displays.

Each pressure channel displays pressure values or an alert/alarm set-point on three-digit seven-segment
LEDs without a decimal point. The yellow and red LED bars provide the flashing visual warnings of alert
and alarm conditions. Temperatures are displayed on three-digit seven-segment LEDs with a decimal
point. The timer section uses five seven-segment LEDs for each timer; the colons are lighted at all times
and do not flash.

1.10.2.3 Temperature and Pressure Monitoring Board

This monitor sub-assembly supporis the measurement of up to two pressures and three temperatures.
The hardware on this board is set up to use the Viggo-Spectramed Model P23XL pressure transducer (or
an equivalent disposable with an adaptor cable) and YSI 400 series thermistor temperature probes.

The board can be divided into three electrically isolated functional sections: one digital section, one
analog pressure measurement section, and one analog temperature measurement section. Information
from each of the analog sections and the control line signals from the digital to the analog sections are
passed over an isolation barrier with optical isolators.

The digital section has a counter, latch for contrel lines, a buffer for control and address lines and a bus
transceiver chip for two way data transfer. A single board microcomputer (located on the power interface
board) is used to run software that selects the proper temperature and pressure probe channel, loads and
restarts the counter, receives an interrupt to read the count information after each integration period, then
calculates the temperature and pressure for later display.

The pressure and temperature measurement sections translate voltage ievels, read from a selected probe
or reference channel, into frequency based information. This frequency data is passed over an opfical
isolator and is translated into counts. The count information is used by the system computer to caiculate
the pressure and temperature. The software then transiates the raw data into decimal data suitable for
the display board.

The board has the following functional circuitry blocks:

+  Power supply and probe excitation

= Reference circuitry

= Demutltiplexer for probes

» Gain and impedance matching amplifier(s)

= Voltage to frequency conversion

= Edge 1o level translation with frequency divided by four
= QOptical isolator circuitry

« Computer interface circuitry
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1.10.2.4 Power interface Board
The power interface board provides power conversion, system cable irterconnection and address decod-
ing when used in a monitoring system. This board also provides a mounting location and conneclor
interface for the Ampro Core Module™/XT computer board.*
The power intertace board converts the unregulated and fused +24 VDC from the 8000 base power
supply to +5 VDC power using an isolating DC/DC converter. This board provides +5 VDC power to the
computer board, the display board, and the pressure and temperature measurement board.
This board has 1/0O mapped parallel input and output ports which aliow the computer to do the following:
+ Be reset by a watch dog chip.
» Read the switches of the membrane key pad.
* Read a four position D.I.P switch,
= Activate and deactivate the pump stop line.
= Control a single and dual tone audio tone.
» Pullin temperature and pressure data from the monitor's decoded parallel address and data bus.
» Post information fo the display board using the monitor's paratiei bus.
“Trademark of Ampro Computers, Inc., Sunnyvale, CA

1.10.2.5 Processor Board

The monitor uses a PC DOS based single board computer with 512K byte of RAM. The system runs at
9.8 MHz. The computer and software control all the monitor functions.

The Ampro Core Module™/XT, with the monitor system software, controls the following functions of this
monitor system:

« Reading membrane switch panel input.
« Input, storage and retrieval of alert and alarm set points.

+  Sampling raw temperature and pressure data counts from the pressure and temperature
measurement board for all channels including references.

= Verification of analog channel set-up.

« Calculating the temperature and pressure for all channels.
= Looking for alert and alarm conditions.

* Reponing audic and visual alert and alarm indications.

»  Activation of the current loop source for the pump stop line.

* Counting elapsed time.
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1.10.2.5 Processor Board (Continued)
« Displaying temperature, pressure and {imer information.

The Ampro Core Module™/XT is a single board microcomputer with the following standard PC
features that are imporiant to the function of the monitor:

9.8 MHz V20 CPU

PC compatible ROM-BIOS 1.13 or later
3-channel DMA controller

6-channe! interrupt controller

512K byte of RAM

System clocks

Programmable timers

PC expansion BUS

Keyboard interface (for development use)

The following are features unique to the Ampro board that is used with the system.

- DOS Solid state disk sockets: Socket S1 contains an EPROM chip configured as floppy disk
drive A. This drive is the start-up drive for the monitor. Socket S0 contains a battery backed
SRAM module configured as floppy disk drive B. This drive is the storage location for the

pressure alert and alarm set-points.

»  Configuration EEPROM: This contains computer board configuration information so that is can
be used as a target system.

1.10.3 Physical Description

Height 8.9 in. (22,6 cm)
Width 8.5in. (21,6 cm)
Depth 5.1in. {13,0cm)
Weight 6.6 ibs. (3,0 kg)

The 8000 Cardioplegia Monitor is composed of a two piece, structura! foam clam shell housing. The
structural foam has an EMI shielding coating on the inside and grey paint on the outside. The front and
the back edges of the foam each have a slot built into them. The front slot will trap the four edges of the
membrane switch panel. The rear slot will trap the brushed stainless steel back plate. The membrane
switch panel provides the support structure for the display board. The metal back plate provides the
mounting structure for a power ¢able, the audio volume control switch, two of the electronic subassem-
blies, the temperature and pressure measurement board and the power interface board. The cabie is
permanently attached to the back of the membrane switch panel on one end with a black strain relief and
has a high performance connector on the other end. Temperature and pressure transducer cable con-
nections are made to the right hand side of the monitor.

A sliding rail-type bracket mounts on the monitor with #6-32 screws into threaded insents in the foam
housing. This mounting bracket attaches the monitor to the top of the 8000 system mounting arm,
allowing the monitor to be pole mounted, left, center, or right on the 8000 base.

tnside the unit, the electronics of the system can be divided into three major sub-assemblies intercon-
nected by a 50-pin ribbon cable.
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1.10.3 Physical Description (Continued)

The first subassembly is a membrane switch panel and a display board fastened together with standoffs.
Electrical signals from the membrane switch panel are passed through a 10-pin, dual row, connector to
the display board for routing to the computer bus. The display board has LED displays, drivers, buffers
and decoding circuitry. Power and computer bus signals are brought to the display board through the 50-
pin ribbon connector header.

The second subassembly is the power interface board with the Ampro Core Module™/XT processor
board piggy-backed to it using a 64-pin connector. This assembly has the system DC/DC power con-
verter. The power cord and the volume control switch cable piug into this assembly. Computer bus
signals and the +5 VDC and + 12 VDC power are deiivered 1o the system from this subassembly through
its 50-pin ribbon connector header.

The third subassembly is the temperature and pressure measurement board. First it is mounted to the
sheet metal back plate. Then the power interface board is stack-mounted to it using aluminum standofis.
The pressure and temperature probe header connectors pass through holes in the sheet metal back
plate. The pressure connector earthing crown is connected to chassis (sheet metal) ground via an EMI
reducing grounding ring. The temperature probe connector headers are insulated from the chassis
ground,

1.10.3.1 Membrane Switch Panel

The membrane switch panel is a printed circuit board with a polyester graphics overlay. Switch station
pads are embossed into the plastic. The membrane switch panef is 7.3 in. wide x 7.5 in. highby 0.118 £
0.012in. (18,5cm x 18,0 cm x 0,3 £ 0,03 cm).

Metal domes inside the switch panel give the switches tactile feedback when they are pressed. Activation
force is approximately 10 ounces. The switch panel is designed to mount into a four-sided slot in the front
of the two piece structural foam housing. Four PEM stud fasteners built into the switch panel board are
used to attach the display board. Standoffs are used to space out the display board from the switch
panel. The switch panei circuitry is passed to the display board using a male, 10-pin, dual row board
connector. The switch panel has an ESD layer which is grounded threugh the four mounting studs.

1.10.3.2 Processor Board

This board assembly is 3.6 in. x 3.8in. x 0.6¢ in. (18,0 cm x 9,7 cmx 1,5 cm). It has four 0.125 in. (0,32
cm) diameter mounting holes. It mounts to the power interface board on one 64-pin, duat row, male
header. Two plastic #4 male-lemale standoffs and hex nuts complete the mounting. Two 10-pin, male,
ribbon headers connect the processor serial port and reset line to the power interface board.

1.10.4 Electrical Description

The cardioplegia monitor receives power from the safety system via the cardioplegia monitor cable. The
monitor is powered by unregulated 24 VDC which is converted to +5 and 12 VDC in the monitor and
distributed to all boards in the monitor. The cardioplegia monitor requires 24 volts at 0.5 amps.

There is not a circuit breaker directly on this monitor; instead, the 24 VDC supply for the cardioplegia
monitor is switched by a circuit breaker located at the rear of the safety monitor.
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1.10.4.1 Membrane Switch Panel

The board switch array is an X-Y matrix,
Switch contact plus trace series resistance is less than 10Q.
Nominal current carried through any switch is 2 mA during contact.

Maximum current carrying capability is 20 mA.

1.10.4.2 Processor Board

The Ampro Core Module™/XT board requires +5 VDC + 5% at 280 mA typical. All bus signals are TTL
compatible with a 6 mA drive capability.

1.10.5 Interface Description

A single cable connects the cardioplegia moniter 1o the 8000 safety monitor. This 8-conductor cable
includes a 7-pin Fisher connector. The cable supplies power to the monitor, routes a pump stop signal to
the safety monitor, and routes communications. The cable is shielded, and the shield provides the
chassis safety ground connection.

Pin one is the center pin and is used as part of a keying system that prevents the bubble detector cable
and the monitor cables from being interchanged.

The pin-out is as follows:

Pin Signal Description

1 Used as part of keying system

2 +24 VDC power

3 24 VDC power retum

4 RS-485

5 RS-485

6 Pump stop output to safety monitor
7 Pump stop return

Shield Chassis ground
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1.10.5.1 Membrane Switch Panel

Two rows of male pins plug into a 10-pin, dual row, female ribbon style header on the display board. The
switches are active low (making contact between the signal pin and return) when pressed. The following

is the membrane switch pansl matrix diagram:

. Row 4 p
P7: 7 -} CLANNEL 1 SEL1

. Row 2 TIMER 1

o
o

Column 1

P7. 6 -

P7: 4 - Column 2

P7: 2 - Column 3

Cardioplegia Membrane Switch Schematic

1.10.5.2 Display Board

The membrane switch panel connector on the display board is a 10-pin, dual row, female board t¢ board
interconnect with standard ribbon header pin labeling scheme.

The pin-out for connector P7 is as follows:

Pin Signal 0 inti Pin inti
1 Key Row 1 (Not Used) 2 Key Column 3
3 Key Row 2 4 Key Column 2
5 Key Row 3 6 Key Column 1
7 Key Row 4 8 Not Used

9 Not Used 10 Not Used

The display board gets its computer bus connection through 50-pin connector P6. See the Power Inter-
face Board section below for the 50-pin bus pin-out description.
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1.10.5.3 Temperature and Pressure Monitoring Board

One 50-pin ribbon cable forms the system bus and connects the temperature/pressure monitoring board
to the display board and the power/safety/processor mother board.

See the Power Interface Board section below for the 50-pin bus pin-out description.
The board includes three board mounted phone jack receptacles for the temperature probes.

't also has two board mounted, 5-pin LEMO™ connectors® for the pressure probes.

*Trademark of Lemo USA nc., Santa Rosa, CA.

1.10.5.4 Power Interface Board

One 50-pin ribbon cable forms the system bus and connects the power interface board to the display
board and to the temperature and pressure monitoring board.

The pin-out for the 50-pin ribbon bus connector P6 is as follows:

Pin Signal D - Pin Siqnal [ inti
1 AQ 2 GND

3 A1l 4 GND

5 A2 6 GND

7 A3 8 GND

9 Ad 10 GND

" IOR * 12 GND

13 Iow * 14 GND

15 Do 16 GND

17 D1 18 GND

19 D2 20 GND

21 D3 22 GND

23 D4 24 GND

25 D5 26 GND

27 D& 28 GND

29 D7 30 GND

31 IRQ 2 {or 5) 32 INT Enable from Counter
33 Display Blank 34 +5V DC

35 +5V DC 36 +5V DC

37 +5V DC 38 +5V DC

39 Key Row 4 40 +5V DC

41 Key Row 3 42 Key Coiumn 3

43 Key Row 2 44 Key Column 2

45 Key Row 1 46 Key Column 1

47 Probe Select 48 Counter Chip Select
49 ALPHAS 50 MAXIMS

Note: * after a signal description defines the signal as active low.
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1.10.5.4 Power Interface Board (Continued)

Two 10-pin ribbon cables connect the processor serial port and reset line to this board.

Serial Port Connector P4:

HDRRPIn SignalName
DCD
DSR
RXD
RTS

GO -

TXD
CTS
DTR
RI
10 GND

oo~

Utility Connector P3:

Pin Signal Name
1 Speaker +

2 Speaker -

3 Reset SW

4 n/c

5 Keyboard data
6 Keyboard clk
7 Ground

8 +5V

9 Battery V

10 Power good

Data Carrier Detect
Data Set Ready
Receive Data
Request to Send

Transmit Data
Clear to Send
Data Terminal Ready
Ring Indicator
Signal Ground

Eunction
Not Used
Not Used

Reset control

Signal DirectionAnd .
in, not used
in, not used
in
out, direction select

out

in, not used
out, not used
in, not used
—, not used

No Connection

Not Used
Not Used

Not Used
Not Used
Not Used

Not Used

One 64-pin, dual row, female header aliows the piggy backed connection for the processor board expan-
sion bus. See Processor Board section for the pin-out.
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1.10.5.5 Processor Board

One 64-pin, dual row, male header aliows the piggy backed connection of the Ampro Core Module™/XT
processor board to the power interface board. The pin-out is as follows:

Pin
A1
A2
A3
A4
A5
A6
A7
A8
A9
A10
A11
A12
A13
Al4
A15
A18
A17
A18
A19
A20
A21
A22
A23
A24
A25
A26
A27
A28
A29
A30
A
A32

-fO CHCK
D7
D6
D5
D4
D3
D2
D1
DO
/0 CHRDY
AEN
A19
A18
A17
A16
A15
A4
A13
A12
A11
A10
AS
A8
A7
A6
A5
A4
A3
A2
A1
AD
GND (%)

Signal Funcii

Mem parity error
Data bit 7
Data bit 6
Data bit 5
Data bit 4
Data bit 3
Data bit 2
Data bit 1
Data bit 0
Proc Ready
Address Enable
Address bit 19
Address bit 18
Address bit 17
Address bit 16
Address bit 15
Address bit 14
Address bit 13
Address bit 12
Address bit 11
Address bit 10
Address bit 9
Address bit 8
Address bit 7
Address bit 6
Address bit 5
Address bit 4
Address bit 3
Address bit 2
Address bit 1
Address bit 0
Ground

Bin Name
B1 GND
B2 RESET
B3 +5V

B4 IRQ2
B5 -5V

B6 DRQ2
B7 -12v

B8 -OWS
B9 +12V
B10 GND
B11  -SMEMW
B12 -SMEMR
B13 -IOW
B14 -iOR
B15 -DACK3
B16 DRQ3
817 -DACK1
B18  DRQ1
B19 -REFRESH
B20 CLK
B21 IRQ7
B22 IRQS
B23 IRQS
B24 IRQ4
B25 IRQ3
B26 -DACK2
B27 T/C

B28 BALE
B29 +5V
B30 OSC
B3t GND
B32 GND (")

Eunction

Ground

System reset

+5 volts power
Int Request 2
ToJ4ping
DMA Request 2
To J4 pin 10

0 wait state

To J4 pin 8
Ground

Mem Wr lwr 1MB
Mem Rd hwr 1MB
110 Write

I1/0 Read

DMA Ack 3
DMA Request 3
DMA Ack 1

DMA Request 1
Memory Reiresh
CPU clock

Int Request 7

Int Request 6
Int Request 5
Int Request 4
Int Request 3
DMA Ack 2
DMA Term Count
Addrs latch en
+5 volts power
14.3 MHz clock
Ground

Ground
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1.10.5.5 Processor Board (Continued)

Two 10-pin, male, ribbon headers connect the processor serial port and reset line to the power interface

board. The pin-outs are as follows:

Serial Port Connector J2:
HDR Pin Signal Name:
1 DCD
2 DSR
3 RXD
4 RTS
5 TXD
6 CTS
7 DTR
8 RI
9,10 GND
Utility Connector J4:
Bin
1 Speaker +
2 Speaker -
3 Reset SW
4 n/c
5 Keyboard data
6 Keyboard clock
7 Ground
8 +8V
9 Battery V
10 Power good

1.10.6 Theory of Operation

The Cardioplegia Monitor digitally displays average pressures
provides digital timer functions. The pressures can have alert

Tvpical Function

Data Carrier Detact in
Data Set Ready in
Receive Data in
Request to Send out
Transmit Data out
Clear to Send in
Data Terminal Ready out
Ring Indicator in
Signal Ground -

Function
Audio signal through 33 Q

Ground

Reset control
No Connection

Keyboard data
Keyboard clock

Ground

45 for keyboard

Backup battery connection
Power good signal

and temperatures from external probes and
and alarm levels set by the perfusionist to

warn of impending overpressure and to stop a pumg. Warnings include tlashing light indicators and audio

tones.

1.10.6.1 Membrane switch panel

The membrane key pad is X-Y type switch matrix. Pressing a switch closes the metal dome against a
switch contact area on the printed circuit board creating a short circuit. The software scans across the
matrix periodically by activating one of three column lines and looking for a logic zero for the switches on
each row line. The software decodes the switch press into the correct function.
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1.10.6.2 Temperature and Pressure Monitoring Board

This board is used by the computer to capture pressure and temperature data in frequency count form.
The software then transiates the raw data into decimal data suitable for the display board.

The board can be divided into three electrically isolated functional sections: digital section, one analog

pressure measurement section and one analog temperature measurement section. Information from

The digital section has a counter, latch tor control lines, a butter for control and address lines and a bus
transceiver chip for two way data transfer. A single-board microcomputer, located on the Power interface
Board, is used to run software that selects the proper temperature and pressure probe channel, loads and
restarts the counter, receives an interrupt to read the count information after each integration period, and
calculates the temperature and pressure for later display.

The pressure and temperature measurement sections translate voltage levels, read from a selected probe
or reference channel, into frequency-based information. This frequency data is passed over an optical

isolator and is translated into counts. The count information is used by the system computer to calculate
the pressure and temperature.

1.10.6.3 Processor Board

The Ampro Core Module™/XT is functionally equivalent, from both a hardware and sofiware perspective,
with the IBM PC computer mother board with a serial port expansion board and a battery backed RAM
feature card.

More information can be found in the “Core Module™/XT Technical Manual”, p/n A74080, Revision A,
Ampro Computers, Incorporated, Sunnyvale, California, 1991,

1.10.7 Calibration and Configuration Specifications

1.10.7.1 Pressure Monitoring

The user must zero the pressure transducers to logal atmospheric pressure after they are installed into
the perfusion circuit. This calibration can be done at any time. Calibration is done from the front panel
membrane keypad. The user presses the select switch until “CAL” shows up in the text display. Pressing
either of the arrow switches will zero or calibrate the transducer and the monitor 1o the local atmospheric
pressure.

1.10.7.2 Temperature Monitoring

The monitor does not need temperature calibration by the user. The temperature system is calibrated
only at the board level.

1.10.7.3 Timers
The timers are software driven and do not require calibration.

1.10.7.4 Membrane Switch Panel

None
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1.10.8 Service
1.10.8.1 Field Service Diagnostlics

1.10.8.1.1 Power On Self-Test

Plug the 8000 Cardioplegia Monitor into the rear of the 8000 Safety Monitor and turn On the power switch
on the rear of the Safety Monitor. The cardioplegia monitor will perform a power on self-test (POST). It
will sound the two-tone audibie alarm and light all the alert and alarm LED bars, all the seven-segment
LED displays (“888") and all the dots on both of the alphanumeric message display for approximately
three seconds. The software revision level will then appear on each alphanumeric message display in
English.

After the POST, the user will see the following:

« The alert and alarm LED bars are off.

.+ “ .. will be displayed on each pressure display signifying that the channel is OK but needs to be
zeroed (calibrated) to atmospheric pressure.

. “CAL” will be displayed, in the first three character positions on each pressure channels message
display, to indicate that the monitor has preselected the calibrate mode for the user at start up or
“DEFAULTS” will be displayed indicating that the monitor is using the default alert and alarm
pressure set-points. Default alert and alarm values are in use (from EPROM) as battery backed
values are not available because they have been lost, corrupted or the BBRAM is new.

- If there is no temperature probe plugged into a channel then “- - -* will be displayed on the
temperature display signifying that the channel is OK but needs to have a probe plugged in.

« if the temperature probe is plugged into a channel only part of the way, “998" will be displayed on
the temperature display signifying that the system cannot measure the temperature.

» Ifthere is a probe plugged into a channel, then the current temperature will be displayed.

- If any of the pressure or temperature channels or probes are maifunctioning, the 7-segment
displays will be blanked.

+  Both of the timer displays will show “0:00:00" and will not be running.

1.10.8.1.2 Mode Check
Press the Select switch to display “CAL", “ALARM” and “ALERT".

1.10.8.1.3 Calibrate and Test the Pressure System

Use the Select switch to show “CAL” in the message display. Pressing either the UP or DOWN arrow will
calibrate a transducer to the monitor pressure system and zero the display at atmospheric pressure. The
pressure display should show zero, “0”, until the pressure data become available. The message display
will show “mmHg” {or ** * * mmHg" if the alarm is disabled). H there is no transducer plugged in, then the
pressure display should remain “- - -" and the text display should remain “CAL". The next selection will
show “ALARM” in the message display.

Unplugging a calibrated pressure transducer wili cause that channel to lose calibration. The pressure
displays will show “- - -" and the message display will show “CAL".

Use a pressure transducer simulator to test the pressure accuracy of each channel.
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1.10.8.1.4 Test Alarm Set-Point

Use the Select switch to show “ALARM” in the message display. The red alarm bar should light; the
yellow alert bar will be off. The current alarm value will be in the pressure display. Pressing the UP or
DOWN arrow switch will increment or decrement the set-point. The alert and alarm set-points cannot be
set the same and are kept at least 10 mmHg apart by the software. If the alarm set-point is decremented
to 10 mmHg from the alert set-point, the display will blink each time the switch is pressed. The new value
is entered and retained by the system by pressing the Select switch. “ALERT” will show up in the mes-
sage display as this is the next selection. If the monitor receives no further input, it times out in ten
seconds and the message display will show “mmHg".

Enter a valid alarm set-point using the instructions above. With the cardioplegia pump running, use a
pressure transducer simulator to exceed the set-point. The monitor will stop the pump and sound a two-
tone alarm while flashing the red LED bar dispiays. The audio alarm will stop momentarily and then
repeat every one minute until the alarm condition is removed. The alarm indicators will cease when the
pressure is lowared below the set-point. The pump will not restart untit the forward buttons are pressed.

1.10.8.1.5 Test Alert Set-Point

Use the Select switch to show “ALERT” in the text display. The yellow alert bar should light; the alarm bar
will be off. The current alert value will be in the pressure display. Pressing the UP or DOWN arrow
switch will increment or decrement the set-point. The alert and alarm set-points cannot be set the same
and are kept at least 10 mmHg apart by the software. if the alert set-point is incremented up to 10 mmHg
from the alarm set-point, the display will blink each time the switch is pressed. The new value is entered
and retained by the system by pressing the Select switch. “mmHg” or “... mmHg" will show up in the text
display as this is the next mode choice. (If uncalibrated, “CAL" will show in the text display.)

Note: Confirmation must be made within 10 seconds or the system will default to “CAL" or “mmHg".

Enter a vaiid alert set-point using the instructions above. With the cardioplegia pump running, use a
pressure transducer simulator to exceed the set-point. The monitor should not stop the pump. The
monitor will sound the single tone alert while flashing the yellow LED bar. The audio alert will stop
momentarily and then repeat every minute until the alert condition is answered. The alert indicators will
cease when the pressure is lowered below the set-point.

1.10.8.1.6 Test a Disabled Alarm

The alarm can be disabled by the user. Use the Select switch fo show “ALARM" in the text display. The
red alarm bar should light, the yellow alert bar will go off. The current alarm value will be in the pressure
display. Press the UP arrow switch to increment the set-point to 399 mmHg. “* * * ALARM" will appear in
the disptay. The set-point will blink one time for each switch press after the 999 has been reached. The
new value is entered and retained by the system by pressing the Select switch. “ALERT” will show up in
the text display as this is the next selection.

Note: Confirmation must be made within 10 seconds or the system will default to “CAL” or “mmHg".

With the cardioplegia pump running, use a pressure transducer simulator to input pressure up to 1000
mmHg. There will be no alarm visual or audio indications. The monitor will not stop the pump.

1.10.8.1.7  Test Set-Point Storage

Enter valid alert and alarm set-points (not disabled alarm). Turn the monitor off for 10 seconds. Turn the
monitor back on again. After the POST, use the Select switch to view the previously entered set-points.
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1.10.8.1.8  Operate the Timer System

The function of the CPG, NO-CPG and 0:00 switches are listed below:

SwitchPressed ~ IimerDisplay

After start-up, with

0:00:00 displayed:
CPG
NO CPG
0:00
With Delivery timer
running:
CPG
NO CPG
0:00
With Delivery Timer
paused:
CPG
NO CPG
0:00
With Between Delivery
timer running CPG
NO CPG
0:00

Delivery
Between Delivery

Delivery
Between Delivery

Delivery
Between Delivery

Delivery
Between Delivery

Delivery
Between Delivery

Delivery
Between Delivery

Delivery
Between Delivery

Delivery
Between Delivery

Delivery
Between Delivery
Delivery
Between Delivery

Delivery
Between Delivery

Delivery
Between Delivery

1.10.8.2 Preventive Maintenance Guide

Timer Effect
starts running
no ¢change

no change
no change

no change
no change

freezes (paused)
no change

freezes
zeros and starts running

stops at 0:00:00
stops at 0:00:00

starts running from previous value
no ¢change

stays frozen
starts running

stops at 0:00:00
stops at 0:00:00

starts running
freezes

no change
no change

stops at 0:00:00
stops at 0:00:00

Inspect cable and connectors for damage. Monitor main cable shield must not be damaged.

Inspect unit for entry of fluids during each preventive maintenance cycle.

The battery backed SRAM device will require replacement every 10 years according to the vendor, Dallas

Semiconductor.
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1.10.8.3 Precautions
All circuitry in this unit will operate with a maximum of +36 VDC and will not present shock hazards.
Power should be removed for greater than 30 seconds prior to removing or installing any circuit boards.

Circuit boards should be handled using static protective equipment and procedures.
User input for the pressure channel:

SELECT switch is used to page through a rotating list of modes. Once calibrated, the display cycles as
follows, left justified and sequencing:

“mmHg" or Units of measurement during use.

“** mmHg” Mode indicating alarm is disabled.

“ALARM” or Mode for setting alarm.

" *ALARM" Mode indicating alarm is disabled (set beyond limit).
"ALERT * Mode for setting alert.

“CAL" Calibrate or recalibrate mode

Display pressures mode is unavailable when the channel is uncalibrated or malfunctioning.

UP switch is used to increment a pressure alert and alarm set-point. It will also be used during the
pressure transducer calibration process (zero the transducer).

DOWN switch is used to decrement a pressure alert and alarm set-point. It will also be used during the
pressure transducer calibration process (zerc the transducer).

1.11 Occluder Module Performance Specification

1.11.1 Operating Parameters

Requirements
Tubing Sizes Minimum: 1/4 in. (6,4 mm) I.D. x 1/16 in. (1,6 mm) wall.
Maximum: 1/2 in. (12,7 mm) L.D. x 3/32 in. (2,4 mm) wall.

Performance

Display Range: 0-89%.
A blank display indicates that the display is not yet calibrated, or that the occluder
is maltunctioning or not connected,
Display shows the approximate percent of flow for 3/8 -1/2 in. (10,0 - 12,0 mm) 1.D.
tubing only; it shows a reference number only for other tubing sizes.

Accuracy The occluder will display accurately {+12%) only when using 1/2 in. or 3/8 in. I.D.

tubing with the blood at 20 -40°C and with a vertical height of 20 - 36 in.
(50,8 - 91,4 cm) from the fluid ievel in the venous reservoir to the level of the
patient.

Accuracy requires proper zeroing and no back pressure.
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1.11.2 Functional Description
Occluder fully stops flow under all operating conditions. From the moment the switch is pressed:
»  Open switch fully opens the occluder from 0% to 99% of the displayed flow in 2 seconds or less.

= Close switch occludes the tubing from fully open to 0% of the displayed flow in three seconds or
less.

