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l.  INTRODUCTION

The Brookfield DV-I1+Pro Viscometer measures fluid viscosity at given shear rates. Viscosity is
a measure of afluid’s resistance to flow. You will find a detailed description of the science of
viscosity in the Brookfield publication “ More Solutionsto Sticky Problems” a copy of which was
included with your DV-I1+Pro.

TheDV-I1+Pro offersexceptional versatility inmodesof control allowing for traditional standalone
operation, automatic operation through programs downl oaded from the PC or with compl ete control
by PC using Brookfield Rheocalc32 Software.

» The DV-11+Pro can be used as a traditional Brookfield viscometer for collection of single
speed viscosity datathrough the easy to use keypad; just select the spindle and speed and read
the value from the display. (see section |1, Getting Started)

» The Brookfield DVLoader Software can be used to program the DV-11+Pro to control all
aspects of the test and data collection without the need for the operator to monitor the
instrument; just start the program and return to the printed test data (printer isoptional). (see
section 1V, DVL oader Softwar €)

» TheBrookfield Rheocal c32 Softwarewill perform all control and datacollection functions of
the DV-I11+Pro from the PC while a so providing a platform for advanced data collection and
analysis. (seesection 11.9, External Control)

In any of these modes of control, the DV-11+Pro will provide the best in viscosity measurement and
control.

The principal of operation of the DV-Il1+Pro isto drive aspindle (which isimmersed in the test
fluid) through a calibrated spring. The viscous drag of the fluid against the spindle is measured
by the spring deflection. Spring deflection is measured with arotary transducer. The measure-
ment range of aDV-11+Pro (in centipoise or milliPascal seconds) is determined by the rotational
speed of the spindle, the size and shape of the spindle, the container the spindleisrotating in, and
the full scale torque of the calibrated spring.

There are four basic spring torque series offered by Brookfield:

Spring Torque

Model dyne-cm milli Newton - m
LVDV-II1+Pro 673.7 0.0673
RVDV-l1+Pro 7,187.0 0.7187
HADV-I1+Pro 14,374.0 1.4374
HBDV-ll1+Pro 57,496.0 5.7496

The higher the torque calibration, the higher the measurement range. The measurement range for
each torque calibration may be found in Appendix B.

All unitsof measurement aredisplayed accordingto either the CGS system or the Sl system.

1. Viscosity appearsin units of centipoise (shown as*“cP”) or milliPascal-seconds (shown
as “mPaes’) on the DV-I1+Pro Viscometer display.

Shear Stress appearsin units of dynes/square centimeter (“D/cm?’) or Newtons/square
meter (“N/m?”).

Shear Rate appears in units of reciprocal seconds (“1/SEC”).

Torgue appears in units of dyne-centimeters or Newton-meters (shown as percent “ %"
in both cases) on the DV-I1+Pro Viscometer display.

AW

Note: To change CGSto Sl units on the display - see Section 111.2.2.
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Theequivalent unitsof measurementinthe Sl system arecal cul ated using thefollowing conversions:

Sl CGS
Viscosity: 1 mPars = 1cP
Shear Stress: 1 Newton/m? = 10 dyne/cny?
Torque: 1 Newton-m = 10’ dyne-cm

Referencesto viscosity throughout thismanual are donein CGSunits. The DV-I1+Pro Viscometer
provides equivalent information in Sl units.

.1 Components

Please check to be sure that you have received all components, and that thereis no damage. If you
are missing any parts, please notify Brookfield Engineering or your local Brookfield agent
immediately. Any shipping damage must be reported to the carrier.

Component Part Number Quantity

DV-II+Pro Viscometer varies 1

Model S Laboratory Stand MODEL S 1

Spindle Set with Case varies 1
LVDV-I1+Pro set of four spindles SSL or
RVDV-I1+Pro set of six spindles (#2 - #7) SSR or
HA/HBDV-11+Pro set of six spindles (#2 - #7) SSH

For Cone/Plate versions: a spindle wrench, one cone spindle and sample cup,
Part No. CPE-44Y replace the spindle set.

Power Cord 1
DVP-65 for 115 or
DVP-66 for 230
RTD Temperature Probe DVP-94Y
Guard Leg: 1
LVDV-II+Pro B-20Y
RVDV-II+Pro B-21Y
Carrying Case DVE-7Y 1
DVLOADER CD ROM DVLOADER 1
Cable (DV-11+Pro to computer) DVP-80 1
Operating Manual M/03-165 1
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.2 Utilities

Input Voltage: 115VACor 230 VAC

Input Frequency: 50/60 Hz

Power Consumption: 30 VA

Power Cord Color Code:

United States Outside United States

Hot (live) Black Brown

Neutral White Blue

Ground (earth) Green Green/Yellow
Main supply voltage fluctuations are not to exceed +10% of the nominal supply
voltage.

.3 Specifications

Speeds:
Standalone: Interleaved: LV/RV (18 speeds)
Sequential: LV/RV (18 speeds)
Custom: 54 speeds, user selectable

Externa (PC Control) .01 - 200 rpm

0.01 rpm increments from 0.01 to 0.99 rpm
0.1 rpm increments from 1.0 to 200 rpm

Note: Refer to Appendix F for detailed list of al speeds.

Weight: Gross Weight 23 lbs. 10.5 kg.
Net Weight 20 lbs. 9 kg.
Carton Volume 1.65 cu. ft. 0.05m3

Temperature sensing range: -100°C to 300°C (-148°F to 572°F)
Anaog Torque Output: 0-1Volt DC (0 - 100% Torque)
Analog Temperature Output:  0- 3.75 Volts DC (-100°C to +275°C)
RS232 Compatible Serial Port for use with an attached printer or PC.
Centronics Compatible Parallel Port for use with an attached printer.

Viscosity Accuracy: +1.0% of full scale range
Viscosity Repeatability: +0.2%
Temperature Accuracy: +1°C : -100°C to +149°C

+2°C : +150°C to +300°C

Operating Environment: 0°C to 40°C temperature range (32°F to 104°F)
20% - 80%R.H.: non-condensing atmosphere
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Electrical Certifications: CSA, CE

This product has been certified to the applicable CSA and ANSI/UL Standards, for usein
Canada and the U.S (cCSAus).

Installation Category 11, Polution Degree 2, Altitude 2000m (max).

1.4 Installation

Note: “1Q, OQ, PQ”, a guideline document for installation, operation and perfor-
mance validation for your DV-1I1+Pro digital viscometer can be downloaded
from our web site www.brookfieldengineering.com.

1) Assemblethe Model SLaboratory Stand (refer to assembly instructionsin Appendix H).

2) Put the viscometer on the stand.
3) Connect the RTD probe to the socket on the rear panel of the DV-I1+Pro.

4) TheViscometer must beleveled. Thelevel isadjusted using thetwo leveling screwsonthe
base. Adjust so that the bubblelevel ontop of the DV-I1+Proiscentered within thecircle.

| Note: Check level periodically during use. |

5) Remove the white shipping cap which secureslower coupling nut on Viscometer to pivot
cup.

6) Make surethat the AC power switch at the rear of the DV-11+Pro isin the OFF position.
Connect the power cord to the socket on the back panel of the instrument and plug it into
the appropriate AC line.

.r’i\‘n The AC input voltage and frequency must be within the appropriate range as shown on the
nameplate of the viscometer.

Note: The DV-II+Pro must be earth grounded to ensure against electronic failure!!

7) Turn the power switch to the ON position and allow to warm up for 10 minutes before
performing autozero.

8) For Cone/Plate models, refer to Appendix A.

9) If appropriate, connect interconnecting cable (DV P-80) to serial port for connectionof DV -
[1+Pro to PC or printer.

10) If appropriate, connect interconnecting cableto parallel port for connection of DV-I1+Pro
to printer.

