Your Distributor is:

Braintree Scientific, Inc.

PO Box 850498, Braintree, MA 02185
781-917-9526

Email: Info@braintreesci.com

Web: www.braintreesci.com

Braintree Scientific Inc.
BS-8000/9000
Multi-Phaser™

Programmable Svringe Pump

N\ F oot ot ot o0 o i
e S S ol S S S SO Sl
pi#iiiii# ****ﬁ***iiiiiiii :

Infusion ‘Rate u'.\..f\.).‘.].aa

50
40~ SPPNIPY
30 oo
20 |
10~

0 10 20 30 40 50 60 70 0 90
Time

WARNING
NOT FOR CLINICAL

USE ON HUMANS




Quick Start Instructions

Oviick stcat instrictions assume that the pump wwas not previots progrananed with a naidtiple
Pliase Pronping Progroon.

e Plus m the pump.
o  Press the pewer switch te tuim enpewer.
e Press any key te stop the display frein blinking.

Setup Pumping Parameters

Te Change Numbers:

e Usethe amrew keys te mcrement mdividual disits.

¢ Teinevethe decunal peint: Press and held the left-inest arrew key feor at least 1 secend. When the
digit increments tfrem 9 te @, the decunal peint will begin te shuft.

e Press any nen-airew key, or wait 2 secends, te set the new munber. The display will blink when a
new value 1g set.

Set the Sviinge Inside Diaineter:

e Nementarily press the ‘Biamneter’ key. Set the diaineter.

Set the Pumping Rate.

e Nementarily press the ‘Rate’ key.

¢ Te change the pumpme rate units:

—  Maementarily press the "Rate’ key agam. The display will shew: } : - :: -

—  Press any airrew key te select the next available rate units.

—  Press any nen-arrew key, or wait 2 secends, te set the rate units.

e  Set the pumping rate. If the pumping rate is eut of range, the display will shew: |- -a | |

Set the Veluine te be Dispensed o1 Centinueus Pumping

e DMementarily press the *Veluine’ key.

¢ \Vhen the display shews: , the puinp is set for centinueus punping. Pressing any arrew

key will change the display te @.
e Fer centmueus puimnping: Set the veluie te 0.
e Feora Velumete be Dispensed: Set the veluine.

Set the Pumping Birectien

¢ \Vhen the “Withdraw™ LE® 15 lit, the puinp 1s set for withdrawing. Yhen net lit, the pumnp 1s set for
infusing Use the © %« * key te change the pumping direction.

Load the Syringe
Press i the white drive-nut butten te ineve the pusher bleck.
e Insert the syrmege plunger m the pusher bleck slet.

e Insert the syrmee bavel tlange m the tflange brackets with the syringe barrel helder en the syrmse.
Tishten the tlanse brackets ente the syringe tlange. Tishten the pusher bleck screw.

Start the Pump

e Usethe ‘Start/Step’ key te start o1 step the punp.

When Pumping

¢ The pumping rate can be changed

o With centinueus punpme. the puinping directien can be changed.
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1. General Information

Thank yeu ter purchasing the BS-2000,9000 Nulti-Phaser™ Presgranunable Syringe Pump. With the BS-
20000000 sy1inse puimnp yeu will be able te perferin sunple intfusiens er nnplement a cemnplex autemated
dispensing systein

Please tamiliarize yeurselt with the BS-2000, 9000 < eperatien by reading this user inanual. Fer tuture
reterence, recerd the serial munber, lecated en the rear ot the puinp, and the date ot purchase.

Bramtree Scientific, Inc. can be centacted at:
PO Bex 8509290 Braintree. MA €21%5-0929 USA
Phene: (7%1) 843-2202 FAX: (7%1) 843-7932
PUMP Questiens Email: INFOGSYRINGEPUMP.COM

This Operating Manual, and the BS-2000,9000 < hardware. electrenics and tinnware are cepyrighted.

Cepyright 1999, all rights reserved.

1.1 Warnings A and Cautions @

@ Read the users immanual

A 1, ser serviceable parts are inside.

Alisconucct pewer trem the puinp when cennecting er discennecting cables.
A’O net munerse the pump mn liquid

Ahlstall en a stable suitace.

Achp hands and leese clethine away fremn the punps meving parts.

AT pumnp can auteinatically start when the Puinpie Presiain 15 eperating o1 when attached te an
external centrel device.

APrc:vcnt liquids trem entering epenines inthe rear of the puinp.

AUsc: enly with the supplied pewer supply cennectedte a pewer seurce as specitied en the pewer
supply label.

Alo net push ebjects of any kind mte the chassis epeninss, except ter apprepriate cables and
cennecters.

AIftllC puinp becemes danased. de net use unless certitied sate by a qualitied technician. Painage
includes, but 1s net excluded te, tiayed cerds and deterieratien m peiterinance.

Q Bischarse static tremn centrel cables betere cennecting by teuching the cable te sreund.

! . . . . .
Q Betere teuching the pump, discharse static by teuching sreund.

1.2 Disclaimer

Bramtree Scientific, Inc. inakes ne representatiens er warranties, expressed, statutery er unplied.
regarding the fitness o1 imnerchantability et this preduct ter any particular puipese. Further, Bramtree
Scientitic, Inc. 15 net liable ter any dainages, mcluding but net lunited te, lest prefits, lest savings, o1 ether
incidental er censequential dainages arising trem ewnership er use ot this preduct, er ter any delay in the
peiterinance ot its eblisatiens under the warranty duete causes beyend its centrel. Braintree Scientific,
Inc. alse reserves the right te make any unpreveinents er mediticatiens te the preduct described 1n this
inanual at any tune, witheut netice ot these changes.

Bramtree Scientitic, Inc. preducts are net desisned, mtended, or autherized ter use in applicatiens er as
systemn cempenents mtended te suppert er sustam hunan lite, as a clinical mnedical device ter hunans, er
ter any applicatien i which the taillure ot the preduct ceuld create a situatien where persenal mjuy er
death inay eccur.

All brand and preduct names used m this mnanual are the tradeimnarks et their respective ewners.



1.3 Warranty

Bramtree Scientitic, Inc. warranties this preduct and accesseries ter aperied of twe year, parts and laber,
trein the date of purchase. The repamred unit will be cevered ter the peried ot the reinainder of the eriginal
warranty er 99 days. whichever 1s syeater.

A return autherizatien munber must be ebtained tirein Bramtree Scientitic, Inc. betere retiuming a unit ter
repair. Warranty cevered repairs will net be peifenined witheut a return autherizatien munber. At the
optien of Bramtree Scientitic, Inc.. a detective unit will be either repaired er replaced.

This warranty dees net cever damnage by any cause including, but net lunited te, any maltunctien, detect
o1 tailure caused by er resulting tremm unautherized service er parts, unpreper maintenance, eperatien
centrary te turmished mstructiens, shipping er transit accidents, inediticatiens er repanr by the user, harsh
enviremnents, misuse, neglect, abuse. accident, mcerrect line veltage. tire. tleed. ether natural disasters,
o1 nennal wear and tear. Changes er mmediticatiens net appreved by Bramtree Scientitic, Inc. ceuld ve1d
the warranty.

The terezeing is in licu of all ether expressed warranties and Bramtree Scientitic, Inc. dees net assune er
autherize any party te assuine teor it any ether ebligatien er liability.

1.4 Packing List

Included with the BS-2000.9000 NMulti-Phaset™ Presianunable Syringe Puinp are the tellewme itemns:
e  One of the tellewme external unresulated pewer supply adapters:

Input: Oneet: 120V ACG6GOHz 220V AC S0 Hz, 240V AC S0 HZ,

o1 other custein specitied pewer supply

Output: 10V DC @ 1000mA

e Hex wrench ter adjustable suide red cellar (lecated in the teel helder en the back et
the syringe helder).

¢  Tlus Operating Manual

2. Overview

The BS-20009000 15 a general puipese smele syringe pump capable of infusien and withdrawal. It 1s
centrelled tiein a micrecentreller based systein which dirves a step ineter, allewimse a large ranse of
pumping rates centisured te the inside diaineter ot the leaded syrmee. The syriee 1s dirven trem a drive-
screw and drive-nut mechanism.

Features:
¢ Intusien and withdrawal pumping ef ¢  Built-m pump netwerk driver. Puinp
syrises up te 69 cc. netwerk supperts up te 100 punps and

: . - | : ether devices.
¢ Pumping rates fiem .73 o witha 1 cc

te 2120 inllu with a 6@ cc. ¢ Tweinedes of RS-232 coentrel, Basic and
Sate. Sate mmede prevides cenununicatien
eirer detection, less of cenununicatien
detectien. and auteinatic transimitting ef

¢ Infusien and withdrawal velunes separately alarin cenditiens.
accuinulated.

¢ Stall detectien: Autemnatically steps pumnp
when punpme 1s unpeded

¢ TTIL IO with settware filtered centrel
¢ Presranunable dispense veluines. inputs te eluninated slitches and ringing en

. . , the centrel mputs.
¢ Nen-velatile nemery ot all eperating

parameters and Pumnping Presraim ¢ Centigurable TIL eperatienal trigeer.
¢ Presranunable Phases allewine cemplex ¢ Pewer Failure NMede: Restarts the Puimnping
punpme applicatiens and iteractien with Pregiain atier a pewer mterruption

external devices. :
¢ Audible Alann

¢ RS-232 bi-directienal centrel.



2.1 Glossary of Terminology and Concepts
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YWhen a device has as many features as the BS-2000, 9008, understanding its eperatien ceuld be a daunting
task at tirst. By understanding the key cencepts and termmelesy used mn this manual, the eperatien ef the

BS-2000,90000 v1ll becemne quite ntuitive. Every ettert has been inade te design the BS-23000,9000 with a
censistent and mtuitive user mtertace.

Te tacilitate and enhance yeur understanding of the BS-2000,9000 < eperatien. please take the tune te
tamiliarize yeurselt with the basic cencepts belew:

1)

3)
4)
5)
9
)

Parts of the Pump

Pusher Bleck

End Plate

Anti-Siphen Plate Adjustiment Kneb
Pewer On/Ott Switch

Drive-Nut Butten

Anti-Siphen Plate

Drive-Screw

Syrmee Retamer Thuinbscrew (2, ene en
each side)

9) Hex Wrench (in teel helder)

19) Syrmee Retamer Bracket

11) Syrmge Helder Bleck

12) V" Slet (en Syringe Helder Bleck)
13) Syringe Helder

14) Keypad/ User Inteiface

15) Guide Red Cellar Clamp

16) Guide Red (2 suidereds)
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Parts of a Syringe

Plunger
Flange

Plunger /

Terminology

Momentary Press:

Display Blink:

Program Entry Mode:

Pumping Program:

Pumping Program
Operating:

Pumping Program
Stopped:

Pumping Program
Paused:

Pumping Program
Resumed:

Executed:

Program Phase:
Phase Number:

Currently Selected
Function:

Pumping Rate
Function:

Publicatien =1200-01

Barrel

Barrel Flange

A quick press, less then 1 secend, then release ot a key en the keypad.

A mementary blanking et the LCP display. This mdicates that the new data
entered by the user 1s valid and has talken attect.

The inede where the Presiain Phase and Presraim tunctien are selected and
imeditied. Intlhis mmede the ‘Pregrain Phase = and the ‘Presrain Functien’
imedes of the ‘Rate’ and ‘Velune’ keys are relevant.

The sequence of auteimated eperatiens entered mte the pump. This ceuld be
as sunple as a single tunctien te puimp at a smele mtusion rate centiueusly.

When the pump 1s started with the “ Stairt’/"Step’ key., o1 any ether seurce. the
puinp besing perterming the eperatiens m the Puimnping Presraim until the
Puimping Presgiain either steps autematically er the puinped is stepped when
the “Start:Step’ key 15 pressed. o1 fremn any ether seurce. While peifernine
the eperatiens detined 1n the Puimnping Presram, the Puimpms Presiam 1s
reteired te as eperating.

While Operatme, the meter can be puinping er stepped. accerding te the
Pumping Presiam

The meter 1s stepped and the puinp 15 net eperating the Puimping Presyam .

The Pumping Presrain has been stepped, but can be resuuned at the pemt
where 1t wags stepped.

Centmuing a Pumpme Presraim that was Paused betere the cempletion ot the
Pumpime Presiain The Puimping Presrain centmues at the pemt where the
Pumpme Presiaim was stepped.

The pump has peiternined a sinsle eperatienal Phase as detined m the
Pumpme Presiam

A smgle detined eperatien m the Pumpme Presram.
A Presrain Phase’s nuinerical sequence lecatien i the Pumping Presram.

Each Pumpme Presrain Phase mstiucts the pump te perterin a particular
eperatien. Only ene Pregiain Phase 1s selected at any ene tune. this 1s the
current Phase. Each Phase 15 set te ene tunctien. The set functien et the
current Phagse 15 the currently selected functien.

Each Pumpme Presrain tunctien mstiucts the pump te perterin a particular
eperatien. It the Phase’s eperatien instructs the BS-3000,0000 te puinp, then
asseciated with that Phase 15 the Phases’ pumpme mtermatien. YWhen
‘Presrai Entiy Mede’ 15 exited. the ‘Rate’, *Veluine’, and pummping direction
keysreter te the cunrently selected Presrain Phase’s tunctien. The Presiain
functiens that are asseciated with pumping interinatien are reterred te as
Puimpine Rate functiens.
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Function Parameter: Certaimn functiens, which de net istruct the BS-2000.0000 te puinp. require
additienal data. This additienal data, displayed with the functien, 1s the
functien’s paraineter.

Start Trigger: The Pumping Presrain 1nay be started. o1 stepped. tiein multiple seurces.
These are the keypad's “Start’/"Step’ key. the TTL I'O “Operatienal Trigger’
imput, er fremn a cenunand recerved threush the RS-232 cennectien.

3. Setup

¢ Place the puinp en a stable suitace

¢ Plug the reund cennecter end ef the supplied pewer supply adapter nte the pewer plug lecated en the
lewer right ef the pump'srear. See sectien 11, Le=ic Interface: TTL Input and Output, fer a diasramn
of the rear of the pump. Plus the ether end eof the pewer supply adapter mnte an apprepriate electrical
eutlet. The puinp will be pewered when the bettein of the pewer switch, lecated en the upper right of
the rear of the pumnp, labeled °1°. 1s pressed. The red indicater en the switch 1s visible when the
pewer switch 1s m the “en’ pesitien. After pewer 1s applied te the punp, the pump s display will
tlash.

¢ Next the Pumping Presiain can be entered Betere the Pumnping Presrain can be eperated. the pump
needs the measurement et the mside diameter, in millineters, of the syringe that will be leaded The
syringe diameter can be entered using the keypad enthe tient panel of the punp.

¢ Fally, the syringe can be leaded and the puinp started.

4. Loading Syringes
The syringe 1s leaded by securme the barrel and the pusher tlange as fell ews:
1: Leesenthe 2 thumbscrews en the syringe retainer bracket..

2. Press mfully the white drive-nut butten en the pusher bleck. releasing the bleck. Taking care net
te drag the dirve-nut en the dirve-screw, slide the bleck away tiein the syringe helder, previding
sufficient space for the leaded syringe. Then release the white butten.

3:  Litt the syringe helder abeve the syringe helder bleck Tum it 1/4 turn and then lewer 1t ente the
syringe helder bleck. The syringe helder sheuld be eut of the V"’ slet.

4.  Lead the syringe with the barrel ever the syrinse helder and the syringe plunger tewards the muddle
of the puinp. Place the bairel en the syringe helder, in the *V" slet, with the barrel flange inserted
between the syringe helder bleck and syrise retamer bracket.

A

On the pusher bleck, tum the thuinbscrew te inake the slet large eneush ter the plunger flange.
Press m fully the white drive-nut butten en the pusher bleck. releasing the pusher bleck. Then slide
the bleck tewards the syringe plunsger. Place the syringe plunger flange inte the slet and against the
anti-siphen plate. 1When the tlange is pesitiened in the slet, release the white drive-nut butten.

6: Litt the syringe helder te slishtly abeve the heisht of the syringe barrel and turn the syringe helder
1/4 tun back te its eriginal pesitien and then lewer it ente the syringe barrel.

7. Fimnly push mthe syringe retainer bracket against the syringe barrel tlanse and tighten the 2
thunbscrews en the syringe retaimer bracket. On the pusher bleck. turn the thuinbscrew te tighten the
plate agamst the plunger flange.

— Te unlead the syringe, reverse the mstiuctiens ter syrinege leading.

5. Guide Rod Collar Clamp

Te pretect a tiasile syringe frem damage caused by ever infusien. use the cellar clamnp te lunit the travel
of the pusher bleck. Usine the hex wrench lecated i the teel helder en the rear of the syringe helder.
leesen. but de net reineve, the hex screw enthe suide red cellar clainp, enabling the cellar clainp te slide
on the suide red.
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Pecitien the cellar clainp as required, then tighten the hex screw en the cellar clainp with the hex wrench.
Replace the hex wrench i the teel helder. YWhen the pusher bleck ceines in centact with the cellar clainp
wlile mtusing, a stall alarin will eccur. The puinp 1neter will be stepped and the Puinping Presiain will
be paused It alanns are enabled, the buzzer will seund

6. User Interface

NS Units }/c::}.lmte RUETFaIE Pumping Direction Motor
In,llcator Indicators, 'M#ICAOT, Indicator Operating
I | f
i i ok
A e | e
’—‘ ’—\ ° \— |—| |. mm ( © _Dl_sgensed
|—| |_H R \— |—‘ |O mi G min : : i
L TTe T & ¢"— 't_“l____‘__hr__ ) @ Wlthdraw ® Pumping--
". .' ‘. 1 [Rate j [Volumej [Ilameterl L«_ | [ Start)
i “Bagam  Fregam i Sews |
. Phase # __Functien :
Program Entry Functions Pumping Direction Key

Figure 1: Frent Panel

6.1 Entering Values

When applicable. values can be changed by either digplaying the cuurent value, then using the arrew keys,
o1 fre1n a cemnputer cennected te the puunp. The new value will be stered in the punp s nen-velatile
ineinery, inecaning that the new value will net be lest the next tune that pewer 1s applied te the puunp. The
enly exceptien 1s when the puunping rate 15 changed tre1n an attached cemputer while the Puinping
Presiain is eperating. In this case the new punping rate will net be stered in nen-velatile ineinery.