Repeatability: With a 10 - 99% flow selected, the position of the occluder anvil can be repeated to within
1 5% of total maximum flow, as measured by the flow through the tubing.

Closure Force: With the anvil in any position, the anvil force is 50 to 60 pounds both when the occluder is
first used and after 30 seconds of use. The current, limited to the motor by occiuder drive board, is
nominally adjusted to 0.86 amps in order fo meet this specification.

Latch Release: The occluder latch releases easily, even when the 1/2 in. ID tubing (12,7 mm) is fully
occluded.

Occlusion Distance: When fully closed, the occlusion distance is set at 0.08 in. (2,03 mm) nominal with
an acceptable range of 0 - 0.1 in. (0 - 2,54 mm)}; when fully opened, the occlusion distance is a minimum
of 0.7 in. (18,0 mm).

Messages. % fiow display blank indicates that the internal plunger calibration is lost or the occluder motor
assembly is disconnected.

1.11.3 Physical Description

Physical Dimensions

Occluder Module Depth  8.5in. (21,6 cm)
Width  3.0in. (7.6 cm)
Height 7.7in. (19,6 cm)
Weight 3.6 Ibs. (1,6 kg)

Occluder Bracket Depth  8.0in. (20,3 cm)
Width  6.0in. (15,2cm)
Height 9.0in. (22,9 cm)
Weight 2.8 Ibs. (1,3 kg)

Occiuder Head Depth 8.0 in. (20,3 cm)
Width 6.5in. (16,5 cm)
Height 3.0in. (7,6 cm)
Weight 6.2 ibs. (2,8 kg)

Total System Weight 12.6 Ibs. (5,7 kg)

A cable with a 4-pin Cannon connector connects the system to the base.

Environmental Conditions
Operation 10° to 40°C, less than 95% relative humidity, noncondensing.

Storage Ventilated area, -30° to 54°C (-22 to 130°F),
less than 95% relative humidity, noncondensing.
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1.11.4 Electrical Description

1.11.4.1 System Inputs

The occluder system consists of a control module and an occluder head. The control module display
consists of a membrane keypad with two membrane switches, a rotary encoder and two 7-segment LED
displays. The control module provides the means to power the occiuder head and to govern the plunger
position. The control module receives its unregulated, fused power from the 8000 base and distributes
the power to the occluder head. The user inputs information via a membrane keypad and rotary encoder
wheel located on the face of the occluder control module.

1.11.4.2 System Outputs

The system provides the means to mechanically occlude the venous return line. When fully closed, the
occlusion distance is set at 0.08 in. (2,03 mm) nominal with an acceptable range of 0 - 0.1 in. (0 - 2,54
mm). When fully opened, the occlusion distance is a minimum of 0.70 in. (18,0 mm}. A two digit LED
display provides the user with the flow expressed in terms of percent of full flow.

1.11.4.3 Electrical Characteristics

Voltage: 18-24 volts {input)
Breaker Protection: 2.5 amps
Current Rating: 1.6 amps {full lead, during closure)

1.11.5 Interface

The user interfaces with the system via two membrane switches and a rotary encoder and is supplied
feedback by a 2-digit LED. The extracorporeal circuit interfaces with the occluder head (plunger and
cover). The occluder interfaces with the occluder module via a 15-pin subminiature “D" connector. The
occluder module interfaces with the base via a 4-pin Cannon connector.

1.11.6 Theory of Operation

The user determines the occluder module position {left or right) on the base and connects the proper
cabling from the occluder head to module and module to base.

After the initial set-up, the user may push one of two buttons to open/close or rotate a knob for incremen-
tal control of the venous line occlusion.

1.11.7 Calibration and Configuration Specifications

The user calibrates the system by placing the tubing in the occluder head and pressing the “Close” switch
once.
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1.11.8 Service

1.11.8.1 Field Service Diagnostics

When 18 - 36 volts is supplied to the occluder module and the breaker switch is in the “On" position, the
system is ready for diagnosis. See the set-up and calibration section for the occluder in the operators
manual for set-up procedure.

1.11.8.2 Preventive Maintenance Guide

Clean the occluder head plunger with a stainless steel cleaner after exposure to blood to avoid seal
damage.

Turn system On and Off using the breaker switch located on the front of the occluder module once a
month to exercise switch components (may be performed with base power off).

1.11.8.3 Precaution

Tumn off the breaker switch during connection/disconnection of base and module or occluder head and
module to prevent damage 1o the system.

1.12 Battery Module Performance Specification

1.12.1 Operating Parameters

Electrical Power Requirements

Battery Module 115V 220-240 V 100V
Voltage: 103.5-126.5 V~  198-264 V~ 80-110 V~
{115 V, nominal) (220-240 V, nominal) (1 00 V, nominal)
Frequency. 50/60 Hz _ 50/60 Hz 50/80 Hz
Fuse Protection: 0.4 amps 0.2 amps 0.4 amps

Electrical Power Performance
Leakage Current: <100 microamperes for 115V and 100V bases (fully loaded);
<200 microamperes for 220-240V bases (fully loaded)

Ground Resistance: 0.1 Ohm maximum for all bases.

Emergency Power: 8000 system batteries {two 12 volt, sealed gel cell batteries) will
power the arterial pump {operating in continuous mode, at 5 L/min
with 1/2 in. tubing), the monitors, occluder and lamp for 40 minutes;
when the arterial pump is operated in pulsatile mode or the
cardioplegia pump is also operating on battery power, the battery
time available will diminish to 25 minutes.

Environmental Conditions
Operation 10° to 40°C, less than 95% relative humidity, noncondensing.

Storage Ventilated area, -30° to 54°C (-22° o 130°F),
less than 85% relative humidity, noncondensing.
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1.12.2 Functional Description

The 8000 Battery Module is an uninterruptable power supply (UPS). Its purpose is to automatically switch
to 24 VDC battery power when mains power is iost as a means to maintain pumping for the period of time

will continue to sound every two minutes.

When mains power is available again, the battery module will stay “on battery” for approximately 10
seconds to insure that all mains power transients are fittered out. After this delay, the UPS will switch
back to mains. The battery charging indicator will reiight, the DC power indicators will go out, and the
audible tone (every two minutes) will cease.

Once the battery module has been used the 8000 base must be powered by mains voltage with its main
circuit breaker turned “on” for a minimum of 24 hours,

1.12.3 Physical Description

Length: 17.0in. (43,2 cm)

Height: 4.25in. (10,8 cm)

Depth : 7.5 in. (19,1 cm)

Weight: approx. 27.0 ibs (12,3 kg)

Indicators: 1 green square (battery charging)
2 yellow square (DC power in use)
1 green rectangular (battery charged )
1 yellow rectangular (battery power decreasing )
1 red rectangutar (battery discharged)

Connections 1 3-pin mate and lock for VAC input
1 9-pin mate and lock for VDG output
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1.12.4 Electrical Description

The mains power to the UPS is configured for appropriate voltage by installing the primary transformer
wires into their appropriate positions on the printed circuit board. Mains voltage selection can accommo-
date either 100 V,115 V, or 220-240 V operation. Mains power is needed to charge the batteries inside
the UPS. A 24 hour time period is needed to recharge depleted batteries.

The UPS has two 12V batteries that are connected in series to supply 24 VDC to the 8000 base should
loss of mains voltage occur. This is done by means of solid state devices in conjunction with electrome-
chanical relays. Incandescent lamps are used to indicate mode and battery condition.

Two circuit breakers on the front of the UPS are for load protection. Each is rated at 10 amps. One
breaker is for both pumps while the second breaker protects the pole modules, lamp and accluder.

When the battery is loaded {8000 system operating on battery), the battery condition is displayed on the
front panel by red, yeliow and green indicator lights. Under normal operating conditions it is possible for
two indicators to be illuminated at once. Indicators could illuminate in a solid state or flicker. This is due to
changing current draw out of the UPS, relating to the pump roller tube compression.

green >23.25 ' charged
greentyellow  23.25 - 22.75 partial charge
yellow 22.75-22.0 partial charge
yellow/red 22.0-21.25 partial charge
red <21.25 discharged

1.12.5 Interface

There are two cables connecting the Battery Module to the 8000 base: the smaller cable supplies the AC
mains while the larger one connects the DC voltages. 27.6 VDC is the maximum output supplied 1o the
base.

The Battery Module may be mounted on the bottom of the 8000 base at any time.

1.12.6 Theory of Operation

The battery module is a unit meant to supply emergency power to the 8000 for a short period of time. it
has two 10 amp-hour batteries connected in series. A fully charged set of batteries can supply 10 amps of
24 VDC power for approximaiely one hour. This module contains one printed circuit board with all the
circuitry needed to detect presence of mains power and circuitry to charge the batieries.

Under normal operating conditions 1the 8000 base has mains power supplied via its power cord. Mains
power to this module is brought in through the 3-pin connector in the base. This power is supplied after
the main base circuit breaker. The main base circuit breaker is used to tell the UPS that indeed the base
is "On” and there is no mains power. When mains power is present and the main base circuit breaker is
“On”, power is supplied to the transformer in the UPS. The secondary of this transformer does two things:
supplies power to the battery charger and indicates state of “Mains power” for detection circult.
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1.12.6.1 Battery Charging Theory

A discharged Battery Module will be recharged once the VAC is available and the main circuit breaker is
turned On. Recharge time depends on the condition of the batteries; fully discharged batteries take up to
24 hours to recharge. During initial charging the batteries draw up 1o 500 milliamps (setting of current
limit) but current draw reduces to a trickle (approx. 10 milliamps) once the batteries are fully charged.

A tully charged Battery Module that has been disconnected from VAC for an extended period of time
{during storage) may draw more than a trickle charge for a short period of time, quickly reducing the
current back down to a trickle charge.

A fully discharged Battery Module left disconnected from VAC for an extended period of time (several
hours} may appear 10 be in good condition, as the batteries rejuvenate themselves from sitting; however,
capacity is still diminished immensely and the batteries will require recharging for sustained power
backup.

1.12.6.2 Loss of Mains Power Detection Theory

Mains power detection begins at the secondary of the transformer in the UPS. This transformer is pow-
ered any time the main base circuit breaker is on and mains power is available. The voltage out of the
secondary is rectified, isolated, squared up and then fed to a delay circuit. This delay is implemented to
insure that ali transients are filtered out. Once loss of mains is detected the circuitry turns on two field
effect transistors (FET) that are connected to the batteries. The output of the FETs are connected to the
two circuit breakers, then back to the base. Now that battery power is in the base it is brought to the
pumps through the pump battery cables. Once in the pump this power is diode OR'd with the pump power
supply o insure glitch free operation. The remaining equipment (safety, occluder, lamp) is dicde OR'd in
the base.

1.12.7 Calibration and Configuration Specifications

1.12.7.1 Calibration Specifications
None required

1.12.7.2 Configuration Specifications

The Battery Module is configured for the proper VAC by installing the primary transformer wires in their
appropriate positions in P4 on the PCB (see Section 6, Diagrams and Schematics).
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1.12.8 Service

1.12.8.1 Field Service Diagnostics

Check the rechargeable Battery Pack every 3 months. Set up the system with empty, properly occluded
tubing in the arterial roller pump and cardioplegia pump; connect the safety monitor to the base, connect
the battery cables to both pumps, turn on the lamp and occluder, turn on the system power and start both
pumps in Forward mode at 250 RPM. The battery charging indicator should light.

Disconnect the wall power supply; both DC power indicators and battery supply indicator(s) should
ifluminate.

Run the system for 25 minutes on battery power. If the system is still operational after 25 minutes of use,
the battery does not need replacing. Recharge the batteries by operating the systemn from the wall power
supply for at least 24 hours.

Replace the batteries if the system will not operate on battery supply for 25 minutes. Contact Sarns
Service or your authorized Sarns distributor for two sealed gel cell batteries.

1.12.8.2 Preventive Maintenance Guide
Replace the system battery pack every two years OR whenever the battery pack can not be fully re-

charged within 24 hours OR whenever a fully charged battery pack will not power the arterial pump
(operating in continuous mode), monitors, occluder and lamp for 40 minutes.

1.12.8.3 Precautions

Do not store batteries in & discharged state as this will damage them.
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1.13 Pulse Module Performance Specification

1.13.1 Operating Parameters

Base setting: 0-100% of pulse height,
Rate: 30-150 beats per minute,
Width time: 0-100% of pulse time.

1.13.2 Functional Description

The Puise Module attaches to the Sams™ 8000 Roller Pump and is used to set the operating parameters
during the roller pump pulsatile mode of operation. The perfusionist uses three knobs on the Puise
Module to set the Baseline, Pulse Width and Pulse Rate parameters, which are transmitted via serial
communications to the arterial pump. '

Start and stop of pulsatile mode is controlied by keypad entry on the pump

1.13.3 Electrical Description

Input Power Requirement
18-25 VDC, 80 mA (fuse protection 0.25 A)

System inputs:

Baseline knab (0-5 volis)

Rate knob (0-5 volts)

Width knob (0-5 volts)

8000 Roller Pump supply (see roller pump performance specification)

RS-485 communications receiving differentially
high input threshhold 0.2V MAX.
low input threshold -0.2V MIN.

System outputs:
RS-485 communications sending differentially (A-B), 0 to 5 volts,

1.13.4 Interface
The cable connector, located on the main board, connects the Pulse Module to the anterial pump.

The cable receives power from the pump and carries communications between the module and the pump
(see figure and table below).

Pot. Pot.l Pot. [LED]

| [ ! | +20 vDC | Power Distribution
*—poard
Pulse Main Board

L ——
Local Processor
RS-485 Board

Pulse Module Connections with Roller Pump
Pin # Function
1 RS-485 A
RS-485 B
regulated +20 volt common
regulated +20 volts

B wN

The Pulse Moduie attaches to the RS-485 lines on the arterial pump, thus connecting the modulie to the
arterial branch of the network.
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1.13.5 Calibration and Configuration Specification

There are no system level calibration requirements for the Puise Module. Calibration is performed on the
main board at time of manufacture.

1.13.6 Service

When regulated 20 volits is supplied to the Pulse Module, the microcontroller begins a startup routine to
check proper function of the external RAM, EPROM, and A/D conversion circuitty. After these seif tests
are successfully completed,and the pump has responded to the anterial command, the microcontroller
tumns on the external LED. The Pulse Module sends puise parameters to the pump; the pulse mode is
enabled if the pump’s computer control buttons are pressed.

1.13.7 Safety Features

Writing to the watch dog timer ensures that the processor is executing code sequentialiy and is not
caught in a locked state.

An additional watchdog timer ensures board reset if the 5 V logic supply drops below 4.5 voits, e.g., if
pump loses and regains power or pump resets.

The software will reset if any of the initialization (EPROM, RAM and A/D) tests fail. If tests do not pass,
pulse parameters will not be sent to the pump and pressing computer control mode on the pump will not
change pump speed. If the tests pass, normal function begins.

The Puise Module does not have the capability to stop the pump by sending a stop command.

The Pulse Module has only the following capabilities:

* o set and change the pulsatile parameters

* o request flow information from the pump

* {0 request pump status to determine if RESET occurred
* {0 request monitor information.

The user can override pulse mode by pressing the manual mode on the pump.
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1.14 Communications Module

1.14.1 Operating Parameters

Environmental Conditions
Operation 10° to 40°C, less than 95% relative humidity, non condensing.

Storage Ventilated area, -30° to 54°C (-22 to 130°F), less than 95% reiative
humidity, non condensing.

1.14.2 Physical Description

The Communications Module consists of a single board computer and the communications interface
board assemblies fastened to a sheet metal bracket. .The processor board is attached fo the power
interface board using a 64 pin connector and two small nylon standoffs. The bracket is used to support
the interface board and the module when it is located in the 8K Safety Monitor. The connector for the
external computer is also mounted to this bracket; the other end of the cable piugs into the interface
board. One LED can be seen near the external computer cannector. A sheet metal cover, fastened with
four Torx type screws, protects the eiectronics assemblies from mishandling and electrostatic discharge.

External Dimensions and Weight:

Height 1.8in. (4,6 cm)

Width 45in. {11,4cm)
Depth 8.5in. {21,6cm)
Woeight 1.25 Ib. (0,57 kg)

1.14.3 Functional Description

The Communications Module collects perfusion data over two serial communications networks built into
the 8K perfusion system. One network is dedicated to arterial devices and the other is dedicated to
cardioplegia devices. The data includes arterial and cardioplegia pump fiow and temperature and pres-
sure values from the arterial and cardioplegia monitors. The data are repackaged by the Communica-
tions Module software into the Sams ™ Touch And Record (S.T.A.R.) system format and periodically
output to a user computer through an isolated RS-232 port.

User instructions

* Tum off the circuit breaker to the 8K Safety System or to the 8K Base.

+ Connect the serial communications cable between the module and the external computer,

* Turn the circuit breaker back on. The LED on the Communications module should light within 35
seconds. This means the module is ready to output data.

* Run S.T.A.R. or other data collection program on the exteral computer.

*  Watch for data every 65 seconds.

» It any of the data are not coming across, check to make sure that the device is powered on and
connected to the system.

The 8K Communications interface Board (8K CIB) provides the interconnection to the arterial and
cardioplegia communications networks through the 8K Safety Monitor. It is also the mounting location
and connector interface for the singie board computer. The 8K CIB has the communications driver chips
to run RS-232 or RS-422 interface. It also provides the isolation for the user's external serial communica-
tions port.
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1.14.3 Functional Description

The power interface board has I/O mapped parallel input and output ports which allow the computer to do
the toliowing:

* Indicate that the system is ready by providing the signal to tumn on the system O.K. LED.

* Address two, dual channel, serial communications chips used as the intertace with the perfusion
networks to collect data from the pumps and monitors.

» Post information to an extemal computer via the external seria! communications por.

The BK Communications Interface Board has a jumper block area and two connectors used to select
RS-232 or RS-422 hardware interface and customize the RS-232 interface to the extemal computer as
necessary.

The Communications Module uses a PC DOS based single board computer with 512K or 2 Mbyte of
RAM. The computer and software control the following module functions:

* The external system ready LED.
* Requesting and receiving data over the arterial and cardioplegia serial communications networks.
* Sending out the pressure, temperature and pump flows data over the user's external serial port.

The Ampro Core Module™/XT (or /XTPlus) is a single board microcomputer with the following standard
PC features that are important to the function of the Communications Module system:

9.8 MHz V20 (16 MHz V51) CPU

PC compatible ROM-BIOS 1.13 (1.08) or later and as qualified
3-channel DMA controlier

6-channel interrupt controlier

512K byte {2M byte) of RAM

System clocks

Programmable timers

PC expansion BUS

Keyboard interface (for development use)

The software in the 8K Communications Module wili perform the following functions:
* Initialize the microprocessor as a real-time system.
Initialize the software driven external interface devices.
Power On Self Test.
Tum ON/OFF the System Working LED.
Manage the master mode, transition mode and slave mode with the other 8K devices that can be
configured (added to and subtracted) from the arterial and cardioplegia LANSs.
* Communicate as required with the following 8K devices:
Roller Pump
ARTMS (Arteria! Monitoring System)
CPGMS (Cardioplegia Monitoring System)
Pulse Module
* Respond properly to changes to the communications network due to the addition or loss of devices
due to removal or failure during use.
Communicate with the user's external computer; by exporting data.
Respond propenly to communications errors.
Processes the computer watchdog.
Processes the communications line watchdog.
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1.14.4 Electrical Description

The communications module receives power from the 8K Safety Monitor mother board. It requires 470
mA £ 50 mA @ 45 VDC + 5%.

The external computer's RS-232 and RS-422 communications interface is isolated from the 8000
system’s DC and AC power grounds. The DC/DC converter and opto-isolators have isolation ratings of
4000 volts,

The user RS-232 port utilizes RS-232 signals (9 voit swing).

The user RS-422 port uses £5 volt differential signals generated by the communications interface chips.

1.14.5 Interface Description s

The user's computer connects to the front panel of the communications module via a 9-pin D-type (DB-9)
connector. This connector is mounted on the sheet metal bracket.

The cother end of this connector assembly is plugged into one of two ribbon header connectors on the
communications interface board 1o configure either an RS-232 or RS-422 interface. This connection and
the jumper set-up described in the Calibration and Configuration section complete the interface selection.
The next two sections describe the two different interfaces.

RS-232 Interface Pin out

The table below shows the RS-232 pin out description for 9-pin D-type connector used for the external
seriat port.

DB9Pin#  Description (Signal Ditection) DBOPin#  Description (Signal Direction)

1 DCD {(in) not used 6 DSR (in) not used
2 ™  {out) 7 CT8 (in)

3 RX {in) 8 RTS (out)

4 DTR (out) notused 9 No connection

5 isolated ground {—) - No connection

The default pin assignment is a RS-232 DTE. Only signals TX, RX, CTS and RTS are implemented. A
jumper biock is provided on the board assembly to exchange signal assignments to make the 8K Commu-
nications Module a DCE device if necessary. The jumper biock will also allow aftemate jumper configura-
tions for handshaking signais. CTS and RTS may be jumpered together. The defauit is DCD jumpered to
DTR and DSR. Pulling jumpers causes DCD, DTR, DSR not to be connected to each other. See the
Calibration and Configuration section for more information.

See Theory of Operation section for more information.
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1.14.5 interface Description (Continued)

RS-422 interface Pin out

The table below shows the RS-422 pinout description for 9-pin D-type connector used for the external
serial port.

DB9Pin# Descriplion (Signal Direction) DB9Pin#  Description (Signal Direction)

1 TX- (out) 6 CTS- (in)

2 TX+ (out) 7 CTS+ (in)

3 AX- (in) 8 RTS+ (out)

4 AX+ (in) 9 RTS- (out)

5 Iso_GND (—) © - No connection

The RS-422 signal lines are connected with respect to polarity and signat type. For example the TX+ of
the communications moduie must be connected to RX+ of the external computer. Detailed knowledge of
the external computer's configuration and a custom cable will aid in establishing the interface connection.

External Computer Cable Requirements

To help ensure the correct operation of the communications module with the users external computer, the
interconnecting cable must be shielded, and be connected to the chassis ground via the connector shelt
on each end. This will prevent electrostatic discharge from possibly causing a reset of the 8000 System
or the user's computer; it also helps to preserve the integrity of the transmitted data.

The shielded cable assembly provided with the 8K Communications Module is a 9-pin D-type connector
with pins on one end and a receptacle on the other. The wire connections are straight through.

Compatible Software Versions
The software in the communications module is compatible with the following product software:

BK RP (local processor) version 2.3
BK PM version 1.1P

BK ARTMS version 1.1A

BK CPGMS version 1.1K

S.T.A.R. version 2.24

S.T.A.R. Can Hold Only Three Pressures

if an 8K CPGMS is on the arterial branch then the 2nd pressure, Cardioplegia B, cannot be logged into
the S.T.A.R packet as there is not provision for a second arterial pressure. This data value is lost.
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1.14.6 Theory of Operation

The 8K Communications Module is mounted within the Sams™ 8000 Safety Module where it receives its
power supply and connects to 8K system devices residing on two independent, muiti-dropped RS-485
networks, called the 8K arterial and the 8K cardioplegia local area networks (LAN). The collection of data
and maintenance of each of the 8K LAN branches are sofiware functions. Requests for data are sent out
by the communications module, and devices respond by sending data back. The perfusion data is
repackaged for export in S.T.A.R. format to the external computer. See the S.T-A.R. Network Protocol
sections for more information.

Communications Interface Board

The Communications Interface Board is essentially a communications /O board for the module’s single
board computer. It interfaces to the computer utilizing a 84-pin, TTL compatible, PC expansion bus of
Ampro design. The board has two, duai channel, serial communications controllers (SCC). Oneis used
by the computer to provide two independent networks which operate within the 8000 system; channe! A is
used for arterial LAN and channe! B is used for cardioplegia LAN. Channel A of the second SCC is used
to send data out to the externai serial port; channel B is not used.

The communications interface board provides ground isolation from the external computer. The signals
TX, RX, CTS and RTS pass at TTL levels through optical isolators. Power to the isolated side is provided
by a high isolation DC/DC converter. This device powers the configured communications line drivers and
receivars along with the receiver side of the optical isolators.

The external serial port can be configured as an RS-232 or RS-422 serial port using the appropriate
jumper configurations. These jumpers route the communications signals to a Maxim RS-232 interface
chip or National Semiconductor RS-422 driver and receiver pair. See the Calibration and Configuration
section.

Single Board Computer

The Ampro Core Module™/XT (or XT Plus}) is functionally equivalent, from both a hardware and software
perspective, with the 1BM PC computer mother board with a serial port expansion board and a battery
backed RAM feature card. Software operates under the MS DOS™ environment, version 3.30, while
performing communications functions. The communication module system software boots up from an
EPROM emuiating a floppy disk for program storage, and includes a battery backed RAM emulating a
floppy disk for data storage. Peripheral circuitry interfaces with the DOS system utilizing an expansion
bus which is signal compatible with the standard XT mother board.

Character Format and Rate for Serial Transmission
The BK LAN character format will be 1 start bit, 7 data bits, 1 stop bit and 1 odd parity bit. Characters will
be sent at 2400 baud * 5%.

5.T7.A.R. Network Protoco!

The packet format for all S.T.A.R. communications to the external computer port is shown below contain-
ing some sample temperature data. 1t is comprised of the Packet Header (<), the Packet Length, the
Command Letter, the Parameter Values, the Checksum, and the Packet Terminator (>). The length of
the packet is determined by the minimum packet length of 8 characters added to the number of param-
eters out to a maximum of 128 characters. The number of bytes is listed under each segment.

Example of S.T.A.R. Packet Format
Packet Length Command Cede Parameters Checksum
< ac F ATP17.3 VTP 20.1 cec >
CTP 9.6 TPA25.2
TPB---- TPC 429
1 2 1 o121  (53) 2 1
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1.14.6 Theory of Operation (Continued)

The characters sent as part of a packet consist of printable ASCIl characters only. The range of valid
characters is from 020 to 05F hex and 061 to 07A hex. Any character not in the above mentioned range
must be converted to a “*” before being sent to S.T.A.R.. The specific fields of the packet are defined
below.

Record Header

The first character of any record will be an ASCII ‘<" character. This character will be recognized as the
start of a new record upon any occurrence; therefore, the use of this character should be avoided in the
data field. Should this character be encountered in the middle of a record being received, all characters
in that record up to the ‘<' should be discarded, and a new record should be begun.

Packet Length .

The second and third characters are to be made up of the ASCli digits 0-9 and letters A-F. The two digit
string, with the most significant digit first, represents the total character count of the record being transmit-
ted in hexadecimal. The two digit string is given in hexadecimal notation. For example, if the total length
of the packet, including header, length fieid, command code, parameter field, checksum, and terminator is
64 decimal, the first three characters of the packet will be “<40" (64 decimal is 40H).

Command Code
The fourth character in any record shall be the command code, which identifies the type of record being
transmitted. initially, legal command codes fall in the range of ASCI| letters A-Z.

Command Parameters and Fields
The next characters in any record shaii be the command parameters. The command parameters can be
up to 121 characters, however once a packet is defined, it has a fixed format and length.

The parameter fields consist of one or more occurrences of a descriptive ID field followed by the format-
ted data for that ID. Each field is separated by a single blank.

* The ID field is unique and consists of 2-4 alphanumeric characters that describe the data being sent.

* The datafield is either a value, & flag, or text:
- Values are indicated by a sequence of X's. The presence of a decimal point indicates whether
the value is a floating point value or an integer. Each X represents a digit 0-9, except in the following
cases:

1) The first X of 2 number can be a -’ to denote a negative number.
2) Leading spaces (not Zeros} will be added to a number if it does not take up the full field width.

3) inthe event that a value that is usually a fioating point or integer number is not available (LE.
probe not plugged in) it will be represented by dashes; the number of dashes must equal the field
width of the number; the decimal point becomes a dash.

4) If the number is out of range it will be represented by ‘9’s, the number of ‘9’s must
equal the field width of the number.

5) Floating point or integer fields which have at least 3 characters in the fiekd may also have the
value “CAL” (in the left-most 3 positions of the fieid). “CAL" indicates that a vaiue is not available
because the source of the data is uncalibrated. If a “CAL” value is placed into a field which is
longer than 3 characters, the positions in the field following the “L” of “CAL” must be padded
with blanks.
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1.14.6 Theory of Operation (Continued)

6) If the value is a recognized error condition, the number will be represented by a field of blanks
(not zeros); the number of bianks equals the field width of the number.

-Flag data is indicated by an “A”. The “A” is replaced by a “Y™ (event occurred or is occutring) or
“N" (event has not occurred or is not currently occurring). Flag data is not used.

-Text data is indicated by a sequence of “B"s. Each B represents an alphanumeric character.
Text data is not used.

