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Section 1

INTRODUCTION

This mannal was prepared for use as a reference document for personnel who will service the
Companion™ ClearStar™ Enteral Nutrition Pump. It is important that this manual be read
and understood before servicing the device,

The Companion™ ClearStar™ Enteral Nutrition Pump is a microprocessor comtrolled
mfusion pump which provides accurate delivery rates, casy-to-read displays, and simple
controls. The pumnp will operate en AC power or battery {ie.: the fluid delivery system amd
satety alarms function when the pump is used by an ambulatery patient or is mounted on an
1V pole). The pump utilizcs a specially designed admmustration set, including a cassette with
bellows to deliver measured amounts of enteral fhud.

CAUTION:  This pump is designed to deliver only liguid enteral feeding product
{standard products, infant formula, or reconstituted powder ihat has been thorgughly
mixed into solutions).

i

Figure 1-1, Companion™ ClearStar™ Enteral Nutrition Pump
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1.1
INDICATIONS FOR USE

The Companion™ ClearStar™ pump can be used for adull and pediatric patients provided the
palients can tolerate a feeding range within the pump operational specifications. Those
specifications arc:

< The flow rate is 1-300 mbhy in 1 mL/hr increments
% The flow rate accuracy is £10% or 0.5 ml/hr, whichever is greater
%+ The vcclusion pressure limit is 26-28 psi.

If these specifications are not appropriate for a given patient, the Clear Star pump should not be
used.

Pediatric Ilse:  Use of the Clear Star Pump for pediatric patients should only be done
on the advice of a physician trained in pediatrics.

intestinal tolerance and overall fluid balance of the individual
pediatric patient should be considered when selecting the pump. In
these patients, a volume of product no more than four times the

hourly foeding rate should be hung.

12
PRECAUTIONS

WARNING

POSSIBLE EXPLOSION HAZARD EXISTS IF USED IN THE PRESENCE
OF FLAMMABLE ANESTHETICS.

Nenhasardous, low-level electrical potentials are commonly cbserved when flnids are
admmistered by pumps. These potentials are well witiun accepted safety standards, but may
creale artifacts on voltage sensing equipment such as RCG, EM(G, and EEG machines, These
arttfacts vary at a rate thal i3 associaled with the pumping rate. [f the monitoring machine is not
operating correctly or has loose or defective connections Lo its sensing electrodes, these artifacts
may be acceniuated so as to simolate actual physiological signals. To determine if the
abunormality in the monitoring equipment is caused by the pump instead of some other source in
the envirenment, set the puymp so that & is temporarily not delivering Huid. Thsappearance of the
abnormality indicates that it was possibly caused by electronic noise generated by the pump.

Proper sctup and maintenance of the momtoring equipment should elimmate the artifact.  Refer
to the appropnate monitoring system documentation for setup and mainlenance instrictions.

Cetrpanion”™ ClaarStar™ Enteml Matritivn Pump 1-2 g2-HF-05E50-02 [Frey. 102004



Adl enteral pumps have the potential to bolus-feed or overdeliver, which i3 an important
consideration mn feeding volume-sensitive patents. 1n these patients, a volume of product no
more than fisur times the hourly feeding rate should be hung.

This pump is designed to deliver only a liquid cnteral feedmg product: standard hquid product,
infant formula, or reconstrtuted powder product that has been thoroughly mixed.

WNot For Parenteral Use

Confirn proper placement and function of patient's enteral feeding tubc {nasopgastric,
Jejunestemy, gastrostomy, etc). Failure to do so may result in vomiting andfor aspiration,
Verify the following before initiating feeding:

1. ACompanion™ ClearStar™ Pump Set is being used.
2. Cassette is properly seated in pump.
3. When on AC power, purnp is fully scated in charger.
4. Flow rate is set at the prescribed mL/hr.
5. Pump dial is turned t¢ RUN.

1.3

SCOPE

The matcrial contained i this manual is Iimuted to technical infurtnation neccssary for
performing  preventive maintenance, periodic testing functions, vanous service lests,
interpreting systemn alarms, and troubleshooting to the level of subassembly replacement.
Replacement of parts is limited to those parts listed in Section 6, Disassembly nd
Recalibration Instructions. Speciic instructions for cperabing this preduct are contamed in
the Companion™ ClearStar™ Enteral Nutrition Pump Operating Manual.

14
ABOUT THIS MANUAL

The purpose for this Service Manpal 15 to provide instructions necessary for testing the
Companion™ CiearStar™ Enteral Feeding Pump, troubleshooting atarms, and replacing field
replaceable components and assemblies. Refer to the pump Operating Manual for detailed

informaiion on operating instruclions.

Companion™ ClearSiar” Enteral Nulrition Pump 1-3 G2-HF -DG50-02 {Ray. 100600}



This manual is oreanized into seven sections as follows:

Scction ! Introduction
Section 2: Specifications
Section 3: Theory of Operation

Section 4 Maintenance and Service Tests
Seclion 5 Troubleshooting Guide
Section & Disassembiy and Recalibration Instructions

Secton 7; Parts List, Drawings and Electrical Schematics

15
USER QUALIFICATIONS

The Companion™ ClearStar™ Lnteral Nulrition Pump js for use at the direction of or
supervision of hicensed physicians, and by hcensed or certified health care professionals who are
trained in the use of the pump and the administration of enteral fluids.

WARNING

SERVICE INSTRUCTIONS ARE FOR USE ONLY BY QUALIFIED
BIOMEDICAL ENGINEERS (BME), BIOMEDICAL ELECTRONIC
TECHNICIANS (BMET), ROSS OR ABBOTT FIELD SERVICE
PERSONNEL. TO AVIOD PERSONAL INJURY OR INSTRUMENT
DAMAGE, DO NOT PERFORM ANY REPAIR OR CORRECTIVE
ACTION UNLESS FULLY TRAINED AND ATTTHORIZED TO DO S0.
USER-SERVICEADLE PARTS ARE LIMITED TO THOSE 1TEMS

LISTED IN SECTION 6.

Companion ™ ClearStar™ Enteral Mutciticn Pup 14 62-HF 0350 02 {Rey_ 102000



1.6
WARNINGS, CAUTIONS, AND NOTES

Throughout this manual, three types of alert messages are used. They are warnings, cautions,
and notes. Pay attention to all alert messages. They are described as follows:

WARNING

A WARNING CONTAINS A SPECIAL SAFETY EMPHASIS AND
MUST BE OBSERVED AT ALL TIMES. FAILURE TO OBSERVE
WARNING MESSAGES CAN BE DANGEROUS AND POTENTIALLY

FATAL.

L 2 ]

CAUTION: A CAUTION message uspally appears in front of a procedure or
siziement. It contains information that could prevent irreversible damage or hardware

failure. Nerleeting a CAUTION message could result in serious injury.

L
NOTE; A NOTE message highhghts information that helps explain a concept or a
procedurc.

17
INSTRUMENT INSTALLATION

PROCEDURE

The Instrument Installation Procedure consists of three steps: unpacking, inspection, and
pump operation test. 1t is recommended that these steps be followed in order to ensurc that
the pump has not been damaged during shipping. Procedures for performing thesc sieps are

provided below.

Coampanion™ ClearStar™ Estcral Mubrition Pumg 1-5 G2-HF-D550-02 {Rev 102000



1.7.1
UNPACKING

Usc care when unpacking the pump. Retatn the packing slip and save all original packing material
for refurming pump to the Ross Products Dinasion Service Center or Abbott International Service

Center, in the event that the pump is damaged or [ails the pperational self-test.

NOTE: Producl damage may occur unless proper care is excrcised during the unpacking and
instailation process.

1.7.2
INSPECTION

Inspect the packing container thoreughly for possible damage. Do not use the pump if it appears
to be damaged i any way. Verify that there is no damage to the pump or backpack enclosure,
cverlay, LLCD, clamp arm assembly, power cord, etc. Fnsure that all WARNING & CAUTION
LABELS are present. Should the pump or backpack appear to be damaged, or lahels are missing,
contact the Ross Products Division Service Center or Abbott International Service Center [or

further instructions.

173
PUMP OPERATIONAL TEST

NOTE: Do not place in service it pump fails the operational self-test.

The following procedure is the minimal recommended Icvel of testing that should be performed
on all pumps to ensure that the unit has not been damaped during shipping and handling. A
greater lovel of detailed testing may be performed, per Scction 4.3 (Performance Verification
‘Fests). Test 15 to be perfermed on batiery power {(1e. power cord not plugged into an AC
autlet).

1. Retate the pump contrel dial from POWER OFF (CHARGE) to the SET RATE pesition.
Verify that the pump goes through a self-test scquence.
a. Verify the following is displayed on the LCD:
¥ Numeric digits display (3888).
¥ All LCI} indicators display {RUN, ml/hr, LOW ALARM, OCCL, EMPTY,
LOW BATTERY, and SELECT RUN} or appropriate [CONs.
v Backlighting is illuminated.
v Buzzer (3 beeps).

Companion™ ClearStar™ Eoleral Nug itivn Prmp 1-56 &2 HF -QG50-02 (w1 072000



b, Verify proper memory retention. The LCD displays the following information:
¥ “rATE” and Set Rate “value”.
¥ “dOSE” and Set Dose “value”.
¥" “FEd"” and Volume Fed “value™.
c. When self test 15 completed, verily the following information is displayed on the
1.1,
¥ Set Rate “value” and “mlhr”
v “BATTERY™
¥ Backlighting is OFF.
2. Depress the backlipht keypad.
a. Verify the backlighting illuminates for approximately 15 seconds.
3. Depress and hold the increment { 1) keypad.
a. Yenfy that the Set Rate “value” increments (scrolls (@ 3 speeds).

4. Depress and hold the decrement ( 1) keypad.
a. Verify that the Sel Rate “valuc” decrements (scrolls @ 3 speeds).

NOTE: The lcad-acid battery may not be [ully charged upon receipt. Therefore, it s
recommended that the ballery be charged for a rmmimum of 8 hours before pump is placed
into service.

Comnparion” ClearStarT Enteral Mulrthon Pung 1-F 62-HF -Oa50-02 [Rev 1052000)



Section 2

SPECIFICATIONS

The following is a list of specifications for the Companion™ ClearStar™ Nutrilion Feeding
Pump:

ELECTRICAL
Inpust: 85 - 264Vac, 47 - 63Hz Single Phase, 9 - 12 Watts.
Gutput: Single, 0 - 1.3A (@ 4.68+/- 0.02Vdc,
Fusing: Hot & Neutral lines are current fused, Wickman, I'ype MXT,

rated 2A 250V, (non-scrviccable).

Power Cord: Listed or HAR, Uype SJT, Wo. 18 AWG, 3 conductor,
“Hospital Grade™ plug, rated 125V, 15A (for 120 configuration) or
tandem blade/pole grounding type plug, 2530V, 15A confipuration.

Leakage: Less than 100 microamperes.
BATTERY
Type: 4V, TAh seaied lcad-acid, marked 2A x 2K or WP1-4.
Charge: Battery 1s considered fully charged wathin 8 hours.
Life: Operating time of 24 hours (@ 125mbthr when fully charged.
MECHANICAL
General: Two prece design, pump (with integral batiery) separable
from backpack asscmbly.
Stre: Pump - 4.25"x5.937x1 627 [10.8cm x 8.5cm x 4. 1cm].
Pump & Backpack - 6.007x7 49"x3.677 |15 2cm x 19cm x 8. 3emj.
Weight: Pump - 1.30 pounds [0.6Kp].

Purmnp & Backpack - 3.52 pounds [1.6Kg].

OPERATIONAL

Flow Rate

Range: | to 300mlhr @ Iml/hr increments.

Accuracy: 1 10% (or % 0.5ml whichever 15 greater) with fluid head  >30”
above pump’s cassette interface and distal set <10” below pump’s
cassette mterface.

Pressure; Pumps against a Z2¥psi [193K pa] maximum backpressure before

acclusion alarm,

Companon” ClearStar™ Emem) Nutnlion Fump A | E2-HF-0550412 (Rey. 10¢2000)



ENYIRONMENT

Temperatlure/
Humidily:

REGULATORY
Standards:

Classification:

(O to 110 deg F [-17.8 to 43 deg.C] (@ 15 to 90%RH (storape).
60 to 90 deg F [15.6 to 32.2 deg.C] (@ 30 to 90%RH (operating).

Designed and manofactured to meet requircments of UL2601-1,
IEC601-1, CSA 22,2 No.601. 1, 11iC601-1-2, and IEC601-1-4.
Class 1 ( type of protection against elecincal shock).

Type BF (degree of protection against electrical shock).

Drip Proof (IPX1).

Companion™ CleavStar™ Enteral Nulrition Trung 2.2 §2-HF-D550-02 {Pese 1042000}



Section 3

THEORY OF OPERATION

This section describes the theory of operation for the Companion™ ClearStar™ Enteral
Nutntion Pump. The theory of operation delails the following major tapics:

O General 0 Pump Coniroller Board
B3 Charger Power Board O Pumnp Display Board

31
GENERAL

The Companion™ ClearStar™ Enteral Nutrition Pump replaces conventional peristaltic
rotorfsiicone tubing combmations and syringe type infosion pump systems with a cassette
congaining a compressible membrane and & pressure actuated combipation check valve. The
disposable cassetie is inserted into the pump cavity with the compressible membrane
contacting  the reciprocating piston (drive system) Control and measurcment of the
administration of cnteral feedings, at rates of 1 to 300 mbhr, is monitored by an 8-bit
microcontroller. The pump also contzins varicus scnsors, in order to detect flow alert
conditions, and a recharpeable scaled lcad-acid battery, lor use in portable aperating modes.

Figure 3-1 illustrates the Functional Block Diagram for the Companion™ ClearStar™
Entcral Nutrition Pump. Sections 3.2 {Charger Power Board), 3.3 (Pump Controlier Board)
and 3.4 (Pump Display Board) all reference Figure 3-1 throughout and desenbe each block in

great detail.

Figure 3-1, Functionz! Block Diagram

Companion”™ ChoarStar” Enteral Nutritian Pamp 3t B2-HF -Gas0-011 [Rey. 12/99)



3.2
CHARGER POWER BOARD

3.21
GENERAL

The de. switching power supply 1s designed lo meet ULZ601 (JEC601-1) safety and EMC
{JECG601-1-2) requirements. The power supply is designed to operate al line voltages ranging from &5
- 264Vac @ 47 - 63Hz single phase, while providing a regulated output voltage of 4.68Vdc. The
charger provides enough power to simultanecusly operate the pump and charge the 4V, 1Ah sealed
lead-acid battery.

The power supply has two separate oulputs. The first 15 the prmary output, used to provide a
constant 4 .68 + .02Vde, [rom 0 - 1. 3A The second cutput is called “I.INE SENSE™ and is only used
as an mdicator for battery charging. The primary output 1s fully proiected against short circut and
output overlead. Under an overload or short circuit condition the cutput voltage will foldback and
eventually hiccup. The system will automatically recover once the fzuit has been removed,

Refer to Scction 6.4.5 for the power supply cahbration procedure.