11) If appropriate, connect interconnecting cable (DVP-96Y) to analog (serial) port for
connection of DV-11+Pro to chart recorder.
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I.5 Safety Symbols and Precautions

Safety Symbols
The following explains safety symbols which may be found in this operating manual .

/& Indicates hazardous voltages may be present.

.r’i‘*. Refer to the manual for specific warning or caution information to avoid personal injury
or damage to the instrument.

Precautions
.r’i\‘n If thisinstrument is used in a manner not specified by the manufacturer, the protection
provided by the instrument may be impaired.

A This instrument is not intended for use in a
= . - MOTOR
potentially hazardous environment. ONJOFF OPTIONS

ESCAPE

ri‘\. In case of emergency, turn off the instrument
and then disconnect theelectrical cord fromthe
wall outlet. —
SET SELECT
/1%, The user should ensure that the substances || SPEED SPINDLE
placed under test do not release poisonous,
toxic or flammable gases at the temperatures
which they are subjected to during the testing.

SELECT

DISPLAY

.6 Key Functions

Figure 1-1 shows the control keys on the face of the
DV-I1+Pro Viscometer. The following describes the
function of each key. Figurel-1

4 | uPARROW

Thiskey isused to scroll UP (in an increasing value direction) through the avail able speed,
spindle and Option menu tables.

W | DOWN ARROW

This key is used to scroll DOWN (in a decreasing value direction) through the available
speed, spindle and option menu tables.

MOTOR
ON/OFF

= MOTOR ON/OFF/ESCAPE

Turns the motor ON or OFF. ESCAPE exits the Options menu.
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SET
SPEED

SELECT
DISPLAY

ENTER

AUTO
RANGE

SELECT
SPINDLE

PRINT

——

OPTIONS

TAB ..‘

—

SET SPEED

CausestheDV-11+Proto beginrunning at the currently selected speed. Thisfunctionworks
only when the motor isON. Also used to select custom speeds when in the Custom Speed
option.

SELECT DISPLAY

Selects the data parameter to be displayed:

cP  Viscosity (cPor mPas)
SS  Shear Stress (dynes/'cm2 or Newtons/m?2)
SR Shear Rate (1/sec)

ENTER/AUTO RANGE

ENTER: Used to execute the currently flashing option.
AUTO RANGE:  Presents the maximum (100% torque) viscosity attainable using the
selected spindle at the current viscometer spindle speed.

SELECT SPINDLE

Initiates spindle selection on thefirst pressand then sel ectsthe currently scrolled-to spindle
when pressed a second time.

PRINT
Selects printing and non-printing modes when a printer is attached.

OPTIONS/TAB
OPTIONS: Presents the Options menu, flashing the last escaped option.
TAB: Toggles between selectable items when indicated, as shown in Figure 2.

Note: Symbol indicating the i
OPTIONS/TAB key

Figurel-2

Note: Inverted text (black background with white lettering) indicates that the

information is flashing on the viscometer display.
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[.7 Cleaning

.r’i‘\. Be sure to remove the spindle from the instrument prior to cleaning. Severe instru-
ment damage may result if the spindle is cleaned in place.

Instrument and Keypad: Cleanwith adry, non-abrasive cloth. Do not use solvents
or cleaners.

Immersed Components (spindles):  Spindles are made of stainless steel. Clean with a non-
abrasive cloth and solvent appropriate for sample mate-
rial.

Note: When cleaning, take care not to apply excessive force - it may bend the spindles.
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lI. GETTING STARTED

1.1 Autozero

Before readings may be taken, the Viscometer must be Autozeroed. Thisaction isperformed each
time the power switch isturned on. (Note: If cable DVP-80 is connected for printer or computer
communication seesection 11.9.) Thedisplay window ontheViscometer will guideyou through the
procedure as follows:

Turn the power switch (located on the rear panel) to the ON position. Thiswill result in the screen
display shownin Figurell-1indicating that the DV-11+Pro viscometer isin the standalone mode (is
not connected to a computer).

Figurell-1

After afew seconds, the following screen appears indicating the version of the operating firm-
ware (the built in program which controls the instrument) and atwo-digit alphanumeric code
which indicates the Model number (see Table D2 in Appendix D; the code tells the spring torque
rating or the viscosity measurement range of your viscometer). For most DV-I1+Pro Viscom-
eters, thisinformation will be either “LV”, “RV” or “HB”:

Figurell-2

No key pressisrequired at thispoint. After a short time, the display will clear and the following
will be displayed:

Figurell-3

After removing the spindle and pressing any key, the DV-I1+Pro beginsits Autozero. The screen
will flash "Autozeroing."

After approximately 15 seconds, the display showsthe screenin Figurell-4:

Figurell-4
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Pressing any key at this point resultsin the display of the DV-I1+Pro default screen:

Figurell-5

Thedisplay will vary depending upon the selection of temperature (°F or °C) and units of viscosity
(cP or mPaes).

1.2 “ Spindle Selection

LVDV-II+Pro Viscometersare provided with aset of four spindlesand anarrow guardieg; RVDV-
I1+ProViscometerscomewith aset of six spindlesand awider guardleg; HADV-11+Proand HBDV -
I1+Pro Viscometers come with a set of six spindles and no guardleg. (See Appendix E for more
information on the guardleg.)

The spindles are attached to the viscometer by screwing them onto the lower shaft. Note that the
spindleshavealeft-hand thread. Thelower shaft should besecured and dlightly liftedwith onehand
while screwing the spindle to the left. The face of the spindle nut and the matching surface on the
lower shaft should be smooth and clean to prevent eccentric rotation of the spindle. Spindlescan be
identified by the number on the side of the spindle coupling nut.

TheDV-11+Promust haveaSpindle Entry Codenumber to cal culate Viscosity, Shear Rateand Shear
Stress values. The DV-11+Pro memory contains parameters for all standard Brookfield spindles
including custom spindles and the two digit entry code for each spindle (the complete list of entry
codes may be found in Appendix D).

Note: The DV-II+Prowill remember the Spindle Entry Code which was in use when the
power was turned off.

Pressing the SELECT SPINDLE key will display the current selected spindle code instead of
temperature and cause the character Sto beginto blink . 1t will blink for about three seconds. If the
UP or DOWN ARROW keysarepressed (whileSisblinking) thetwo character spindlevaluetotheright
of theScharacter will beginto change(ineither anincreasing or decreasing direction depending upon
which ARROW key is pressed) for each press of the key. If the ARROW key is pressed and held, the
display will scroll through the spindle codes for as long as the ARROW key is depressed. When it
reachesthelastiteminthelist (either at thetop or bottom of thelist) the spindle code displayed will
“roll-over” to either thefirst or last spindle code and the scroll action will continue.

When the desired spindle code is displayed, release the ARROW key to halt further scrolling. Press
the SELECT SPINDLE key onceagain. Thiswill causethe S character to cease blinking and the new
spindle code will be accepted for use in viscometer calculations.

Note: You have approximately three seconds in which to press the SELECT SPINDLE
key before the blinking stops. If you fail to press the SELECT SPINDLE key
before the blinking stops you will have to repeat the above steps and re-select
the desired spindle.

The DV-11+Pro will begin to calculate using the new spindle parameters as soon as the SELECT
SPINDLE key is pressed the second time.
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Note: The number 99 spindle is for use with special spindles when using Brookfield’s
RHEOCALC32 computer program. Refer to the RHEOCALC32 operator manual
for further information on using “99” spindles.

The DV-11+Pro may also be programmed at Brookfield Engineering for “special” user spindles.
These “specia” spindles will appear on the spindle scroll list starting with designation “AA” and
continuing through “AZ”. Contact Brookfield Engineering regarding your needs for special
spindles.

1.3 Speed Selection, Setting, Running

Thereare54 speedsprogrammedintotheDV-11+Pro. ThesespeedscorrespondtothestandardLVT,
RVT, HAT and HBT dia models (18 possible speeds altogether) plus 36 additional speeds.