A displayed value can be changed by pressing the arrew keys belew each digit. If the value te be changed
1z net currently displayed. when applicable. press the key asseciated with the required value. The display
will shew the settings cuurent value and its units, it any.

While the cunrent value 1s being changed. the units LEBPs asseciated with the value, 1t any, will blink.
Except where neted. the new value is stered. and:er the selected eperatien takes aftect, when either

1) A nen-arrew key 1 pressed er
2) After a 2 secend delay since the last airew key was pressed.

It the new value 15 valid and ditterent tremn the eriginal value, the display will blink. indicating that the
new value was stered Otherwise, 1f the value was mvalid. an errer inessage will be displayed. Pressing
any key clears the eirer inessage and resteres the eriginal value.

In general, if' a paramneter has 2 values, ‘etl” and ‘en’, they arerepresented by the munbers ‘@ and ‘1°.
respecttully.

6.2 LCD Display

The display censists of'a 4 digit retlective LCP display. This is the general purpese user display device
ter displaying tleating peint values, tunctiens and parameters. The celen (©) 15 used for displayingtiine er
feor separating tunctien abbreviatiens fremn their paraineter values. In the upper left cemer 15 a triangle that
indicates valid reception of RS-232 cenununicatiens.

6.3 LEDs

Te the r1eht ot the LCP are $red. reund. LEP indicaters. The tirst 2 celunms display the units ot the
displayed values. Units are expressedusing 1 or 2 LEPs. Fer mstance, "1l / lu” 15 expressed by lishting
the "1nl” and the Tu” LEDs.
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‘Dispensed’ mdicates that the displayed veluine is the *Veluine Dispensed’.

When ‘Pumping’ 1g lit (net blinkine). the imeter 1z eperatme, either mtusing or withdrawme. It blinkine,
the mmeter is net eperatme, and the Puimpine Presramn is paused. When the pump 1s restarted. the Pumnmpme
Presyrain will resuine at the pemt where the Pumping Presyain was mtermupted. When net lit (net
blinkine) the pump 1s stepped. but the Pumping Presraim inay be eperating a pause Phase. Startng the
pumnp, when the Pumping Presram is stepped, will start the Pumping Presram fiein the begimning (Phase

1).

‘Withdraw’ mdicates that the pumpmge direction 1s set tor withdrawime. It net lit, then the pumpine
direction 1s set tor mtusine. Alse, the “Withdraw’™ LED indicates the "Velune Dispensed reters te the
velume withdrawn. It net lit, the “Veluine Dispensed” reters t e the velune mtused.

LED Pescription
i Millineters Pumping rate units are expressed using 2 LED's:
il NMilliliters
nmin Mmutes
— ml/imm’ =
il Micreliters
I Heurs
Dispensed | Velune dispensed displaved mlidn” =
Withdraw | Pumpmg Direction:
<9 Lit: Withdraw
Net lit: Intuse Wimin® =
Pumpmg | Lit: Meter 1 eperating
Blinkime: The Pumping Presyaim is
paused Wi =
Net lit:  The Pumping Presyaim 1s
stepped o1 executing a pause
Phase

6.4 Arrow and Decimal Point Keys

Each ef the teur digits m the display 15 asseciated with the up airew key directly belew 1t. 1When
applicable, the arrew key 15 used te mcrement the value ot that digit, er advance te the next selectien i a
list of tunctiens er settmes.

Each press of anup arrew key will increase the digit by 1, up te 9, then back te 8. The arrew keys may
alse be held dewwn ter centinueus imcrementing of numbers. Seme paraineters, such as the RS-232 baud
rate, screll threush a selection ot values when the arrew keys are pressed. Other parameters have a tixed
range of values, such as seime setup paraineters that are either turmed en or off. In these cases, the aivew
key will enly screll up te the maxunun value ter that parameter, then back te the mmimmun value.

VWhen changing the pumping rate units, each press of any arrew key will change the units LEDs te the
next units selection.

When the display blinks, the new value 1s stered and takes attect. This will eccur when a nen-arrew key
15 pressed or atter a 2 secend delay smce the last key press.

6.4.1 Pecimal Peint Key

There are 4 decunal pemt pesitiens en the LCD display. Each decunal pemt pesitien is te the risht et a
digit in the display. The last decunal pemt pesitien, te the risht et the right-inest digit 1s net displayed.
indicating whele munbers with ne decunal pemt.

Te change the pesitien of the deciinal peint, use the left-imest arrew key / deciinal peint key (4v @).
Press and heldthis key ter at least 1 secend and wait until the lett-inest digit scrells past ‘9" te ‘@' While
centinung te held this key, the decunal pemt will shift 1 pesitiente the right. After the right-imest
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decunal pemt pesitien, the decunal peint will shitt te the tirst decunal pemt pesitien. Release the key
when the decunal pemt 1 m the required pesitien

6.5 ‘Diameter’ and ‘Setup’ Key

The "B1ameter’ key allews the syringe mside diameter te be viewed and set. While being displayed. the
nun’ LEW 15 lit. With the Pumpme Presram stepped. mementarily pressing this key will display the
current diameter settime. Pressie the aivew keys will change the current diaimeter (see sec. 6.4, Airew
and Becunal Pemt Key). The 'nun’ LEP will blink while the diaimmeter 1s being changed.

It the "Biameter’ key 1 pressed and held, ‘Setup’ mede will be entered. (see sec. 6.12, “Setup’ ).

When the Pumping Presrain is eperatie, pressing this key will display the current syringe diaimmeter ter
review. Whenthe key is released. the display retuins te its previeus display.

6.6 ‘Rate’ and ‘Program Phase # Key

When the Pumpme Presram is stepped. except in “Presiaimm Entry Mede™, the "Rate’ key all ews the
pumping rate te be viewed er changed. It the cunrently selected tunctien allews selection ot rate units,
imementarily pressing this key will switch between the “Rate’ display and the select rate units mede.

Te change the pumpme rate displayed, use the airew keys (see sec. 6.4, Airrew and Becunal Pemt I<ey).

While the Pumping Presram is eperatme, pressing this key will display the current pumpime rate, it
applicable. After the key 15 released. the pumping rate will centmue te be displayed ter 2 secends. While
displayed, the cunrent puinping rate can be changed by pressing the arrew keys. The rate wts will blink
while the rate 1s beme changed. The new pumping rate takes attect when the display bliks atter a 2
secend delay er when anen-amvew key is pressed Thenew pumpme rate 1s stered i the current Presram
Phase.

See sectien12.1, "Syringe Piameters and Rate Lunits™, feor a list of mmunun and maxunum puunping
rates. A pumping rate of .. will step the pump. When the pumpme rate is changed, 1t it 15 eut of range

[ ]
~ . . . . . - - e o ° .
of the puunpine rate lmuts, the display will shew 2 -nn . where "'nn’ indicates the currently selected
Phase Nuinber. Pressing any key clears the inessage and returns te the previeus puinping rate.

6.6.1 Pumping Rate Units

The pumping rate units can enly be changed when the Pumping Presrain is net eperating. It the cunrently
selected tunctien allews selection ef rate units (CRATE’ tunctien). a inementary press of the “Rate’ key
will enter Rate Units Change mmede. The 2 LEPs representing the units will blik and the display will

shew:

Each press of any arrew key selects the next rate wts, as indicated by the blinkme units LEBs. When the
required rate units are blinking, press any nen-arrew key eor wait 2 secends. The display will blink,
indicating the rate units are stered. The rate units are stered i the currently selected Presrain Phase. The
rate units can be independently set for each Phase with a ‘RATE" functien.

6.6.2 Pregram Entry Mede

While the Pumpine Presraim 1s stepped. "Presrain Entry NMede™ can be entered by pressme and heldine
1711

the ‘Rate’ key. Release the key when the display shews the current Presrain Phase nunber: b 1) :
where ‘mn’ indicates the current Presram Phase nunber.

With the cunrent Presrain Phase munber displayed, 1f the currently selected Presrain Phase 15 set te a
puimping rate tunctien, a meimnentary press of this key will exit “"Presram Entry Mede™ and retuin te the
rate display.

6.7 ‘Volume’ and ‘Program Function’ Key

When the Pumpig Presiain is stepped. except in "Presram Entry Mede™, mementary presses of this key
will switch the display between the “Velune te be Bispensed” and the “Veluine Bispensed™ displays, as
indicted by the "Bispensed’ LEBD.
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With the Pumpme Pregram stepped. and the "Veluime te be Bispensed” displayed. pressing the arrew
keys will change the "Veluine te be Bispensed (see sec. 0.4, Airew and Becunal Pemt Key). The units
of the veluine are set accerding te the syringe diameter. The new "Veluine te be Bispensed 1s stered in
the current Presiai Phase. It the “Veluime te be Bispensed ™ is disabled. pressing any aivew key will
change the display te .8. The "Veluinete be Bispensed” can new be set using the arvew keys.

While pumpine, pressing and helding this key will display the cunrent “Veluine te be Bispensed’™.

6.7.1 Bisabling “Velume te be Pispensed”

Te dicable the "Veluime te be Bispensed”, 1.e. centiueus puinping, set the “Velune te be Bispensed” te
|

0.0 Afier bemne stered, the display will shew .indicating the “Velume te be Bispensed™ is
off. In this mede. the pump will net step at a set veluine and will pump centinueusly until the pump 1s
stepped. o1 an “event trigger”, presranuned mte the Pumpme Presam. eccurs.

6.7.2 Pregram Entry Mede

“Presiain Entry Mede™ 15 entered by pressing and heldme the ‘Veluime’ key. Release the key when the
digplay shews the currently selected Presrain Phase’s tunctien.

In "Presram Entry Mede™, when the Presraim Functien 1s net digplayed. mmementanily pressie this key
will display the current Presrain Functien.

VWhen the Presiain Functien is displayed. if the tunctien 1s a pumping rate tunctien, "Presraim Entry
Mede™ can be exited by mementanily pressing the ‘Velume' key. The digplay will shew the “"Veluimete
be Dispensed”.

Othearwige. pressine the ‘Veluine’ key will display the " Veluine Bispensed”™. Pressine the ‘Veluine' key
agam will retuun te digplayine the Presiam Functien.

6.8 Pumping Direction Key

The puinping direction key, © %« chanses the direction of puinpine. Pressing this key switches the
puinping directien between ‘mtuse’ and ‘withdraw’, as mdicated by the “Withdraw’ LEB. When the LED
12 1it, the pumpime direction 1s ‘withdraw’, etherwise the pumpme directien 1s “intuse’. The new pumpmse
direction 1s stered in the current Presyrain Phase.

The " Veluime Bispensed is accumulated separately tor nfusien and withdrawal. When the pumpms
direction 15 changed. the current " Veluine Bispensed™ is alse changed accerdingly between the mtusien
and withdrawal = Veluime Bispensed accuinulatiens.

When the Pumpme Presrain is eperating and the "Veluine te be Bispensed” is nen-zere, the puinping
direction cannet be changed. Otherwise, when pumping centmueusly ("Veluine te be Bispensed”
digabled), the pumping direction can be chansed.

6.9 ‘Start’/'Stop’ Key

The “Start/Step” key starts or steps the Pumpme Presrain’s eperatien Pressing this key switches between
the Pumpime Presrain eperatme and the Pumpme Presiaim paused. When the “Start/Step ™ key 1 pressed
betere the cempletion ot a Presrai. the meter is stepped and the Pumpme Presrain will be paused. The
"Pumpme’ LED will then blink, mdicating that the Pumpme Presraim 1s paused.

Pressinge this key agam will resuime the Presyain at the pemt 1t was paused. It any ether key 1s pressed
while the Pumpme Presiain is paused. the Pumpie Presrain will be stepped and reset. Pressing the
‘Start:Step’ key will then start the Puimpme Presrain tieimn the besinine (Phase 1).

Pressing and heldig this key while starting the Pumpme Presraim will start the purge mede. Purse will
besin after the key 15 held tor ene secend. and centmue until the key i1s released. The pump will step atter
the key 1s released.
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6.170 ‘Program Phase #’ (Number) Key

When mthe "Presrain Entry MNMede”, inementary presses et the "Presrain Phase = and the "Presrain
Functien’ keys switch between the Presrain Phase nuinber and the Presram Functien displays. The

171 | |*

= 171« 1N

Presrain Phase nunber will be displayed as . Where 'nn’ is the ciurent Presrain Phase

nuimber:.

When the Presyain Phase nuunber 1g displayed and the current Phase’s tunctien 1s a rate functien. a
immeimentary press of the "Presrain Phase = key exits "Presrain Entry Mede, and displays the pumping rate.

Te change the current Presrain Phase munber. press the aivew keys belew the Phase munber’s digits. The
maxunuin Phase nunber 1s 41. Te reset te Phase munber 1, press and held the ‘Presrain Phase = key until
the Phase nunber is 1.

When a new Presrain Phase munber 15 selected, the ciurent value ot all settings will be that ef the
currently selected Presrain Phase.

6.11 ‘Program Function’ Key

When inthe "Presiam Entry Mede”, mementary presses of the "Presramn Phase =" and the "Presrain
Functien’ keys switch between the Presrain Phase munber and the Presram Functien displays.

With the Presrain Phase tunctien displayed. the Presyain Functien, can be selected. Pressing any arrew
key. or an arrew key te the lett of the celen (©) o1 decunal pemt () it displayed with the tunctien, will
select the next Presrain Functien. The selected tunctien 1s stered by either pressig any nen-arrew key, er
atter a 2 secend delay. If the selected tunctien 1s difterent then the eriginal tunctien. the display will blink
when the selected tunctien is stered.

6.11.1 Pregram Phase Functien Parameter

It the selected functien has a parameter asseciated with the tunctien, the value of the parammeter will be
displayed te the right et the functien naine, separated by either a peried () or a celen (©).

Te chanse the parameter’s value, press the arrew keys belew the parameter’s digits. The paraineter’s new
value is stered by erther pressing any nen-arrew key er atter a 2 secend delay. If the paraineter has
chansged tiremn its eriginal value, the display will blink when the parameter’s new value 1s stered.

6.12 ‘Setup’ Key

The secendary tunctien et the "Biaimmeter” key 15 ‘Setup’. While the Pumping Presraim is net eperatine.
press and held the “Biameter’ key until the tirst setup centisuratien parameter, “"Pewer Failure Mede™, 15

"1~

I~ |- ll_

displayed:

The display will censecutively display. ter abeut 2 secends, each Setup Centisuratien parameter and its
current setting. Pressing any nen-arrew key will munediately advance te the next Setup Centisuratien
parameter.

Te change a Setup Centisuratien paraineter, press an arrew key under the parameter’s value. Te stere the
new value, press any nen-airew key er wait 2 secends. If the parameter value ditters trem its previeus
value, the display will blink. The new parameter value will be stered and the next parameter will be
displayed See section 8, Setup Centiguratien ter a cemplete description eof the Setup Centisuratiens.

Atter the last centisuratien paraimeter 1s displayed. the display reverts back te displayme the syrmee
diameter. Any new paramneter value will take attect munediately upen beine stered.

6.13 Firmware Version Display

Te display the pump s finnware version. press the left-mest arrew kev (v @) while turning en pewer te

the pump. The display will shew: ['_ILDJ where n.n’ 1s the finnware versien nuunber. Pressing any
key will clear the display.
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6.14 Reset Pumping Program

Te clear eut the current Presramm Functien setups, press the right-imest arrew kev (4\) while turning en
I |

pewer te the pump. The display will shew . Pressing any key will clear the display.

With a pump with as imany cemplex teatures as the BS-2000,0000, 1t 15 casy for a nevice user
experinenting with the pump's setup te et the pump mte a 'wewrd state. Perternnmng this reset functien
will bring the pump eut of a 'wewnrd state.

6.15 Error and Alarm Messages

It the value entered is beyend the puunp's capabilities or 1s mvalid. er an eperatienal preblein eccuired.
o1c of the tellewine errer o1 alann messasges will be displayed:

NN Puimp meter stalled alarmn

Value entered 1 “Out Of Range’.

- :nn An eut ef ranse errer eccurred at Puimmpime Presyam Phase munber ‘1n’, or the value just
entered 1s eut ef range. Check the pumping parameters and syringe diameter.

s APumpme Presrain errer was enceuntered at Phase munber nn’. The mdicated Phase 18
- -1 . i - . - aer
imvalid m the centext of the entire Pumpine Presram.

Key pressed 1s net cunrently applicable.

A cenununicatiens tune-eut alarin eccurred with an attached cemputer while eperating m
the “Safe Cenununicatiens Mede™. This mest likely mdicates that the RS-232 cable was
detached or the cenununicatien presrain en the cemputer has ended witheut turming eft
“Sate Cenununicatiens Mede™.