Checksum

Immediately following the command parameter area is the two character checksum. This value is techni-
cally a longitudinal redundancy check {LRC). The LRC is calculated as a 7-bit value. Each bit position in
the LRC will be a one if the number of ones in the same bit position of all preceding characters in the
record is odd. in programming terms, starting with a zero value, all characters up to the checksum are
exclusive-ORed into the accumulated LRC. The LRC is converted to a two digit hexadecimal number in
ASCI

Packet Terminator .
The “>" character will be recognized as the end of a record upon any occurrence; therefore, the use of
this character should be avoided in the parameter field.

Extraneous characters

Additional characters such as carriage retumn or linefeed may be transmitted after the packet terminator.
Because they fall between records, they do not violate the ruies outiined above. Such characters are not
to be considered as part of any record. The S.T.A.R. DMS will ignore them.

Packet Ordering

All the packets sent to the S.T_A.R. system are always sent in the same order. The following table lists the
packets in the order in which they are sent, the content of the packets, and when each packet is sent. To
help the reader sort out the requirements, the data values that are collected from the devices on the 8K
LAN are inserted into the parameter field locations shown in bold type.

Command Code Packet Content When Sent
H Events Always
| Events Always *
J Aleris Aways
K Alarms Always
A Actual Temperature Blood Gas ] Always
B Actual Temperaiure Blood Gas Always
Q Nomalized Blood Gas Always
R Normalized Blood Gas Always
S kPa Blood Gas ' Always
C Gas Fiow and Cardioplegia Data Always
D Level Detector, Occiuder and Pressure Data Always
E Pump Data Always
F Temp Data Always
G Unused A/D Always
L Pump 1 Status Always *
M Pump 2 Status Always *
N Pump 3 Status Always *
0 Pump 4 Status Always *
P Pump 5 Status Always *
Z Expansion (Unused) Always
X 8K Arterial and Cardioplegla Timers Always
Y 9K Centrifugal pump signed flow data Always

* 9K Pertusion System sends these events as needed.
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1.14.6 Theory of Operation (Continued)

Description of S.T.A.R. Packets Used by 8K Communications Module

The 8.T.A.R. format packets which must be sent to the external port are listed with in the following
subsections. Note that the packets actually containing 8K system data are a subset of all the packets that
have been defined for S.T.A.R. for its use with the 9K Perfusion System. Data to be expected from the
8K Communications Moduie is shown in bold type. Even though only some are filled in with data, the
packets used in this application retain their original description form including the listing of all the param-
eters. S.T.A.R. must have all fields for all the packets complete to accept any of the packets. The H
packet must always be sent with the “log now” attribute set to Y (yes). This will cause all the data from
the 8K to be logged automatically from the raw data file into the procedure (patient case) data fiie.

Actual Temperature Blood Gas Data s
Command Code Parameter Field Format Content Description

A APO2 XXX VPO2 XXX APCO Art, pO2 (mmHg), Ven, pO2
VPPH X. XX ASAT XXX (mmHg), Art. pCO2 (mmHg),
VSAT XO{X HCR XX VenpCO2 (mmHg), An. pH,
Ven. pH, Art. Sat, Ven. Sat,
Hematocrit,
B AHCO X0 X VHCO XXX Art. HCO3, Ven. HCO3, Art.
ATCO XXX VTCO XX.X ABE TCO2, Ven. TCO2, Art. B/E,
XXX VB/E XOO0X K+ XX Vean, B/E, K+, Ca+
CAT +X.X

All the parameter fieids and the decimal places will always have dashes as these are 9K Perfusion
System parameters not available on the 8K Modular Perfusion System.

Gas Flow and Cardioplegia Data

Command Code Parameter Field Format Content Description
c GFW---- FO2----FCO ---- Total Gas Flow, Fio2, FiCO2,
CXV 2000 Cumulative Volume

The parameter fields GFW, FO2, FCO will always have dashes as these are 9K Perfusion System
parameters not available on the 8K Modular Perfusion System.

Level Detector, Occluder and Pressure Data

Command Code Parameter Field Format Content Description

OCF---VVL---- ARP Qccluder, Venous Volume,
D XXX Level, Pressure(mmHg)

CAP XXX Pressure (KiloPascals)
AXP XXX
KARP - ---.
KCAP----.
KAXP - ----

The parameter fields OCF, VVL, KARP, KCAP and KAXP will aiways have dashes as these
are 9K Perfusion System parameters not available on the 8K Modular Perfusion System.
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- 1.14.6 Theory of Operation {Continued)

Pump Data
Command Code Parameter Field Format Content Description
E AFL X.XX CFL X.XX APN - Arterial flow, Cardioplegia flow,
- CPN-- _ Antarial pump #, Cardioplegia
RP1--- AP2--- pump #, RPM for all pumps.
RP3--- RP4---
RP5 - -- If arterial or cardioplegia pump is
sending RPM value then flow field
will ba dashas.

Packet £ will be the absolute values for the pump arteriat flow rate as S.T.A.R. software version 2.24 is
incompatible with negative flows. -

The parameter fields pump number and pump RPM will always have dashes as these are 9K Perfusion
System parameters not available or required on the 8K Modular Perfusion System.

Temperature Data

Command Code Parameter Field Format Content Description
F ATP XXX VTP XXX CTP Arterial, Venous, Cardioplegia,
XX.X TPA XX.X TPB XX.X AuxA, AuxB, AuxC
TPC XX.X

User Expandable A/D Channel Data

Command Cade Parameter Field Format Conient Descriplion
G AD1 0000 AD2 X000 AD3 Readings from the currently
200X unused A/D Channels

All the parameter fields XXXXX will aiways have dashes as these are 9K Perfusion System parameters
not available on the 8K Modular Perfusion Systern.

Events

Command Code Paraeter Field Format Content Description
LOFF N Level Detector Off, Air Detector Off,
AQOFFN O,

H LOGY Log 5.T.A.R. button pressed,

VLON Vencous Line Occluded, no
APR N response from Art. pump, Pump
PTON Timer On, Clamp Timer On,
CTON Cardioplegia Complete (Note:
CMP N not implemented), Service Pump
SPSN Selact, Change Pump Selection
CPSN (Card = An), Service Bubble
SBD N Detector, Service Temperature
STMN Monitor Hardware, invalid Art
IPSN Pump Selection, Arterial Pump
PBSN Belt Siip, Service Level Detector,
SLDN Invalid Card. Pump Selection,
ICPN ~ Exira Status 1, Extra Status 2,
XS1N Stop CPG pump with Arterial pump.
XS2N
SCAY
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1.14.6 Theory of Operation (Continued)

Command Code Parameter Field Format Content Description

PWT XXX Patient Weight, Patient Area, 02
PTA XXX Air Blend (No = 85/5, Yes = Air),

| Q2B N CO2 Fiush, Aux. Temp. A-C
CFHM N labels (first 5 chars of label string
ALA BBBBB , will be sent), Patient Height
ALB BBBBB
ALC BBBBB
PHT XXX

Alt the parameter fields XXX and decimal points will always have dashes as these are 9K Perfusion
System parameters not available on the 8K Modular Perfusion System. The auxiliary temperature labels
BBBBB will be set to blanks as the 8K Modular Pedusion System has no provision for user entry of a
temperature labet.

Alerts

Command Code Parameter Field Format Content Description
PDLN. Gas Pressure Differential Alert, Low
LLL N Level Alert, Arl. Press. Alert, Card.

J APLN Press. Alert, High Temperature Alert,

CPLN On battery alert, Low FiO2 Alert, Art.
HTL N Pump Backfiow, Art. Pump
BONN Underflow, Art. Pump Underspeed,
LFIN Extra Alert 1-4.
ABF N
AUF N
AUS N
XT1N
XT2N
XT3N
XT4N

The attribute parameter fields will always be set to N (no) as these are 9K Perfusion System parameters
not available on the 8K Modular Perfusion System.

Alarms

. i Cod P ter Field F ; Content D ioti
LLM N Low Level Alarm, Air Detected
ADM N Alarm, Art. Press. Alarm, Card.
APM N Press. Alarm, Arterial Pump

K CPMN Overspeed, Arterial Pump

POSN Overcurrent, Arterial Pump Jam, Ar.
PCLN Pump Motorfail, Extra Alarm 0-4,
PJMN
AMF N
XMON
XM1N
XM2N
XM3N
XM4 N

The attribute parameter fields will always be set to N (no) as these are 9K Perfusion Systemn parameters
not available on the 8K Modular Perfusion System.
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1.14.6 Theory of Operation (Continued)

Pump 1 Status

Command Code Parameter Fleld Format Content Description
MS1N Motor Safety Test Fail, Stop Test
STIN Fail, RAM Test Fail, ROM Test Fail,

L RAT N Belt Slip Detected, Over Cumrent,

RO1N Mator Speed, Motor Direction
BS1N Forward, Computer Control On,
OC1N Motor Over Speed, Pulsatile Mode,
MP1N Familiarity, Underflow, Underspeed,
MD1 N PAL Fail, Backflow, Motorfail,
CC1N NoRecall, Centrifugal Pump Family,
O81N Unused Pump Family.
PM1N .=
FM1 N
UF1N
USTN
PFIN
BFIN
MF1N
NR1N
PO1 N
P11 N

The attribute parameter fields will always be set to N (no) as these are 9K Perfusion System parameters
not available on the 8K Modular Perfusion System.

Pump 2 Status
Command Code Parameter Field Format Content Description
MS2 N ST2 N RA2ZN RO2 N Motor Safety Test Fail, Stop Test
BS2 NOC2 N MF2 N MD2 N Fail, RAM Test Fail, ROM Test Fail,
CC2NOS2NPM2NFM2ZN Belt Slip Detected, Over Current,
M UF2ZNUS2NPF2NBFZN Motor Speed, Motor Direction
MFZ N NR2NPO2N P12 N Forward, Computer Control On,

Motor Over Speed, Pulsatile Mode,
Familiarity, Underflow, Underspeed,
PAL Fail, Backfiow, Motorfail,
NoRecall, Centrifugal Pump Family,
Unused Pump Family.

The attribute parameter fields will always be set to N (no) as these are 9K Perfusion System parameters
not available on the 8K Modular Petfusion System.

Pump 3 Status
Command Code Parameter Field Format Content Description
MS3 N ST3 N RA3NRO3 N Motor Satety Test Fail, Stop Test
BS3INOC3INMP3NMD3N Fall, RAM Test Fail, ROM Test Fail,
CCINOS3NPM3NFM3N Beh Slip Detected, Over Currsnt,
N UF3ANUS3NPF3NBF3N Motor Speed, Motor Direction
MF3INNR3NPO3N P13 N Forward, Computer Control On,

Motor Over Speed, Pulsatile Mode,
Familiarity, Underflow, Underspeed,
PAL Fail, Backllow, Motorfail,
NoRecall, Centrifugal Pump Family,
Unused Pump Family.

The attribute parameter fields will always be set to N (no) as these are 9K Perfusion System parameters
not available on the 8K Moduiar Perfusion System.
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1.14.6 Theory of Operation (Continued)

Pump 4 Status
Command Code Parameter Field Format Content Description
MS4 N ST4 NRA4N RO4 N Motor Safety Test Fail, Stop Test
BS4 N OC4 N MP4 N MD4 N Fail, RAM Test Fail, ROM Test Fail,
O CC4NOS4NPM4NFMAN Belt Slip Detected, Over Current,
UF4NUS4NPF4NBFAN Motor Speed, Motor Direction
MF4 N NR4 N PO4 N P14 N Forward, Computar Control On,

Motor Over Speed, Pulsatile Mode,

Familiarity, Underfiow, Underspeed,

PAL Fail, Backilow, Motortail,

NoRecall, Centrifugal Pump Farily,
- = Unused Pump Family.

The attribute parameter fields will aiways be set to N (no) as these are 9K Perfusion System parameters
nat available on the 8K Modular Perfusion System.

Pump 5 Status
Command Code Parameter Field Format Content Description
MS5N ST5 N RA5S N RO5 N Motor Safety Test Fail, Stop Test
BS5S NOCS5N MP5S N MDS N Fail, RAM Test Fail, ROM Test Fail,
P CC5NOSSNPM5NFM5 N Bet Siip Detected, Over Current,
UFSNUSSNPF5SNBF5SN Motor Speed, Motor Dirsction
MF5NNRSNPOSNPISN Forward, Computer Control On,

Motor Over Speed, Pulsatile Mods,
Familiarity, Underfiow, Underspeed,
PAL Fait, Backfiow, Motorfail,
NoRecall, Centrifugal Pump Family,
Unused Pump Family.

The attribute parameter fields will always be set to N {no) as these are 9K Perfusion System parameters
not available on the 8K Modular Perfusion System.

Normalized Blood Gas Data

Command Code Parameter Field Format Content Description

AO2N XXX VO2N XXX ACON Art. pO2, Ven. p0O2, Art. pCO2, Ven.
XX. X VCON XX. X APHN X.XX pCO2, Art. pH, Ven. pH, Art. Sat,

Q VPHN XXX ASTN XX. X Ven. Sat, Hematocrit. (All are
VSTN XX.X HCRN XX normalized to a 37°C temperature

reterence).

AHCN XX. X VHCN XX.X Art. HCQ3, Ven. HCO3, Ar. TCO2,
ATCN XXX VTCN XXX Ven. TCOZ2, Art. B/E, Ven. B/E, K+,

R ABEN XXX.X VBEN XXX.X Ca-+ (All are normalized to a 37°C
K+N XXX CA+N X.X temperature reference).

All the parameter figids XXX and decimal points will aiways have dashes as these are 9K Perfusion
System parameters not available on the 8K Modular Perfusion System. :
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1.14.6 Theory of Operation (Continued)

Kilopascal Blood Gas Data

Command Code Parameter Fleld Format Content Description
KADA XX.X KVOA XX.X Arterial pO2 (kPa, actual)
KACA XX.X KVCA XX.X Venous pO2 (kPa, actual)
[} KAON XX.X KVON XX.X : Anerial pCO2 (kPa, actual)
KACN XXX KVCN XXX Venous pCO?2 (kPa, actual)

Arterial pO2 (kPa, normalized),
Venous pO2 {kPa, normalized),
Arterial pCO2 (kPa, normalized),
Venous pCO2 (kPa, normalized).

All the parameter fields XXX and decimal points will.always have dashes as these are 9K Perfusion
System parameters not available on the 8K Modular Perfusion System.

Expansion Area
Command Code Parameter Field Format Content Description
V01 X V02 X V03 XX V04 XX Extra Field 1-14 (for future
Va5 YOO VOB XXX V07 XXXX expansion).
z V0B XXXX V09 X000XX V10

XXXXXVITINVIZNVI3N
Vi4 N

All the parameter fields XXX and decimal points will always have dashes as these are 9K Perfusion
System parameters not available on the 8K Modular Perfusion System,

Anerial and Cardioplegia Timers

Command Code Parameter Field Format Content Description
ART1 hmmss Anterial Monitor Timer 1,
X ART2 hmmss Arterial Monitor Timer 2,
CDT hmmss Cardioplegia Delivery Timer,
BCDT hmmss Between Cardioplegia Delivery
Timer

Packet X is incompatible with S.T.A.R. software version 2.24 and S.T.A.R. software will ignore it when it is
sent after all the other packets A-Z. This packet has been created with the 8K communications module to
allow access to arterial and cardioplegia timer information when using an external computer running a
DMS sotiware other than this current version of S.T.A.R. The 9K Perfusion System does not send actual
timer information but only timer start/stop events,

Baud Rate, Character Format and Handshaking for Serial Transmission

The external computer port character format will be 1 start bit, 7 data bits, 2 stop bits and1odd parity bit.
Characters will be sent at 9600 baud + 3%. '

The hardware handshaking will be used for data flow control in the following manner. Hardware hand-
shaking will be initiated by the S.T.A.R. program. When S.T.A.R. is running on the external computer and
is ready to receive data, it will make the RTS line active. The communications module will sense this. if
the RTS line is made inactive during any part of the data transmission, the communications module will
stop sending data and restart with the first packet after the ATS line becomes active again.
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1.14.6 Theory of Operation (Continued)

Communicate with External Computer Port
At start-up the communications module estabiishes that the external computer is present and the S.T.A.R.
communications interface begins the process of sending packets to the extemnal port.

Send S.T.A.R. packets to the external port every 65 seconds (data logging interval).

1.14.7 Calibration and Configuration
Calibration: None required

Jumpering Communications Interface for External Port

The external serial port of the 8K Communications Module can be configured to RS-232 or RS-422 serial
communications interface. The RS-232 interface is shipped as a DTE device. The port can be re-
configured from DTE to DCE depending on the user computer’s serial port configuration and the available
cable. Also provided is jumpering method for connecting DSR, DTR, DCD signa! lines together. Select
one interface type and configuration using jumper blocks on the 8K CIB. The following sections illustrate
the jumpering configurations necessary for each of the serial communications interfaces available.

RS-232

RS-232 and DTE is the default configuration. This setting will allow the use of a male to female, straight
through pin-out cable assembly from the module to the user's computer. To select the RS-232 interface,
piug the ribbon cable connector end of the serial port cable assembly into connector header J3. Configure
the jumpers for RS232 and DTE on the BK CIB using the foliowing illustration.

Select RS-232 Select DTE

JP1
Jr2
il g

JPd
JPS

JPE
19|BR 8 |21 <¢—— Spare Jumper 7 =

It required specifically by a customer use the following illustrations to implement the following options.
Jumpering RTS and CTS together may be implemented for DTE and DCE configurations.

Select DCE Connect RTS and CTS Connect DCD, DSR and DTR
(» =] (= o]
| » |00 (0
w3|oo 3 | I} | -—— Use Spare Jumper 3 ()
) Jr4 | CX Sind | = m] 4 | PP
5|0 i |5 = s |y
Jrs |01 i [= = IPs
7 (00 il = = 47 EB
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1.14.7 Calibration and Configuration {Continued)

RS-422

RS-422 is the optional differential communications interface configuration. This is designed to be set in
the field if required specifically by a customer. To select the RS-422 interface, plug the ribbon cable
connector end of the serial port cable assembly into connector header J4. Configure the jumpers on the
8K CIB using the following illustration.

Select RS-422 RS-422 Signal Ground
1 ﬂ% 3 JPe
o
e 2
2 ng = JP12
o
° o[ =T
19|aD0f21

The following illustration shows the other options available when using the RS-422 interface.

Termination Resistors RS-422 Signal Ground
Instalied Removed Connected Disconnected
JPB JPE
-
E o B: P10 JP12 JP12

JP11

DIP Switch SW1
The DIP switch SW1 on the 8K CIB is undedicated, but shouid be set such that all the switches are open

or off.
1.14.8 Service

Field Service Diagnostics

When the 8K Communications Module is installed and powered ON, the external LED will iight within 35
seconds. The module will then be coliecting data from the interal LAN branches. The software’s 3M
part number and revision level will be output through the external serial port. Then the first S.T.A.R. data
may then be observed within 65 seconds. A terminal program or other diagnostic software will be the
only way to verify communications with each device on the networks within the 8K system.

Troubleshooting

If the communications module indicates that data is not being received from some source, communication
should be attempted directly with that source. If the direct connection is not successful, proceed with
trouble shooting of that particular moduie. If communication by the test program can be established with
all other modules, but the communications module does not indicate such communication, replace the
comrnunications module.

It the test system is able to receive all expected data from the communications module, but the user
computer does not, check to see that the CTS line is on (-9V, active low) and that TX and RX lines are not
reversed. Otherwise, verify user computer functionality.
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1.14.8 Service

Preventive Maintenance Guide
inspect cable and connectors for damage. Main cable shield must not be damaged.

tnspect unit for entry of fiuids during each preventive maintenance cycle.

The battery backed SRAM device will require repiacement every 10 years according to the supplier.
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Sectlon 2. Maintenance

2.1 Required To

ols, Test Equipment, Supplie

N R TRas V B \ 2.
The following items are required to service the Sarns™ 8000 Perfusion System:
Item No. 3MI.D. Description
1 26-1009-7031-3 Lens Remover
2 26-1009-7057-8 Lamp Remover
3 26-1009-3901-1 Terminal Block Tool
Yl 4 78-8066-7139-8 Belt Tension Gauge
5 78-8066-7954-0 Pressure Simulator ¢
vl 6 78-8067-7137-2 Occlusion Knob Bearing Insertion Tool
Y1 7 78-8067-1686-2 Pump Calibration Fixture
8 78-8066-7138-0 Extender Board
9 78-8066-7140-6 Torx Driver Kit al
10 98-0702-0272-0 Level Sensor Pads (20 per package)
11 26-1008-0430-6  |AC Current Adapter, Fluke Meter, Y8101 3¢
12 78-8066-6969-9 Tubing Insert Screwdriver >
13 78-8066-8659-4 Ground Leakage Box >4
14 78-8066-7253-7 Insulated Screwdriver, Small >k
15 26-1008-6116-5 Nut Driver, 3/8" E'e
16 26-1008-4445-0 Screwdriver, Medium Blade >k
17 26-1006-6759-6 Offset Screwdriver X
18 26-1008-5018-4 Fluke™ 8060A DMM* X
19 26-1008-5074-7 Digital Tachometer, DT107 X
20 26-1008-5019-2 Soft Face Hammer A
21 26-1008-4061-5 Snap Ring Pliers, Small External
L 22 78-8066-7632-2 Snap Ring Pliers, Modified External
23 26-1007-6794-1 Snap Ring Pliers, Internal
24 26-1008-5017-6 Allen Hex Key Set 7
25 26-1006-6760-4 Bahl Driver 3/16" A
26 26-1008-2910-5 Viking Pin Extraction/Insertion Tool LD R 200
A 27 78-8066-7119-0 Deluxe Bushing Driver
28 Oscilloscope
vI 29 78-8066-7122-4 Adjustment Nut Puller
30 78-8066-7123-2 Spanner Wrench
ML 78-8066-7128-1 DX Roller Post Punch
" 32 78-8066-7129-9 DX Roller Adjustment Too!

*Fluke is a trademark of Fluke intemnational Corp. Everett, Washington, U.S.A,
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«eCion <. Mamtenance

2.1 Required Tools, Test Equipment, Supplies (Continued)

item No. aM LD, Description
“ 33 78-8066-8655-2 Roller Bearing Insertion Tool
1l 34 78-8066-7130-7 Torque Wrench Fixture
" 35 78-8066-7131-5 Tachometer Fixture
v 36 78-8066-7132-3 Custom to Deluxe Adapter
A 37 78-8066-7133-1 Roller to Roller Mounting Bar
-1 38 78-8066-7134-9 DX Casting Runout Fixture
V1 ag 78-8066-7577-9 Dial Indicator Kit
40 26-1008-4332-0 Torque Wrench, 0-100 infbs K
41 26-0001-7472-7 Reamer >4
42 26-1008-5072-1 Torque Screwdriver, 6-26 in/lbs 7
1 43 78-8067-1661-5 - Air Sensor Fixture
44 78-8067-1662-3 3/8 Air Sensor Attenuator = /117> 1
45 78-8067-1663-1 1/4 Air Sensor Attenuator :
46 78-8066-9340-0 47" Temperature Probe - 100 T
47 78-8066-9341-8 25" Temperature Probe >
48 78-8067-5159-6 Gapped Screwdriver Bit ity [1tMBPRIL FR/C
49 78-8067-5696-7 inspection Form
50 78-8066-8426-8 Inspection Label

2.2 EM/PM Procedures

2.2.1 Preliminary Inspection

cause the systern to mafunction.

Cautlon: Start the system using AC power. Starting the
system with battery power and then initiating AC power may

1. Note any customer comments on the Inspection Report.

2. Record the machine part numbers, serial numbers, run hours, and software version.

3. Note the general appearance of the units. Record any findings, such as broken covers, modifications,

missing parts, efc.

4. Measure and record the line voltage. Check the condition of the power cord and strain relief.
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2.2.1 Preliminary Inspection (Continued)

5. Measure the system leakage current in normal polarity. Switch off the system. Reverse the polarity,
and recheck the leakage current. If it is greaier than 100 microamps, refer to Section 5, Troubleshoot-

ing.

6. Observe that the following occurs when the system is powered up.

Stant-Up Tests.

When the system power is first turned on, a sef-test is conducted. Aways verify that the correct
indicators illuminate and pump messages cycle without any fail messages remaining on the message
display. If the indicators do not illuminate, check the circuit breakers.

Monitors

Options

Pumps

On the monitors, all indicators will illuminate for 3 seconds;

“888" and the software revision level will appear on the message display; the
audio alarm will sound.

The occluder startup lights will illuminate.
AC power indicator will ifuminate on the battery.
Communications light will illuminate on the back of the safety module.

The following messages will appear briefly on the pump displays.

RESET

Ver X.Xd (software version)
XXXX.X H (run hours)

FAIL 1 (EPROM)

FAIL 2 (RAM)

FAIL 3 (not applicable)

FAIL 4 (EEROM)

FAIL 5 (motor tail)

FAIL 6 {stop fail)

Tube Size, Flow Constant or RPM

It a start-up test fails, the service message wili remain on the display until the select switch is pushed. The
operator shouid note the message and then push select so that the testing will continue. Then turn the
pump power switch off for 10 seconds and back on to repeat the entire test; if the message appears again
and remains on the display, contact Sams Service before using the pump.

7. Check the rechargeable battery, if installed.

a. Install tubing in the ART and CPG pumps.

b. Connect the safety monitor to the base.

¢. Connect the battery cables to both pumps.

d. Tum on the lamp and occluder.
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2.2.1 Preliminary Inspection (Continued)
€. Turn on the system power and start both pumps in forward mode at 250 rpm.
. The battery charging indicator should iliuminate.

g. Disconnect the wall power supply; both DC power indicators and battery supply indicator(s)
should illuminate. (Refer to Section 5, Troubleshooting if only the red indicator illuminates.)

h.  Plug the power cord into the AC source. Check for and note any abnormal operation.

-

Note: Power interruption may cause the pumps to go
through the startup routine.

i.  Stop alt the pumps and tum each flowrate knob fully counter-clockwise.

8. Record the existing operator settings:

Pumps:
a. Record which pumps have been designated arterial and cardioplegia, and whether they are
battery backed.

b. Record the tube size or flow constant shown in the message display of each roller pump.
Monitors:
a. Record the anterial and cardioplegia pressure alert and alarm limits.

b. Check to see that all the transducer cables instalied in the monitor modules are marked. If not,
mark them or draw a chart or diagram showing where sach transducer is connected.

2.2.2 System inspection

1. Replace the air filters (base fan, and each pump). Refer to Section 4, Air Filter Replacement.
2. Start both anterial monitor timers.
3. Check the cardioplegia monitor delivery timer.
a. Press CPG button; timer should start.
b. Press CPG button, second time; timer should stop.
c. Press CPG button, third time; timer starts again.
d. Press NO CPG button; CPG timer should stop and NO CPG timer should start.
e. Press CLEAR button (0:00); both timers should should stop and clear simultaneously.
4. Check the Safety Monitor:
a. Record the part numbers and serial numbers of the air sensor and monitor.

b. Biock the air sensor with an opaque object.
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2.2.2 System Inspection {Continued)

c.

Press the air detection RESET switch on the safety monitor until the red light is no longer
illuminated.

Press the air detection ON switch.

Press the FORWARD switchas on the ART and CPG pumps. Tum the speed knobs on both
pumps to mid range.

Remove the opaque object from the air sensor. The ART pump stops, the red indicator bar
flashes, the alarm sounds and repeats once per minute. The pump designated as CPG should
also stop.

Block the air sensor with an opaque object. Press the air detection RESET switch on the safety
monitor until the red indicator is no longer illuminated. The red indicator bar light goes out, the
alarm stops, and the pump(s) can be restarted. .

Check and record the pulse width, period, DC supply, reference voltage, sensor signal voltage,
and signal threshold:

¢ |nstall the Air Sensor Fixture.

* Connect the common lead of the scope to pin 6. Turn on the air detector. It will alarm during
the following four steps.

= Connect the scope 1o pin 5. The pulse width should be 45 to 65 microseconds. The pertiod
should be 1250 to 1600 microseconds.

* Connect the scope to pin 2. The DC supply should be 7.8 to 8.25 VDC.
= Connect the scope to pin 4. The 2.50 VDC reference voltage should be 2.48 to 3.00 VDC.

= Connect the scope to pin 1. Adjust the pot to obtain a reading of 0.6 VAC. Insert the optical
calibrator into the sensor. The sensor sighal should be 0.125 to 0.200 VAC.

* Block the air sensor with an opaque object. Press the air detection RESET switch.
= Adjust the pot until the air detector alarms. The threshoid shouid be 1.2 to 1.5 VDC.