The DV-I1+Pro comeswith the Sequential Speed Set already selected (see Appendix F). The speed
set will start at speed 0.0. 1t will then scroll up through the LV speeds, pass through speed 0.0 again,
and then scroll up through the RV speeds, pass through speed 0.0 again and then repeat the above
sequence.

The DV-I1+Pro can aso be configured by the operator to interleave the LV and RV speeds. See
Section 111.2.3 on Setup for a description of how to install the Interleave Speed Set.

A completelist of speed sets and custom speedsisincluded in Appendix F. The DV-l1+Pro can be
programmed to select up to 19 of the 54 speedsfor use at any onetime. Speed 0.0 isthe 20th speed
and is automatically included. See Section I11. 2.3.2 on Setup for a description of how to install a
Custom Speed Set.

To select aViscometer speed first presseither the up or DOWN arrow keyswhich will causethe area
to the right of RPM to display the currently selected speed. Figure 11-6 shows the DV-II+Prois
operating at 6.0 RPM, and the current selected speed is 6.0 RPM.

Figurell-6

If the ARROW key is pressed just once and then rel eased, the characters“RPM” will blink for three
seconds, then will cease blinking resulting in no change to the speed entry.

Note: The speed selection process remembers the last value of scrolled-to speed so
that the next time you initiate a speed change (by pressing an ARROW key), the
DV-1I+Pro will begin its scroll display from the last entered value.

The last-scrolled-to speed does not necessarily have to be the same as the speed at which the DV -
I1+Proiscurrently running. Theuser may operate at agiven speed and pre-set the DV-I1+Proto the
next desired speed beforethat speed will beused. For example, if theDV-I1+Proiscurrently running
at 6.0 RPM and was previously scrolledto 12 RPM, asingle press of either ARROW key would result
in the Figure I1-7 screen display:
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Figurell-7

Pressing the SET SPEED key would cause the DV-11+Pro to begin running at 12 RPM.

If theuser did not pressthe SET SPEED key, the DV -11+Prowould continueto run at itscurrent speed
of 6 RPM. Infact, you may scroll to anew speed (12 RPM inthisexample) and pressthe SET SPEED
key at any futuretime (without further pressingan ARROW key) toimmediately causethe DV-I1+Pro
to run at the new speed. Pressing the ARROW key at any time reminds the operator of what was
selected for the next speed.

If an ARROW key ispressed and held the DV-I1+Prowill scroll up (or down) through the speed table.
When it reachesthe last speed in the list (either at the top or bottom of the list) the speed displayed
will “roll-over” to either thefirst or last speed in the table and the scroll action will continue.

When the required speed is displayed, release the ARROW key to halt further scrolling. You have
approximately two seconds (before the blinking RPM stops) in which to pressthe SET SPEED key
to immediately begin rotation at the new speed.

Pressing the MOTOR ON/OFF/ESCAPE key stopsthe Viscometer spindlerotation. Pressing thiskey
sets the DV-I1+Pro to 0.0 RPM and causes the screen display to change as shown in Figure 11-8:

Figurell-8

Pressing the MOTOR ON/OFF/ESCAPE key again immediately starts the DV-I1+Pro running at the
last scrolled-to-speed. If you had been running at 12 RPM, pressed MOTOR ON/OFF/ESCAPE and
then re-started the DV-11+Pro by pressing MOTOR ON/OFF/ESCAPE once again, you would again
berunning at 12 RPM. However, if whilethe motor was off you had scrolled to anew speed of 0.5
RPM, pressing the MOTOR ON/OFF/ESCAPE key would start the DV-I1+Pro running at 0.5 RPM.

Note: During both spindle or speed selection and scrolling operations, the DV-11+Pro
will continue to calculate and display Viscometer data as selected.

1.4 D Display Selection

Viscosity (displayed in units of cP or mPaes), Shear Stress and Shear Rate are displayed on the | eft
side of the top line. You may “step” through the three display options by pressing the SELECT
DISPLAY key. For example, the DV-II1+Prois currently displaying Viscosity in Figure I1-9:

Figurell-9

If the viscosity value exceeds 99,999 scientific notationisused. In Figurell-9, the viscosity value
is 123,000 cP.
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The first press of the SELECT DISPLAY key would display Shear Stress (SS) in Dynes/cm? (or
Newtons'm2), see Figure I1-10:

Figurell-10

If the shear stress value exceeds 99,999, scientific notation is used.

The next press of the SELECT DISPLAY key would display Shear Rate (SR) in 1/Sec (Figure I1-11).

Figurell-11

Onemorepressof the SELECT DISPLAY key would resultinareturnto theviscosity screen, asshown
in Figure 11-9.

Notes: 1. You may step through the display at any time. This will not interrupt any
Viscometer calculations that are in progress.

2. Display of shear rate and shear stress requires selection of appropriate
spindles. Otherwise, values displayed will be zero (0).

Units of M easur ement

The DV-I1+Pro Viscometer can be configured using the SETUP option (Section 111.2.2) to
display/print in either the CGS or Sl system of units.

ENTER

1.5

Autorange

The ENTER/AUTO RANGE key functions as auto range and allows you to determine the maximum
calculated viscosity (full scale reading) possiblewith the current spindle/speed setting only whenin
thedefault screen. Pressingthekey at any timewill causethe current viscosity display to changeand
show that maximum viscosity. The screen area displaying % (torque) will now display aflashing
“9%100.0” toindicatethisspecial condition. Thismaximumviscosity andflashing %100.0vauewill
bedisplayed for aslong asthe ENTER/AUTO RANGE key isdepressed. Figurell-12 showstheAUTO
RANGE function for the situation where the No. 1 LV spindleisrotating at 60 rpm. The full scale
range is 100.0 cP (or 100.0 mPas).

Figurell-12

Notes: 1. If the RPM is 0.0, the maximum viscosity displayed will be 0.0 cP (or 0.0
mPa-s).

2. While the Viscometer is in the Auto Range mode, any data sent to an
attached printer or computer reflects the displayed values (i.e. Auto Range
values).

3. This function is only available when in the default screen.
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[1.6 Out of Range

The DV-I1+Pro gives indications for out-of-range operation. When % (Torque) readings exceed
100% (over-range), the display changesto that shownin Figure 11-13; EEEE will also appear inthe
display for % and viscosity or shear stress:

Figurell-13

Y ou must change either speed or spindleto correct thiscondition. If you operate at spindle speeds
that produce % (Torque) below 10.0 %, the DV -11+Pro flashesthe % (Torque), cP (Viscosity), SS
(Shear Stress) and SR (Shear Rate) as shown in Figure |1-14:

Figurell-14

Negative % (Torque) will be displayed as shown in Figure I1-15:

Figurell-15

Figure11-16 is an example of the printed output of each of the above conditions.

Normal Operation:

RPM=50 M=RV S=29 %=51.4 cP=10280 D/CM2=1285 1/SEC=12.3 T=20.1C Z00:30

Over-Range Operation (>100% torque) (see Fig. 15):

RPM=50 M<RV 5=2 1/SEC=12.3  T=20.1C Z00:30

Under-Range Operation (<10% torque) (see Fig. 16):
7RPM=50 M=RV S=29 %=5.2 cP=1040 D/(M2=130 1/SEC=12.3 T=20.1C Z00:30

Negative Torque Operation (see Fig. 17):

RPM=50 MRV 529 (%=-0.D)X(P=---D/M2=--->  1/SEC=12.3 T-20.1C 200:30

M = Torque Range T = Temperature Z =Time

Figurell-16
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[I.7 Temperature Display

TheDV-11+Prodisplaysthetemperaturemeasured by itsRTD temperature probe. Temperature may
be displayed in either °C (Centigrade) or °F (Fahrenheit) units, depending upon selection from the
Optionsmenu. Asreceived, thedefault temperaturedisplay will bein®C (Centigrade) unitsasshown
inthe Figure l1-17:

Figurell-17

If you turn on the DV-I1+Pro with the temperature probe disconnected, or remove the temperature
probeat any point after power-up, thedisplay will indicate” - - - -C” . Thefour “dashes’ indicatethe
absenceof theprobe. If youweredisplayingtemperaturein Fahrenheit unitsthe C would bereplaced
by an F. Accuracy of temperature measurement for the DV-11+Pro is shown in Table 1.