3.2.2
AC INPUT/RECTIFICATION

The input voltage is appled to the GML filter through the fuses (F1 & F2). The inpul voltage must be
B5 to 264 Vac, of 47 to 63 Hz, wilh less than 5% distorhion. The two 2ZA input fuses prowvide
protection from fire hazard under catastrophic fatlure conditions. The fuses will not open on overload

or short circoit output conditions.

Under nermal conditions, the control circuiis provide overcurrent protection. Moderale enerpy
voltage transients on the input power are clamped by a metal oxade varistor (M1). The MOV clamps
excessive non-repetitive voltage transients of less than 250 microseconds duration and fimited 1o 10
Joules of total energy. Input current then passes through a common-mode EMI chokes {11 & T3)
with both common mode (C5 & C6) and differeniial filter capacitor {C1} from lme-to-ground and
line-to-line, respectively. These components attenuate swilching frequency and rectifier harmonics to
within the FCC and VDE class B {imnts for conducted cmissions. The bleeder resistor (R22) across
the AC mains is provided to discharge the EMI capacitors when the AC power 15 intermaped.

The input voltage is then rectificd through a full-wave bridge rectifier (CR1, 7, 9 &£10) and filtered by
large electrolytic capacitars (C7) to provide DC voltage with a small ripple volage at twice the input
frequency. The peak ripple compenent is typically O to 20% ol the peak-input voltage.

Companion” ChearStar Enber] NMutritim Punp 3z G2-HF-Oen0-02 (M. 1022000)



3.2.3
SWITCHING CONVERTER STAGE OPERATION

The swateling converier stage chops and transforms 1he high voltage DC ooz 2t €7 1o multple low
veltage ontputs. The D bus voltage 15 always applicd to one end of the primary winding of the
power transformer (12). The drain of the power MOSFET transistor is connected to the other of the
primary winding. When the coptrol circuit provides gate voltage to the power switch (Q1), the eatire
input voltage is applied across the primary winding. Current begins Lo ramp up from the initial level
set by the flux remaining in the core at a rate proportional to the inpul voltage. Power is not
transferred to the output windings during this portion of the switching ecycle since the pnmary
winding is out of phase with ihe secondary windings. Reverse current flow is biocked by the output
reclifiers. Thus, the power to be transferred to the outpuis must be stored by the power trapsformer,

Energy storage is possible since the power transformer is actually an inducter with multiple windings,
Once the stored cnergy reaches a level deterimmed by the control circuit, the gate voltage is rapidly
removed {rom the power switch gates, switching them off.  The inlerruption of the current flow m the
power transformer forces the voliage across the primary to reverse almost instantaneously, rising to
the level required to provide a discharge of the flux built up in the power transformer.  Since the
secondary windings are out of phasc with the primary, the voltage across the windings must reverse
and rise to the lowest clamping voltage of any winding. The action of the transformer is said to "fly
back” to the clamping ievel, thus the popular term flyback converter.  The clamping of the
transformer primary is not perfect. The short time afier the current in the primary is mlerrupted and
before the secondary currcnt has overcome the leakage inductance of the outpul wandings leaves the
primary unclamped to any veltage. The end of the winding attached to the power switches will rise
rapidly, trying to discharge the encrgy stored in the power transformer.  left unclamped, the nsing
voltage could avalanche the power switches leading to their failure. A temporary path for current in
the primary winding back to the XC bus exists through the primary snubber, {CR2 & C10). The
snubber slows the rising voltage, allowing the output current to reach its pcak value. Bleeder resistor
fR16) discharge or reset C10. The result 15 3 sawtooth waveform across 10 of approximatcly

R0Vpk.

The primary current is sensed by a power resistor in series with the source of the switch (R1 & R11).
‘The conirel circuit monitors the vellage analog of the primary current and shuts off the power
switches early if excess current is detected (approximalely 1V peak}.

3.2.4
OUTPUT RECTIFIER AND FILTER

The output rectifier (CR6) clamps the transformer windings directly to the filler capaeitor {C12) for
the 14.68V output. The output capacitor receives charge from the power transformer during the
power transistor "Off" time or flyback period. When the power transistor tums "On" again, the
culput capacitor must provide all the output current. The reversal of current fow into and out of the
filter capacitor causes a small voltage ripple on the capacitors, The fpplc filter (L1 & C11) is used to
reduce switchinyg spikes and npple to acceptable [evels. Small capacitance and inductance can cause
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reverse voltage spikes in excess of the rating of the rectifier. To snub the spike voltages to acceptable
levels, a dissipative snubber (Ri9 & C9) is connected across the anode to cathode of CRé.

CONTROL CIRCUITS

The output volage is controlled divectly and thus scts the transformer voltage for all other outputs.
The output voltage is sensed through the resistor divider (R25, 17 & 9). The divider sets the voltage
ratio applied to the reference of U4 (2. 50V reference). When U4-R is above 2.5V, the cathode pin
conducts current through the optecoupler photodiode (U2). The photodiode of U2 is connccted to
CR6 anode through CRS to prevent curmrent drawn from battery at the output. The current in the
photediode of TJ2 causes base current to flow in the output transistor of U2 which pulls down pin 1
of Ul. At approximately 1V on Ul-1, the output pulses are at minimum wadth. Il the pulse widih is
too narrow {Output #1 too low) less collector current flows through the photo transistor of U2
allowing 1J1-1 to be pulled up to the 5.00V reference of Ul (Pin 8) by R7 increasing (he pulsc width
te a maximum of approximately 47% "On" timec. When mains power is not supplied to the power
supply, reverse cumrent flows back into the cutput terminal of the power supply is kept below 30pA
by the implementation of Q3 & Q4,

Modulation of the pulse width occurs inside U1, A flip-flop i3 sct as the timing cap (C13) begins 1o
charge through R7. I the voltage at UJ1-1 1s of sufficient magnitude, the cutput dnver goes high at
the same instant {LJ1-6), turmng the power transislors "On". The primary current bepins fo ramp.
The current signal is cempared to a portion of the voltage at Ul-1. When the ramp reaches the level
of T71-1, the output drive is latched “Off", The timning capacitor continues to charge to approximately
3.3V, Onece this level is reached, 114 switches to a rapid discharge mode back 10 1.6%. The timing
oscillator repeats the same cycle with the output driver latched "OIT" by an mternal flip-flop that 1s
reset by the oscillator cap discharge. Thus, the oscillator cperates at twice the actual power
switching frequency and the maximum duty cycle cannot exceed 50% (typically fess due 10 the
discharge time of timing cap).

Excessive current (voltage at Ul-3 more than 1V) causes the outpul driver to switch off and latch
until the next normal "On" pulse. The driver pulses become so narrow that the transformer voltages
fold back. The bias voltage also folds back {TP1 to TP3), to the under voltage lockout point of TN
{approx. 10V}, turning U1 "Off". The startup capacitor begins to recharge through R2 until the
startup Lhreshhold is reached (approx. 16V). Normal switching operation will commence if the fault
has becn removed. If the fault is still present, the shutdown cyele will repeat. The power supply thus
appears to be providing short bursts of power or "hiceuping”.

Tf the voltage of the main output increases bevond safe limits, the overvoliage protection zener diode
begins to conduct (CRR). When sufficicnt current is available to rmse the gatc of SCRI to
approcamately 0.7V, the SCR latches "On", shorting the output causing a "hiccup” cycle that will
repeatl until the fault 13 removed or the power supply is repaired,
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33
PUMP CONTROLLER BOARD

The following is an in-depth desconption of the various subsystems that make up the pump controller
board assembly.

3.3.1
REFERENCE VOLTAGES / SUPPLIES

The pump s activated when the control dia! {attached to rotary switch, SW1) 1s rotated to any
position other than "POWER OFF (CHARGE)". Charger output or battery power is routed through
rotary switch, SW1, activating four separale voltage supplies {V0, VI, V2, and 1.2VREF). Noie,
when the control dial is placed n the "POWER QLI {CIIARGE)" position, all power 8 removed
{torn the pump main board, except powcer used (or battery charging,

As stated above, when the contrel dial is 7otated (o a position other than "POWLER OFF {CHARGE),
charger or battery power is routed through rotary switch, SW1, turning on the p-channel mosfet,
S12301D5, Q12 Q12 requires a minimum thresheld voltage Vasan oF 2V for current to flow [fom
source 10 drain.  This heips protect against conditions where the sealed lead-acid battery is completely
discharged. ‘The supply voltage V1 is produced at the drain of Q12 The luf capacitor, C17,
provides filtering lo eliminate contact bounce during switching o’ SW1. V1 supplies power to ICs
(Us, 117 & 118), beeper, infrared emitter/detector, molor run and led backlight. V1 is momtored by
the Low Rattery & Low Battery Shutdown detection circuits.

A 1 2 volt voltage regulator LM385BM-1.2, D3, is used along with V1 to provide a stable 1.235 volt
reference voltage source (I1.2VREF). D8 maintains the load voltage at a comstant 1.2 voits,
indcpendentl of vanations in load current or supply vollage, V1. 1.2VREF supplics a reference
voltage to the empty, occlusion, casselte not present, clog clearing, motor run and Low Battery /
Low Battery Shutdown detection circuits,

Supply voltage VO is generated directly from supply V1, via 1A diede PRLL5817, D1, and a 680uf
electrolytic capacitor, C4. Y0 is required so as to maintain power during the saving operation, of
critical operating information, to the EEPROM when main power is discontinued, via Low Dattery
Shutdown or rotation of control dial to the "POWER OFF (CHARGEL}Y position. VO supplies power
to the microcontroller (173}, reset supervisor (U1), EEPROM (U4), shifi register (U5}, and display

board.

Supply voltage V2 is generated directly from supply V1, via 1A diode PRLI.5817, D2 V2 is
required so that the [0 lines going 1o the microcontreller are at the same potential as the Vi supply.
V2 supplies power to the pull-up resisters for the rotary dial input {SW1:A), touch pancl overlay, and
the majority of inputs lines going to the microcontroller (U3).
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3.3.2
BATTERY

A 4 volt, 1 ampere hour rechargeable, sealed lead-acid battery (Sonnenschem #2A x ZK or Long
#WP1-4} ig utilized during portable pumping operating modes. Lead-acid battcries have several
urngue feantres that help to simphiy the charger circuitry. First, lead-acid batteries seif regulate
charge current automahically, therefore only requiring the implementation of a single level constanlt
voltage charging circuit. Sccond, due to the pumps practical application {i.e.. operating temperature
of 60 - 90 degree Fahrenhert), temperalure compensation 1$ not necessary. Third, the batteries bave
an extremely low rate of self-discharge, which is lhighly suitable for low or intermittent usage
applications.

The 4V, 1 Ah sealed lead-acid battery is constant voltage charged, with a constant voltape of 4.68 +
0.02Vdc placed across it’s termmmals. This is the most suttable method to recharge a sealed lead-acid
battery. Charging oceurs directly through a 1A slo-blo fusc, with the battery regulating charge
current. The 1A slo-blo fuse 15 uhlized to protect agamst the {ollowing fault conditions; (1) shorted
battery cell, {2) shorted input connector, and (3) shorted compenents on main board asscmbly.

3.33
LOW BATTERY / SHUTDOWN

There ate two sgparate circuits. The first circuit detects when the battery voltage falls below 3.95 1
0.2 volts, at which point the pump goes nto an alarming condition (visual "LOW BATTERY" and
audible beeper). This cireuit 18 therefore called the Low Battery Detection Circuit. The second
circuit, Low Battery Shutdown Cirewt, goes into an alarming condition {audible beeper) and
automatically shuts dowm the pump in a safe marner, whencver battery vollage falls below 3.65 +0.2
volts. This prevents excessive battery discharge and protects pumping circuitry,

The Low Battery Petection Circuit monitors V1 through a voltape divider, resmistors R36 and R39. A
CMOS voMtage comparator TEC3I74CD, TI7 A, compares the output of the voltage divider wath
reference voltage 1.2VREF. If the output of the voltage divider falls below 1.2 volts, the outpui of
Ul goes HIGH and imtiates a LOW BATTERY alarm. ‘The 1 megachm resistor, R26, provides

hysteresis for proper triggening of UT-A

The Low Battery Shutdown Circunt also momitors V1 through a voliage divider, resistors R38 and
R4G. A CMOS voltage comparator TLCI74CD, U7:B, compares the output of the voltage divider
wilh relerence voltage 1.2VREF. 1f the output of the voltage divider falls below 1.2 volts, the output
of U7.B poes HIGH and initiates a LOW BATTLRY SHUTDOWN alarm.  The comparator is
latched n the HIGEI state via positive feedback diode I3, The motor run circuit is also disabled via
diode D5 and comparator U7.C.
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3.3.4
CONTROLLER

The microconirolier wtilizes Mgh-density, complementary metal-oxide semiconductor (HCMOS)
technology, which hclps to minimize power requirements and provide maximem battery operating
life, The microcontroiler #AMCORHCTOSCIA-CEN, U3, is initialized when power (VO) is applied to
the circuit and a reset threshold of 2.93V 15 exceeded, via the microcontroller supervisory chip, Ul
The microcentroller software then performs an imtialization routine and a seif test function, which
meludes visual, audible, RAM and IO verification. If there should be an error associated with RAM,
the messape "F1" is displayed on the LED.

The singie chip microconiroller contains 15,932 bytes of EPROM and 352 bytes of RAM, SP?, and
has 31 W-directional I/O lines that conirol and menitor various pumping and user interfacing
functions. The ClearStar pump also utilizes the onboard microcontroller watchdog timer, on-chip
crystal oscillater copnections, and power-saving stop function.  Software was wntten in C-languagc
and was coinpiled via the Byte Crafl C6805 code development system,

3.3.5
MEMORY

Besides the 15,932 bytes of EPROM and 352 byles of RAM thal are onboard the microcontreller, the
microcomtroller communicales senally, via the serial peripheral interface {SPI), with a nonvolatile
EEPROM device. ‘I'he norvolatiie EEPROM, #NM93C566LMSX, U4, contans 4096 bits of
memory, internally orpanized 256 x 16 anrd can operate in all modes down to 2.7V, The device
features an endurance of 10° data changes with 40 years data retention.

The nonvolatile EEFROM is used Lo save, the following information:
1. general user operafing informatiorn - Sect Rate, Sct Dose and Volume Fed values,
2. diagnostic recorder - error evenl dala {fault codes F1 - F21) used to identify ervors
encountered while in operation,
occlusion event recorder - event number & duration of clog clearing in seconds are saved,
4. general default information - when activated the diagnostic & occlusion evenl recorders are
reset, Set Rate — 300mbfhr, Set Dose = Oml, Volume Fed — Oml, TDC & BDC delay valucs =
. TOms, and XDUCER =42, and
5. TDC & BDC defay values and the XDUCER gain value are stored in secured memory.

