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Quick Start Instructions 
Quick stru·t instructions ass1111te thrit the p1111,p 111as not pre,·io11s progrru,uned 114.th rt 11u1ltiple 

Phase Pun,ping Progrrun. 

• Plug in tl1e ptunp.

• Press tl1e povver svvitch to tu111 on povver. 

• Press any key to stop tl1e display fi:01n blinking.

Setup Pumping Parameters 
To Cl1a11ge Ntunbe.-s: 

• Use tl1e a11·ovv keys to incre1nent individual digits.

• To 1nove tl1e deci1nal point: Press and hold tl1e lefl-1nost a11·ovv key for at least 1 second. vVhen tl1e

digit incre1nents fi:01n 9 to 0, tl1e deci1nal point vvill begin to shift.

• Press any non-a11·ovv key, or vvait 2 seconds, to set tl1e nevv ntunber. The display vvill blink vvhen a 

nevv value is set.

Set tl1e Sy1i11ge h1side Dia1nete.-: 

• l\lI01nentarily press tl1e 'Dia1neter' key. Set tl1e dia1neter. 

Set tl1e P1un))i11g Rate. 

• l\lI01nentarily press tl1e 'Rate' key.

• To change tl1e ptunping rate units:

l\lI01nentarily press tl1e 'Rate' key again. The display vvill shovv: 

Press any a11·ovv key to select tl1e next available rate units. 

Press any non-a11·ovv key, or vvait 2 seconds, to set tl1e rate units. 

• Set tl1e ptunping rate. If tl1e ptunping rate is out of range, the display vvill shovv:

Set tl1e Voltune to be Dis))e11sed o.- Co1lti1111011s P1un))i11g 

• l\lI01nentarily press tl1e 'Vohune' key.

1-1 1- 1-
• vVhen tl1e display shovvs: 1

-' 1- 1- , tl1e ptunp is set for continuous ptunping. Pressing any a11·ovv

key vvill change tl1e display to 0. 

• For continuous ptunping: Set tl1e vohune to 0.

• For a Voltune to be Dispensed: Set tl1e vohune.

Set tl1e P1un1)i11g Di.-ectio11 

• vVhen tl1e 'vVitl1ch'avv' LED is lit, tl1e ptunp is set for vvitl1ch'avving. vVhen not lit, tl1e ptunp is set for

infusing. Use tl1e ' -++ -- ' key to change tl1e ptunping direction.

Load the Syringe 
• Press in tl1e vvhite ch'ive-nut button to 1nove tl1e pusher block. 

• Inse1t tl1e syringe plunger in tl1e pusher block slot. 

• Inse1t tl1e syringe ba11·el flange in the flange brackets vvitl1 tl1e syringe ba11·el holder on tl1e syringe. 

Tighten tl1e flange brackets onto tl1e syringe flange. Tighten tl1e pusher block screvv. 

Start the Pump 
• Use tl1e 'Start/Stop' key to sta1t or stop tl1e ptunp.

When Pumping 
• The ptunping rate can be changed.

• vVitl1 continuous ptunping, tl1e ptunping direction can be changed.
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1. General Information

Thank you for purchasing tl1e BS-8000/9000 l\liulti-PhaserTr.i Progra1runable Syringe Ptunp. vVitl1 tl1e BS-
8000/9000 syringe ptunp you vvill be able to perfo11n si1nple infusions or i1nple1nent a co1nplex auto1nated 
dispensing syste1n. 

Please fa1niliarize yourself vvitl1 tl1e BS-8000/9000's operation by reading tl1is user 1nanual. For future 
reference, record the serial ntunber, located on tl1e rear of tl1e ptunp, and tl1e date of purchase. 

Braintree Scientific, Inc. can be contacted at: 
P.O. Box 850929, Braintree, l\lIA 02185-0929 USA 
Phone: (781) 843-2202 FAX: (781) 843-7932 
PUl\lIP Questions E1nail: INFO@.SYRINGEPlJl\lIP.C:Ol\lI 

This Operating l\llanual, and tl1e BS-8000/9000's hardvvare, electronics and fi11nvvare are copyrighted. 

Copyrigllt 1999, all rigllts reserved. 

1.1 Warnings L'.b. and Cautions CD 

CI) Read tl1e users 1nanual 
&No user serviceable pa1ts are inside. 
& Disconnect povver fi:01n tl1e ptunp vvhen connecting or disconnecting cables. 
&Do not i1runerse tl1e ptunp in liquid 
& Install on a stable surface.
&Keep hands and loose clotl1ing avvay fi:01n tl1e ptunps 1noving pa1ts.
& The ptunp can auto1natically sta1t vvhen the Ptunping Progra1n is operating or vvhen attached to an 

exte11lal control device. 
&Prevent liquids fi:01n entering openings in tl1e rear of tl1e ptunp. 
& Use only vvitl1 tl1e supplied povver supply connected to a povver source as specified on tl1e povver 

supply label. 
& Do not push objects of any kind into tl1e chassis openings, except for appropriate cables and

connectors. 
& If tl1e ptunp beco1nes da1naged, do not use unless ce1tified safe by a qualified technician. Da1nage

includes, but is not excluded to, fi:ayed cords and deterioration in perfo11nance. 

CI) Discharge static fi:01n control cables before connecting by touching the cable to ground. 

CI) Before touching tl1e ptunp, discharge static by touching ground. 

1. 2 Disclaimer
Braintree Scientific, Inc. 1nakes no representations or vva11·anties, expressed, statuto1y or i1nplied, 
regarding tl1e fibless or 1nerchantability of tl1is product for any pa1ticular pu11)ose. Ft11tl1er, Braintree 
Scientific, Inc. is not liable for any da1nages, including but not li1nited to, lost profits, lost savings, or otl1er 

incidental or consequential da1nages arising fi:01n ovvnership or use of tl1is product, or for any delay in tl1e 
perfo11nance of its obligations under the vva11·anty due to causes beyond its control. Braintree Scientific, 
Inc. also reserves tl1e right to 1nake any i1nprove1nents or 1nodifications to tl1e product described in tl1is 
1nanual at any ti1ne, vvitl1out notice of tl1ese changes. 
Braintree Scientific, Inc. products are not designed, intended, or autl1orized for use in applications or as 
syste1n co1nponents intended to suppo1t or sustain luunan life, as a clinical 1nedical device for luunans, or 
for any application in vvhich tl1e failure of tl1e product could create a situation vvhere personal i1liury or 
deatl1 1nay occur. 

All brand and product na1nes used in tl1is 1nanual are the trade1narks of tl1eir respective ovvners.



1.3 Warranty 

Braintree Scientific, Inc. vva11·anties tl1is product and accessories for a period of tvvo year, pa1ts and labor, 
fi:01n tl1e date of purchase. The repaired unit vvill be covered for tl1e period of tl1e re1nainder of tl1e original 
vva11·anty or 90 days, vvhichever is greater. 

A retu111 autl1orization nu1nber 1nust be obtained fi:01n Braintree Scientific, Inc. before retu111ing a unit for 
repair. vVa11·anty covered repairs vvill not be perfo11ned vvitl1out a retun1 autl1orization ntunber. At the 
option of Braintree Scientific, Inc., a defective unit vvill be eitl1er repaired or replaced. 

This vva11·anty does not cover da1nage by any cause including, but not li1nited to, any 1nalfunction, defect 
or failure caused by or resulting fi:01n unautl1orized service or pa1ts, i1nproper 1naintenance, operation 
contrary to t1.1111ished insb11ctions, shipping or transit accidents, 1noditications or repair by tl1e user, harsh 
environ1nents, n1isuse, neglect, abuse, accident, inco11·ect line voltage, tire, flood, otl1er natural disasters, 
or no11nal vvear and tear. <::hanges or 1noditications not approved by Braintree Scientific, Inc. could void 
tl1e vva11·anty. 

The foregoing is in lieu of all otl1er expressed vva11·anties and Braintree Scientific, Inc. does not assu1ne or 
autl1orize any pa1ty to assu1ne for it any otl1er obligation or liability. 

1.4 Packing List 

Included vvitl1 the BS-8000/9000 l\liulti-PhaserTr-i Progra1runable Syringe Ptunp are tl1e follovving ite1ns: 

• One of tl1e follovving exte111al unregulated povver supply adapters: 
Input: One of: 120V A<:; 60 Hz, 220V A<:; 50 Hz, 240V A<:; 50 HZ, 

or otl1er custo1n specified povver supply 
Output: lOVD<::@l0001nA 

• Hex vvrench for adjustable guide rod collar (located in tl1e tool holder on tl1e back of 
tl1e syringe holder). 

• This Operating l\llanual 

2. Overview

The BS-8000/9000 is a general pu11)ose single syringe ptunp capable of inf1.1sion and vvitl1ckavval. It is 
controlled fi:01n a n1icrocontroller based syste1n vvhich ckives a step 1notor, allovving a large range of 
ptunping rates configured to tl1e inside dia1neter of tl1e loaded syringe. The syringe is ckiven fi:01n a ckive
screvv and ckive-nut 1nechanis1n. 

Fe.:1tures: 

• 1Irl1.1sion and vvitl1ckavval ptunping of
syringes up to 60 cc.

• Ptunping rates fi:01n 0. 73 µ1/lu· vvitl1 a 1 cc
to 2120 1nl/lu· vvitl1 a 60 cc.

• Stall detection: Auto1natically stops ptunp
vvhen ptunping is i1npeded

• 1Irl1.1sion and vvitl1ckavval vohunes separately
accu1nulated.

• Progra1runable dispense vohunes. 

• Non-volatile 1ne1no1y of all operating 
para1neters and Ptunping Progra1n 

• Progra1runable Phases allovving co1nplex 
ptunping applications and interaction vvitl1 
exte111al devices. 

• RS-232 bi-directional control.

• Built-in ptunp netvvork ckiver. Ptunp
netvvork suppo1ts up to 100 ptunps and
otl1er devices.

• Tvvo 1nodes ofRS-232 control, Basic and
Safe. Safe 1node provides co1rununication
e11·or detection, loss of co1rununication
detection, and auto1natic trans1nitting of
ala11n conditions.

• TTL 1/0 vvitl1 soflvvare filtered control
inputs to eli1ninated glitches and ringing on
tl1e control inputs.

• <::01rligurable TTL operational trigger. 

• Povver Failure l\llode: Resta1ts tl1e Ptunping 
Progra1n aft.er a povver inte1111ption. 

• Audible Alar1n



2.1 Glossary of Terminology and Concepts 
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vVhen a device has as 1nany features as tl1e BS-8000/9000, understanding its operation could be a daunting 

task at first. By understanding tl1e key concep ts and ter1ninology used in this 1nanual, tl1e operation of tl1e 

BS-8000/9000 ,,vill beco1ne quite intuitive. Every efI01t has been 1nade to design tl1e BS-8000/9000 vvitl1 a 

consistent and intuitive user interface. 

To facilitate and enhance your understanding of tl1e BS-8000/9000's operation, please take the ti1ne to 

fa1niliarize yourself vvitl1 tl1e basic concept s  belovv: 

Parts of the Pump 

1) Pusher Block 

2) EndPlate

3) Anti-Siphon Plate Adjusbnent l(nob

4) Povver On/Oil Svvitch 

5) Drive-Nut Button

6) Anti-Siphon Plate

7) Drive-Screvv

8) Syringe Retainer Tluunbscrevv (2, one on 

each side) 

9) Hex vVrench (in tool holder) 

10) Syringe Retainer Bracket 

11) Syringe Holder Block 

12) 'V' Slot (on Syringe Holder Block) 

13) SyringeHolder 

14) l(eypad / User Interface 

15) Guide Rod C'.ollar C'.la1np

16) Guide Rod (2 guide rods)



Parts of a Syringe 

Pl1uiger 

Flarige 

Pl1uiger 

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: 

Currendy Selected 
Function: 

Pumping Rate 
Function: 

Publication #1200-01 

Barrel Flarige Barrel 

A quick press, less then 1 second, then release of a key on tl1e keypad. 

A 1no1nentary blanking of tl1e LC'.D display. This indicates tl1at the nevv data 

entered by tl1e user is valid and has taken afiect. 

The 1node vvhere tl1e Progra1n Phase and Progra1n function are selected and 
1nodified. In this 1node tl1e 'Progra1n Phase#' and tl1e 'Progra1n Function' 

1nodes of tl1e 'Rate' and 'Vohune' keys are relevant. 

The sequence of auto1nated operations entered into tl1e ptunp. This could be 

as si1nple as a single function to ptunp at  a single infusion rate continuously. 

vVhen tl1e ptunp is sta1ted vvitl1 the 'Sta1t'/'Stop' key, or any otl1er source. tl1e 

ptunp begins perfo11ning tl1e operations in the Ptunping Progra1n until tl1e 

Ptunping Progra1n eitl1er stops auto1natically or tl1e ptunped is stopped vvhen 

tl1e 'Sta1t/Stop' key is pressed, or fi:01n any otl1er source. vVhile perfo11ning 

tl1e operations defined in tl1e Ptunping Progra1n, tl1e Ptunping Progra1n is 

refe11·ed to as operating. 

vVhile Operating, tl1e 1notor can be ptunping or stopped, according to tl1e 
Ptunping Progra1n. 

The 1notor is stopped and tl1 e ptunp is not operating tl1 e Ptunp ing Progra1n., 

The Ptunping Progra1n has been stopped, but can be resu1ned at tl1e point 

vvhere it vvas stopped , 

C'.ontinuing a Ptunping Progra1n tl1at vvas Paused before tl1e co1npletion of tl1e 
Ptunping Progra1n. The Ptunping Progra1n continues at tl1e point vvhere tl1e 

Ptunping Progra1n vvas stopped. 

The ptunp has perfo11ned a single operational Phase as defined in tl1e 

Ptunping Progra1n. 

A single defined operation in tl1e Ptunping Progra1n. 

A Progra1n Phase's nu1nerical sequence location in tl1e Ptunping Progra1n. 

Each Ptunping Progra1n Phase insb11cts tl1e ptunp to perfo11n a pa1ticular 

operation. Only one Progra1n Phase is selected at any one ti1ne. tl1is is tl1e 

cu11·ent Phase. Ea ch Phase is set to one function. The set function of tl1e 
cun·ent Phase is tl1e cu11·ently selected function. 

Each Ptunping Progra1n function insb11cts tl1e ptunp to perfo11n a pa1ticular 

operation. If the Phase's operation insb11cts tl1e BS-8000/9000 to ptunp, tl1en 

associated vvitl1 tl1at Phase is tl1e Phases' ptunping info11nation. vVhen 

'Progra1n Enby l\llode' is exited, tl1e 'Rate', 'Vohune', and ptunping direction 

keys refer to tl1e cu11·ently selected Progra1n Phase's function. The Progra1n 

functions tl1at are associated vvitl1 ptunping info11nation are refe11·ed to as 

Ptunping Rate functions, 
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Function Parameter: C'.e1tain functions, vvhich do not insb11ct tl1e BS-8000/9000 to ptunp, require 
additional data. This additional data, displayed vvitl1 tl1e function, is tl1e 
function's para1neter. 

Start Trigger: The Ptunping Progra1n 1nay be sta1ted, or stopped, fi:01n 1nultiple sources. 
These are tl1e keypad's 'Sta1t'/'Stop' key, tl1e T1L 1/0 'Operational Trigger' 
input, or fi:01n a co1runand received tlu·ough tl1e RS-23 2 connection. 

3. Setup
• Place tl1e ptunp on a stable surface.

• Plug tl1e round connector end of tl1e supplied povver supply adapter into tl1e povver plug located on tl1e 
lovver right of tl1e ptunp's rear. See section 11, Logic Interface: TTL Input and Output, for a diagra1n 
of tl1e rear of tl1e ptunp. Plug tl1e otl1er end of tl1e povver supply adapter into an appropriate electrical 
outlet. The ptunp vvill be povvered vvhen tl1e botto1n of tl1e povver svvitch, located on tl1e upper right of 
tl1e rear of tl1e ptunp, labeled '1 ', is pressed. The red indicator on tl1e svvitch is visible vvhen tl1e 
povver svvitch is in the 'on' position. Aft.er povver is applied to tl1e ptunp, tl1e ptunp's display vvill 
flash. 

• Ne},,1, tl1e Ptunping Progra1n can be entered. Before tl1e Ptunping Progra1n can be operated, tl1e ptunp 
needs tl1e 1neasure1nent of tl1e inside dia1neter, in n1illi1neters, of tl1e syringe tl1at vvill be loaded. The 
syringe dia1neter can be entered using tl1e keypad on tl1e fi:ont panel of tl1e ptunp. 

• Finally, the syringe can be loaded and tl1e ptunp sta1ted.

4. Loading Syringes
The syringe is loaded by securing tl1e ba11·el and tl1e pusher flange as follovvs: 

1: Loosen tl1e 2 tlltnnbscrews on tl1e syri1lge ret.aiiler bracket. 

2: Press in fully tl1e vvhite drive-1n1t bt1tto1l on tl1e J)USller block, releasing tl1e block. Taking care not 
to ch'ag tl1e ch'ive-nut on tl1e ch'ive-screvv, slide tl1e block avvay fi:01n tl1e syringe holder, providing 
suflicient space for tl1e loaded syringe. Then release the vvhite button. 

3: Lifl tl1e syriilge llolder above tl1e syri1lge llolder block. Tunl it 1/4 tu11l and tl1en lovver it onto tl1e 
syringe holder block. The syringe holder should be out of tl1e 'V' slot .. 

4: Load tl1e syringe vvitl1 tl1e barrel over tl1e syringe holder and tl1e syringe J)ltIIlger tovvards tl1e n1iddle 
of tl1e ptunp. Place tl1e ba11·el on tl1e syringe holder, in tl1e 'V' slot, vvitl1 tl1e barrel fla1lge inse1ted 
betvveen tl1e syringe holder block and syringe retainer bracket. 

5: On tl1e pusher block, tu11l tl1e tluunbscrevv to 1nake tl1e slot large enough for tl1e J)ltnlger tla1lge. 
Press in fully tl1e vvhite ch'ive-nut button on tl1e pusher block, releasing tl1e pusher block. Then slide 
tl1e block tovvards the syringe plunger. Place tl1e syringe J)ltIIlger tla1lge into tl1e slot and against tl1e 
a1lti-siJ)llOil J)late. vVhen tl1e flange is positioned in tl1e slot, release the vvhite ch'ive-nut button. 

6: Lift tl1e syringe holder to slightly above tl1e height of tl1e syringe ba11·el and tu11l tl1e syringe holder 

l/4 ll111l back to its original position and tl1en lovver it onto tl1e syringe ba11·el. 

7: Fi11nly push in tl1e syringe retainer bracket against tl1e syringe ba11·el flange and tighten the 2 
tluunbscrevvs on tl1e syringe retainer bracket. On tl1e pusher block, tu11l tl1e tluunbscrevv to tighten tl1e 
plate against tl1e J)ltnlger tla1lge. 

⇒ To unload tl1e syringe, reverse tl1e insb11ctions for syringe loading. 

5. Guide Rod Collar Clamp
To protect a fi:agile syringe fi:01n da1nage caused by over infusion, use tl1e collar cla1np to li1nit tl1e travel 
of tl1e pusher block. Using tl1e hex vvrench located in tl1e tool holder on tl1e rear of tl1e syringe holder, 
loosen, but do not re1nove, tl1e hex screvv on the guide rod collar cla1np, enabling the collar cla1np to slide 
on tl1e guide rod. 
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Position tl1e collar cla1np as required, then tighten tl1e hex screvv on the collar cla1np vvitl1 tl1e hex vvrench. 

Replace the hex vvrench in tl1e tool holder. vVhen the pusher block co1nes in contact vvitl1 tl1e collar cla1np 

vvhile infusing, a stall ala11n vvill occur. The ptunp 1notor vvill be stopped and tl1e Ptunping Progra1n vvill 

be paused. If ala11ns are enabled, tl1e buzzer vvill sound. 