Table1

Temperature Accuracies for
DV-l1+Pro Viscometer

Temperature Range Temperature Accuracy
-100°Cto +149°C +1.0°C
+150°C to +300°C +2.0°C

1.8 Printing

The DV-I1+Pro will print data to an attached Serial (RS232) or Parallel (centronics) printer. The
printer must be attached to the appropriate rear panel output connector. See Appendix G for
configuration and connection requirements.

Data may be printed in two ways:

1. Pressing the PRINT key once (for less than three (3) seconds) will result in the printing of one
standard print line.

2. If the PRINT key is pressed and held for more than three (3) seconds, the DV-I1+Pro will then
begin continuous printer output at aprint rateinterval sel ected viathe Optionsmenu (see Section
[11.4). The display will show aflashing Pin front of the % sign. See Figure11-18.

Figurell-18

To stop continuous printing, press the PRINT key for one (1) second. The flashing P will
disappear on the viscometer display.

Figure11-19 is an example of the print stringsfor CGS and Sl units.
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For the case of CGS units with non-exponential results:
1 10 20 30 40 50

60 70

RPM=XXX M=XXXXX S=XX %=XXX.X cP=XXXXX D/CM2=XXXXX

and CGS units with exponential results.
1 10 20 30 40 50
1 1 1 1 1

1/SEC=XXXXX T=XX.XC ZXX=XX

60 70
1 1 )

L
RPM=XXX M=XXXXX S=XX %=XXX.X cP=XXXeX D/CM2=XXXeX

Similarly, for SI units with non-exponential results.
1 1|0 2|O 39 4|0 5|0

L/SEC=XXXXX T=XX.XC ZXX=XX

60 70

L
RPM=XXX M=XXXXX S=XX %=XXX.X mPas=XXXXX N/M2=XXXXX

and Sl units with exponential results.
1 1|0 2|O 39 4|0 5|0

1/SEC=XXXXX T=XX.XC ZXX=XX

60 70

L
RPM=XXX M=XXXXX S=XX %=XXX.X mPas=XXXeX N/M2=XXXeX

L/SEC=XXXXX T=XX.XC ZXX=XX

M =Torque T =Temperature Z =Time

Figurell-19

When printing viathe parallel port, please note that if a printer is not attached to the viscometer,
the following screen appears:

Figurell-20

I1.9 External Control Mode

The DV-I1+Pro Viscometer can be used in conjunction with Brookfield software, Rheocal c32
(V2.4 or higher). Through Rheocalc32, all viscometer functions are controlled by the computer.
The DV-I1+Pro must be set to the external control mode to allow for proper communication with
Rheocalc32. To configure the external control mode, connect cable DV P-80 to the serial port on
the DV-I1+Pro befor e turning on the DV-I1+Pro. With the DVP-80 cablein place, the DV-
I1+Pro will present the screen shown in Figure 11-21 when it isturned on. If external control is
selected, the DV-11+Pro will display Figure I1-22 and only accept control commands from
Rheocal c32 software.

Figurell-22

The DV-I1+Pro may be set to stand alone mode by turning it OFF and ON again and selecting
“Stand Alone” or by removing the DV P-80 cable prior to turning the DV-I1+Pro on.
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Note: The DV-II+Pro cannot communicate with DVLOADER software in the external
control mode. Choose “Stand Alone” when presented with Figure 11-21 if you
want to use DVLOADER.

For information on controlling the DV-I1+Pro from Rheocal c32 software, check the HELP menu
within Rheocal c32.

[1.10 Making Viscosity Measurements

The following general procedure is used for making viscosity measurements. Brookfield recom-
mends the use of a 600 ml Low Form Griffin beaker (Brookfield Part No. BKR-600ml) when
using LV/RV/HA/HB spindles.

1. Mount the guardleg on the DV-II+Pro Viscometer (LV and RV series) and insert into the
container.

2. Insert and center spindlein the test material until the fluid'slevel isat theimmersion groove on
the spindle's shaft. With a disc-type spindle, it is necessary to tilt the spindle slightly while
immersing to avoid trapping air bubbleson its surface. Attach the spindle to the lower shaft of
theviscometer. Lifttheshaft dightly, holdingit firmly with one hand whilescrewing thespindle
onwiththeother (noteleft-hand thread). Avoid putting sidethrust ontheshaft. Verify theproper
spindle immersion depth and that the viscometer is level.

3. Theprocessof selecting aspindleand speed for an unknown fluidisnormally trial and error. An
appropriateselection will result in measur ementsmade between 10-100 on theinstr ument
% torque scale. Two general ruleswill helpinthetrial and error process.

1) Viscosity range isinversely proportional to the size of the spindle.
2) Viscosity range isinversely proportional to the rotational speed.

To measure high viscosity, choose a small spindle and/or a slow speed. If the chosen spindle/
speed results in areading above 100%, then reduce the speed or choose a smaller spindle.

Experimentation may reveal that several spindle/speed combinations will produce satisfactory
results between 10-100%. When this circumstance occurs, any of the spindles may be sel ected.

Non-Newtonian fluid behavior can result in the measured viscosity changing if the spindle and/
or speed ischanged. Seeour publication, “More Solutionsto Sticky Problems,” for more detail.

Turn on motor.

Allow timefor theindicated reading to stabilize. Thetimerequired for stabilizationwill depend
on the speed at which the Viscometer isrunning and the characteristics of the samplefluid. For
maximum accuracy, readings below 10% should be avoided.

Record values.

4. Pressthe MOTOR ON/OFF/ESCAPE key and turn the motor “OFF” when changing a spindle or
changing samples. Remove spindle before cleaning.
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5. Interpretation of results and the instrument's use with non-Newtonian and thixotropic materials
isdiscussed in the booklet, "More Solutionsto Sticky Problems’, and in Appendix C, Variables
in Viscosity Measurements.

[1.11 Time Modes for Viscosity Measurement

The Time M odesallow the viscometer user to implement the unattended Timeto Stop and Timeto
Torqgue capabilities of the DV-11+Pro Viscometer. These features will allow the user to set up the
viscometer (i.e. select spindle and speed) and then record readings for afixed period of time (Time
to Stop) or until aset torquevalueisattained (Timeto Torque). When timing begins, amessage will
be displayed showing time remaining (or time elapsed) and the appropriate display item (viscosity
or torque) will be updated continuously during theevent. Upon completion, the viscometer will stop
and display ascreen stating that the test iscomplete and will also display thefinal recorded valuefor
theviscosity inthefirst case, or thetimein minutesand secondsto reach thetorquelimitinthe second
case. Pressingthe up or DOWN ARROW keyswill allow additional viscometer datato be examined.
Pressing any other key (except the PRINT or ENTER/AUTORANGE key) will bring the user back tothe
default (normal) viscometer display with the motor OFF. Refer to the TimeModesin Section I11.3.
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lll. OPTIONS

.1 Introduction to OPTIONS

The OPTIONS/TAB key provides access to the configuration (Setup) of the DV-11+Pro Viscometer
aswell as specia functions that can enhance the user's ability to make viscosity measurements.

The Options menu, shown in Table 1, gives a complete picture of the various configuration
choices and special functions.