An errer was detected durme pewer up, where ‘n’ indicates the erver. It n=1, then the
values stered m the pumnp s nen-velatile mmemery were mvalid and were reset. It n=2,
then the nen-velatile memery may need te bereplaced.

A | |

I o I' _ Pump settings are lecked eut fiem the keypad . The leck eut key 1s needed te chanse
=== settmes. Leck eut can alse be reset with the reset functien.

6.16 Status Messages

: : - :_ |:| Indicates pumping rate units change immede. The wuts LEW's will alse be blinkinge.

s Indicates that the Pumpme Presrain has paused and 1s waiting ter the user te press

ENE
| . . X : . :
Start’, e1 ter an external eperatienal trigser, te centinue.

_ : : |:| |_: Indicates that the pump 1 busy cempleting a leng eperatien.

Indicates that the “Velumne te be Bispensed” 1z 0.00. and 15 tuimed otf. This 15 the
centmueus punping mede.

FI I I e I:I Indicates that the pump 15 pureme. Bisplayed while heldime dewn the 'Start: Step' key.
0o Indicates that the Pumpme Presrain paused and 15 waiting ter the user te select a sub-
1N presyan.
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7. Operation

Betere the punp can be eperated. the pumpmg data must be setup. At nunumnmun., the
syrmge mside diameter and a nen-zere puinping rate needs te be set. The eperation of
the pump can then be started trem the keypad. TIL I'O cennecter. o1 tiemm RS-232
centrel. Frem the keypad. pressimgthe “Start / Step” key will start the pump eperatien.

/7.1 Syringe Inside Diameter

The syringe mside diameter can enly be set wlile the Pumping Presiam is stepped. Use the arrew keys te
set the diameter value. While the diameter value 1s bemg set, the 'nun’ LE® will blink. The new
diameter value 1s stered atter pressing any nen-arrew key. eor atter a 2 secend delay.

Valid syringe diameters are tirem 6.1 nun te 50 .8 nun It the diameter 1 eut ot this range. the display will
shew ‘eer’. Pressing any key resteres the diameter display te its previeus value. Changing the syringe
drameter will mot sero any currvent settings. Sectien 12.1. Syringe Biameters and Rate Limuts, 15 a
representative list, ter reterence, of syrige diameters teor varieus syringe manutacturers and syringe sizes.

7.1.1 BPefault Velume Units

The units et the accuimulated intusien and withdrawal velumes and the “Veluine te be Bispensed™” are set
accerding te the diameter setting:

Frem 0.1 te 14.0 nun Syringes simmaller than 1€ ml: Velumeunits are “pl’
Frem 14 .01 te 30.¢ nun Syringes syeater than er equal te 10 1ml:  Velune units are ‘ml’

7.2 Start/Stop Triggers

The Pumpme Presrain can be started or stepped tireim any ef the three seurces. The keypad *Start/Step’
key. RS-232 ‘RUN’ cenunand. er the TTL I:O Operatienal Trigger mput. Each can centrel the Pumpms
Presiain’'s eperation.

7.3 Operating the Pump

VWhen the “Start:Step™ key 15 pressed. the PumpmegPresrain besins te eperate, starting with Phase 1. It
the current Presiain Phase specities a punping rate, the pump will begi pumping, and the "Punping’
LED will be Iit. The pumpme direction will depend en the Phase setup. The display will shew the
“Velume Bigpensed “with a veluime wuts LED ("inl” or “pd”) and the "Bispensed’” LEWD Iit.

While pumping, the pump will puimp centimu eusly in the current Presrain Phase, unless a “Veluime te be
Pispensed’is cet, or an Event trigger 1sset. It a “Veluinete be Bispensed™ 1s get, the Presrain Phase will
be cemplete atter the set veluine has been mtused or withdrawn, measured trem the start of the Phase.

Pressing the ‘Veluine' or "Biameter’ keys will display the ciurent “Veluine te be Bispensed” er the
syringe diameter setting while the key 1s held.

7.4 Purging

Te puree the syringe. with the Pumpime Presraim stepped. press and held the 'Start/Step’ key. The
Pumping Presram will start, then atter ene secend purge will besin. The pumyp will pumyp at 1ts tep speed
m the currently set directioen. Pursime will centinue until the 'Start/Step’ key 1s released. then the pump
oL
3

will step. While pursing the display will shew:

7.5 Changing the Pumping Rate and Direction While Pumping

Except with seime cemplex Pumpme Presrains, the pumpime rate can be changed while the pump 1
epcrating. Te change the pumpme rate, mementarily press the ‘Rate’ key. While the puunpine rate 1g
digplayed, press the airew keys te change the rate. The rate muts will blink while the rate 1 bemse
changed. If'the aivew keys are net pressed. the display will return te the “Veluine Bispensed™ display
after a 2 secend delay. Rate units can net be changed while pumpimse
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The new rate 1s stered after a 2 secend delay o1 by pressing a nen-arrew key. It the new rate is within the
eperating ranse ot the punp, the display will blink and the new rate will be stered i the current Presyam
Phase and the puimp begms pumping at the new rate. It the new rate is eut of the eperating ranse of the

o :llll

puimnp. the display will shew . Pressme any key clears the eirer mmessase.

The pumpine directien can be changed while pumping i1t the “Veluine te be Bispensed” 1s 6.9 (eot}).
Pressing the direction key will inunediately change the pumping directien and stere the pumpme direction
m the current Presrain Phase. Alse chansimge the punping direction changes the accuimulated “Veluine
Dispensed” accerding te the new pumping directien

7.6 Volume Dispensed

While pumpme, the display will shew the tetal accuimulated veluine pumped with the “ml” er ‘pd” LEW 11t
and the "Bispensed” LED lit. Velume 1s cemputed based upen the syringe iside diameter setting

The velune 1s accuimulated separately tor mtusien and withdrawal. Yhen the pump changes directien,
the "Veluine Bispensed” changes te the accuunulated veluine tor the pumpme direction

The “Velume Bispensed” accuimulatiens, ter mtusien and withdrawal, are reset te @ when:
A) The pump is pewered en
B) The syringe diameter 1s changed.
C) Fremthe RS-232 clear "Veluine Bispensed” cenunand (CLW).
P) The accumulated Veluine Bispensed rells ever trein 9999 te .

YWhen the Pumpine Presiain is stepped. and the display shews the Presrain tunctien er puunpms rate
inferiatien. the accunulated Veluine Bispensed can be displayed by pressing the *Veluine' key ene, twe,
o1 three tines, depending en the current display.

/7.7 Resuming When Paused

It the Pumping Presrain 1s stepped betere the cempletion of the Pumpme Presram, the "Pumpme’ LED
will blink, mdicating that the Puimpmse Presrain 1s paused. Whilethe "Pumpme’ LED 15 blinkie, starting
the punp asam will resuime the Pumnping Presrain where it was stepped. This immeans that the Puinping
Presrain will centinue at the pemt i the Phase where it was stepped and the ‘Veluine te be Bispensed’
will still be reterenced tremn when the Presraim Phase tirst started.

Pressing any key ether than the ‘Start” key will cancel "Pumpine Presraimn paused” and the "Pumpme’
LED will step blmkine. When the Pumpime Presrain is started agam, it will start treimn the begiming

(Phase 1).
/7.8 Pump Stalled

VWhen the eperatien ef the ineter 1s unpeded duete excessive terce needed te diive the syrimee, er when

then cellar clamyp pesitien is reached. the puinp will step, pausing the Puimpme Presram. and a stall alarin
I~

will eccur. The display will shew L=! = | , the ‘Pumpme’ LED will blik, and the buzzer will seund

centmueusly if'alanns are enabled. Alse, 11 the RS-232 Sate Mede 1s enabled, an aute-alarim immessase will

be sent te an attached cemputer.

Pressing any key will step the buzzer and clear the alanin. YWhen the prebleimn causing the pump meterte
stall has been cerrected. the Pumpimse Presiain can be resuined by any start trigeer, the ‘Start’/"Step” key,
TTL mput, er RS-232.
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8. Setup Configuration

Te chanse o1 view the setup centisuratien, the Puimnping Presgrain imust be stepped. Press the
"Biameter’/‘Setup’ key until the tirst parameter, "PF’ 1s displayed. After 2 secends. er when any nen-
arrew key 1s pressed. the next parameter will be displayed (see sec. 6.12. ‘Setup’ ). Pressing an arrew key
under a value will increment, select, or screll threush the valid values ter the parameter. The Setup
Centisuratiens will be displayed m the tellewimnse erder:

ks ks . . o . .
- n Pewer Failure inede, where 'n’ is the current setting.

a . .
S | Alarm mede, where 'n’ 1s the cunrent setting.

= Pisplay TTL I O external cennecter settmes. Press any arrew key te display.

It TIL 1s selected. the fellewine will be displayed:

| L
Y L A . . . . - .
Z meaa Operatienal Trigeer settme. ‘aa’ 1s curent setting.
L |
- Ll L] . . . 5 .
I aa Pirectional centrel setting. 'aa’ 1s current setting.
" 1) T Puinp Meter Operating' TTL eutput pin centiguratien. n' 1s

the current setting.

T \

L 1) . 4% The "Leckeut Bisable Key" needs te be mserted te display this setting. ***
Leckeut changing settines tremthe keypad. 'n' is the current setting.

G n

| Keypad beep enable, where 'n’ is the current setting.

- dnn

o RS-232 pump netwerk address, where ‘nn’ 1s the netwerk address.

LTI RS-232 puinp netwerk baudrate, where ‘ummn’ mdicates the baud rate.

8.1 Power Failure Mode

7] 1T ¢
= =

I | getting: *0° = Disabled, ‘1° = Enabled

VWhen enabled. it the Pumpme Presrain was eperating when pewer te the pumyp was disrupted, the
Pumnping Presrain will autemnatically start eperating when pewer i1s recennected te the pump. Pressing
any key en the keypad while pewerisg up the punp will step the Puinping Presrain tremn starting.

CAUTI@®@N: The Pumping Presraimn will start eperating trem the besnmine of the Puinping

Presrain (Phase 1), resardless of what part ef the Puinpime Presrain was eperating when the pewer was
disrupted.

When the BS-2000/0000 syringe punp 15 used as a cempenent in an autemated mtusien/withdrawal
dispensing system. a Pumnpig Presraim can be desisned te auteinatically synchrenize the pusher bleck at
the start of the Punping Presram. This weuld be accemplished using attached sensers that send sisnals te

the Pumping Presram.
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Your Distributor is:
Braintree Scientific, Inc.
PO Box 850498, Braintree, MA 02185

. 781-917-9526
8:2 AUd’bIe A’arm Enable Email: Info@braintreesci.com

Web: www.braintreesci.com

.
a

n Setting: ‘@’ = Disabled, ‘1° = Enabled.

When alarng are enabled, the buzzer will be seunded as tellews:

Cenditien Buzzer Actien
Puinpine Presrain ended Centinueus beeping
Puinpmg Pregam paused ter start trigzer Centmueus beeping
Alann cenditien, such as punp meter stalled Steady alarn

Pressimg any key, will step the alann.

8.3 TTL I/O Operational Trigger Configuration

I * LD

C ~-ad Centisures hew the TTL 'O “Operatienal Trigeer’™ (pm 2) will centrel the Puinping
Presiain’s eperatien. (See sec. 11.1. 771 IO Operational Controls). The 2 letter centisuratien paraieter
te the risht ot the celen (©) i1s detined as follows:

Setting | Name Functien
Ft Feet Swvitch Falling edse starts or stops the Pumpie Presram
LE Level Centrel | Falling edge steps the Pumpmg Pregram

Risme edee starts the Pumnpime Presraimn

St Start Only Fallmg edge starts the Puinpimg Preg o

8.4 TTL I/O Directional Control Input Configuration

Jd -ea

| 1 | Cenfigures hew the TTL mput "Pumping Directien’ (pin 3) will centrel the puunpine
directien (See sec. 11.1, 771 I:O Operatiorial Corntrols). The 2 letter centisuratien paraineter te the risht
of the celen (0) 1z detined as tellews:

Setting | Name Functien
1E Reciprecating Puimps | Falline edse: Infuse; Risine edee: Withdraw
du Dual Puinp Fallmg edge: Withdraw: Risig edge: Infuse

8.5 Pump Motor Operating TTL Output Configuration

'-l*ﬂl Cenfigures the functienality ef the Puinp Meter Operating' TTL eutput pmn (TTL pin 7).

Settines:  @: Sets the eutput te lesic hish enly when the imeter is eperatine (puunping).
Sets the eutput te lesic lew when the meter 1s net eperating o1 when the Pumpme Presiai 1s
executing a pause tuner or 1s stepped

1: Sets the eutput te lesic high when the meter is eperatme (puunping) or when the Puinping
Presiain i1 executing a pause tuner.
Set the eutput te lesic lew when the Pumpine Presram is stepped

92/16/05
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8.6 Keypad Lockout

-
S -l]| Setting: '0' = BDisabled, '1' = Enabled.

4% The "Leckeut Bisable Key" needs te be mserted inte the TIL I'O cennecter te display this settimg™***

When enabled. the "Leckeut Bisable Key" needs te be imnserted inthe TTL I'O cennecter te change any of
the pump's settings. When the key 1s reimneved, the user can enly start er step the puimnp and review current
settings. Settings can still be changedtrem RS-232. YWhentheuser attempts te change a settine, the

1nessage will be displayed.

The "Leckeut Bisable Key" cennects the "Presramn Input”, TTL cennecter pin 6, te Greund. pm 9. The
"Leckeut Bisable Key'" 15 available as an accesseory item.

Leckeut can alse be disabled by peiferiing a systein reset, see sec. 6.14, "Reset Pumping Pre sram."

8.7 Keypad Beep Enable

|17 ]e

I | | Setting: ‘@ = Wisabled, ‘1’ = Enabled.

When enabled. a smele shert beep will seund whenever a key 1s pressed en the keypad.

8.8 RS-232 Pump Network Configuration

WK

o cenn Up te 100 puinps can be attached te a cemnputer mn a simgle punp netwerk. The netwerk
address 15 detined by the 2 disits te the risht ef'the celen (). The valid range of addiesses are trein "00° te
‘09" It enly ene puinp is attached te the cemputer, set the netwerk address te @, [Ad:00] (factery detault).

Atter the netwerk address 1s displayed. the baud rate 1s displayed Each pump m the punp netwerk and
the cemputer iust have the same baud rate setting. Any amvew key can be used te screll threush the
selection ot baudrates. The suppertedbaudrates are: 300, 1200, 2100, 95600, and 19200 (displayed as
[1920]).

9. Pumping Program

A Pumnping Presyain 1s sunply a pre-detined sequence of actiens, o1 tunctiens, which suarantees
censistent and precise eperatien of the pump. autematically and with er witheut any user interventien. A
Puinping Presrain can be as sunple as centimueus pumpime at a fixed intusien rate. Or a Pumping
Presiains could censist of a puinpime rate and direction of puunping ter a specified velune, then switch te
anether pumpme rate. Alse a Presraimn can mteract with external devices threush the TTL I'O cennecter,
inake decisions, or step puunping ter a peried of tine.

Presiains are breken inte individual eperatiens called Phases. Each Phase censists of a tunctien that can
be a centrel tunctien er punping functien A pumpme functien, such as ‘RATE’, censists of a puimping
rate. eptienal “Veluine te be Bispensed”, and the punping directien.

Cemplex dispensing systemns can be designed. mvelving multiple liquids, each dispensed frem a difterent
puinp, plus ether equipinent and sensers. Pumpime Presrais can be desisned ter each pump wlhich enable
inultiple pumps te syncluenmize with each ether, and the ether equipinent and sensers, using a cable
cenmected te the TTL I'O cennecters of each puunp.

When the Pumpine Presram is started. either fiemthe keypad, TTL I'O cennecter. o1 trem RS-232. the
Puinping Presyain will begsm with Phase 1 of the Presiain. After the cempletion ot each Phase, the punp
will inumediately start the next censecutive Phase. This linear sequence ot Phases can be altered by
certam tunctiens that direct the Puinping Presrain te centinue eperatien with a ditterent Phase munber .
Seine tunctiens can change the erder of eperatien cenditienally based en external events.
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9.1 How to Enter Pumping Programs

Start by erganizing yeur puinping requireinents ite specitic actiens and cenditiens that can then be
presranuned mte Phases. Fer mere advance presranuning inetheds, cenunen sreups ef Phases can be
sreuped tegether and repeated multiple tunes usmg leepmse and junp tunctiens.

The current values of the puinpie rate, eptienal “Veluine te be Bispensed”. and pumping directien, all
reter te the currently selected Phase. Te digplay er change the currently selected Phase, enter “Presiain
Entiy Mede™ by pressing and helding the "Rate’/ Presrain Phase = key until the cunrent Phase munber is
IR

displayed The display will shew , Where ‘@1 reters te Phase 1. The pump will new be m
“Presrain Entry Mede”. If the cunrent Phase 1s net 1, press and held the ‘Rate’/ Presram Phase = Kkey
until the display 1s as shewn. The puimnp will new be m Phase 1.

When m “Presrain Entry Mede™, with the display shewme the Presiam Phase nuunber, pressms the
‘Velume'/'Presiam Functien’ key will display the current “Presram Functien™ ter this Phase. It the
current tunctien 1 ‘RATE’, then a pumping intusien er withdrawal can be setup ter this Phase.