6. User Interface

RS-232 
Indicator 

Units 
Indicators, 

I 

I 

Vol�m
t
e Dispensed Pumping Direction 1nd1ca or Indicator 

Motor 
Operating 

... _ -

I II 1•1 -11-

I-I -I I • 1 -1 1-1
-.- . - .-

r----1 

1 o mm I o Dispensed
I 

4------, 

1 o ml o min 1

: O µI O hr : O Withdraw O Pumping••·· 
-----------� ◄◄ 

( Rate ) (Volume) (Diameter) ( == ) ( Start )

[ Program Program Setup ,111 

; ... Phase# ..... Function.

Program Entry Functions Pumping Direction Key 

Figure 1: Front Panel 

6. 1 Entering Values

vVhen applicable, values can be changed by eitl1er displaying tl1e cu11·ent value, then using tl1e a11·ovv keys, 

or fi:01n a co1nputer connected to tl1e ptunp. The nevv value vvill be stored in the ptunp 's non-volatile 

1ne1nory, 1neaning tl1at the nevv value vvill not be lost tl1e ne)s.1, ti1ne tl1at povver is applied to tl1e ptunp. The 

only exception is vvhen tl1e ptunping rate is changed fi:01n an attached co1nputer vvhile tl1e Ptunping 

Progra1n is operating. In tl1is case the nevv ptunping rate vvill not be stored in non-volatile 1ne1nory. 

A displayed value can be changed by pressing tl1e a11·ovv keys belovv each digit. If the value to be changed 

is not cu11·ently displayed, vvhen applicable, press tl1e key associated vvitl1 tl1e required value. The display 

vvill shovv tl1e settings cu11·ent value and its units, if any. 

vVhile tl1e cun·ent value is being changed, tl1e units LEDs associated vvitl1 tl1e value, if any, vvill blink. 

Except vvhere noted, tl1e nevv value is stored, ancl/or tl1e selected operation takes affect, vvhen eitl1er

1) A non-a11·ovv key is pressed or

2) Aft.er a 2 second delay since tl1e last a11·ovv key vvas pressed. 

If tl1e nevv value is valid and different fi:01n tl1e original value, tl1e display vvill blink, indicating tl1at tl1e 

nevv value vvas stored. Othe1,vise, if tl1e value vvas invalid, an e11·or 1nessage vvill be displayed. Pressing 

any key clears the e11·or 1nessage and restores tl1e original value. 

In general, if a para1neter has 2 values, 'oil" and 'on', they are represented by the nu1nbers 'O' and '1 ', 

respectfully. 

6.2 LCD Display 

The display consists of a 4 digit reflective LC'.D display. This is tl1e general puq>ose user display device 

for displaying floating point values, functions and para1neters. The colon(:) is used for displaying ti1ne or

for separating function abbreviations fi:01n tl1eir para1neter values. In tl1e upper lefl co111er is a triangle tl1at 

indicates valid reception ofRS-232 co1rununications. 

6.3 LEDs 

To tl1e right of tl1e LC'.D are 8 red, round, LED indicators. The first 2 colu1ru1s display tl1e units of tl1e 

displayed values. Units are expressed using 1 or 2 LEDs. For instance, '1nl / lu·' is expressed by lighting 

tl1e '1nl' and tl1e 'lu·' LEDs. 
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'DisJ)ensed' indicates tl1at tl1e displayed vohune is tl1e 'Vohune Dispensed'. 

vVhen 'PtnnJ)iilg' is lit (not blinking), the 1notor is operating, eitl1er infusing or vvitl1ckavving. If blinking, 
tl1e 1notor is not operating, and tl1e Ptunping Progra1n is paused. vVhen tl1e ptunp is resta1ted, the Ptunping 
Progra1n vvill resu1ne at tl1e point vvhere tl1e Ptunping Progra1n vvas inte1111pted. vVhen not lit (not 
blinking) tl1e ptunp is stopped, but tl1e Ptunping Progra1n 1nay be operating a pause Phase. Sta1ting tl1e 
ptunp, vvhen tl1e Ptunping Progra1n is stopped, vvill sta1t tl1e Ptunping Progra1n fi:01n tl1e beginning (Phase 
1 ). 

'vVitlldra,iv' indicates tl1at the ptunping direction is set for vvitl1ckavving. If not lit, tl1en the ptunping 
direction is set for infusing. Also, tl1e 'vVitl1ckavv' LED indicates tl1e "Vohune Dispensed" refers to tl1e 
vohune vvitl1ckavVIl. If not lit, tl1e "Vohune Dispensed" refers to tl1e vohune infused. 

LED Desc1iJ)tio1l 

llllll l\!Iilli1neters 

1nl l\!Iilliliters 
. l\!Iinutes lllln

µl l\!Ii cro liters 

lu· Hours 

Dispensed Vohune dispensed displayed 

vVitl1ckavv Ptunping Direction: 
◄◄ Lit: vVitl1ckavv 

Not lit: Infuse 

Ptunping Lit: l\!Iotor is operating 

Blinking: The Ptunping Progra1n is 
paused 

Not lit: The Ptunping Progra1n is 
stopped or executing a pause 
Phase 

6.4 Arrow and Decimal Point Keys 

Pumping rate units are expressed using 2 LED's: 

'1nl/1nin' 

'1nl/lu·' 

'µl/1nin' 

'µ1/lu·' 

�-------, 

1
0ml Qmin

l

Qµ.!_ - _Q !!. -1

v- - - - - - -.

1
0ml Qmin 

I 
10 µI Ohr 

1 
--------

v- - - - - - -.

1
0ml Qmin 

I 
Qµ.!_ - _Q !!. _1 

i(5�- -Qmin-1 
1QµI Ohr I�------ -·

Each of tl1e four digits in tl1e display is associated vvitl1 tl1e up a11·ovv key directly belovv it. vVhen 
applicable, tl1e a11·ovv key is used to incre1nent the value of tl1at digit, or advance to tl1e ne)s.1, selection in a 
list of functions or settings. 

Each press of an up a11·ovv key vvill increase tl1e digit by 1, up to 9, tl1en back to 0. The a11·ovv keys 1nay 
also be held dovVIl for continuous incre1nenting of nu1nbers. So1ne para1neters, such as tl1e RS-232 baud 
rate, scroll tlu·ough a selection of values vvhen the a11·ovv keys are pressed. Otl1er para1neters have a fixed 
range of values, such as so1ne setup para1neters tl1at are eitl1er tt111led on or oil� In tl1ese cases, tl1e a11·ovv 
key vvill only scroll up to tl1e 1naxi1nu1n value for tl1at para1neter, tl1en back to tl1e 1nini1nu1n value. 

vVhen changing tl1e ptunping rate units, each press of any a11·ovv key vvill change tl1e units LEDs to tl1e 
next units selection. 

vVhen tl1e display blinks, the nevv value is stored and takes aiiect. This vvill occur vvhen a non-a11·ovv key 
is pressed or ail.er a 2 second delay since the last key press. 

6.4.1 Decimal Point Key 

There are 4 deci1nal point positions on tl1e LC'.D display. Each deci1nal point position is to tl1e right of a 
digit in tl1e display. The last deci1nal point position, to tl1e right of tl1e right-1nost digit is not displayed, 
indicating vvhole n,unbers vvitl1 no deci1nal point. 

To change tl1e position of tl1e deci1nal point, use tl1e leil-1nost a11·ovv key/ deci1nal point key(�/•). 
Press and hold tl1is key for at least 1 second and vvait until tl1e leil-1nost digit scrolls past '9' to 'O'. vVhile 
continuing to hold tl1is key, tl1e deci1nal point vvill shift. 1 position to tl1e right. Ail.er tl1e right-1nost 
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deci1nal point position, tl1e deci1nal point ,,vill shitl to tl1e first deci1nal point position. Release the key 
vvhen the deci1nal point is in tl1e required position. 

6.5 'Diameter' and 'Setup' Key 

The 'Dia1neter' key allovvs tl1e syringe inside dia1neter to be vievved and set. vVhile being displayed, tl1e 
'1run' LED is lit. vVitl1 tl1e Ptunping Progra1n stopped, 1no1nentarily pressing tl1is key vvill display tl1e 
cu11·ent dia1neter setting. Pressing the a11·ovv keys vvill change tl1e cu11·ent dia1neter (see sec, 6,4, AI1·ovv 
and Deci1nal Point I(ey), The '1n1n' LED vvill blink vvhile tl1e dia1neter is being changed, 

If tl1e 'Dia1neter' key is pressed and held, 'Setup' 1node vvill be entered. (see sec, 6.12, 'Setup' ), 

vVhen tl1e Ptunping Progra1n is operating, pressing tl1is key vvill display tl1e cun·ent syringe dia1neter for 
revievv, vVhen the key is released, tl1e display retu111s to its previous display, 

6.6 'Rate' and 'Program Phase#' Key 

vVhen tl1e Ptunping Progra1n is stopped, except in "Progra1n Entry l\liode", the 'Rate' key allovvs tl1e 
ptunping rate to be vievved or changed, If tl1e cu11·ently selected function allovvs selection of rate units, 
1no1nentarily pressing this key vvill svvitch betvveen tl1e 'Rate' display and tl1e select rate units 1node, 

To change tl1e ptunping rate displayed, use tl1e a11·ovv keys (see sec, 6,4, A11·ovv and Deci1nal Point I(ey), 

vVhile tl1e Ptunping Progra1n is operating, pressing tl1is key vvill display tl1e cu11·ent ptunping rate, if 
applicable. Aft.er the key is released, tl1e ptunping rate vvill continue to be displayed for 2 seconds, vVhile 
displayed, tl1e cun·ent ptunping rate can be changed by pressing the a11·ovv keys, The rate units vvill blink 
vvhile tl1e rate is being changed. The nevv ptunping rate takes atiect vvhen tl1e display blinks ail.er a 2 
second delay or vvhen a non-a11·ovv key is pressed. The nevv ptunping rate is stored in the cu11·ent Progra1n 
Phase. 

See section 12, l, "Syringe Dia1neters and Rate Li1nits", for a list of 1nini1nu1n and 1naxi1nt11n ptunping 
rates, A ptunping rate of 0,0, vvill stop tl1e ptunp, vVhen the ptunping rate is changed, if it is out of range 

of tl1e ptunping rate li1nits, tl1e display vvill shovv I i:i i-: nnl, vvhere 'nn' indicates tl1e cu11·ently selected 
Phase Ntunber. Pressing any key clears tl1e 1nessage and retu111s to tl1e previous ptunping rate, 

6.6.1 Pum()ing Rate Units 

The ptunping rate units can only be changed vvhen the Ptunping Progra1n is not operating, If tl1e cu11·ently 
selected function allovvs selection of rate units ('RATE' function), a 1no1nentary press of tl1e 'Rate' key 
vvill enter Rate Units C'.hange 1node, The 2 LEDs representing the units vvill blink and tl1e display vvill 

I I I 1-
shovv: 1_1 1-1 1: : 1  _

Each press of any a11·ovv key selects tl1e ne},,1, rate units, as indicated by tl1e blinking units LEDs, vVhen the 
required rate units are blinking, press any non-a11·ovv key or vvait 2 seconds, The display vvill blink, 
indicating tl1e rate units are stored. The rate units are stored in tl1e cu11·ently selected Progra1n Phase. The 
rate units can be independently set for each Phase vvitl1 a 'RATE' function. 

6.6.2 Program Entry l\1o<le 

vVhile tl1e Ptunping Progra1n is stopped, "Progra1n Entry l\liode" can be entered by pressing and holding 
1-1 I 1• 

tl1e 'Rate' key, Release tl1e key vvhen tl1e display shovvs tl1e cu11·ent Progra1n Phase ntunber: i- i-i • llll , 

vvhere 'nn' indicates the cu11·ent Progra1n Phase ntunber. 

vVitl1 tl1e cu11·ent Progra1n Phase ntunber displayed, if tl1e cu11·ently selected Progra1n Phase is set to a 
ptunping rate function, a 1no1nentary press of tl1is key vvill exit "Progra1n Entry l\liode" and retu111 to tl1e 
rate display, 

6. 7 'Volume' and 'Program Function' Key

vVhen tl1e Ptunp ing Progra1n is st opp eel, except in "Progra1n Entry l\liode", 1no1nentary press es of tl1is key 
vvill svvitch tl1e display betvveen tl1e "Vohune to be Dispensed" and tl1e "Vohune Dispensed" displays, as 
indicted by the 'Dispensed' LED, 
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vVitl1 tl1e Ptunping Progra1n stopped, and tl1e "Vohune to be Dispensed" displayed, pressing the a11·ovv 
keys vvill change tl1e "Vohune to be Dispensed" (see sec. 6.4, AI1·ovv and Deci1nal Point Key). The units 
of tl1e vohune are set according to tl1e syringe dia1neter. The nevv "Vohune to be Dispensed" is stored in 
tl1e cun·ent Progra1n Phase. If tl1e "Vohune to be Dispensed" is disabled, pressing any a11·ovv key vvill 
change tl1e display to 0. 0. The "Vohune to be Dispensed" can novv be set using tl1e a11·ovv keys. 

vVhile ptunping, pressing and holding tl1is key vvill display tl1e cu11·ent "Vohune to be Dispensed". 

6.7.1 Disabling "Volume to be Dis1•ense<l" 

To disable tl1e "Vohune to be Dispensed", i.e. continuous ptunping, set tl1e "Vohune to be Dispensed" to 
1-1 1- 1-

0. 0. Aft.er being stored, tl1e display vvill shovv 1-1 i- i- , indicating tl1e "Vohune to be Dispensed" is
oil� In this 1node, tl1e ptunp vvill not stop at a set vohune and vvill ptunp continuously until tl1e ptunp is 
stopped, or an "event trigger", progra1runed into tl1e Ptunping Progra1n, occurs. 

6.7.2 Program Entry l\1o<le 

"Progra1n Entry l\llode" is entered by pressing and holding the 'Vohune' key. Release tl1e key vvhen the 
display shovvs tl1e cu11·ently selected Progra1n Phase's function. 

In "Progra1n Entry l\llode", vvhen tl1e Progra1n Function is not displayed, 1no1nentarily pressing tl1is key 
vvill display tl1e cu11·ent Progra1n Function. 

vVhen tl1e Progra1n Function is displayed, if tl1e function is a ptunping rate function, "Progra1n Entry 
l\llode" can be exited by 1no1nentarily pressing tl1e 'Vohune' key. The display vvill shovv tl1e "Vohune to 
be Dispensed". 

Otl1e1,vise, pressing tl1e 'Vohune' key vvill display tl1e "Vohune Dispensed". Pressing tl1e 'Vohune' key 
again vvill retu111 to displaying the Progra1n Function. 

6.8 Pumping Direction Key 

The ptunping direction key, ' ---- ', changes the direction of ptunping. Pressing this key svvitches tl1e 
ptunping direction betvveen 'infuse' and 'vvitl1ch'avv', as indicated by  tl1e 'vVitl1ch'avv' LED. vVhen tl1e LED 
is lit, tl1e ptunping direction is 'vvitl1ch'avv', otl1e1,vise tl1e ptunping direction is 'infuse'. The nevv ptunping 
direction is stored in tl1e cu11·ent Progra1n Phase. 

The "Vohune Dispensed" is accu1nulated separately for infusion and vvitl1ch'avval. vVhen the ptunping 
direction is changed, tl1e cun·ent "Vohune Dispensed" is also changed accordingly betvveen tl1e infusion 
and vvitl1ch'avval "Vohune Dispensed" acctunulations. 

vVhen tl1e Ptunping Progra1n is operating and the "Vohune to be Dispensed" is non-zero, tl1e ptunping 
direction cannot be changed. Otl1e1,vise, vvhen ptunping continuously ("Vohune to be Dispensed" 
disabled), tl1e ptunping direction can be changed. 

6.9 'Start'l'Stop' Key 

The 'Sta1t/Stop' key sta1ts or stops tl1e Ptunping Progra1n's operation. Pressing tl1is key svvitches betvveen 
tl1e Ptunping Progra1n operating and tl1e Ptunping Progra1n paused. vVhen tl1e 'Sta1t/Stop' key is pressed 
before tl1e co1npletion of a Progra1n, tl1e 1notor is stopped and the Ptunping Progra1n vvill be paused. The 
'Ptunping' LED vvill tl1en blink, indicating tl1at tl1e Ptunping Progra1n is paused. 

Pressing tl1is key again vvill resu1ne tl1e Progra1n at tl1e point it vvas paused. If any otl1er key is pressed 
vvhile tl1e Ptunping Progra1n is paused, tl1e Ptunping Progra1n vvill be stopped and reset. Pressing tl1e 
'Sta1t/Stop' key vvill tl1en sta1t tl1e Ptunping Progra1n fi:01n tl1e beginning (Phase 1 ). 

Pressing and holding tl1is key vvhile sta1ting tl1e Ptunping Progra1n vvill sta1t tl1e purge 1node. Purge vvill 
begin aft.er tl1e key is held for one second, and continue until tl1e key is released. The ptunp vvill stop aft.er 

tl1e key is released . 
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6.1 O 'Program Phase #' (Number) Key 

vVhen in the "Progra1n Entry l\llode", 1no1nentary presses of tl1e 'Progra1n Phase#' and the 'Progra1n 
Function' keys svvitch betvveen tl1e Progra1n Phase ntunber and tl1e Progra1n Function displays. The 

1-
1 

I 1• 

Progra1nPhase nu1nber vvill be displayed as i- i-i•llll, vvhere ' nn' is the cu11·entProgra1nPhase 
nu1nber. 

vVhen tl1e Progra1n Phase nu1nber is displayed and tl1e cu11·ent Phase's function is a rate function, a 
1no1nentary press of tl1e 'Progra1n Phase#' key exits 'Progra1n Entry l\llode, and displays tl1e ptunping rate. 

To change tl1e cu11·ent Progra1n Phase nu1nber, press the a11·ovv keys belovv tl1e Phase nu1nber's digits. The 
1naxi1nu1n Phase ntunber is 41. To reset to Phase nu1nber 1, press and hold tl1e 'Progra1n Phase#' key until 
tl1e Phase nu1nber is 1. 

vVhen a nevv Progra1n Phase nu1nber is selected, tl1e cu11·ent value of all settings vvill be tl1at of tl1e 
cu11·ently selected Progra1n Phase. 

6.11 'Program Function' Key 

vVhen in the "Progra1n Entry l\llode", 1no1nentary presses of tl1e 'Progra1n Phase#' and the 'Progra1n 
Function' keys svvitch betvveen tl1e Progra1n Phase ntunber and tl1e Progra1n Function displays. 

vVitl1 tl1e Progra1n Phase function displayed, the Progra1n Function, can be selected. Pressing any a11·ovv 
key, or an a11·ovv key to tl1e left of tl1e colon(:) or deci1nal point(.) if displayed vvitl1 tl1e function, vvill 
select tl1e next Progra1n Function. The selected function is stored by eitl1er pressing any non-a11·ovv key, or 
after a 2 second delay. If the selected function is different tl1en tl1e original function, tl1e display vvill blink 
vvhen the selected function is stored. 

6.11.1 Program Phase Function Parameter 

If tl1e selected function has a para1neter associated vvitl1 tl1e function, tl1e value of tl1e para1neter vvill be 
displayed to tl1e right of tl1e function na1ne, separated by eitl1er a period(.) or a colon(:). 

To change tl1e para1neter's value, press the a11·ovv keys belovv tl1e para1neter's digits. The para1neter's nevv 
value is stored by eitl1er pressing any non-a11·ovv key or aft.er a 2 second delay. If tl1e para1neter has 
changed fi:01n its original value, tl1e display vvill blink vvhen tl1e para1neter's nevv value is stored. 