Quick Referencesto Options

Table 2

Options Menu
SETUP:
Temperature —  °For°C
Units — CGSor S

*  Speed Sets —  Sequential, Interleave, Custom

Printer Port —  Serid (RS232) or Pardl€
DataAveraging —  Display Only

* TIME TO STOP
*  TIME TO TORQUE

SET PRINT TIME:
Set the Printing Time

PC PROG (ON/OFF):
Enables/Disables Communication of Serial (RS232) Port

* DOWNLOAD A PROGRAM:
Link to PC to Receive aB.E.V.l.S. Program
(B.E.V.1.S. = Brookfield Engineering Viscometer | nstruction Set)

* RUN A PROGRAM:
ExecuteaB.E.V.1.S. Program

*Not available when motor isON

Pressing OPTIONS/TAB placesyou into the Options menu at the last option selected. Thefollowing
keys are active and perform as follows:

f UP ARROW - Scrolls up through menu or selects new value from
list.

W | DOWN ARROW - Scrolls down through menu or selects new value
from list.
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OPTIONS

Ze==| OPTIONS/TAB - Toggles between options.

|| ENTER/AUTORANGE - Accepts the currently flashing option and moves
user to next level (if applicable) of the selected
option.

MOTOR

=< MOTOR ON/OFF/ESCAPE - Cancels current operation and backs user out one
menu level. Repeated pressing will back the user
out to the default screen. While in the Options
menu, the MOTOR ON/OFF/ESCAPE key does not
cause the viscometer motor to turn on or off!

The Options menu screens will appear as shown in Figure I11-1 if you cycle through the
possible options using the UP/DOWN arrows.

/

AN

Figurelll-1

Onentry tothe Optionsmenu, thefollowing rulesregarding current viscometer operationareinforce:

1. Printer output will be suppressed when in the Custom Speed option, the Time to
Torque and Time to Stop options, the Download A Program and Run A Program
options. It will be continued when any other option is selected.

2. If the motor is ON when the user enters the Options menu, choices will be limited
to: CGS/SI units (under SETUP), °F/°C units (under SETUP), PRINTING SELEC-
TIONS and PC PROG.

3. Thelast selected menu option will be flashing.
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Selecting an Option

The following is aquick reference for entering and using the OPT1ONS menu:

OPTIONS

Press | == To enter Options Menu

—>|

Pr%sﬂ f orﬂ * To scroll to a specific option

For Options:
Press [T To toggle between the choices available for a specific option when indicated
Press =5 To select the flashing option

1.2 Setup

From the main Options screen, the user scrolls up or down until the following screen is displayed:

Figurelll-2

A pressof the ENTER/AUTORANGE key takesyou into the Setup sub-menu (Figurelll1-3). Asinthe
main Optionsmenu, you can scroll up or down through the various Setup options. Inorder to access
all options, the motor must be turned off.
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OPTIONS
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Figurelll-3

[11.2.1 Temperature Display

The DV-II+Pro viscometer can display temperature in either degrees Centigrade or degrees
Fahrenheit. On entry (assuming the viscometer is currently displaying °F) you will be presented
with:

Figurelll-4

A press of the OPTIONS/TAB key at this point will “toggle” between the two avail able temperature
scale options as shown in Figure 111-5:

Figurelll-5

To select thetemperature display mode, press the ENTER/AUTORANGE key. Y ou automatically exit
the Setup menu with the viscometer displaying temperatureinthe selected scale. Y oumust pressthe
ENTER/AUTORANGE key to select the flashing option.

I11.2.2 Units of Measurement

Selecting units of measurement is identical to that for temperature described above. The screen
display shows:
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Figurelll-6

A pressof the OPTIONS/TAB key at thispoint allowstheuser to“toggle” betweenthetwo available
data display units as shown in Figure I11-7:

Figurelll-7

Pressing the ENTER/AUTORANGE key selects the display units, which are flashing, followed by an
exit of the Setup menu. Y ou must press the ENTER/AUTORANGE key to select the flashing option.
[11.2.3 Motor Speed Set Selection

This selection must be donewith the motor off. Scrolling in the Setup options menu to the speed set
selection option yields the following screen display:

Figurelll-8

The last selected speed set option is displayed, in this case, Sequential. For each press of the
OPTIONS/TAB key, the display shows selectable options (Figure I11-9). 'Y ou must pressthe ENTER/
AUTORANGE key to select the flashing option.

Figurelll-9

Thespeedsavailablein each of theaboveoptionsarelistedin Appendix F. TheDV-II+Proisinitially
set up with the Sequential Speed Set at Brookfield prior to shipment.

[11.2.3.1 LV/RV Speeds

In the case of Sequential or Interleave, apress of the ENTER/AUTORANGE key immediately selects
that option and exits the SETUP option menu.
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[11.2.3.2 Custom Speeds

Pressing the ENTER/AUTORANGE key when Custom Speeds is displayed results in the follow-
ing screen display:

Figurelll-10

Fifty-four (54) speeds are available for custom speed set selection (see Appendix F). You are
allowed to select up to nineteen (19) of these (54) available speeds. Speed 0.0 is automatically
included as one of the nineteen (19) speeds. Selecting aspeed (or del eting aspeed) isaccomplished
by pressing the SET SPEED key while the desired speed isblinking. Thiswill cause an asterisk to
appear (or to disappear if the speed is being cleared) to the left of the speed. Trying to select more
than nineteen (19) speedswill resultina®beep” for each pressof the SET SPEED key when over this
limit. Y ou may scroll up or down through the speed set in selecting speeds. When done, a press of
the ENTER/AUTORANGE key will takeyou back to the default screen with the asterisked speeds now
comprising the custom speed set. Regardlessof order chosen, speedswill appear in ascending order
for run selection, beginning with speed 0.0 RPM.

[11.2.4 Printer Output Port

Scrolling to the printer port option presents the following:

Figurelll-11

Pressing the OPTIONS/TAB key “toggles’ between the two port choices. To select a printer output
port, press the ENTER/AUTORANGE key while the desired choiceisblinking. Thiswill cause the
DV-lI+Protodirect all further printer output to the chosen port while remaining in the Setup menu.
Y ou must press the ENTER/AUTORANGE key to select the flashing option.

[11.2.5 Data Averaging

Thisfeaturewill performa“rolling” average on thedisplayed % torquevalueand al other displayed
viscometer dataderivedfrom%torque. Y ouareallowed to select thenumber of readingsover which
averaging is being done, with ten (10) readings as the maximum. There will be an initial delay as
thefirst averageis performed and then no apparent delay asthefollowing readingsare averaged (the
viscometer takes approximately 4 readings per second). Therolling averageisdescribed asfollows
given the selected reading number * X’:

1. Thefirst X readings are collected, placed in the averaging buffer, averaged and
displayed.

2. Thefirst reading in the averaging buffer is dropped; the next reading (the X + 1
reading) is placed in the buffer and the buffer is again averaged and displayed.
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Step 2 isrepeated indefinitely until the viscometer is shut off or the user selects a different number
of readingsto average. The number of readingsto be averaged will include zero (0) as an average
so that this option may effectively be turned off without turning the viscometer off.

Notes: 1. The data averaging will only be applied to the data displayed by the
viscometer. No data averaging will be applied to the torque analog
output signal.

2. When data averaging is other than zero (0) or one (1), a flashing A will
be displayed to the left of the % Torque sign as shown below.

Figurelll-12

Y ou must press the ENTER/AUTORANGE key to select the flashing option.

111.3 Time Modes

The Time Modes are provided to allow more flexibility by unattended operating of the viscometer
during data gathering. The last selected option (i.e. Time to Torque or Time to Stop) will be
highlighted when scrolling to this option as shown in Figure 111-13:

Figurelll-13

A press of the OPTIONS/TAB key will “toggle”’ between the two available timed modes as shownin
Figurel11-14:

Figurelll-14

To enter the time for either of these options, press the ENTER/AUTORANGE key while the selected
optionisblinking. Let's start with Time To Stop.