Al

The nonvelatile LIXPROM requires 13ms in order to erase and write a singie 16 bit value. When the
pperating parameters are changed, or a fault condition ocours during normal pumping (cxcluding
power shutdown), one to iwo 16 bit values are saved mto non-volatile EEPROM. Dunng power
shutdown (POWLR OFF, low battery shutdown, or moter mnaway}, the 680uf electrolylic capacitor,
C4, mamntaing the supply voltage, V0, long enough (~ 8(ms) to save the latest volume fed value, fault
code (il any) and checksum (sel rate + set dose + volume fed) information.
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3.3.6
MOTOR DRIVER & SPEED CONTRO

The motor drive circuit consists of @ motor vollage regulator, which regulates the voltage (Vm)
supplicd to the motor and driver. The motor drive circuit 1s activated when the /RUN line triggers
LOW, through dinde DANZO2KTI146, D6, The output of voltage comparator TLC3I74CD, U7:C,
{pin 14) trigpers LOW, allowing the pnp power transistor MJE371, Q10, to conduct. The collector
voltage is feedback, through a digital controlled resistive voltage divider network (R10, R11, and
U2}, to the non-inverting input of comparator U7:C. The compararor is in cffect tuming the pap
power transistor, (310, ON and OFF very quickly in order to maintain a constant (regulated) voltage
al the collector. A 100x elecirolylic capacitor, C9, is needed for filtering to help reduce ripple.

Rotational speed ol the de gearmotor is directly dependent upon the input motor voltage, Vm,
supplied to it. Motor speed 15 adjusted (i.e.: Vm applied to the gearmotor) so the piston travels [fom
mplemented in order te provide stality m transducer cutput due to changes in motor load (i.e.:
normal feeding versus occluded conditions). The value of Vm is determined by the resisior values
selected for R10, R11 and the value of the digital potentiometer, 12, Smee R10 & R11 arc fixed
resistor values and the digital potentiometer may vary betwecn O to 10K, ¥Vm can vary hetween 2.03
to 3.15 volts, Timing feedback 15 monitored via CYCLED & CYCLE2 reedswitches, with the dipital

potentiometer controlicd via the microcontroller.

The motor sepply voltage, Vm, 15 current limited to 400mA. This assists in the minimization of
electromechanical erosion of the motor commutator / brush system. Current limiting is achieved with
pnp transistor, MMBTA4403LT 1, Q8, and t BL) bias resistor, R15, controlling the base current of the
pap power transistor MUJE371, Q10.

337
TDC/BDC POSITION DETECTION & MOTOR BRAKE

A normal pumping cycle consists of the piston stopping at the top dead ceater (1TC) position for 2.1
seconds (for ow rates between 250 - 300mlhr) or 3.1 seconds (for flow rates between 1 - 249ml/hr}
and at the bottom dead center {BDC) position for the remainder of the pumping cycle. The time at
which the piston spends at the BIYC position 15 determined by the flow rate setting that has been
selecied by the user.

The cycle begins with the piston at the BDC position. While at the BDC position, the nucrocontroller
monitors the CYCLE2 reedswitch for an open condition. Note, if the CYCLE2? reedswitch is
activated (shorted) at the beginning of the motor cycle, the pump shutdown sequence is initicted
The microcontroller enables the /RUN signal aliowang the motor to rotate so the piston approaches
the TDC position. Once the /RUN signal 1s enabled, the microcontroller monitors the CYCLE2
reedswaich for activation. When activated, the nucrocontrofler inttiates the TDC delay value (€ -
200ms, entercd during pump calibration). The motor comtinues to retate until the TDC delay value
expires. The /RUN signal is disabled and the /BRAKE 1s enabled for 100ms, alfowing the piston to
stop at true TDC position {+.007),
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Afier the 2.1 or 3.1 second idle time at TDC, the second parl of the normal pumping cycle begins,
While at the TDC posiion, the mucrocontroller monitors the CYCLE] reedswitch for an open
condition, Nuote, if the CYCLET reedswitch ix activated (shorted), the pump shutdown sequence is
initiated.  The microcontroller cnables the /RUN signal, allowing the motor to rotate so that the
piston returns to the BDC position.  Once the /RUN sigmal is enabled, the microconiroller monitors
the CYCLI] reedswitch for activation. When activated, the microcontroller initiates the BDC delay
value (0 - 200ms, cniered during pump calibration). The motor continves to rotate untid the BDC
delay vatue expires, The RUN signal is disabled, a 30ms coast pented is initiated, and the BRAKE is
cnabled for 100ms, allowing the piston to stop at true BDC position (£.0017),

The /BRAKE line 15 utilized in order to stop the rotation of the de gearmotor abrupily. This belps the
piston to siop at true TDC & BDC positions, which ensures overall pump delivery accuracy. When
the /BRAKE line is cnabled, pap transistor MMBTAG3L.T1, (3, is driven into saluration. This, in
turn, forces npn power trangistor, MJES2], Q6, to limit braking current from the motor. The back
EMF induced by motor rotation allows it to stop very quickly. Note, the BRAKE line 1s LOW for
100 milliseconds in order to conserve power and prolong battery lile.

3.3.8
MOTOR RUNAWAY DETECTION

The motor runaway detection (watchdog) circuit moaniters the motor supply voltage, Vm, for
conditions thal may cause a motor runaway event. The watchdog circuit consists of an RC network
(R37 and C20), comparator T1.C374CD, U7.D, and latching diode MMBBD214LTL, DI, 1o venly
that ¥m is activated for no longer than 10 seconds. If so, the output of comparator U7:D (pinl3) 15
latchcd HIGH, enabling the beeper (constant tone) and shunting the motor supply voltage, Vm, via
the n-channel mosfet, S12302D8, Q13.  The microcontroller, monitonng the RUNAWAY line,
displays fault code F-07 on the liquid crystal display, initiates a constant audible alarm, forces the
/RUN line HIGH, forces the /BRAKE line LOW, forces the SOFT_RUNAWAY linc TUGII, and

eniers the STOPF modc.

3.3.9
CLOG CLEARING, OCCLUSION & CASSETTE NOT

PRESENT DETECTOR

A piczoelectric ceramic transducer is mounted at the end of the drive system cam follower (piston).
During normal pumping, the piston remains in constant contact with the cassette bellows, thus
producing an electric potential across the plates of the piczoelectric transducer. This signal vanies n
amplitude with the change in force required to compress and decompress the beliows. The
Companion® ClearStar™ pump monitors the decompression cycle (ffom TDC te BDC piston
position) of the aormal pumping mode and clog clearing mode.

The transducer signal is fed directly to the input of a high impedance amplifier, TLC2710D, UR. R42
and C28 are used to set the voltage per uait force developed by the piezoclectric transduccr and
condition the input signal 10 a maximum voltage time duration.  Restsior, R4 1 i3 for EMI protection,
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A low pass (ilter {(C21 & B27) conditions the transducer signal by eliminating unwanted noisce caused
by motion artifact. Diode, D13, prevents reverse voltage damage {o the op amp. The gain of the
amplifier is selected by digital potentiometer, ADB402, U2, and can only be accessed while the
FORCE_CAL line is active. The autput ol the op amp is monitored by three different voltage
comparators, (a} Oeclusion - TLCI4?CD, Us:D, (b} Clog Clearing - TI.C347CD, 176:B, and {c)
Cassette Not Present - TLC347CD, Ua:C. A detailed descriiption of each circwl is as follows:

() Occlusion - The conditioned {amplified) transducer signal is compared, via TT.C347CD,
UJa:D, with 1 2VREF. Under normal operating conditions, the transducer signal falls below
the 1.2 veolt reference, causing the output of comparater UJ6.D (pin 13) to rematn high. If the
transducer level 1s greater than 1. 2VREF, the putput of comparator will tngger LOW. After a
reverification period, the pump wall either enter the cloyr clearing mode or will result in a
visual and audible "OCCL" alarm.

(b) Clog Cleanng - Once in the clog clearing mode the conditioned transducer signal is
monitored, via comparator TLC347CD, UJ6.B, to determine when the clog has been
removed. The transducer signal is compared against 1.10%, which is penerated via voltage
divider R33 & R2% and 1. ZVREF. Under an occluded condition, the transducer signal is
greater than 1.10V, causing the output of comparator 116'B (pin 2} fo remain LOW, The
pump will remain in the clog clearing mode. However, if the clog has been cleared, the peak
transducer signal will drop below the 1,10V threshold, causing the output of the comparator
o tngger HIGH. After one additional verification stroke, the pump will return to the normal

Prmping mode.

() Cassetie Not Present - The piezoelectric coramic transducer is also used to detect the
presence or absence of the disposable cassette within the pump cavity, During normal
pumping or an occlusion condition, the piston makes contact with the bellows, thus
generating a voltage potential across the plates of the piczoelectnic transducer. This signal is
monitored by comparator TLC374CD, UG:C. If there is no casscite positionsd within the
pump cavity, the cutput of the transducer is approximately 0 volts. Therefore, the output of
comparator Ué:C (pin 14), remains 1{IIGH throughout the pumping cycle, thus mdicating an
"EMPTY"™ visual and audible alarm within two pumping cycles.

3.3.10
FLUID EMPTY DETECTION

A GaAlds mfrared emitter diode and a npn silicon phototransistor is wsed in a thru-beam
conbguration to detect the presence, or lack, of fluid {opague or transparent ) 1 the disposable
cassetle inlet chamber. In order 1o conserve battery energy the infrared emitting diode is activated
only at the very end of each pumping cycie (to the user, it appears that the emitting diodc 15 activated
at the beginning of a pomping cycle}, This is also done to take advantage of the time belween
pumping cycles to allow wiscous fluids 1o dissipate from the side walls of the cassette inlet chamber.

A 20K potentiometer, P1, varies the collector current ef the photolransistor, thus allowing for
differences in emitter/dctector pairs. Comparator TLC3I74CD, Ué:A, compares the outpul of the
phototrangistor to 1.2VREF. The output of comparator U6:A {pin 1), 15 monitored by the
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mcrocontroller. Thercfore, when there is fluid in the mlet chamber of the cassetie, the output of
comparator, goes HIGH, mdicating a normal operating condition. On the other hand, if the feeding
set 15 pumped dry, there would be an absence of fluid in the inlet chamber of the cassette.  This
absence of fluid allows the phototransistor 10 detect the infrared beam of the infrared emitter diodc.
The output of the comparator goes LOW, indicating an sbnormal operating condition, resulting in an
"EMPTY" wvisual and audible alarm after two pumping cycles (for flow ratc scttinps between 3 -
300ml/hr). For low rates settings 1 and 2ml/hir, when a possible emply cassette condition is delected
at the end of the first pumping cycle, the software activates the cmitting diode and monitors
cotnparator Us:A five minutes into the next pumping cycle. If a second empty condition is detected,
the pump displays "EMPTY" on the T.CT) and an audible alarm sounds.

3.3.11
BEEPER CONTROLLER

When either the RUNAWAY or BEEPR hne goes HIGH, transistor NMBT4401LT1, Q2 conducts,
¢nabling the piezo beeper. The volume can be selected by the user, via the touch panel overlay. I

the LI ALARM level is selected, the microcontroller enables the VOLUME line (HIGH), which
forces transistor NMBT44011.1°1, (}3, into safuration, thercby by-passing the 6.8K resistor, RS. The
result 15 a 85-90dB sound level alarm, when activated. If the 1O ALARM level is selected, the
micrecontroller disables the VOLUME line (1.OW), which forces transistor Q3 into cutoff The
result 18 a 65-70dB sound level alarm, when activated.

3.3.12
BACKLIGHT DRIVER

The LCD backhght is activated when the microcontroller PC4 port is LOW. This drives pnp
transistor WMBT44011LT1, Q7, into saluralion, activating the T.FD edge lit backlighting (located on

the display board assembly),

3.3.13
TOUCHPANEL KEYPAD

The touchpanel keypad is arranged such that the keypads logically reside in a row/colemn matrix. A
row must be activated in order to read back the state of the keypads in that row (column interscction
with (hat row). For the software to determine whether a specific keypad has been depressed, it must
first activate the row that contains that key and then read back the column interscction for that key,

The keypad mterface is a 3 by 3 row/column matrix.

Microcontrolier 10 lines PB3, PB56 & PB7 are used to select the keypad row for reading. When the
software sets one of these Jines LOW, it can read the PB2 - PB4 signals to see which kcypads are

being depressed along Lhe selecied row.,
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Microcontroller VO lines PB2, PR3 & PB4 are read back by the software 1o see wiich keypads arc
being depressed along the selected row. A depressed kevpad is indicated by the signal line being
LOW. ifno row is being selected, the valucs on these signals are invalid.

The table below rdentifies the logical location, with respect to the microcontroller IO signal lines, fo
the five keypads located on the touchpanel overlay:

ROW/COLUMN | PB4 B PB3 B2
PRY BACKLIGHT | ALARM HI/LO

PBs - VOL. CLEAR 2X | DECREMENT

| PBS - | INCREMENT

3.3.14
CONTROL DIAL

The pump control dial selects the mode of operation for the Companion™ ClearStar™ Enteral
Nutrition Pump. The microcontroller reads the selected mode, along wath the LOW-BATTERY and
JCHARGING input signals, through the senal oufpui of the paralfel to serial shift repisier,
MC7AHCS589, U5, The senial output of the serial shift register is read via the microcontroller senal
mterface ling, PD2. Dala is clocked in on the nsng edge of the senial mterlace clock, SCK. The
microcontroller selects the senal shift repister to be read via the PC3 line.  The software reads the
completed byte of parallel data to determine which mode has been selected.

3.4
PUMP DISPLAY BOARD

A custom triplexed transflective liqud crystal display (1.CD) 15 used to provide a visuval venfication of
ongoing pumping modes and alert functions. Two hguid crystal display COP472MW_3 controllers
(IC1 and IC2) are used, in a master / slave combination, to directly drive the LCD. 1ata generated by
the microcontroller is loaded serally and is held in internal latches. The controllers, containing an
on-chip oscillator, generale all multilevel waveforms for backplane and segment outputs for the

triplexed 1.CD,

The main board assembly communicates senally with the display board assembly via a 7-pin
connector, J2. The 7-pin connector is made up of serial data inpaxt, senal clock input, chip select lines

(IC1 & IC2), LED+, Ve & ground.
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Section 4

MAINTENANCE & SERVICE TESTS

This section of the Companion™ CiearStar™ Enteral Mutrilion Pump Service Manual
contains preventative maintepance information, performance verification lests, and clegtrical

safety tests.

4.1
EQUIPMENT REQUIRED

The following hand tools, test cguipment, materials and consumables are necessary to
disassemblc and reassembie parts of the Companion™ ClearStar™ Entcral Nutrition Pump.