6.12 'Setup' Key 

The secondary function of tl1e 'Dia1neter' key is 'Setup'. vVhile the Ptunping Progra1n is not operating, 
press and hold tl1e 'Dia1neter' key until tl1e first setup configuration para1neter, "Povver Failure l\llode", is 

1-
1 

1- •

displayed: i- i- • Il

The display vvill consecutively display, for about 2 seconds, each Setup ('.onfiguration para1neter and its 
cun·ent setting. Pressing any non-a11·ovv key vvill i1runediately advance to tl1e next Setup ('.onfiguration 
para1neter. 

To change a Setup ('.onfiguration para1neter, press an a11·ovv key under tl1e para1neter's value. To store tl1e 
nevv value, press any non-a11·ovv key or vvait 2 seconds. If tl1e para1neter value differs fi:01n its previous 
value, tl1e display vvill blink. The nevv para1neter value vvill be stored and tl1e next para1neter vvill be 
displayed. See section 8, Setup C'.onfiguration for a co1nplete description of tl1e Setup C'.onfigurations. 

After tl1e last configuration para1neter is displayed, the display reve1ts back to displaying the syringe 
dia1neter. Any nevv para1neter value vvill take affect i1runediately upon being stored. 

6.13 Firmware Version Display 

To display tl1e ptunp 's fi11nvvare version, press tl1e left-1nost arro,v key ( �/•) vvhile tu111ing on povver to 

tl1e ptunp. The display vvill shovv: Ii- n.n I, vvhere ' n.n' is tl1e fi11nvvare version ntunber. Pressing any 
key vvill clear tl1e display. 
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6.14 Reset Pumping Program 

To clear out tl1e cun·ent Progra1n Function setups, press tl1e rigllt-1nost arrow key ( �) vvhile tunling on 
r r 1 

- - - -

povver to tl1e ptunp, The display vvill shovv I L -' L , Pressing any key vvill clear tl1e display,

vVitl1 a ptunp vvitl1 as 1nany co1nplex features as tl1e BS-8000/9000, it is easy for a novice user

experi1nenting vvitl1 tl1e ptunp's setup to get the ptunp into a 'vveird' state, Perfo11ning tl1is reset function 
vvill bring tl1e ptunp out of a 'vveird' state, 

6.15 Error and Alarm Messages 

Iftl1e value entered is beyond the ptunp's capabilities or is invalid, or an operational proble1n occu11·ed, 
one of tl1e follovving e11·or or ala11n 1nessages vvill be displayed: 

1- I 1-1 I :1 1: 1-1 I_

I 1:1 1:1 1-

l 1:1 1-=nnl

1:� 1-=nnl

I- - - -I
-1 -1 -11- 1: :1 1:

Ptunp 1notor stalled ala11n, 

Value entered is 'Out Of Range', 

An out of range e11·or occu11·ed at Ptunping Progra1n Phase nu1nber 'nn', or tl1e value just 
entered is out of range, ('.heck the ptunping para1neters and syringe dia1neter. 

A Ptunping Progra1n e11·or vvas encountered at Phase ntunber 'nn', The indicated Phase is 
invalid in tl1e conteA't of tl1e entire Ptunping Progra1n, 

I<ey pressed is not cun·ently applicable, 

A co1rununications ti1ne-out ala11n occu11·ed vvitl1 an attached co1nputer vvhile operating in 
tl1e "Safe C'.01rununications l\!Iode", This 1nost likely indicates tl1at tl1e RS-232 cable vvas 
detached or tl1e co1rununication progra1n on tl1e co1nputer has ended vvitl1out tu11ling ofI 
"Safe C'.01rununications l\!Iode", 

An e11·or vvas detected during povver up, vvhere 'n' indicates tl1e e11·or. If n 1, tl1en tl1e 
values stored in tl1e ptunp 's non-volatile 1ne1nory vvere invalid and vvere reset If n 2, 
tl1en tl1e non-volatile 1ne1nory 1nay need to be replaced, 

Ptunp settings are locked out fi:01n tl1e keypad , The lock out key is needed to change 
settings, Lock out can also be reset vvitl1 tl1e reset function, 

6.16 Status Messages 

1-1 1-1 I I 1-1- 1-1 I_I :1

Indicates ptunping rate units change 1node, The units LED's vvill also be blinking, 

Indicates that tl1e Ptunping Progra1n has paused and is vvaiting for tl1e user to press 
'Sta1t', or for an external operational trigger, to continue, 

Indicates that tl1e ptunp is busy co1npleting a long operation, 

Indicates that tl1e "Vohune to be Dispensed" is 0,00, and is tu11led oil� This is tl1e 
continuous ptunping 1node, 

Indicates that tl1e ptunp is purging, Displayed vvhile holding dovVIl the 'Sta1t/Stop' key, 

Indicates that tl1e Ptunping Progra1n paused and is vvaiting for tl1e user to select a sub
progra1n, 
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7. Operation

Before tl1e ptunp can be operated, the ptunping data 1nust be setup. At 1nini1nu1n, tl1e 

syringe inside dia1neter and a non-zero ptunping rate needs to be set. The operation of 

tl1e ptunp can then be sta1ted fi:01n tl1e keypad, T1L 1/0 connector, or fi:01n RS-232 

control. Fro1n tl1e keypad, pressing tl1e 'Sta1t /Stop' key ,,vill sta1t tl1e ptunp operation. 

7.1 Syringe Inside Diameter 

The syringe inside dia1neter can only be set vvhile the Ptunping Progra1n is stopped. Use tl1e a11·ovv keys to 

set tl1e dia1neter value. vVhile tl1e dia1neter value is being set, the '1run' LED vvill blink. The nevv 
dia1neter value is stored aft.er pressing any non-a11·ovv key, or aft.er a 2 second delay. 

Valid syringe dia1neters are fi:01n O.l 1run to 50.0 1run. If tl1e dia1neter is out of tl1is range, tl1e display vvill 

shovv 'oor'. Pressing any key restores tl1e dia1neter display to its previous value. ('.hanging the syringe 

dia1neterl1ill 11.ot zero {/JI,)' c1trre11.t setti.11.gs. Section 12.1, Syringe Dia1neters and Rate Li1nits, is a 

representative list, for reference, of syringe dia1neters for various syringe 1nanufacturers and syringe sizes. 

7.1.1 Default Volume Units 

The units of tl1e accu1nulated infusion and vvitl1ckavval vohunes and tl1e "Vohune to be Dispensed" are set 

according to tl1e dia1neter setting: 

Fro1n 0.1 to 14. 0 1run 
Fro1n 14.01 to 50.0 1run 

7. 2 Start/Stop Triggers

Syringes s1nall er tl1an 10 1nl: 
Syringes greater tl1an or equal to 10 1nl: 

Vohuneunits are 'µl' 
Vohune units are '1nl' 

The Ptunping Progra1n can be sta1ted or stopped fi:01n any of tl1e tlu·ee sources. The keypad 'Sta1t/Stop' 

key, RS-232 'RUN' co1runand, or tl1e TTL 1/0 Operational Trigger input. Each can control tl1e Ptunping 

Progra1n's operation. 

7.3 Operating the Pump 

vVhen tl1e "Sta1t/Stop" key is pressed, tl1e Ptunping Progra1n begins to operate, sta1ting vvitl1 Phase 1. If 

tl1e cu11·ent Progra1n Phase specifies a ptunping rate, tl1e ptunp vvill begin ptunping, and tl1e 'Ptunping' 

LED vvill be lit. The ptunping direction vvill depend on the Phase setup. The display vvill shovv tl1e 

"Vohune Dispensed ''vvitl1 a vohune units LED ('1nl' or 'µl') and the 'Dispensed' LED lit. 

vVhile ptunping, tl1e ptunp vvill ptunp continuously in tl1e cu11·ent Progra1n Phase, unless a "Vohune to be 

Dispensed" is set, or an Event trigger is set. If a "Vohune to be Dispensed" is set, tl1e Progra1n Phase vvill 

be co1nplete aft.er tl1e set vohune has been infused or vvitl1ckavvn, 1neasured fi:01n tl1e sta1t of tl1e Phase. 

Pressing tl1e 'Vohune' or 'Dia1neter' keys vvill display the cu11·ent "Vohune to be Dispensed" or tl1e 

syringe dia1neter setting vvhile tl1e key is held. 

7.4 Purging 

To purge tl1e syringe, vvitl1 tl1e Ptunping Progra1n stopped, press and hold tl1e 'Sta1t/Stop' key. The 

Ptunping Progra1n vvill sta1t, tl1en aft.er one second purge vvill begin. The ptunp vvill ptunp at its top speed 

in tl1e cu11·ently set direction. Purging vvill continue until tl1e 'Sta1t/Stop' key is released, tl1en tl1e ptunp 

1-111 r 

vvill stop. vVhile purging tl1e display vvill shovv: r LI i- 1:1 

7.5 Changing the Pumping Rate and Direction While Pumping 

Except vvitl1 so1ne co1nplex Ptunping Progra1ns, tl1e ptunping rate can be changed vvhile tl1e ptunp is 

operating. To change tl1e ptunping rate, 1no1nentarily press tl1e 'Rate' key. vVhile tl1e ptunping rate is 

displayed, press the a11·ovv keys to change tl1e rate. The rate units vvill blink vvhile the rate is being 

changed. If tl1e a11·ovv keys are not pressed, the display vvill retu111 to tl1e "Vohune Dispensed" display 

aft.er a 2 second delay. Rate units can not be changed vvhile ptunping. 
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The nevv rate is stored aft.er a 2 second delay or by  pressing a non-a11·ovv key, If tl1e nevv rate is vvitl1in the 
operating range of tl1e ptunp, tl1e display vvill blink and tl1e nevv rate vvill be stored in tl1e cu11·ent Progra1n 
Phase and tl1e ptunp begins ptunping at tl1e nevv rate, If tl1e nevv rate is out of tl1e operating range of tl1e 

ptunp, tl1e display vvill shovv I i:i i-: l1ll I, Pressing any key clears tl1e e11·or 1nessage,

The ptunping direction can be changed vvhile ptunping if tl1e "Vohune to be Dispensed" is 0,0 (oil), 
Pressing tl1e direction key vvill i1runediately change the ptunping direction and store tl1e ptunping direction 
in tl1e cu11·ent Progra1n Phase, Also changing tl1e ptunping direction changes the accu1nulated "Vohune 
Dispensed" according to tl1e nevv ptunping direction, 

7.6 Volume Dispensed 

vVhile ptunping, tl1e display vvill shovv tl1e total accu1nulated vohune ptunped vvitl1 the '1nl' or 'µl' LED lit 
and the 'Dispensed' LED lit Vohune is co1nputed based upon tl1e syringe inside dia1neter setting. 

The vohune is accu1nulated separately for infusion and vvitl1ch'avvaL vVhen the ptunp changes direction, 
tl1e "Vohune Dispensed" changes to tl1e accu1nulated vohune for tl1e ptunping direction, 

The "Vohune Dispensed" accu1nulations, for infusion and vvitl1ch'avval, are reset to O vvhen: 

A) The ptunp is povvered on,

B) The syringe dia1neter is changed,

C'.) Fro1n tl1e RS-232 clear "Vohune Dispensed" co1runand (C'.LD),

D) The accu1nulated Vohune Dispensed rolls over fi:01n 9999 to 0,

vVhen tl1e Ptunping Progra1n is stopped, and tl1e display shovvs tl1e Progra1n function or ptunping rate 
info11nation, tl1e accu1nulated Vohune Dispensed can be displayed by pressing tl1e 'Vohune' key one, tvvo, 
or tlu·ee ti1nes, depending on tl1e cu11·ent display, 

7. 7 Resuming When Paused

If tl1e Ptunping Progra1n is stopped before tl1e co1npletion of tl1e Ptunping Progra1n, the 'Ptunping' LED 
vvill blink, indicating that tl1e Ptunping Progra1n is paused, vVhile tl1e 'Ptunping' LED is blinking, sta1ting 
tl1e ptunp again vvill resu1ne tl1e Ptunping Progra1n vvhere it vvas stopped, This 1neans tl1at tl1e Ptunping 
Progra1n vvill continue at tl1e point in tl1e Phase vvhere it vvas stopped and the 'Vohune to be Dispensed' 
vvill still be referenced fi:01n vvhen tl1e Progra1n Phase first sta1tect 

Pressing any key otl1er than tl1e 'Sta1t' key vvill cancel "Ptunping Progra1n paused" and the 'Ptunping' 
LED vvill stop blinking. vVhen the Ptunping Progra1n is sta1ted again, it vvill sta1t fi:01n tl1e beginning 
(Phase l), 

7.8 Pump Stalled 

vVhen tl1e operation of tl1e 1notor is i1npeded due to excessive force needed to ch'ive the syringe, or vvhen 
tl1en collar cla1np position is reached, tl1e ptunp vvill stop, pausing tl1e Ptunping Progra1n, and a stall ala11n 

1- I 1-1 I

vvill occur. The display vvill shovv :i i: 1-1 1
- , tl1e 'Ptunping' LED vvill blink, and tl1e buzzer vvill sound 

continuously if ala11ns are enabled, Also, if tl1e RS-232 Safe l\liode is enabled, an auto-ala11n 1nessage vvill 
be sent to an attached co1nputer. 

Pressing any key vvill stop tl1e buzzer and clear the alar1n, vVhen tl1e proble1n causing the ptunp 1notor to 
stall has been co11·ected, the Ptunping Progra1n can be resu1ned by any sta1t trigger, tl1e 'Sta1t' /'Stop' key, 
TTL input, or RS-232, 
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8. Setup Configuration
To change or vievv tl1e setup configuration, tl1e Ptunping Progra1n 1nust be stopped. Press tl1e 
'Dia1neter' /'Setup' key until tl1e first para1neter, 'PF' is displayed. Aft.er 2 seconds, or vvhen any non
a11·ovv key is pressed, tl1e next para1neter vvill be displayed (see sec. 6.12, 'Setup' ). Pressing an a11·ovv key 
under a value vvill incre1nent, select, or scroll tlu·ough tl1e valid values for tl1e para1neter. The Setup 
C'.onfigurations vvill be displayed in tl1e follovving order: 

I nnnn I 

Povver Failure 1node, vvhere 'n' is tl1e cu11·ent setting. 

Ala11n 1node, vvhere 'n' is tl1e cu11·ent setting. 

Display TTL 1/0 exte111al connector settings. Press any a11·ovv key to display. 

If T1L is selected, tl1e follovving vvill be displayed: 

Operational Trigger setting. ' aa' is cu11·ent setting. 

Directional control setting. 'aa' is cu11·ent setting. 

'Ptunp l\llotor Operating' T1L output pin configuration. 'n' is 
tl1e cu11·ent setting. 

*** The "Lockout Disable J(ey" needs to be inse1ted to display tl1is setting. * **
Lockout changing settings fi:01n tl1e keypad. 'n' is tl1e cu11·ent setting. 

J(eypad beep enable, vvhere 'n' is tl1e cu11·ent setting. 

RS-232 ptunp netvvork adckess, vvhere 'nn' is tl1e netvvork adckess. 

RS-232 ptunp netvvork baud rate, vvhere 'nnnn' indicates tl1e baud rate. 

8.1 Power Failure Mode 

1-1 1- •

i- i- • Il Setting: 'O' = Disabled, 'l' = Enabled.

vVhen enabled, if tl1e Ptunping Progra1n vvas operating vvhen povver to tl1e ptunp vvas dis111pted, tl1e 
Ptunping Progra1n vvill auto1natically sta1t operating vvhen povver is reconnected to tl1e ptunp. Pressing 
any key on tl1e keypad vvhile povvering up tl1e ptunp vvill stop tl1e Ptunping Progra1n fi:01n sta1ting. 

W CAUTION: The Ptunp ing Progra1n vvill sta1t operating fi:01n tl1e beginning of tl1e Ptunp ing 
Progra1n (Phase 1), regardless of vvhat pa1t of tl1e Ptunping Progra1n vvas operating vvhen tl1e povver vvas 
dis111pted. 

vVhen tl1e BS-8000/9000 syringe ptunp is used as a co1nponent in an auto1nated infusion/vvitl1ckavval 
dispensing syste1n, a Ptunping Progra1n can be designed to auto1natically synclu·onize tl1e pusher block at 
tl1e sta1t of tl1e Ptunping Progra1n. This vvould be acco1nplished using attached sensors tl1at send signals to 
tl1e Ptunping Progra1n. 
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8.2 Audible Alarm Enable 

1-1 I •
i-i 1

- • Il Setting : 'O' =Disabled, 'l' =Enabled.

vVhen ala11ns are enabled, tl1e buzzer ,,vill be sounded as follovvs: 

Co1ulitio1l Buzze .. Actioil 

Ptunping Progra1n ended C'.ontinuous beeping 

Ptunping Progra1n paused for sta1t trigger C'.ontinuous beeping 

Ala11n condition, such as ptunp 1notor stalled Steady ala11n 

Pressing any key, vvill stop tl1e ala11n. 

8.3 TTL 110 Operational Trigger Configuration 

('.onfigures hovv tl1e TIL 1/0 'Operational Trigger' (pin 2) vvill control tl1e Ptunping 
Progra1n's operation. (See sec. 11.1, TTL 1/0 Operalional Conirols). The 2 letter configuration para1neter

to tl1e right of tl1e colon(:) is defined as follovvs: 

Settiilg Na1ne F1nlctio1l 

Ft Foot Svvitch Falling edge sta1ts or stops tl1e Ptunping Progra1n 

LE Level ('.ontrol Falling edge stops tl1e Ptunping Progra1n 

Rising edge sta1ts the Ptunping Progra1n 

St Sta1t Only Falling edge sta1ts tl1e Ptunping Progra1n 

8.4 TTL 110 Directional Control Input Configuration 

i:I i-: aa C'.onfigures hovv tl1e TIL input 'Ptunping Direction' (pin 3) vvill control tl1e ptunping 
direction. (See sec. 11.1, TTL 1/0 Operriti.onal C'ontrols). The 2 letter configuration para1neter to tl1e right 
of tl1e colon(:) is defined as follovvs: 

Settiilg Na1ne F1nlctio1l 

rE Reciprocating Ptunps Falling edge: Infuse; Rising edge: vVitl1ckavv 

dU Dual Ptunp Falling edge: vVitl1ckavv; Rising edge: Infuse 

8.5 Pump Motor Operating TTL Output Configuration 

Settings: 

C'.onfigures tl1e functionality of tl1e 'Ptunp l\liotor Operating' TIL output pin (TTL pin 7). 

0: Sets tl1e output to logic high only vvhen tl1e 1notor is operating (ptunping). 
Sets tl1e output to logic lovv vvhen tl1e 1notor is not operating or vvhen the Ptunping Progra1n is 
executing a pause ti1ner or is stopped 

1: Sets tl1e output to logic high vvhen the 1notor is operating (ptunping) or vvhen tl1e Ptunping 
Progra1n is executing a pause ti1ner. 
Set tl1e output to logic lovv vvhen tl1e Ptunping Progra1n is stopped 
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8.6 Keypad Lockout 

Setting: '0' = Disabled, 'l' = Enabled. 

*** The "Lockout Disable Key" needs to be inse1ted into tl1e TTL 1/0 connector to display tl1is setting*** 

vVhen enabled, tl1e "Lockout Disable I<.ey" needs to be inse1ted in tl1e TTL 1/0 connector to change any of 
tl1e ptunp's settings. vVhen the key is re1noved, tl1e user can only sta1t or stop tl1e ptunp and revievv cu11·ent 
settings. Settings can still be changed fi:01n RS-232. vVhen tl1e user atte1npts to change a setting, the 

I _ r _ 

1nessage '- LI '- vvill be displayed. 

The "Lockout Disable I<.ey" connects tl1e "Progra1n Input", TTL connector pin 6, to Ground, pin 9. The 
"Lockout Disable I<.ey" is available as an accesso1y ite1n. 