* Remove the test fixture.

5. Check the Ultrasonic Air Sensor

Required tools: 50 MHz Osctilioscope and 10x probe

Air Sensor Test Box , 3M ID 78-8067-1661-5
Adapter Cables: 3M ID 78-8067-6710-5
3M ID 78-8066-6734-7
Tubing, 1-2 feet (0.3 m - 0.6 m): 3/8 in x 3/32 in (9,5 mm x 2,4 mm) for RED air sensor
1/4 in x 3/32 in (6,4 mm x 2,4 mm) for GOLD air sensor
1/4in x 116 in (6,4 mm x 1,6 mm) for BLACK air sensor

Note: Do not use gel with the ultrasonic air sensor.
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2.2.2 System Inspection {(Continued)

a. Prepare a 1-2 ft. length of water filled tubing. Make sure to entrap a tube-filiing bubbie of at least 1
inch (2,54 cm) in length. Clamp the ultrasonic air sensor onto the tubing. Do not position the sensor
upside down, cover toward floor, as bubbles may go undetected. The tubing must be the appropriate
diameter for the sensor.

3/8 in x 3/32 in (2.5 mm x 2.4 mm} for RED air sensor
1/4in x 3/32 in (6.4 mm x 2.4 mm) for GOLD air sensor
1/4inx 116 in (6.4 mm x 1.6 mm) for BLACK air sensor

- -

% Water

1* Air

i

}
)

Water

¥
'
3

i

Note: This represents a bubbie significantly iarger than
0.5 ml.

b. Tilt the tubing and air sensor to force any bubbles from the sensor area. Insure that the tubing is
fluid filled at the air sensor and that no air bubbles are present in this area.

c. Press and hold the air detection “RESET” switch on the right fixed panel, until the red LED is no
longer lit.

d. Press the air detection ON switch.

e. Press the forward switched on the ART and CPG pumps and turn the speed knobs to mid-range.
The ART and CPG pumps are designated by the stop/communication lines.

f.  Tilt the ultrasonic air sensor to force a 0.5 ml or larger air bubble to pass through the sensor.

g. The ART pump shouid stop; the CPG pump should stop if designated by the stop communication
line; the red indicator bar flashes; the alarm sounds and repeats once per minute.

h. Tilt the air sensor to force the air bubble out of the sensor area. Press and hold the air detection
“RESET" switch on the safety monitor. The red indicator bar light goes out and the alarm stops.
Restart the pumps. Press the air detector “OFF" switch.

i. Connect the Air Sensor Test Box to the uitrasonic air sensor and to the air detection module in
the safety monitor.

j.  Tilt the air sensor 1o force air bubbles out of the sensor area. Tum the potentiometer on the test
box fully counterclockwise. Press and hold the air detection “RESET” switch until the red LED is
no longer lit, press the air detector “ON” switch.
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2.2.2

k.

System Inspection (Continued)

Connect the scope probe to ground TP6 on the test box. Connect the scope probe to TP2 on the
test box. The voltage reading should be 8.0 + 0.2 VDC. If not, proceed 1o Step q.

Connect the scope probe ground to TP6 on the test box. Connect the scope probe to TP4 on the
test box. The voltage reading should be 2.5 £ 0.1 VDC. If not, proceed to Step q.

Measure the pulse width and pulse period. Connect the scope probe ground to TP6 on the test
box. Connect the scope probe to TP5 on the test box. The displayed pulse amplitude must be
between 2.5 VDC and 8 VDC with a width of 45-65 microseconds. The displayed pulse period

should be 1250-1600 microseconds. If not, proceed to Step q.

Connect the scope probe ground to TP6 on the test box. Connect the scope probe to TP1 on the
test box. Verify that the potentiometer on the test box is turned fully counterclockwise. Tilt the air
sensor to force a 0.5 ml or larger air bubble to pass through the sensor. The air detector should
alarm. The displayed voltage level should have a minimum amplitude of 4.4 VDC. If not, pro-
ceed to Step q. Tilt the air sensor to force the air bubble out of the sensor area. Press the
RESET switch.

Tilt the air sensor to force all the air bubbles out of the sensor area. With the scope probe ground
connected to TP6 and the scope probe connected to TP1, turn the potentiometer on the test box
clockwise until the alarm sounds. The voltage reading should be 0.8 VDC - 1.5 VDC. If not,
proceed to Step q. Tumn the potentiometer fully counterciockwise before proceeding to the next
step.

Disconnect the test box. Connect the ultrasonic air sensor and the air sensor cord to the air
detection module.

If the specified voltages or wave forms are not cbtained, check all connections at the air sensor
and the air detection module in the satety monitor, Verify that all pins are intact. Systematically
replace the air sensor cable, the air sensor, then the air detection module. Check for the appro-
priate voltage or wave form after each replacement. Continue the inspection.

Check level detection:

Caution: Do not drop the level sensors as physical shock
may damage the sensor.

Attach the alarm and alert sensors to a clear plastic container.
Rotate the switch on the safety monitor to position 1 for Alert/Alarm.

Disconnect the alert sensor from the level detector moduie. Verify that the yellow LEVEL ALERT
SENSOR DISCONNECTED iight flluminates to indicate that the aiert sensor is disconnected.

Fill the container with water until the water ievel is above both sensors.
Press the level detection ON‘switch.

Press the FORWARD or REVERSE switches on the ART and CPG pumps. Tum the speed
knobs on both pumps to mid range.
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System Inspection (Continued)

Tilt the container until the water level is below the alert sensor only. The alert sounds (and
repeats once per minute), and the alert indicator bar flashes yeliow. The pumps continue to run.

Tilt the container until the water level is above both sensors. The alert stops sounding, and the
yellow alert indicator bar stops flashing.

Tilt the container untif the water leve! is below the alarm sensor. The alarm sounds {and repeats
once per minute), the alarm indicator bar flashes red and the pump(s} stop.

Tilt the container until the water level is above both sensors. Press the level detection RESET
switch. The red indicator bar stops flashing and the alarm stops sounding.

Restart the pumps.
Rotate the switch on the level detector module to position 2 for alarm only.
Repeat steps i, j, and k.

Rotate the switch on the level detector module to position 4 for alert only.

Note: Position 3 is not functional on any machine.

Repeat steps g-and h.

Stop the pump(s) and press the level detection OFF switch.

7. Check the oceluder, if installed:

a.

b.

Record the part number and serial number of the occluder module.

Instali tubing in the occiuder.

Press the OPEN switch on the control panel, then press the CLOSE switch. When fully closed,
the occluder display reads “0”.

Press the OPEN switch. The number in the occluder display increases rapidly to 99.

Press the CLOSE switch. Fill the tube with water. With a one meter head of water above the
occiuder, no water should pass through the tube. If it does, perform Section 3, Calibrating the
Occluder Drive Board.

Verify that the manual control knob opens and closes the occluder.
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2.2.2 System Inspection (Continued)

8. Check the pressure displays:

Warning: Pressure transducer cables without transducers
attached must be disconhected from the console; cables
without transducers act as antennae for electromagnetic
interference and may stop the pump.

Arterial Monitor

}

k.

Record the part number and serial number of the manitor,
Select CAL on the message display.

Install the pressure board test fixture into the jack marked “mmHg” on the monitor. Set the fixture
to “0” and “+",

Press either arrow switch and then press select switch again.The message display shouid
indicate “0 mmHg".

Set the alarm limit to 220 mmHg, and the alert limit to 180 mmHg.

Turn the test fixture knob to each setting. The pressure displayed on the message display must
be + 10 mmHg of the test fixture setting.

Press the FORWARD or REVERSE switches on the ART and CPG pumps. Turn the speed
knobs on both pumps to mid range.

Set the test fixture to 200 mmHg. The alert sounds and the yellow indicator bar flashes. The
pumps continue to run.

Set the test fixture to 300 mmHg. The alarm sounds, the red indicator bar flashes, and the ART
and/or CPG pump siops.

Set the test fixture to 200 mmHg. The alarm stops and the alert repeats. Restart the pump(s).

Remove the test fixture from the “mmHg” jack. The arterial pressure display changes to “- - -".

Cardioplegia Monitor

a.

b.

Record the part number and serial number of the monitor.
Select CAL con the message display.

Install the pressure board test fixture into the Channel A jack marked “mmHg” on the monitor. Set
the fixture to “0” and “+”.

Press either arrow swiich and then press select switch again. The message display should
indicate “0 mmHg".

Set alarm limit to 220 mmHg, and aiert limit to 180 mmHag.
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2.2.2 System Inspection (Continued)

f. Tum the test fixture knob to each setting. The pressure displayed on the message display must
be £10 mmHg of the test fixture setting.

g. Press the FORWARD or AEVERSE switches on the ART and CPG pumps. Tum the speed
knobs on both pumps to mid range.

h. Set the test fixture to 200 mmHg. The alert sounds and the yellow indicator bar flashes. The
pumps continue to run.

i. Setthe test fixiure to 300 mmHg. The alarm sounds, the red indicator bar flashes, and the CPG
pump only stops.

j. Setthe test fixture to 200 mmHg. The alarm stops and the alert repeats. Restart the pump.
k. Repeat steps b through j for channel B of the cardioplegia monitor.

Check the temperature displays:

Warning: Use only the specified probes to ensure that the
temperature and pressure monitoring function properly

a. Install a calibrated temperature probe into each temperature jack located on the Arterial and
Cardioplegia monitors. The displayed temperature must be + 0.3 °C of the calibrated probe, and
each temperature must be within + 0.1 °C of each other.

. Check pulse moduie.

No special tools required.

Record the part number and seriai number of the puise module.
Note customer settings for BASELINE, RATE, and WIDTH.

a. Turn the arterial pump circuit breaker OFF. Connect the pulse module to the arterial pump at the
RS-485 port. Tumn the arterial pump circuit breaker ON.

b. The green LED on the pulse module should light.

¢. Rotate the three control knobs on the pulse module to verify that they tumn freely from the
minimum parameter to the maximum parameter setting.

d. Set RATE to 60 bpm; WIDTH to 50%; BASELINE to 50%.

e. Press the forward switches on the arterial pump and tum the flowrate knob fully clockwise. The
pump should run at maximum speed.

f.  Press and hold the two computer control switches on the arterial pump. The message display
should indicate that the pump is ramping down from 100 to the BASELINE setting of 50%. The
pump will run at full speed for 1/2 second and then halt speed for 1/2 second.

g. Set BASELINE to 0%. The pump will run at maximum speed for 1/2 second and then stop for 1/2
second.
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2.2.2 System Inspection (Continued)

h. Set BASELINE to 50%; RATE to 30 bpm; and WIDTH to 50%. Verify that the pump pulses 30
times per minute.

i. Test for proper operation of the pulse module on remaining pumps.

j. Reset BASELINE, WIDTH, and RATE to customer settings.

2.2.3 Roller Pump Inspection

1. Record the part number and serial number for each pump.

2. Place each pump in the stop mode and press the select switch. Verify that the message display
shows the following in sequence: 1/4, 3/8, 1/2, 5/8, 6mm, 8Bmm, 10mm, 12mm, S4:1, $2:1, §1:1,
Fxo, and RPM.

3. Turn the machine power switch to OFF, wait ten seconds, and tum it ON. Verify that the message
dispiay on each pump shows the following in sequence:

RESET (each pump relay clicks once)
Ver. X.Xd (software version)

XXXX.X H {run hours)

FAIL 1 (EPROM)

FAIL 2 (RAM)

FAIL 3 (not applicable)

FAIL 4 (EEROM)

FAIL 5 (motor fail)

FAIL 6 {stop fail)

Tubing Size, Flow Constant or RPM

If any fail messages remain on the pumps, note them, and refer to Section 5, Troubleshooting.
4. Perform the foliowing for each pump:

a. Install an emergency hand crank into the pump head.

b. Tum the flowrate knob fully counter-clockwise.

¢. Place the pump in reverse by pressing both REVERSE switches for four seconds.

d. Hold the hand crank and increase the pump speed until a pump jam occurs. The pump stops and
PUMP JAM appears in the message display.

e. Remove the hand crank and press the FORWARD or REVERSE switches to clear the pump jam
condition.

f.  Install the appropriate size tubing in the pump.

g. Set the proper occlusion for the pump as described in the Roller Pump section of the 8000
Modular Perfusion System Operators Manual.

h. Run the pump in forward and reverse. If there are any unusual noises, note them, and refer to
Section 5, Troubleshooting
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2.2.3 Roller Pump Inspection (Continued)
i.  When removing the tubing, be careful not to touch or move the occlusion knob.
5. Check the pump designations:

a. Select each pump as arterial by connecting the pigtail cable marked ART from the base to the
ART/CPG connector on the pump. Verify that when each pump is selected, it can be stopped by
a simulated air bubble alam.

b. Select each pump as cardioplegia by connecting the pigtail cable marked CPG from the base to
the ART/CPG connector on each pump. Verify that when each pump is selected, it can be
stopped by a simulated air bubble alarm.

¢. Retumn the ART and CPG pumps to their ortiginal selections,

6. Check the shoulder screws {Refer to Section 7, Roller Pump Guts fbr location);

a. Setthe machine power switch to OFF.

b. Set the torque screwdriver to 17 in-lbs.

c. Verify that all four shoulder screws on each pump are torqued to 17 in-lbs.

7. Check the roller-to-rolier. Refer to Section 3, Adjusting Roller-To-Roller. PAGES 3G+ 5-3
8. Check the casting:
a. Check the casting runout. Refer to Section 3, Checking/Adjusting Casting Runout. Ppees 3 -6 ¥ 3-7

b. Inspect the casting for any nicks or scratches in the tubing path. As a guide, the casting should be
replaced if a nick or scratch is deep enough to catch a fingernail.

9. Check the rollers and roller bearings:

a. Spin each rolier with your fingers. Each should spin freely; if not, refer to Section 4, Replacing
Roller Bearings.

b. Inspect each roller for any nicks or scratches. As a guide, the roller should be repiaced if a nick or
scratch is deep enough to catch a fingernail.

10. Check the casting bearing:

a. Use a hand crank to spin the roller assembly. it should spin freely and smoothly. if any unusuat
noises are heard, refer to Section 5, Troubleshooting.

11. Check the tube guide roliers:
a. Remove all the tube guide rollers.
b. Apply a thin coat of grease to each screw.

c. Re-install the greased screws and rollers. Torque the roller screws to 7 in-ibs. Clean off any
excess grease.
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2.2.3 Rolier Pump Inspection (Continued)

d.

Spin each tube guide rolier with your fingers. Each roller should spin smoothly. If not, remove the
roller and check for a groove wom into the roller post where the tube guide screw shoulder
touches the post. If a groove is visible, file it smooth. Re-install the roller and screw. Try to spin
the roller again. If it is still hard to spin, replace the tube guide and/or the screw.

12. Check the occlusion mechanism:

Apply a thin coat of grease to the iip of the occlusion mechanism.

Turn the mechanism back and forth. It should tum smoothly and easily. If not, refer to Section 5,
Troubleshooting.

Verify that the four screws securing the gauge ring to the lip are tight.

13. Check the tube clamp mechanisms:

Remove both tube clamp mechanisms.
Verify that the screws holding the tubing inserts are tight and that all pins are secure.

Slide the tube clamp mechanisms back onto the biack dovetails. It should require some force to
do this; if not, replace the dovetail.

14. Set the machine power switch to ON.

15. Check overspeed:

a.

b.

d.

Insert a hand crank into the pump. Tumn the flowrate knob fully counter-clockwise.
Press the FORWARD switches on the pump.

Use the hand crank to rotate the pump counter-clockwise at 20-25 rpm. The message dispiay
shows OVERSPEED 3 and the pump stops.

Remove the hand crank. Press the FORWARD switches to clear the OVERSPEED 3 condition.

16. Check the cover interlock:

a.

b.

Set the pump flow rate to maximum speed.

Lift the pump cover approximately 1.5 inches (3,81 cm). The pump should stop rotating; if not,
see Section 5, Troubleshooting.

Press both FORWARD switches to restart the pump. Then apply a slight clockwise pressure to
the flowrate knob. The maximum RPM should be 250 + 2 (use a digital tachometer to verify the

RPM reading); if not, refer to Section 3, Calibrating the Pump Control Board.
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2.2.4 Final inspection

1. Re-enter all the operator settings that were recorded in the Preliminary Inspection.
2. Turn all pump flowrate knobs fully counter-clockwise.

3. Leave the system cleaner than you found it.

4. Measure the system leakage current in normal polarity; switch the system off, reverse the poiarity,
and recheck the leakage current.

5. Note on the Inspection Report any additional service that needs to be performed.

6. Place the inspection label on the unit.
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3.1 Roller Pump Adjustments

3.1.1 Checking Roller-to-Roller

Warning: Occlusion must be set by moving the rollers
toward the pump race in order to iake up any free play in
the mechanism. Do not adjust occlusion by moving the
rollers gaway from the race as under-occiusion may resuft.

1. Set the occlusion. Note the position of the occlusion adjustment knob in reference to the arrow on the
tongue. Except where indicated by these instructions, do not move the knob.

2. Remove the pump safety cover, the right lube clamp assembly, and the right screw from the tongue.

Pump Safety Cover

Tongue Screw

Tube Clamp Assembly

3. Assemble the dial indicator kit and roller-to-roller mounting bar. Secure the dial indicator and mount-
ing bar o the tongue as shown below.

Mourting Bar

Dial indicator
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3.1.1 Checking Roller-to-Roller (Continued)

4. Adijust the dial indicator position so that the needle deflects to mid-scale when the stem makes

contact with the highest point of one of the rollers. Make sure that the stem is at a 45° angle when it
contacts the rolier.

Choose one roller as a reference. Rotate the roller arm assembly and observe the maximum dial
needie deflection caused by the reference roller. Tum the dial scale so that the point of maximum
deflection is set to zero.

Rotate the roller arm assembly and observe the maximum dial needle deflection caused by the non-
reference roller.

Tum the occlusion adjustment knob one revolution clockwise and then counter-clockwise to the same
point {as noted in Step 1). Repeat steps 5 and 6.

+ |f the difference between deflections is less than 0.0015 inch, continue with step 8.
«  If the difference between deflections is more than 0.0015 inch, perform rolier to roller adjustment
as described in this section.

Remove the dial indicator and mounting bar.

Replace the tongue screw, tube clamp assembly, and pump safety cover.
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3.1.2 Adjusting Roller-to-Roller

1. Use the rotler-to-roller adjustment tool to remove the cap from one of the rollers.

2. Insert the special 3/16" hex wrench into the adjustment tool, and then insert both tools into the center
of the roller. Loosen the socket head bolt inside the roller post.
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3.1.2 Adjusting Roller-to-Roller (Continued)

3.

10.

11.

12.

13.

14.

Tum the occlusion adjustment knob one revoliution clockwise, then counter-clockwise to the same
point noted in step 1 of Checking Roller to Roller.

Use the roller with the cap as the reference. Adjust the dial indicator position so that the needle
deflects to mid-scale when the stem makes contact with the highest point on the roller.

Rotate the roller arm assembly 180° to line up the non-reference rolier with the dial indicator. Use the
adjustment tool to move the roller post and adjust the roller position (the roller post is shaped like a
cam). Move the roller back and forth against the dial indicator stem until the dial needle deflection is
the same as the reference roller. When the roller is properly positioned, use the torque wrench fixture
and the torque wrench to tighten the socket head bolt inside the roller post to 65-70 in-lbs.

Check the accuracy of the adjustment by rotating the roller arm assembly and observing the maxi-
mum dial needle deflection for each roller.

- If the difference between deflections is less than 0.0015 inch, continue with step 7.
»  If the difference between deflections is more than 0.0015 inch, repeat steps 2 through 6.

Turn the occlusion adjustment knob one revolution clockwise to draw the rollers in, and then one
revolution counter-clockwise to the same point noted in step 1 of Checking Roller to Roller.

Rotate the roller arm assembly until the reference roller lines up with the indicator stem.
Repeat step 4.
Rotate the roller arm assembly and observe the maximum deflection for the non-reterence roller.

« | the difference between deflections is less than 0.0015 inch, continue with step 11.
«  If the difference between detlections is more than 0.0015 inch, repeat this entire procedure.

Remove the dial indicator and mounting bar.
Replace the roller cap.
Replace the tongue screw, lube clamp assembly, and pump safety cover.

Install tubing in the pump. Run the pump with tubing occluded for 20 minutes to ensure normal
operation. Repeat Checking Roller to Roller.
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3.1.3 Checking/Adjusting Casting Runout

1. Remove the pump safety cover and occlusion adjustment knob cap.

Pump Safety Cover

2. Assemble the dial indicator kit and casting runout fixture. Mount the casting runout fixture to the pump
shaft assembly as shown below.

Casting Runout Fixture

Dial Indicator

Page 3-6



Sarns™ 8000 Modular Perfusion System Field Service Handbook  Sectlon 3. Adjustment Procedures

3.1.3 Checking/Adjusting Casting Runout (Continued)

3. Adjust the dial indicator position so that the needle deflects to mid-scale when the stem makes
contact with the point on the casting shown below.

N |5

uried / 1 \‘ P
TG LT 1 @) f |
[{ACHINT i

°° =

Top View Side View

4. Rotate the roller assembly around the casting, monitoring the dial needle deflection.

»  |f the needle deflects less than 0.0015 inch from mid-scale, remove the ¢asting runout fixture.
{Loosen the knurled knob, then tap on the top of the fixture to release it.) Inspect the casting for
any nicks or scratches in the tubing path. As a guide, the casting should be replaced if a nick or
scratch is deep enough to catch a fingernail.

+ If the needle deflects more than 0.0015 inch from mid-scale, continrge-with-step-5-

ORDER P NEW CAGTING ¢
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3.1.3 Checking/Adjusting Casting Runout (Continued)
Adijust the casting as follows:

a Remove the casting runout fixture from the pump shaft assembly. {Loosen jHe knurled knob, then
tap on the top of the fixture to release it.)

b. Remove the pump from its housing. Lay the pump on its side.

¢. Use a suft-laced hammer to hit the outside of the casting on the side that caused the greatest
deflection\gf the dial needle.

d. Recheck the ¢asting runout.
e. Repeat steps 5a through 5d until the casting runout is krought into spacification, then continue

with step 6. If the casting cannot be brought into specification, refer to Section 4, Replacing the
Casting Bearing Assembly.

6. Remove/he casting runout fixture from the pump shaft assembly. (Loosen the knurled knob, then tap
on the top of the fixture to release it.)

7. Replace the pump safety cover and occlusion adjustment knob cap.
8. Gheck all cable connections to ensure that none were loosened by the pounding.

9,/ Install tubing in the pump. Run the pump for 20 minutes to ensure normal operation. Repéat steps 1
through 8.
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3.1.4 Calibrating the Pump Control Board

1. Remove the roller pump from its housing. Set the pump adjacent to its housing and reconnect the
pump cable, it necessary.

2. Press both FORWARD switches. Turn the speed pot fully clockwise. The rollers should turn counter-
clockwise at full speed.

3. Perform the following checks at J5 on the pump control board:

a. Connect the negative lead of the DVM to pin 6 and the positive lead to pin 1. The DMM should
read 8.0 +0.2 VDC {reference voltage). If not, perform the following:

« Check for 24 to 36 VDC across pins 1 and 9 on connector J1 of the pump distribution board.
It not found, refer to Section 5, Troubleshooting Roller Pump Distribution Board.

«  Check for the following voltages at J3 on the pump power supply board: -12 VDG across pins
1 and 4 {common), +12 VDC across pins 2 and 4, +5 VDC across pins 3 and 4. if any of the
voltages are missing, replace the pump supply board.

»  Replace the pump control board.

Page 3-9



Sarns™ 8000 Modular Perfusion System Field Service Handbook  Section 3. Adjustment Procedures

3.1.4 Calibrating the Pump Control Board (Continued)

b. Tum the demand pot fully clockwise and hold. Connect the positive lead to pin 2. The DMM
should read 5.00 £0.05 VDC. Adjust R34 to meet this specification. If the voltage cannot be
adjusted to spacification, replace the pump control board.

¢. Connect the positive lead to pin 4. The DMM shoukl read -5.00 +0.05 VDC. Adjust R32 tc meet
this specification. If adjusting R32 cannot bring the voltage into specification, repeat steps 3b and
3c as needed until both voltages meet their specitications. If the voltages cannot be adjusted to
specification, replace the pump control board.

d. Push the switch on the pump safety board toward the forty-pin ribbon cable. The DMM should
read 0.00 £0.05 VDC.

e. Push the switch toward the outside of the board. The DMM should read -5.00 +0.05 vDC.

f.  Connect the positive lead to pin 3. The DMM should read -5.00 +0.05 VOC, If not, replace the
pump control board.

g. Connect the positive lead to pin 5. The DMM should read 4.85 +0.15 VDC. If not, replace the
pump control board.

4. Stop the pump.
5. Insert the digital tachometer into the roller assembly.
6. Press both FORWARD switches. Turn the speed pot fully clockwise. The maximum rpm should be

250 +2.0 rpm (use a digital tachometer to verify the rpm reading). Adjust R33 to meet this specifica-
tion.

Occluder Adjustments

Remove'the allen screw that secures the occluder cover. Being careful
seal, pry tha.cover open at the round end. (The square end of the
must be open

to damage the conductive
er has a lip hinge, 50 the cover

3. Ensure that the octluder cable is connected to the~Control Module and that the occluder circuit
breaker is tupréd on. Set the system power switch to

Note: For the following steps, note the before
voltage readings, along with the occluder serial n
the repair report.
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3.2.3\_Calibrating the Occluder Drive Board (Continued)

4. Connectthe positive lead of the DVM to TP1. Adjust Ré to obtain a reading of 0.40.20.025 VvDC. If
this specifitation cannot be met, replace the occluder drive board.

5. Connect the posiive lead ot the DVM to TP2. Adjust R18 fo obtain a rea ifg of 0.40 £0.025 vDGC. If
this specification cagnot be met, replace the occiuder drive board.

NOT R eopmeneh TO/
DigfoserpLe THE Cov iR
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3.3 Arerial and Cardioplegia Monitor Adjustments

Caution: Use static precautions whenever handling printed
or integrated circuit boards.

3.3.1 Callbrating Pressures on the Temperature/Pressure Board

1. Remove and disconnect monitor from system. (Refer to Section 4, Arterial and Cardioplegia Moni-
tors.)

2. Access monitor electronics by separating the housing. (Refer to Section 4, Arterial and Cardioplegia
Monitors.)

3. Connect the positive lead of a volt meter to J1-2 and connect the negative lead to J1-4.
4. Reconnect monitor to system.

5. Set the power switch(es) to ON; adjust R47 until the voltmeter reads 7.50 + 0.0005 VDC. If the
voltage cannot be adjusted to specification, replace the Temperature/Pressure board.

6. Perform the pressure check portion of the system inspection. (Refer to Section 2, System Inspection)

3.3.2 Calibrating Temperatures on the Temperature/Pressure Board

1. Remove and disconnect monitor from system. (Refer to Section 4, Arterial and Cardioplegia Moni-
tors.)

2. Access monitor electronics by separating the housing. (Refer to Section 4, Anterial and Cardioplegia
Monitors.)

3. Connect the positive lead of a volt meter to J2-1 and connect the negative lead to J2-4.
4. Reconnect monitor to system.

5. Adjust R50 unitl the voltmeter reads 0.500 + 0.0005 VDC. K the voltage cannot be adjusted to specifi-
cation, replace the temperature/pressure board. '

6. Perform the temperature check portion of the system inspection, refer to Section 2, System Inspec-
tion,

3.4  Battery Charger Adjustments

Notes: The battery status reference voltage should be
established prior to adjusting the charging voltage.

The charging voltage of 27.5 - 28.1 VDC volts is measured
from the output of the LM317 regulator to ground, not iso-
ground, and is set by adjusting R6 on the UPS board when
the batteries are disconnected from the charger.
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3.4.1

1. Set the main circuit breaker to OFF.
2. Disconnect the power supply cord at tha' wall supply.

3. Remove and disconnect all pump modules from the base. (Refer to section 4, Roller
pumps)}.

4. Remove plastic and metal base covers.

5. Remove battery module form base, leaving cables connected.
6. Remove battery module top cover.
PATIERY
7. Establish reference voltage. Attach negative lead of volt meter to TP4-1 on the PLUGHED 11
/

battary module board and the positive lead to TP4-2. Turn main Circuit Breaker on.
Adjust R23 for +2.325 +/- 0.01 VDC. Turn off circuit breaker. N UM 660

8. Disconnect P7 on battery module circuit board.
Turn on circuit breaker.

9. Connect power cord to wall.

10. Adjust the charging voltage. With the batteries disconnected, attach the positive
lead of the voltmeter to TP4-3 and the negative lead to TP4-1. Adjust R6 for 27.5 -
28.1 VvDC.