4.1.1
TOOLS REQUIRED

Phillips screwdriver - medium
Phillips screwdnver - small
Flat blade screwdriver - small
Nut driver - 5/16"

MNut driver - 1/4"

Meedle nose plicrs

Hxacto blade

Strain relief insertion tool
Gireen stick

e i o

TEST EQUIPMENT & MATERIALS REQUIRED

Dagntal multimeter {DMVM)

Oscilloscope

Stopwatch

Companion™ ClearStar™ Enterai Feeding Sct
High-Pot Tester

Graduated Cylinder

e

Companion” ClearStar® Fereral Nutetton Fang 44 G2 -HF 0655002 {Rev.1/2000)



4.1.3
CONSUMABLES

1. Tsopropyl alcohol
2. Lint free cloth
3. Hot melt glue
4. Smal! screw threadlock (Loctite #222)
5 Torque seal
6. Watcer or enteral product
4.2

PREVENTATIVE MAINTENANCE

A preventative maintenance program will help promote longevity and trouble fiee operalion of
the Companion™ ClearStar™ linteral Nutrition Pump. Such a program should include
periadic ingpection of the pump & backpack, exteror cleaning & sanitizing, venfying presence
of important labels, and ensuring proper functional operation, per Performance Verification
Tests (Section #4.3).

421
INSPECTING THE EXTERIOR

Penodically, the pump should be visually mspecied for signs of defects sach as worn or
broken components, cracked enclosure, or damaged power cord. Tnspection is applicable

afler any repair or during normal cleaning procedures.

Verify that the following items are present and inspect for any visual defects. Replace any
missing or defective external parts.

Control Thal {flip door)

Touchpane! Overlay (keypads & LCI) window)
Cassette Retaining Latch

Casseite Tube Cavity,

AC Power Cord & Velcro® Sirap

Pole Clamp Assembly

{inclosure

External Screws

Four {4) Rubber Feer

Exterior Labels

N S N
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4.2.2
CLEANING AND SANITIZING

As a mimimum requircment, clesn the pump and backpack after each use and establish a
regular cleaning schedule while in use. The pump and charger arc specially desipned for easy
cleaning. While cleaning, the pump should be wurned off and unplugged. Do not submerge,
avtoclave, beat, steam, LTO or radiatton sterilize the pump.

EXTERIOR

|. For general cleaning, the outside surfaces can be cleaned using a warm, soapy watcr

© (mild non chionme based dish washing detergent) or isopropyl alcohol For
trouble-frec operation, check pump frequently for signs of product spilis. Clean
immediately after spills pocur.  Dry thoroughly, making sure thal no soapy filim or
residue remains.

CASSETTE CAVITY

1. The pump cassette tube cavity can be cleaned with 2 cotton swab or soft cloth and
warm, soapy water (mild non chlorine based dish washing delergent}. Dry thoroughly,
making sure that no soapy film or residue remains.

2. The infrared optics (cmitter & detector} can be cleaned using a small soft bristded
child's toothbrush and warm, soapy water. Thoroughly scrub, getting in the optic
openings. Immediately rinsc well with warm water, ensuring water dees not cnter
mnside the pump through the cassette latch opening.  Blow dry using deionized canned
air. B0 NOT clean the cassette tube cavily with alcohol.

DISINFECTANTS

Samitizing is reccommended [or all external paits and surfaces. Allow to air dry afler
disinfecting. The following recommendaiions for sanittzing the pump are not substitutes
for offictal procedures that may differ among institutions. Coatact the local infection
control officer to determine proper procedure in your institution.

1. For gencral disinfecting, the following chemicals may be used: Cidex® (Arbrook, Inc.},
pHisollex™ (Winthrop-Breon Taboratories), Hibiclens® {Stuart Pharmacenaticals), or

1sopropyl alcohol.

2. For disinfecling alter exposure to AIDS or hepatitis, use 10% concentration of 5.25%
sodium hypochlorite (household bleach).

3. For disinlecting after exposure to Tuberculoss, use 70% concenlration of 1sopropyl
alcchol
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4.2.3
LABELS

Verily that all exterior labels are imact and Jopible, per Section #7.1 {Vigures #1 & #2).

43
PERFORMANCE VERIFICATION TESTS

The following is a list of preventive maintenance tests that should be performed at regular
intervals and after any repair. None of the checkouis or test procedures require disassembly
of any part of the pump or backpack umis. If any performance paramctes 15 not met, or an
obvicus malfunction occurs, the pump should be removed from service and relurned to an

authonzed repair facility.

4.3.1
SETUP

Prime a Companion® ClearStar™ Eateral Feeding Set with Ensure® Liguid Nutrition or
Osmolite ® Isotonic Liquid Nutntion until the distal tubing is free from air entrapment. Insert
the feeding cassette into the pump’s cassette tube cavity until the casselte locks into position.
Note, all testing shall be performed with the pump operating on AC power, unless otherwise
specified.

4.3.2
POWER ON SELF-TEST

Rotate the pump control dial to the SET RATE position and immediately start timer
{stopwatch). Venly the following;

1. Al 7 of the 4 LCD numenc segments are displayed (8538).

2. All LCD indicatorsTCONs are displayed {LOW BATTERY, SELECT RUN,
EMPTY, OCCL, mVhr, LOW ALARM, and RUN).

3. Backliphting iflurmmates.
4. Andible buzzer activates 3 consecutive beeps.

5. Directly following the 3 beeps, the LCD displays the following:
(a) the word “rAtE”, followed by the value & “ml/hr™,
{b) the word “doSE”, followed by the value & “ml”; {c)
the word “FEJ”, followed by the value & “ml”™.

6. After Sclf Test is completed, the flow rate value & "ml/hr" 1s displayed on the LCD.

Companion” ClearStar™ Egraral Wutrition Pump 44 &2-HF-0850-02 (Rev. 10/2000)



4.3.3
AC/BATTERY POWER

With the pump control dial in the SET RATE position, remove the pump from the backpack
assembly.  Verify that the “BATITERY™ tcon is displayed and that the LCT backlighting is
discontinued.

434
TOUCHPANEL KEYPAD

With the pump operating in the battery mode, verify proper keypad operation by performing
the following;

1. Pressihe increment (1) keypad. Venfy that the SET RATE value scrolls upwards.

2. Press the decremeni (4} keypad,  Verify that the SET RATE wvalue scrolls
dowmwards.

3 Press the backlight (LIGHT BULB) keypad, Verify that the 1.C1> backlight
iluminates for approximately 15 seconds. Note; the LED backhight will tum off if the
backlight keypad is pressed again.

4. Press the (AUDIO HILOY) keypad.  Verify that the LOW ALARM icon Loggles on.

5. Rotate pump control dial to the VOLUME FED posttion. Press the VOL. CLEAR 2X
keypad quickly two times. Verify that the volume displayed on the LDC now reads “0
!TI]“.

4.3.5
INACTIVITY ALARM

Place the pump back intc the backpack assembly to rcsume battery charging The
“BATTIRY” icon should be disgbled. The inactivity alarm can be venfied by perlorming the

Afollowing steps:
l. Rotate the pump control dial to the SET RATLE position.

2. Allow the pump to remain inactive for S minutes, Verify that the “SELECT RUN"
icon is displayed on the LDC and that the audible alarm 15 enabied.

3. Rotate the pump control dial to the HOLD position, Venfy that the “SELECT RUN"
icen and audible alarm are both disabled.
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1.3.6
CASSETTE NOT PRESENT ALARM

The cassettc not present alarm can be venfied by performing the following sieps:

1. Rotate the pump conirol dial to the SET RATE position and enter in a rale of
300ml/hr.

2. With no cassette in the pumping chamber, rotate the pump control dial to the RN
positton. Verify that directly following two complete pump cycles (~12 seconds), the
“EMPTY" icon flashes on the LCD display and that the audible alarm 15 enabled.

3. Rotate the pump control dial to the HOLD position.  Verify that the audible alarm 15
disabled but that the “EMPTY™ icon continues to flash on the L.CD displayed.

4.3.7
EMPTY ALARM

The cmpty cassette alarm can be venfied by performing the following steps:

1. Rotate the pump control dial to the SET RATE position and ensure that a flow rate
setting ol 300ml/hr has been entered.

2. Place an unprimed cassette into the pumping chamber.

3. Rotate the pump control dial 10 the RUN positton. Verily that directly following two
complete pump cycles {~12 seconds), the “EMPTY™ icon flashes on the 1.CD display

and that the audible alarm is enabied.

4. Rotate the pump contrel dial to the HOLD posilion.  Vernify that the audible atarm 15
disabled but that the “EMPTY™ icon continues te flash on the LCD displayed.

4.3.8
CLOG CLEARING MODE

The clog cleanng operating mode may be achicved by performing the followng steps:

1. Rotate the pump control dial to the SET RATE position and ensurc that a flow rate
sctiing of 300ml/hr has been entered.

2. Placc a primed casseite into the pumping chambcr and rotate the pump control dial 1o
the RUN posttion.  Verify that the “RUN" icon flashes on the LCI) display.

3. Occlude the distal tubing of the feeding set just above the feeding adapter.  Venfy that
afler approximately 60 sccends, the “RUNT icon discontinues flashes and remains
activated. This s an indication that the pump is in the clog clcaring operating mode.
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43.9
DISTAL OCCLUSION ALARM

The downstream occlusion alarm can be verified by performing the following steps:

1. Complete Section #4 3.8, venfiing that thc pump is in the clog clearing operating
mode.

2. Allow the pump to continpe functiommg in the clog clearing operating mode for
approximately 10 minutcs. Verify thal after 10 minutcs, the “"OCCL” icon flashes on
the LCD display and that the audible alarm is enabled.

3. Rotate the pump control dial to the HOLD position.  Verify that the audible alarm is
disabled but that the “OCCL” icon continues Lo lash on the LCD displayed.

4.3.10
AUDIBLE ALARM YOLUME

With the pump alarming {per Section #4.3.5, #1.3.6, #4.3.7 or #4.3.9), press the AUDIO
H1/1.0 kevpad to change the audible alarm intensity. Press repeatediy 1o toggle between the
high and low audible levels. The LCD wall display the “1.0W ALARM” icon when the low
audible alarm level is sclected.

4.3.11
QCCLUSION EVENT RECORDER

The occlusion event recorder is uscd 1o track and record all clop cleanng and occlusion
events. The event recorder will store two values for each event into FEPROM, they are:
(1) the event pumber - the number of the occlusion event (E-0 through E-99), and
(b} the acclusion length - the length of time, 10 scconds, pump spent in the clog clearing
mode. (Note: maxamum of 600 scconds: 10 min, x 60 sec./min).

The occlusion event recorder can be verified by performung the following steps:

1. The acchsion event recorder can be accessed g the coptrol dial and touchpanel
keypad, as follows:
(a) Rolate the pump control dial to the HOLD position, and
(b} Simultancously press both the mcrement { 1) & VOL. CLEAR 2X keypads until a
constant [ow andible becp sounds. Continue pressing both keypads for six
consccutive seconds to imtiate the occlusion event recorder read back mode.
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(Ohee in the event recarder read back mode, the last event number will be flashing on
the LCD display (1.e.: “E-99” il 99 events occurred, “T3-107 if 10 evenls occurred,
“E-07 1f ne clog clearing events ocourred, ete..). Note, only the ten most recent
occlusicn events will be stored into the EEPROM (i.e: if ten occlusion evenis [E-1
through E-10] exist at the time the next event occurs, that cvent is saved as event
E-11, dropping the first eveni E-1).

While in the event recorder read back mode, press the decrement (1) keypad., Verify
that the iast occlusion lenpgth recorded 1s “6007, per Scetions #4.3.8 & #4.3.9. Note,
“600" should be flashing, indicating that this is the last ccclusion occurrence.

Continuing to press the decrement (1) keypad will aliow the operator to index
backwards, displaying the previous event number and occusion length "value"
Note, the event number and occlusion length “value™ should no longer be Mashing.

Press the VOL. CLEAR 2X keypad twice in 2 five second period will clear alt stored
occlusion event data (both event number and ocelusion fength "values™). Venfy that
the LCD displays an event number of "E-0" and an occlusion length of “0”.

Rotate the pump control dial to another position other than HOLD to toggle back to
the normal pumpmng mode.

4.3.12

DELIVERY ACCURACY

The flow rate accuracy of the Companion™ ClearStar™ Enteral Nultrition Pump can be
verified by performing the following procedure:

1.

Using Linsure® Liquid Nutrition or Osmolite® Isotonic Liguid Nutrition, fill the
container of a new feeding set to 1 Liter and suspend such that the fluid level in the
sipht chamber 1s 20 inches {50 8cm] above the pump cavity (see Figure 4-1, Dpical
Pumyp Setup for Delivery Accuracy Test). Nole, fluid head height and viscosity are
two variables that can aflect flow rate.

Place the distal end of the feeding sel into a graduated cylinder. The distal end should

be placed 10 inches [254cm] below the pump cavily. Note, be sure to use a
graduated cylinder for volume measurements, not an enteral feeding container.
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Yigure 4-1, Typical Pump Setup for Delivery Accuracy Test

3. With the pump runmng on AC power, setup the pump according to instreclions for a
feeding rate of 300ml/hr and dosc of Oml. Start the pump and let run for a 15 migute

break-in period.

4. Rotate the pump contro!l dial to the SET RATHE position and enler a flow rate setting
of 100 ml/hr. Rotate the pump control dial to the SET DOSE position and enter a
dose limit value of 100 m).

5. Rolate the pump control dial 1o the RIN position and allow to run for 1 hour, Verify
that the fluid delivered is between 90 - 110 ml (within 10% accuracy}. Note, if low
rate is wncorrect, {ty 2 now pump Teeding set and repezt procedure.

4.4
ELECTRICAL SAFETY TESTS

I.eakage current and grounding unpedance shall be tested in accerdance with Urderwriters
Laboratories Standard for Medical Electrical Equipment, Part 1: General Requirements for
Safety, UL2601-). The macamum alicwable leakage corrent 15 100 microamperes (AC RMS).

Perform the electrical safety tesl, as follows:
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4.4.1

LEAKAGE CURRENT

Perform the [zakage current testing, as follows:

The pump shail be propetly installed into the backpack (charger).

2. Singe there arc no exposed metal parts in the case which is likely to beceme cnergized,
the leakage current is to be measured using the "metal foil” technique.

3. A piece of metal foil with an area not exceeding 10 by 20 cenlimeicrs (200 square
centimeters) shall be placed in intimate contast with an accessible surface of the
charger case. The foil shall be located by cxperimentation so that the current to
ground is maximum.

4. The leakage current is to he measured between power (earth) ground and the foil in
contact with the enclosure for any combination of the followtng:

a) electrical supply polarity normal and reverse,
b) power switch on and off;
¢) ground open and intacl.
5. The maxomum atiowable leakage current, under any of the above condition, is 100
microamperes (AC nns).
442
GROUND IMPEDANCE
Since there 15 no extemally accessible ground, no ground impedance measuremeni is
mandated.
4.4.3

DIELECTRIC WITHSTAND TEST

Perform the diclectric withstand testing, as follows:

1

Connect one lead of the Migh-Pot Tester (Red} across the HOT & NEUTRAL
terminals of the power cord assembly. Note, a jumper may be used to short bath
termamals of the power cord.