Lockout can also be disabled by perfo11ning a syste1n reset, see sec. 6.14, "Reset Ptunping Progra1n." 

8. 7 Keypad Beep Enable

I 1-1• 
i:i i- • Il Setting: 'O' = Disabled, 'l' = Enabled. 

vVhen enabled, a single sho1t beep vvill sound vvhenever a key is pressed on tl1e keypad. 

8.8 RS-232 Pump Network Configuration 

1-1 1•
i-i 1:1 • nn Up to 100 ptunps can be attached to a co1nputer in a single ptunp netvvork. The netvvork

adckess is defined by tl1e 2 digits to tl1e right of tl1e colon(:). The valid range of adckesses are fi:01n '00' to 
'99'. If only one ptunp is attached to tl1e co1nputer, set tl1e netvvork adckess to 0, [Ad:00] (factory default). 

Aft.er tl1e netvvork adckess is displayed, the baud rate is displayed. Each ptunp in tl1e ptunp netvvork and 
tl1e co1nputer 1nust have tl1e sa1ne baud rate setting. Any a11·ovv key can be used to scroll tlu·ough tl1e 
selection of baud rates. The suppo1ted baud rates are: 300, 1200, 2400, 9600, and 19200 (displayed as 
[1920]). 

9. Pumping Program
A Ptunping Progra1n is si1nply a pre-defined sequence of actions, or functions, vvhich guarantees 
consistent and precise operation of tl1e ptunp, auto1natically and vvitl1 or vvitl1out any user intervention. A 
Ptunping Progra1n can be as si1nple as continuous ptunping at a fixed infusion rate. Or a Ptunping 
Progra1ns could consist of a ptunping rate and direction of ptunping for a specified vohune, tl1en svvitch to 
anotl1er ptunping rate. Also a Progra1n can interact vvitl1 exte111al devices tlu·ough tl1e TTL 1/0 connector, 
1nake decisions, or stop ptunping for a period of ti1ne. 

Progra1ns are broken into individual operations called Phases. Each Phase consists of a function tl1at can 
be a control function or ptunping function. A ptunping function, such as 'RATE', consists of a ptunping 
rate, optional "Vohune to be Dispensed", and tl1e ptunping direction. 

C'.01nplex dispensing syste1ns can be designed, involving 1nultiple liquids, each dispensed fi:01n a difierent 
ptunp, plus otl1er equip1nent and sensors. Ptunping Progra1ns can be designed for each ptunp vvhich enable 
1nultiple ptunps to synclu·onize vvitl1 each otl1er, and tl1e otl1er equip1nent and sensors, using a cable 
connected to tl1e TTL 1/0 connectors of each ptunp. 

vVhen tl1e Ptunping Progra1n is sta1ted, eitl1er fi:01n tl1e keypad, TTL 1/0 connector, or fi:01n RS-232, tl1e 
Ptunping Progra1n vvill begin vvitl1 Phase 1 of tl1e Progra1n. Aft.er tl1e co1npletion of each Phase, tl1e ptunp 
vvill i1runediately sta1t tl1e next consecutive Phase. This linear sequence of Phases can be altered by 
ce1tain functions tl1at direct tl1e Ptunping Progra1n to continue operation vvitl1 a difierent Phase ntunber. 
So1ne functions can change tl1e order of operation conditionally based on exte111al events. 
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9.1 How to Enter Pumping Programs 

Sta1t by organizing your ptunping require1nents into specific actions and conditions tl1at can then be 

progra1runed into Phases. For 1nore advance progra1runing 1nethods, co1runon groups of Phases can be 

grouped togetl1er and repeated 1nultiple ti1nes using looping and ju1np functions. 

The cu11·ent values of tl1e ptunping rate, optional "Vohune to be Dispensed", and ptunping direction, all 
refer to tl1e cun·ently selected Phase. To display or change tl1e cun·ently selected Phase, enter "Progra1n 

Entry l\llode" by pressing and holding the 'Rate'/'Progra1n Phase#' key until tl1e cu11·ent Phase nu1nber is 
1-1 I 1•1-1 I

displayed. The display ,,vill shovv i- i-i•i_l 
1 , vvhere '01' refers to Phase 1. The ptunp vvill novv be in 

"Progra1n Entry l\llode". If the cun·ent Phase is not 1, press and hold tl1e 'Rate' /'Progra1n Phase#' key 

until tl1e display is as shovVIl. The ptunp vvill novv be in Phase 1. 

vVhen in "Progra1n Entry l\llode", vvitl1 tl1e display shovving tl1e Progra1n Phase ntunber, pressing tl1e 

'Voh11ne'/'Progra1n Function' key vvill display the cu11·ent "Progra1n Function" for tl1is Phase. If tl1e 

cun·ent function is 'RA TE', tl1en a ptunping infusion or vvitl1ckavval can be setup for tl1is Phase. 

To change tl1e "Progra1n Function" selected, use tl1e a11·ovv keys to scroll tlu·ough tl1e functions until tl1e 

required function is displayed. If tl1e function has an associated para1neter, enter tl1e para1neter aft.er tl1e 

function has been stored. 

l\lI01nentarily pressing tl1e 'Voh11ne'/'Progra1n Function' key again vvill exit "Progra1n Entry l\llode" and 

display the "Vohune to be Dispensed." The ptunping rate data, vvhich includes tl1e ptunping rate, 

"Vohune to be Dispensed" and ptunping direction, can novv be setup as previously described. 

vVhen finished setting up tl1e ptunping rate data for tl1e cu11·ent Phase, enter "Progra1n Entry l\llode" again 

to select tl1e ne},.1, Progra1n Phase. Press and hold tl1e 'Rate' /'Progra1n Phase#' key until tl1e Phase ntunber 

is displayed. Then use tl1e a11·ovv keys to set tl1e Phase ntunber to tl1e ne)s.1, Phase to be setup. Pressing the 

right-1nost a11·ovv once vvill set tl1e Phase to Phase 2. Novv all ptunping data vvill refer to Phase 2. The 

second Phase can novv be setup as described above for Phase 1. 

C'.ontinue selecting Phase nu1nbers and entering the infusion or control setup for each Phase of tl1e 

Ptunping Progra1n. The entire Ptunping Progra1n vvill be stored in non-volatile 1ne1nory. 

Use tl1e ' STOP' function to stop tl1e ptunp and end the Ptunp ing Progra1n. If tl1e Ptunp ing Progra1n does 

not operate tl1e ptunp continuously, tl1e last Phase of tl1e Ptunping Progra1n 1nust be a' STOP' function 

(unless tl1e last Phase nu1nber is tl1e 1naxi1nu1n Phase ntunber). 

vVhen tl1e Ptunping Progra1n is sta1ted, vvitl1 the' Sta1t /Stop' key, TTL I/0 input, or RS-232 co1runand, 

tl1e Ptunping Progra1n vvill begin operating fi:01n Phase 1. 

Very co1nplex dispensing Progra1ns can be created vvitl1 tl1e Progra1n functions available. Section 9.3 

contains a detailed description of all tl1e functions. 

9.1.1 Pum1•ing Program Phase Number 

To set tl1e cu11·ent Progra1n Phase nu1nber, enter "Progra1n Entry l\llode" and display tl1e cu11·ent Progra1n 

Phase ntunber. 

Using tl1e right-1nost 2 a11·ovv keys, change tl1e selected Progra1n Phase ntunber. The displayed Progra1n 

Phase ntunber novv beco1nes tl1e cu11·ently selected Progra1n Phase nu1nber. All function and ptunping rate 

data vvill novv refer to tl1e cu11·ently selected Progra1n Phase nu1nber. 

If tl1e 1naxi1nu1n Progra1n Phase nu1nber, 41, is exceeded vvhile changing tl1e Phase nu1nber, tl1e displayed 

Phase ntunber vvill auto1natically be set to tl1e 1naxi1nu1n Progra1n Phase nu1nber. 

9.2 Pumping Program Edit Functions 

vVhen developing or updating a large Ptunping Progra1n, occasionally one or 1nore Progra1n Phases needs 

to be added or re1noved fi:01n tl1e Ptunping Progra1n. Having to re-enter tl1e entire Progra1n could ce1tainly 

be a tedious task. 

Tvvo Progra1n entry functions are available to si1nplify the Progra1n develop1nent process. These are tl1e 

'Inse1t' and 'Delete' functions. They allovv a Progra1n Phase to be re1noved fi:01n any point in tl1e 

Ptunping Progra1n or a Phase to be inse1ted at any point. 
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To access tl1ese functions, enter "Progra1n Entry l\llode" to display the Progra1n Phase nu1nber [PH:nn]. 
Select tl1e Progra1n Phase ntunber that is to be deleted or tl1e Phase nu1nber vvhere a nevv Phase is to be 
inse1ted in tl1e Ptunping Progra1n. 

For exa1nple, if a Phase is to be inse1ted betvveen Phases 24 and 25, select Phase 25. The inse1ted Phase 
vvill be at Phase 25, and all tl1e Phases sta1ting vvitl1 tl1e old Phase 25 vvill be shitled one Phase higher. 

Using eitl1er of tl1e 2 letl-1nost a11·ovv keys, under 'PH' in tl1e display, select tl1e editing function. The 
a11·ovv keys vvill scroll tlu·ough tl1e selection of editing functions: 

Editing Function 
PH 
In 
dE 

Description 
Phase select 
Inse1t Phase 
Delete Phase 

vVhen tl1e required editing function is displayed, press the 'Rate'/'Progra1n Phase#' key before tl1e 2 
second ti1ne out. Ail.er tl1e ti1ne out, or vvitl1 any otl1er key press, the function vvill be canceled. 

If 'Inse1t' or 'Delete' vvas selected, tl1e Ptunping Progra1n vvill be edited, vVhile tl1e Progra1n is being 
edited, the display vvill shovv [BUSY], 

If 'Inse1t' vvas selected, all Phases fi:01n tl1e selected Phase to tl1e 1naxi1nu1n Phase vvill be 1noved to tl1e 
next higher Phase, vvitl1 tl1e original 1naxi1nu1n Phase being deleted. The inse1ted Phase vvill default to a 
'RATE' function, if it is tl1e first Phase, or a 'STOP' function otl1e1vvise. 

If 'Delete' vvas selected, tl1e selected Phase vvill be re1noved, and all Phases higher tl1en tl1e selected Phase, 
up to tl1e 1naxi1nu1n Phase, vvill be 1noved to tl1e next lovver Phase. 

All Phases tl1at reference tl1e Phase nu1nber of anotl1er Phase, such as a 'ju1np' function or an 'event' 
function, vvill be auto1natically updated. The referenced Phase nu1nbers vvill be auto1natically adjusted to 
co1npensate for tl1e section of tl1e Ptunping Progra1n tl1at vvas shift.eel during the operation of tl1e edit 
function. 

Ulti1nately, tl1e easiest 1nethod to 1naintain and develop Ptunping Progra1ns is to dovvnload tl1e Ptunping 
Progra1n to tl1e ptunp fi:01n an attached co1nputer. This vvould allovv a single Ptunping Progra1n to be 
quickly progra1n1ned into 1nultiple ptunps, The co1nputer vvould only need to be attached during tl1e 
dovvnload since the Ptunping Progra1n is stored in tl1e ptunp 's non-volatile 1ne1nory, 

Also, a Ptunping Progra1n can be uploaded to an attached co1nputer, vvhich could tl1en store it and produce 
a printout of tl1e Ptunping Progra1n. 

9.3 Program Function Descriptions 

9.3.1 'rAtE': Rate Function 

1-1 I 1-
i- 1-

1 i: i: Defines a ptunping function vvitl1 a fixed ptunping rate. This function defines a ptunping
setup consisting of tl1e ptunping rate, optional "Vohune to be Dispensed", and ptunping direction. Use tl1e 
'Rate', 'Vohune', and 'Ptunping Direction' keys to set or revievv tl1e ptunping setup, For continuous 
ptunping, set tl1e "Vohune to be Dispensed" to 0, 0 ( oil), The "Vohune to be Delivered" is disabled vvhen 
tl1e display reads [ oil], 

9.3.2 'lnCr': Increment Rate Function 

I 1-
I i-i 1- i- The incre1nent and decre1nent functions operate tl1e sa1ne as tl1e 'RATE' function, except tl1at 

tl1e specified rate is added ('INC'.R')or subtracted ('DEC'.R') fi:01n tl1e cu11·ent ptunping rate. The cu11·ent 
ptunping rate vvhen tl1e function is executed is tl1e base ptunping rate for tl1e function. If no base ptunping 
rate exists, such as vvhen executing a pause function or vvhen tl1e Ptunping Progra1n is first sta1ted, a 
Progra1n e11·or vvill occur and tl1e Progra1n vvill stop, 

The ptunping rate units vvill be tl1e sa1ne as tl1e base ptunping rate, and tl1erefore cannot be set, nor are they 
displayed, vvitl1 tl1e ptunping rate incre1nent or decre1nent va lue. As vvitl1 the 'RATE' function, a "Vohune 
to be Dispensed" and ptunping direction can be specified for tl1e incre1nent and decre1nent functions, 
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vVhen used vvitl1in a Progra1n loop, tl1e ptunping rate can be incre1nented or decre1nented in s1nall step 
intervals. 

9.3.3 'DECr': Decrement Rate Function 

I 1- 1-
l:I 1: 1

-
i- The decre1nent function subtracts tl1e specified rate fi:01n tl1e cun·ent ptunping rate. For a full

description, see section 9.3.2, 'InC'.r': Incre1nent Rate Function 

9.3.4 'StoP': Sto1• Pum1•ing 01•eration an<l En<l The Program 

1- I 1-1 1-1
:i 1: 1

-1 i- Stops tl1e ptunping operation and stops tl1e Ptunping Progra1n. The Ptunping Progra1n vvill 
begin at Phase 1 vvhen sta1ted again. An i1nplicit 'Stop' function is executed vvhen the Progra1n exceeds 
tl1e 1naxi1nu1n Phase nu1nber during operation. 

If ala11ns are enabled, tl1e buzzer vvill beep continuously vvhen tl1e Ptunping Progra1n stops. 

9.3.5 'JP:nn': Jum1• to Phase 

I 1-1•
1-1 i- • llll The 'Ju1np' function alters tl1e consecutive operation of Progra1n Phases. vVhen executed, tl1e 

Ptunping Progra1n vvill continue operation vvitl1 Phase 'nn'. 

9.3.6 'Pr:ln': Program Selection In1•ut 

The Ptunping Progra1n can be broken into sections vvhich can be selected by tl1e user. vVhen tl1e Progra1n 
1-1 • I 

Selection Input function 
i- i-• 1 i-i is executed, tl1e Ptunping Progra1n pauses and displays:

IF' i-!11111, vvhere 'nn' is tl1e Progra1n Selection. 

Using tl1e right 2 a11·ovv keys, under 'nn', tl1e user enters the Label of tl1e required Ptunping Progra1n. The 
Ptunping Progra1n Label is defined by any nu1nber fi:01n 1 to 99. vVhen the 'Sta1t' key is pressed, the 
Ptunping Progra1n continues execution at tl1e Progra1n Phase vvitl1 tl1e selected Ptunping Progra1n Selection 
Label. 

The ptunp searches for tl1e selected Ptunping Progra1n Selection Label sta1ting vvitl1 the cu11·ent Phase and 
continuing to tl1e end of tl1e Ptunping Progra1n 1ne1nory, then fi:01n Phase 1 until tl1e cun·ent Phase is 

reached again. Iftl1e selected label is not found, tl1e 'out of range' e11·or 1nessage Ii:i i:i i- I is displayed.
Pressing any key retu111s tl1e display to tl1e Progra1n Selection Input display. 

If 1nore tl1an one Phase is defined vvitl1 the sa1ne label, tl1en execution continues vvitl1 tl1e first 1natching 
label encountered. The last selected progra1n label is stored in non-volatile 1ne1nory and beco1nes the 
default label tl1e next ti1ne tl1e cu11·ent Progra1n Phase is executed. l\llore tl1an one Progra1n Selection Input 
function can be defined and placed at any Progra1n Phase needed. To cancel tl1e Progra1n Select Input and 
stop tl1e Ptunping Progra1n, tu111 tl1e povver to tl1e ptunp off and on. 

If alar1ns are enabled, tl1e buzzer vvill beep continuously vvhile vvaiting for tl1e sta1t trigger. 

9.3.7 'Pr:nn': Program Selection Label 

,-, •i-1i- i-•1_1 The Progra1n Selection Label function '-'--'--=;:..._.a.i defines a Ptunping Progra1n sub-progra1n tl1at can be 
selected by the user during Ptunp Progra1n execution. 

Aft.er selecting the function, change '01 ', if needed, to a unique Progra1n Label, fi:01n 1 to 99. See sec: 
9.3.6, 'Pr:In': Progra1n Selection Input for a full description. Place a Progra1n Selection Label, vvitl1 a 
unique nu1nber, fi:01n 1 to 99, at tl1e sta1ting Phase of each sub-progra1n section. 

vVhen tl1e Ptunping Progra1n encounters a Progra1n Selection Label in no11nal execution, it vvill ignore tl1e 
label and continue execution vvitl1 tl1e ne)s.1, Phase. If you need tl1e Ptunping Progra1n to stop at tl1e end of a 
sub-progra1n, an explicit 'STOP' function needs to be placed as tl1e last Progra1n Phase of tl1e sub-progra1n . 
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9.3.8 'LP:ST': Define Starting Phase of Loo1• 

I 1-1•1- I 
1- i-• :

i 
i: Defines tl1e st,ut of a Progra1n loop. For a full description of Progra1n looping, see sec.

9.3.10, 'LP:nn': . 

9.3.9 'LP:EN': Define Continuous Looi• En<l 

I 1-1•1-
I_ i-•1: 1-1 Loops to tl1e 1nost recently executed, unpaired, 'loop sta1t' Phase, or Phase 1 if none. This

function allovvs a section of tl1e Progra1n to be repeated continuously. For a full description of Progra1n 
looping, see sec. 9.3.10, 'LP:nn': . 

9.3.10 'LP:nn': Define Looi• En<l an<l Looi• Re1•etitions 

I 1-1• 
1- i- •l1l1 Repeats execution of tl1e defined loop 'nn' ti1nes.

Loop sta1ts and loop ends are uniquely })aired during looping. vVhen an unpaired 'loop end' function is 
executed, it is paired vvitl1 tl1e 1nost recent unpaired 'loop sta1t' function executed ('LP:ST'). If no 
unpaired 'loop sta1t' function exists, Phase 1 is used as an i1nplied unpaired 'loop sta1t'. This pairing 
defines the loop and tl1e range of Phase nu1nbers betvveen tl1e paired loop functions defines tl1e sco})e of 
tl1e loop. 

vVhen a 'loop end' function is executed, Progra1n operation continues vvitl1 the 'loop sta1t' function paired 
vvitl1 tl1e loop end function. There are 2 'loop end' functions: Loop continuous ('LP:EN') and Loop for a 
preset nu1nber of iterations ('LP:nn'), indicated by 'nn'. Each ti1ne a paired 'loop end' function is 
executed, an iteration of tl1e loop is co1nplete. vVitl1 the 'LP:nn' function, aft.er 'nn' ntunber of loop 
iterations, tl1e defined loop is co1nplete and Progra1n execution continues vvitl1 tl1e next Progra1n Phase 
aft.er tl1e 'loop end' function. The loop is tl1en no longer defined or paired. 

vVhile executing Phases vvitl1in tl1e scope of a defined loop, anotl1er 'loop sta1t' and 'loop end' can be 
paired and beco1ne a defined loop vvitl1in tl1e scope of tl1e first loop, vvhich is refe11·ed to as tl1e outer loop. 
The nevv loop being refe11·ed to as the inner loop. The pairing of a loop vvitl1in a paired loop is refe11·ed to 
as nesting of loops, vvitl1 each loop being one nested layer for tl1e duration of tl1e loops pairing. Loops can 
be nested for a total of 3 layers deep. Loops can only be nested vvitl1in tl1e scope of an outer loop. 