11. Heassembie system.

Rev. A. Correct sequence of item 7 and 8.
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Note: Perform a complete system inspection after complet-
ing any procedure which requires any disassembly of the
unit.

4.1 Base Components and Electronics

Note: All electrical components in the base can be ac-
cessed when the base cover is removed. The individual
components are mounted either to the chassis, or within an
enclosure that is bolted to the chassis.

Cautlons: Use static precautions when servicing the base
power distribution board.

Line voltage is present at fuses F1 and F2 on the power
distribution board, and relay K1, on the chassis. Use caution
whenever the base cover is removed.

4.1.1 Accessing Base Electronics

1. Set the main circuit breaker to OFF,

2. Remove the power cord from the wall supply.

3. Disconnect all pump cables.

4. Remove any tubing installed in the pumps.

5. Remove each pump from the base; keep them in the same order as found on base.

6. Remove plastic base cover and set aside.

7. Remove the four screws securing the metal cover.

8. With both hands, tilt the front edge of the metal cover up; compietely remove cover and set aside.
8. Connect power cord to wall supply before servicing base power distribution board.

10. Disconnect power cord from wall supply before reassembling. Assemble in reverse order of disas-
sembly.
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4.2 Roller Pumps

4.21 Removing Roller Pump from Base

1. Open the base front door.

2. Grasp both locking levers on the front side of door and rotate towards outer edge of base.
3. Gently lower door to stop.

4. Disconnect all cables at the pump.

5. Remove any instalied tubing.

6. Lift the pump module off the base.

4.2.2 Removing Roller Pump from Pump Housing

1. Remove pump module from base as described above.

2. Remove pumphead cover.

Remove the two bolts that secure the module to the housing.
Lift the module out of the housing.

Disconnect module power cord at rear of power supply.
Remove eight torx head screws; three on each side, two in rear.
Remove and set aside the top portion of the housing.

Loosen the two slotted head screws in rear of power supply.

© @ N @ o s oW

Carefully place lower portion of housing on its side and slide the power supply out of the housing.

4.2,3 Accessing the Pump Power Supply Electronics
E ™\ Locate the pump distribution board mounted on the large blue capacitor, C1.
Y\ @ Disconnect the fan and pulse MTA connectors, P2 and P5, on the board.

j_ “8, Remove the six siotted head screws; there are three along the bottom of the front panel and three
along the back of the rear panel.

Y % Separate the power supply front and rear panels.
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4.24 Assembling the Pump Power Supply

A OP =

foose.

Notes: The power supply board has an orientation hole
that is used to align the board with the positive and negative
terminais of the capacitor. When properly aligned, the white
dot on the capacitor is visible through the orientation hole.

The fan has washers between the housing and the enclo-
sure 1o provide adequate clearance for components. These
washers must be replaced in the proper position whenever
it becomes necessary to remove and replace the fan.

Check that the pump distribution board is properly mounted on capacitor C1.
Align the front and rear panels of the power supply.

Connect the fan and pulse MTA connectors, P2 and P5, to the circuit board.
Install the six slotted head screws in to the power supply panels, leaving the two top, outer screws

5. Slide the power supply into position and tighten the remaining two screws.

4.2.5 Replacing the Pump Drive Belt

Removal:

Note: The pump drive belt should be replaced whenever it
is noisy or when a belt slip condition still exists after setting
the belt tension.

1. Remove the front plate.
2. Loosen the belt tension locking nut (9/16").
3. Remove the four screws at the rear of the pump housing.

Belt Tansion
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4.2.5 Replacing the Pump Drive Belt (Continued)

4. Hold down the back of the pump assembly and lift up on the casting to hinge open the assembly.

Note: Be careful not to pinch the power cord underneath
the casting when the pump assembly is hinged open.

pev T wave TO
5. Disconnect TACH-J1 trom the tachometer board. fe cHOVE
6. Remove four screws, then remove the tachometer board bracket assemblyj

7. Lift up on the motor to remove the tension from the drive belt, then slide the drive belt off the pulley
and remove it from the pump assembly.

Tachometer Board
Bracket Assembly

Remove (4)

CHECK FOR Grepee

O THE TOPS or IME

Y HoyoR roewr
SCpews ~ PoanT
CONIWIMATE TiE
New RéLr 7

Instailation:

Installation is the reverse of removal, with the following exception:

When tightening the belt tension locking nut, place the belt tension gauge between the two washers,
then tighten the nut until the washers make contact with the gauge. Replace the nut if damaged.

%
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4.2.6 Replacing the Pump Drive Motor

Removal:
1. Remove the pump drive beit, as described in Replacing the Pump Drive Belt.
2. Remove the four bolts (3/16" Allen) that secure the motor bracket assembly to the pump chassis.

3. Disconnect DRV-J4 from the pump drive board and CTRL-J3 from the pump contro! board. Remove
the motor assembly, cutting wire ties as needed.

4. Remove the bracket and small pulley from the old motor.

Installation:

1. Install bracket and small pulley on the new motor. When installing the bracket on the new motor,
position the bracket so that the side of the motor from which the wires exit will be toward the front of
the pump,

2. Mount the new motor assembly to the chassis. Use shrink tubing and solder to spiice the new wires.

3. Align the top of the small puliey with the top of the large pulley.

4. Connect DRV-J4 to the pump drive board and CTRL-J3 to the pump control board. Replace any wire
ties that were cut when the motor assembly was removed.

5. Install the pump drive belt as described in Repilacing the Pump Drive Belt.
6. Perform all the steps of Section 2, Roller Pump Inspection.

Pulley Large

Bracket

Remove {4)
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4.2.7 Removing the Roller Arm Assembly
Removal:

1. Remove the pump safety cover.

2. Remove the tube clamp assemblies.

3. Remove the tongue.

4. Remove the front plate.

5. Loosen the belt tension locking nut (8/16").

6. Remove the four screws at the rear of the pump housing.

Bel Tension
Locking Nut

Front
Plate

Tongue

Remove (4)
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4.2.7 Removing the Roller Arm Assembly (Continued)

Removal (Continued):
7. Hold down the back of the pump assembly and lift up on the casting to hinge open the assembly.

Note: Be careful not to pinch the power cord underneath
the casting when the pump assembly is hinged open.

8. Disconnect TACH-J1 from the tachometer board.
9. Remove four screws, then remove the tachometer board bracket assembly.

10. Lift up on the motor to remove the tension from the drive belt, then slide the drive belt off the pulley
and remove it from the pump assembiy.

11. Remove the pulley locking nut (9/16").
12. Grasp the occlusion adjustment knob and the casting. Pull the rolier afm assembly out of the pump

assembly. If necessary, lightly tap the pump shaft with a soft-faced hammer to drive the rotier arm
assembly out of the casting.

Tachometer Board
Bracket Assembly

Remove (4)
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4.2.7 Removing the Roller Arm Assembly (Continued)

Installation:
Installation is the reverse of removal, with the following exceptions:

- Be certain that the pin that passes through the pump shaft is seated properly in the groove in the
pulley.

= If the pulley locking nut is damaged, replace it.
«  When tightening the belt tension locking nut, place the belt tension gauge between the two

washers, then tighten the nut until the washers make contact with the gauge. Replace the nut if
damaged.

g

+  After completing reassembly, perform the following Section 3, Adjustment Procedures:

Checking Roller-to-Roller
Checking/Adjusting Casting Runout
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4.2.8 Disassembling the Roller Arm Assembly

Disassembly:

1.

2.

9.

Remove the roller arm assembly as described in Removing the Rolier Arm Assembly.

Remove the four shoulder screws.
Remove and discard the two end plate screws.
Remove the end plates and O-rings. Discard the O-rings.
Remove the roller assembiies.
Remove the black cap from the occlusion adjustment knob.
Use the external snap ring pliers to remove the first snap ring from the pump shaft.
While holding the adjustment nut with the spanner wrench, unthread the occlusion adjustment knob.
Ciean off any excess grease.
Shoulder
Screw /'$ -
Z. A\
o End Plate
Screw
- /I'a O-Ring
rd
: / Roller
? g Assembly
_ .
- G
E p: 5 Spanner Wrench
- Cap
//"3
& é Snap Ring
Use the external snap ring pliers to remove the second and third snap rings from the pump shaft.
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4.2.8 Disassembling the Roller Arm Assembly (Continued)

10. Use the adjustment nut puller to remove the adjustment nut from the pump shaft.

Reassembly:

Reassembly is the reverse of disassembly, with the following exceptions:
* Install new end plate screws énd O-rings.
»  Torque the four shoulder screws to 17 invibs.

»  After completing reassembly, perform the following Section 3,Adjustment Procedures:

Checking Roller-to-Roller
Checking/Adjusting Casting Runout
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4.2.9 Replacing the Occlusion Adjustment Knob Bearing

Removal;

1.

Remove the roller arm assembly as described in Removing the Roller Arm Assembly.

2. Remove the black cap from the occlusion adjustment knob.

3. Use the external snap ring pliers to remove the first snap ring from the pump shaft.

4. Use the internal snap ring pliers to remove the snap ring from the occlusion adjustment knob.

5. Use the R-10 bearing punch and R-12 adapter to knock the old bearing out of the knob. Discard the
old bearing.

Installation:

1.

Use the 8000 occlusion knob bearing insertion tool to install the new bearing in the knob.

. @ &
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4.2.10 Replaclng the Adjustment Nut Bearing

Removal:

1. Remove the arm assembly as described in Removing the Roller Arm Assembly.

2. Disassemble the roller arm assembly as described in Disassembling the Roller Arm Assembly.
3. Use the internal snap ring pliers to remove the snap ring from the adjustment nut.

4. Use the R-10 bearing punch and R-12 adapter to knock the old bearing out of the nut. Discard the old
bearing.

Installation:
1. Use the 8000 occlusion knob bearing insertion tool to install the new bearing in the nut.
2. Re-install the snap ring.

3. Assemble in reverse order of disassembly.

®

-
-
& <

[
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4.2.11 Replacing Roller Bearings
Removal:

1. Use the roller adjustment tool to remove the roller cap. Remove the socket head screw from the
center of the roller.

2. Use the roller post punch to remove the roller eccentric post. Use the upper edge of the punch to
drive the old bearings out of the roller. Discard the old bearings.
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4.2.11 Replacing Roller Bearings (Continued)

Installation:

1. Use the roller bearing insertion tool to install the new bearings.

2. Use the soft-face hammer to tap the roller eccentric post back into the roller.

3. Re-install the socket head screw and the roller cap.

4. Perform Section 3, Checking Roller-to-Roller.

4.2.12 Replacing the Roller Slide Bushings

Removal:

Note: It is usually only hecessary to replace one set of
bushings on each roller slide assembly. Determine which
bushings are the most loose on each roller slide and
replace them (for a total of two long bushings and two short
bushings per rofier pump).

1. Remove the roller arm assembly as described in Removing the Roller Arm Assembly.

2. Disassemble the roller arm assembly as described in steps 1 through 5, Disassembling the Roller
Arm Assembly.

3. Use the bushing driver to drive the old bushings out of the roller slide assembly.
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4.2.12 Replacing the Roller Slide Bushings

Installation:

1. Use the bushing driver to install the new bushings. Drive the long bushing flush to the bottom of the
roller slide. Drive the short bushing flush to the top of the roller slide.

2. Align the hole that has new bushings with its respective support rod. Try to ease the rofler slide onto
the support rod. The slide should move smoothly on the support rod without binding. If the slide
doesn’t fit on the support rod or does not move smoothly, the bushings have to be reamed as de-
scribed in Reaming the Roller Slide Bushings.
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4.2.12 Replacing the Roller Slide Bushings (Continued)

3. When the slide moves smoothly on each individual support rod, align both holes with their respective
support rods. Ease the slide onto the support rods. The slide should move smoothly without binding.
(It measured with a force gauge, it should require 5 to 7 pounds of force to move the slide.)

4.2.13 Reaming the Roller Slide Bushings

1. lInsert the adjustable reamer into the roller slide hole that needs adjusting.

Note: The reamer should be adjusted so that the cutting
blades apply a small amount of pressure on the bushings.

2. Slowly turn the reamer clockwise to thread it through the bushings. When the reamer is completely
through the hole and out the other side of the roller slide, continue to turn the reamer clockwise while
withdrawing it from the hole.

Page 4-17



Sarns™ 8000 Moduiar Perfusion System Fleid Service Handbook ~ Sectlon 4. Replacement Preocedures

4.2.13 Reaming the Roller Slide Bushings (Continued)

3.

4,

Align the reamed hole with its respective support rod. Try to ease the roller slide onto the support
rod. The slide shouid move smoothly on the support rod without binding. If the slide doesn't fit on the
support rod or does not move smoothly, the bushings require additional reaming. If the slide appears
to be too loose on the support rod, the bushings have been reamed too much and have to be
replaced as described in Replacing the Roller Slide Bushings.

Reassemble and perform Section 3, Checking Roller-to-Roller and Checking/Adjusting Casting
Runout.

4.2.14 Replacing the Casting/Bearing Assembly

Removal:

1.

Remove the pump drive motor as described in Replacing the Pump Drive Motor.

2. Remove the roller aim assembly as described in Removing the Roller Arm Assembly.

3. Remove the tongue wall support by cutting the two red wires and removing the four screws.

4. Remove the dovetail slides.

5. Remove the card cage assembly by removing the five bolts that secure it to the casting.

6. Remove the display membrane panel as described in Pump Membrane Panel. Clean off the silastic
seal.

Installation:

1. Place a thin bead of silastic seal on the new casting and secure the display membrane panel.

2. Insiall the pump using the hardware removed in steps 1 through 6.

3. Pertorm a complete system inspection (refer to Section 2, System Inspection).
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4.3 Safety Monitor

4.3.1 Remove Monitor from System

1. Sel the main circuit breaker to OFF, but leave the power cord connected 1o the wall supply.
2. Switch power off at the Safety Monitor.

3. Disconnect all cables associated with the monitor.

4. Lift lock lever and slide monitor left or right until the lever is free of the channel. The lever can now be
released.

5. Slide the monitor off the mounting plate.

4.3.2 Accessing Safety Monitor Electronics

1. Place monitor upside down on a clean work surface.

2. Remove the four hex head cap screws from the botiom half of the housing.
3. Carefully set monitor right side up and separate the housing.

4. Assemble in reverse order of disassembly.

4.4 Arterial and Cardioplegia Monlitors

4.4.1 Remove Monitor from System

1. Sel the main circuit breaker to OFF, but leave the power cord connected to the wall supply.
2. Switch power off at the Safety Monitor.
3. Disconnect all cables associated with the monitor.

4, Lift lock lever and slide monitor left or right until the lever is free of the channel. The lever can now be
released.

5. Slide the monitor off the mounting plate.

4.4.2 Accessing Monitor Electronics

1. Place monitor upside down on a clean work surface.

2. Remove the two hex head cap screws from the bottom half of the housing.
3. Caretully set monitor right side up and separate the housing.

4. Assemble in reverse order of disassembly.
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4.5 Occluder

Notes: The line occluder system contains four main compo-
nents: control module, support bracket, support plate and
occluder head.

Use a swivel mounting bracket and clamping arm to mount
the occluder head to a poie.

Control Module

Q

Qccluder Cable (j
\ Caontro! Cable

Door

Cable Holder —_— =t -

W) é;] Handle Screws
Plate %
i

— - —! To Occluder
g To Base

4.5.1 Remove Occluder from System

1. Switch occluder power off,

2. Disconnect occluder control module power cord at base.

3. Disconnect the occluder head at the connector cable inside the support bracket.

4. Separate mounting plate from support bracket by removing thumbscrew and hardware.

5. Remove mounting plate by removing two 1/4 x 20 bolts from underside of base.
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4.5.2 Install Occluder on Opposite Side

Note: Cable clips are available under the base, if the
occluder head will not be on the same side as the control
module.

1. Remove occluder from system, refer to Remove QOccluder from System.
2. Rotate support bracket horizontally, 180 degrees.

3. Rotate support bracket vertically, 180 degrees.

4. Attach support plate to base.

5. Afiach support bracket to support plate.

6. Aftach control module to support bracket.

7. Aftach the occluder head cable connector to the control module.

8. Connect occluder control module power cord to base.

9. Switch occluder power on.

4.6 Membrane Panels

Caution: Use static precautions when handiing printed or
integrated circuit boards.

4.6.1 Pump Membrane Panel

Note: in order to replace the display board or the mem-
brane panel, both items must be replaced. Order the pump
display membrane assembly.

1. Remove the pump from the base.

2. Using the torx driver with the gapped screwdriver blt installed, remove the four screws that secure the
display membrane assembly to the casting. Press the assembly out of the casting. It is held in place
by adhesive and silastic.
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4.6.1 Pump Membrane Panel (Continued)

3. Disconnect DSPL-J1 and DSPL-J3 from the pump display board.

4. Remove the securing screws at the rear of the pump assembly, and then hinge open the assembly.
5. Disconnect CTRL-J4 from the pump control board.

6. Locate and remove the display membrane assembly ground wire from the ground stud.

7. Apply a thin bead of clear silastic to the outer edge of the casting where the new display membrane
assembly will be mounted.

8. Route the ground wire from the new assembly through the opening in the casting. Remove the paper
from the adhesive on the new assembly. Align the new assembly and press it into place.

8. Reconnect the ground wire, CTRL-J4, DSPL-J1, and DSPL-J3.
10. Secure the display membrane assembly to the casting with the screws removed in Step 2.

11. Close the pump and perform a complete pump inspection.

Note: A “FAIlL 4" message may be displayed the first time
the pump is powered up. If so, shut the system off and
restart it to reset the pump.
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4.6.2 Monitor Membrane Panel Replacement
1. Remove monitor from the system as described in Remove Monitor from System.

2. Access the monitor electronics as described in either Accessing the Safety Monitor Electronics or
Accessing Monitor Electronics.

3. Place monitor upside down con a clean work surface.

4. Remove two hex head cap screws from the botiom half of the housing. The Safety Monitor has four
hex head cap screws that need to be removed.

5. Carefully set monitor right side up and separate the housing.

6. Disconnect P1 on the display board for the Safety Monitor; disconnect P§ on the display board for the
Arterial and Cardioplegia monitors.

7. Unseat the rear panel and tilt it away from the display assembly.

8. Remove the display assembly.

9. Remove the four nuts and separate the membrane panel from the display board.

10. Remaining boards can be accessed by removing the appropriate cables and/or hardware.

11. Assemble in reverse order of disassembly.

4.6.3 Occluder Membrane Panel

1. Remove occluder from the system as described in Remove Occluder from System.
2. Place suppont bracket/control, module assembly on a static mat.

3. Remove four screws that hold the control panel to the control modute.

4. Remove the four screws that hold the local processor board to the display board, and remove the
local processor board.

5. Disconnect P2, P3 and P4 on the display board.

6. Remove the four nuts holding membrane panel to display panel, and separate the membrane panel
by pushing on the screw studs.

7. Assemble in reverse order of disassembly.

4.7 Lamp

Note: The lamp can be mounted on either side of the base.
A mounting plate and two bolts are used to mount the lamp
to the base.
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4.7.1 Remove Lamp from System
1. Switch lamp power off.
2. Disconnect lamp power cord at base connector.

3. Hold lamp with one hand; remove two 1/4 x 20 cap head screws from underside of base.

4.7.2 Install Lamp on Opposite Side
1. Switch lamp power off.
2. Disconnect lamp power cord at base connector.
3. Remove two cap head bolts (1/4 x 20) from underside of base.
4. Rotate lamp horizontally, 180 degrees.
5. Attach lamp to mounting plate with a 1/4 x 20 bolt.
&. Attach mounting plate to base.
7. Connect lamp power cord to base.

8. Switch lamp power on.

4.8 Battery Module

Notes: The battery module is mounted below the base.
Screws are aligned with slotted holes in the underside of the
base. The slotted holes serve to guide the module into
place, prior to being secured.

The battery module is configured for the proper VAC by
installing the primary transformer wires in their appropriate
positions in P24 on the print circuit board. (Refer to Section
7, Battery Module.)

4.8.1 Battery Module Configuration

CONNECTOR 100V 115V 220V

P4-1 WHT/RED BRN BRN

P4-2 --- WHT/BRN ---

P4-3 --- --- WHT/RED
P4-4 BRN WHT/RED BLK

P4-5 WHT/BRN --- WHT/BRN
P4-6 --- --- .-

P4-7 BLK BLK .-

P4-8 WHT/BLK WHT/BLK WHT/BLK
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4.8.2 Battery Module installation

1. Remove the plastic and stainless steel covers from the base as described in Base Components and
Electronics

2. Replace the 1 3/4 inch plastic hole plug with the 1 3/4 inch plastic grommet.
3. Start the two cables through the grommet before lining up the screws.
4. Start the four 10 X 516 screws into the four pem nuts located on top of the module.

5. Guide the four screws into the base key-hole slots, position the module toward the rear of the con-
sole.

6. Attach the module with the four screws, tightening the screws accordingly.

7. Connect the cables: 3-pin connector supplies VAC via connector P2/J2 (Batt Conn) on the base; 9-
pin connector supplies VDC 1o P3 on the base distribution board.

8. Replace the base covers.

4.8.3 Remove Battery Module

1. Loosen the four screws that hold the battery module to the base.

2. Slide the module forward until clear of the slots.

3. Lower the module to the floor.

4. Remove the module top cover to access the module electronics.

5. To compistely disconnect the module from the base, disconnect P3 on the base distribution board
and the inline connector P2/J2, labeled Batt Conn.

4.8.4 Replace Battery Module Batteries

1. Remove the batiery module from the base as described above.

2. Remove the ten screws that secure the battery module cover to the battery module.

3. Disconnect the black, red and yellow wires, in that order, from the battery terminals.

4, Lift out batteries and replace.

5. Reinstall the yellow, red and black wires, respectively.

6. Replace the cover. Check that the black rubber bumpers are still attached to the cover and no wires
are pinched .

7. Reconnect the battery module to the base.
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4.9 Miscellaneous

4.9.1 Air Filter Replacement

1. Slide out the air fitter holder.
2. Remove the old fiter from the holder. install new filter.

3. Reinstall the holder and filter.
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5.1 Modular Perfusion System

Problem Check Action
Base fuse blows on power v wiring configuration of base Configure terminal block wiring
distribution board. , and modules are the same. - for mains power,
Only pumps or pole monitors v yeliow indicators on Battery Reset circuit breaker by de-
(not both) start on battery Module. pressing uniit indicator.
power.
Arterial Module doesn't start. v power circuit breaker on back | Tum breaker on,
of Safety Monitor, Replace blown fuse.
v internal fuse in module.
Cardioplegia monitor doesn't v power circuit breaker on back | Turn breaker on.
start. of Safety Monitor, Replace blown fuse.
v internal fuse in module.
Pumps do not stop with safety | « cable connections to pumps, Connect arterial and
alarm. v by connecting cable to cardioplegia pumps to ART and
anather pump, CPG cables.
v 4-position switch on rear of Switch pumps.
Safety Monitor. Turn to positions 1 or 2.
Pumps won't restart after v that bubble or level detectors Depress reset button for about
alarm conditions. ware reset, one second.
v for sustained high pressure Relieve pressure to below alarm|
conditions, levels,
v alarm level settings. Raise alarm values.
Standalone pump won't stop v battery back-up settings on Change battery back-up mode.
with alarm conditions standalone pump
v mains connection
Pumps won't operate on v cables to pump, Connect appropriately,
battery back-up. v pump circuit breakers on, Turn pump circuit breakers on.
v battery charge condition, Charge battery by leaving base
v yeliow battery indicators fit. on for 24 hours.
Reset indicators.
System will not power up. v all circuit breakers are on, Turn on all breakers.
v for power at mains outlet. Use different outlet.
Can'’t hear audible alarm. v volume setting on rear of Adjust to suit preference.
f_ Safety Monitor,
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Section 5. Troubleshooting

5.2 Base Electronics

(See Section 6, Base Wiring Diagram)

the auxiliary outlet with
“alarm interrupt” feature.

Problem Check Actlon
No output power (AC} to | # assigned circuit breaker, Replace component{s), if
the 8000 pump(s). v terminalblocks 1,2,3 & 4, necessary.
7 AC power pig tail cable from base
to pump.
No output power (AC) to | # assigned circuit breaker, if TB2 and TB4 OK, replace

+ terminatblocks 1,2 & 4,
« solid state relay (input signa!l from
PCB and AC connections).

relay K1; else replace trans-
former T3; else check related
connections.

No output power (AC) to
the “auxiliary outlet”.

¢ assigned circuit breaker,
« terminal blocks 1, 2 & 3.

if TB2 and TB3 OK, replace
transformer T2; eise check
related connections.

No power to monitoring
modules.

v circuit breaker CBSg,
v diode assembly D1 & D2,
v voltage across capacitor C1,
¢ PCBfuse F1,
« terminal blocks 1,2 & 5,
iine filter LF1.

Verify connections. Replace
component(s) if necessary.

8000 pump does not stop
under an alarm condition
{ART or CPG).

pole cable connections,

related pig tait safety cable assembly,

If connections OK, replace PCB
if necessary. '

Auxiliary outlet with
“atarm interrupt” feature
does not stop under an
alam condition.

logic low level across terminals 3
and 4 of the solid sate relay K1,

v
v
v
v PCB fault table if applicable.
v
« PCB fault table if applicable.

If logic level is low, replace
relay; else replace PCB.

assembly (left).

No communication « pole cable connections, Verity continuity from pin 1o pin.
between the satety ¢ related pig tail safety cable assembly,

module and the pump. « PCEB fault table if applicable.

No power to the occluder | ¢ circuit breaker CB11, Replace component(s) if
module. «+ PCB connections. necessary.

No power to the lamp « circuit breaker CB10, It connections OK, replace PCB.

v PCB fault table if applicable.

No power {o the lamp
assembly (right).

v circuit breaker CB12,
v PCB fauit table if applicable.

If connections OK, replace PCB.

No power to the arterial
or cardioplegia pumps,
with instalied battery
module and AC power
lost.

« cables trom PCB P13-3 & P13-4 1o
main circuit breaker,

¢ battery power pig tail cable to the
related pump,

« battery module fault table.

Replace component(s) if
necessary.

No power to the safety
module and accessories,
with installed battery
module and AC power

lost.

¢ diode assembly D1 & D2,
¢ PCB fault table if applicable,
+ battery module fault table.

Replace component(s) if
necessary.
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Section 5. Troubleshooting

5.3 Base Distribution Board

(See Section 6, Base Distribution Board Schematic)

Problem

Check

Action

No output power to pump with
battery power applied.

« battery pig tail cable,

« Mate and lock and PBC
terminal block,

« PCB P13 & main circuit
breaker connections,

« fault table for battery module.

Replace PCB and/or main
circuit breaker, if necessary.

Occluder does not power up.

v circuit breaker,

« PCB connection,

v fuse F1,

« heat sink/diode assembly,
¢ Occluder fault table.

Replace component, if
necessary.

Fan assembly and lamps do
not function.

v F1,(1 & Q3 on PCB,

¢ lamp assembly,

¢ fan assembly,

¢ heat sink diode assembly.

Replace PCB and/or F1 and
subassemblies.

Auxiliary outlet with stop does
not drop cut under an alarm
condition,.

v solid state relay K1,

v PCB (U1, U2, U3 & U4),

« 5V on PCB (Q2),

¢ power/comm cable assembly
{connections),

v Safety monitor fault table.

Replace PCB and/or relay and
cable assembly.

Arerial pump does not stop
under an alarm condition.

# PCB (U2, U3 & U4},

v 5V on PCB (Q2),

¥ ART/CPG cable assembly ,

v power/comm cable assembly
(connections),

« Safety monitor fault table.

Replace components, if
necessary.

Cardioplegia pump does not

stop under an alarm condition.

v PCB (U1, U3 & U4),

v 5V on PCB (Q2),

v ART/CPG cable assembly ,

¥ power/comm cable assembly
{connections),

¢ Safety monitor fault table.

Replace components, if
necessary.
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5.4 Roller Pump

5.4.1 FAIL 1 Displayed (EPROM Test Fail)

1. Switch the system OFF and ON. -

2. If the message repeats, check for loose connections inside the pump. If none are found, replace
the Local Processor Board.
5.4.2 FAIlL 2 Displayed (RAM Test Fail)

1. Switch the system OFF and ON.

2. Ifthe message repeats, check for loose connections inside the pump. if none are found, replace
the Local Processor Board.

5.4.3 FAIL 3 Displayed

This test should always pass in a roller pump. If not, replace the Local Processor Board.