Te change the “Presrai Functien™ selected. use the airew keys te screll threush the functiens until the
required functien 1s displayed. If the tunctien has an asseciated parameter, enter the parameter atter the
tunctien has been stered.

Mementarily pressing the “Veluine'/ Presiam Functien’ key agaim will exit “Presrain Entry Mede™ and
digplay the "Veluine te be Bispensed™ The pumpine rate data, which includes the punpime rate,
“Veluie te be Bispensed” and pumpme directien, can new be setup as previeusly described.

When tinighed setting up the pumping rate data ter the current Phase, enter “"Presrain Entry Mede™ again
te select the next Presiam Phase. Press and held the ‘Rate’/'Presrain Phase = key until the Phase munber
1s displayed. Then usethe arrew keys te set the Phase nunber te the next Phase te be setup. Pressing the
right-imest airew ence will set the Phase te Phase 2. New all puinping data will reter te Phase 2. The
secend Phase cannew be setup as described abeve teor Phase 1.

Centmue selecting Phase nunbers and entering the intusien er centrel setup ter each Phase of the
Pumping Presraimn. The entire Pumpme Presrain will be stered in nen-velatile inemery.

Use the *STOP® tunctien te step the puimp and end the Pumpme Presrain. It the Puimpine Presrain dees
net eperate the puinp centinueusly, the last Phase of the Puimping Pregrain must be a *STOP’ tunctien
(unless the last Phase nuimber 15 the maxunun Phase nuunber).

When the Pumping Presrain is started. with the “Start / Step” key, TTL I'O mput, er RS-232 cenunand.
the Pumpme Presrain will besin eperating tieimn Phase 1.

Very cemplex dispensing Presrains can be created with the Presgrain tunctiens available. Sectien 9.3
centams a detailed descriptien ef all the functiens.

9.1.1 Pumping Pregram Phase Number

Te set the current Presyain Phase nunber. enter “Presiam Entry Mede™ and display the current Presiam
Phase munber.

Using the right-mest 2 airew keys, change the selected Presrai Phase nuunber. The displayed Presrain
Phase nuinber new beceines the cunrently selected Presyain Phase nunber. All functien and pumping rate
data will new reter te the ciurently selected Presiain Phase nuinber.

It the mmaxunun Presyam Phase nunber., 41, 1s exceeded while changing the Phase nuimber., the digplayed
Phase nunber will auteinatically be set te the imaxmmun Presram Phase nunber.

9.2 Pumping Program Edit Functions

When develeping or updating a large Puimpme Presiaim. eccasienally ene o1 mere Presrain Phases needs
te be added erremeved frem the Pumping Presiain Having te re-enter the entire Presraim ceuld certamly
be a tedieus task.

Twe Presiai entry tunctiens are available te sunplity the Presrain develepiment precess. These are the
‘Insert’ and “Welete’ tunctiens. They allew a Presiain Phase te be reineved trem any peint m the
Pumpime Presrain o1 a Phase te be mserted at any peint.
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Te access these tunctiens, enter “"Presgrain Entry Mede™ te display the Presraim Phase nuunber [PH:am].
Select the Presrain Phase munber that 15 te be deleted er the Phase munber where a new Phase is te be
mserted m the Puimping Presram.

Fer example, 1t a Phase 12 te be meerted between Phases 24 and 25, select Phase 25. The mserted Phase
will be at Phase 25, and all the Phases startme with the eld Phase 25 will be shitted ene Phase higher.

Using either of the 2 lett-iest airew keys, under "PH’ m the display. select the editing functien. The
arrew keys will screll threush the selection of editing tunctiens:

Editme Functien  Bescription

PH Phase select
In Insert Phase
dE Pelete Phase

WWhen the required editing tunctien s displayed. press the ‘Rate’/ Presiai Phase = key betere the 2
secend tune eut. After the tune eut, o1 with any ether key press, the tunctien will be canceled.

It "Incert’ o1 "Welete’ was selected, the Pumpme Presram will be edited. YWhile the Presram is bemse
edited. the display will shew [BUSY].

It ‘Insert’ was selected, all Phases tieimn the selected Phase te the maxiunuin Phase will be ineved te the
next hisher Phase, with the erigimal mmaxunuim Phase being deleted The meserted Phase will default te a
‘RATE’ functien. if it 1= the tirst Phase, o1 a ‘STOP™ functien etherwise.

It ‘Welete’ was selected, the selected Phase will beremmeved, and all Phases higher then the selected Phase,
up te the maxunwn Phagse, will be meved te the next lewer Phase.

All Phases thatretference the Phase munber ot anether Phase, such as a ‘jump’ functien er an “event’
tunctien, will be autemnatically updated. The referenced Phase munbers will be autematically adjusted te
cempencate tor the sectien of the Pumping Presram that was shitted durme the eperation ef the edit
tunctien

Ultunately. the easiest inethed te immamtain and develep Pumpine Presrams is te dewnlead the Puimpime
Presiain te the pump trem an attached cemputer. This weuld allew a single Pumping Presram te be
quickly pregranuned mte multiple pumps. The cemputer weuld enly need te be attached during the
dewnlead smce the Pumping Presraimn is stered m the pump s nen-velatile memery.

Alse, a Pumpime Presrain can be upleaded te an attached cemputer, which ceuld then stere it and preduce
a primteut et the Pumpme Presram.

9.3 Program Function Descriptions

9.3.1 ‘rAtE’: Rate Functien

B
" 12 L Ipefines a pumpme functien with a tixed pumpme rate. This functien defines a pumping
setup censisting of the puinping rate, eptienal “Veluine te be Bispensed”, and punpme directien Use the
‘Rate’, ‘Velume’, and "Pumpme Pirection’ keys te set erreview the pumping setup. Fer centimueus
pumping, set the “Veluine te be Bispensed” te 0.0 (off). The "Veluine te be Pelivered™ 1s disabled when

the digplay reads [ otf].

9.3.2 ‘InCr’: Increment Rate Functien

= The mcrement and decrement tunctiens eperate the same as the ‘RATE" functien, except that
the specitied rate 1s added (‘INCR)er subtracted (' DECR") tiein the current pumping rate. The current
punpme rate when the tfunctien i1s executed 1s the base pumping rate ter the tunctien. It ne base punpine
rate exists, such as when executing a pause tunctien er when the Pumpie Presram is tirst started, a
Presrain erver will eccur and the Presram will step.

The pumping rate units will be the saime as the base puimnping rate, and theretere cannet be set, ner are they
digplayed, with the pumping rate mcrement e decrement value. As with the ‘RATE’ functien, a “Velume
te be Bispensed” and pumpme directien can be specitied ter the merement and decrement tunctiens.
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When used within a Presrain leep, the puimpimg rate can be imcremented er decremented m sinall step
mtervals.

9.3.3 ‘BECr’: Pecrement Rate Functien

The decrement functien subtracts the specitied rate tiemn the current pumping rate. Fer a tull
description, see sectien 9.3.2, ‘InCr’: Increment Rate Functien

9.3.4 ‘SteP’: Step Pumping ®peratien and End The Pregram

Steps the puimnpme eperatien and steps the Pumpms Presrain. The Pumping Presraim will
beein at Phase 1 when started agam. An unplicit ‘Step’ tfunctien is executed when the Presrain exceeds
the maxunum Phase nuunber durms eperation.

It alarg are enabled. the buzzer will beep centinueusly when the Puimping Presram steps.

9.3.5 ‘JP:nn’: Jump te Phase

K
|- = . . o : . . .
Bkl L) The ‘Jump’ functien alters the censecutive eperatien of Presrain Phases. \When executed. the
Pumping Presraim will centmue eperatien with Phase 'nn’.

9.3.6 'Pr:In": Pregram Selectien Input

The Pumpime Presraim can be breken imte sectiens which can be selected by the user. When the Presrain

Selectien Input tunctien 15 executed, the Pumpme Presrain pauses and displays:

I
[' CIMY] rere ' is the Presraim Selection.

Using the right 2 arrew Kkeys, under ', the uger enters the Label of the required Pumping Presrain. The
Pumping Presrain Label 15 detined by any nunber tirein 1 te 99. TWhen the 'Start' key 1s pressed. the
Pumping Presrain centinues executien at the Presram Phase with the selected Pumping Presram Selectien
Label.

The pumnp searches ter the selected Pumping Presrain Selectien Label starting with the current Phase and
centinuing te the end ot the Puimping Presrain meimery. then tireim Phase 1 until the current Phase ig

reached asam. It the selected label 1s net feund. the 'eut of ranse’ errer mcssa_gc[
Pressme any key returns the digplay te the Presrain Selectien Input digplay.

15 digplayed.

It imere than ene Phase 15 detined with the saime label, then executien centinues with the tirst inatching
label enceuntered. The last selected presrain label 15 stered in nen-velatile meimery and becemes the
detault label the next tune the current Presyain Phase is executed Nere than ene Presramn Selectien Input
tunctien can be defined and placed at any Presrain Phase needed Te cancel the Presrain Select Input and
stop the Pumpine Presrain, tuun the pewer te the punp et and en

It alaring are enabled, the buzzer will beep centmueusly while waiting ter the start trigser.

9.3.7 'Pr:nn': Pregram Selectien Label

U

. - . = |~ e I - .
The Presiain Selectien Label tunctien DAL B defines a Pumpme Presrain sub-presrain that can be
selected by the user durme Puinp Presrain executien.

Atter selecting the tunctien. change '01', it needed. te aunique Presraimn Label. frem 1 te 99. See sec:
0.3.60. Pr:In': Pregiain Selectien Input ter a tull descriptien Place a Presirain Selectien Label, with a
unique number, tirein 1 te 99, at the starting Phase ot each sub-presrain sectien.

When the Pumpine Presraim enceunters a Presiain Selectien Label m nenal executien. 1t will isnere the
label and centinue executien with the next Phase It yeu need the Pumping Presrain te step at the end ef'a
sub-presram. an explicit 'STOP' tunctienneeds te be placed as the last Presrain Phase ef the sub-presiram.

Publicatien =1200-01 19 02/16/05



9.3.8 ‘LP:ST’: Pefine Starting Phase of Leep

(I I R I
R

= = =1 Defines the start ot a Pregrain leep. Fer a tull description of Presrain leeping, see sec.
9316, ‘1P .

9.3.9 ‘LP:EN’: Pefine Centinueus Leep End

| 171"

Leeps te the inest recently executed, unpaired, ‘leep start’ Phase, o1 Phase 1 it nene. This
functien allews a sectien of the Presrain te be repeated centinueusly. Fer a tull descriptien of Presrain
leeping, seesec. 9.3.10, ‘'LPan’: .

9.3.10 ‘LP:nn’: Pefine Leop End and Leep Repetitiens

I |:|: 1

Repeats executien ef the detined leep "nn’ tunes.

Leep starts and leep ends are uniquely paired during leepine When an unpared "leep end’ tunctien is
executed. 1t 15 pawred with the mest recent unpaired "leep start’ functien executed CLP:ST"). It ne
unpaired “leep start’ functien exists, Phase 1 15 used as an unplied unpaired "leep start’. Tlis pairme
detines the leep and the range ot Phase munbers between the pared leep tunctiens detines the scepe of
the leep.

When a "leep end’ tunctien 1s executed. Presrain eperatien centinues with the "leep start’ tunctien pamred
with the leep end tunctien. There are 2 "leep end’ tunctiens: Leep centinueus CLP:EN) and Leep ter a
preset nunber of iteratiens CLP:n’'). ndicated by nn’. Eachtune a paired "leep end’ tunctien is
executed. an iteratien of the leep 1z cemnplete. \With the "LP:1n’ functien, atter 'nn’ nunber of loep
iteratiens, the detined leep 1s cemplete and Presiain executien centinues with the next Presrain Phase
atter the "leep end’ tunctien. The leep 15 then ne lenser detined o1 pamed.

While executing Phases within the scepe ot a detined leep. anether ‘leep start™ and ‘leep end’ can be
paired and beceine a detined leep within the scepe ot the first leep, wlich 1s reteived te as the euter loep.
The new leep beme reterred te as the mner leep. The pairie ot a leep within a paired leep 15 referred te
as nesting of leeops, with each leep beine ene nested layer ter the duratien ef the leeps panrme. Leeps can
be nested ter a tetal of 3 layers deep. Leeps can enly be nested within the scepe of an euter leeop.

9.3.11 'PS:nn": Pause Pumping

It 'nn’ 15 nen-zere. the Pumping Presrain will pause puunping (steps pumnping) ter ‘nn’ secends. YWhen
N
executed, the display will shew il 1) , with "'nn” decrementing te imdicate the munber ot secends
until the next Presrain Phase 15 executed. After the pause mterval, the next Presrain Phase will be
executed

Te set a pause tune in tenths ot secends, select the decunal peint between the digits. Te select the decunal
peint, press and held the risht-inest arrew key until the right-mest digit scrells te 9. Atter 9, the decunal
oo
pemt between the 2 digits will tegele en and ettt T_Pllel)] gelease the key when the decunal pemnt 1s
digplayed. or cleared. asrequired. New enter the required pause tune frein 0.1 te 9.9 secends. While
executing a pause tiine set in tenths ef secends, the display will enly shew '01' secends durme the pause.

Fer pauses lenger than the 99’ secend inaxunuin pause for this tunctien. put the pause tunctien within a
Presrain leep. A Presiam sectien with the fellewing tunctiens i censecutive Phases:

[LP:ST] [LP:ST] [PS:600] [LP:00] [LP:24].
will pause the Pumnping Presrain ter 24 hews.
It ‘nn’ 15 *00° then the Pumping Presrain pauses and waits teor a start trigger te resuune the Presrain. The

digplay will shew when waiting ter a start trigser.
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Atter the start trigger, the Presrain will resuine with the next Phase. The start trigger can be trein any
source, the “Start’/'Step’ key, the TIL I'O Operatienal Trigeer. o1 fieimn RS-232. Any ether key mput will
step and reset the Pumping Presram.

It alanns are enabled, the buzzer will beep centinueusly while waiting fer the start trigsger.

9.3.12 'IF:nn": Jump te Phase If External Trigger

[ Finn

s1enal.

The "IF " tunctien cenditienally alters the Puinping Presrain’s executien based en an external

When executed. if the TTL I'O Presrain Input pin (pin 6) 1 lew level, then the Puinpine Presraim
centinues eperatien with Phase nuinber 'nn’. Otherwige, the Pumping Presrain centinues eperatien with
the next Phage.

9.3.13 'Et:nn': Setup Event Trigger Jump Phase

- -enn

The ‘Event’ tunctien sets a backsreund event trap that is trigeered by an external signal.

This ene tune backereund trap. er mterrupt, stays set during the Puinping Presiain ‘s entire executien until
it is triggered, redetined. o1 reset. This tunctien has ne ether affect en the eperatien ot the punp until it 1s
trissered.

The event 1s triggered when either:
1) A falline edse (high te lew TTL transitien) eccurs enthe TTL "Event Trigeer’ input (pin 4).
2) A lew level en the 'Event Trigeer' mput pin at the tune the tunctien is executed.

When trigsered. the cunrent eperatien et the puinp and the Puinpine Presrain 1 mtermupted, andthe
Puimnping Presrain munediately centinues eperatien (Juinps te) with Phase nunber "un’.

Atter being trigeered. the event trigeer is reset. It an event trigger functien 1s executed (either 'Et' er ES'
tunctien) while anether event trap 1s still set, the new event trigger will replace the previeus event trap.
Only ene event can be detined at any tune.

9.3.14 'ES:nn": Setup Event Square Wave Trigger Jump Phase
o J

C J° MY Tpe Event Square Wave' tunctien eperates the saimne as the 'ET' 'Event' functien, with the
exception of the trissering cenditiens.

This functien will trigeer en either the risme o1 the talling edse of the TTL 'Event Trigger’ mput (pin).

Theretere. a square wave tunctien en the mupt pimn can be used te tegele the pump between 2 sections of a
Puinping Presrain. An exainple of this weuld be a Puinping Presiain that switched between a slew and
tast puping rate, centrelled by a square wave mput.

9.3.15 'Et:rS': Event Reset

I
[ |

== = "Event Reset™ cancels a previeusly set event trap by either the 'ES' er 'ET" tunctien.

9.3.16 '®Ut.n": Set TTL @utput Pin

.|
S | I ‘Presiamn Output’ TTL I'O eutput (pin 5) televel 'n’. It 'n’ = @, the eutput pin will be
cet lew. It 'n’ = 1, the eutput pin will be get lugh.

9.3.17 'DEEP": Beep

T T
22 2 " I geunds a shert beep.
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9.4 Pumping Program Examples

9.4.1 Example 1: 2 Step Rate

N
—_
-

P
N

mi/hr Rate

' o
0ls | | | 39 Ml Dispensed

Infuse 5.0 ml at 500 mlh, then mfuse 25. € ml at 2.5 ml/lu. Then step the puimp.

Phase Functien Rate Veluine Pirection
1 RATE <00 inllw So0ml Infuse
Phase Functien Rate Veluine Pirection
2 RATE 2 5 mldr 25.0ml Intuse
FPhase Functien

3 STOP

9.4.2 Example 2:

ml/hr Rate

=

i
\5:[]

Repeated Pispenses with Suck Back

Time

Dispense 2.0 ml with a 5 minute pause between dispenses. In additien. atter each dispense. a veluine of
0.25 ml 12 sucked back te prevent drippine. Alse, 30 secends betere the end of the pause interval, abeep

1 seunded te alert the eperater te prepare teor the next dispense.