9.3.11 'PS:nn': Pause Pum1•ing 

If 'nn' is non-zero, tl1e Ptunping Progra1n vvill pause ptunping (stops ptunping) for 'nn' seconds. vVhen 
1-1 1-•

executed, the display vvill shovv i- :i
• l1l1 , vvitl1 'nn' decre1nenting to indicate tl1e nu1nber of seconds

until tl1e next Progra1n Phase is executed. Aft.er tl1e pause interval, the next Progra1n Phase vvill be 
executed. 

To set a pause ti1ne in tentl1s of seconds, select tl1e deci1nal point betvveen tl1e digits. To select tl1e deci1nal 
point, press and hold tl1e right-1nost a11·ovv key until tl1e right-1nost digit scrolls to 9. Aft.er 9, tl1e deci1nal 

,-, r •r1 r1 

point betvveen tl1e 2 digits vvill toggle on and ofI r :i•i_i.LI . Release tl1e key vvhen tl1e deci1nal point is 
displayed, or cleared, as required. Novv enter tl1e required pause ti1ne fi:01n 0.1 to 9.9 seconds. vVhile 
executing a pause ti1ne set in tenths of seconds, the display vvill only shovv '0 l' seconds during tl1e pause. 

For pauses longer tl1an the '99' second 1naxi1nu1n pause for tl1is function, put tl1e pause function vvitl1in a 
Progra1n loop. A Progra1n section vvitl1 tl1e follovving functions in consecutive Phases: 

[LP:S1] [LP:S1] [PS:60] [LP:60] [LP:24], 

vvill pause tl1e Ptunping Progra1n for 24 hours. 

If 'nn' is '00' tl1en tl1e Ptunping Progra1n pauses and vvaits for a sta1t trigger to resu1ne tl1e Progra1n. The 
1-1 1-1 I I 1-

display vvill shovv i- 1
- 1 1

-1 :i vvhen vvaiting for a sta1t trigger.
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Aft.er tl1e st,ut trigger, tl1e Progra1n ,,vill resu1ne vvitl1 tl1e next Phase. The sta1t trigger can be fi:01n any 
source, tl1e 'Sta1t'/'Stop' key, the TTL 1/0 Operational Trigger, or fi:01n RS-232. Any otl1er key input vvill
stop and reset tl1e Ptunping Progra1n.
If alar1ns are enabled, tl1e buzzer vvill beep continuously vvhile vvaiting for tl1e sta1t trigger.

9.3.12 'IF:nn': Jum1• to Phase If External Trigger 

I I :: : nnl The 'IF' function conditionally alters tl1e Ptunping Progra1n's execution based on an e>,.1ernal
signal.
vVhen executed, if the TTL 1/0 Progra1n Input pin (pin 6) is lovv level, then the Ptunping Progra1n 
continues operation vvitl1 Phase ntunber 'nn'. Othe1,vise, the Ptunping Progra1n continues operation vvitl1
tl1e ne},,1, Phase .
9.3.13 'Et:nn': Setu1• Event Trigger Jum1• Phase 

1- I • i: i: • llll The 'Event' function sets a background event trap tl1at is triggered by an external signal.
This one ti1ne background trap, or inte1111pt, stays set during tl1e Ptunping Progra1n's entire execution until
it is triggered, redefined, or reset. This function has no otl1er afiect on tl1e operation of tl1e ptunp until it is
triggered.
The event is triggered vvhen eitl1er: 

1) A falling edge (high to lovv TTL transition) occurs on tl1e TTL 'Event Trigger' input (pin 4).
2) A lovv level on tl1e 'Event Trigger' input pin at tl1e ti1ne tl1e function is executed.

vVhen triggered, tl1e cu11·ent operation of tl1e ptunp and tl1e Ptunping Progra1n is inte1111pted, and tl1e
Ptunping Progra1n i1runediately continues operation (ju1nps to) vvitl1 Phase ntunber 'un'.
Aft.er being triggered, the event trigger is reset. If an event trigger function is executed ( eitl1er 'Et' or ES'
function) vvhile anotl1er event trap is still set, tl1e nevv event trigger vvill replace tl1e previous event trap.
Only one event can be defined at any ti1ne.

9.3.14 'ES:nn': Setu1• Event Square \Vave Trigger Jum1• Phase 

r r • i: :i• llll The 'Event Square vVave' function operates tl1e sa1ne as tl1e 'ET' 'Event' function, vvitl1 tl1e
exception of tl1e triggering conditions.
This function vvill trigger on eitl1er tl1e rising or tl1e falling edge of tl1e TTL 'Event Trigger' input (pin 4).
Therefore, a square vvave function on tl1e inupt pin can be used to toggle tl1e ptunp betvveen 2 sections of a
Ptunping Progra1n. An exa1nple of tl1is vvould be a Ptunping Progra1n that svvitched betvveen a slovv and
fast ptunping rate, controlled by a square vvave input.

9.3.15 'Et:rS': Event Reset 

1- I • 1-
1-_ 1-_ ·1- -1 ............. ____ -...., 'Event Reset' cancels a previously set event trap by eitl1er tl1e 'ES' or 'ET' function.
9.3.16 'OUt.n': Set TTL Ouq•ut Pin 

1-1 I I I
I_I I_I 1: • Set 'Progra1n Output' TTL 1/0 output (pin 5) to level 'n'.
set lovv. If 'n' = 1, tl1e output pin vvill be set high.

9.3.17 'bEEP': Bee1• 

I 1- 1- 1-1
i:i i: i: i- Sounds a sho1t beep.
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9.4 Pumping Program Examples 

9.4.1 Exam1)le 1: 2 Ste() Rate 

30 ml Dispensed 

Infuse 5.0 1nl a t  500 1nl/lu·, tl1en infuse 25.0 1nl a t  2.5 1nl/lu·. Then stop tl1e ptunp. 

Pllase Ftnlctioil Rate Voltune Di .. ectioil 

1 RAIB 5 00 1nl/lu· 5.0 1nl Infuse 

Phase Ftnlctioil Rate Voltune Di .. ectioil 

2 RAIB 2. 5 1nl/lu· 25.0 1nl Infuse 

Pllase Ftnlctioil 

3 STOP 

9.4.2 Exam1)le 2: Re1)eate<l Dis()enses ,vith Suck Back 

a, 750 
- ----�

.... 

.c 

E 0 

• • •

Time 

Dispense 2.0 1nl vvitl1 a 5 1ninute pause betvveen dispenses. In addition, ail.er each dispense, a vohune of 

0.25 1nl is sucked back to prevent ckipping. Also, 30 seconds before tl1e end of tl1e pause interval, a beep 

is sounded to ale1t tl1e operator to prepare for tl1e next dispense. 

Sta1ting vvitl1 the second dispense, 0.25 is added to tl1e vohune dispensed to co1npensate for tl1e sucked 

back vohune of tl1e previous dispense. By changing tl1e last Phase to a [LP:nn] function, tl1e total nu1nber 

of dispenses can be set. 

vVhen entering a function vvitl1 associated data, such as vvitl1 tl1e 'Pause' in Phase 5, or tl1e 'Loop' in Phase 

6, tl1e function is entered in 2 steps. First select tl1e function and store it. Then enter tl1e associated data. 

Phase Ftnlctioil Rate Voltune Di .. ectioil 

1 RAIB 750 1nl/lu· 2.0 1nl Infuse 

Pllase Ftnlctioil Rate Voltune Di .. ectioil 

2 RAIB 750 1nl/lu· 0.25 1nl vVitl1ckavv 

Pllase Ftnlctioil 

3 LP:ST 

Phase Ftnlctioil 

4 LP:ST 

Pllase Ftnlctioil 
-

:, PS:90 

Pllase Ftnlctioil 

6 LP:03 
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Pllase Ftnlctio1l 

7 BEEP 

Phase Ftnlctio1l 

8 PS:30 

Phase Ftnlctio1l Rate Vobune Directioil 

9 RAIB 750 1nl/lu· 2.25 1nl Infuse 

Pllase Ftnlctio1l Rate Vobune Directioil 

10 RAIB 750 1nl/lu· 0 .25 1nl vVitl1ch'avv 

Phase Ftnlctio1l 

11 LP:EN

9.4.3 Exam1•le 3: Ram1•ing the Flo"\<v Rate 

250 

_
___ Phases----

2-4 

Phases 
5-8

Time 

Phases 
9 -11 

Note Graph is representative only
Pumping rate increments and decrements in steps 

('.ontinuously ra1np up and dovVIl the p111nping rate. Sta1ting at 200 1nl/lu·, tl1e p111nping rate vvill incre1nent 

to 250 1nl/lu· in 1. 0 1nl/lu· steps aft.er every 0.1 1nl has been dispensed. Then tl1e p111nping rate vvill 

decre1nent to 150 1nl/lu· in 1. 0 1nl/lu· steps aft.er every 0.1 1nl has been dispensed. Finally, the p111nping rate 

is incre1nented back to 200 1nl/lu· in 1.0 1nl/lu· steps aft.er every O.l 1nl has been dispensed, tl1en tl1e process 

is repeated. 

Pllase Ftnlctio1l Rate Vobune Directioil 

1 RAIB 200 1nl/lu· O.l 1nl Infuse 

Phase Ftnlctio1l 

2 LP:ST 

Pllase Ftnlctio1l Rate Vobune Directioil 

3 INC'.R 1.0 O.l 1nl Infuse 

Pllase Ftnlctio1l 

4 LP:50 

Phase Ftnlctio1l 
-

:, LP:ST 

Pllase Ftnlctio1l Rate Vobune Directioil 

6 DEC'.R 1.0 O.l 1nl Infuse 

Phase Ftnlctio1l 

7 LP:99 

Phase Ftnlctio1l Rate Vobune Directioil 

8 DEC'.R 1.0 O.l 1nl Infuse 

Pllase Ftnlctio1l 

9 LP:ST 
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Pllase Ftnlctio1l Rate Vobune Di.-ectioil 

10 INC'.R 1.0 O.l 1nl Infuse 

Phase Ftnlctio1l 

11 LP:50 

Phase Ftnlctio1l 

12 JP:02 

9.4.4 Exam1)le 4: Com()lex Dis()enses ,vith External Synchronization 

a, 7 1/1 
::J 
.... 

-
.... 

50 

0 

0 

� � � 

Start Start 
Trigger Trigger

C'tart over 

- - -

� - - -
- - -
- - -

� 
-

� 
-

� 
-

- - -
- - -
- - -

60 60 60 

Syringe- Start
Refill == Trigger

A 1nore co1nplex dispensing exa1nple, tl1is Progra1n contains difierent p111nping require1nents, including 

dispenses vvitl1 1nultiple p111nping rates. The first set of 3 dispenses ckops dovVIl to a lovver p111nping rate 

during tl1e dispense. vVhen each dispense is co1npleted, the buzzer beeps to ale1t tl1e operator, tl1en tl1e 

p111np vvaits for a sta1t trigger before sta1ting tl1e ne)s.1, dispense. 

The next set of 3 dispenses have a fixed ti1ne interval of 60 seconds betvveen dispenses. Aft.er tl1e last set 

of dispenses, tl1e syringe is refilled by tl1e a1nount infused, 17.25 1nl. Then tl1e buzzer beeps, to ale1t tl1e 

operator to tl1e sta1t of tl1e first set of dispenses. The process is tl1en repeated. 

Pllase Ftnlctio1l Rate Vobune Di.-ectioil 

1 RAIB 7 50 .  0 1nl/lu· 0.5 1nl Infuse 

Phase Ftnlctio1l Rate Vobune Di.-ectioil 

2 RAIB 300 .  0 1nl/lu· 1.5 1nl Infuse 

Pllase Ftnlctio1l 

3 BEEP 

Pllase Ftnlctio1l 

4 PS:00 

Phase Ftnlctio1l 
-

:, LP:02 

Pllase Ftnlctio1l Rate Vobune Di.-ectioil 

6 RAIB 7 50 .  0 1nl/lu· 0.5 1nl Infuse 

Pllase Ftnlctio1l Rate Vobune Di.-ectioil 

7 RAIB 300 .  0 1nl/lu· 1.5 1nl Infuse 

Phase Ftnlctio1l 

8 BEEP 

Pllase Ftnlctio1l 

9 LP:ST 

Pllase Ftnlctio1l 

10 PS:60 
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Pllase F1nlctio1l Rate Vobune Di.-ectioil 

11 RAIB 500. 0 1nl/lu· 3.75 1nl Infuse 

Phase FllllCtiOil 

12 LP:03 

Phase FllllCtiOil Rate Vobune Di.-ectioil 

13 RAIB 900. 0 1nl/lu· 17.25 1nl vVitl1ckavv 

Pllase F1nlctio1l 

14 BEEP 

Phase FllllCtiOil 

15 PS:00 

Phase FllllCtiOil 

16 LP:EN

9.4.5 Exam1)le 5: Control from a High-Lo"\<v Pressure Sensor 

25 

,._ 
Pumping ..c 
Rate -

10 

Program 
Output Pin 

Event Input 
Pin Li Li 

.. 

Li Li 
.. 

<(------- Pressure high sensor

< Pressure low sensor 

<------
Pressure trigger points

This exa1nple de1nonstrates a Ptunping Progra1n vvhose control depends on an exte11lal sensor. Assu1ning 
a pressure sensor tl1at is configured to detect a high pressure point and a lovv pressure point, tl1e Ptunping 
Progra1n individually selects vvhether it vvill react to tl1e high or lovv pressure point. 

The "Progra1n Output" pin on tl1e TTL 1/0 connector (pin 5) is used to select the high or lovv pressure 
point. vVhen lovv, tl1e lovv pressure point is selected (PH:O 1 ), and vvhen high, tl1e high pressure point is 
selected (PH:05). The Progra1n begins by infusing continuously a t  10.0 1nl/lu· (PH:02), vvhile a 
background trap is set for tl1e lovv pressure point (PH:03). To create a delay vvhen tl1e pressure sensor is 
svvitched fi:01n high pressure to lovv pressure vvhen tl1e "Progra1n Output" pin is set, a s1nall vohune is 
ptunped (PH:02, 06) before tl1e background traps are set. 

vVhen tl1e lovv pressure trap is triggered, tl1e ptunp sets tl1e high pressure trap (PH:07) and begins to 
incre1nent tl1e flovv rate. The flovv rate is incre1nented in 1.0 1nl/lu· steps vvitl1 every 0.25 1nl dispensed 
(PH:08-10). Iftl1e high pressure trap hasn't as yet been triggered, the flovv rate vvill 1nax out at 25.0 1nl/lu· 
vvhile vvaiting for tl1e high pressure trap (PH: 11 ). vVhen tl1e high pressure point is reached, tl1e ptunp 
i1runediately vvill ckop dovVIl to 10. 0 1nl/lu· (PH:02), and once again vvait for tl1e lovv pressure point. 

Pllase F1nlctio1l 

1 our.o 

Phase FllllCtiOil Rate Vobune Di.-ectioil 

2 RAIB 10.0 1nl/lu· 0.005 Infuse 

Pllase F1nlctio1l 

3 EV:05 
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Pllase Ftnlctio1l Rate Vobune Di.-ectioil 

4 RAIB 10 .0 1nl/lu· 0 .  0 1nl ( oil) Infuse 

Phase Ftnlctio1l 

5 our.1 

Phase Ftnlctio1l Rate Vobune Di.-ectioil 

6 RAIB 10 .0 1nl/lu· 0.005 Infuse 

Pllase Ftnlctio1l 

7 EV:01 

Phase Ftnlctio1l 

8 LP:ST 

Phase Ftnlctio1l Rate Vobune Di.-ectioil 

9 INC'.R 1.0 0 .25 1nl Infuse 

Pllase Ftnlctio1l 

10 LP:14 

Phase Ftnlctio1l Rate Vobune Di.-ectioil 

11 RAIB 25.0 1nl/lu· 0 .  0 1nl ( oil) Infuse 

9.4.6 Exam1•le 6: Automate<( Dis1•ensing "\<vith Synchronization 

-

------------------ - - -
__ - - - Restart Pumping Program --.. -

- --------
...... -

'Power Failure 
Mode' Pumping 
Program Restart 
at Power Up - - - - - -

- - - - - -
- � - � - - � - � -
- - - - - -
- - - - - -
- - - - - -
- - - - - -

' 
y 

' 

' 

' 

5:00:00 ' 

5:00:00 5:00:00 5:00:00 

Syring ' 

' 

' 

Refill ' 

Event Trigger
from 
Syringe Filled Sensor:
Jump to Phase 3 

"' 

\ 
� \\ 

5:00:00 

The follovving is an auto1nated dispensing Progra1n for a BS-8000/9000 syringe p111np equipped vvitl1 a 

'Syringe Filled Sensor' attached to tl1e TTL 1/0 connector, and a valve syste1n to refill tl1e syringe fi:01n a 

reservoir. It is also assu1ned that tl1e 'Povver Failure' 1node is enabled. 

Aft.er a povver fail resta1t, the pusher block is in an unknovVIl position, 1naking it i1npossible for an 

auto1nated dispensing syste1n to regain synclu·onization. vVitl1 tl1e Syringe Filled Sensor, tl1e follovving 

Ptunping Progra1n vvill auto1natically synclu·onize tl1e dispensing syste1n, tl1en continue vvitl1 tl1e no11nal 

dispense. 

The first 2 Phases set an event trap for tl1e Syringe Filled Sensor and refills tl1e syringe until tl1e sensor is 

triggered. vVhen tl1e sensor triggers tl1e event, tl1e p111np 's pusher block vvill be synclu·onized vvitl1 tl1e 
Ptunping Progra1n. It is assu1ned tl1at the sensor is positioned to refill tl1e syringe vvitl1 60 1nl. A vvitl1ckavv 

vohune of 61 1nl is set as a safety feature. 

Aft.er tl1e syringe is refilled, one 5 1nl dispense is 1nade every 5 hours. Aft.er 12 dispenses, tl1e syringe is 

refilled using tl1e sensor again. 

Pllase Ftnlctio1l 

1 EV:03 

Pllase Ftnlctio1l Rate Vobune Di.-ectioil 

2 RAIB 1000. 0 1nl/lu· 6l 1nl vVitl1ckavv 
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Pllase F1nlctio1l 

3 LP:ST 

Phase FllllCtiOil Rate Vobune Directioil 

4 RAIB 200 .  0 1nl/lu· 5.0 1nl Infuse 

Phase FllllCtiOil 
-

:, LP:ST 

Pllase F1nlctio1l 

6 LP:ST 

Phase FllllCtiOil 

7 PS:60 

Phase FllllCtiOil 

8 LP:60 

Pllase F1nlctio1l 

9 LP:05 

Phase FllllCtiOil 

10 LP:12 

Phase FllllCtiOil 

11 JP:01 

9.4.7 Exam1)le 7: Sub-Programs 

This exa1nple shovvs so1ne of tl1e flexiblities provided by the Progra1n Selection functions. The Ptunping 

Progra1n sta1ts by refilling tl1e syringe vvitl1 50 1nl at a fast ptunping rate (Phase 1 ), tl1en tl1e Ptunping 

Progra1n pauses for user sub-progra1n selection (Phase 3). Then perfo11ns 5 dispenses of 10 1nl at tl1e 

selected rates, tl1en refills tl1e syringe again and pauses for tl1e next user sub-progra1n selection. 

The user is given tl1e option of choosing one of tlu·ee defined sub-progra1ns. 