5.4.4 FAIL 4 Displayed (EEROM Test Fail)

1. Switch the system OFF and ON. If a new Display Board has been installed, this will reset the error.
2. If the message repeats, check the cable connections to the Display Board and the Safety Board.
3. Replace the Display Board and switch the system OFF and ON twice.

5.4.5 FAIL 5 Displayed (Stop Test Fail)

1. Switch the system OFF and ON.

2. If the message repeats, check for loose connections to the Safety Board and Local Processor
Board. If none are found, replace the Safety Board or Local Processor Board.

5.4.6 FAIL 6 Displayed

This test should always pass in a roller pump. If not, replace the Local Processor Board.
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5.4.7 RESET Displayed Continually

1. Switch the system OFF and ON.

2. i the message repeats, check for loose connections to the Safety Board and Local Processor
Board. If none are found, replace the Local Processor Board.

5.4.8 OVRSPD 1t Displayed
1. Use a digital tachometer to measure the actual RPM.
= It the maximum measured RPM is greater than 250 +/- 2 RPM, calibrate the Pump Control Board.

» It the maximum measured RPM is 250 +/- 2 RPM, replace the Pump Safety Board.

5.4.9 OVRSPD 2 Displayed
1. Use a digital tachometer to measure the actual RPM.
»  If the maximum measured RPM is greater than 250 +/- 2 RPM, calibrate the Pump Control Board,

+  If the maximum measured RPM is 250 +/- 2 RPM, replace the Pump Safety Board.

5.4.10 OVRSPD 3 Displayed

1. Check that the speed control pot is properly connected to J4 on the Pump Control Board.
2. Calibrate the Pump Control Board.

3. Replace the Local Processor Board.

5.4.11 PUMP JAM Displayed

1. Press the Stop switches. Remove the tubing or any foreign objects from the pump head.
2. Use a hand crank to turn the head.

= ltitis easy to turn, the motor or the Pump Drive Board is the source of the problem. Also check
the drive transistor connected to J2 on the Pump Drive Board.

« lf it is difficult to turn, proceed to Step 3.
3. Remove the pump drive belt. Use a hand crank o turn the head.
= If it is easy to turh, replace the motor.

« If it is difficult to turn, replace the casting/bearing assembly.
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5.4.12 BELT SLIP Displayed
1. Use a digital tachometer 1o measure the actual RPM.
2. Compare the actual RPM to the displayed RPM.

+  [f the actual RPM is greater than the displayed RPM, replace the Tachometer Board. Also check
that the plastic encoder wheel has not been damaged.

« I the actual RPM and displayed RPM are equal, the source of the problem is the Pump Safety

Board, the Pump Control Board, or the Local Processor Board. Refer to the schematics for
assistance.

5.4.13 No Flow Display or Message Display

1. Check for the following voltages at J3 on the Pump Power Supply Board: -12 VDC across Pins 1 and
4 (common), +12 VDC across Pins 2 and 4, +5 VDC across Pins 3 and 4. Also check for the following
at J2 on the Pump Power Supply Board: +5 VDC across Pins 1 (common) and 2. If any of the vok-
ages are missing, replace the Pump Power Supply Board.

2. Replace the Display Board.

5.4.14 Noisy When Running in Forward or Reverse With Tubing

1. Does the noise stop with the tubing removed? If so, refer to Step 2.

2 Determine whether the noise is coming from the roliers, tube guide rollers, or tube clamps.

« It the noise is from the rollers, replace the roller bearings

«  If the noise is from the tube guide rollers, grease or replace the rollers per Step 12 or 13 of the
Roller Pump Inspection

« I the noise is from the tube clamps, check for a loose insert screw and/or replace the black
dovetail slides.

3. Perform a complete Roller Pump Inspection

5.4.15 Noisy When Running in Forward or Reverse Without Tubing
1. Check for debris in the pump head.
2 Check to see if the tachometer or something else is rubbing against the pulley.

3. Stop the pump. Remove the two screws that secure the black tongue and remove the tongue. Close
the pump safety cover and start the pump.

. |f the noise is no longer heard, replace the occlusion knob bearings

«  |f the noise is still heard, proceed to Step 4.
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5.4.15 Noisy When Running in Forward or Reverse Without Tubing (Continued)

4. Remove the pump drive beit Start the pump.
* Ifthe noise is no longer heard, proceed to Step 5.
= If the noise is still heard, replace the motor
5. Install a hand crank in the roller assembly and turn it by hand.
= Ifthe noise is no longer heard, replace the pump drive belt
* Ifthe noise is still heard, replace the casting/bearing assembly.
6. Perform a complete Roller Pump Inspection.
5.4.16 Noisy in Reverse Only
Because the motor is normally running in forward, it is typical to hear a different noise when the motor is
running in reverse. As long as the motor is running smoothly and steadily, there is no problem. Allow the
motor to run in reverse for 10-20 minutes. The motor noise should lessen; if not, replace the motor.
5.4.17 Knocking Sound Heard When Unoccluding Tubing
1. Check that all shoulder screws are torqued to 17 in/lbs and that the shouider links are not loose.
2. Replace the roller slide bushings.

3. Perform a complete Roller Pump Inspection.

5.4.18 Occlusion Mechanism Hard to Turn

1. Remove the roller arm assembly.

Note: The following three steps involve disassembly of the
roller arm assembly.

2. Remove the four shoulder screws.

3. While holding the adjustment nut with the spanner wrench, tum the occlusion adjustment knob back
and forth.

+ Ifitis difficult to turn, replace the occlusion knob bearings
* I itturns smoothly, proceed to Step 4.

4. Remove the roller slide assemblies.

5. Check for corrosion on the support rods: remove any with fine sandpaper.

6. Align each roller slide assembly with its support rods. Push the roller siide assemblies onto the
support rods. it should only require 5 to 7 pounds of force to move the slides on the support rods; if
more force is required, ream the roller slide bushings.

7. Reassemble the pump.

Page 5-8



Sarns™ 8000 Modular Perfusion System Fleid Service Handbook Section 5. Trouniesnooiing

5.4.19 Pump Head WiIli Not Turn

1.

Check for the following voltages at J3 on the Pump Power Supply Board: -12 VDC across Pins 1 and
4 (common), +12 VDC across Pins 2 and 4, +5 VDC across Pins 3 and 4. If any of the voltages are
missing, replace the Pump Power Supply Board.

Check the transistors connected to J1 and J2 on the Pump Drive Board.

Check that the resistance of the speed pot varies from 0 to 10K ohms when measured between Pins
2 and 3 of J4 on the Pump Contro! Board.

Disconnect DRV-J4 from the Pump Drive Board. Check for 24-36 VDG across Pins 1 and 3 of J4.
+ If the voltage is present, replace the motor.

. Ifthe voltage is not present, replace the Pump Drive Board.

5.4.20 Pump Will Not Power Up

5.

Check that the pump circuit breaker is ON.

Check for 24-36 VDC across pins 1 and @ on connector J1 of the Pump Distribution Board.

. If the voltage is present, proceed to Step 3.

+ |f the voltage is not present, refer to Roller Pump Distribution Board troubleshooting.

Check for 24-36 VDC across Pins 2 and 3 of J1 on the Pump Power Supply Board.

« If the voltage is present, proceed to Step 4.

- If the voltage is not present, check the pump cable.

Check for the foliowing voltages at J3 on the Pump Power Supply Board: -12 VDC across Pins 1 and
4 (common), +12 VDC across Pins 2 and 4, +5 VDC across Pins 3 and 4. !f any of the voltages are

missing, replace the Pump Power Supply Board.

Replace the Pump Display Board.

5.4.21 Pump Will Not Switch Into Forward or Reverse

1.

2.

Check that the pump safety cover is closed and that the magnet is in the cover.

Short together Pins 2 and 3 of J5 on the Pump Drive Board. f this works, replace the cover interlock
switch.

Disconnect the cable from J4 on the Pump Safety Board. Check for open circuits between Pins 9 and
11 and Pins 8 and 10. If either are shorted, replace the pump membrane switch panel.

Replace the Pump Safety Board.
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Section 5. Troubleshooting

5.4.22 Pump Continues to Run with Cover Open

1. Disconnect DRV-JS from the Pump Drive Board. Check across the two red wires in the cable for a

short circuit.

» Ifashortis found, replace the cover interlock switch.

*+ Itanopenis found, replace the Pump Drive Board.

5.5 Roller Pump Distribution Board

(See Section 6, Roller Pump Distribution Board Schematic)

Problem

Check

Action

Pump does not function with
AC power,

main circuit breaker,

PCB P1,

heat sink dicde assembly,
capacitor and PCB connec-
tion.

SNNN

Replace components, if neces-
sary; otherwise, replace PCB.

even after power up.

v pump fault table,
v D lines configuration.

Pump does not function with v heat sink diode assembly, Replace components, if neces-
battery power. v PCBP1, sary; otherwise, replace PCB.
v battery cable on pump,
v battery fault table.
Fan assembly does not v fuse F1 on PCB, Replace components, if neces-
function. v fan cable, sary; otherwise, replace PCB.
v power circuit (Q1),
v PCB and connections.
Pulse module doas not v fuse F1 on PCB, Replace components, if neces-
function. 7 Q1, sary; otherwise, replace PCB.
¢ pulse cable,
v see pulse fault table,
Pump shows erratic behavior. v cap/PCB connection, Secure connection.
v PCB P1,
v main breaker,
v pump connection.
Pump stays in reset mode v connection on P1, Replace PCB.
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Section 5. Troubleshooting

5.6 Safety Module Power Board

Notes:
All measurements made with a Fluke™ multimeter or

equivalent.

All measurements made with respect to power
distribution board common (negative multimeter lead on

J1 pin 56} unless otherwise stated.

Problem

Check

Actlon

No LED indicators or
audible aiarm.

v +18.0t0 36.0 VDC, depending on
the input line voltage, at connector J4
pin 1 (negative multimeter lead on
J4 pin 2},

v +5 VDC at connector J1 pins 53, 54

(or J6 pin 6)

+12 VDC at connector J1 pin 29,

-12 VDC at connector J1 pin 31.

NS

if incorrectVDC is at J1 pin 1,
trouble-shoot base power
supply.

With correct VDC at connector
J1 pin 1 and incorrect voltage at
J1 Pins 53,29 or 31, replace
safety power module because
of failed DC to DC converier.
(Failed DC/DC converter could
be caused by other circuit
short).

Level detection LED

indicators do not light.

« level detection board securely
installed.

If secure, replace the level
detection board.

Air deteciion LED

indicators do not light.

# air detection board securely installed.

if secure, replace the air detec-
tion board.

No audible output.

7 conhnectors.

v J6pin 9, 0/5 VDC (Normally 5 V
except during power up or alarmy,

« J6 pin 4, 0/5 V 4 Hz square wave (2.5
V avg with multimeter),

v J6pin 7, 0/5 V 4 Hz square wave
{2.5 V avg with multimeter),

v J6 pin 10, 0/5 V low frequency timing
pulse (64 sec repeat) at power up,

Replace board
OR troubleshoot board per
below:

If signal is incorrect, replace
gate U1. If signal is still incor-
rect, replace inverters U7 and
9.

If signal is incorrect, replace
oscillator U10.

Verify 2 pitt header jumper
connector is installed at connec-
tor J7. If signal is still incorrect
replace oscillator U10.

if signal is incorrect replace
ripple counter U8.
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Section 5. Troubleshooting

5.6 Safety Module Power Board (Continued)

Problem

Check

Action

No audible output.

v Jé pin 3, 0/5 VDC (normally 5 V
excepl during power up or alarmy},

v J6 pin 5, 0/5 VDC (normally 5 V
except pulses to zero volts DC at
powerup and when on switch is
pressed,

v J6 pin 1, 0/10.5 V square wave, dual
tone 2.5 kHz-3.0 kHz (active only
during power up or alamm)

10.5 V during no alarm,

+ J6 pin 2, 0/10.5 V square wave, dual
tone 2.5 kHz-3.0 kHz (active only
during power up or alarm)

10.5 V during no alarm.

If signal is incorrect replace
PAL U2. If signal is still incor-
rect replace gate U1.

If signal is incorrect replace
PAL U2. If sighal is still incor-
rect replace gate U1.

If signal is incorrect, replace
piezo transducer driver U11.

¥ signal is incorrect replace
piezo transducer X1.

Cardioplegia alarm does
not shut down
cardioplegia pump.

« cardioplegia monitor,
¢ base distribution board,
v air detection board,

¢ level detection board,

« J5 pin 2, 2.0 VDC during alarm
condition otherwise 0 V.

Replace cardioplegia monitor
or board(s) as necessary (see
individua! board performance

specifications).

If 0 volts during alarm, replace
current loop transistor Q2. If
problem still exists, replace
optocoupler U3.

Arterial alarm shuts
down arterial pump but
not the cardioplegia
pump.

v J5pin 2, 2.0 VDC during alarm
condition otherwise 0 V.

If 0 volts during alarm replace
PCB or current loop transistor
Qz.

Anrterial alarm shuts
down cardioplegia pump
but not the arterial
pump.

v base distribution board,

¢ air detection board,

v level detection board,

« J5 pin 3, 2.0 VDC during alarm
condition otherwise 0 V.

Repface boards as necessary
(see individual board specifica-
tions).

If 0 volts during alarm replace
PCB or current lcop transistor
Q1.

Arterial alarm does not
shut down arterial or
cardioplegia pump.

¢ J5 pin 3, 2.0 VDC during alarm
condition otherwise 0 V.

It 0 volts during alarm replace
PCB or optocoupler U4, if
problem still exists replace
inverters U7 and U9.
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5.7 Arterial Monitor

Problem

Check

Action

Monitor does not power
Oon.

/ main cable connection to safety
system,

# voltage level from safety system,

# monitor fuse on power interface
board,

# main cable to power interface board
P1.

Replace bad cable.

Replace safety system power
supply.

Replace fuse and recheck

monitor electronics for source of
excessive current ¥draw.

Replace bad cable.

Monitor has audio on

7/ system bus ribbon cable,

Replace ribbon cabie.

power up but no dis-
plays. v display board, Replace display board.

# power interface board. Replace power interface board.
Monitor has power but / system bus ribbon cable, Replace bus ribbon cable or
no displays, audio or v power cable internal connection to monitor cable.
communication output. power interface board,

¢ computer board for activity,

« power interface board,

v display board.

Replace computer board if there
is no serial output signal.

Replace power interface board.

Replace display board.

Pressure or temperature
displays blank(s) after
normal power on
sequence or during
case.

7 pressure or temperature transducer,

o temperature and pressure measure-
ment board.

Replace transducer(s) as
necessary.

Replace pressure and tempera-
ture measurement board if
transducers are OK.

Missing numbers or
characters on any
display.

# display board, display chip(s),

v power interface board address
decoding.

Replace display board.

Replace power interface board.

No audio when monitor
is powered On.

# volume control cable assembly and
rotary switch,

¢ volume control cable assembly
connection on power interface board
connector P2,

# power interface board, tone ringer.

Replace cable assemble or
switch.

Replace power interface board.

Replace power interface board.
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5.7

Arterial Monitor (Continued)

Problem

Check

Action

Membrane key pad
button fails to actuate
any function or looses its
tactile feedback.

v membrane switch continuity at
connector on display board,

« malfunctioning switch.

Replace membrane switch
panel if no continuity when
switch pressed or when any
switch is defective .

The message “DE-
FAULTS" shows up in
display each time at
power On,

v check battery backed SRAM on the
computer board by verification if
alert and alarm set points have not
been retained.

Replace battery backed
SRAM and or computer
board if system will not
retain alert and alarm set
points.

No communication from
the RS-485 port.

v main cable, connection to safety
system and to power interface
board,

¥ communications section on the
power interface board,

« ribbon cable from computer board to
the power interface board,

¥ computer board's serial output.

Replace main cable.

Replace power interface
board.

Replace ribbon cable from
computer board to power
interface board.

Replace computer board.

Pump does not stop
when monitor reports an
over-pressure alarm
condition,

¢ monitor cable and connection to
satety system,

v monitor cable connection to the
power interface board,

v for controlling input of and the output
from the current loop circuitry on the
power interface board,

Replace monitor cable.

Replace power interface
board if there is no control-
fing input or output from
circuit,

Pump can not be
restarted when over-
pressure alarm condition
ends.

¥ the input for the current loop circuitry
on the power interface board.

Replace power interface
board.

Page 5-14




wita MWl wie Fi1WRLIT sl IRt ies

Sarns™ 8000 Modular Perfusion System Fleld Service Handbook

5.8 Cardioplegia Monitor

Problem

Check

Action

Monitor does not power

On.

# main cable connection to safety
system,

« voltage level from safety system,

# monitor fuse on power interface
board,

« main cable to power interface board
P1.

Replace bad cable.

Replace safety system power
supply.
Replace fuse and recheck

monitor electronics for source of
excessive current draw.

Replace bad cable.

Monitor has audio on
power up but no

# system bus ribbon cable,

Replace ribbon cable.

displays. ¢ display board, Replace display board.
# power interface board. Replace power interface board.
Monitor has power but v system bus ribbon cable, Replace bus ribbon cable or

no displays, audio
or
communication output.

# power cable internal connection to
power interface board,

/ computer board for activity,

« power interface board,

« display board.

mohitor cabie.

Replace computer board if there
is no serial output signal.
Replace power interface board.

Replace display board.

Pressure or tempera-
ture displays blank(s)
after normal power on
sequence or during
case, ‘

7 pressure or temperature transducer,

« temperature and pressure mea-
surement board.

Replace transducer(s) as
necessary.

Replace pressure and tempera-
fure measurement board if
transducers are OK.

Missing numbers or
characters on any
display.

/ display board, display chip(s),

v power interface board address
decoding.

Replace display board.

Replace power interface board.

No audio when monitor
is powered On.

7 volume control cable assembly and
rotary swilch,

/ volume control cable assembly
connection on power interface board
connector P2.

# power interface board, tone ringer.

Replace cable assemble or
switch.

Replace power interface board.

Replace power interface board.
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5.8

Cardioplegia Monitor (Continued)

Problem

Check

Action

Membrane key pad
button fails to actuate
any function or looses its
tactile feedback.

v membrane switch continuity at
connector on display board,

v malfunctioning switch.

Replace membrane switch
panel if no continuity when
switch pressed or when any
switch is defective .

The message “DE-
FAULTS” shows up in
disptay each time at
power On.

v check battery backed SRAM on the
computer board by verification if alert
and alarm set points have not been
retained.

Replace battery backed SRAM
and or computer board if
system will not retain alert and
alarm set points.

No communication from
the RS-485 port.

v main cable, connection to safety
system and to power interface
board,

v communications section on the
power interface board,

v ribbon cable from computer board to
the power interface board,

v computer board's serial output.

Replace main cable.

Replace power interface board.

Replace ribbon cable from
computer board to power
interface board.

Replace computer board.

Pump does not stop
when monitor reports
an over pressure alarm
condition

+ monitor cable and connection to
safety system,

v monitor cable connection to the
power interface board,

¢ for controlling input of and the output
from the current loop circuitry on the
power interface board.

Replace monitor cable.

Replace power interface board i
there is no controlling input or
output from circuit.

Pump can not be
restarted when over
pressure alarm condition
ends,

v the input for the current loop circuitry
on the power interface board.

Replace power interface board.

Alert and/or alartm
values are not retained
in BBRAM.

v battery in SRAM,

Replace board or battery.
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59 Occluder Display Board

(See Section 6 Occluder Display/Interface Schematic)
—

Problem Check Action

Occluder won't calibrate,
no sound, LEDs won't
light.

7 for presence of 24 VDG at connector

4

P3 across pin 2 (+) and pin &
{ground),

connection between membrane key-
pad tlat-ribbon cable and conneclor
P1 on the same board.

Troubleshoot base.

Occluder won't calibrate,
no sound, LEDs won't
light and power at
connector P3.

7 voltage output to occluder head at

NS

the D-connector, pin 14 (+12 vDC)
and pins 1-4 (GND) , pins 9-10 (+24
VDC) and pins 1-4 (GND), pin 15
{(+5 VDC) and pin 7.

continuity of D/IMTA cable

contact closure between Close
switch, connector P1, pin 2 (+)5
VDC and pin 5 (ground).

contact closure signal at local
processor interface, display board
connector P5, pin 17 and pin 19.

Replace cable.

Replace display board.

Perform diagnostics on occluder
head.

If no contact closure, replace
membrane board. If contact is
made, replace local processor.

7-segment LEDs won't 7/ 5 VDC across LED socket pin 13, or Replace LEDs if voltage is
light yet occluder is 14{+) and connector P5, pin 50. present.
functional.

7-segment LEDs won
light and no voltage
present yet occluder is
functional.

connector P5, pin 44 on display
board (connector P1, pin 8 on the
local processor) for enable signal.

Replace local processor.

Display blanks after
recalibration with tubing
latched in place.

7/
v/

MTA connector, P4 on display board
to assure proper alignment.
connector between local processor
and display board.

Perform diagnostics on occluder
head.
Replace local processor.

Occluder calibrates and
LEDs light, but no
response from encoder
input.

4

connection between encoder and
display board.

7 for 5 VDC across connector P2pin2

(+) and pin 4 {ground).

7 for 5 VDC signal at local processor

interface, dispiay board connector
P5, pin 13 and pin 16 while rotating
encoder wheel.

Replace encoder if voltage
present and no return signal is
present during rotation of
encoder wheel.

Replace local processor.
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5.10 Occluder Membrane Keypad

5 and the positive iead at pin 1.
Continuity should be made when
button is pressed.

Problem Check Action —I
Open button fails to v With a DMM in the continuity check Replace membrane switch if no
actuate system. mode, place the negative lead at pin continuity.

Close button fails to v With a DMM in the continuity check

actuate system. mode, place the negative iead at pin
5 and the positive lead at pin 2.
Continuity shouid be made when

button is pressed.

Replace membrane switch if no
continuity.

|

5.11 Battery Module

{See Section 6 Battey Module Schematic)

v “No Load" charge voltage,

7 battery replacement schedule,

Problem Check Action
Battery charger indica- v lamp, Replace component if necessary.
tor does not light. v fuse on base distribution board.
Batteries will not v fuse on base distribution board, Replace component if necessary.
recharge.

Readjust to 27.6 V it necessary.

Replace batteries if necessary.

Inadequate “On v “No Load" charge voltage,
Battery” time.

v battery replacement schadule.

Readjustto 27.6 V if necessary.

Replace batteries if necessary.

Front panel indicators v lamp.
do not illuminate
propery.

Replace component if necessary.

Circuit breaker blows. v current draw,
v peripheral modules.

Replace component if necessary.

Circuit breaker will not N/A

Replace component if necessary.

¥ base main circuit breaker (“On").

reset.
Module fails to switch v battery voltage, Recharge batteries, replace if
10 “On Battery". necessary.

Replace PCB i hecessary.
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5.12 Pulse Module

When the regulated 20 volts is supplied to the main board, the microcontroller begins a startup routine to
check proper function of the extemal EPRCM, RAM, and A/D conversion circuitry channel 0. After the
successful compietion of each of these self tests, the microcontroller tums off the board LEDs DS0, DS1,
and DS2 respectively. After ali three LEDs are off and a satisfactory pump response has been given for &
pulse packet, the microprocessor turns on the extemnal LED. The Pulse Module sends pulse parameters
to the pump and enables pulse mode; pulse mode is activated only when the pump's computer control

buttons are pressed.

Fail-known circuitry has been also added, which includes 3.9 MQ resistors {(R7, R8, RS). If a pot opens or
a pot cable disconnects from the main board, the follow condition will occur.

= |f Baseline section, the voltage will be § V translating to 100%.

« [|f Rate section, the voitage will be 0 V translating to 30 bpm

«  [f Width section, the voltage will be 5 V translating to 100%

Pushbutton +18-20 VDG
/ / - C15GND Pt

T a ™ ) . @ - [ SATH RESE BOAND ANPOELY Note: Attach
2 negative {-) lead

of meter to the

e =) E e
HH g [%.Eﬁ' '@;@

ngoE T = o I

Wi = %85@ /

\\O-SVDCPinSE,S 0-5VDCPiIns2,3 \O-SVDCPins2,3
0 - 5VDC Pins 2, 3, 4 Pin 5 Ref. GND

0-5VDC Pins 2, 1

s

gegzee

/

Pulse Module Main Board

Precautions: Use static precautions whenever handling
printed circuit boards or integrated circuit chips.

Use proper ool fo remove processor chip.

Do not remove cables from main board when power is on.
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5.12 Pulse Module (Continued)

and P4 of main board, as knob is
turmed.

Problem Check Action
None of the LEDs turn 7 cable between Pulse Module and Replace cable if necessary.
on. pump, Troubieshoot pump.
v for 18-20VDC at F1, ground reference
to C15
LEDs blinking on main v for constant 18-20VDC at F1, ground | Replace main board.
board. reference to C15
v pushbutton.
LEDsturnonandthen |  for 5VDC between pins 2 & 1 of P1 on| Replace the LED cable if
tum off; external LED main board. necessary.
does not turn on. v Pulse Module on pump if there is O volts between pins
2 & 1, replace the board.
Troubleshoot Pump
LEDs tumonandthen | , cable between main board and Replace cable if necessary.
off; external LED on but potentiometer for width & baseline. If voltage not varying, trouble-
module not pulsing. « for varying voltages on TP1-3, TP1-4 | shoot pot. if voltage is varying,
with reference to TP5 when potenti- replace main board. If either
ometers are turmned. TP does not vary from
v voltage across pins 2 & 3 on P2, P3, 5. 0 V while pot turned, pot
and P4 of main board, as knob is assembly is broken.
turned.
LEDs tum on and then v rate cable between main board and Replace cable if necessary.
off; external LED on but potentiometer. If voitage not varying, trouble-
rate stuck at 30 bpm ¥ for varying voitages on TP1-2 with shoot pot. If voltage is vary-
reference to TP5 when potentiom- ing, replace main board. f TP
eters are furned. does not vary from 0. 0 V while
v voltage across pins 2 & 3 on P2, P3, pot is turned, pot assembly is
and P4 of main board, as knob is broken.
turned.
External LED on but v pump wili pulse, if no pulse, try a different
none of knabs function. |  main board to potentiometer cables, | pump.
v forvarying voltages on TP1-2, TP1-3 | Replace cabie if necessary.
TP1-4 with reference to TP1-5 when If voltage not varying, trouble-
potentiometers are turmed. shoot pot. If voltage is varying,
v voltage across pins 2 & 3 on P2, P3, replace main board.
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5.12 Pulse Module {Continued)

Problem

Check

Action

Pulse module wili not
operate on pump
designated as arterial or
cardioplegia

v communication lines.

v pulse module on altemate pump
module.

v internal connections in appropriate
monitor.

Disconnect the arterial monitor,
then the cardioplegia monitor;
check for proper operation of the
puise module after disconnecting
each monitor. If pulse moduie
operates propenly after disconnect-
ing monitor, proceed to “Check
intermal connections.”

Connect pulse module to alternate
pump module and check for proper
operation. If pulse module does
not operate properly, replace pulse
module.

Verify that the ribbon cable from
the CPU to connector P4 on the
power board is secure. Connector
P3 on the power board shouid be
empty. Secure ali connectors to
the CPU and the power board.
Reassemble the monitor, recon-
nect monitor to the safety monitor
and test for proper operation of
monitor and pulse module,
Replace appropriate monitor.