Starting with the secend dispense, ¢.25 12 added te the veluine dispensed te cemmpensate ter the sucked
back veluime ot the previeus dispense. By changime the last Phase te a [LP:nn] functien, the tetal nuunber
of digpenses canbe set.

When enterme a functien with asseciated data, such ag with the ‘Pause’ m Phase 5, o1 the ‘Leep’ in Phase
0, the tunctien 1s entered m 2 steps. First select the tunctien and stere it. Then enter the asseciated data.

Phase Functien Rate Veluine Pirectien
1 RATE 750l 20ml Infuse
Phase Functien Rate Veluine Pirection
2 RATE 750l ¢ 25 ml Withdraw
Phase Functien

3 LP: ST

FPhase Functien

4 LP: ST

Phase Functien

) PSSO

Phase Functien

o LP @3
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Phase Functien

7 REEP

Phase Functien

S PS:30

Phase Functien Rate Veluine Directien
9 RATE ER{ BV E IS 225 ml Intuse
Phase Functien Rate Veluine Directien
10 RATE ER{ BV E IS 2> ml Withdraw
Phase Functien

11 LPEN

9.4.3 Example 3: Ramping the Flew Rate

mi/hr Rate

o
oy
-

—

\‘SKJ

__ Phases
2-4

Phases

5-8

T

Phases
9-11

\

Time

Nete: Graph is representative enly.
Pumping rate increments and decrements in steps.

Centmueusly ramp up and dewwn the pumpmerate. Starting at 200 mlu. the pumping rate will merement

te 250 mldu m 1.0 mlu steps atter every .1 ml has been dispensed. Then the pumpme rate will

decrement te 150 mlw m 1.0 mldu steps atter every €.1 mml has been dispensed. Finally, the pumping rate
1z meremented backte 200 mldu m 1.6 mlu steps atter every 8.1 ml has been dispensed, then the precess
15 repeated.

Phase Functien Rate Veluine Directien
1 RATE 200 il ¢ 1ml Infuse
FPhase Functien

2 LP:ST

Phase Functien Rate Veluine Directien
3 INCR 1. ¢ 1l Intuse
FPhase Functien

4 LP 3¢

Phase Functien

) LP: ST

Phase Functien Rate Veluine Directien
6 DECR 1.0 ®1ml Infuse
Phase Functien

7 LP:99

Phase Functien Rate Veluine Directien
h DECR 1.0 ®1ml Infuse
Phase Functien

9 LP:ST
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Phase Functien Rate Veluine Directien
10 INCR 1.0 ¢ 1l Intuse
Phase Functien

11 LP: 5@

Phase Functien

12 JP:92

9.4.4 Example 4: Coemplex Pispenses with External Synchrenizatien

Withdraw (ml/hr) Infuse

Start

Trigeer

Start
Trigeer

—tart ever

SyringeE]
Refil| —]

Trigeer

A mere cemplex dispensing example, this Pregrain centams ditferent pumping requirements, including
dispenses with multiple pumpme rates. The tirst cet ot 3 dispenses dreps dewwn te a lewer puimpme rate
durme the dispense. When each dispense is cempleted, the buzzer beeps te alert the eperater, then the

puinp waits ter a start trigeer betere starting the next dispense.

The next set of 3 dispenses have a tixed tiine mterval of 68 secends between dispenses. Atter the last set
of dispenses, the syrmee is refilled by the ameunt mtused, 17.25 inl. Then the buzzer beeps, te alert the

epcrater te the start of the tirst set of dispenses. The precess 1s then repeated.

Phage Functien | Rate Veluine | Directien
1 RATE Se0mlln | 05ml | Intuse
Phase Functien Rate Veluine | Directien
2 RATE 3008 mllu 1.5ml Infuse
Phase Functien

3 REEP

Phase Functien

4 PS00

Phase Functien

3 LP: o2

Phase Functien Rate Velumme | Directien
6 RATE TS0 mlily | 0.5l Infuse
Phase Functien Rate Veluine | Directien
% RATE 3000 il | 1.5ml Infuse
Phase Functien

S REEP

Phase Functien

9 LP:ST

Phase Functien

16 PS:00
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FPhase Functien Rate Veluine | Directien

11 RATE SO0 0l | 3.75ml Infuse
Phase Functien

12 LP:®3

Phase Functien Rate Veluine | Directioen
13 RATE 000 & mlly | 17.25 ml | Withdraw

Phase Functien

14 REEP

Phase Functien

15 PS500

Phase Functien

16 LPEN

9.4.5 Example 5: Centrel frem o High-Lew Pressure Senser

. L -
Pumping  ~—
Rate —

10
Pregram < """" Pressure high senser
@utput ®in
———= < ——— pressure law senser
— — — — 4,

Ei\aentlnput I_ I_ I_ I_ < ______ Pressure trigger peints

This example demenstrates a Pumping Presraim whese centrel depends en an external senser. Assuining
apressure senser that is centisured te detect a high pressure pemnt and a lew pressure pemt, the Puimpimg
Presrain individually selects whether it will react te the hish er lew pressure pemt.

The “"Pregraim Output™ pm en the TTL I'O cemmecter (pin 5) 1s used te select the hish er lew pressure
pemt. \When lew, the lew pressure pemt 1s selected (PH:01). and when high. the high pressure pemt is
selected (PH: 05). The Presiain begms by mtusie centmueusly at 10.0 imnldu (PH:02). while a
backsreund trap 1s set tor the lew pressure peint (PH: 03). Te create a delay when the pressure senser is
switched trem hish pressure te lew pressure when the “Presrain Output™ pin 15 set, a siall veluine is
pumnped (PH: 02. 86) betere the back sreund traps are set.

YWhen the lew pressure trap is triggered. the puimnp sets the high pressure trap (PH:07) and begims te
icremnent the tlew rate. The tlew rate 1s mcremented m 1.0 mliu steps with every .25 ml dispensed
(PH:0%-10). It the lush pressure trap hasn’t as yet beentriggered, the tlew rate will inax eut at 25.0 ml/lu
while waiting fer the high pressure trap (PH:11). YWhen the high pressure peint is reached. the puimp
inunediately will drep dewwn te 10.0 mllu (PH:02). and ence agam wait ter the lew pressure pemt.

Phase Functien

1 OUT.@
Phase Functien Rate Veluine Directien
2 RATE 100 mllu 9 08° Infuse

FPhase Functien

3 EV:03

02/16/05
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Phase Functien Rate Veluine Directien
4 RATE 108 mll 0.0 11l (of)) | Infuxe
Phase Functien

S OUT . 1

Phase Functien Rate Veluine Directien
6 RATE 100l (K IN Infuse
Phase Functien

7 Ev:-01

Phase Functien

S LP:ST

Phase Functien Rate Veluine Directien
0 INCR 1.0 .23ml Infuse
Phase Functien

16 LP 14

Phase Functien Rate Veluine Directien
11 RATE 250 mldw 0.0 11 (of)) | Infuxe

9.4.6 Example 6: Autemated Pispensing with Synchrenizatien

—_—
— — —

— — _—~—
— ——

—_ Restart Pumping Pregram T

—_

-
'Pewer Failure
Mede' Pumping
Pregram Restart
at Pewer Up

Y

5.00:00 50000 5:00:.00

50000

A}
A}
Al . .
. 90000
.
\
)

Syring e
Refill

Event Trigger

fram

Syringe Filles Senser:
Jumpe te Phase 3

The fellewing 1s an auteinated dispensing Presrain tor a BS-2000,/0000 syringe puinp equipped with a
‘Syrige Filled Senser” attached te the TTL I'O cennecter. and a valve systemn te retill the syringe frem a
researvelr. It 1s alce assuined that the ‘Pewer Failure’ immede 1s enabled.

After a pewer tail restart, the pusher bleck 1g 1n an unknewn pesitien, making it unpessible feor an
auteinated dispensing systein te regam syncluwenizatien With the Syrinee Filled Senser. the fellewine
Pumping Pregrain will autematically syncluenize the digpensme system. then centmue with the nerinal
digpense.

The tirst 2 Phases cet an event trap feor the Syringe Filled Senser and refills the syringe until the senser is
triggered. YWhen the senser triggers the event, the puip’s pusher bleck will be synchrenized with the
Pumping Presyamn. It 1s assuined that the senser 12 pesitiened te retill the syringe with 68 inl. A withdraw
veluime o1 61 1l iz get as a satety feature.

Atter the syringe i1s retilled. ene 5 il dispense i1s 1nade every S heurs. After 12 dispenses, the syrmse is
retilled using the senser again.

Phase Functien

1 EV:03

Phase Functien Rate Veluine Directien
2 RATE 10008 iy | 61 ml Withdraw
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Phase Functien

3 LP:ST

Phase Functien Rate Veluine Directien
4 RATE 2000 0l 1u S.0ml Intuse
Phase Functien

) LP: ST

Phase Functien

o LP: ST

Phase Functien

3 PS 66

Phase Functien

S LP: 6O

Phase Functien

9 LP:#5

FPhase Functien

16 LP12

FPhase Functien

11 JP:01

9.4.7 Example 7: Sub-Pregrams

This example shews seine of the tlexiblities previded by the Pregrain Selectien tunctiens. The Pumping
Presrain starts by retilling the syrmee with S8 ml at a tast pumping rate (Phase 1), then the Pumpine
Presrain pauses ter user sub-presrain selectien (Phase 3). Then peiterins 5 dispenses ot 19 1l at the

selected rates, thenretills the syringe again and pauses ter the next user sub-presrain selectien.

The user 1s given the eptien of cheesime ene of three detined sub-presrams.
1: Dispense 10 1l at 100 1l (Phase 4)
2: Dispense 10 ml at 500 1mllu (Phase 7)
3: Dispense 10 ml at 750 mlhw (Phase 16)

Atter selecting the sub-presrain and pressing 'Start’, the Puinpms presraimn centimues executien at the
selected sub-presram. Atter the 10 1nl dispense, each sub-presraim juinps er centinues with the leep
ceunter tunctien (Phase 12). The tirst4 leeps centmues Presrain Executien with the next user sub-
presrain selectien. Atter the Sth leep. the presrain centimues with Phase 13, which jumps back te the
syrimee retill tunctien and starts the whele presrain ever.

Phase Functien Rate Veluine Directien
1 RATE 15008 iy | SOl Withdraw
Phage Functien

2 LP:ST

Phase Functien

3 PR IN

Phase Functien

4 PR 01

Phase Functien Rate Veluine Directien
S RATE 1008 mllu 10 il Infuse
Phase Functien

6 JP 12
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Phase Functien

B PR O

Phase Functien Rate Veluine Directien
3 RATE S00.0 101l Intfuse
Phase Functien

9 JP 12

Phase Functien

16 PR &3

Phase Functien Rate Veluine Directien
11 RATE 750.0 il 101l Infuse
Phase Functien

12 P63

Phase Functien

13 JP: 01

9.4.8 Example 8: Pispensing with Cemplex Synchrenizatien

Restart en Event Trigeer

or 10 secends

Infuse

Withdraw

TTL High
TTL Pregram @uput

TTL Lew

Event Trigeer

T Reweati
Infuse until rrogram Ineut
Event Trigeger oW

I
Event Trigeer

This example demenstrates a cemplex mteractien with external equipiment, such as synclrenizing with
anether syringe pumyp. The Presrain imncludes a variety of mteractiens with external equipment, which
deimmenstrates the varieus centrel pessibilities of the BS-2000,9000.

The Pumpme Presrain beging by cancelme any previeus event traps (PH:91) and raisine the "Presrain
Output” TIT line (PH: 02). Afier 5.0 ml has been dispensed at 00 inllu' (PH:03). the "Presrain Output’
TIL line 15 lewered (PH:04). sending a synchrenizatien sisnal te anether device.

The pump then centmues te puinp at 00 mldu (PH:06) until a synclrenizatien sisnal 1s received at the
‘Event Trigger’ TTL mput, causing the Presrain te juinp te Phase 7 (PH:05).

The pump then withdraws .25 ml (PH:07). pauses ter 1 secend (PH:08). then repeats this precess it the
Presrain Input TTL line iz lew (PH:09). etherwise 1t centinues with the next Phase.

Next, the puimnp pauses for 10 secends (PH:10). Then 1t pauses agsam ter the lesser of anether 10 secends
(PH:12) eruntil an Event Trigger eccurs (PH:11). The Presgrain then restarts (PH:13).
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1 ET-RS

Phase Functien

2 OUT 1

Phase Functien Rate Veluine Directien
3 RATE K000 iy | S0ml Intuge
Phase Functien

4 OUT.@

Phase Functien

~ ET: ¢~

Phase Functien Rate Veluine Directien
6 RATE <000 v 0.0 0l (OFF) | Intuse
Phase Functien Rate Veluine Directien
7 RATE 10000 mililu | 0.25ml Withdraw
FPhase Functien

S PS:61

FPhase Functien

9 IF: &~

Phase Functien

16 PS 16

Phase Functien

11 ET:01

Phase Functien

12 PS 16

Phase Functien

13 JP: 01
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10. RS-232 Communications

The BS-2000,9000 Sy1mee Puimp can cenununicate with any cemputer or device
with an RS-232 cenununicatiens pert.

10.1 Connection and Networking

Onthe rear of the pump are 2 square RJ-11 ("phene jack™ style) seckets. Cennectthe RS-232
cable inte the secket labeled “Te Cemputer”. Cennect the other end te the serial pert en the cemputer, or
ether contrel device Turmn pewer ot te the punp and the cemputer betere cenmectimg cables.

It the pump 15 part of a pump netwerk, cennect a puinp netwerk cable between the secket labeled " Te
Netwerl”, en the first puinp, and the secket labeled " Te Cemputer™ en the next pump i the netwerk
Repeat for each puimnp m the netwerk, cennecting the “Te Netwerk™ secket of ene puimnp te the " Te
Cemputer” secket on the next pump mthe netwerlkk Up te 100 puimnps can be netwerked tesether with a
ceimnputer. See sectien 11, Legic Intertace: TTL Input and Output, ter a diasrain ef the rear of the pump.
When cenununicatme with a pump m a multi-puimp netwerk. each preceding pump m the netwerk must
be pewered on.

Each pump m the netwerk needs a unique netwerk address te 1dentity the puinp te the cemputer. Netwerk
addresses are firomn 00 te 99, It the netwerk censists of enly 1 puinp, set the pumnp’s address te §. Alse,
each puinp needs te be et te the same baud rate as the cemputer. Use the “Setup’ functien en the keypad
te set the netwerk address and the baudrate See section 6.12, “Setup’ . The "*APR' cenunand can alse
be used te set the netwerk address.

The supperted baud rates are 300, 1200, 2100, 9600, and 19200. The trade-ott on baud rates is
cenununicatiens speed versus neise mununity. Fer mest enviremnents, 19200 weuld be acceptable. But
m enviremnents that are electrically neisy and:er ever lensg cables, the cenununicatiens signal mmay
desrade o1 be disrupted. causing cenununicatiens ervers. Inthese situatiens, a lewer baud rate mmay
unpreve the reliability of the cenununicatiens.

10.2 RS-232 Protocol:

When the pump 15 used m a multi-puimp netwerk centisuratien. precede each cenunand with a puinp
address. Pumps will 1snere all cenunands that de net have thenr detined netwerk address. It the netwerk
address 15 net specitied m the cenunand, the address will detaultte @.

After a cenunand 1s sent te the pump, the punp will net accept any further cenununicatiens until the
current cenunand has been precessed. Cempletion of the cenunand precessme 1s mdicated when the tirst
byte of the respense packet 1 transinitted. YWhile the user 1 changing data er centiguratiens treimnthe
keypad. cenunand precessing 1s delayed.

A triangle appears in the upper lett cemer of the LCP display atter the puunp has received valid
cenununicatiens. This triangle remaims m the display until the pump 15 pewered ot o1 until “Setup
Centiguratien’ is entered.

Cenununicatiens te and frem the pumnp use the fellew g data trame:

Supperted R S-232 Data Fraines

Baud rates: 19200, 9000. 2100, 1200 o1 300
Frame: 1@ bit data frame (8N1):
Start bit: 1

Pata bits: L
Step Dbits: 1
Parity: Nene

Every cenunandreceived by a puinp in the netwerk 1s acknewledsged by the pump with a respense packet
that includes a status character mdicating the current eperatienal state of the pump.
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Twe packet pretecels are supperted. Basic and Sate. The enabled cenununicatiens pretecel 1s stered in
nen-velatile memery, and theretere will be m attect at pewerup. Sate Mede prevides a sater
cenmununicatiens pretecel than Basic Mede Sate Mede detects cenrupted data and less of cenununicatien,
as well as auternatically transiitting status packets when an alann eccurs.

Censidering that the 19200 baud rate cenununicates at 52 us per bit, a sinall elitch en the RS-232 cable,
thipping a single bit, can cenvert a transimitted mtusienrate of 100 inl/lu inte 9@ 1nl/hr. the need teor the
Sate Mede m apreductien envireiunent 1s evident. Hewever, Basic Mede 15 excellent for sunplifying
carly develepinent of a centrel presram

While i the Basic Mede. the puinp will accept either cenununicatiens pretecel, Basic o1 Sate. Theush
the respense packet will be in the current cenununicatiens inede. This allews a cemnputer’s
cenununicatien’s dirver te be designed with just enemede. A Sate Mede cenununicatiens driver can
send a ‘SAF’ cenmunand te the punp in the Sate Mede pretecel while the pump 1s in Basic Mede The
respense te the ‘SAF’ cenunand. enabling Sate Mede. will then be mthe Sate Mede pretecel.