1: Dispense 10 1nl at 100 1nl/lu· (Phase 4) 
2: Dispense 10 1nl at 500 1nl/lu· (Phase 7) 

3: Dispense 10 1nl at 750 1nl/lu· (Phase 10) 

Aft.er selecting the sub-progra1n and pressing 'Sta1t', tl1e Ptunping progra1n continues execution at  tl1e 

selected sub-progra1n. Aft.er tl1e 10 1nl dispense, each sub-progra1nju1nps or continues vvitl1 tl1e loop 

counter function (Phase 12). The first 4 loops continues Progra1n Execution vvitl1 tl1e ne},.1, user sub

progra1n selection. Aft.er tl1e 5tl1 loop, tl1e progra1n continues vvitl1 Phase 13, vvhichju1nps back to tl1e 

syringe refill function and sta1ts the vvhole progra1n over. 

Phase FllllCtiOil Rate Vobune Directioil 

1 RAIB 1500 .  0 1nl/lu· 50 1nl vVitl1ckavv 

Phase FllllCtiOil 

2 LP:ST 

Pllase F1nlctio1l 

3 PR:IN

Phase FllllCtiOil 

4 PR:01 

Phase FllllCtiOil Rate Vobune Directioil 
-

:, RAIB 100 .  0 1nl/lu· 10 1nl Infuse 

Pllase F1nlctio1l 

6 JP:12 
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Pllase Ftnlctio1l 

7 PR:02 

Phase Ftnlctio1l Rate Vobune Directioil 

8 RAIB 500. 0 1nl/lu· 10 1nl Infuse 

Phase Ftnlctio1l 

9 JP:12 

Pllase Ftnlctio1l 

10 PR:03 

Phase Ftnlctio1l Rate Vobune Directioil 

11 RAIB 7 50. 0 1nl/lu· 10 1nl Infuse 

Phase Ftnlctio1l 

12 LP:05 

Pllase Ftnlctio1l 

13 JP:01 

9.4.8 Exam1)le 8: Dis()ensing ,vith Com()lex Synchronization 

Infuse unti I
Q) Event Trigger
f/) 

� 
n,,_ 

TTL High TTL Low 

TTL Program Ouput 

s: 

Event Trigger

Restart on Event Trigger

or 10 seconds 

Repeat if 

Program Input 

low 

� 

01 

� � 

I 10 10 
I 

Event Trigger

This exa1nple de1nonstrates a co1nplex interaction vvitl1 e)s.i.e11lal equip1nent, such as synclu·onizing vvitl1 

anotl1er syringe p111np. The Progra1n includes a variety of interactions vvitl1 e)s.i.e11lal equip1nent, vvhich 

de1nonstrates tl1e various control possibilities of tl1e BS-8000/9000. 

The P111nping Progra1n begins by canceling any previous event traps (PH:O 1) and raising tl1e 'Progra1n 

Output' TTL line (PH:02). Aft.er 5.0 1nl has been dispensed a t  800 1nl/lu· (PH:03), tl1e 'Progra1n Output' 

TTL line is lovvered (PH:04), sending a synclu·onization signal to anotl1er device. 

The p111np tl1en continues to p111np at 800 1nl/lu· (PH:06) until a synclu·onization signal is received at the 

'Event Trigger' TTL input, causing tl1e Progra1n to  ju1np to Phase 7 (PH:05). 

The p111np tl1en vvitl1ckavvs 0.25 1nl (PH:07), pauses for 1 second (PH:08), tl1en repeats tl1is process if tl1e 

Progra1n Input TTL line is lovv (PH:09), otl1e1,vise it continues vvitl1 tl1e next Phase. 

NeAi., tl1e p111np pauses for 10 seconds (PH: 10). Then it pauses again for tl1e lesser of anotl1er 10 seconds 

(PH:12) or until an Event Trigger occurs (PH:11). The Progra1n tl1en resta1ts (PH:13). 
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Pllase F1nlctio1l 

1 ET:RS

Phase FllllCtiOil 

2 our.1 

Phase FllllCtiOil Rate Vobune Directioil 

3 RATE 800. 0 1nl/lu· 5.0 1nl Infuse 

Pllase F1nlctio1l 

4 our.o 

Phase FllllCtiOil 
-

:, ET:07 

Phase FllllCtiOil Rate Vobune Directioil 

6 RATE 800. 0 1nl/lu· 0 .0 1nl (OFF) Infuse 

Pllase F1nlctio1l Rate Vobune Directioil 

7 RATE 1000. 0 1nl/lu· 0 .25 1nl vVitl1ckavv 

Phase FllllCtiOil 

8 PS:01 

Phase FllllCtiOil 

9 IF:07 

Pllase F1nlctio1l 

10 PS:10 

Phase FllllCtiOil 

11 ET:01 

Phase FllllCtiOil 

12 PS:10 

Pllase F1nlctio1l 

13 JP:01 
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10. RS-232 Communications

The BS-8000/9000 Syringe Ptunp can co1rununicate vvitl1 any co1nputer or device 
vvitl1 an RS-232 co1rununications po1t. 

10.1 Connection and Networking 

l!!.b��dell On tl1e rear of tl1e ptunp are 2 square RT-11 ("phone jack" style) sockets. C'.onnect the RS-232 
cable into tl1e socket labeled "To C'.01nputer". C'.onnect tl1e otl1er end to tl1e serial po1t on tl1e co1nputer, or 
otl1er control device. Tu111 povver off to tl1e ptunp and tl1e co1nputer before connecting cables. 

If tl1e ptunp is pa1t of a ptunp netvvork, connect a ptunp netvvork cable betvveen tl1e socket labeled "To 
Netvvork", on tl1e first ptunp, and tl1e socket labeled "To C'.01nputer" on tl1e next ptunp in tl1e netvvork. 
Repeat for each ptunp in tl1e netvvork, connecting tl1e "To Netvvork" socket of one ptunp to tl1e "To 
C'.01nputer" socket on tl1e next ptunp in tl1e netvvork. Up to 100 ptunps can be netvvorked togetl1er vvitl1 a 
co1nputer. See section 11, Logic Interface: TTL Input and Output, for a diagra1n of tl1e rear of tl1e ptunp. 
vVhen co1rununicating vvitl1 a ptunp in a 1nulti-pt11np netvvork, each preceding ptunp in tl1e netvvork 1nust 
be povvered on. 

Each ptunp in tl1e netvvork needs a unique netvvork adch'ess to identify tl1e ptunp to tl1e co1nputer. Netvvork 
adch'esses are fi:01n 00 to 99. If tl1e netvvork consists of only 1 ptunp, set tl1e ptunp 's adch'ess to 0. Also, 
each ptunp needs to be set to tl1e sa1ne baud rate as tl1e co1nputer. Use tl1e 'Setup' function on tl1e keypad 
to set tl1e netvvork adch'ess and tl1e baud rate. See section 6.12, 'Setup' . The '* ADR' co1runand can also 
be used to set tl1e netvvork adch'ess. 

The suppo1ted baud rates are 300, 1200, 2400, 9600, and 19200. The trade-off on baud rates is 
co1rununications speed versus noise i1rununity. For 1nost environ1nents, 19200 vvould be acceptable. But 
in environ1nents tl1at are electrically noisy ancl/or over long cables, tl1e co1rununications signal 1nay 
degrade or be dis111pted, causing co1rununications e11·ors. In tl1ese situations, a lovver baud rate 1nay 
i1nprove tl1e reliability of tl1e co1rununications. 

10.2 RS-232 Protocol: 

vVhen tl1e ptunp is used in a 1nulti-pt11np netvvork configuration, precede each co1runand vvitl1 a ptunp 
adch'ess. Ptunps vvill ignore all co1runands tl1at do not have tl1eir defined netvvork adch'ess. If the netvvork 
adch'ess is not specified in tl1e co1runand, tl1e adch'ess vvill default to 0 . 

Aft.er a co1runand is sent to tl1e ptunp, tl1e ptunp vvill not accept any ft11tl1er co1rununications until tl1e 
cun·ent co1runand has been processed. C'.01npletion of tl1e co1runand processing is indicated vvhen tl1e first 
byte of tl1e response packet is trans1nitted. vVhile tl1e user is changing data or configurations fi:01n tl1e 
keypad, co1runand processing is delayed. 

A triangle appears in the upper lefl co111er of tl1e LC'.D display aft.er tl1e ptunp has received valid 
co1rununications. This triangle re1nains in tl1e display until tl1e ptunp is povvered off or until 'Setup 
C'.onfiguration' is entered. 

C'.01rununications to and fi:01n tl1e ptunp use the follovving data fi:a1ne: 

S11J)J)o1ted R S -232 Dat.a Fra1nes 

Baud rates: 19200, 9600, 2400, 1200, or 300 
Fraine: 10 bit data fi:a1ne (8Nl ): 

Sta1t bit: 1 
Data bits: 8 
Stop bits: 1 
Parity:None 

Every co1runand received by a ptunp in tl1e netvvork is acknovvledged by tl1e ptunp vvitl1 a response packet 
tl1at includes a status character indicating the cu11·ent operational state of tl1e ptunp. 
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Tvvo packet protocols are suppo1ted, Basic and Safe. The enabled co1rununications protocol is stored in 
non-volatile 1ne1no1y, and tl1erefore vvill be in afiect at povver up. Safe l\llode provides a safer 
co1rununications protocol tl1an Basic l\llode. Safe l\llode detects co1111pted data and loss of co1rununication, 
as vvell as auto1natically trans1nitting status packets vvhen an ala11n occurs. 

C'.onsidering tl1at tl1e 19200 baud rate co1rununicates at  52 µs per bit, a s1nall glitch on tl1e RS-232 cable, 
flipping a single bit, can conve1t a trans1nitted infusion rate of 100 1nl/l11· into 900 1nl/l11·, tl1e need for tl1e 
Safe l\llode in a production enviro111nent is evident. Hovvever, Basic l\llode is excellent for si1nplifying 
early develop1nent of a control progra1n. 

vVhile in tl1e Basic l\llode, tl1e ptunp vvill accept eitl1er co1rununications protocol, Basic or Safe. Though 
tl1e response packet vvill be in the cun·ent co1rununications 1node. This allovvs a co1nputer's 
co1rununication's ch'iver to be designed vvitl1just one 1node. A Safe l\llode co1rununications ch'iver can 
send a 'SAF' co1runand to tl1e ptunp in tl1e Safe l\llode protocol vvhile tl1e ptunp is in Basic l\llode. The 
response to tl1e 'SAF' co1runand, enabling Safe l\llode, vvill tl1en be in the Safe l\llode protocol. 

10.2.1 RS-232 General Syntax Legen<l 

The follovving syntax expansion legend is co1runon to all syntax expansions: 
Except vvhere indicated, all co1runand and response characters are ASC'.11 data. 

<float> > <f> [ <float>] 

<vohune units> > UL 
l\lIL 

<TTL level> > 1 

<on-oil> > 

0 

1 

0 

<phase data> > <n> [ <n>] 

<count data> > <n> [ <n>] 

<nu1nber data> > <n> [ <n>] 

<text> > "any printable character" [<text>] 

<t> > { <n> I . }

<n> > { o I 1 I 2 I 3 14 I 5 I 6 I 7 I 8 I 9 }

<byte> > "one byte of any data" 

() 

> 

< >

[] 

{ } 
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Floating point nu1nber. l\1Iaxi1nu1n of 4 digits plus 1 
deci1nal point. l\1Iaxi1nu1n of 3 digits to tl1e right of 
tl1e deci1nal point. 

µl (1ni cro liters) 
1nl (1nilliliters) 

TTL high level 
TTL lovv level 

On, enabled 
Otl: disabled 

Progra1n Phase nu1nb er. Valid values: 1 to 41 

Valid values: 1 to 99 

Valid values: 0 to 99 

Floating point digits 

Digits 

One byte of data expressed as (Oxhh), vvhere 'hh' is 
tl1e data in hexadeci1nal. 

Is defined by. Syntax expands to neA't level of 
expansion. 

Non-te11ninal syntax expansion 

Optional syntax 

Required syntax 

Or. C'.hoose one of tl1e syntax options. 

None. Syntax expands to notl1ing (la1nbda 
production). 

Description of syntax expansion 
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10.2.2 RS-232 Protocol: Basic l\1o<le 

Co1mna1ul sy1ltax (to J)tun1)): 
<basic co1runand protocol> > <co1runand data> <C'.R> 

ReSJ)OllSe sy1ltax (fl'Olll J)llllll)}: 
<basic response protocol> > <STX> <response data> <ETX> 

In tl1e "Basic" co1rununications 1node, a 1naster-slave protocol is used, vvhereby tl1e p111np vvill only 
trans1nit in response to a received co1runand. 

vVhen tl1e p111np receives tl1e <basic co1runand protocol>, <co1runand data> vvill auto1natically be stripped 

of all space and control characters, and all te},,1, vvill be conve1ted to upper case. This si1npliiies 

co1rununications vvitl1 tl1e p111np vvhen co1runands are being 1nanually typed in fi:01n a generic te11ninal 

e1nulator. 

To retu11l tl1e p111np to Basic 1node vvhen in tl1e Safe 1node, send tl1e follovving packet to tl1e p111np: 

(Ox2) ( Ox8) SAFO (Ox55) (Ox43) (Ox3) 

10.2.3 RS-232 Protocol: Safe l\1o<le 

Co1mna1ul sy1ltax (to J)tun1)): 
<safe co1runand protocol> > <STX> <length> <co1runand data> <('.RC'. 16> <ETX> 

ReSJ)OllSe sy1ltax (fl'Olll J)llllll)}: 
<safe response protocol> > <STX> <length> <response data> <('.RC'. 16> <ETX> 

Safe 1node uses a 1nore sb11ctured protocol. including detection of co1111pted co1rununications, 

co1rununications ti1ne outs, and auto-ala11n responses. Safe 1node is enabled using tl1e 'SAF' co1runand 

vvhose para1neter setting is stored in the non-volatile 1ne1no1y. 

Safe 1node uses a 1nodified 1naster-slave protocol, vvhereby tl1e p111np trans1nits in response to a received 

co1runand. But, tl1e p111np also auto1natically trans1nits a status packet vvhen an ala11n condition occurs. 

(;01111pted co1rununications is detected using tl1e 16 bit (;(;ITT (;R(; algoritlun co1nputed over 

<trans1nitted data>. Packets trans1nitted and received include tl1e (;R(; vvitl1in the packets. 

The para1neter sent vvitl1 tl1e "SAF" co1runand is tl1e co1rununications ti1ne out. This ti1ne out, in seconds, 

is tl1e ti1ne betvveen tl1e reception by tl1e p111np of consecutive valid co1rununications packets. Each ti1ne a 

valid co1rununications packet is received, tl1e ti1ne out is reset. If tl1e ti1ne out elapses, a p111np alar1n vvill 
-1 -1 -1 

occur, stopping tl1e p111np and the Ptunping Progra1n. The p111np vvill display i- i: :i i: , and tl1e buzzer

vvill sound, if ala11ns are enabled, ale1ting tl1e user. The co1rununications ti1ne out ti1ner vvill not resta1t 

until tl1e next reception of a valid packet. 

In addition, tl1ere is a 0.5 second packet inter-byte ti1ne out. vVhile receiving a co1rununications packet, 

and before its co1nplete reception, if a delay of 0.5 seconds occurs betvveen bytes, tl1e inco1nplete packet 

vvill be discarded. 

vVitl1 tl1e Auto-Ala11n feature, vvhenever a p111np ala11n occurs, such as a p111np stall, a response packet vvitl1 

tl1e ala11n status info11nation vvill auto1natically be trans1nitted. 

Until tl1e Safe l\llode is disabled, each ti1ne povver is applied to tl1e p111np, the p111np defaults to tl1e Safe 

1node of co1rununications, but tl1e co1rununications ti1ne out ti1ner vvill not be enabled until tl1e first 

reception of a valid packet. 

Altl1ough tl1e co1rununications ti1ne out ti1ner is not enabled, tl1e Auto-Ala11n feature vvill be enabled. 

Therefore, tl1e p111np vvill be in an Auto-Ala11n only co1rununications 1node. 

vVhen povver is applied to tl1e p111np, or if tl1e syste1n should reset, a syste1n reset ala11n occurs. The Auto

Ala11n feature, tl1erefore, ale1ts tl1e host co1nputer tl1at a p111np reset has occu11·ed. 

Also, vvhen tl1e user changes tl1e baud rate, tl1e co1rununications ti1ne out ti1ner is disabled until tl1e next 

valid co1rununications packet. 
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10.2.4 RS-232 Protocol: Basic an<l Safe l\1o<le Common Syntax 

<trans1nitted data> > { <co1runand data> I <response data> } 

<co1runand data> > [ <adckess>] [ <co1runand>] 

<response data> > <adckess> <status> [<data>] 

<status> > { <pro1npt> I <ala11n> } 

<pro1npt> > 
I 
vV 
s 

p 
T 
u 

<ala11n> > A ? <ala11n type> 

<ala11n type> > 
R 
s 

T 
E 
0 

<adckess> > <n> [ <n> ] 

<data> > <text> 

<C'.R> > (OA'DD) 

<STX> > (Ox02) 

<ETX> > (Ox03) 

Infusing 
vVitl1ckavving 

To ptunp 

Fro1n pt11np 

Operational state of ptunp 

Ptunping Progra1n Stopped 
Ptunping Progra1n Paused 
Pause Phase 
Operational trigger vvait (user vvait) 

Ala11n 

Ptunp vvas reset (I)ovver vvas inte1111pted) 
Ptunp 1notor stalled 
Safe 1node co1rununications ti1ne out 
Ptunping Progra1n e11·or 
Ptunping Progra1n Phase is out of range 

Ptunp netvvork adckess, 0 to 99 

Response to co1runand 

C'.a1Tiage retu111 

<C'.RC'. 16> > <byte> <byte> 16 bit (;('.ITT <;R<; of <trans1nitted data> (high byte, 
lovv byte) 

<length> > <byte> Ntunber of bytes re1naining in packet, including tl1is 
byte 

10.3 Command Errors and Alarms 

If a co1runand received by tl1e ptunp is not recognized or tl1e data is invalid, an e11·or 1nessage vvill be in tl1e 
<data> field of tl1e response packet follovving tl1e <pro1npt> field, The follovving are tl1e e11·or responses: 

<co1runand e11·or> > ? <e11·or> 

"A 
NA 
OOR 
<;Ol\lI 
IGN 

(;01runand is not recognized ('?' only) 
(;01runand is not cu11·ently applicable 
(;01runand data is out of range 
Invalid co1rununications packet received 
(;01runand ignored due to a si1nultaneous nevv Phase sta1t 

vVhen an ala11n occurs, the ala11n 1nust be acknovvledged before any data is changed or tl1e ptunp is sta1tect 
Ala11ns are acknovvledged by tl1e user clearing tl1e ala11n 1nessage on tl1e keypad, or tl1e ala11n status being 
sent in response to any valid RS-232 co1runand, An ala11n 1nessage sent auto1natically in tl1e Safe l\liode 
vvill not clear tl1e ala11n condition, This is to verify tl1at tl1e ala11n 1nessage vvas sent to a receptive host, 
such as aft.er a povver failure vvhen botl1 the co1nputer and tl1e ptunp vvere reset In tl1is case, the ptunp vvill 
1nost likely send its reset ala11n 1nessage before tl1e co1nputer has finished booting. 