Note: These two modes are immediately executed when input is complete.
They do not return to the default screen until running is complete. They
can be stopped at any time by a press of the MOTOR ON/OFF/ESCAPE
key.
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[11.3.1 Time to Stop

On entry, the user is presented with the following screen display:

Figurelll-15

Note: If atime interval has already been set, the user may skip the time interval
input and go directly to the speed input screen by pressing the ENTER/
AUTORANGE key.

Usingtheup and DOWN ARROW keys, theuser entersaval uefor theminutesportion of thetimeramp.
Thisvaluecanbeashighas59 minutes. Whensatisfied, theuser pressestheOPTIONS/TAB key again
to enter the seconds setting display:

Figurelll-16

Usingtheup and DOWN ARROW keys, theuser entersaval uefor thesecondsportion of thetimeramp.
Thisvalue will be from zero (0) up to fifty-nine (59) seconds. Press ENTER to accept the value.

Note: The value for either minutes or seconds must be other than zero or you
cannot advance to the RPM input screen (Figure llI-17). Pressing the
OPTIONS/TAB or ENTER/AUTORANGE keys will cause the user to alternate
between the minutes input screen (Figure 11l-15) and the seconds input
screen (Figure 111-16) until either minutes or seconds are anything but zero.

A press of the the ENTER/AUTORANGE key allows the user to input the RPM selection. At this
point, theuser will seeascreensimilar to Figurelll-17; using the UPand DOWN ARROW keys,
the user sets the speed.

Figurelll-17

After selecting the speed, theuser may review thevaluesselected. |If theuser pressesthe OPTIONS
TAB key, youwill return to the minutesinput screen of Figure 39 whereyou may changethe minute
input if sodesired. Thereafter, continued pressing of the OPTIONS/TAB key will toggle between the
minutes and seconds input screens and the motor input screen. A press of the MOTOR ON/OFF/
ESCAPE key will cancel the timed stop operation and take the user back to the screen of Figurelll-
14. Pressing the ENTER/AUTORANGE key will cause the DV-I1+Pro to accept the new values.
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That done, the user is presented with the following screen:

EMTER TO &

Figurelll-18

At thispoint the user must pressthe ENTER/AUTORANGE key to begin thetimed stop operation. Any
other key presswill beignored except theMOTOR ON/OFF/ESCAPE key whichwill cancel theprocess
and take the user back to the screen of Figure I11-14 where you will have to begin all over again.

Wewill assumethat the user pressed the ENTER/AUTORANGE key. 'Y ouwill now be presented with
the following screen for the duration of the timed run:

Figurelll-19

Note: When this mode has begun, a press of the MOTOR ON/OFF/ESCAPE key will
cancelthe Timed Stop sequence and return the user to the screen of Figure lll-
14. Also note that data will be displayed in the currently selected method i.e.
CGS or Sl units. Pressing the SELECT DISPLAY key allows display of
alternate data values such as Shear Stress, Shear Rate or Torque.

The seconds display will decrement from fifty-nine (59) to zero (0) in one (1) second intervals.
When seconds reaches zero (0), the minutes value will decrement by one (1) minute. Thiswill
continueuntil all of thetime haselapsed at which point theviscometer will display thefollowing
screen:

Figurelll-20

At this point the viscometer will stop the motor and continue to display this screen until any key
except theuP or DOWN ARROW key, the PRINT key or the SELECT DISPLAY key ispressed. Theuser
can, whilethisdisplay iscurrent, pressthe up or DOWN ARROW keys to view the torque and speed
that were current at the time the display was frozen. The display would appear as follows:

Figurelll-21

Thedisplay will switch between that of Figures|11-20 and I11-21 for each press of the uP or DOWN
arrow keys. A press of the PRINT screen would send one standard print line to the attached printer
for each press of the PRINT key. Pressing any key (except the UP or DOWN ARROW keys, the PRINT
key ortheSELECT DISPLAY key) will causetheviscometer toexitthe TimeTo Stop modeand resume
operation with the screen of Figure 111-18 displayed awaiting another Timed Stop run.

The user can pressthe PRINT key while in either of these two screens (Figures|111-20 and 111-21) to
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send one standard print string to the attached printer asmany timesasthe user pressesthe PRINT key.
Inaddition, thePRINT key can bepressed during theactual measurement to obtai ninstantaneousdata.
Pressing any other key will exit this mode and return the viscometer to normal operation.

[11.3.2 Time to Torque

On entry to this mode, the user is presented with the following screen display:

Figurelll-22

UsingtheupP or DOWN ARROW keys, theuser entersaval uefor thetorquelevel that youwishtoreach.

Note: Thevaluefortorque mustbe other than zero (0) and less than or equal
to ninety-nine (99) percent or you will not be able to continue.

At this point, the user pressesthe OPTIONS/TAB key and the screen shown in Figure 111-23 appears.

Figurelll-23

Using theupP or DOWN ARROW keys, theuser selectsaspeed from the currently selected speed set.
If you had opted to use the LVRV sequential or interleaved speed sets, al those speeds would be
available by pressing the up or DOWN ARROW keys. Conversely, if theuser had selected acustom
speed set, you would be limited to those speeds comprising the custom speed set.  After selecting
the speed, the user may press any one of three keysto continue: the OPTIONS/TAB key, the MOTOR
ON/OFF/ESCAPE key and the ENTER/AUTORANGE key. |f the user pressesthe OPTIONS/TAB key
you will return to the torque input screen of Figure I11-22 where you may change the torqueinput if
so desired. Therefore, continued pressing of the OPTIONS/TAB key will toggle between the torque
input screens and the motor input screen. A press of the MOTOR ON/OFF/ESCAPE key will cancel
the time to torque operation and take the user back to the screen of Figurel11-13. Finally, pressing
the ENTER/AUTORANGE key will cause the DV-I1+Pro to accept and store in EEPROM the new
values (only) for the torque level and the selected motor speed.

That done, the user is presented with the following screen:

Figurelll-24

At thispoint theuser must pressthe ENTER/AUTORANGE key to beginthetimed stop operation. Any
other key press will be ignored except the MOTOR ON/OFF/ESCAPE key which will cancel the
process and take the user back to the screen of Figure 111-22 where you will have to begin all over

again.

Wewill assumethat the user pressed the ENTER/AUTORANGE key. Y ouwill now be presented with

Brookfield Engineering Labs., Inc. Manual No. M/03-165-A0404



ascreen similar to Figure I11-25 for the duration of the timed torque run:

Figurelll-25

Note: When this mode has begun, apress of the MOTOR ON/OFF/ESCAPE key will
cancel the time to torque sequence and return the user to the screen of
Figure 111-13.

The seconds display will increment from zero(0) to fifty-nine (59) in one (1) second intervals and
thecurrent valueof theviscometer torquewill beupdated continuously. When secondsreachesfifty-
nine (59), the minutes value will increment by one (1) minute. This will continue until the user
selected torque value is attained at which point the viscometer will display the following screen:

Figurelll-26

At this point the viscometer will stop the motor and continue to display this screen until any key
(except theupP or DOWN ARROW keys, the PRINT key or SELECT DISPLAY key) ispressed. Theuser
can, whilethisdisplay iscurrent, presstheupP or DOWN ARROW keys to view theviscosity that was
current at the time the display was frozen. The display would appear as follows:

Figurelll-27

Thedisplay will switch between that of Figures|11-26 and I11-27 for each press of the up or DOWN
ARROW keys. Asstated above, pressing any key (except the UP or DOWN ARROW Or PRINT keys)
will causethe viscometer to exit the Time To Torque mode and resume operation with the screen of
Figure 111-22 displayed awaiting another Timed Torque run.

The user can pressthe PRINT key while in either of these two screens (Figures|11-26 and 111-27) to
send one standard print string to the attached printer asmany timesasthe user pressesthe PRINT key.
Inaddition, thePRINT key can bepressed during theactual measurement to obtai ninstantaneousdata.
Pressing any other key will exit this mode and return the viscometer to normal operation.