Page 5-21




SET71IE OUUL MIOULIIAT FEITUSION 2SR FIeid S81viee naniboox

SELlION o. 1TOULHESNoONINg

5.13 Communications Module

Problem

Check

Action

LED is OFF after 40 second
delay

v +5VDC at R21 on the
communications interface
board

Reset the Saftey Monitor circuit
breaker

If voltage is missing, repiace the
communications interface
board, otherwise replace the
LED

Replace the computer board

LED is ON, but no data being
sent to external computer

v cable connections from
Communications Module to
external computer

v" users computer serial
interface configuration RS-
232 orRS 422

Replace cable between
Communicaiton Module and
external computer

Configure COmmunications
Module interface to users (refer
to System Description, Section

1)

Replace communications
interface board

No data coming in from arerial
network

+ communications cable
connections to the arterial
pump, arterial monitor and
pulse module

Select another pump as arterial,
if communicaitons resume,
troubleshoot pump

Disconnect pulse moduie, if
communicaitons resume,
troubleshoot pulse module

Disconnect arterial monitor, if
communicaitons resume,
troubleshoot arterial monitor

Replace communications
interface board

No data coming in from
cardioplegia network

v communications cable
connections to the
cardioplegia pump and
cardioplegia monitor

Seiect another pump as
cardioplegia, if communicaitons
resume, troubleshoot pump

Disconnect cardioplegia moni-
tor, if communicaitons resume,
troubleshaot cardioplegia
monitor

Module continullay resets, LED
flashes slowly

N/A

Replace computer board

Replace communications
interface board
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A B C D E F G H 1 J K
1 1
CB2 4.0A
2 2
3 3
— W70 PCB PI3
TO PCB P13
) enn FEERESHRR—H- 2 ‘
S USHEAL NS (. \CORD
s
7N 51 Teln I LI [o[¢
[T 1 OQOU ;
OK Ly
SEE SHT 2
5 FOR 100VAC AND 220-240vAC 5
__GRAY
[ Ta W
]
TO BATH MODULE
6 6
1
J1
TO PCB Pl
BHT 2
7 7
A B C D E F G H | J K
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Sarns™ 8000 Modular Perfusion System Service Handbook ; 6.1 8000 Base Wiring Diagram (2 of 2)
A B C D E F G H i J _ K
1 1
FOR 220QVAC-24QVAC 100V
__I PRIMARY 182 | _l - B
! oEYcBLY ! 1 ; ut
, T3 o " i eLy WY OPTIEMAL ! "
2 - . B ATTCRY _
" (ur?) ol 2
“ ) frofue " "
; rw J e
" K e [Ces ] ! "
iz YEL 3 [LAMP _m_ FRON o
X SHEET | OF 2 .
3 ' _ .
| Hoer ﬂ ! e eom toorviay | Fo v ! ! 3
BASE POWER !
i ! Tes ]
g LK gy m _ WH n '
| ﬁ . » .
h.u._ . , L 1
’ , 1
“ T1 REQS Rl K m ! Tl LM v |
& -l h “
[}
| " '
|
150 XFMR
Li-: I, mmn_wzg_.,ﬂ : |
“ £ I |
T2 .
3 ! 1 183 ! 5
! ! N
I _
2 |
73 T2
! Y
FUSE/CIRCUIT BKR I o~ '
FOR 220-240 VAC !
6 Cll 8.0 AMP CBO 3.0 AMP _
G350 A GBIl SO AE 1 | 6
\— TB1 C34 1.5 AMP CBi2 1.0 AP i i
- Ci5 1.5 AMP _ L B
H C¥ 1.5 AME F1 1.0 AWP - - - -- - -
: €17 1.5 AMP F2 0.2 AP |
4 cia 1.5 AW ]
m n __I - - - -
i
7 e e 7
A B C D E F G H | J K
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Sarns™ BD0O Modular Perfusion System Service Handbook

6.2 Base Distribution Board

A B C D E F H J K
1 1
2 (19 2
% %
C— 4 places
(17 23 )
2 Places SEQ. DESCRIPTION REF. DES.
2 MEL 4 PIN P1
3 3 MEL 6P P4 3
— 7= L 4 WEL 9 PIN P3
— [ ]/000., [oT 5 § MTA100 3 PIN P10
e =2 1000 OO |rs 3 6 MTA100 4 PIN Pg, P14
U 00 = fogd” | |8 D v 7 i -
L L
_nllz P u mm 7 1° % e D 9 MTA156 3 PIN P7
" EDGD | | & 10 MTA156 4 PIN PS5, P13 a
4 = n@ _,Iv_ =t Ol 15 CAP MONO .1m C1, C3, C4, C5, C6, C8, 9, C10
ey pe I T — c14, 13
D c10 c12 €43 R 16 CAP 10m/35/10% €2, C7. c12
7 n GODD@ 00 BGDGOD . = 18 DIODE IN4002 D1, D2, D3
(] N 1o am, 32 19 RES 243ohm A2, A7, RY
P10 — - S 20 RES 7500hm R6
P13
4 “ A V - mm 21 PES 1K R4, RS 5
3 L L | 22 RES 4.42K A1, R10
24 IC ULN2B03A u3
25  IC HCPL4200 U1, U2
(31) 26 IC 74HCT04 U4
(35) 27 RES POWER 5000hm A1
= 29 PCB TERMINAL BLOCK T84, T82
30 RES 10K R11, R12
6 35 CAP .047uf C14.€15 6
7 7
A B C D E F H J K
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Sarns™ 8000 Modular Perfusion System Service Handbook

6.3 Base Distribution Board Schematic

A B C D E F G H | J K
m -
] e RS-485/P ART g
au_f RS-4B5/N ART 4 © d
(F12) 3
— RS-485/P CPG 2 o A e € iz g»
6 RS-485/N CPG S 2 D g2 52
> 3 S DY =B 3%
© +m<$ +5Y 4 P11 .m I.lu'm (Fiz) < 2 a2
—
g _ L[ oos B
CITD R SRV
2 2 U1 c3 1k 1l 2| 1f 2 2
PSP ces. ] R4 Battery A L Y |
P6 Py ., + | imf v
Mmzlwz 1 Dwm_ 8 ﬁ NBattery A qll_m-
o Toor| 2] ’ 13 mw +5V Batt
2 - — _ U4 ud ULN2BO3 attery A PH
(P> ¢ 3 _ 6 o u3 xﬁ c5 c6 NBattery A mi
L + . ery a
3 4 — 5 H»aq 4imf Battery B ﬁ 3
3 | STOP ART . AL N 5
2 . - ﬂw% - =]
< 1k A 48 p3 | C
€15 047 1,2 3 4t 18 3 s
——¢ U2 >0- @ jH +
A12 e e ULN2803 m & TmH S
— L. u3 MIE 0 ? {
4 10K 1 _ 8 FT) & 2
c4 ¥ a !
NSTOP ATR/CPG 5 | - “ 7 4 5 6 2 17 1 .
31 -imf mn:x THY =
) 6 04 ULN2803
— VCC=+5V=PIN 14
p 5 - VCC=+5V=PIN 10
p— VDO=GND=PIN 7 VDI=GND=PIN 9 m
g
H_ V BATTERY & -
8 ‘> O >
i Bt V UNINTERUPTIBLE z 1 o
—a — (PR =
Im V_COMMON 1N4002 +5V 1N4D02 2 Tl
| P4 o
; D2 A D4 ula o
[
1 ! \ ibee e ©
=} LM317TV LM350TY _!E c LM350TV 1 o &
) © (F1D
6 1hen A3 2 ) 2 @
F1 500 3 c8 wls o PRI 6
B2l p 11w FD - c13 —CD o
. imf -
. . imf
I :
2 F2 300 B o
1 —t
o —@ o
2
. N . ‘ ~F
3@ + 7
A B C D E F G H [ J K
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Sarns™ 8000 Modular Pertusion System Service Handbook

6.4 Roller Pump Wiring Diagram
A B C D E F G H [ - J K
PowtR / Wm:oﬁy B PUMP HMedULE
1 Gueh 1
|
PUMP
\ | SUPPLY
1 2 3 4 5§ @ w°>=—u
m m [PUMP MEMBRANE BOARD
HH
2 c— 2
“ m " _WIR
TR { — =
<R PUMP DISPLAY
081 1EATT \ B D4SVMIO
e [ b i e st —f
18488600
3 %“M 0. {V2sw @ A / =
d ||_ @ FLELBPOK m A [ ] Mm w. - SPEED PaT = 3
boges Y 40 P iseon ] > X g
— ] b
2 @ g =l i =) :
33 Bl ! il o N
= B (owow) = Bl - g 2 s
u 4| i T
Hm_ @ i oA s [is|lo1  SAFETY = PUMP
4 ) @ . y mﬁ Wm H nh BOARD : nnuH““r 18 PIN RIBSON 4
!.Lm; o dF = —& gl I o
] ¥ — SCHEMATIC = 16472100
1 [raee] L 2 ™ 16489300 1
& | . m mw:,sa% 2 W _w_& 2
_ , £ 41 sw %1 [P L2l
g | “ U3 1 234 T L
5 CouuSAFETY — L 7 o1 remaiTE o] 5
| S cou - T 7T 2.5 (o eT comecTan) e ]
24vDC Ui acH waToR CHOKE 0 s ‘N.../um?m\\
PASTILE | &S eNsINy
” LOCAL THT/om aemoee & uhT
N PROCESSOR e | L ¢h
AR R N | PUMP DUAL TACH BOARD 4 A BOARD H BRUSHES. ﬁ?ﬁw
INSTALL, OR REMOVE JUMPERS ACCORDINGLY SCHEMATIC 7 Fop HOMCR PRWE GHU]
6 FOR PROPER VOLTAGE SETTINGS. _ 18446600 1 EIR THGHOMETER 6
7 ‘ 7
A B C D E F G H I J K
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Sarns™ 8000 Modular Perfusion System Service Handbook 6.5 Roller Pump Distribution Board
A : B C D E F G H | J K
1 1.
, OBD) )
— T
T |+ R4
Q I n1(CD ¢3 i
3 — | PS5 3
Rl 1
Cl
R3 =H_
+ Se ipti
; q. Description Ref.
. 7 [DOOP I
[1ooOan P3 2 MTA100 4P P5 4
Fl P6 P2 3 MTAL100 9P P4
DOO |, = 4  MTAL00 6P P3
oo ; mang, X
12 DIODE SIG 1N914 D1
. e 13 RES 500 11WATT R1
5 14 RES 100 1/4 WATT R2
@ 15 RES 2K 1/4 WATT R3 5
16 RES 243 1/4 WATT R4
17 RES 4.42K 1/4 WATT RS
18 CAP MONO .1M C3
19 CAP 1M/35/10% C2
20 FUSE 1 AMP Fl
6 6
7 7
A B C D E F G H [ J K
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Sarns™ 8000 Modular Perfusion System Service Handbook

6.6 Roller Pump Distribution Board Schematlc

A B C D E F G _ — 5 "
d 1
5 5
& 8§ 8 & & .8
’ 5 & 8 5 8 3E 2
YR 8 &% ] (L24)
Main o T T T T TS ID2 : )
D1 1n4001 Power Al e o] ) T ] e
| 7 ()
41 1 5| 8] 21 9| 7 _
’ . +CFD o ,
y Pump
lamp U
a1 o RS-485 ) ()
Common 1 +m "
) m B9 HWN 1000hm 4
H cl R —CD
*~—o
+24v
i 5
L
al 3| 2| 1 6f 5¥ 2| 1
oy Ay [a¥] Yy oy (a1 [a)
of I | To THS €nTIRE
o @ u THl
6 @ Fan FCp HounT Pulse Comm/Safety m
ay
’ 7
A = c 0 E F G _ J K
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Sarns™ 8000 Modular Perfusion System Service Handbook

6.7 Safety Power Board

A B C D E F G H | J K
1 1
SE@  DESCRIPTION REF
102 IC MC1455P% TIME CIACT U10
103 IC 74HCTO4 HEX INVERT & NAND u7
104  IC 4N32 OPTOISOLATOR U3, U4
105  IC 7406 HEX INVERTER 0.C. ug
106  IC MLB204 TONE GENERATOR Uit
107  AES ARRAY 4.7K X9 AN
2 1 mu 108  TRANS SIG PNP 2N2907 01, 62 2
101 109  RES 1K 1/4W 1 % A14
110  RES 10K 1/4W 1X A13, R20, A1, R4
mmm Hmm 111 AES 2K 1/4W 1 % R3
148 115  AES B2.5K 1/4W 4 A15, RS
116  CAP MOND CER .1M/50/20% C1-C4, CB-{10, C13, Ci8, C23, C27
117 CAP MOND CER .01/50/20% C11, c21, nwm
118 CAP 10M/50/10% TANTALUM Ci5
o i e e PRI N I A et ;
3 ' © @DBH@ D e. © QHB:M o 121 CAP 3300P/50/10 DIP CER cl4
e cid 122 DC/OC CONV 24IN +5 +12 _12 U1
b DDs Q_H_ x— 124 CONN MTA HDR 100 8P ST J5
! M ﬁ 125  HDA MTA 156 STR 4P LK 6OLD Ja
" @Da vie 126 SWITCH ROT PC MT 2POL 3 POS SW1
128 CAP MOND .022M/50/20% CceB
DD,. o e ”m% 129  RES 150K 1/4W 1 X% Atz
m { } iy S e 130 IC 74HCTO2 QUAD 2IN NOR ut
4 - C 131 IC 74HCT393 ua 4
=, 132 PROG PALSET SAFETY POWER u2
e e 134  IC SN75176A RS422 TRANCVR Us, UG
= O 142 SOCKET 7P AT ANG PNL MT Jz, J3
m{ I 143 SHUNT 2PIN PCB .1 CENTEA J7
oo | 144  IC SOCKET 24 PIN .300 WIDE
@ v 145  HDA 18P SINGLE ROW STR .1
1 - 152  HDR 10P 4W LO-PROOF STR SOR JB
o . 153  RES 3.92K 1/4W 1% A7, R, R16.|R17
s N B A .,.
156  RES 110K 1/4W 1% ARG, RB
_ 157  FILTER PCB HI FAEQ 39 1X.3 FB1, FB2, Fi3
158  RAES 240 OHM iW 5% Ri8, R19
159  CAP .1M/600/80/20% €19, C24
160  CAP .001M/1000/10 €20, 25
164  RES 75 OHM 1/2W 5 % A1, A2
163  CAP .047M/50/10 29, C30
EXTRA 164  CONN MTA100 3P JB
6 2 PIN t48  BOARD SHORT 6
Lo
JP7
DETAIL
NO SCALE
7 7
A B C D E F G H | J K
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Sarns™ 8000 Modular Perfusion System Service Handbook

6.8 Safety Power Board Schematic

A B c D E F G H ] J _ K
,u9
1 __us 1] ﬁ' ’ 1
L BT CA o @ Ha
m H 10 . @ va  §RI3 RS 82.5k
U2 3 sp2 |10k e
@ T TR e +§| ootk mins Yos R12 150k
_UM_ - 11 1/07pk mIs bt
J7 B 1oolik ey c17
14 1/0a-3k sec2 Ciq == I
Emm““ A Sh
2 R1al U10 m m mm ul .W. 2
1k w _m T )
Taresen |, |4 gL
f15 e el v 75-%/2m
B82.5k DISCHARG x.-lﬂm 1 AN
8 yoe
c6 L Ci1T _\L.S 01 ,«Ir :
2.2m7T . 01im NEseeH U U7 U9 = e
M 18 1A . e | ne . 7w u_um 5
3 . ALR O _||l.,u_.nwo HOk 1306 [, tew o e e L 3
an- e Mm.ma u3 o CARPIO e eth
aD-— J
GE R |y BTIH F T
dD— : ] w08 ﬁl.. ” o
uiC 2k @l lm R
l“.lulﬁM.L| Ag ) .—.I.m 0w 8C8 W 14
4 N 3.9 et -
@D-5-4U010 ANy A A, B mme v s 4
W4 RX fals]alals l_. .._. L 1
QHU_... oL IR 11
nHO.u X5 2]a]4]6]al? .—u ﬂn» .H 02 200 .m0
TR 1 RN
D 5pia | | 01 3.8k |, 01 3
I+ 640 e g | 100-1/2% R
F) b A p— 100-1/2W
ao= -
5 ﬂuum Fm S
D5 -am-
D% ASTP_OU]
an-= CSTP_QuU :
nmU.“ud ’EW Fo1 $§ @
dD4 \ﬂ .~
. D "_"nm&.ns._.ﬂ {3 |c2 fco [c13[cspjcs e
; I R [TTITTI01SY :
u12 1&22 v
) %ﬁ.« 1 - Y out “ T
oo C R1B
nmlmum_.» . 142V out ” nm-m.... a
cea| cas] c1a[ caol % el ci6l, |Ai0
7 -&M _.ﬂ.p-..—u I“-H ﬁ-.h|—| ¥ _o -0 TR i = ‘H ¢ in .
e
A B Cc D E F G H I J K
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Sarns™ 8000 Modular Perfusion Systam Service Handbook

6.9 Safety Display Board

A B C D E F H — J K
1 1
2 2
SER DESCRIPTION F
2 IC DS75452N OUAL DRIVER 43, us, U7
3 RES ARAAY 150X10 BUSSED SIP RP1, RP2, AR3, AP4
4 CAP 22M/35/10% TANT AX 1
3 5 CAP MOND CER .1M/30/20% ,C3,C4, C5 3
6 LED GREEN HLMP-0504 RCT 1,04
= 7 {ED YELLOW RECT HLMPQ401 3
B8 LED AEOD RECT HLMP-0301 2, 05
. q LED YELLOW LED BAR HLMP2450 , D7
a ! 10 LED RED LED BAR HLMP2350 , B9, 010, D11
5 mm ™~ 12 CAP MONO CER .01/50/20% 6
i g S G w
»
: e w e 19 RES 1K 1/4W 5% 2
H 20 IC 74HCT44 +TRIP 3 AND GATE 42
4 = @m | ¢ | @r]ll_ 21 IC 74HCTO8 GUAD 2IN + AND Ua 4
T w e ® s 22 IC 74HCT32 QUAD 2IN + OR Us
23 IC 74HCT04 HEX INVEAT AND NAND i
M\I-n__ W ] b _Dm ] 24 IC MC1455P1 TIME CIRCT ,r
y v = —— T = i
cs Medhi-4500-0 MY
{ £l TE
w +lnq
5 5
e 5 PLCS
6 6
—n
7 7
A B C D E F H J K
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Sarns™ 8000 Modutar Perfusion System Service Handbook

6.10 Safety Display Board Schematic

A B C D F G H { J K
UNUSED GATES D6
vee veo 1 vGe
1 1 ue Kl 1
u1/¢ 1 U2/A AL 3 |*
1] 10 1 5 6 2 \ 12 J OUTA —kK
130 vee 1 5]/ INAZ 5 |%
74HCTO4 TARCT 114 Tnes OUTB K
vee Ui/8 INB2 il LEVEL
! 3 4 m M_o,_u M_«._A_r ALERT
74HCTO04 . -
4 a ue [ 74neTos T4HcT32 75453 LW ~25
2 >—| RESET 4 A 2
c6 W TRIGGER 3
R2SR1 6 N
¢7 1+ | $ikS ek OJyF —sgTHD  0UT A 3 1
2.2uF T 7| SONT AN
. DISCHARG 5
m vee : |_A.v
qﬂ GND K
oy
J2 (1 = NE55 i
3 Je (2 De 3
Lw (3 ) ; >
g2 (4
i (6 ) Hz:S QWF
Jz
J2 (79— a2 OUTA FAN
rian N34 oute 1
— L
i LEVEL
: A .m_A ALARM
J1 (1 -
4 a2 =3 P25 4
J 3 vee i
Ji1 (4
J1C 6 - 11
[D_ON_LED HLMP~0504 K]
JEC 7 D OFF_LED T 05 ned %
A8 - S 24 1
e [D_ALERT_LED i N
1 ¢ 16-3__LD_PROBE LED HLMP~030 1 K
8 ipALARY LED D1, GAN N 5
BD_ON_LED L g — |
S 1 2480 OFF LED HLMP-0604 TP =24E
B0_ALARM, LED D2 RED D10
Ji (14 o y :
JiC 15 HLMP-0301 7 I_A_|
e vee 0 uz/c t . %
D3, YEL Ui/E 9 INAL P
Jt (17 2 I OUTA
2 11 [N 10 g 8 7 K]
Ji (18 INAZ %
u 18 HLMP-040 1 iy 7o 1 J _ 1 INB1
J1 (20 74HCT44 7_{ng2 OUTE .v_A
J1 (C2f g R0, g U4sC 8_ | yec K | BUBBLE
6 ) +mm% ke 1 4 _{anp wIN ALARM 6
1 (24 vee 74HCTO8 7aneTaz 78452 _.gmmm&
J (25
J1 (26 .v:
) T 1.1 Kl
o
mm:m Hmmcm Hﬁzm t_lmm_:u %_PA_M
7 HW %JFA_I 7
i HLWP-245(
A B C D F G H | J K
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Sarns™ 8000 Modular Perfusion System Service Handbook 6.12 Temperature - Pressure Monlitors Schematic (1 of 2)

A B C D E F G H ] J K
1 1
<« =« ﬂ
B> T3 TR
*
-12¥-A uuum %:m:»r %:H_
335 J4
g , Mu ]
2 _ ts w A 2
3viv vour}2—1 H2v-a
w0 ! Lt
Tt mmﬂrm " v
- L2 unm . Py 34
5 8 e (a2 ey
. wuum wunmm un_-.cu. Py a7 oy g
L3 e ._. [ ey
3 £ Bayy— 2 3
.,Ilhnnvvl_. > 8
. mmvl. By 10
= _ | i FY
—— By, 4 > 10
| S T -DIWVIlma
4 PR 29 Py 3 4
< &0
5 5
NOTES:
1. ML RESISTORS ARE 1% VALU} TOL, 1/4 WATT UNLESS OTHERWISE NOTED.
2. OUTLINED ITEMS ARE USED OJLY ON PC ASAY TEMP PRESS CPG MONITORING
78-8067-3878-3.
3. JWPER JP3 IS USED OMLY () PC ASBY TEMP PRESS ARTEATAL MONITORING
70-8087-4840-2.
4. MEASUREMENT CONNECTIONS TQ Ji AND J2 MUST BE HIGH IMPEDANCE AND
LOW NOISE. GROUNDS ISD-A fNO 1S0-B AND LOGIC GND MUST BE KEPT
SEPARATE.
6 5. A31 MUST BE A VERY LOM TURE DRIFT POT AND IS ADJUSTED SUCH 6
THAT U4$ FULL SCALE FRE OUTRUT 18 4.0000MHZ, #300, ~DOMZ
¥ITH £0.00 VOLT OUTPUT ™
6. A47 I8 ADWSTED SUCH THAT (J1: 2 REFERENCED T0 Ji: 4 1S 7,30 + 0.0003 VOC.
7. RS0 IS ADJUSTED SUCH THAT U2 { REFERENCED TO J2 4 18 0.500 + 0.0008 VOC.
8. PC BOARD LAYQUT MUST TO TUY ISOLATED GROUND SEPERATION DISTANCES.
9. CAPACITORS 09, (42, C13, §18 Ci8 C17, C19, C20 MUST HAVE DIELECTRIC
STRENGTH OF 1000 ¥OC OR GHEATER.
7 7
A B C D E F G H | J K
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Sarng™ 8000 Modular Perfuslon System Service Handbook 6.12 Temperature - Pressure Monitors Schematic (2 of 2)

A B C D E F G H _ J _ K
+7_50V-a +HZV-A
teH ﬂn ] _ :..o Hava +7.80¥-A
1 m%m or&h 5 X , ._.w H 1
2 —{ 7 o _w w13 " m m Mm Mm A
HEE ey d [ d L@
! f g e, Ll 2 i
IF = m.-< N Tin e vrcite DéHT
. 9 ) 14 AMC QUT COS EN_ -V | owis 7| 9
mw m._un. & 7 ol ﬁ.._..m 3 4
. [ 0. 1ur nnl._‘ o6 _ ~%> p
N - ~13y-a nh—\l- a.ﬁ_‘ -§ay-4 . %.r |L¢:> ml_lm. M 203908 N
.....uaef_, ERV-A .__.,._ 4 207% Wo Y
THETI4
(7Y
3 3
oo [
NS
D--31 100 208 B
4 4
Y —x2 ﬁ\:
>—a [y
— 4
ey L
>—1 M
D—11 B
D—13 W
5 5
a
_ - r-— a7 e o o A %ivnlﬂn o7
] o8 A2 ilﬂlvvlﬁ_ [
o t- 1IN NC VDT CIN ¢ E . Wit -2 ®
T PRy v LR ——car
6 ANC OUT €08 EN -V H...-ﬂ:.. m .-.ltmllp%.rlluv . w 6
f mw_wmw H_ A Ill-.%..lh.vv:.. Do
§ JecT28 Mun“
al 10 a
sred & _
17 O
7 7
A B c D E z G H I J K
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Sarns™ 8000 Modular Perfusion System Service Handbook 6.13 Occluder Display Board
A B C D E G H | J K
1 1
VIEW B
. 8 ) Fer
2 2
!_ﬁ 081 \
L ”
T | N e \
3 / / 3
y 11} g [, <]
8/ | Y o S— L
@ w n
/mm/hwyo VIEW A 8 ) eer
1”_ :nﬁs _nmb _
. ﬂ—u_au 113
4 @\* i n m 4
ca7 - N
i o VIEW B
SEQ DESCRIPTION REF
SARN M
5 @\l\\\l‘ e ANy mnmrmcm_ 2 IC 9016 HEX INVERTER 7404 e 5
DISPLAY/INTERFACE 3 IC 74L5374 OCTAL D FLIPFLOP U4
4 IC 4N35 PHOTO TRANSISTOR us, UB, U7
5 IC MC7B42 3T+ VOLT REGULATOR YA1
. 6 IC 741547 BCD-7SEG DEC/DVA U2, u3
[ 7 IC 74LS14 HEX SCHMT TR Ut
T ] 8 LED 7 SEG GREEN HDSPSE01 DS1
g DC/DC CONV 18-36V IN/SV 2A CONV1
10 RES ARRAY 820X4 ISOL SIP RN1
11 RES ARAAY 150 OHMX8 AN2, RN3
6 12 RES ARRAY 100x3 ISOL SIP fANA 6
13 RES ARRAY 470X3 ISOL SIP ANS, ANG
X 15 CAP 10M/25/10% TANT AX C1, C14, C17
NOTE: mmmo»mouwum mmmmmrmHum¢ OF 5) FOR P2. 16 CAP MOMD CER .1M/50/20% C2-C6, C10, C12, C13, C14
€18, Ca0
17 CAP MONO CER .01/50/10% €7, CB, C15, C16, C19
18 CAP 10M/50/10% TANT co
7 7
A B C D E G H | J K
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Sarns™ 8000 Modular Perfusion System Service Handbook 6.14 Occluder Display/Interface Schematic
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Sarns™ 8000 Modular Perfusion System Service Handbook 6.16 Battery Module Schematic

A B D E F G H ] J K
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Sarns™ 8000 Modular Perfusion System Service Handbook . 6.17 Pulse Module Main Board
A B C D E —F G H _ _ J ~ K
SEQ REF
1 1
2 PS1
3 U4
4 U3
5 uz
2 b U1 2
\ U3 1 o] U8 MAIN PULSE BOARD ASSEMBLY 78-8067-4385-8 7 us
c2 I
] — o ™10 R B | U7
COu L] F
v DB || 4 m 2 o m_u. N
nw - [] j m ~ U7
3 -] & i 11 U6 3
‘N L 13 D1 - D15
| . ma S 14 DSO
@ I £ 15 NS4
L i - i 15y Dse
4 T o n@u H@n Mm D40 - Bat c14 17 Re, R3 4
| ﬂ EnU o1t O Un_u PS1 18 AN1-RN3
m m_D 033 mi 19 C10-C12
| w 2l ) o E 0 L 20 FB1 - FB4
21 C4, ChH
5 Note: PB1 (Seq 31) orientation rot critical 22 C1-C3,C6, C9, C13 5
| 23 C7, CB
24 Ci4
Installation of DSO, DS and DS2 c7 F1
Cathode is the short lead 28 R4
Short lead towards dot 29 R5, A6
6 : 31 PB1 6
| 3 —d 32 P5
33 P1-P4
34 R7, A8, R9
35 R1
36 JP1, TP1
7 39 RAN4 7
40 Ci5
A B c D E = G H ! J K
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6.18 Pulse Module Main Board Schematic

A B C D E F G H ] J K
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7.1 Base

Itern No. 3MID Description Qty.
1 26-1008-9139-4 Wheel, 6 inch diameter 4
2 26-1008-6651-1 Caster, Locking, Left 2
3 78-8067-4178-7 Crossbar, 4 Unit 1

78-8067-4179-5 Crosshar, 5 Unit 1
4 78-8066-7511-8 Solution Bag Rack 2
5 98-0702-0331-4 Pole, 2 ft. 1
6 78-8066-7471-5 Inner Pole 2
7 78-8072-1446-1 Collar 2
8 78-8066-9887-9 Quter Pole 2
9 78-8067-4458-3 Door, 4 Unit 1

78-8067-4455-1 Door, 5 Unit 1
10 26-1008-6650-3 Caster, Right 2
11 78-8067-4118-3 | Metal Cover, 4 Unit 1

78-8067-4567-1 Metal Cover, 5 Unit 1
12 78-8067-4491-4 Plastic Cover, 4 Unit 1

78-8067-4499-7 Plastic Cover, 5 Uni{ 1
13 78-8067-3557-3 Blood Rack Am 4
14 26-1006-9191-9 Hangdle, Threaded 2
15 78-8067-4492-2 Crossbar Fitting 3
16 26-1009-6638-6 Occluder Quilet 1
17 26-1009-6639-4 Lamp Outlet 2
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7.2 Base Electronics

A B Cc _ J _ K
1 1
Note: Refer to wiring diagram, Section 6,
9 for wiring details on alternate voltages 2
3 3
4 4
W Rz
. m 11
: 11 llvan ] weﬁl ;
523 20 (not shown)
o 19
12 -+ o d 18
%ﬂ | V/muhll.ll.“._.utﬁh.ﬁnliliuml_ L ’
8
14
13
7 7
16
A B C D E F H | J K
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Sarns™ 8000 Modular Parfusion System Fleld Service Handbook

7.2 Base Electronics - 4 Unit Base

Item No. 3MID Description Qty.
1 -~ { 26-1009-3531-6 Outlet Circuit Breaker - 4A 1007115 V Units 2
26-1009-3532-4 Qutlet Circuit Breaker - 2A, 220-240 V Units 2
- 26-1007-3845-4 Accessory Power Qutlet 2
s 26-1008-3544-9 Circuit Breaker, 3A, Resettable, 100/115 V Units 4
26-1 009-3543-1 Circuit Breaker 1.5A Resettable, 220-240 V Units 4
4 78-8067-4528-3 ART/CPG Cable Assembly 1
5 78-8067-4931-9 Pump/UPS Cable Assembly 2
6 26-1008-1696-1 Solid State Relay, 280VAC 25A 1
7 78-8087-4199-3 Base Distribution Board 1
8 26-1006-7245-5 Fuse, 2A, Slo Blo, 100/115 V Units 1
26-1009-6695-6 Fuse, 1.2A, 250V, Slo Blo , 220-240 V Units 1
9 7 12-7997-7648-4 Fuse, 0.4A, 250V, Slo Bio, 100-115 V Units 1
12-7997-7645-0 Fuse, 0.2A, 250V, Slo Blo, 220-240 V Units 1
10 26-1008-1052-7 Current Limiter, 220-240 V Unils 1
11 26-1009-3542-3 Circuit Breaker, 1.0A, Resettable 2
12 26-1007-5624-1 Circuit Breaker, 16A, 100/115 V Units 1
26-1007-5622-5 Circuit Breaker, 8A/IEL Series, 220-240 V Units 1
13 26-1008-4360-1 Hubbell Connector, 1007115 V Units 1
26-1006-9314-7 European Wall Plug, 220-240 V Units 1
14 26-1006-7134-1 Power Cord, 100/115 V Units 1
26-1007-5507-8 Power Cord, 220-240 V Units
15 26-1010-0856-8 EMI Line Filter, 6A 120V 250V 1
16 78-8067-4494-8 Power/Comm Cable Assembly 1
17 26-1008-2314-0 Capacitor, 27000M/50/75 10% 1
18 26-101C-0770-1 Fan 1
19 26-1010-1880-6 Filter Guard 1
20 26-1010-1889-8 Filter 1
21 78-8067-4244-7 Heat Sink 1
22 26-1009-6563-6 Schotike Diode 2
23 26-1009-3606-6 Transformer, 24VDC @ 5A 1
24 26-1008-0720-0 Bridge Rectifier, 35A 200V 1
25 78-8067-4465-8 Cable Assembly, Base DC 1
28 78-8067-4464-1 Cable Assembly, Base AC 1
27 26-1009-6522-2 Isolation Transformer 2
28 26-1009-3544-9 Circuit Breaker, 3A, Resettable 2
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Sarns™ 8000 Modular Perfusion System Service Handbook 7.3 Roller Pump
A B A c G | K
1 1
3
2 2
3 3
4] 4
&
Q)
5 5
6 ftem No. amiID Description Qty. 6
1 78-8067-4467-4 Power Supply Assembly, 100V/115V 1
78-8067-5234-7 Power Supply Assembly, 220-240V 1
2 78-8067-5463-2 Housing 1
3 98-0702-0241-5 Universal Roller Pump 1
7 4 78-8067-3930-2 Bottom Cover 1 7
5 26-1009-6628-7 Bumper 4
A B C G H | K
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A B C D E _ F _ G H [ J _ K
1 1
2 2
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4 4 a
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=B
7 7
A B C D E F G H | J K
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Sarme™ 8000 Modular Perfusion System Flokd Service Handbook 7.4 Roller Pump Power Supply - Front Section

ltem No. 3MID Description Gty.