10.4 RS-232 Command Set 

All data changed fi:0111 RS-232 is stored in tl1e non-volatile 1ne1nory, except for changes to tl1e ptunping 
rate vvhile ptunping, All "Progra1n Phase Data" refers to tl1e cu11·ently selected Progra1n Phase, Use tl1e 
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Phase select co1runand ('PHN') to que1y or select tl1e cun·ent Phase, A Phase consists of tl1e ptunping rate, 

'Vohune to be Dispensed', and tl1e ptunping direction, 

A packet vvitl1out a co1runand is inte11>reted as a status query, The adch'essed ptunp responds vvitl1 a status 
only response packet 

Except vvhere noted, a co1runand vvitl1out any para1neters is a query co1runand, The response packet data 

vvill include tl1e requested data, In general, tl1e query response data vvill be in tl1e sa1ne fo11nat as tl1e 

para1neters for setting tl1e co1runand, For exa1nple, tl1e query dia1neter co1runand 'DIA' vvill respond vvitl1 

'<float>' as tl1e response '<data>', 

Otl1e1,vise, tl1e co1runand is a set co1runand, If tl1e data vvas set, a status only response packet vvill be sent 

If tl1e data vvas not set, tl1e response packet vvill include an e11·or (<co1runand e11·or>) 1nessage indicating 

vvhy tl1e data vvas not set 

All co1runands are upper case, 

<co1runand> > 

DIAl\tIETER 

DIA [<float>] 

Set/query inside dia1neter of syringe, Set is only valid vvhen tl1e Ptunping Progra1n is not 

operating. Setting tl1e syringe dia1neter also sets tl1e units for "Vohune to be Dispensed" and 

"Vohune Dispensed", 

10.4.1 Program Function Comman<ls 

The follovving co1runands are relevant to tl1e cu11·ently select Progra1n Phase, Note: During a Ptunping 

Progra1n's operation, tl1e cu11·ently selected Phase can change auto1natically, 

PHASE NUl\tIBER 

PHN [ <phase data> ] 

Set/query cu11·ently selected Progra1n Phase: 

Set: 

C'.u11·ently selected Phase is set to <phase data>, Previous Phase is stored in non-volatile 1ne1nory 

and the requested Phase is recalled fi:01n tl1e non-volatile 1ne1nory, Set is only valid if tl1e 

Ptunping Progra1n is not operating. 

Query response: 

<phase data> 

PUl\t.lPING PROGRAl\tl FUNCTION 

FUN [ <phase function>] 

C'.u11·ently selected Phase, 

Set/query tl1e Ptunping Progra1n Phase's function, 

This co1runand is relevant to tl1e cu11·ently selected Phase, Set is only valid if tl1e Ptunping 

Progra1n is not operating 

For a 1nore detailed description of Progra1n co1runands, see sec, 9,3, Progra1n Function 

Descriptions, 
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<phase function> > 

Rate Data Functions 

vVhen a Phase's function is set to a "Rate Data Function", use tl1e 'RAT', 'VOL', and 
'DIR' co1runands to setup tl1e ptunping para1neters. 

RAT 
INC'. 
DEC'. 

STP 

J]\lfP <phase data> 
LOP <count data> 
PRI 
PRL <count data> 
LPS 
LPE 
PAS <nu1nber data> 
PAS [n.n] 

IF <phase data> 
EVN <phase data> 
EVS <phase data> 
EVR 
BEP 
our <TTL level> 

PUl\t.lPING RA TE 

RAT [ <float> [ <rate units>] ] 

Set/query ptunping rate. 

<rate units> > Ul\tI 
1\1.IJ\II 

UH 
1\1.[H 

Ptunping rate. 'RATE' 
lncre1nent rate. 'INC'.R' 
Decre1nent rate. 'DEC'.R' 

Non-Rate Data Functions 

Stop ptunp. 'STOP' 
Ju1np to Progra1n Phase. 'JP :nn' 
Loop to previous loop sta1t 'nn' ti1nes. 'LP:nn' 
Progra1n Selection Input. 'Pr:ln' 
Progra1n Selection Label definition. 'Pr:nn' 
Loop sta1ting Phase. 'LP:ST' 
Loop end Phase. 'LP:EN' 
Pauses ptunping for 'nn' seconds. 'PS:nn' 
Pauses ptunping for 'n.n' seconds. 'PS:n.n' 
If Progra1n input TTL pin lovv,ju1np to Phase. 'IF:nn' 
Set event trigger trap. 'EV:nn' 
Set event square vvave trigger trap. 'ES:nn' 
Event trigger reset. 'EV:RS' 
Sound sho1t beep. 'BEEP' 
Set progra1n1nable output pin. 'OUf.n' 

= µl/1nin 
= 1nl/1nin 

= µ1/lu· 
= 1nl/lu· 

Applicable only vvitl1 "Rate Data Functions". 

vVhen setting tl1e ptunping rate, if the cu11·ent Phase's function is not 'RATE', then <rate units> is 
not applicable. 

vVhile ptunping, tl1e ptunping rate can only be set if tl1e cun·ent Phase function is 'RATE' and tl1e 
next Progra1n Phase's function to be executed is not 'INC'.R' or 'DEC'.R'. Also, vvhile ptunping, 
<rate units> can not be set. 

The nevv ptunping rate vvill only be stored in non-volatile 1ne1nory if tl1e Ptunping Progra1n is not 
operating. 

vVhen tl1e ptunping rate is queried vvhile ptunping, tl1e response vvill be tl1e cu11·ent ptunping rate 
and units. Otl1e1,vise, tl1e response vvill be tl1e rate setting and units, if applicable. vVitl1 tl1e 
'INC'.R' and 'DEC'.R' functions, tl1ese tvvo responses are not tl1e sa1ne. 

VOLU1\1E TO BE DISPENSED 

VOL [<float>] 

Set/query vohune to be dispensed. Applicable only vvitl1 "Rate Data Functions". ('.an only be set 
vvhen the Ptunping Progra1n is not operating. The vohune units are set according to tl1e cun·ent 
syringe dia1neter setting. 

Que1y response: 

<float> <vohune units> 
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PUl\t.lPING DIRECTION 

DIR [ INF I vVDR I REV] 

Set/query ptunping direction 

INF =Infuse 

vVDR = vVitl1ch'avv 

REV = Reverse ptunping direction 

Applicable vvitl1 all Progra1n Phase functions. C'.annot be set vvhen tl1e Ptunping Progra1n is 

operating and tl1e "Vohune to be Dispensed" is non-zero. 

The ptunping direction cannot be changed if an ala11n condition exists. 

Que1y response: 

{ INF I vVDR} 

10. 4. 2 Pln11p Operatior1al Cor11111a11ds

START PUl\t.IPING PROGRAl\tl 

RUN [ <phase data>] 

Sta1ts tl1e Ptunping Progra1n operation. 

If tl1e Ptunping Progra1n vvas paused, tl1en tl1e Ptunping Progra1n resu1nes at tl1e point vvhere it 

vvas stopped . Otl1e1,vise, tl1e Ptunping Progra1n sta1ts fi:01n Phase 1. 

If a phase ntunber is specified, tl1en tl1e Ptunping Progra1n vvill sta1t at tl1e specified Phase 

ntunber. 

The ptunp cannot be sta1ted if an ala11n condition exists. 

STOP PUl\tlPING PROGRAl\tl 

STP 

If tl1e Ptunping Progra1n is operating, the ptunp vvill be stopped and tl1e Ptunping Progra1n vvill be 

paused. 

If tl1e Ptunping Progra1n is paused, tl1e stop co1runand vvill cancel tl1e pause and reset tl1e 

Ptunping Progra1n. 

VOLUl\tlE DISPENSED 

DIS 

Queries vohune dispense only. Set not applicable. 

Response: 

I <float> vV <float> <vohune units> 

vVhere: "I <float>" refers to tl1e infusion vohune dispensed, and "vV <float>" refers to tl1e 

vvitl1ch'avV11 vohune. 

CLEAR VOLUl\tlE DISPENSED 

C'.LD { INF I vVDR } 

Sets tl1e Infused or vvitl1ch'avV11 vohune dispensed to 0. C'.01runand is only valid vvhile tl1e Ptunping 

Progra1n is not operating. 

INF = Infusion vohune 

vVDR = vVitl1ch'avvn vohune 

Que1y is not applicable. 
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10.4.3 Configuration an<l Semi• Comman<ls 

Nevv settings for any of tl1e follovving coirunands vvill be stored in the non-volatile ineinoiy. 

SET PUl\t.IP NETvVORI( ADDRESS 

* ADR [ <adckess>]

Set/query ptunp netvvork adckess 

<adckess> > <n> [ <n>] 
<adckess> Valid range: 0 to 99 

This is a special systein coirunand that vvill be accepted by the ptunp regardless of its cun·ent 

adckess. Once set, tl1e ptunp vvill only respond to coirunands vvitl1 the set adckess. 

ENABLE SAFE COl\tll\tIUNICATIONS l\tIODE 

SAF [ <tiine out> ] 

Set/query Safe coirununications inode setting. 

<tiine out> > <n> [ <n> [ <n> ] ] 

<tiine out> Valid range: 0 to 255. 

if <tiine out>= 0 tl1en Basic coirununication inode is set, disabling Safe inode, 

If <tiine out> >  0 tl1en Safe coirununications inode is enabled. Ail.er tl1e reception of tl1is 

coirunand, valid coirununications inust be received every <tiine out> seconds. 

ALARl\tl SETIJP 

AL [ <on-oil> ] 

Set/query alarin setup inode. Set alai1n enables or disables alai1n buzzer inode. 

POvVER FAIL SETIJP 

PF [ <on-oil> ] 

Set/query Povver Failure inode. Set Povver Failure enables or disables Povver Failure inode. 

TTL 1/0 OPERATIONAL TRIGGER SETIJP 

TRG [ <trigger setup>] 

Set/Queiy TTL I/0 Operational Trigger input configuration. 

TTL I/0 Operational Trigger is set to <trigger setup>. 

<trigger setup> > FT 

LE 

ST 

= Foot svvitch trigger (falling edge) 

= TTL Level trigger (rising and falling edge) 

= Stait only trigger (falling edge) 

TTL 1/0 DIRECTIONAL CONTROL INPUT SETIJP 

DIN [ O I 1] 

Set/query directional control input setup 

Settings > 0 = Falling edge: Infuse, Rising edge vVitl1ckavv 

Saine as "ck:rE" setting fi:oin tl1e keypad. 

Use tl1is setting vvitl1 tl1e C'.BL-TTL-1, reciprocating ptunp cable, to create a 2 

ptunp continuous infusion systein 
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1 = Falling edge: vVitl1ckavv, Rising edge Infuse 

Saine as "ck:dU" setting fi:oin tl1e keypad. 

Use tl1is setting vvitl1 tl1e C'.BL-TTL-1, reciprocating ptunp cable, to create a 2 

ptunp dual ptunping systein 
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PUl\t.lP l\tIOTOR OPERATING TTL OUTPUT CONFIGURATION 

ROl\11 [<on-oil>] 

Set/query Ptunp l\llotor Operating TIL output configuration (T1L pin 7) 

Settings > 0 = Output is logic high only vvhen tl1e ptunp 1notor is operating (ptunping). 

1 = Output is logic high vvhen tl1e ptunp 1notor is operating (ptunping) or vvhen tl1e 
Ptunping Progra1n is executing a pause ti1ner. 

SET I(EYP AD LOCI(OUT 

LOC'. [ <on-oil> ] 

Set/query keypad lockout 1node. Set ke)1)ad lockout disables changing any settings fi:01n tl1e 
keypad unless tl1e "Lockout Disable I<.ey" is inse1ted. 

SET I(EY BEEP 

BP [ <on-oil> ] 

Set/query key beep 1node. Set key beep enables or disables key beep 1node. 

10.4.4 Ge11eral Cor1trol arid Stat11s Co111111ar1ds 

TTL 1/0 OUTPUT SETTING 

OUT <n> <TIL level> 

Sets TIL level on user definable output pin on tl1e 'TTL 1/0' connector. 

<n> Indicates pin ntunber on 'T1L 1/0' connector 

Valid value: 5 (Progra1n Output pin) 

Query is not applicable. 

TTL INPUT QUERY 

IN<n> 

Queries TIL level of pin on 'TTL 1/0' connector. Set is not applicable. 

<n> Indicates pin ntunber on 'T1L 1/0' connector 

Valid values: 2, 3, 4, and 6. 

Response: <TTL level> 

BUZZER 

BUZ [ 0 I { 1 [ < n > ] } ] 

Sets/ queries buzzer 

Set: 0 = Tu111 buzzer oil; 

1 = Tun1 buzzer on 
if<n> specified 

If<n> = 0, buzzer beeps continuously, 
otl1ervvise buzzer beeps <n> ti1nes 

if<n> not specified, buzzer sounds continuously 

Que1y response: { 011 } 
0 = Buzzer oil 
1 = Buzzer is on continuously or beeping. 
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FIRl\tlvVARE VERSION QUERY 

VER 

Response: NE<1nodel> V <n> . <n> 

vvhere '<n>.<n>' is cu11·ent fi11nvvare version nu1nber. 

Set is not applicable. 

10.5 Getting Started With RS-232 

Before beginning to develop ptunp control softvvare for a co1nputer, first setup and experi1nent vvitl1 tl1e 

ptunp 's co1rununication. Aft.er attaching tl1e ptunp to tl1e co1nputer, 111n a te11ninal e1nulation Progra1n on 

tl1e co1nputer. A generic te11ninal e1nulator, supplied as standard soflvvare vvitl1 1nany co1nputers, can be 

used to co1rununicate vvitl1 tl1e ptunp in the Basic co1rununications 1node. 

Nevv Era Ptunp Syste1ns supplies a te11ninal e1nulator, for de1nonstration pu11)oses only, vvhich allovvs 

1nore co1nplex control of tl1e ptunp. Also, tl1is te11ninal e1nulator contains a "Ptunp Progra1runing 

Language" (PPLTr.1), vvhich allovvs Ptunping Progra1ns to be developed using sy 1nbolic teAi, 1nodified, and 

stored in co1nputer files, tl1en dovvnloaded to tl1e ptunp. 

vVitl1 a generic te11ninal e1nulator, setup tl1e te11ninal e1nulator vvitl1 tl1e sa1ne baud rate as the ptunp and 

vvitl1 an 8 bit data, no parity, and 1 stop bit (8Nl) data fi:a1ne. Set tl1e co1rununications po1t to tl1e po1t tl1at 

is attached to tl1e ptunp. Also enable local echo (half-duplex) and tun1 flovv control oil� 

Fro1n tl1e te11ninal e1nulator, you can interactively control tl1e ptunp by t)1)ing in co1runands on your 

co1nputer and seeing tl1e ptunp 's responses on your screen. This vvill give you a feel for hovv tl1e 

co1runands vvork in addition to allovving you to quickly develop tl1e control sequence that vvill eventually 

be coded into tl1e soflvvare being developed. 

The final benefit of using a te11ninal e1nulator is tl1e eli1nination of several variables if tl1e control soflvvare 

does not vvork properly. If tl1e ptunp vvorks co11·ectly vvitl1 tl1e te11ninal e1nulator, tl1en tl1is verifies tl1at tl1e 

hardvvare is vvorking properly and vvill vvork vvitl1 any soflvvare. Any co1rununications proble1ns can tl1en 

be na11·ovved dovVIl to tl1e control soflvvare. 
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11. Logic Interface: TTL Input and Output
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Figure 2: Rear of Pump 

On tl1e rear of tl1e ptunp is a DB-9 connector, belovv tl1e 'T1L-I/O' label, vvhich is used for TTL 1/0. The 
logic signals on tl1is connector per1nit bi-directional control vvitl1 exte111al equip1nent. 

C'.ontrol input T1L logic levels 1nust be held steady for a n1ini1nu1n of 100 ins to be recognized. To 
1nini1nize tl1e possibility of false signals caused by glitches and ringing, vvhich could be caused by tl1e 
closure of 1nechanical svvitches, T1L control inputs are soflvvare filtered. vVitl1 a sa1npling period of 50 
ins, glitches of less tl1en 100 ins are filtered out. 

Edge detection requires tl1e detection of a change in TTL levels. vVitl1 a 1nini1nu1n of 100 ins to detect a 
level, an  edge requires a n1ini1nu1n of 200 ins to be detected. Since tl1e next level change can be detected 
in 100 ins, creating anotl1er edge, the 1naxi1nu1n edge to edge fi:equency is 10 Hz. 

Edge changes to tl1e 'Ptunping Direction' and 'Operational Trigger' inputs 1nust occur at least 50 ins apa1t. 

Falling edge refers to a logic high to logic lovv transition. Rising edge refers to a logic lovv to a logic high 
transition. To guarantee recognition of logic levels, voltages on tl1e input lines 1nust be vvitl1in tl1e 
follovving ranges: 

TTL logic lovv (0): 
logic high (1): 

The Vee and Ground pins, pins 1 and 9, are for logic reference only. To assure proper voltage levels, tl1e 
Ground pin should alvvays be connected to tl1e signal ground of a sensing or controlling device tl1at is 
attached to any otl1er pin on tl1e TTL 1/0 connector. The V cc pin should not be used to source cun·ent. 
The TTL 1/0 pins are defined as follovvs: 
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Pin # Defulition 

1 Vee (5V) Reference Logic high reference. Po,ver on indicator. 
- -

Configurable sta1t/stop operational trigger input. 
2 Operational Trigger Input 

Foot S,vitch Falling edge: Sta1t or stop bigger 

3 P1unping Direction 

4 Event Tiiooer 
= 

5 Progra1n Output 

6 Progra1n Input 

7 P1unp Motor Operating 

8 P1unping Direction 

9 Gro1u1d (OV) 

Input 

Input 

Output 

Input 

Output 

Output 

Reference 

Level Falling edge: Stop bigger 
Rising edge: Sta1t b'igger 

Sta1t only Falling edge: Sta1t b'igger 

Changes p1unping direction according to setup 
[dr:rE] 

Falling edge: Infuse 
- -

Rising edge: Withcb·a,v 
- -

[cb·:dU) 
Withcb·a,v 

Infuse 

Event input or user definable input 

Progra1n conb·olled output or user definable output 

Progra1n conditional input or user definable input. 

Also used by tl1e keypad lockout function. 

[RUN.OJ High: P1unping; Lo,v: Not p1unping 

[RUN.I) High: P1unping or Pause funer 
Lo,v: Not p1unping 

High: Infuse; Lo,v: Withcb·a,v 

Logic lo,v reference 
-

11.1 TTL 1/0 Operational Controls 

vVhile tl1e user is changing settings or configuration fi:01n tl1e keypad, e},,i.e111al control by tl1e 'Ptunping 
Direction' and 'Operational Trigger' inputs ,,vill be ignored. These controls vvill also be ignored if an 
ala11n condition exis ts . 

O))e.-atio11al T.-igge.-(Pin 2): The input signal on tl1is pin controls tl1e operation of tl1e Ptunping 
Progra1n. Its functionality is user configurable. Use tl1e '1R:nn' Setup C'.onfiguration to configure tl1is 
input pin (See Section 08.3, TTL 1/0 Operational Trigger C'.onfiguration). 

Each option, Foot Svvitch, Level ('.ontrol, and Sta1t Only, define vvhen tl1e Operational Trigger input is 
activated. vVhen activated, the trigger e1nulates tl1e 'Start/Stop' key. 

Foot Switcl1: Operates like tl1e 'Start/Stop' key, vvhereby each falling edge ( contact to ground) eitl1er 

sta1ts or stops/pauses tl1e Ptunping Progra1n. 

Level Co11t.-ol: Falling edge stops/pauses tl1e Ptunping Progra1n, Rising edge sta1ts tl1e Ptunping 
Progra1n. This configuration can be used vvitl1 a contact closure ti1ner or in an 
auto1nation setup, allovving logic level control over tl1e operation of tl1e ptunp. 

St.a1t 011ly: Falling edge sta1ts tl1e Ptunping Progra1n. This configuration only allovvs tl1e sta1ting of 
tl1e Ptunping Progra1n. This vvould be useful, for exa1nple, vvitl1 a laboratory ani1nal 
trained to press a lever. The ani1nal can sta1t tl1e Ptunping Progra1n, but repeated presses 
vvould have no afiect until tl1e Ptunping Progra1n pe11nits it. 