19.2.1 RS-232 General Syntax Legend

The tellewine syntax expansien legend 1s cenunen te all syntax expansiens:
Except where indicated, all cenunand and respense characters are ASCII data.

tleat> ==> <f>> [ <fleat:> ] Fleating pemt munber. Maxunun et 4 digits plus 1
deciunal pemt. Maxunun ef 3 disits te therisht of
the decunal peint.

velume units> => UL 1 (micreliters)
ML ml (mulliliters)

TIL level> => 1 TTL lush level

¢ TTL lew level
on-eoff> => 1 On, enabled

O Off. disabled
phase data> ==> <n> [<n>] Presrain Phase nunber. Valid values: 1 te 41
ceunt data> ==> <n> [<n>] Valid values: 1 te 99
numnber data> => <n> [<n>] Validvalues: @ te 99

text> => "any printable character” [« text>]

£ => {<n>]. } Fleating pemt digits
an>=>{@|1|2|3|4|5|6|7 |89} Disits
byte: ==> "ene byte of any data™
) One byte of data expressed as (0xhh), where "hh’ 1s
the data m hexadecunal.
=> Is detined by. Syntax expands te next level ot
expansion.

Nen-termnmal syntax expansien
[ ] Optienal syntax
{} Required syntax

| Or. Cheese enc of the syntax eptiens.

A Nene. Syntax expands te nethine (lanbda
preductien).
" Descriptien of syntax expansien
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10.2.2 RS-232 Pretecel: Basic Mede

Cemmand svntax (te pump):
basic cenunand pretecel> => <cenunand data> <CK:-

Respense syntax (frein puinp):
basic respense pretecel> => <STX <respense data> <ET>C-

In the “Basic™ cenununicatiens imnede, a master-slave pretecel is used, whereby the pump will enly
transinit m respense te a received cenunand.

When the pump recerves the <basic cenunand pretecel>. <cenunand data> will autemnatically be stripped
ot all space and centrel characters, and all text will be cenverted te upper case. This sunplities
cenmununicatiens with the pump when cenunands are being manually typed m frein a generic terninal
ermnulater.

Te return the puimnp te Basic imede when in the Sate mede, send the fellewine packet te the pump:

(0x2) ( 0x8) SAF® (0x55) (0x43) (0x3)

10.2.3 RS-232 Pretecel: Safe Mede

Cemmand svntax (te puimnp):
sate cenunand pretecel> => <STX» <length> <cenmunand data> <CRC 16> <ETX:>

Respense syntax (frein puinp):
sate respense pretecel> => <ST>{» <lensth> <respense data> <CRC 16> <ETX>»

Sate immede uses a mere structured pretecel. mcluding detection ot cerrupted cenununicatiens,
cenununicatiens tune euts, and aute-alann respenses. Sate mede i1s enabled usme the *SAF’ cenunand
whese paraineter setting is stered m the nen-velatile memery.

Sate imnede uses a medified master-slave pretecel, whereby the pump transimits m respense te arecerved
cenmunand. But, the pump alse autematically transimits a status packet when an alarin cenditien eccurs.

Cerrupted cenununicatiens 1s detected using the 16 bit CCITT CRC algeritlun cemputed ever
transmutted data>. Packets transmutted andrecerved include the CRC within the packets.

The parameter sent with the “SAF"” cenunand 1s the cenununicatiens tune eut. This tune eut, m secends,

15 the tune between the receptien by the pump of censecutive valid cenununicatiens packets. Each tune a

valid cenununicatiens packet is received. the tune eut is reset. It' the tune eut elapses, a pump alarin will
T

: - - e A1 R L e iy \

eccur, steppme the pump and the Pumpme Presraimn.  The pumyp will display , and the buzzer

will seund, 1t alanins are enabled, alertig the user. The cenununicatiens tune eut tuner will net restart

until the next receptien et a valid packet.

In additien, there 1s a 0.5 secend packet mter-byte tune eut. While receirving a cenununicatiens packet,
and betere its cemmplete reception, 1t a delay of 0.5 secends eccurs between bytes, the incemplete packet
will be discarded.

With the Aute-Alann feature, whenever a pumnp alanin eccurs, such as a pump stall, a respense packet with
the alarin status mferinatien will autematically b e transnutted.

Until the Sate Mede 15 disabled, each tune pewer 1s applied te the pump. the pump detaults te the Sate
imnede of cenununicatiens, but the cenununicatiens tine eut tuner will net be enabled until the tirst
reception of a valid packet.

Altheush the cenununicatiens tine eut tuner is net enabled. the Aute-Alarn teature will be enabled.
Theretere, the pump will be m an Aute-Alarn enly cenununicatiens mmede.

When pewer 15 applied te the pump, o1 it the systein sheuld reset, a systemn reset alarin eccurs. The Aute-
Alann teature, theretere, alerts the hest cemmputer that a pump reset has eccurred.

Alse, when the user changes the baud rate, the cenununicatiens tune eut tuner 1s disabled until the next
valid cenununicatiens packet.
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190.2.4 RS-232 Pretecel: Basic and Safe NMede Cemmen Syntax
transinitted data> => { <cenunand data> | <respense data> }

cenunand data> => [<address>] [< cenunand=] Te pump
respense data> => <address> <status> [ <data> ] Frem puimp
statug> => { <prempt> | <alarm> } Operatienal state of punp
prempt> =>

I Infusing

W Withdrawimse

S Pumpime Presrain Stepped

P Pummpine Presram Paused

T Pause Phase

U Operatienal trigger wait (user wait)
alarm:> => A ? <alann type> Alann

alann type> =>

R Puinp was reset (pewer was interrupted)
S Puinp imeter stalled
T Safe ine de cenununicatiens tune eut
E Pumping Presrain eirer
O Pumping Presrai Phacse 15 eut of ranse
address> => <> [ <> | Pump netwerk address, @ te 99
data> => <text Respense te cenunand
CR:> => (0x0D) Carriase retuim
STXC> => (0x02)
ETX> => (0x03)
CRC 1€ => <byte> <byte> 16 bit CCITT CRC of <transmutted data> (lhugh byte,
lew byte)
lensth> => <byte> Nuimnber of bytes remnaimme m packet, mcludme this
byte

10.3 Command Errors and Alarms

If a cenunandreceived by the pump 1s netrecesnized eor the data 1z mvalid, an erver imessase will be m the
data> field of the respense packet fellewing the <prempt:> field The fellewine are the etrer respenses:

cemmand errer> => ? <errer

<error= ==
I Cenunand i1 net recesnized (‘?° enly)
NA Cemunand 1s net currently applicable
OOR Cemunand data 15 eut of ranse
COM Inwvalid cenununicatiens packet recerved
IGN Cemunand 1gnered due te a sunultaneceus new Phase start

When an alanin eccurs, the alarin must be acknewledsed befere any data 15 changed o1 the pumnp 1s started.
Alanmng are acknewledsged by the user clearmge the alariimessasge enthe keypad, er the alann status bemse
cent mrespense te any valid RS-232 cenunand.  An alann inessage sent autematically m the Safe Mede
will net clear the alarin cenditien. This 1s te verify that the alanin messase was sent te areceptive hest,
such as after a pewer failure when beth the cemputer and the pump were reset. In this case, the pump will
imest likely send its reset alari immessasge befere the cemputer has finiched beetine.

10.4 RS-232 Command Set

All data chansged frem RS-232 1s stered in the nen-velatile inemery. except for chanses te the puinping
rate while pumpme.  All “Presrain Phase WData” reters te the cuirently selected Presrain Phase. Usge the
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Phase select cenunand (‘'PHN) te queiy o1 select the cuunrent Phase. A Phase cengists of the pumping rate,
‘Veluine te be Bispensed’, and the pumpimg directien

A packet witheut a cenunand 1s mteipreted as a status query. The addressed pumnp respends with a status
only respense packet.

Except where neted, a cenunand witheut any parameters is a query cenunand. The respense packet data
will mclude the requested data. In general, the query respense data will be 1n the same teninat as the
paraineters for settine the cenunand. Fer example, the query diameter cenunand "BIA™ will respend with

‘<tleat>* as the respense “<data>°

Otherwige, the cenunand is a set cenunand. If the data was set, a status enly respense packet will be sent.
It the data was net set, the respense packet will mclude an errer (< cenunand errer>) imessase mdicating

why the data was net set.

All cenunands are upper case.
cenunand> =>

BIAMETER

PIA [ <tleat: ]

Set/query mside diaimmeter of syringe. Set 1z enly valid when the Puimping Presiain is net
eperating. Setting the syringe diameter alse sets the units tor “Veluine te be Bispensed: and
“Veluime Bispensed™.

10.4.1 Pregram Functien Cemmands

The tellewing cenunands are relevant te the cunrently select Presrain Phase. Nete: Buring a Pumpins
Presrain’s eperatien, the currently selected Phase can change autematically.
PHASE NUMBER

PHN [ <phase data> ]

Set/query currently selected Presrain Phase:

Set:
Currently selected Phase 1s et te <phase data>. Previeus Phase 1s stered i nen-velatile memery
and the requested Phase 1s recalled treimn the nen-velatile mmemery. Set 1s enly valid 1t the

Pumping Presrain is net eperating

Query respense:
phase data Currently selected Phase.

PUMPING PRO@GRAM FUNCTI®N
FUN [ <phase functien> |

Set/query the Pumpme Presrain Phase’s tunctien.

This cenunand 1 relevant te the cuurently selected Phase. Set 1s enly valid it the Pumpinge
Presiain is net eperating

Fer a mmere detailed descriptien of Presrain cenunands, see sec. 9.3, Presrain Functien
Pescriptions.
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phase functien> =>

Rate Data Functiens

When a Phase’s functien is set te a “"Rate Bata Functien™, use the ‘RAT’, *VOL’, and
‘BIR’ cenunands te setup the punping paraineters.

RAT Puinping rate. ‘RATE’
INC Increinent rate. ‘\INCR’
PEC Pecreinent rate. ‘BPECR’

Nen-Rate Data Functiens

STP Step puinp. ‘STOP

INIP < phase data Juinp te Presrain Phase. "JP.an’

LOP <ceunt data Leep te previeus leep start "nn’ tunes. "LP:an’

PRI Presrain Selectien Input. "Pr:In’

PRL <ceunt data Presrain SelectienLabel definitien. Pran’

LPS Leep starting Phase "LP:ST"

LPE Leep end Phase. 'LP.EN’

PAS <nunber data Pauses punping for "'nn’ secends. "PS:an’

PAS [nn] Pauses punping tor 'n.n' secends. PS:n.n'

IF phase data If Presrain input TTL pin lew, juinp te Phase. "IF:nn’

EVN <phase data Set event trigeer trap. "EV:nn’

EVS <phase data Set event square wave trigser trap. 'ES:an'

EVR Event trigeer reset. ' EV:RS’

BEP Seund shert beep. ‘BEEP’

OUT <TTL level Set presgraininable eutput pin. ~OUT.n’
PUMPING RATE

RAT [ <fleat> [ <rateunits> ] ]

Set/query puinping rate.

rateunits> => UNI = ul/inin
NN = 1l 1inin
UH = Wl
NH =l

Applicable enly with “Rate Bata Functiens™.

When setting the puunping rate, 1t the current Phase’s tunctien 1s net ‘RATE’, then <rate units> is
net applicable.

While puinping, the puinping rate can enly be set it the cunrent Phase tunctien 1s ‘RATE" and the
next Presrain Phase’s tunctiente be executed is net ‘INCR™ o1 ‘BECR’. Alse, while puinping,
rate units> can net be set.

The new pumnping rate will enly be stered in nen-velatile ineinery it the Puinping Presrain is net
eperating.

VWhen the punping rate is queried while puinping, the respense will be the current puinping rate
and units. Otherwige, the respense will be the rate setting and units, 1t applicable. With the
‘INCR’ and "BECR’ functiens, these twe respenses are net the sane.

VOLUME T@ BE PISPENSED
VOL [ <tleat: ]

Set/query veluine te be dispensed Applicable enly with “Rate Bata Functiens”. Can enly be set
when the Puinping Presrain 1s net eperating The veluine units are set accerding te the current
syringe diaineter setting.

Query respense:

tleat> <veluine units
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PUMPING BPIRECTI®ON
DIR [ INF | VDR |REV ]

Set/query punping directien

INF = Intuse
WBR = \Withdraw
REV  =Reverse pumpme direction

Applicable with all Presrain Phase functiens. Cannet be set when the Pumpie Presraimn is
eperating and the “Veluine te be Bispensed” 1s nen-zere.

The pumpme directien cannet be changed 1t an alanin cenditien exists.
Query respense:

{ INF | 'WBR )

10.4.2 Pump Operational Commands
START PUMPING PROGRAM

RUN [ <phase data> ]

Starts the Pumpme Presrain eperatien

It the Pumping Presrain was paused, then the Pumpimse Presraim resuines at the pemt where it
wag stepped. Otherwige, the Pumpme Presyamn starts tirein Phase 1.

It a phase nunber 1s specitied. then the Pumpme Presraimn will start at the specitied Phase
nuunber-.

The pump cannet be started it an alanin cenditien exists.
ST@P PUMPING PROGRAM
STP

It the Pumpine Presrain is eperatine, the pump will be stepped and the Puimpine Presrain will be
paused.

If the Pumping Presgrain is paused, the step cenunand will cancel the pause and reset the
Pumpme Presrain.

VOLUME PISPENSED
DIS

Queries velume digpense enly. Set net applicable.

Respense:
I <tleat> \V <tleat>> <veluine units

Where: I <tleat>"‘ reters te the mtusien veluine dispensed, and 1V <tleat>" refers te the
withdrawn velume.

CLEAR VOLUME BDISPENSED
CLD { INF | WWBR }

Sets the Intused or withdrawn veluine dispensed te @ Cenunand 1s enly valid while the Pumnping
Presrain is net eperating.

INF = Intfusien veluine
WPR = Withdrawn veluine

Query 15 net applicable.
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19.4.3 Cenfiguratien and Setup Cemmands

New settings for any of the fellewing cenunands will be stered m the nen-velatile ineimery.
SET PUMP NETW@RK ADPRESS
* AR [ <address> ]

Set/query pump netwerk address

address™> => <> [<n>]
address™> Valid range: ¢ te 99

This 15 a special systein cenunand that will be accepted by the pump regardless of 1ts current
address. Once set, the pump will enly respend te cenunands with the set address.

ENABLE SAFE COMMUNICATI®NS M@BDE
SAF [ <tune eut> ]

Set/query Sate cenununicatiens mede setting.
tine eut> => <> [ <> [ <n> ] |
tune eut> Valid range: @ te 255,

if <tune eut> = @ then Basic cenununicatienmede is set, disabling Sate mede,

If <tune eut> > @ then Safe cenununicatiens mede 1s enabled. Atter the reception ot this
cenunand, valid cenununicatiens imnust be recerved every <tune eut:> secends.

ALARM SETUP
AL [ <en-eti> ]

Set/query alann setup mede. Set alarin enables o1 disables alanin buzzer immede.
POWER FAIL SETUP
PF [ <en-etf™ |

Set/query Pewer Failure mmede. Set Pewer Failure enables or disables Pewer Failure mmede.
TTL '@ @PERATI®NAL TRIGGER SETUP
TRG [ <trigser setup> |

Set/Query TTL I'O Operatienal Trigger immput centisuratien.

TIL IO Operatienal Trisser is set te <trigser setup>.

trigser setup> => FT = Feet switch trigeger (tallmg edee)
LE =TTIL Level trigger (11sing and falling edse)
ST = Start enly trigger (falling edse)
TIL '@ PIRECTI®ONAL CONTROL INPUT SETUP
PIN[@|1]

Set/query directienal centrel mput setup
Settines => @ =Falline edee: Intuse, Risine edee Withdraw

Same as "draE" setting tiem the keypad.
Use this setting with the CBL-TTL-1, reciprecatmeg puimnyp cable, te create a 2
puimnp centinueus mfusien systemn

1 =Falling edee: Withdraw, Rismg edge Intuse

Same as "dr: dU" setting freim the keypad.
Use this setting with the CBL-TTL-1, reciprecatme puinp cable, te create a 2
pumnp dual punpme system
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PUMP MOTOR @PERATING TTL @UTPUT CONFIGURATI®N
ROM [ <en-eti™ ]
Set/query Pump Meter Operating TTL eutput centiguratien (TTL pin 7)

Settings => @ = Output is lesic lush enly when the puinp imeter 1s eperating (puinping).

1 = Output 1 legic high when the pump imeter 1s eperating (puunping) er when the

Puinping Presrain is executing a pause tuner.
SET KEYPAD LOCK@UT
LOC [ <en-etf> ]

Set/query keypad leckeut inede. Set keypad leckeut disables chansine any settines fiein the

keypad unless the "Leckeut Bisable Key" 15 mserted.
SET KEY BEEP
BP [ <en-eft: |

Set/query key beep inede. Set key beep enables or disables key beep mmede.

10.4.4 General Control and Status Conunands
TIL I @ @UTPUT SETTING

OUT <n> <TTL level

Sets TTL level en user definable eutput pin en the “TTL IO’ cennecter.
<1> Indicates pin munber en ‘TTL 'O’ cennecter
Valid value: 5 (Pregrain Output pin)
Query 1s net applicable.
TTL INPUT @QUERY
IN <n

Queries TTL level of pin en "TTL 'O’ cennecter. Set is net applicable.
<1n> Indicates pin nmunber en 'TTL 'O’ cennecter
Valid values: 2. 3. 4. and 0.
Respense: <TTL level
BUZZER
BUZ[®|{1[<n~>]}]

Sets / queries buzzer

Set: ® = Tuin buzzer eoft:

1 =Turm buzzer en
it <n> specified
It <n>= 0, buzzer beeps centinueusly,
etherwise buzzer beeps <n> times
it <n> net specitied, buzzer seunds centinueusly

Queryrespense: { |1}
¢ =Buzzer off
1 =Buzzer 12 en centinueusly er beepins.
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Your Distributor is:

Braintree Scientific, Inc.