1 26-1010-0856-8 EMI Line Filter 1
2 26-1006-9308-9 Battery Power Connector, Cannon 3 Pin 1
3 26-1009-7026-3 ART/CPG Connector 1
4 78-8067-4647-1 Putse Connector 1
5 26-1010-0770-1 Fan 1
6 26-1009-6562-8 Circuit Breaker, 2.5 Amp , 100/115V 1
26-1009-6561-0 Circuit Breaker, 1.25 Amp, 220-240V 1

7 26-1009-6555-2 Power Inlet 1
26-1010-1890-6 Fitter Guard 1
26-1010-16889-8 Fitter 1

10 78-8067-4241-3 Filter Holder 1
1" 78-8067-3928-6 Front Panel 1
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Sarns™ 8000 Modular Perfusion System Service Handbook _ 7.5 Roller Pump Power Supply - Rear Section
A B C D E F G H _ [ | J _ K
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Hi e JUMPER @
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2 220-240VAC 7
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Sarns™ 8000 Modular Perfusion System Fleld Servios Handbook 7.5 Roller Pump Power Supply - Rear Section

ltem No. aMmiD Description Qty.
1 78-8087-4242-1 Power Transformer 1
2 26-1008-0720-0 Bridge Rectifier, 35 A, 200V 1
3 26-1008-1038-6 Resistor, 0.1 Ohm 1
4 78-8067-4244-7 Heat Sink 1
5 26-1009-6563-6 Schottke Diode 2
8 78-8067-3929-4 Inner Panel 1
7 78-8067-4177-9 Pump Distribution Board 1
8 26-1006-9313-9 Pump Cable Connector 1
9 26-1008-2314-0 Capacitor, 27000M/50/75, 10% 1
10 26-1006-6844-6 Capacitor Clamp 1
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A B C D E F G H | | J K
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7.6 Universal Pump Assembly

Item No. 3MiD Description Qty.

1 78-8066-6289-2 Display Panel Assembly  5€€ £6C 7-1% 1

2 78-8005-0601-2 Seal, Silastic, Clear UL 0.040
3 26-1006-9168-7 Latch, 1/4 Turn, 0.182 - 0.271 Grp 2
4 78-8067-1688-8 Casting Bearing Assembly -
4-1 78-8066-7466-5 Pumphead, Machined 1
4-2 26-1008-0599-8 Ball Bearing, 2 Row, 1.2 1D x 2.8 OD 1
4-3 78-8066-7587-8 Cap Bearing, Machined 1
4-4 26-1008-2123-5 Shaft Seal, Teflon 1

5 78-8066-7470-7 Guts Assembly S €€ PAGEY 719 mew T-17 1

6 78-B066-6269-4 Cover Hinge 2

7 78-80686-6733-9 Cover Assembly i

8 78-8066-7520-9 Tube Clamp Assembly 2
9 78-8066-7723-9 Tubing insert, 11/16 4
10 12-7996-6665-1 Screw, Flat Head, 4-40 x 5/16 4
1 70-7023-4040-0 Screw, Flat Head, 6-32 x 5/16 4
12 26-1008-1633-4 Loctite 242 0.002
13 78-8066-6271-0 Dovetail Slide 2
14 12-7897-9109-5 Screw, Flat HEad, B-32 x 1/2 4
15 78-8066-6248-8 Drag Insert, Buna N 1
16 26-1008-4686-9 Screw, Phillips Oval Head, 8-32 x 1 2
17 78-8066-9919-1 Tongue, Molded 1
18 26-1008-9049-5 Sensor, Magnetic Proximity 1
19 78-8072-1495-8 Tongue, Wall Support 1
20 78-8067-0262-3 Cable Assembly, MTAS 1
21 78-8066-6282-7 Dual Tachometer Board 1
22 78-8066-8894-6 Encoder Board Mounting Bracket 1
23 78-8067-0869-5 Brackst, Back 1
24 26-1008-9069-3 Washer 3
25 26-1000-3349-2 Split Washer, #4 7
26 26-1008-8040-5 Screw, Button Head Torx, 4-40 x 0.25 9
27 26-1006-7179-6 Shrink Tubing, 1/8, Clear, UL 0.750
28 26-1008-4315-5 Tie- Wrap 13
29 26-1008-0845-5 Cable Mount, Adhesive 6
30 78-8067-0259-9 Cable Assembly, Trans Socket
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7.6 Universal Pump Assembly

HHem No. 3MID Description Qty.
31 26-1008-2032-8 Connector, MTA Housing, 3 Pin, 18 Gage 1
32 26-1004-0455-2 Connector, MTA Housing, 3 Pin, 22 Gage 2
33 26-1007-8660-2 Label 5
34 78-8066-67456-1 Cable Assembly 1
35 78-8067-0261-5 Ribbon Cable Assembly 1
36 26-1008-8044-7 Screw, Button Head Torx, 6-32 x 0.38 21
37 18-9851-0603-0 Lock Washer, Exteranl, #6 18
38 78-8066-6279-3 Pump Drive Board 1
39 26-1007-5719-9 | Standoff, 6-32 x 0.5, M/F 4
40 78-8066-6278-5 Pump Control Board 1
41 78-8066-6268-6 Local Processor Board 1
42 78-8066-6280-1 Pump Safety Board 1
43 26-1006-9292-5 Standoff, Hexagonal, Nylon, 6-32 x 3/4 4
44 26-1000-0078-0 Split Washer, #6 17
45 18-9813-0675-8 Flat Washer, #6 17
46 18-9832-0875-4 Spfit Washer, #8 2
47 26-1008-8047-0 Screw, Button Head Torx, 8-32 x 0.38 4
48 26-1008-1038-6 Resistor, 8.1 Ohm, 25 Watt, 1% 1
49 26-1006-7082-2 Thermalcote Compound 251 0.001
50 26-1000-6654-2 Keps Nut, 8-32 3
51 26-1008-1921-3 Flat Washer, #8 3
52 18-9851-0803-6 Lock Washer, External Tooth, #8 2
53 26-1008-0735-8 Rectifier, Diode, MR240F 1
54 26-1008-0809-1 Kit, Insulation Mounting 2
55 26-1008-8051-2 Screw, Button Head Torx, 10-32 x 0.50 9
56 77-8007-6245-0 Spiit Washer, #10 9
57 26-1008-1929-6 Fiat Washer, #10 9
58 78-8067-0884-4 Enclosure, Bracket Bottom 1
59 26-1008-8043-9 Screw, Button Head Torx, 6-32 x 0.25 2
60 26-1006-7180-4 Shrink Tubing, 3/16, Clear, UL 0.500
61 26-1008-2009-6 Connector, MTA Housing, 4 Pin, 22 Gage 1
62 26-1008-1041-0 Resistor, 50 Ohm, 25 Watt, 1% 1
63 26-1008-1097-2 Power Transistor, PNP, 8 Amp, 50 Watt 1
64 26-1008-8046-2 Screw, Button HEad Torx, 6-32 x 0.63 4
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7.6 Universal Pump Assembly

item No. 3MID Description Qty.
65 26-1008-0601-2 Motor/Tachometer 1
66 26-1007-5202-6 Ferrite Bead, 0.25 ID x 1.1 Long 1
67 26-1008-2419-7 Shoulder Screw, 5/16 Thread x 0.375 4
68 26-1008-1891-8 Washer, 0.75 OD x 0.318 ID x 0.075 6
69 26-1005-7759-7 Spring 4
70 26-1008-1892-6 Washer, 0.75 OD x 0.720 ID x 0.105 4
71 26-1008-4062-3 Lubricam SL2 0.050
72 26-1008-1895-9 Washer, 0.12 Tx 0.315 iD 6
73 78-8066-6720-6 Small Pulley, Machined 1
74 18-3414-5015-5 Set Screw, 1/4-20 x 1/4 1
75 78-8072-1425-5 Motor Mount 1
76 26-1008-4384-1 Stop Nut, 3/8 - 16 2
77 26-1006-6708-3 Belt, Polyflex Joined 1
78 78-8066-6740-4 Large Puliey, Machined 1
79 78-8067-0059-3 Encoder Wheel 1
80 78-8067-0156-7 Nameplate Labet 1
81 26-1003-4052-5 Keps Nut, 4-40 2
82 78-8005-5342-8 Screw, Truss Head, 6-32 x 3/8 4
83 26-1008-8042-1 Screw, Button Head Torx, 4-40 x 0.50 2
84 78-8067-0868-7 Bracket, Front 1
85 26-1008-2134-2 Compression Spring, 0.61 OD x 0.75 L x 0.081 1
86 78-8072-1426-3 Spring Bracket 1
87 26-1008-0823-2 Insulator, Mica 1
88 26-1008-0700-2 Power Transistor, NPN 1
89 26-1008-4134-0 Choke, 270 Microhenry, 11 Amp 1
90 78-8067-0761-4 Bracket, Top Enclosure 1
91 78-8067-0539-4 Panel Nut, Slotted, 4-40 4
92 26-1008-6546-3 Shoulder Washer, Nylon 4
93 78-8066-6283-5 Pump supply Board 1
94 26-1002-5367-8 Screw, Hex Head, 6-32 x 3/8 4
95 18-9832-2403-3 Flat Washer, 3/8 1
96 12-7991-1789-56 Split Washer, 3/8 1
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7.7 Roller Pump Guts
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7.7 Roller Pump Guts

item No. 3MID Description Qty.
1 26-1006-6722-4 Snap Ring, 0.78 ID 1
2 78-8067- - nob, Adj Thn 1

3 26-1008-4423-7 Lubricant, Distributor Cam 0.100
4 26-1006-6720-8 Ball Bearing, Deep Groove, 0.79 1D 1
5 26-1006-6721-6 Snap Ring, Bow/Intemal 1.45 Housing 1
6 26-1006-6723-2 Snap Ring, External, 0.781 ID 1
7 78-8067-0058-5 Dial, Roller Pump Indicator 1
8 78-8066-7958-1 Cap, Adjustment Knob 1
9 78-8005-9317-6 Screw, Pan Head 4
10 78-8066-2896-1 Roller Pump Shaft Assembly 1
10-1 26-1002-4557-5 Roll Pin, 1/8 x 3/4 1
10-2 78-8066-9889-6 Main Shaft 1
10-3 26-1000-3216-3 Roll Pin, 18 x 1.0 1
10-4 26-1006-6722-4 Snap Ring, 0.78 ID 2
10-5 26-1006-6721-6 Snap Ring, Bow/Internal 1.45 Housing 1
10-6 26-1006-6720-8 Ball Bearing, Deep Groove, 0.79 ID 1
10-7 78-8067-0381-1 Stub, Adjustable Screw, Acme Thread 1
10-8 78-8066-7711-4 Pin 2
10-9 78-8066-9888-8 Block,Guide Bar 1
10-10 26-1005-0955-8 Roll Pin, 1118 x1/2 2
10-11 78-8066-9887-0 Support Collar 1
11 78-8066-6233-0 Shoulder Link 4
12 26-1008-3138-0 Snap Ring 2
13 78-B066-7182-8 Shoulder Screw, Machined 4
14 78-8067-0336-5 Slide/Bushing Assembly 2
14-1 26-1008-5040-8 Bushing, Oilube, 0.3145 x 0.4405 x 1/2 2
14-2 78-8067-0335-7 Slide, Machined 1
14-3 26-1008-5041-6 Bushing, Oilube, 0.3145 x 0.4405 x 5/8 2
15 26-1006-6667-1 O-ring, Nitrite, 0.375 ID 4
16 78-8066-7178-6 Plate, Slide Drag 2
17 26-1008-2179-7 Truss Head Screw, 8/32 x 0.38 with lock 2
18 18-9260-5815-9 Roll Pin, 3/32 x 5/8 4

19 26-1004-6165-1 Loctite, Super Bond 420 0.010
20 78-8066-9886-2 Post, Guide 4

Pege 7-16



Sarns™ 8000 Modular Perfusion System Fleld Service Handbook

7.7 Roller Pump Guts

Item No. M0 Description Qty.
21 78-8066-6266-0 Tube Guide Roller 8
22 78-8066-6288-4 Shoulder Screw, Tube Guide Roller 8
23 78-8067-0191-4 Eccentric Roller Assembly 2

23-1 78-8066-9885-4 Roller 1
23-2 26-1006-6672-1 Ball Bearing, 17mm ID 35mm OD 2
23-3 78-8066-7467-3 Eccentric Roller Post 1
24 26-1006-7566-4 Wave Washer, 0.26 x 0.36 2
25 12-7997-8279-9 Capscrew, Socket Head, 1/4-20 x 1 1/4 2
26 78-8066-8792-3 Eccentric Roller Cap 2
27 26-1008-2187-0 Shaft, 0.374 diameter x 5.68 2
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7.8 Roller Pump Membrane Panel

em No. 3MID Description Qty.
1 26-1008-6870-1 Knob,1.25 Diameter, Black 1
2 26-1008-0613-7 Seal, APM, 1/4 Shaft, N-9030 1
3 78-8066-6697-6 Membrane, Roller Pump Switch Panel 1
4 78-8066-7501-9 PC Assembly, Roller Pump Display Board 1
5 7B-8066-8951-5 Potentiometer and Cable Assembly 1




3M HEALTH CARE

TO: Field Service cc: Al Hajek
Service Center Tom Torice
Technical Support

From: Carroll DelLancey

Date: 3-March-1994

8000 Safety Monitor - model 16404 P/N 98-0702-0660-6

The membrane switches turning off the Air and Level detection systems to the 8000
Safety Monitor have LEDs above them that are currently Red. These will be changed
to Yellow LEDs starting with the next production batch.

This change will make the product agree with the original design intent and the
instructions in the operators manual. A green LED will indicate the safety system is
turned on {enabled} and a yellow LED will indicate the safety system is turned off
{disabled).

Those Safety monitors currently in the field and in stock not yet shipped will not be
changed. We will replace the LEDs of those in the field when they fail and need
replacement. We will also replace the LEDs if a customer purchases a new Safety
Monitor and wants them to be the same. This would be done at the next service
visit, we would not make a special trip to make this change.

If you have any questions, please contact:
Carroll DelLancey at 313/663-4145 ext. 6247
or Greg lileck at 313/663-4145 ext. 6109

Fax number 313/741-6449
3M Health Care

6200 Jackson Rd.
Ann Arbor, Mi. 48103
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7.9 Safety Monitor

item No. 3MID Description Qty.

1 78-8B067-4506-9 Spring Latch Module Mount 1
2 78-8067-4516-8 Lower Housing 1
3 78-8067-3954-2 Mother Board 1
4 78-8067-3953-4 Display Board 1
5 78-8067-4147-2 Membrane Panel 1
6 26-1009-8588-3 Left Hinge 1
7 78-8067-4517-6 Upper Housing 1
8 26-1009-6587-5 Right Hinge 1
9 78-8067-4471-6 Splash Shield 1
10 26-1009-6556-0 Card Cage 1
11 78-8067-4049-0 Rear Panel 1
12 98-0702-0661-4 Communications Module 1
12a 26-1011-8509-3 External Cabie (Not shown) 1
12b 78-8067-4217-3 Interface Board (Not shown) 1
12¢ 78-8067-5254-5 Computer Board (Not shown) 1
12d 26-1011-2607-1 LED, Green (Not shown) 1
13 78-8066-6748-7 Air Detector 1
14 78-8067-5215-6 Spring Latch 1
15 78-8067-4494-8 Power/Comm Cable 1
16 78-8066-7955-7 Level Detector 1
17 78-8067-4193-6 Safety Power Modute 1
18 26-1009-6562-8 Circuit Breaker, 2.5A 1
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item No. SMID Description Qty.
1 78-8066-7269-3 Nameplate 1
2 78-8066-9130-5 Quter Case, 1/4 Sensor 1
78-8066-7270-1 Quter Case, 3/4 Sensor 1
3 26-1008-2176-3 Pan Head Screw, 4-40 x 3/8 1
78-8066-7107-5 Compression Spring 1
5 78-8066-9129-7 Inner Case, 1/4 Sensor 1
78-8066-7268-5 Inner Case, 3/4 Sensor 1
6 78-8066-9131-3 | PC Board, 1/4 Sensor 1
78-8066-7272-7 PC Board, 3/4 Sensor 1
6-1 78-8066-7265-1 Connector Housing 1
6-2 26-1008-2105-2 Viking Connector, 7 Pin 1
6-3 26-1008-2106-0 Pin 7
7 78-8066-7267-7 Cap, Connector Housing 1
8 26-1008-1631-8 Loctite Superbond 495 AR
9 78-8066-6734-7 Cable Assembly 1
10 26-1008-3421-2 Thumb Screw, 1/4-20 x 2.0, Nylon 1
11 26-1008-4395-7 Binder Head Screw, 1/4-20 x 2.0 1
12 78-8066-7266-9 Pole Clamp 1
13 26-1008-1562-5 Label 1
14 26-1007-2341-5 Pan Head Screw, 2-56 x 5/8 1
15 26-1000-3190-0 Split Washer, #2 1
18 18-1728-0775-4 Hex Nut, 2-56 1
17 78-8005-0601-2 Sealant, Silastic, Clear AR
18 12-7985-0779-8 Pan Head Screw, 6-32 x 1/2
19 12-7986-8113-0 Flat Head Screw
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7.11 Arterlal Monitor

ltem No. 3MID Description Qty.
1 78-8067-4211-6 Membrane Panel 1
2 78-8067-4110-0 Display Board 1
3 78-8067-4496-3 Upper Housing 1
4 26-1009-6512-3 Mounting Piate 1
5 78-8067-4591-1 Volume Control Switch Assembly 1
6 26-1009-6729-3 Knob 1
7 78-8067-4209-0 Rear Panel 1
8 78-8067-4840-2 Temp/Press Board 1
9 26-1006-7244-8 | Fuse, 3AG, 1 Amp 1
10 78-8067-3880-9 Power Interface Board 1
11 78-8067-5254-5 Computer Board 1
12 78-8067-4214-0 Romset 1
13 78-8067-4206-6 Power/Stop/Comm Cable Assembly 1
14 78-B067-4482-3 Lower Housing 1
15 78-8067-4506-9 Spring Latch Module Mount 1
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7.12 Cardloplegla Monitor
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7.12 Cardioplegia Monitor

Item No. 3M ID Description Qty.
1 78-8067-4212-4 Membrane Panel 1
2 78-8067-3876-7 Display Board 1
3 78-8067-4497-1 Upper Housing 1
4 78-8067-4581-1 Volume Control Switch Assembly 1
5 26-1009-6729-3 Knob 1
6 78-8067-4210-8 Rear Panel 1
7 78-8067-3878-3 Temp/Press Board 1
8 26-1006-7244-8 Fuse, 3AG, 1 Amp 1
9 78-8067-3880-9 Power Interface Board 1
10 78-8067-5254-5 Computer Board 1
11 78-8067-4216-5 Romset 1
12 78-8067-4206-6 Power/Stop/Comm Cable Assembly 1
13 78-8067-4495-5 Lower Housing 1
14 78-8067-4506-9 Spring Latch Module Mount 1
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7.13 Occluder System

item No. 3MID Description Qty.
1 26-1009-3829-4 Latch 1
2 78-8067-4603-4 Door 1
3 26-1008-1996-5 T-Knob 2
4 78-8067-4511-9 Occluder Controf Module 1
5 78-8067-4970-7 Support Bracket 1
6 78-8067-4602-6 Support Plate 1
7 78-8066-8990-3 Door Hinge 1
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7.14 Occiuder Control Module
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7.14 Occluder Control Module

item No. 3MiD Description Qty.
1 26-1009-6562-8 Circuit Breaker, 2.5 Amp 1
2 78-8067-4510-1 Power Cable 1
3 78-8067-4372-6 Housing 1
4 78-8067-4373-4 Mounting Bracket 1
5 78-8067-4487-2 Display Board 1
6 26-1008-4333-8 Potentiometer 1
7 78-8067-4968-1 Bezel 1
8 78-8067-4337-9 Membrane Panel 1
9 78-8066-7530-8 Control Knob 1
10 26-1008-0613-7 Amp Seal 1
11 78-8066-6268-6 Local Progessor Board 1
12 26-1007-5719-9 Standoff 4
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7.15 Occluder Head

item No. 3MID Description Qty.
1 26-1006-8191-9 Threaded Handle 1
2 78-8066-7509-2 Mounting Clamp 1
3 78-8066-7508-4 Mounting Bracket 1
4 26-1006-6771-1 Loctite, RC/609 0.002
5 26-1008-0974-3 Mount/Handle Assembly 1
8 78-8066-7187-7 Flipper, Molded 1
7 26-1008-2132-6 Torsion Spring, Tube Clamp 1
8 78-8066-7186-9 Ctasp, Machined 1
2] 78-8066-6237-1 Pin 2
10 78-8066-7682-7 End Cover 1
11 26-1008-4064-9 Clevis Pin, Self Locking, 3/16 1
12 78-8066-6248-8 Drag Insert, Buna N 1
13 78-8067-0278-9 Cable Assembly 1
14 26-1008-0809-1 Insulating Mounting Kit 4
15 26-1007-5513-6 Power Resistor, 10 Ohm, 10 Watt, 1% ww 2
16 26-1006-7082-2 Thermalcote Compound 251 0.001
17 26-1000-3190-0 Split Washer, #2 10
18 26-1006-5237-4 Hex Nut, 2-56 4
19 78-8066-6732-1 Occluder Drive Board 1
20 26-1007-5206-7 EMI Cauiking 0.020
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7.16 Battery Module

ltem No. 3MID Description Qty.
1 78-8067-4882-4 Enclosure 1
2 78-8057-4881-6 Enclosure Lid 1
3 26-1008-4252-0 Battery 2
4 78-8067-4945-9 UPS/Base Cable Assembly 1
5 26-1009-3607-4 Transformer,100/115/230 CT 35V 1
6 26-1007-6542-4 Vonjgg Regulator 1
7 26-1008-0823-2 Insulator, Mica 1
8 78-8067-4595-2 UPS Board 1
9 26-1006-6894-1 Audic Alarm 1
10 26-1009-3768-4 Lighted Indicators, Rectangular 3
10-1 26-1007-3548-4 | Bub, 28V $%% BuLp 3
10-2 26-1009-3766-8 Green Lens, Rectangular 1
10-3 26-1009-3765-0 Yeliow Lens, Rectangular 1
10-4 26-1009-3767-6 Red Lens, Rectangular 1

11 26-1009-3785-8 Circuit Breaker, 10A, 28VDC 4y
12 26-1008-3787-4 Lighted Indicators, Square 3
12-1 26-1007-3548-4 | Bulb 28V 397 Puvb 3
12-2 26-1009-3763-5 Yellow Lens, Square 2
12-3 26-1009-3762-7 Green Lens, Square 1
26-1008-7577-7 Fuse, 25A, 125V 1

13
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7.17 Ultrasonic Air Senso!
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6 | 1. 78-8067-7375-6  Cable Assembly 7% -9067-6913 - o 6
2. 26-1011-2608-9 Spting
3. 78-8067-7541-3  Hinge Pin
4. 26-1011-2608-7  Retaining Ring
. 5. 26-1011-2610-5  Screw, Phillips, Flat Head -
6. 26-1009-9964-3 Latch
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Page 7-35



7.18 Pulse Module

0
Bottom View

H
/ :

§L-)
15

Sarns™ 8000 Modular Perfusion System Service Handbook -

Page 7-36



Sams™ 8000 Modular Perfusion System Fleld Service Handbook

7.18 Puise Module

ltem No. amip Description Qty.
1. 26-1009-9282-0 Knob for BASELINE 1
2. 78-8005-3304-0 Set Screw, 6-32 x 1/4 1
3. 18-3412-19154 Set Screw, 6-32 x 3/16 2
4. 78-8067-7172-7 Knob for RATE, WIDTH 2
5. 26-1009-9104-6 APM Sezl 3
6. 78-8067-4387-4 Graphics 1
7. 78-B067-4349-4 Upper Housing 1
8. 12-7996-8598-2 Truss Head Screw,4-40 x 3/16 4
9. 78-8067-6145-6 Lower Housing 1
10. 78-8067-4385-8 PC Asby, Main Board 1
11, 78-8067-4666-1 Cable Asby, Pulse/Pump 1
12. 26-1008-0213-6 Strain Relief 1
13, 78-8067-4379-1 Cable Asby, Intemnal Pulse 3
14, 78-8067-7068-7 Cable Asby, LED for Pulse 1
15. 78-8067-6302-2 Foot 2
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