Connect the other lead of the IHigh-Pot Tester (Black) to the GROUND tenmnal of
the power cord assembly.

Turn AC Uigh-Pot Tester power switch “ON".  Ensure that “HIGIH VOLTAGE /
ON” indicator{s) illaminate.
Slowly increase voltage to 1500 VAC and hold for 5 3econds.
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5, Veniy that voltage does NOT drop and that the “FAILURE” light and audible alarm
does NOT activate. Nete, if a failure occurs, send the Companion™ ClzarStar™
Enteral Nutntion Pump back to the Ross Products Division or Abbott international

Service Cenler for repair.
6, Tum voltage down to zero and tum power “OFF”

7. Discormect the High-Pot Tesler leads from the power cord assembly,
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Section 5

TROUBLESHOOTING GUIDE

This section contains information on obtaiming technical assistance from the Abbott Inlernational Ltd.
Service Center and/or the Ross Products Division Service Center, on malfenchon error codes, alert and
other miscellaneous problems.

5.1
TECHNICAL ASSISTANCE

For techrucal assistance or to order parls, accessories, or manuals, please contact Abbott International Ltd.
or the Ross Products Division. De not return the Companion”™ ClearStar™ Enteral Nutrition Pump
without first obtaining return authonzabion fom either Abbott International Ltd. or the Ross Products

1Division.

5.2
DIAGNOSTIC MODE RECORDER

The Companion™ ClearStar™ Lnteral Nutrition Pump has a feature, called the diagnostic mede recorder,
which can retain into internal memory a mimber of pump fault conditions. At the time the pump deiccts a
fault condition (failure mode event or alarm condition}, both a two digit fault code and a sequence number

are stored inie the EFPROM:
{(a} sequence number - the number (1-50) at which the failure or alarm condition eccurred. A zero {0)

denoles a clcarcd register.
{b) error code - an emor code, “F-XX", representing a punmip failure or an alarm condition. Refer to
Table 5-1 for a listing and descnptiom of fauft codes.

The diagnostic mode recorder archives the most recent 50 failure events (fault codes) inte EEPROM, The
iformation is stored and retrieved LYFO {(fast in first out). Jf more that 50 cvents eccur prior io the clearing
the diagnostic mode recorder, the first event is deleted and the new cvent is saved.

A gualificd service technician can access the diagnostic mode recorder by performing the folfowing steps:
1. Remove the pump from the backpack assembly.

2. Remove the battery door, usmg a medium Phillips head screwdriver. Remove the 4V, 1Ah sealed
lead-acid battery.

3. Attach one end of a small jumper cyble to the DIAGNOSTIC_REC LINL, pin #5 of connector, J5.
Attach the other end of the small jumper cable to GROUND, pin #1 of connector, IS,
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4. Utilizing a 2 fi long de power cable assembly, apply power 1o the pump from the backpack assembly.

5. Rotate the pump control dial from the POWER OFF (CHARGE) position (o the HOLD position.
Note, if the DIAGNOSTIC _REC line is pulled LOW privr 1o the pump first powering up, the pump
will by-pass the self test dingnostic mode.  Data from the diagnostic mode recorder can now be

accesacd.

The error codes can be retrieved as follows:
1. The LCD displays ihe lirst sequence number saved into LEPROM.

2. Tressing the increment ( T )} keypad will allow the technician to index forward, displaying the 1st
error code, then 2nd sequence number, then 2nd error code, then 3rd sequence number, ctc...

3. Pressing the decrement { + ) keypad will aliow the techmician to index backwards (ie: last error
code, then last sequence number, then second te last error code | then second to last scquence
number, etc...).

4. Once n the diagnostic rctrieval mode, depressing the VOI.. CLEAR 2X keypad [or fve (5)
conseculive seconds will clear all stored sequence numbers and error codes.

5. Disconnecting the jumper cable between the DIAGNOSTIC _REC LINE (pin #5 of connector, J5)
and GROUNLD (pin #1 of connector, J5) wall allow the pump {o return to the normal pumping mode.

Refer to Table 5-1 for a complete listing and description of fault codes (F-01 through F-21), audible &
visua! alert conditions, and microcontroller IO line stalus.

Table 5-1: FAULT CODES & ALERT STATUS

ALERT CONDITION | MI{R ., C S TATLE
DISPLAYED | DPOSSTBLE 10N | A [ .'I.'J_CONTRGLLFE 7O LINE STATUS )
HAULT FAULT SOFT
CODE CONDTTION LTy AUDIBLE RN BRAKE, RITN AWAY CHYSTAL
THSPT.AY ALERT LIWNE LINE E ™F YTATIIS
F-0l RAM TEST 01 cmwggm’r HIGH LOW TG S1OP
CVCIE_L o CONSTANT . R B
Foz B a2 o HIGH 10w IHGT ST0P
CYCLE_L ) LONSTANT . .
F-05 S ORTD F3 on HIGH LOW HIGH STOP
CYCLE 2 ] CONSTANT .
F4 bl FD4 o HIGH LOW LIGI §TOB
. CYCLE 2 B} COMETANT ] .
F-(5 SHORTED F0s o HIGII LAnw EIILREL Sroe
SOFT CONSTANT .
F-i6 RUN AW AY F-06 o 1L LW HIGH STOP
HARD ] CONSTANT
F07 RUNAWAY Bo7 - ON HIGH Low HIGE STOF
LOow .
F-08 RATTERY F-03 CWS;MT £ LOW HIGH ETOP
SHITTIMIWN
. SOTT CAINETANT ' - .
FAQ5 WATCHTIOG F9 oM HIGEH Lorw G ror
52 £2-HF-0550-02 {Rev 102000}
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5.3

ALERT CONDITION | MECROCONTROLLER I'0 LINE STATUS
DISPLAYED { POSSIBLE _ i
FAULT FATILT —
{:ODE CONDITION LCT AUDIBLE MRUN MRAKE | L SOFL | CRYSTAL
DISPTAY ALERT LINE LINE . STATLS
LENE
CASSETTE
F-10 NOT Y10 BEEPING NiA NtA NLA RUNNING
PRESENT
F-1i COCLUSHON F-11 HEEPENET Mis Wi WA RUMNNING
F-12 EMPTY F12 GEEFING BiA NiA WA Rmm{;
T cngcksuM | . R T
F-13 ERROE (o - ¥-I3 CDI\{S;'EILNT HIGH 1098 HIGH S10P
A+ BERICERY !
2 REEDE CONSTANT . .
F-1 4 | suowrEo r14 o HIGH T.OW HIGH ETOP
FLOW RATE )
F15 CUT OF F-15 CORSIANT | 1ncH 1OW HIGH srOP
RANGE
. DOSE OUT OF CONSTANT .
E16 ANCEE F-14 o HIGH LOW HIGH ETOP
YOI, FED e
F17 GUT OF F7 w”g;"*m HIGH LOW HIGH sTOP
RANGE
TDC DELAY \
AT AT OF F-18 cmg;,xm HIGH LOW LIGTL STOP
RANGCE
BDC I3ELAY B ' T
F-19 OUT OF Fro | CONELANT | e LOW HIGH sTOP
RANGE
Tvalid Rotary o
20 Switch Position 20 m”;llm HIGH LOW HICH STOP
T~ =258 -
CIECESUM
g FRROR (SET CONETAMT .
K21 FRROR @eT F.21 ox HIGH LOW HIGH RTOF
|_mFEm

SELF TEST PROBLEMS

This section i3 dedicated to the identification and sohving of those problems detected duning the pump’s
power on self-test mode. Repeat the Power On Self-Test performance W,nﬁ-::atmn test, per Scotion #4.3.2.

Refer to Table 5-2 to remedy specific problems.

G2-HF-Qoo-02 (Rev 1 002000)
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Table 5-2:

SELF-TEST PROBLEMS & CORRECTIVE ACTION

| PROBELEM

1. Andio Failure (no audio)

segments  andfor  indicators

fail to be displayed).

POSSIBLE CAIUSE

 CORRECTIV E ACTION

Poor connection onto piezo beeper
or cannector, J1.

Inspect for proper  solder
connection  between beeper lead
wire. Inspect and reseat connector,
J1, onte main board assembly

Faulty piezo beeper.

Liaulty piczo beeper drive circnil on
main board assembly {Q2, Q3, eic.)

Replace beeper assembly. N
Replace main board assembly.
Recalibrate  all  alarm  detection
circuits, per Scelion 6.5,

Low or dead battery.

Recharpe {inscrt the pump into
backpack) or replace battery.
Note, replace only with battery
marked 2A2K or WP1-4 (4V,
1Ah),

2. LCD Failure {cme or more |

Poor connection between display
board assembly and main board
assembly.

Reseat display board asmbly omto
the main  board  assembly

conmnector, J2.

Faulty display board assembiy.

Replace dmpiaj,r board asscmbl_v

Low or dead battery.

3. Backlighi Faslure (backlight
fails to illumimate),

Poor connectton between display
board assembly and main board
agserrtbly. L

Recharge {(insert the pump into
backpack) or rcplace Dbattery.
Mote, replace only with batiery
marked 2Ax2K or WPl-4 {4V,

1Ah)
Rescat display board assembly onto
lhe mam  board  assembly

connector, J2.

Faulty backhght drver circwt on
main board asscmbly {D4, 7, ctc.)

Replace main board assembly.
Recalibrale  all alarm  detection
circuits, per Section #0.5.

Faulty display board assembly.

Low or dead battery

Replace display board asserably.

Recharge (insert the pump into
backpack) or rmplacc battery.
Note, replace only wih battery
marked 2Ax2Kkk or WP1-4 {4V,
1Ah).

5.4

ALERT PROBLEMS

This sechion is dedicated to the Wdentification and solving of those problems causcd by pnisance alerl alarms
(i.e.. empty, occlusion, cassetie not present, low battery, and select run). Refer to Table 3-3 to rcmedy

aecific problems,
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Table 5-3: ALERT PROBLEMS & CORRECTIVE ACTION

{cassctte not
present) alarm
tails to activate
when the
casselle is not
prescit within
the pump cavity.

calibration.

PRﬂBLFM - POSSIBLE CAUSE CORRECTIVE ACT [DN
1. “0CCL” Fault}r fecding set. Replace feeding set.
alarm does not | e -
activate whena | Poor connection between occlusion Reseat the ncclusion sensor connector, J7,
downstream sensor and connector, J7, located on onto the main board assembly. Inspect
occlusion is the main board assembly. mating connector for damage.
present. _ . ]
Oeclusion sensor is In need of Recalibrate the occlusion detection circuit on
calibration. the maim board assembly, per Section #6.5.2,
Faulty ocelusion sensor. Reialﬁéé_t_icfcctivc occlusion sensor.
Recalibrate the occlusion detcction circuit on
the main board assembly, per Section #6.5 2.
Faulty ocelusion detection circuit on Replace defective main board assembly.
main board assembly (U2, U6:13, U8B, | Recalibrate all alarm detection circuits, per
etc.). Section #6.5,
Z"OCCL” alarm fFaulty ﬁ:cﬂing et Replace fseding sat.
activales when a . I
downstream QOccluston sensor is in need of Recalibrate the oeclusion detection circuit on
occlusion js NOT | calibration, the main board assembly, per Section #6.5 2.
present. . U
Faully occlusion sensor. Replace defective occhusion scnsor.
Recalibrate the ecclesion detection circuit on
the main board asscmbly, per Secton #6.5 2.
Faul%ﬂ; occlusion detection circuit on Replace defective main board assembly.
mair: board assembly (U2, U6:C, U8, | Recalibrate all alarm detection circuits, per
cic.). Section #6.5.
'3, “EMPTY" Occlusion sensor is in need of Recalibrate the occlusion detection circuit on

the main board assembly, per Section #6.5 2.

Faulty occlusion sensor.

Replace defective occlusion sensor.
Recahbrate the occlusion detection circuit on
the main board assembly, per Section #6.5.2.

Faulty occlusion detection circuil on

main board assembiy (1J2, Uo:D, U8,

cic ).

Replace defective main board assembly. |
Recalibrate all alarm deteclion circnits, per
Section #0.5.
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there 15 2 casgette
present within
the pump cavity.

PROBLEM POSSIBLE CAUSE
4. “EMPTY” Faulty feeding sct.
{cassetle not - N
present) alarm Puoor clectrical conncction between
activates when occlusion sensor and connector, 17,

located on the main board assembly.

~_ _CORRECTIVEACTION
Replace feeding set.

‘Reseat the occlusion sensor connocmr,_:l?,
onto the main board assembly. Inspect
mating conncctor for damage.

Occlusion sensor s in need of

calibration.

LFaulty occlusion sensor.

Recalibrate the occlusion detection circuit on
the main board assembly, per Section #6.5.2,

‘Replace defective acclusion sensor.
Becatibrate the ecclusion defection circuit on
the main board asscmbly, per Section #6. 5.2

5 "EMPTY™
alarm fails to
activate when the
feeding set 1s
empty of enteral
product.

alarm aclivates
when enteral
product is
prescnt within
the feeding set.

E auli};-fééaing-éef )

Replace feeding set.

]_i_r_ﬁér_e-l'l'ﬁi-'dduct visible within the
cassette’s mlet tubing,

(Ophc ports are blucked_{'i.e.: enteral
product, dust/dirt, cleaning
comtamnates, ete.),

[ Clcan both optic ports with wa.rm_éﬁap}r

Allow enteral product to be pumped totally
beyond the cassctte. No product should be
visible within the inlet tubing of the cassette.

water, rinse thoroughly, & dry with carmed
air.

Poor clectrical connection between

optical sensors and connector, J8,
located on the main board asscmbly.

Reseal ihe occinsion sens-:.:-'r'cc'sﬁnr::ctor, IR,
onto the main board asscmbly. Inspect
mating connector for damage.

Faulty optical sensor.

6 “LMPTY”

Faulty optical sensor circunt on main
board asscmbly (31, LED1, Us: A,
Pl, etc.}.

Replace defective optics. Recalibrate the
optical sensor circuit on the main board
assembly, per Section #6.5.4.

Replace defective main board asserbly.
Becalibrate all alarm detection circuits, por
Section #6.5,

"Air is cntrapped in the optics path of

ithe cassette.

Remove cassette from pump and r'epri-rﬁ_c in
order to dislodge air bubble. Reinsert
cassette Lo pumyp.

Faulty feeding set.

Replace feeding sct.
_ 1

Optical sensor 33 n peed of colhbration.

Faulty optical sensor circuit on main
board assembly {Q1, LED, U A and
Pl).

Recalibrate opiical sensor circoit located on
the main hoard assembly, Section #5.5.4.