Note: For both of the methods of Sections111.3.1 and I11.3.2 the following apply:

1. FortheTimed Stop method, the DV-I1+Pro viscometerswill retain thelast valuefor
thetimeinterval sothat it will becomethe default the next timethe user el ectsto use
this method.

2. For the Time To Torque method, the DV-I1+Pro viscometers will retain the last
entered torquevaluefor usewhen next theuser el ectsto performatimetotorquetest.

3. The user can set up a desired print interval time, then set the viscometer to the
continuous print mode and finally initiate either of the timed modes of operation.
While setting up the timed mode parameters, continuous print operation will cease.
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However, upon starting thetimed operation, theDV-l1+Prowill output aninitial data
string to the printer and then continue printing data strings (at the user defined time
interval) for the duration of the timed run. At the end of the timed run, continuous
printing will again be disabled and the user may print single strings (of thefinal data
point) at your option until you exit the timed mode. Upon returning to the default
operation mode, continous printing will again resume at the user selected time
interval. In asimilar manner, if you are in the once-per-PRINT -key-press mode,
when you enter the timed mode of operation you will be ableto print datastrings at

any time during the timed mode by pressing the PRINT key.

111.3.3 Print Time Interval

Thisoptionisused to set the print timeinterval to the selected printer. Scroll to Set Print Time, as
shown in Figure I11-28:

Figurelll-28

Press the ENTER/AUTORANGE key. On entry, Figure 111-29 is displayed:

Figurelll-29

UsingtheuP and DOWN ARROW keys, enter aval uefor the minutesbetween successiveprint strings.
This value can be as high as fifty-nine (59) minutes and as low as Q0.

When satisfied, press the OPTIONS/TAB key to enter the seconds setting display:

Figurelll-30

UsingtheuP and DOWN ARROW keys, enter aval uefor the secondsportion of theprintinterval. This
value can be between zero (0) and fifty-nine (59 )seconds.

Note: The value for minutes or seconds must be other than zero (0) or you will
print continuously when you exit this mode. A press of the MOTOR ON/
OFF/ESCAPE key would exit this option and take you back to the screen
of Figure I11-28.

Continued pressing of the OPTIONS/TAB key will toggle between the minutes and seconds input
screens.  Pressthe ENTER/AUTORANGE key to accept the new values for print interval in minutes
and seconds. Y ouwill now beinthescreendisplay of Figurelll-28 whereyou may re-enter the print
interval mode, or exit tothedefault screen (Figurell-5) by pressingtheMOTOR ON/OFF/ESCAPE key.

Brookfield Engineering Labs., Inc. Manual No. M/03-165-A0404




Activating print selections in the Print mode can only be done by exiting to the main menu and
pressing the PRINT key for four (4) seconds. “P%” will flash in front of the torque reading,
confirming that you are now in the Print Interval mode. Pressing PRINT for one (1) second
thereafter will disable the Print mode and remove the “P%” from the display.

[11.3.4 PC Program (On/Off)

This option causesthe seria port of the DV-I1+Pro viscometer to go into a high speed output mode
(approximately 3 print linesper second) for usewith Brookfield WINGA THER® softwareprogram.
When ON, you may enter the Options menu but will not be allowed to make any option selections
until the PC PROG isturned OFF. All front panel keyswill function normally when you turn the
option ON and return to normal viscometer operation by pressing theMOTOR ON/OFF/ESCAPE key.
When OFF, the DV-11+Pro will return to the last set print time interval when printing is resumed.

Note: WINGATHER® software can be used for data aquisition and analysis.
Rheocalc32 software can be used for complete external control of DV-11+Pro.

From the Options menu, scroll to the screen shown in Figure [11-31:

Figurelll-31

Press the OPTIONS/TAB key to display Figure 111-32:

Figurelll-32

Pressing the OPTIONS/TAB key would return you to the screen display of Figure I11-31. Repeated
pressing of the OPTIONS/TAB key would cause you to toggl e back-and-forth between the displays of
Figurell1-31 and Figure I11-32.

To turn high speed output ON, press the ENTER/AUTORANGE key when the appropriate screen is
displayed. Then pressthe MOTOR ON/OFF/ESCAPE key to exit the Setup mode. This returns you
to the default screen display and resumes normal viscometer operation with high speed output
enabled and normal printer operation using the last entered print time interval.

Note: For access to B.E.V.I.S. option, PC PROG must be OFF.

[11.3.5 Download a Program
Pleaserefer to Section |V for detailson howto createa programbefor e proceeding with thissection.

In the Options menu, scroll to the screen shown in Figure I11-33:
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Figurelll-33

Refer to Section IV for information on how to create B.E.V.1.S. programs on a PC which can be
downloaded to the DV-11+Pro Programmable Viscometer.

Press the ENTER/AUTORANGE key to download a B.E.V.1.S. program as shown in Figure 111-34:

Figurelll-34

Select anumber from one (1) to four (4) using the UP/DOWN ARROW keys assign astorage location
for the program to be downloaded.

Note: Remember to keep track of what program is in what slot. If you elect to
download a new program to an active slot, you will overwrite the program
currently residing in that slot. The programs are saved automatically when
the viscometer is turned off.

After selecting the slot number, pressthe ENTER/AUTORANGE key and the screen shown in Figure
[11-34 changesasfollows: thetop lineflasheswhilethebottom linedisappears. Thisflashing screen
will bedisplayed for aslong asit takesto download the program. At the end of thedownload, Figure
111-35 is displayed:

RO DOME TO

Figurelll-35

If aPC is not attached, Figure 111-36 will be displayed:

Figurelll-36
A pressof any key (except theMOTOR ON/OFF/ESCAPE key) will takethe user back alevel to Figure

[11-34 where you may elect to download another program or, with a press of the MOTOR ON/OFF/
ESCAPE key, return to the screen of Figure 111-33.

[11.3.6 Run a Program

In the Options menu, scroll to the screen shown in Figure I11-37:
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Figurelll-37

Press the ENTER/AUTORANGE key to run aB.E.V.I.S. program as shown in Figure I11-38:

Figurelll-38

Using the UP/DOWN ARROWKeys, select one of the four (4) stored programs. Press the ENTER/
AUTORANGE key. Any attempt to select aprogram slot that does not contain a program will result
inadouble beep for each key press. When avalid program slot is selected, the screenin Figurelll-
39 isdisplayed:

Figurelll-39

At this point, you may elect to print the B.E.V.1.S. program by pressing the PRINT key or start the
programimmediately by pressingtheENTER/AUTORANGE key (remember: pressingtheMOTOR ON/
OFF/ESCAPE key will stop the current operation and bring you back onemenulevel). Y ou may elect
to print the program, to confirm the slot choice as correct or ssmply to have it available later when
reviewing data. If you elect to print the program, you will return to the screen of Figure 111-38 after
the program isfinished printing. Pressing the ENTER/AUTORANGE key exits the screen of Figure
[11-38 and the program will start running.

Onprogram start, the screen could beany of the screenspossiblewhenrunningaB.E.V.1.S. program.
A typica screen might be:

Figurelll-40

wheretheoperator isinstructed to mount aspindle 31 and then pressakey to continue. Or you might
see:

Figurelll-41

followed by:

Figurelll-42
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Here, the B.E.V.1.S. program iswaiting for the temperature to reach one hundred (100) °C beforeit
continues to the next program step. Also displayed isthe program number (P1), the step number
and thetotal program steps (S00/12) and the el apsed time since the program (or step) began (00: 14).
Whileinthis“wait state” you can press the OPTIONS/TAB key to see the viscometer default screen
in Figure 111-43; the PGM will be flashing.

Figurelll-43

The DVLOADER Softwareisused to create, save, print, and down load programsto the DV-I1+Pro
Viscometer. The next section explains how to use the DVLOADER software.
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V. DVLOADER SOFTWARE

The DVLOADER software isa WINDOWS-based program provided on a CD which comes with
the Programmable DV-11+Pro Viscometer.