PO Box 850498, Braintree, MA 02185
781-917-9526

Email: Info@braintreesci.com

Web: www.braintreesci.com

FIRMWARE VERSI®ON QUERY
VER

Respense: NE<medel>V <n> <>
where ‘“<1n>.<1>°¢ 18 aurent finnware versien numnber.

Set 15 net applicable.

10.5 Getting Started With RS-232

Before besinming te develep puinp centrel seftware for a cemputer. tirst setup and expernnent with the
puinp s cenununicatien  Atter attaching the punp te the cemmputer, run a terininal emulatien Presraim en
the cemputer. A seneric termninal emulater, supplied as standard seftware with many cemputers, can be
used te cenununicate with the pump in the Basic cenununicatiens mede.

New Era Pump Systems supplies a terininal emulater, fer demenstratien puipeses enly. which all ews
mere cemplex centrel of the puimp. Alse, this termmnal emulater centams a "Pump Presranuning
Language™ (PPL™), wlich allews Pumping Presiains te be develeped usme symbelic text, meditied, and
stered m cemmputer files, then dewnleaded te the puimnp.

With a generic terminal emulater, setup the terminal emulater with the saime baud rate as the pump and
with an & bit data, ne parity, and 1 step bit (8N1) data frame. Set the cenununicatiens pert te the pert that
15 attached te the pump. Alse enable lecal eche (half-duplex) and turn tlew centrel eff.

Frei the teriminal emulater, yeu can mteractively centrel the pump by typme m cenunands en yeur
ceimputer and seeing the puimp s respenses en yeur screen. Tlis will sive you a feel for hew the
cenunands werk m additien te allewing yeu te quickly develep the centrel sequence that will eventually
be ceded mnte the settware beme develeped

The tmal benefit of using a terminal emulater is the eluninatien eof several vanables if the centrel settware
dees net werk preperly. It the pump werks cerrectly with the terminal emulater, then tlus verities that the
hardware 1s werkme preperly and will werk with any seftware. Any cenununicatiens preblems can then
be narrewed dewwn te the centrel seftware.
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11. Logic Interface: TTL Input and Output
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Figure 2: Rear of Pump

On the rear of the puinp 15 a BB-9 cennecter. belew the *TTL-I:O" label, which 15 used tor TTL I'O. The
lesic sisnals enthis cennecter perinit bi-directienal centrel with external equipinent.

Centrel input TIL lesic levels inust be held steady tor aminiinuin of 100 ins te be recesnized. Te
inmnnize the pessibility et false signals caused by slitches and ringing, which ceuld be caused by the
clesure of inechanical switches, TTL centrel mputs are settware filtered. With a sainpling peried o1 5@
1ng, slitches ot'less then 100 1ns are filtered eut.

Edsge detectienrequires the detection of a change in TTL levels. With a inmunun e 100 1ns te detect a
level, an edge requires amininuin of 200 1ns te be detected. Since the next level change can be detected
in 100 1ng, creating anether edse, the inaxiinuin edse te edee trequency 1s 10 Hz

Edee changes te the "Puinping Directien’ and ‘Operatienal Trigger” inputs inust eccur at least 5@ ns apart.

Falling edse reters te a lesic hish te lesic lew transitien. Rising edse reters te a legic lew te a lesic hish
transitien Te suarantee recesnition of lesic levels, veltages en the input lines inust be within the
tellewing ranges:

TIL lesic lew (9): Otol5V
lesic high (1): 3.5t05.25V

The Vice and Greund pns, pins 1 and 9, are ter legic reterence enly. Te assure preper veltage levels, the
Greund pin sheuld always be cennected te the sisnal sreund ef a sensing o1 centrelling device that 1g
attached te any ether pin enthe TTL I'O cennecter. The Vice pin sheuld net be used te seurce current.
The TTL I'O ping are detined as tellews:
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Pin = Definitien Type Function

1 Vee (3V) Reference Logc highreference Power on indicator.
C'onfizui able start:stop operational tiigzer mput.
2 @®perawonal Trigeer Input SV , % .
peralotlat THs3 L Foot Switch Falling edse:  Start or stop wigeer
Level Falling edse:  Stop wigeer
Risime edse:  Start wigeer
Start only Falling edse:  Start wigser
3 Punping Birection Input Changes punping direction according to setup
[drrE] [de:dU]
Fallmg edge: Infuse Withdraw
Rismg edze: Withdraw Infuse
4 Event Trigeer Input Event mput or user definable mput
3 Prograimm @utput @utput Program conwolled output or user definable output
6 Program Input Input Program condiwonal mput or user definable mput.
Alse used by the keypad leckeut tunctien.
7 Puwnp Motor @perans @utput [RUN.®] High: Punping: Low: Not punping
[RUN.1] High: Punping or Pause wner
Low: Not punping
8 Pumnping Birection @utput Hieh: Infuse: Low: Withdraw
. Ground (0V) Reference Logc low reference

11.1 TTL I/O Operational Controls

While the user 1s changing setties or centisuratien tiein the keypad. external centrel by the "Pumnmping
Direction’ and ‘Operatienal Trigger” mputs will be ignered These centrels will alse be 1gnered 1t an
alarin cenditien exists.

@peratienal Trigger (Pin 2): The mput sienal en this pin centrels the eperatien ot the Pumping
Presrain. Its functienality 1s user centigurable. Use the "TRnn’ Setup Centisuratien te centisure this
mput pin (See Section 88.3, TTL I'O Operatienal Trigser Centisuratien).

Each eptien. Feet Switch, Level Centrel, and Start Only, define when the Operatienal Trigser mput is
activated. \When activated. the trigser einulates the “Stait/Step’ key.

Feet Switch: Operates like the “Start/Step’ key. whereby each falling edse (centact te sreund) either
starts or steps/pauses the Pumpine Presraim.

Level Centrel: Falling edse steps/pauses the Puinping Presiam, Rising edse starts the Puinping
Presiain. This centisuratien can be used with a centact clesure tuner o1 m an
auteinatien setup, allewing lesic level centrel ever the eperatien ot the pump.

Start @nly: Falling edsee starts the Puinping Presiain. This centiguratien enly allews the starting ef
the Pumping Presrain. This weuld be usetul, ter example, with a laberatery anunal
tramed te press a lever. The anunal can start the Pumping Presrain, but repeated presses
weuld have ne attect until the Puinping Presi-ain pennits it.

Pump Meter @perating (Pin 7): This eutput prevides an external signal mdicating when the puinp

| |
ineter 15 eperating. This pm i1s centigured with the I Ll '-"nl setup cenunand., er the "RON" reimnete
cenunand. When set te @, the eutput is enly at le=ic high when the ineter 1s eperating (puunping). When
set te 1, the eutput is legic high when the meter is eperating o when the Puimping presrain is executing a
pause tuner. Otherwise, the eutput is a lesic lew.
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Pumping Pirectien Centrels (Input: Pin 3; @utput: Pin 8): Allews bi-directienal centrel et the
puinping directien. The mput pin, when activated. emnulates the punping directien key, changing the
puinping directien. This functien, theretere, is enly applicable where the puinping directien key weuldbe

| L ]
. = . . . 5 C - . u L W
applicable. The functien ef the input pin is cenfisured with the L= aq setup cenunand, er the "DIN"
reinete cenunand.

When the inede 1s set te reciprecating puinps ("RE" setup cenunand er "¢ reinete). then it the current
punping directien is withdraw, a talling edse sets the directien te infuse. If the cunvent puinping directien
1s infuse, a rising edse sets the direction te withdraw. Otherwise, this imnput pin has ne attect.

When the inede 1s set te dual puinps ("dU" setup cenunand er "1" reinete), then if the cunrent puunping
direction 1 withdraw, arising edse sets the direction te infuse. If'the current puinping directien is intuse,
atalling edse sets the direction te withdraw. Otherwige, thig input pin has ne attect.

Dual and reciprecating puinping systeing are created using 2 punps attached with the accessery cable
CBL-TTL-1.

The eutput pin prevides an eutput sisnal te external devices indicating the direction of puinping A lesic
lew indicates withdraw, and a lesgic high indicates imntuse. Fer exainple, thig pin can be used te centrel an
external valve, allewing the syringe te retill frein a reserverr.

11.2 TTL I/O Control from the Pumping Program

Varieus Puinping Presiain tunctiens can detine hew the puinp reacts te levels enthe TTL 'O cennecter
o1 set eutput levels. These are sununarized 1nthe tellewing table:

Pumping TTL 1: @ Centrel Pin Pin= | Actien

Pregram

Functien

OUTn Progain Output 5 Set lecic level eutput te 'n’

EVvian Event Trigeer 4 Falling edge trigeers a junp te Phase 'nn’

ES1n Event Square wave 4 Rizing e talling edge triggers a junp te Phase 'nn’
Triseer

IF 1 Progamn Input ¢ Lew level causes a juinp te Phase "nn’

PS:00 Operational Trigeer 1 Trizzer activatienresuines Pregrain eperatien

11.3 TTL I/O Control From RS-232

The lesic levels et ping 2, 3. 4, and 6 can be queried tirein an attached ceinputer using the RS-232 “IN
cenunand.

e

The eutput lesic level of pin 5 can be set with the RS-232 “OUT’ cenunand.
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12. Appendix

12.1 Syringe Diameters and Rate Limits

Syringe| Inside Maximum | Minimum

Size Diameter Rate Rate
Manufacturer (cc) (ram) (ml/hr) (pl/hr)
B-D 1 4. 099 53. @7 0.7/
3 $.5085 177.1 2 .434
5 11.99 345. 3 4.748
10 14.43 500.4 .80
20 19.05 872.°2 11.99
30 21.59 1120 15.4
°® 20.59 le®?® 23.35
Mono ject 1 5.74 79.18 1.088
3 $.9%4]1 192.1 2 .04
° 12.7 387 . @ 5.3260
12 15.72 5093.9 .16l
20 20.12 972.9 13.37
39 23.92 1329 18.27
°® 2e.04 1785 23.44
Terumo 1 4.7 53.09 0.73
3 $.95 192.5 2.0460
5 13 400. 1 5.581
10 15.8 e00 $.244
20 20.15 97/5.8 13.41
30 23.1 1282 17.e3
@ 29.7 2120 29.13
Alr-Tite 10 15.9 °0/. 0 $.349
20 20.25 985.5 13.55
30 22 .9 121 e le.72
50 29 2021 27.78
Syringe| Inside Maximum | Minimum

Size Diameter Rate Rate
(uL) (ram) (ul/hr) (H1/hr)
Hamilton 9.5 9.105 25.49 9.00.
e e e 1 9.14¢e 51.23 0.00.
2 0.200 101.9 0.00.
5 0.32¢0 255.4 0. 004
SGE 9.5 0.1 24.03 0.00.
1 9.15 54 . @7 0.001
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12.2 RS-232 Command Summary

cenunand> =>
DIA [ < fleat > ]
PHN [ < phase data > ]
FUN [ < phase tunctien > ]
phase tunctien > =>
RAT
INC
DEC
STP
INP
PRI
PRL
LOP
LPS
LPE
PAS <nunber data
PAS [n.n]
IF phase data
EVN <phase data
EVS <phase data
EVR
BEP
OUT{@®]|1}
RAT[ <tleat> [ UN | MM | UH | MH ] ]
VOL [ <tleat: ]
DIR [ INF | 'WWBR | REV ]
RUN [ <phase data> ]
STP
DIS
CLD { INF | WDR }
SAF [ <> [ <> [<n>] ] ]
AL [ <en-eti> ]
PF [ <en-eti>]
TRG[FT|LE | ST]
DIN[ @] 1]
ROMI[®|1]
LOCT <en-eti> ]
BP [ <en-eti> ]
OUTSs (&1}
IN {2]3[4]6)
BUZ[@®|{1[<n
VER

*ADR [ <n> [<n>] ]

phase data

ceunt data
ceunt data

131
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Syringe iside diameter
Presrain Phase nunber
Presrain Phase tunctien

Pumpme rate. ‘RATE’

Increment rate. ‘INCR’

Decrement rate. ‘DECR’

Step pumnyp. ‘STOPF’

Juimp te Presrain Phase. "JP:n’

Presrain Selectien Input. "Pr:In'

Presiain Selectien Label detnutien. Prin'
Leep te previeus leep start 'nn’ tunes. "LP:n’
Leep startme Phase. "LP:ST

Leep end Phase. 'LP.EN’

Pauses pumnpme ter 'nn’ secends. "PS:n’
Pauses pumpme tor n.n' secends. PS:nn'

If Presramn mmput lew, junyp te Presrain Phase. "IF 1’

Set event trigger. "EV am’

Set event square wave trigger. 'ES:1mn'
Event trigger reset. ‘'EV:RS’

Seund sheit beep. ‘BEEP’

Set presrannable eutput pm. "OUT 1’
Puimpme rate

Veluine te be Dispensed

Pumping direction

Starts the Pumpme Presram
Step/pauses the Puimping Presrain
Query veluine dispensed

Clear veluine dispensed

Safe cenununicatiens imede

Alann mede

Pewer faillure immede

Operatienal trigeer mmede

Directienal mput centrel imnede

Puimp Meter Operatineg TTL eutput imede
Keypad leckeut inede

Key beep mmede

Set TTL eutput level

Query TTL mput level

Buzzer centrel

Query tinnware versien

Netwerk address (systein cenunand, valid regardless of

curent address)
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12.3 RS-232 Pump Network Connector Wiring

RS-232
Te Netwerk | Te Cemputer
V V
1000
RCY frem netwerk TXD te cemputer
TXD te netwerk | RCY frem cemputer

PC Com Port Connectors

25 Pin 9 Pin

3 - Receive 2 - Receive Connect to pump TXD
2 - Transmit 3 - Transmit Connect to pump RCV
9 - Ground S - Ground Connect to pump GNBD

12.4 Accessories

12.4.1 RS-232 Netwerk Cables

RS-232 Netwelk Pritnary Cable

7 feet cable, part = CBL-PC-PUNP-7
25 feet cable, part = CBL-PC-PUNP-25

Cable te cennect a punp, er the first pump m a punp netwerk. te a standard persenal cemputer’s serial
pert with a DB-O o1 BB-25 cennecter. Included with this cable 15 a 9 pm te 25 pm cenverter.

RS-232 Netwelk Secendary Cable
7 feet cable, part = CBL-NET-~
25 feet cable, part #: CBL-NET-25

Cable te cennect additienal puinps, atter the first pumnp, te the pump netwerlk.

12.4.2 Autematien Cable: Reciprecating/Bual Pumps Centrel Cable
Part # CBL-TTL-1

Using twe BS-2000,9000 syringe puinps. this cable either creates an autemated centmueus eperation
puinping system, whereby ene punp 1s refilling wlile the ether 1s dispensing, or creates a dual puinping
systein, with beth puinps eperating m the saime direction.

This cable 15 attached te twwe BS-2000,9000 syringe pumps via thew *“TTL I'O’ cennecters. In this setup,
with the puinps centisured feor this eperatien, ene pump will intuse while the ether punp withdraws.
YWhen ene puinp chansges direction the ether punp changes direction. Yvhen ene pumnp starts, the ether
pump starts. When ene puinp steps, for any reasen, the ether pump steps.

With this cable, the pumnps can alse be setup as a dual pumnp systemn. In this cenfiguratien, beth pumps
will eperate m the saimme direction and start and step tesether.
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12.4.3 Valve Centreller

Part= ABPPT-VALVE-INTERFACE-1 (Ferene pump)
Part= APPT-VALVE-INTERFACE-2 (Fer twe pumps, mcludes CBL-TTL-1)

Prevides a centrel inteitace tor yeur electrenic valves. Attach yeur electrenic valves, and the intertace
will centrel the activatien ef the valves. The 2 pumnp interface 1s used te create a centinueus intusienrefill
systein.

12.4.4 Feet Switch

Part & ADPT-2

Allews the pump te be eperated fiem a teet switchh Attaches te the TTIL I'O cennecter.

12.4.5 Leckeut Pisable Key

Part ABPPT-LOCKOUT-KEY

Enables settine Keypad Leckeut imede and allews changine ef settines while Keypad Leckeut 15 set.

12.4.6 Firmware Upgrade

Centact yeur dealer te deterinine the current available versien et the pumps mtemal finnware.

12.5 Troubleshooting and Maintenance

Maintenance: Periedically, a sinall aimeunt et all-puipese o1l sheuld be applied te the suide reds.

The mechanisin sheuld be kept clean te prevent unpeded eperation.
Ne ether special inamtenance er calibratiens are needed

R S232 Cemmnunicatiens: If ne RS-232 cenununicatiens is pessible or garbled respenses are recerved
frem the pump, check the tellewms:

It the triangle appears m the upper lett of the LC® display. then the pump 1 receiving valid
cenununicatiens. The cenununicatiens preblem is prebably with the receiving cenununicatien applicatien
o1 with the receive lime en the cable.