Replace defective main biard assembly.
Recalibrate all alarm detection circuits, per
Section #6.5.
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CORRECTIVE ACTION

alarm does not
activate when

PROBLEM _ POSSIBLE CAUSE
7. “LOW Faulty low battery detection circuit
BATTERY™ located on main board assembly (U3,

U7:A, etc).

Réﬁl;;:e delective matn board assembly.
Recalibrate all alarm detection circuits, per
Section #6.5.

been charged.

Verify AC is present (100 - 240V, S0/6011z).

(intcrnational models).

| Rescat AC power cord into appliance

battery is low

(battery capacity

below ~40%).

8. “TL.OW Mo power at AC receptacle during

BATTERY™ charging, _

alarm activates Poor connection between AC power

when battery has | cord and appliance receptacle receptacle.

‘Low or dead battery.

Replace battery. Replace only with batiery
marked 2Ax2K or WP1-4 (4V, 1Ah).

Poor connection between dc power

Node pcwcr {468 +- 02V}at dc
power connector. Faulty de power
plug, located on backpack assembly.

Replace faulty dc _ﬁuwer piug assembly.

Faulty de power socket, located on

Replace faulty de power suck_ct.ﬁés'efn_bly.

pump assembly.
Poor conncction between hattery

terminals and dc power clips.

Tnspect and reseat battery terminals onto dc

power clips.

plug assembly and 3-pta connector, J2,
located on the de switching power
supply assembly.

Reseat 3-pin connector onto de switching
power supply assembly. Inspect connector
for damage.

Faulty dl.‘:.s.‘..-\?ﬁl:hing power Sllppijf-
assembly.

Replace defective dc switching pnwc} -
supply. Recalibrate de cutput voltage to 4.68
+/- .02V, per Section #6.5.5.

Bilown fise, Fi, Iocated on main board
assernbly.

Repfécc defective main board assembly.
Recalibrate afl alarm detection circuils, per
Seclion #6.5.

9. When ballery
15 low, pump
goes directly into
low battery
shuldown
{by-passing the
1L.OW
BATTERY
alarm}.

Low or dead battery. Battery is at the .
end of it"s useful ife.

Replace battery. RE:pIacc anly with battery B
marked 2Ax2K or WP1-4 (4V, 1Ah).

Faulty low battery or low battery
shutdown detection circnit(s) located
on the main beard assembly (UF7A,
U7:B, U3, cic.).

Replace defective main board assembly.
Recalibrate all alarm detcction circuits, per
Section #6 5.
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1

11, Motor

__PROBLEM
10. Pump fails to
enter low battery
shuidown when
batiery is very
low {(battery
capacity below
15%).

POSSIBLE CAUSE,

CORRECTIVE ACTION

Faulty low battery shuidown detection

circuit(s) located on the main board
assembly (U7:B, 173, eLc.).

Replace defective main board assembly.
Recalibrate all alarm detlection cireuis, per
Section #6.5.

rotates without a
pause and pump
goes nio &
shutdown modc.

wh

5

Poor connection between DC
gearmolor and 2-pin connector, J4,

located on the mam board assembly.

Rescat thc_ﬁ-—.f:r.iﬁ dc gearmotor cbnﬁ::c't'ur, 14,
onto the main board assembly. Inspect
mating commector for damage.

Faulty dc gc:grrflat-nr. assembly.

Replace defective do gearmotor assembly.

Faulty main board assembly.

Replace defective main board asscmbly.
Recalibrate all alarm detection circuits, per
Section #6.5.

MISCELLANEOUS PROBLEMS PROBLEM

This section is dedicated to the identification and solving of a number of miscellaneous problems (other than
problems identified during self fest or cavsed by muisance alert alarms). Refer to Table 54 to remedy
specific problems.

Table 54: MISCELLANEOUS PROBLEMS & CORRECTIVE ACTION

POSSIBLE CAUSE

CORRECTIVE ACTION _ |

| _PROBLEM

1. Nothing happens
when Lhe control dial
15 in a position other

Eow baltery power level.

Recharge by inscrting pump into
backpack {charging unit). Plhg
power cord into AC outlel.

than “POWER. OFF - _ o _
{CHARGE)". Pead baticry. Replace defective battery.
Replace only with battery
marked 2Ax2K or WP1-4 (4V,
LAh),

No power al AC receptacle dur-i'n.g, charging_

Verily AC is present (100 -
240V, 50/60Hz).

modcis).

Poor connection between AC power cord
and appliance receptacle {international

Reseat AC power cord into
applance receptacic.

backpack assembly.

No dc power (4.68 +- .02V) at dc power
connector. Faulty dc power plug, located on

Replace faulty de power plug
assembly.

assernbly,

Faulty dc power sockel, located on pump

Replace faulty de power socket |
assembly.
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PROBLEM___

. ... POSSIBLECAUSE
Poor connection between battery termmals
and dc power clips.

assembly and 3-pin connector, J2, located on
the de switching power supply assembly.

Poor connection between dc power plug

CORRECTIVE ACTION

Inspect and reseat battery
terminals onto de power ¢lips.

ﬁeﬁéﬁ_}.—*—pin conmnector onto dc

switching power supply
assembly. Inspect connecior for
damage.

Faulty de switching power supply assembly.

Blown [use, F1, or faulty power switch,
SW1:13, located on main board assembly.

Replace defective do switching
power supply. Recalibrate dc
output voltage to 4. 68 +/- 02V,
per Section #6535

' Replace defective main board

asscmbly. Recalibrate all alarmm
detection circuits, per Section
#0.5.

2. Une or mere
keypads do not
respond when
pressed.

Poor connection between touchpanel overlay
and connector, 16, located on the main board
assembly.

Faulty fuuchpancl overlay. B

Faulty keypad decoder circuit located on the
main board assembly (U3, elc.).

Inspect and reseat touchpane]
overlay connector onlo mam
board assembly. Inspect for
damaged or cracked overlay
nbbon cable,

overlay.

chlacc defective main board
assembly. Recahibrate all alarm
detection circuits, per Section
#6.5.

3. Short battery fife
(less than 24 hours of

or lower).

mn time @ 125mlhr, |

Insufficient ba_ttéfjr;écharge time.

F aultj,r t_:r.s'.ttery. -

Allow t:-_a.ttv.erj\F to chargc for 24
hour period.

Replace defective battery.
Replace only with battery
marked 2Ax2K or WEP1-4 {4V,
1 Ah).

Low de power (< 4.68 +/- 02V) at de power
connector.

Recalibraie Lhe dc swilching
power supply assembly, per
Section #6. 5.5,

Poor connection between battery terminals
and dc power clips.

Inspect and reseat battery
terminals onto dc power chps.

Poar connection between de power plug
assernbly and 3-pin connector, J2, located on
the dc switching power supply assembly

Reseat 3-pi connector onto de
switching power supply

assembly. Inspect connector for
damage

Faulty low batiery detection circuit located
on main beard assembly (U3, U7 A, etc).

Replace defective main board
assembiv. Recalibrate all alarm
detection cirguits, per Section
Eii
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Section 6

DISASSEMBLY AND RECALIBRATION
INSTRUCTIONS

6.1
DISASSEMBLY AND RECALIBRATION

INSTRUCTIONS

CAUTION: The warranty is rendered null and void if the case housing is opened by
other than Ross Products Division and Abbott International service personnel.

6.1.1
GENERAL

Disassembly and reassembly of the Companion™ ClearStar™ Enteral Nutrition Pump is
accomplished with the hand tools indicated in Scction 4, Maintcnance & Service Tests.
Unless otherwise noted, reverse disassembly procedure for assembly.

CAUTION: Remove all power from the charger prior to disassembly or reassembly,
Prior to relurning a repaired pump or charger for patient use, both units must undergo
all checkont procedures outlined in Section 4.4 and the appropriate recalibration
outlined im Section 6.5,

NOTE: Due to slatic sensitive compeonents, 1 1s recommended that service personnel wear an
anti-static wrist strap (or other grounding means) while servicmg the Companion™
ClearStar™ Enteral Nutrition Pump.

6.2
PUMP DISASSEMBLY PROCEDURE

6.2.1
REMOVING BATTERY ACCESS DOOR, (ITEM 3)

a. Remove Phillips screw {Item 1} and washer {ltem 2) on battery access door and
remove door.
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6.2.2
REMOVE BATTERY (ITEM 4)

a Remove battery access door (Item 3).
b. Slide battery out through access hole.

6.2.3
REMOVING CONTROL KNOB ASSEMBLY (ITEM 27)

a. Push control knob te the open position.
b. Pull the control knoh door in order to remove control knob assembly.

6.2.4
REMOVE BACK CASE SUBASSEMBLY (ITEM 5)

Remove control knob assembly (ltem 27}

Remove 5/16" mut (1tem 26} and washer {Item 25) from rotary dial switch.

Remove battery (Ttem 4).

Remove {2) remaining Phillips screws (Item 1) and separate back case assembly to
CXPOSE CONNECLOrs.

Disconnect the 7-pin nbbon cable (PL6G) frem the mam pe board connector (J6).
Disconnect the 7-pin MTA connector {(PL8) from the main pc board connector (J8).
BDisconnect the 2-pim MTA connector (PL7) from the main pc board connector (I7).
Fully separate the back and front case (ltem 23) while carefully sliding the motor and
power wires from between the main and display pc board assemblies.

Disconnect the display pe board from the main pe board by squeczing the ends of
each of the (4} stand-offs while ifting up on the four comers of the display pc board.
Disconnect the 2-pin MTA connector (P1.4) from the main pc board connector (J4}.
k. Remove the positive (1) battery clip from the front case by shding it off the

iocating boss.

=N

ER

L.""

6.2.5
REMOVING PIEZOQ BUZZER

SUBASSEMBLY (ITEM 6)

a. Remove back case (Item 3),
Disconnect the 2-pin MTA conncctor (P1.1) from the main pe board connector {J1).

c.. Gently remove the piezo buzzer by peeling it off the main pe beard assembly
(Ttem 9).
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6.2.6
REMOVING BATTERY CLIP
ASSEMBLY (ITEM 8)

a. Remove back case {ltem 3).
b. Remove the negative (-) battery clip from the back casc by sliding it off the

Incating boss.
¢. Disconnect the 2-pin MTA connector (PL3) from the main pc board connector (J3).

6.2.7
REMOVING MAIN PC BOARD
ASSEMBLY (ITEM 9)

a.  Remove back casc (1tem 5).

b. Remove piezo buzzer (Ilem 6}

¢. Remove Battery Clip Assembly (Ttem 8).

d. Remove (5) Phillips screws/washers (ltem 10).

¢. Lt main pe board from back case.

f. The display pc board {ftem 11) can be separated from the main pc board by

depressing the (4) standoff tabs and lifting.

2.8

REMOYVING DRIVE SYSTEM (ITEMS 12-19)

a.  Kemove back case (ltem 5).
b. Remove cassette lalch (Ilem 7).

¢. Lill pump cavity and shide drive systern from [ront case.

6.2.9
REMOVING REED SWITCH BRACKET:

ASSEMBLY (ITEM 18)

a. Remove back case (Item 5).
. Remove drive system {items 12-19)
¢. Remove (2)flat head screws (Ttem 19) holding the reed swiich bracket assembly to
the motor bracket.
d. RBcmove (3) reed switch wires from 7-pin MTA Conncetor. {(Brown, Blue, and Gray

wires),
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6.2.10
REMOVING PISTON & CAP ASSEMBLY (1ITEM 14)

a. Remove drve system (Items 12-193.
. Detach cassette tube (ltem 12) from motor bracket by twisting 90 degrees and
pulling apart.
¢. Remove (2} Phillips screws (Item 16} holding the adapter bracket {ftem 15) to
the cassette tube (Ttern 12) and spacer (Ttem 13).
4. Separate adaptor bracket and remove the piston & cap assembly.

6.2.11
" REMOVING FRONT TOGUCH PANEL
OVERLAY (ITEM 24)
a. Peel front touch panel (rom the front case (Item 23).
When reassembling, clean front case (bonding surface) with alcohol in order
to remove old adhesive.

¢. Clean LCD window with alcohol.
d. Replace wath 2 new front touch panel.

6.3
CHARGER DISASSEMBLY PROCEDURE

WARNING

ELECTRICAY. SHOCK UAZARD. HIGH VOLTAGE PRESENT AT
FLYBACK CIRCUIT }.OCATED ON TOE DC SWITCHING POWER
SUPPLY ASSEMBLY. .

6.3.1
REMOVING REAR COVER (ITEM 5) - DOMESTIC

a Remove (4) corner Phillips screws (Item 3) on rear cover and separate from front

housing (Tiem 11}).
b. Disconnect the d¢ power subassembly 3-pin MTA connector from the power po

board connector (J2).
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REMOVE REAR COVER (ITEM 3) -
INTERNATIONAL

a. Remoave (4) comer Phullips screws {(Item 3) on rear cover and separate from front
housing (Ttem 11).
b. Disconnect the DC power Subassembly 3-pin MTA connector from the power pc

board connector (32).
c.  Ehsconnect the 1747 push on receptacles from the main indicator.

6.3.2
REMOYE SWITCHING POWER SUPPLY
BOARD (ITEM 6) - DOMESTIC

a. Remove rear cover {ltem 5).

b.  Blisconnect the power cord, white wire, 1/4" push-on receptacle, from the powver pe
board 1/4" tab marked N.

c. Disconnect the power cord, black ware, 1/4" push on receptacie from the power pc
board 1/4" tab marked 1.,

d. Blisconncet the appliance receptacle, yellow/green wire, 1/4" push on receptacle
from the power supply board 1/4” tab marked Ground,

2. Remove (4) Phiilips screws (lem 7) from power pe board.

REMOVING SWITCHING POWER SUPPLY
BOARD (ITEM 6) - INTERNATIONAL

a. Remowve rear cover {Item 5).

b. Disconncct the appliance receptacle, blue wire, 1/4” push-on receptacle, from the
power pc board 1/4" tab marked N.

c. Disconmnect the apphance receptacle, brown wire, 1/4" push on receptacle from the
power pc board 1/4" tab marked L.

d Disconnect the appliance receptacle, yellow/green wire, 1/4" push on receptacle
from the power supply beard 1/47 tab marked Ground.

e. Remove (4) Phlhps screws (Ttem ¥) from power pe board.

6.3.3
REMOVING POWER CORD (ITEM 1) - DOMESTIC

Remove rear cover (Ttem 5},

Eemove power pc board (ltem 6).

Remove stram relief (Ttem 2) from rear cover, using strain relicf inscrtion tool.
Shde power cord from rear cover.

pe T
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6.3.4
REMOVING APPLIANCE OUTLET
ASSEMBLY (ITEM 2) - INTERNATIONAL

a. Remove rear cover (Item 5).

b. Remove power pe board (Ttem 6).

c. Depress the 3 tabs located on the appliance receptacle, while simullanecusly pushing
out of the apphance receptacle opening m the rear cover.