Ptnn)) l\tloto.- O))el'ating (Pin 7): This output provides an external signal indicating vvhen tl1e ptunp 
_ I I _ 

1notor is operating. This pin is configured vvitl1 the I LI 1 1• setup co1runand, or tl1e "ROl\11" re1note
co1runand. vVhen set to 0, tl1e output is only at  logic high vvhen tl1e 1notor is operating (ptunping). vVhen 
set to 1, tl1e output is logic high vvhen the 1notor is operating or vvhen tl1e Ptunping progra1n is executing a 
pause ti1ner. Othe1,vise, the output is a logic lovv. 
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PtnnJ)iilg Di.-ectioil Co1ltl'ols (hun1t: Pin 3: Out1n1t: Pill 8): Allovvs bi-directional control of tl1e 

ptunping direction. The input pin, vvhen activated, e1nulates tl1e ptunping direction key, changing the 

ptunping direction. This function, tl1erefore, is only applicable vvhere tl1e ptunping direction key vvould be 

applicable. The function of tl1e input pin is configured vvitl1 tl1e i:I i-: aa setup co1runand, or tl1e "DIN" 

re1note co1runand. 

vVhen tl1e 1node is set to reciprocating ptunps ("RE" setup co1runand or "0" re1note), tl1en if tl1e cun·ent 

ptunping direction is vvitl1ch'avv, a falling edge sets tl1e direction to infuse. Iftl1e cu11·ent ptunping direction 

is infuse, a rising edge sets tl1e direction to vvitl1ch'avv, Othervvise, this input pin has no affect. 

vVhen tl1e 1node is set to dual ptunps (" dU" setup co1runand or "l" re1note), tl1en if tl1e cu11·ent ptunping 

direction is vvitl1ch'avv, a rising edge sets tl1e direction to infuse. Iftl1e cu11·ent ptunping direction is infuse, 

a falling edge sets tl1e direction to vvitl1ch'avv, Otl1e1,vise, tl1is input pin has no affect. 

Dual and reciprocating ptunping syste1ns are created using 2 ptunps attached vvitl1 the accessory cable 

C'.BL-TTL-1, 

The output pin provides an output signal to e},,i.e11lal devices indicating tl1e direction of ptunping. A logic 

lovv indicates vvitl1ch'avv, and a logic high indicates infuse. For exa1nple, tl1is pin can be used to control an 

exte11lal valve, allovving tl1e syringe to refill fi:01n a reservoir. 

11.2 TTL 110 Control from the Pumping Program 

Various Ptunping Progra1n functions can define hovv tl1e ptunp reacts to levels on the TTL I/0 connector 

or set output leve ls, These are sturunarized in  tl1e follovving table: 

Ptunpi1lg TTL 1/0 Co1ltl'ol Pin Pin# Actioil 

P.-og.-a1n 

FtUlCtiOil 

OUT,n Progra1n Output 5 Set logic level output to 'n' 

EV:nn Event Trigger 4 Falling edge triggers a ju1np to Phase 'nn' 

ES:nn Event Square vvave 4 Rising or falling edge triggers a ju1np to Phase 'nn' 

Triooer = 
IF:nn Progra1n Input 6 Lovv level causes aju1np to Phase 'nn' 

PS:00 Operational Trigger 2 Trigger activation resu1nes Progra1n operation 

11.3 TTL l/0 Control From RS-232 

The logic levels of pins 2, 3, 4, and 6 can be queried fi:01n an attached co1nputer using tl1e RS-232 'IN' 

co1runand. 

The output logic level of pin 5 can be set vvitl1 the RS-232 'OUT' co1runand. 
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12. Appendix

12.1 Syringe Diameters and Rate Limits 

Syringe Inside Maximum Minimum 
Size Diameter Rate Rate 

Manufacturer (cc) (mm) (ml/hr) (µ1/hr) 

B-D 1 4.699 53.07 0.73 

3 8.585 177.1 2.434 

5 11.99 345.5 4.748 

10 14.43 500.4 6. 87 6 

20 19.05 872.2 11.99 

30 21. 5 9 1120 15.4 

60 2 6. 5 9 1699 23.35 

Monoject 1 5.74 7 9 .18 1.088 

3 8. 941 192.1 2. 64 

6 12.7 387.6 5. 32 6

12 15.72 593.9 8.161 

20 20.12 972.9 13.37 

35 23.52 1329 18.27 

60 2 6. 64 1705 23.44 

Terumo 1 4.7 53.09 0.73 

3 8. 95 192.5 2. 64 6

5 13 406.1 5.581 

10 15.8 600 8.244 

20 20.15 975.8 13.41 

30 23.1 1282 17.63 

60 2 9. 7 2120 29.13 

Air-Tite 10 15.9 607.6 8. 34 9

20 20.25 985.5 13.55 

30 22.5 1216 16.72 

50 29 2021 27.78 

Syringe Inside Maximum Minimum 
Size Diameter Rate Rate 

(uL) (mm) (ul/hr) (µ1/hr) 

Hamilton 0.5 0.103 25.49 0.001 

Microliter 1 0.146 51. 23 0.001 

2 0.206 101.9 0.002 

5 0.326 255.4 0.004 

SGE 0.5 0.1 24.03 0.001 

1 0.15 54.07 0.001 
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12.2 RS-232 Command Summary 

<co1runand> > 
DIA [ < float >] 
PHN [ < phase data > ] 
FUN [< phase function >] 

< phase function > > 
RAT 
INC'. 
DEC'. 
STP 
J]\lfP <phase data> 
PRI 
PRL <count data> 
LOP <count data> 
LPS 
LPE 
PAS <nu1nber data> 
PAS [n.n] 

IF <phase data> 
EVN <phase data> 
EVS <phase data> 
EVR 
BEP 
our { o I 1} 

RAT [ <float> [ UJ\11 I 1\1.IJ\II I UH I 1\1.lH]] 
VOL [ <float>] 
DIR [ INF I vVDR I REV] 
RUN [ <phase data>] 
STP 
DIS 
C'.LD { INF I vVDR } 
SAF [ <n> [ <n> [ <n> ] ] ] 
AL [ <on-oil> ] 
PF [ <on-oil> ] 
TRG [ FT I LE I ST] 
DIN [ 0 I l] 
ROivI [O 11] 
LOC'. [ <on-oil> ] 
BP [ <on-oil> ] 
ours { o I 1} 
IN {2131416} 
BUZ [ 0 I { 1 [ < n > ] } ] 
VER 

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

Publication #1 200-01 

Syringe inside dia1neter

Progra1n Phase ntunber 

Progra1n Phase function 

Ptunping rate. 'RATE' 
Incre1nent rate. 'INC'.R' 
Decre1nent rate. 'DEC'.R' 
Stop ptunp. 'STOP' 
Ju1np to Progra1n Phase. 'JP :nn' 
Progra1n Selection Input. 'Pr:In' 
Progra1n Selection Label definition. 'Pr:nn' 
Loop to previous loop sta1t 'nn' ti1nes. 'LP:nn' 
Loop sta1ting Phase. 'LP:ST' 
Loop end Phase. 'LP:EN' 
Pauses ptunping for 'nn' seconds. 'PS:nn' 
Pauses ptunping for 'n.n' seconds. 'PS:n.n' 
If Progra1n input lovv, ju1np to Progra1n Phase. 'IF:nn' 
Set event trigger. 'EV:nn' 
Set event square vvave trigger. 'ES:nn' 
Event trigger reset. 'EV:RS' 
Sound sho1t beep. 'BEEP' 
Set progra1n1nable output pin. 'Our.n' 
Ptunping rate 
Vohune to be Dispensed 
Ptunping direction 
Sta1ts tl1e Ptunping Progra1n 
Stop/pauses tl1e Ptunping Progra1n 
Query vohune dispensed 
C'.lear vohune dispensed 
Safe co1rununications 1node 
Ala11n 1node 
Povver failure 1node 
Operational trigger 1node 
Directional input control 1node 
Ptunp Ivlotor Operating TTL output 1node 
I(eypad lockout 1node 
I(ey beep 1node 
Set TTL output level 
Query TTL input level 
Buzzer control 
Query fi11nvvare version 

Netvvork adch'ess (syste1n co1runand, valid regardless of 
cu11·ent adch'ess) 
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12.3 RS-232 Pump Network Connector Wiring 

RS-232 

To Nehvork 

t,vork RCV fro1n Ile 

TXD to 11ehvo rk 

V 

l 

To Co1np11ter 

V 

l I

TXD to co1np11 t.er 

p11ter RCV fro1n COin 

25 Pin 

PC Com Port Connectors 

9Pin 

3 -Receive 

2 -Transmit 

9-Ground

12.4 Accessories 

2 -Receive 

3 -Transmit 

5 -Ground 

12.4.1 RS-232 Nenvork Cables 

RS-232 Net,vork Priina.-y Cable 
7 foot cable, pa1t #: 

25 foot cable, pa1t #: 

C'.BL-PC'.-PUJVlP-7 

C'.BL-PC'.-PUJVlP-25 

Connect to pump TXD 

Connect to pump RCV 

Connect to pump GND 

('.able to connect a ptunp, or tl1e first ptunp in a ptunp nel\,vork, to a standard personal co1nputer's serial 

po1t ,vitl1 a DB-9 or DB-25 connector. Included ,vitl1 tl1is cable is a 9 pin to 25 pin conve1ter. 

RS-232 Network Seco1ulary Cable 
7 foot cable, pa1t #: C'.BL-NET-7 

25 foot cable, pa1t #: C'.BL-NET-25 

('.able to connect additional ptunps, ail.er tl1e first ptunp, to tl1e ptunp net,vork. 

12.4.2 Automation Cable: Reci1•rocating/Dual Pum1•s Control Cable 

Pait#: C'.BL-TTL-1 

Using t,vo BS-8000/9000 syringe ptunps, tl1is cable eitl1er creates an auto1nated continuous operation 

ptunping syste1n, ,vhereby one ptunp is refilling ,vhile tl1e otl1er is dispensing, or creates a dual ptunping 

syste1n, ,vitl1 botl1 ptunps operating in tl1e sa1ne direction. 

This cable is attached to t,vo BS-8000/9000 syringe ptunps via tl1eir 'TTL 1/0' connectors. In tl1is setup, 
,vitl1 tl1e ptunps configured for tl1is operation, one ptunp ,vill infuse ,vhile the otl1er ptunp ,vitl1ch'a,vs. 

vVhen one ptunp changes direction tl1e otl1er ptunp changes direction. vVhen one ptunp sta1ts, the otl1er 

ptunp sta1ts. vVhen one ptunp stops, for any reason, tl1e otl1er ptunp stops. 

vVitl1 tl1is cable, tl1e ptunps can also be setup as a dual ptunp syste1n. In tl1is configuration, botl1 ptunps 

,vill operate in tl1e sa1ne direction and sta1t and stop togetl1er. 
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12.4.3 Valve Controller 

Pait# ADPT-VALVE-INIBRFAC'.E-1 (Forone ptunp) 

Pait# ADPT-VALVE-INIBRFAC'.E-2 (For tvvo ptunps, includes C'.BL-TTL-1) 

Provides a control interface for your electronic valves. Attach your electronic valves, and tl1e interface 

vvill control tl1e activation of tl1e valves. The 2 ptunp interface is used to create a continuous infusion/refill 

systein. 

12.4.4 Foot S,vitch 

Pait #: ADPT-2 

Allovvs tl1e ptunp to be operated fi:oin a foot svvitch. Attaches to tl1e TTL 1/0 connector. 

12.4.5 Lockout Disable Key 

Pait#: ADPT-LOC'.KOUT-I<EY 

Enables setting I(eypad Lockout inode and allovvs changing of settings vvhile I(eypad Lockout is set. 

12.4.6 Firm"\<vare U1•gra<le 

('.ontact your dealer to detei1nine the cui1·ent available version of tl1e ptunps intei11al fii1nvvare. 

12.5 Troubleshooting and Maintenance 

l\tlaiI1te11a11ce: Periodically, a sinall ainount of all-pui1)ose oil should be applied to tl1e guide rods. 

The inechanisin should be kept clean to prevent iinpeded operation. 

No otl1er special inaintenance or calibrations are needed 

R S -232 Co1mnunicatio11s: If no RS-232 coirununications is possible or garbled responses are received 
fi:oin tl1e ptunp, check tl1e follovving: 

If tl1e triangle appears in tl1e upper left of tl1e LC'.D display, tl1en tl1e ptunp is receiving valid 

coirununications. The coirununications problein is probably vvitl1 tl1e receiving coirununication application 

or vvitl1 tl1e receive line on the cable. 

If tl1e Basic coirununications inode is used, check if tl1e ptunp is in Safe coirununications inode. See 

section 10.2, RS-232 Protocol:, for insb11ctions on hovv to change tl1e coirununications inode. 

Verify tl1e ptunp 's baud rate and netvvork adckess. To set tl1e RS-232 coirununications paraineters, see 

section 6.12, 'Setup'. 

Using a lovver baud rate inay also iinprove tl1e reliability of tl1e RS-23 2 coirununications. 

Pusl1er block 1nakes a s11a1) or click sot11ul ,vl1e11 tl1e 1n11n1) is sta1ted: This is a noi1nal condition. 

vVhen tl1e pusher block is inanually inoved, tl1e ckive-nut inay not have been fully engaged on the ckive 

screvv. The sound heard is the ckive-nut engaging on the ckive screvv. 

Ptun1) does11't sto)) after disJ)e11siI1g a set voltune: The ptunp vvas previously setup vvitl1 a inultiple 

Phase Ptunping Prograin. To siinply dispense a fixed vohune at a fixed ptunping rate, tl1e second Prograin 

Phase inust be the 'Stop' function. See section 9.1, Hovv to Enter Ptunping Prograins, for insb11ctions on 

changing tl1e Ptunping Prograin. 
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12.6 Specifications 

12.6.1 l\1echanical �� Electrical 

Syringe sizes: 
Ntunber of syringes: 
l\llotor t)1>e: 
l\llotor steps per revolution: 
l\lli crostepp ing: 
Advance per step: 
l\llotor to ch'ive screvv ratio: 
Drive screvv pitch: 
DC'. connector: 
Voltage at DC'. connector: 
Alnperage: 
Povver supply type: 

Povver supply output rating: 
Di1nensions: 

vVeight: 
Allen vVrench 

12.6.2 01•erational 

l\1Iaxi1nu1n speed: 
l\1Iini1nu1n speed: 
l\1Iaxi1nu1n ptunping rate: 

l\1Iini1nu1n ptunping rate: 
l\1Iaxi1nu1n force: 
Ntunber of Progra1n Phases: 
RS-23 2 ptunp netvvork: 
RS-232 selectable baud rates: 
Syringe inside dia1neter range: 

12. 7 Custom Applications

Publication #1200-01 

Up to 60 cc 
1 
Step 1notor 
400 
1/ 8 to 1/2 depending on 1notor speed 
0.2126 ul\11 to 0.8504 ul\11 depending on 1notor speed 
15/28 
20 revolutions/" 
2.1 1run, center positive 
12VDC'. at  full load 
7 50 1nA at full load 
Unregulated linear exte111al vvall adapter, country and povver

source specific 
1 OV DC'. @ 1000 1nA 
8 3/4" x 5 3/4" x 4 1/2" High 
(22.86 ClllX 14.605 Clll x 11.43 c1n) 
3.6 lbs. (1.63 kg) 
3/32Hex 

5 .1005 c1n/1nin 
0.004205 c1n/lu· 
1699 1nl/lu· vvitl1 a B-D 60 cc syringe 

0. 73 µ1/lu· vvitl1 a B-D 1 cc syringe 
3 5 lbs. at  1nini1nu1n speed, 18 lbs. at 1naxi1nu1n speed 
41 
100 ptunps 1naxi1nu1n 
300,1200,2400,9600,19200 
0.100 to 50. 00 llllll

For specialized and OEl\11 applications, contact your dealer

or Braintree Scientific, Inc .. C'.usto1n 1nodifications can be 
1nade to tl1e 1nechanics or tl1e fi11nvvare. 
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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. 

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>] 

Linear Function Time 
Hour Minutes Seconds Tenths Seconds 

Phase ‘n’ Phase ‘n+1’ 

Phase ‘n+1’ 
Linear Function End Rate 

Phase ‘n’ 
Linear Function Start Rate 

Time 

R
a
t
e 
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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 Volume.  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 Volume 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>] 

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 Volume Function 

RATE Rate and Dispense Volume Function 

 FILL 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 

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

nn JP:01 Jump to phase number 

 LP:ST Loop start 

LP:EN Continuous loop end 

nn LP:01 Loop for a set number of iterations 

PR:IN Query user for sub-program number 

nn PR:01 Define start of sub-program 

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

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

nn ES:01 Set background event square input event trap to jump to Phase number 

nn 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 

n 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 

Rate 100 ml/hr 
Decrease 100 ml/hr 

Sub-Routine Calls  
 to Linear Ramp 

Rate 500 ml/hr 

Increase 200 ml/hr 

Repeat Program 
Rate 100 ml/hr 
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Phase Function Rate Volume Direction 
1 RATE 100 ml/hr 1.0 ml Infuse 

Phase Function Rate Time Direction 
2 INCR 200 00:10 Infuse 

Phase Function 
3 JP:08 

Phase Function Rate Volume Direction 
4 RATE 500 ml/hr 5.0 ml Infuse 

Phase Function Rate Time Direction 
5 DECR 100 00:10 Infuse 

Phase Function 
6 JP:08 

Phase Function 
7 JP:01 

Phase Function Rate Time Direction 
8 LINR 0 ml/hr 00:10 Infuse 

Phase Function Rate Time Direction 
9 LINR 1000 ml/hr 00:00 Infuse 

Phase Function Rate Time Direction 
10 LINR 1000 ml/hr 00:10 Infuse 

Phase Function Rate Time Direction 
11 LINR 0 ml/hr 00:00 Infuse 

Phase Function 
12 RET 

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 

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 

PHN 9 
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

Increase rate 200 ml/hr and 
continue infusing for 10 seconds 

Start Infusing at 100 ml/hr for 1 ml 

Call Linear Ramp Sub-Routine 

Decrease rate 100 ml/hr and 
continue infusing for 10 seconds 

Infuse at 500 ml/hr for 5 ml 

Call Linear Ramp Sub-Routine 

Repeat Program 

Return to Phase following calling 
Program function 

Linearly ramp the infusion rate 
from 1000 ml/hr to 0 ml/hr over 10 
minutes 

Linearly ramp the infusion rate 
from 0 ml/hr to 1000 ml/hr over 10 
minutes 

Linear Ramping Sub-Routine 
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5. 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. 

Mode 
Display in 

Setup 

‘X Firmware 
Version 

Only 
Description 

Dual Pumps dUAL Secondary pump duplicates the master pump 
Reciprocating Pumps / 
Continuous Infusion 

rECP
Continuous infusion  / auto-refill 

Alternating Pump Control 
ALtr 

Extra 
Features 

Second pump starts when first pump stops. 

Next Generation 
Continuous Infusion 

COnt  
Continuous infusion while minimizing flow rate 
pauses and drop outs when changing directions 

Constant Flow Rate 
Gradient 

GrAd  
Dual pumps inverse linear functions combine for a 
constant flow rate 

Next Generation Continuous Pumping Mode 

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

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. 

Syringe 
Volume 

Optional 
Prime 

Volume 

Optional Infusion 
Overlap Volume 

Infusion Pause and 
Wait Position 

Infusing pump 
changing direction, 
or reaching overlap 
volume, triggers 
paused pump to 
start infusing 
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Dual Pumps Inverse Gradient Pumping Mode 

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.0 

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

Alternating Pumps Mode (Enhanced Features) 

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. 

Time 

P
u

m
p

in
g 

R
at

e 

Pump 1 

Pump 2 

Pump 1 + Pump 2 = Constant Rate 

…RUN.O RUN.1 

Pump 2 

Pump 1 
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 Starts alternate pump after either a Pause function or when the program stops.

Set the TTL setup setting: RUN.0, (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. 

 Overlap start of alternate pump.

Pumping Program Function: OUT.0 
Immediately sends start to alternate pump when OUT.0 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. 

 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. 
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