It the Basic cenununicatiens imnede is used. check it the pump 15 m Sate cenununicatiens mede. See
section 10.2. RS-232 Pretecel:.. for instructiens en hew te chansge the cenununicatiens mede.

Verity the puimnp s baud rate and netwerk address. Te set the RS-232 cenununicatiens parameters, see
sectien 6.12. “Setup” .

Usme a lewer baud rate inay alse unpreve the reliability of the RS-232 cenununicatiens.

Pusher bleck mnakes a snap er click ssund when the pumnp is started: This 1s a nerinal cenditien.
YWhen the pusher bleck 1s mmanually immeved, the dirve-nut inay net have been tully engaged en the drive
screw. The seund heard 15 the dirve-nut engasing en the drive screw.

Puinp deesn’t step after dispensing a set veluine: The puimnp was previeusly setup with a multiple
Phase Pumping Presiamn. Te sunply dispense a tixed veluine at a fixed pumpime rate, the secend Presrain
Phase must be the “Step’ tunctien. See sectien 9.1. Hew te Enter Puimpme Presrains, for mstiuctiens en
changmge the Puinpime Presram.
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12.6 Specifications

12.6.1 Mechanical & Electrical

Syriee sizes:

Number of syrinees:
Meter type:

NMeter steps per revelution:
Micrestepping:

Advance per step:

NMeter te ditve screw ratie:
Prive screw pitch:

PC cennecter:

Veltage at BC cenmecter:
Amperase:

Pewer supply type:

Pewer supply eutput ratme:

Pinensiens:

Weisht:
Allen Wrench

12.6.2 @peratienal

Masxunuimn speed:
Mimnummun speed:
Maxunum pumpime rate:
Mmunuumn pumpme rate:
Masxunuimn terce:

Number of Presraimn Phases:

RS-232 pump netwerk:

Upte 6@ cc

1

Step meter

100

1/8te 1,2 depending en meter speed

9.2126 ulM te 0.8504 uM dependme en meter speed
15/2%

20 revelutiens/”

2.1 nun. center pesitive

12VIRCattull lead

750 mA at tull lead

Uhiresulated Imear external wall adapter, ceuntry and pewer
seurce specitic

10V IRC () 1000 mA

8347 x53/47 x4 1,2 High

(2280 cmx14.005 cm x11.43 cn)

3.6 Ibs. (1.63 ke)

3/32 Hex

5.1005 cnmimin

0.001205 cinlu

1699 mllu with a B-B 60 cc syringe

.73 1lihn with a B-B 1 cc syringe

35 Ibs. atmmunun speed. 18 1bs. at maxunuin speed
41

109 pumps maxinuin

RS-232 selectable baudrates:
Syringe mside diameter ranse:

300 1200, 2100, 0600 10200
0100te S0 00 M)

12.7 Custom Applications

Fer specialized and OENM applicatiens, centact yeur dealer
o1 Bramtree Scientific, Inc.. Custem medificatiens canbe
imade te the mechanics o1 the firmware.
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‘D BRAINTREE
SCIENTIFIC, INC.

LAB RESEARCH PRODUCTS

FW-1-X FIRMWARE UPGRADE

BS-8000 SERIES OF SYRINGE PUMPS
This User Manual is an addendum to the standard BS-8000 User Manual and supersedes it.

1. Upgraded and New Programming Functions

Linear/Gradient Flow Rate Ramping

Linearly ramps up or down the flow rate. The pump will deliver a smooth, linearly increasing or decreasing, flow rate as defined by
the starting flow rate, ending flow rate, the total pumping time, and direction.

1 Phase ‘n+1’

Linear Function End Rate

Linear Function Time
Hour | Minutes | Seconds | Tenths Seconds
Phase ‘n’ Phase ‘n+1’

® ~ o 3

Phase ‘n’
Linear Function Start Rate

Time

The Linear Flow Rate function is specified by using two Linear Functions , in two consecutive Program Phases, defined by
four parameters:

1) Starting flow rate

2) Ending flow rate

3) Total time, expressed as "Hours : Minutes : Seconds : Tenth Seconds"

4) Pumping direction

The Linear Flow rate function is entered as follows, in two consecutive Pumping Program Phases:
Time is entered using the "Volume" key. The "min" minutes LED will be lit when time is displayed.
The units and pumping directions of the starting and ending flow rates must be the same.
Phase Function Rate/Units Time
n Starting Flow Rate Total Time: [Hours : Minutes]
n+1 Ending Flow Rate Total Time: [Seconds : Tenth Seconds]

RS-232 Remote Support

Linear function command: FUN LIN

The time parameter is sent to the pump or queried using the "TIM" remote function:
TIM [<nn> : <nn>]
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Reciprocating Pumping for Auto-Refill Applications

The Reciprocating Pumping function will continuously reverse the pumping pumping direction at the end of the progammed dispense
volume. This function is setup the same as the Rate function. Set the rate, dispense volume and pumping direction.

After the set Target Volume is dispensed (or withdrawn), the pumping direction is reversed and the pump will withdraw (or infuse) the
set Target VVolume. If the pumping rate is changed, the pump will continue pumping at the new rate when the pumping direction is
reversed.

With the addition of a dual check valve on the syringe, this function can be used to create an auto-refill system.

With the addition of a second pump, attached to the first pump with the control cable, CBL-DUAL-3, the dual pump plumbing kit,
P-DKIT, and the setting of the Reciprocating communications mode, a continuous infusion system can be setup. One pump will
always be infusing while the other pump is refilling.

RS-232 Remote Support:
Reciprocating function command: FUN REC

Base Pumping Rate and Volume

The Base function operates identical to the RATE function, except that the BASE Function's Rate and VVolume will be used to override
the settings for subsequent RATE functions. This will allow the user to make modifications to the Rate and/or Volume settings in one
place, instead of having to make edits to each RATE function in a program individually.

RS-232 Remote Support:
Base Rate function command: FUN BAS

Increment and Decrement Functions

The INCR and DECR functions have been modified from previous versions to pump for a period of time instead of volume dispensed.

The dispense time is set using the "Volume" key and is expressed as "Minutes : Seconds"”. The "min" minutes LED will be lit when
time is displayed.

RS-232 Remote Support:

Increment function command: FUN INC

Decrement function command: FUN DEC

The time setting is sent to the pump or queried using the "TIM" remote function:
TIM [<nn> : <nn>]

Stall Event

“Stall Event” allows a Pumping Program to relieve the pressure on a syringe after a pump stall by jumping to a Phase that reverses the
pumping direction.

“Stall Event” creates a background event interrupt trap for a pump stall. If the pump stalls, the Pumping Program will continue
execution with the Program Phase ‘nn’ defined by the “Stall Event” function. After the pump stops, the “Stall” message is cleared and
the Pumping Program continues execution at the Stall Event Phase defined by parameter ‘nn’.

After a “Stall Event” trap is executed, the event trap is cleared. The “Stall Event” function needs to be set again to trap another stall.
“Stall Event” is independent from the standard “Event” and “Event Square” functions.

The “Event Reset” function will clear the “Stall Event” trap along with any other Event trap.

RS-232 Remote Support:
FUN SEV [<nn>]
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Program Sub-Routine Return

The “Return Function” is paired with Pumping Program Functions that cause the Pumping Program to branch to a different Program
Phase number. When executed, the "Return Function” causes the Pumping Program to continue Program execution at the interrupted
Phase (for Event Functions) or next Program Phase after the paired Program branch function. This changes the Program Branch
function into a Program Sub-routine call.

Program Branching functions affected are:
Functions that return to the next Phase:
JP:nn Jump unconditionally to Program Phase 'nn’
IF:nn Conditional jump if the Program Input pin is low

Event functions that return to the interrupted Phase:
ET:nn Set a background conditional jump on an event falling edge to Program Phase 'nn'
ES:nn Set a background conditional jump on any event edge to Program Phase 'nn'

These functions will operate normally, but when the next RET function is executed after the Program Branch function, program
operation will return to the Program Phase immediately following the Phase where the Pumping Program most recently branched
from, or the Program Phase that was interrupted for events:

IF:nn, JP:nn

After one of these functions cause a Program Phase Branch to Phase 'nn’, a RET function will return the Program to the Phase
following the function that caused the most recent branch, thus converting these Pumping Program branch functions into program sub-
routine call functions.

ET:nn, ES:nn

These functions create a background Event trap. When the Event trap is triggered, the Pumping Program immediately jumps to
Program Phase 'nn'. A RET function will return to the Program Phase that was interrupted by the Event trap. NOTE: When the
Pumping Program returns to the interrupted Phase, the Program Phase starts over and not at the point that was interrupted. For
example, if the interrupted Phase specified a pumping volume, on return, the entire pumping volume will be dispensed, not just the
remainder of volume from the point of interruption.

RS-232Remote Support:
Return function command: FUN RET

2. User Interface Changes

Re-ordering of Program Function Selection Menu
The Program Function Selection menu has been broken up into a top menu and a control function sub-menu for easier entry.

The top menu is as follows:

BASE Base Rate and Dispense VVolume Function

RATE Rate and Dispense Volume Function

FILL P Fill Function

RECP Reciprocating pumping Function

INCR Rate increment and Dispense Time Function

DECR Rate decrement and Dispense Time Function

LINR Linear Ramp Rate and Dispense Time Function (1st and 2nd halves)
PS:00 Pumping Pause Timer Function

STOP Program Stop Function

Lerl CTRL Select Control Functions Sub-menu
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Control Function sub-menu is as follows:

JP:01 Jump to phase number

LP:ST Loop start

LP:EN Continuous loop end

L Fnn LP:01 Loop for a set number of iterations

PR:IN Query user for sub-program number

Frénn PR:01 Define start of sub-program

IF:01 If programmable input logic pin is low, jump to Phase number

ET:01 Set background event trap to jump to Phase number

ES:01 Set background event square input event trap to jump to Phase number
SE:01 Set Stall Event background event trap to jump to Phase number
ET:RS Reset all Event traps

RET End Sub-Routine and return to Phase after calling Phase number
BEEP Sound a single beep

OUT.0 Set program output logic pin low or high

CLR.D Clear total volume dispensed.

tr:Ft Temporary trigger input configuration. (“Ft” is configuration sub-menu)

3. Pre-Defined Program Selection

Press and hold the "Program Function" (Volume) key while turning on power to the pump. This will pre-load the Continuous
Pumping Program. See below for details.

In addition, this will set the pump’s RS-232 communication to Continuous pump control with a second BS-8000X syringe pump.
Cable CBL-DUAL-3 is required to control the second pump.

4. Example

Linear Ramp, Sub-Routines, Increment, Decrement

Sub-Routine Calls

to Linear Ramp \

Rate 500 ml/hr

Rate 100 mi/hr l Decrease 100 ml/hr

Increase 200 ml/h

Repeat Program
Rate 100 ml/hr

|
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Phase Function Rate Volume Direction .
1 RATE 100 mir T 10 mi Infuse Start Infusing at 100 ml/hr for 1 ml
Phase Function | Rate Time Direction Increase rate 200 ml/hr and
2 INCR 200 00:10 Infuse continue infusing for 10 seconds
Phase | Function Call Linear Ramp Sub-Routine
3 JP:08
Phase Function Rate Volume | Direction Infuse at 500 ml/hr for 5 ml
4 RATE 500 ml/hr 5.0 ml Infuse
Phase Function Rate Time Direction Decrease rate 100 ml/hr and
5 DECR 100 00:10 Infuse continue infusina for 10 seconds
Phase | Function Call Linear Ramp Sub-Routine
6 JP:08
Phase Function Repeat Program
7 JP:01
Linear Ramping Sub-Routine
Phase Function Rate Time Direction Linearly ramp the infusion rate
8 LINR 0 mi/hr 00:10 Infuse from 0 ml/hr to 1000 mi/hr over 10
Phase | Function | Rate Time Direction minutes
9 LINR 1000 mi/hr | 00:00 Infuse
Phase Function Rate Time Direction Linearly ramp the infusion rate
10 LINR 1000 mi/hr | 00:10 Infuse from 1000 mi/hr to O ml/hr over 10
Phase | Function | Rate Time Direction minutes
11 LINR 0 ml/hr 00:00 Infuse
Phase Function ] .
7 RET Return to Phase following calling

Program function

The above program would be entered from RS-232 with the following commands:

PHN 1

FUN RAT
RAT 100 MH
VOL 1

DIR INF

PHN 2
FUN INC
RAT 200
TIM 00:10
DIR INF

PHN 3
FUN JMP 08

PHN 4

FUN RAT
RAT 500 MH
VOL 5.0
DIR INF

BS-8000 Series FW-1-X Firmware Upgrade

PHN 5
FUN DEC
RAT 100.0
TIM 00:10
DIR INF

PHN 6
FUN JMP 08

PHN 7
FUN JMP 01

PHN 8
FUN LIN
RAT 0.0
TIM 00:10
DIR INF

Page: 5

PHN 9
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FUN LIN
RAT 1000 MH
TIM 00:00
DIR INF

PHN 10

FUN LIN
RAT 1000 MH
TIM 00:10
DIR INF

PHN 11
FUN LIN
RAT 0.0 MH
TIM 00:00
DIR INF

PHN 12
FUN RET

2/15/15




S.

Dual Pumps Synchronization Enhancements and New Modes

For Detailed instructions: See CBL-DUAL-3 cable documentation.

Requirement:
1) 2 Pumps from the BS-8000 syringe pump series with FW-1-X firmware upgrades.

2) CBL-DUAL-3 dual pump synchronization cable.
Hardware Setup

Attach the cable, CBL-DUAL-3, to the “To Computer” connector on the back of both pumps.

Gradient

constant flow rate

Display in ‘X Firmware
Mode Y Version Description
Setup
Only

Dual Pumps dUAL Secondary pump duplicates the master pump
Reciprocating Pumps / Continuous infusion / auto-refill

; . rECP
Continuous Infusion
Alternating Pump Control ALty Extra Second pump starts when first pump stops.

Features

Next Generation Continuous infusion while minimizing flow rate

. . COnt v A
Continuous Infusion pauses and drop outs when changing directions
Constant Flow Rate GrAd v Dual pumps inverse linear functions combine for a

Next Generation Continuous Pumping Mode

AN

Syr
Vol

N

inge
ume

Optional
Prime
Volume

Optional Infusion
Overlap Volume

/I nfusion Pause and

N Wait Position

Infusing pump
changing direction

volume, triggers
paused pump to
start infusing

or reaching overlap

The continuous pumping mode eliminates the problem of flow rate drop-off that is
continuous syringe pump systems where one pump is refilling the syringe while the
then they switch directions.

typical with
other infuses, and

_

——

In this system, the refilling pump refills at a faster rate than the infusing pump giving it time to prime the
syringe, then it pauses and waits for the infusing pump to empty.

Then, when the pumps switch directions, the refilled pump is primed and starts infusing at the set rate
immediately. Additionally, an overlap can be set, whereby the refilled syringe begins infusing before the
infusing pump is completely empty.
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Dual Pumps Inverse Gradient Pumping Mode

Pump 1 + Pump 2 = Constant Rate

.... 1 \ .1I
3 d / ®

@ '-.. 7/ ~ .o |

o s Pumpl S I

g) u... , \ \ ...' I
'S s Im m =m

e P ....RUN.O —> .... N RUN.1 :

S / .'o * \ |

- .. Pump2 .. N

. . 1

/ .0. .o. \ I

/ O\ M|

Time g

Maintains a constant total flow rate between 2 syringe pumps. A gradient (Linear function) dispensing
function is programmed into the Master pump. The secondary pump will be automatically programmed with
the inverse of the Master pump’s gradient function. The sum of the two pump’s flow rates will be a constant.
Both pumps will increase and decrease pumping rates in tandem.

2 Modes of Operation
- Single cycle: Single ramp up or ramp down, then stop.
Set TTL setup setting RUN.O

- Continuous cycle: Ramp up, then ramp down, and repeat continuously.
Set TTL setup setting RUN.1

Alternating Pumps Mode (Enhanced Features)

Pump 2

Pump 1

Creates a semi-automated continuous infusion system using pre-loaded syringes.

The infusing pump will automatically start the alternate pump when the Pumping Program stops.
A Pause Function at the beginning of the alternate pump’s program will delay the start of pumping.
The empty syringe can then be manually replaced during the infusion of the alternate pump.

Set both pumps to Alternating communications mode (“ALtr”) to create a continuous system.
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e Starts alternate pump after either a Pause function or when the program stops.

Set the TTL setup setting: RUN.O, (Default setting)

Alternate pump will start on execution of Pause function.

Set the TTL setup setting: RUN.1

Alternate pump will start when the Pumping Program has stopped.

e Overlap start of alternate pump.

Pumping Program Function: OUT.0

Immediately sends start to alternate pump when OUT.O function is executed.

Allows the creation of an overlap between the infusing and the alternate pump to allow the alternate pump to
prime the syringe before the infusing pump stops.

Simultaneously start both pumps: If Phase 1 is set to function OUT.0, the alternate pump will immediately
start when the Master pump starts.
Overrides sending a start command to the alternate pump when the pump stops.

e Stop Alternating Mode

Set TTL Trigger Mode to “Off”. When trigger is set to “Off”, start command will not be sent to alternate
pump.

Within a Pumping Program, the trigger mode can be changed with the Trigger Off function: (“tr:of”). This
allows a Pumping Program to limit the number of times that the alternate pump will execute its Pumping
Program.

Your Distributor is:

Braintree Scientific, Inc.

PO Box 850498, Braintree, MA 02185
781-917-9526

Email. Info@braintreesci.com

Web: www.braintreesci.com
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