6.3.5
REMOVING POLE CLAMP (ITEMS 14-19)

Remove rear cover (Item 5).

d.
b. Bemove (2) Phillips serews (Item 4), centrally focated on rear cover.
c. Lift clamp channcl ([tcm 13), containing the pole clamp mechanism, from rear cover.
d. Slide pole clamp mechanism (Items 14-19) from clamp channel.
6.3.6

REMOVING DC POWER CONNECTOR
SUBASSEMBLY (ITEM 10)

a. Remove rcar cover (Item 5).
b. Remove Philhips screw (Item 8) on plate (Item 9).
¢. Lift platc from front housing (liem 11) and carefully remove the DC power

connectar subassernbly.
6.4 .
RECALIBRATIO
GENERAL

Various elements of the Companion™ ClearStar™ Enteral Nutrition Pump and Charger must
be recalibrated if parts affecting those elements arc replaced or become out of adjustment due
to wear or mishandling. Tf adjustments beyond those covered in this scction are required, or
cannot be accomphished in-house, the pump and backpack should be retumed to an anthorized
repair facahity for recalibration and/or repair.
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0.4.2
DISTAL OCCLUSION DETECTOR

The distal occlusion sensor may be calibrated using two alternative meihods, both methods are
described in this section. The first method desenbed, does not require Standard Pumps, the
second method described docs requine the use of Standard Pumps.

6.4.2.1
RECALIBRATION USING NO STANDARD PUMPS:

EQUIPMENT:

- (1) ClearStar Companion Enteral Feeding Set
- (1} Ross Flexillo Enteral Feeding Tube, #8 french (p/n 472)

- Degassed water
- {1) XDUCER_CAL / OPTIC_CAL Calibration Box, #701181
- (1) Oscilloscope or Multimeter with MIN/MAX feature

RECALIBRATION SETUP:

a. The following constraints shall be followed when selecting a presorted feeding set
mceant for calibrahon of the downstream occlusion sensor:

. Avoid using a casselle contaimng a bellows with a soft bottom, in which Lhe tip
of the bellows collapses.

i, Avoid using a cassctic containing a bellows that s rigid between rbs 3 and 5,
in which the bellows does not collapse between the 4th & 5th ribs.

iii. Avoid using a cassette contaiming 2 bellows that the material is unevenly
distnibuted, causing the bellows to collapse uncventy.

iv. Note, optimal bellows should have ngid bottoms and exhibit even collapse, in
which all nbs touch when collapsed. It is acceptable il there is not a total
collapse between the 4th & 5th rib.

RECALIBRATION PROCEDURE:

a. Attach the Flexiflo 8F ng-tubc to the orange distal connector of the presorted
Jeeding sel.

b.  Fill the container of the presorfed feeding sef with degassed room temperature
water and prime set. Ensure that all air has been removed from the casselie and
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tubing. Note, watcr can be degassed using a vacyum chamber or water may be
placed in uncovered containers and allowed to set for 24 - 72hrs.

c. Measured from the pump casseite tube cpening, the fluid head height 15 +307,
while the extreme distal tubing 15 -10™.

d. lnscrt the presorfed feeding set into the pump cassette tube opening until it is
physwally latched into pesition, then clamp the distal end of the 8F ng-tube to form

a total downstream occlusion.

e. Connect the oscilloscope to the XDUCER. CAL /7 OPIIC_CAIL. Calkbration Box
as follows:
1. Attach the o’scope ground to the terminal marked “GIND” and the o’scope
probe to the terminal marked “XDUCER”.

11, Set the oscilloscope to the 0.2V/DIV selling,

f The ClearSiar pump shall be placed in the XDUCLR_CAT. mode, as [ollows:

1. Attach the calibration plug fom the XDUCER_CAL / OPTIC CAL
Cahbration Box ta connector J5 on the main board assembly. Note, venly
proper plug orentation (line/dot on connector facing operator with pump
facing up).

1. Rolate pump centrel dral from POWER OFF {CHARGE) Lo the SET RATE
posttion. Note, self test should be by-passed and 150mi/hr flow rate dasplayed.

iii. Rotate pump control dial to HOI.1Y position. Note, control of the
XDUCER CAlL and OPTIC CAL modcs are toggle via the HI/LO keypad.

1v. While in IIOLID, toggle the E-SAVE switch to the “on™ position.

g Rotate pump control dial to the RUN position and allow the pump te stroke until
the transducer output has stabiized.

h. Using the “increment” or “decrement” keypads, adjust the pump transducer signal
conditioning / amplifier grewit vot! an output of 1.60Vp is achieved. Note, if the
output is not stable (within +/- 0.02V), replace the preserfed feeding set with a
new sat.

i. Record the “digital pot value” of the pump transducer signal conditioning /
ampthiier circuit.

3. Once the pump transducer signal conditioning / amphifier circuit has been
cabibrated, retate the pump control dial to the HOLD posiion.

k Toggle the E-SAVE switch to the “off” posilion.

1. Rotate the pump contrel dial to the POWER OFF (CHARGL:) position,
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m. Rolate the pump coatrol dial back to the HOLD posiuon to vernify that the “dhgital

6.4.2.2

pat value”, displayed on the LCD, matches the value from i above.

Rotale the pumyp control dial to the POWER OFF (CHARGE} position.
Remove the presoried feeding set from the pump.

Iisconnect the do power supply from SK1.

Unplug the XPYUCER CAd. / OPTIC CAIL Calibration Box from main board
connector, J5.

RECALIBRATION USING STANDARD PUMPS:

EQUIPMENT REQUIRED:

- Oscilloscope
- {2} Production Fecding Scts
- (2) Needle Valves (Brooks Instrument, P/N 8504)

- Canocla Oil
- {2} Siandard Pumps

RECALIBRATION SETUP:

Per form the following steps a-c to select and adjust both the Transducer Cahbration Set and
Transducer Venfication Set:

a.

Fabncate the Transducer Calibration Set and the Transducer Verification Set by
selecting a standard production fecding sct which contains a bag or rigid feeding
container.

i. Pour 500ml of canola oil inie the [eeding contaner. (Note: Do not reuse the
canola oil for more than onc month).

i Primec feeding set and make sure all air is purged from the cassette and feeding

set assembly,

m. 1f the sct is now, burn-in set for a minirmm of 15 minutes at 300mlhr. {Note: Do
not use the Standard Pumps to bum-m the feeding sets).

iv. Cut the crange connector off the end of the feeding sct and attach the needle

valve onto the pve tubing,

v. Fluid head height is 28 + 3" Necdle valve is placed on edpe of table

approximately 2" below puip.
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b. Place the Transducer Calibration Set and the Venfication Sct into a Standard Pump,
with pump set to 150ml/br, and adjust the needle valve until a transducer voltage
reading of 1.00 + 02 volts peak is obtained on the oscilloscope.  Allow the pump to
cycle a mmimum of {6) cycles and verify that the reading has stabilized.

c. Place the Transducer Calibration Sel and the Transducer Venfication Set into
another Standard Pump, with pump set 1530ml/hr, and venfy that the transducer
voltage reading of 1.00 + 0.02 volis peak is indecated on the oscillescepe. Apain,
allow the pump to cycle a mimimum of (6) cycles and venify that the reading has
stabilized.

EQUIPMENT REQUIRED:

- Oscilloscope

- Transducer Calibration Set

- Transducer Venfication Sel

- {2) Standard Pumps

- Backpack Power Supply (4 68 vdc)
- Cahbration Box w/ Comuector Plug

RECALIBRATION PROCEDURE:

Note: Transduocer readings shall be taken, using (2} Standard Pumps, on both the Transducer
Calibration Set & Transducer Verification Set, every 30 minutes. I'ransducer vollage readings
of 1.00 + 0.02 volis peak must be verified. 1f readings fall outside of the  acceptable range
the Calibration and Verification Set must be recalibrated and all pumps within the ast 30

minutes arc to be checked and calibrated, if necessary.

Place an ant-static wrist band onto a convenient wrist gnd attach the grounding
cord to the grounded anti-static mat at the work station.

d.

b. Ensure the oscilioscope is "ON" and has warmed up for at least 10 mimites. Focus
and adjust ntensity as required. Set “AC, GND, DC” switch to "“GND” Adjust
position knob to Iine trace with baseline. Ensure 10x probe is connected.

c. Connect a jumper cable between the dc connector, on the charger, and the de
power jack on the pumyp.

Note: A 4.68 Volt regulated direct current power supgply may be used.

d Attach cahbration plug from the calibration box to connector J5 {(on the Main Board
assembly}), with access through the battery door opeminy,

Attach the oscilloscope ground to the "GNNI ternunal oo the calibration bex and the
scope probe to the “TRANSDUCER™ terminal on the box.
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I Set the scope to the 0.2V/DLY sctting.

g Turn the rotary switch on the calibration box to the "TRANSDUCLR/OPT" position.

L Rotatc the control dial of the pump from the POWER OFF {CLIARGE) position to
the SET RATL position.

- The self test should be by-passed and a 150mb/hr flow raie setting displayed on the

LCD.
- Ifthe flow rate setting is not at 156ml'hr, please do so at this time by

depressing the merement or decrement keypads.
i. Rotate the pump dial to the FHOLI) position.

i- Control of the XDUCER_CALAOPIIC_CAL modes 18 controlled through the
HILOW kcypad. Depression ol the HILOW keypad will togple between the
XDUCER CAL mode and the OPTIC _CAJ. mode.

k. While the pump 15 in HOLL, tum the "Ll SAVE" switch on the calibration box to the
“ON" position.

1. Insert the Transduccr Calibration Set casselle into the pump and venfy that the
casselle 15 latched mto place.

m. Rotate the pump control dial 1o the RIIN position.

- Allow the pump to stroke several times, allowing the motor speed control
circuitry 1o stabilive. While this 1s taking place, momtor the oscillescope and
begin course adjustment of the transducer cutput.

- Ifthe peak transducer signal is below 0.98 volts, adust the ouwtput using the
mcrement keypad 10 1.00 + 0,02 volis,

- Ifthe peak transducer signal is above 1.02 volts, adjust the oatput using the
decrement keypad to 1.60 + 0.02 volts,

e. Once transducer calibration has been made, allow the pump to continue pumping for
several strokes to ensure system has stabilized. Rotale the pump control dial to the
HOLD position. Record the actual transducer setting and the digital pot vale
{indicated carlicr on the LCD).

o. Remove the Transducer Cahbration Set and replace with the Transducer Venficabion
Set.

p. Rotate the pump contro! dial back to the RUN position.
- Yenfy that the transducer reading is 1.00 1 0.02 volts peak.

g. Rotate the pump control dial to the HOLD position.

Tum the "H SAVE" switch on the calibration bex to the *OFF” position.

-
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Rotate the pump control dial to the POWLR 011 (CHARGE) position.

Rotate the pump control dial te the HHOLD position and verily that the digital pot
value on the pump LCID display matches the value recorded.

Note:  the values do not match repeat the calibration procedure.

Rotate the pump control dial to the OFF position. Remove Sel. Disconnect the dc

L
power supply and calibration plug from the purap.
6.4.3
OPTICS

Perform the following steps if the optical detection cireutt is in need of calibration.

a.

Connect a jumper cable between the dc connector on the charger and the de power
Jack am the pump,

Note: A 4.68 volt regulated direct current power supply may be used.

Attach calibration plug from the calibration box 10 connecior J5 {on the Mam Board
assembly), with access through the battery door opening,

Ensure thal the optical sensor palh is unobstructed.

Using an oscilloscope, attach the oscilloscope ground to the “GND" termminal
on the calibration box and the scope probe to the “OPTIC” terminal on the box.

Turn Lhe rotary switch on the calibration box the "TRANSDIICER/QPT® postiton,

Set VOLTS/DIV switch on scope to 0.5 and set the “AC, GND, DC" swiich to
D"

Rotate the pump control dial te the HOLD position, depress the HVLOW keypad to
place the pump into the OPTIC CAI mode. The microcontrolicr will force the optic
I/ ling to generate a square wave output signal (i.e.; 200ms HIGH, 500ms LOW,

200ms HIGH, 500ms LOW, ete )
Note:

Depression of the HYLOW keypad will toggle between the XDUCER_CAL mode
and the OPTIC_CAL mode,

Mote:  The default position 1s the XTHICER. CAL mode.

Rotate P1 so that the photodector just begins to come out of saturation. This
should occur at approximatcly 3.6 - 3.7 volts.
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6.4.4

Sel VOLTS/DIV switch on scope to 0.1.

Insert a pomed Companion™ ClearStar™ Pump Set, filled with room temperature
waler, Nl the pump cavily. Ensure thal the casselie tube laich 15 engaged,

Note: The pump set should be primed free of air bubbles to achieve proper optical
readings duning calibration.

Observe the reading on the scope. Tt must be between 0.1 and 0.5 volts peak.

Note: If reading is not as specifted above, repeat steps h - k and raise or lower the
saturation reading as necessary,

Terque scal P1.

Rotate the pump control dial to the POWER OFF {CHARGL)} position. Remove the
Optic Test Set.

Disconnect the de power supply and calibration plug from the pump.

TDC/BDC POSITION DETECTOR

Perform the following steps if the recd switches have been replaced.

EQUIPMENT REQUIRED:

- TDC/BDC Calibration Fixture Asscmbly, PAN 700840
- PF5 Tower Supply, Test Backpack
- Calibratton Box w/Conncctor Plug

RECALIBRATION PROCEDURE:

a,

With the pump control dial m the POWER OFF {CHARGE) position, attach the
calibration plug to connector }5 on the main board. Linsure plug is in the proper

posiliocn on the connector.

Connect 4 jummper cable between the de connector, on the charger, and the de power
jack on the pump.

Note: A 4.68 Volt regulated direct current power supply may be used.

Place the pump 1o be calibrated in the fixture and tighten side plate of fixture to hold
pump securely.
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d. Insert the properly set-up gagefadaplor system into the pump. Ensure gage {its into
pumyp. Reposition pump and secure if required. Remove pagefadaptor sysiem from

puimp.
e Rotate the rotary switch on the calibration box to the TDC/BDC position.

f. Rotatc the pump control dial to the "RUN" position and allow pump to stroke once,
then rotate the control dial on the pump to the "HOLD" position. Pump display
should read "tdc". This mdicates the calibration made,

g Press the "HIYLOW" swiich on the overlay to change to BIDC mode. Pump display
should read "bdc".

h. Tum the Micro code umit on, set the measurcment mode to INCHES and the
[unction to read NORMAL. Zero out gage.

i. Lower the gagefadaptor sysiem into the pump until the farget displacement value
001" appears on the digital gage of the Micro code unit. Lock the gage in place
using the lever on the side of the fixture and zere oul the page display.

i Turn the "E SAVE" switch on the calibration box to the "ON" postiion,

k Rotate the pump control dial to the RUN position and allow the pump to run ai least
five strokes to stamhze.

MNote: The digital read-out must be zeroed between each stroke at BDC to obtain
accurate values in the DIFF, BMMAX and MIN modcs.

1. Rotate the switch on the digital read-out to the "MIN" mode and observe the value
rccorded.  If the value in the "MIN™ mode is other than 0 = 0005", increment or
decrement the BIDC delay value by using the "arrew butlons” on the pump overlay as
needed to find the lowest value on the digital read-out + .0005".

Pump display should read a value between 0 and 200
Record pumnp display value.

m. Once the lowest value 1s lound, rotate the pump control dial to the HOLD position.
Make sure the switch on the digital read-out is in the "NORM" mode and zero out

the gage display.

n. Press the "HI/LOW" switch on the pump overlay to change to TDC mode. Pump
display should now read "tdc”.

o. Raotate the pump control dial to the RUN position. Observe the displacement at
TDC. Turn the switch on the digital read-out to DIFF mode and observe the
displacement. The DIFF value and the NORM value must be the same £ 0005".
Increment or decrement the TDC delay value by using the "arrow buttons” on the
pump overlay as necded until both the DIFF value and the NOBM valvee are the same
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+ .0005". Pump display should rcad a value between 0 and 200, Record pump
display value.

p. Once the TDXC value is reached, rotate the pumnp control dial to the HOLD position.
q. Turnthe "E SAVE" switch on the calibration box to the "OI'F" position.
r. Rotate the pump conirol dial to the POWER OIF {CLIARGE} position.

s. Roiate the pump control dial 1o the FHOLDY position to reactive the TDC/BDC
modc.

1. Rotale the pump control dial to the RUN position and verily that the TDC value is
the same as the TDC valuc recorded.

u. Rotate the pumnp control dial to the HQIL1) position and press the HVLOW switch on
the overlay to change to BIDC mode.

v. Rotate the ppmp control dial to the RUN position and venfy that the BDC value is
the same as the BDC value recorded on the Cal Sheet,

w. Rotate the pump control dial to the POWER OFF (CHARGHE) position.
x. Remove the cahbration plug and de power plug from the pump.

y. Unlock the gage by turning the lever on the side of the fixture and remove the gage
from the pumy.

z. Loosen side plale of [ixture and remove pump from fixture.

6.4.5
DEFAULT VALUE CALIBRATION MODE

During firsi hme power-up of the main board assembly, the manufacturer initiates what
known as the defanit valuc calibration mode. By activating the default value calibration mode,
defanit values are stored into both the scoured and non-secured area of ERPROM.

A service technician should activate the defaull value calibrabon mode feature if one or more
of the following fault condition{s) occur:

- F-13: CHECKSUM ERROR

+ F-1&: TDC DELAY QUT OF RANGE
= 19 BDC DELAY OUT OF RANGE

The default value calibration mode can be activated by performing the {oilowing steps:

a.  Attach the FORCE_CAL (J3:3), TDC/BDC CAL (15:2) and DIAGNOSTIC_REC
{15:5) hines 1o ground (J5:1).
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b.  Activate ESAVE by attaching a jumper between J5:4 and J5:8.

c. Apply power to the pump via backpack power supply

d. Rotate the control dial fruom the POWER. OFF (CHARGIY) position to the SET RATE
position.

e.  Verily that the word “dOnbs™ 15 displayed on the display board.

f. Rotate the pump cenirol dial back to the POWLR OFF (CHARGE} position and
disconmect jumpers.

The following values will be loaded inte EEPROM.:

« SETRATE =300

« SETDOSE—-0

» VOLFED -0

« BDC=0

= TD=0

»  XDUCER = 49

= Dhagnostic Recorder Cleared 1o ¢

»  Occlusion Event Recorder Cleared to 0

NOTE: As a direct result of a inittatmg the default value cahbration mode, the distal
occlusion detector and 11C/BDC position detector MUST undergo recalibration, per Section
6.4.2 and 6.4.4 respectively.

6.4.6
POWER SUPPLY (CHARGER)

WARNING

ELECTRICAL SHOCK HAZARD. UHIGH VOLTAGE PRESENT AT
FLYBACK CIRCUIT LOCATED ON THE DC SWITCHING FOWER
SUPPLY ASSEMBLY.

Perform the following steps if the ouput of the charger power supply is in need of
calibration.

a. Separatc the front housing and rear cover, leaving ali cormectors located on the
power pe board connected.

b Plug the charger’s AC power cord mto a 120 volt, 50/60 hertz power receptacle for
Domestic, or into a 220-240 Volt, 50 hertz power receplacle for International.
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c. Moaitor the output of the power supply, using a digital multimeter (DMWM},
comnected to the Backpact Qutput Test Fixture, Shde Test Fixture into charger

until fully engaged.

d.  Rotate Ri7 {100 chm potentiometer) so that the open circuit output is between 4.66
ad 470 VD,

e, Tomue seal R17,

f To verify that the charger is regulated, depress and hold push-butlon swatch on
Backpack Output Test Fixture. o not maintamn load for more than {10) seconds.
The charger i3 functioning properly i’ the culpul voltage lies between 4 .50 and 4.70
volts. If the output voltage falls below 4.50 veolis, the power pe board must be
replaced.

g, Remove Test Fixture from charger. Unplug charger. Reassemble charger.
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Section 7

PARTS LIST, MECHANICAL
DRAWINGS AND ELECTRICAL
SCHEMATICS

7.1
LABEL PLACEMENT

This sectien of the Companion™ ClearStar™ Enteral Nutrition Pump Service Manual
contains labeling description and placement information for the domestic and international

version pumps and backpacks.

7.1.1
PARTS LIST - CANADA (Code 13)

For most current revision please rcfer to Label Suromary LM771-13.

7.1.2
PARTS LIST - GERMAN (Code 15)

For mosl current revision please refer to Label Summary LM771-15.
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7.1.3
PARTS LIST - SPANISH (Code 22)

For most current revision please refer to Label Summary EM771-22.

7.1.4
PARTS LIST - AUSTRALIA (Code 27)

For most current revision please refer to Label Summary EM771-27.

7.1.5
PARTS LIST - EUROPE (Code 36)

For most current reviston please refer 10 Label Summary LM771-36.

Companien” ClearSlar™ Enters] Nutrition Pugs -2 G2-HF-Gah0-02
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7.1.6
PARTS LIST - ITALIAN (Code 42)

For most current revisien please refer to Label Summary LM771-42.

7.1.7
PARTS LIST - UK (Code 54)

For mosl current revision please refer to Label Summary LM771-54,

Comnpanicn” ClearSiar™ Entersl Nahition Pump T3 G2-HF 0= (R e 1072000)
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7.2

EXPLODED MECHANICAL VIEWS

This sectior of the Companion™ ClearStar™ Entera! Nutrition Pump Service Manual contains
exploded views for the domestic and international pump (Figure 4) and backpack (Figures 5 & 6), item

number, part description, part number and quantity required.

Domestic & International

_mep_a__nion"‘ CIearStar“"__Entefal Feeding Pump

Hem Number Part Description Fart Number Quanity
1 Screw Pan Hd, #6-32 x 171g. HNNILS 3
2 Washer _ 200006 1
3 Baitery Door 400014 1
4 Battery s000ts 1
5 | Backcase Sub-Asscmbly _ _RODITSA 1
6 Piezo Buzzer Sub-Assembly - R000 14 ]
7 Casscite Laich 400019 1
B 8 Battery Clip Assembly $00221 1
9 Mzin Board Assembly soz7dC [ 1
10 .| Screw Pan Hd, w/ Starwasher 200016 5
| i1 Trisplay PCB Assembly - Domestic SO0 1
L1 Display PCB Assembly - International 500720 R S
12 Cassette Tube / Optics Subassembly 200233 I —
13 Spacer 0155 1
14 Fistenfap Sub-Assembly 00011 1
15 Adapter Bracker 400185 1
16 Screw Pan 11d_#2-28x Y% 1 200571 2
17 | Motor/Cam Assembly ¢ 3001625 1
18 Reed Swilch bracket Assembly BO017RA 1
Bt Scrow Machine Flat Hd #2-36 x 3/16 lg 200219 7]
T CGasket, Rubber 200053 N
7 Washer, Rubber 400073 1
22 Bumper, Dove _ 400707 i
23 Frontcase Sub-Agseiobly __BK3GT 1
24 Touchpanel Overlay - Domestic 50477 i
24 Touchpanc] Chyerlay - Boropean, Canada, 500639 1
e Amstralia_and -. N
24 Touchpanel Overlay - German _.. 300630 !
24 Touchpanel Overlay - Spanish 500642 1
24 Tonchpanel Cverlay - Italian o M0ed) 1
25 Lockwasher External footh 200042 1
26 /16 Nut 200054, 1
27 Control Knob Assembly 200010 1
77 B2-HF-0550 02 {Rev. 1072000}
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Figure 74, Pump - Exploded View
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Domestic Companion™ ClearStar™ Backpack

:ompanion® ChearStar” Fueral Feeding Fump

Iem Number Part Description Part Number Ouantity
— 1 | Power Cord Assembly 500110 I 4
o 2 Strain Reliel 500315 1
3 Scrow, plastite #4 x 2 /8 I, 200029 4
1 Scrow, Plastile #6-32 x 3/8 1. 200105 2
5 Rear Cover / Tusert Subasstanbly 800234 1 B
6 Switching Power Supply 500586C T
7 Screw Pan Hd. #6-32 x ¥ Iy 00487 1 4
3 Screw, Plastitc #4 x 3/8 Ig 00001 1
i g Pla.e 400363 1
10 DC Power Sub-Asscmbly 200306 1
- 11 Front Housing 40036248 1
12 Feet 00007 3
13 Chianel 400031 1
14 Clamp Arm Sub-Assembly 200017 1T
- 15 Clamp Support Block 300039 T N
16 Clamps;crcw 00007 1
17 '| Washer B 200047 1
- 18 Retaing Ring i 200049 B
19 ‘I'riangular Knob 600109 1
70 E2-HF 055002 {Rev. TO2000)



Figure 7-5, Domestic Backpack - Exploded View
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International Companion™ ClearStar™ Backpack

Item Nomber Part Description Part Number (uanity ;
. l AC Power Cord Eséiuhly 800037 I
: 2 Appliance Outlet Assembly 800223 1
3 Rcrew, Flasiite #4 x 2 3/8 Ig. 200029 4
s Screw, Plastite #6-32 x 3/8 1g. 200105 2
s Rear Cover 7 Insert Subassembly 200234 1
6 Swilching Power Supply 5003360 1
- 7 Screw Pan Hd. #6-32 x Vi Ig 200497 4
2 Screw, Plastite #4 x 3/8 Iy, 2000 1
) Plae [ 400363 T T
10 "DC Power Sub-Assanbly 8003061 ] ]
Ty Front Housing / Mains Indicator Subassembly 800233 1
12 Feet o 400027 4
13 Channel 400031 1
T, Clamp Arm Sub-Asscrbly 360019 ) ]
15 Clamp Support Block 400019 !
T Clamp Screw 300007 1
17 Washer 200047 St
18 Retaing Ring N i 200045 2
B 19 Triangmar Knob 600109 1 -
7-11 62-HF-0550-62 {Feev. 1E¥2000)
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Figure 76, International Backpack - Exploded View
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7.3
ELECTRONICS

This section of the service manua! contains the functional biock diagram, clectrical schematics and peb
layouts (main, display and power board assemblies} for the domestic and international Companion™

ClearStar™ Enteral Nutrition Pump and Backpack.
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Figure 7-10, Main Board - Electrical Schematic {Analog)
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Figure 7-12, Domestic Display Board Assembly - Electrical Schematic

Companion™ ClearStar™ Fite a] Musrilion Pump 7-18 B2-HF--0550-02 (Fev. T F2Z000)



A vomany 1RTREE | RGeS Unuerhien s

GlL-L

For-0esr 4429

{000z e}

Alquwassy piecd Aedsi] [euonewsil] ‘gl-/ ainbi4

4100 1
a,v28 | Al :
4 .
ars | | - 3783 _ 8713 REF.
| l._.._,—-- 4 Th o r—— :
| : JAER VIEWING ARTA B4 l840.010

I

1 I~

— 1400

A '-—"!
N e

0.755
F— QL1445

0A7f0 ¥

888

L@
P - o @

|

d L T T
BC.157 NOQY=PLATED o o

/— KETES 5

THRL {4PLS)

WOTES:

1, ALL DIMENSIONS 1N :4CHES UNLESS CTHERWISE SPIOIF-ER.

2. TOLER&KTES £0.008 UhLEES DTHEAWISE SPECIFED,

3, REFER “O WMODULE PRODJET SFECIOCATION FOR SREZITL CONFICURATICHS AN B LL walEl
4. STORAGE TEMSERAURTE; o 7O -113 'F

CPERATING TEMPERATURE; BO TO »93 %

5. PEIND THE LEG FLAT

CONNECTOR AINGUT

PINg [ SYOMCL | FuNoLGNG
1 33 SERIA. Oats ThRELT
E_ | =K STRIEL CLOLCK [MPYT
3 1 ColP SELEEi iCl
2 ng CHIP SELELT: L2
= LCT+ | #3235 ta +4.7%
g Wetel +2.0 to +4.7% | PWER
T OHI v 1RSI Y
121
o
3K i I ;,
(RECI !
I L] [ ™
Vet 1w |
oy é GO Y
GNI ek ] 50115 | oo |
! ! \
§
L | |
i &
L 12




GHD

ilyr s 1

T
B FTATYITT

CLELOME TO 2
<«

W-DiLP

Ll T

LLE: e J T
ne v
L e T

3N
anTH

g% Y

an
JN rH
In e
EER
AN £
MY

#rsl

EL S

LRI

[T+

3] SPERER] W oF

L FTI T

1t AF A7k

SHD

[RETER Bl |

LD t-ERSEy

icpe

Al bR

&1 CLCEE roKc)
a8
15

LAl

w kb

LLEDS
122 WY LR, Yalem LED

LE
I*u.n

S

r
L]

LEO-
HD

Ly S

oILT

=1

|4 3

SELR1

Y-LAF g .
Lohla) ]
5 1

B4 ]

g8 i
MDD
)
s 3

113211

H
H =rfH

aca |
m

H /il

W DIS#E

o [ [
5l 1
FEGIk 3

—
w3
e TR Tk Rt
e T
T I ke
T
e
L]
T TR Rl
o1 3N
-3: ™
WA e
LI r’ bt
T
W 1 et
T T
o L
TEar |- e
LT w Al

BEB2
e —

L)

]

SEGI!
ARCE

LEE LLarad (a5 rpnd BRELLET SR K41 IA"

wOTE

DT
LoS 1 B-EDO]

Figure 7-14, International Display Board Assembly - Electrical Schematic
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Figure 7-15, Power Board Assembly
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Figure 7-16, Power Board Assembly - Electrical Schematic
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