IV.1 B.E.V.l.S. Overview

DVLOADER utilizes B.E.V.I.S. (Brookfield Engineering Viscometer Instruction Set), a script-
ing language that allows for the creation of programs to control the Programmable DV-11+Pro
Viscometer. Programs are created on a PC, then loaded into the viscometer using the DV L oader
software. Some testing capabilities that are possible include the following:

Repeatedly run the same test program for quality control purposes.

Wait for a specific condition before continuing with the test (i.e. atorque value, atempera-
ture value, akey press, etc.).

Run the viscometer at any of the speeds in the Custom Speed menu.
Display messages to the screen or an attached printer to aid the operator.

Aninternal clock that keeps time between each printed dataline (thistimeis displayed as the
last parameter on each printed line). This provides a consistent time base for the collected
data.
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IV.2 Description of B.E.V.l.S. Commands

Command Code

Required Parameter Command Description

WTI Time The program waits at this step until the specified time
(MM:SS) elapses.
WPT % Torque value The program waits at this step until the current % torque
(%) equals the specifed value.
WTP  Temperature value The program waits at this step until the current temperature
(°C) egual s the specified value.
WKY 16 character (or less) The specified message is displayed on the top line of the DV -
text message I+ display while PRESS A KEY is displayed on the bottom
line of the DV-11+Pro. The program waits at this step until a
viscometer key is pressed. While waiting at this step, the
viscometer produces a beep every few seconds to remind the
operator that a keypressis required to continue.
If aprint interval was enabled (see SPI) at the time this
command is executed, the data print timer continues to count
up. If the print interval elapses and a key has not yet been
pressed, aline of data displaying the time since the last data
print is printed as soon as akey is pressed.
SSN Speed value The DV-I1+Pro beginsrotating at the specified speed. This
(RPM) can be any of the speedslisted in the Speed list of the
DV L oader software. These speeds are the same as those
listed in the Custom Speeds list in the viscometer’ s Options
menu.
SPI Time The DV-I1+Pro begins printing data to the selected printer
(MM:SS) (serid or paraldl; as selected in the DV-I1+Pro menus) at the

SSP  Two digit spindle code

rate specified. MM:SSis minutes:seconds.

Calculations of viscosity, shear stress, and shear rate are
performed based on the specified spindle code. This
command overrides the spindle currently entered viathe
keypad on the DV-11+Pro.

STZ N/A Sets the data print timer clock back to zero.

PDN N/A The DV-11+Pro immediately prints a data string to the se
lected printer (serial or parallel; as selected in the DV-11+Pro
menus).

PLN 16 character (or less) The DV-I1+Pro prints the specified message to the selected

text message

printer (serial or parallel; as selected in the DV-I1+Pro
menus).

By using various combinations of the above commands, programs are created that automatically
control the viscometer and collect data (via an attached printer) from the Programmable DV-I1+Pro
Viscometer.
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IV.3 Creating a B.E.V.I1.S. Program

Start the DVLOADER software by clicking on its associated icon. For Windows 95/98/NT/2000,
click the Start button; select Run; enter the name of the program to execute { dvloader.exe} ; then

click OK.

The B.E.V.l1.S. commands are displayed in alist box on the main screen. Thislist box displaysthe
commands available for creating programs. Clicking on the Insert button inserts the highlighted
command (WTI, as shown in Figure 66) into the selected line in the program grid. Double-clicking
on alineinthislist box aso inserts the command into the grid shown in Figure IV-2.

LI sTZ
j SPI
PDH

i PLH

Wait for time interval

Wait for % torgue

Wait for temperature

Wait for a keypress

Set vyiscometer speed

et spindle

Reset data timer

et print interrval

Print data point now

Print text now

FigurelV-1

Brookfield Engineering Labs., Inc.

The iconsto the left of the command descriptions indicate
the type of command:

A command to wait for a condition.

A command to set a program parameter.

A command to send information to an attached
printer.
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SSN 500 Figure IV-2 shows the grid where the operator programs are

; wWTl  |00:30 created. Itisusedto view and edit the B.E.V.l.S. programs.
3 SPI___ |00:05 When the software starts, an empty grid appears on the | eft of
4 WPT |75 .0 the screen. Y ou can choose up to 25 commands for your
3 ISSN 230 program. Highlight each command in the list box to the right of
2 L"’ITJ'T gg:mu this grid, then click on the Insert button to insert that same
8 sSN_ [T i command into the highlighted line of the grid. This same
) insertion task can also be accomplished by double-clicking on
10 the appropriate command in the list box to the right.
1
12 Speade
:i In the case of a speed command (SSN), the Speeds
15 list box becomes enabled when the cursor is placed in
16 the parameter column for an SSN command. Click on the
17 down arrow to display alist of available speeds. Click on the
18 desired speed, and it will be inserted into the appropriate
19 parameter column in the program grid. The same appliesto the
32 spindle command (SSP).
22
23
24
25
FigurelV-2

The buttons shown on the main screen are explained below.

COMPot | Select the COM (RS-232) port the Programmable DV-11+Pro Viscometer is con-
NOMNE |%]  nected to from the COM Port drop down list.

Click the Open File button to load existing B.E.V.1.S. programs.
Dpen
&': Click the Save File button to save the B.E.V.1.S. program displayed in the grid.
Save

Click the Print button to print the B.E.V.I.S. program displayed in the grid.
Print

i Click the Insert button to insert the B.E.V.I.S. command selected in the Commands
Inzert box into the selected row in the program grid.
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Click the Delete button to delete the B.E.V.I1.S. command in the selected row of the

- _
= program grid.
Delete
s Click the Up button to move the B.E.V.I.S. command in the selected row of the
Up program grid up one row.
¥ Click the Down button to move the B.E.V.I.S. command in the selected row of the
Do program grid down one row.
i Click the Clear button to clear the grid of all B.E.V.l.S. commands. Once cleared, the
e commands cannot be retrieved.
E Downloads aB.E.V.I.S. program from the PC to the DV-11+Pro
Doowynlozd
j‘-L Exitsthe DVLOADER software program and returns the user to the WINDOWS
Exit Program Manager.

IV.4 Downloading a B.E.V.l.S. Program

Before down loading a B.E.V.1.S. program to the viscometer, ensure the following have been
checked:

+ The appropriate cable (BEL Part# DV P-80) is connected between the selected COM port of
the PC and the viscometer.

+ The DV-II+Pro motor must be OFF.
« Set PC PROG to “OFF.”

« The Programmable DV-I1+Prois at the down load screen. OPTIONSDOWNLOAD A
PROGI|LOAD TO SLOT#x wherex isdlot 1,2,3, or 4. See Section I11.6.

With the LOAD TO SLOT#x screen displayed, choose a storage slot using the DV-I1+Pro
arrow keysthen pressthe ENTER/AUTO RANGE key on the viscometer. If after 5
seconds, the viscometer cannot communicate with the DV Loader program, the B.E.V.I.S.
ERROR NO PC ATTACHED message is displayed and a beeping sound is heard. If a
connection is established, the Down Load button on the PC software becomes enabled , and
the DV-I1+Pro screen displays DOWNL OAD PROG TO STORAGE SLOT #1. Click
on this button to down load the displayed program to the DV-I1+Pro. When the down load
is complete, the DV-I1+Pro displays DOWNLOAD DONE TO EXIT PRESSA KEY.

At this point the program in the DV-11+Pro can be printed and/or run from the viscometer.
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= Click on this button to exit the DVLOADER software.
Note: Thisisanimportant final step because it allows the RS232 port to be used for

output from the DV-11+Pro to a serial printer or PC.

IV. 5 Example Programs

The following example programs can aso be found on the DV L oader disk that was included with
the DV-I1+Pro Programmable Viscometer:

Program 1.  Pre-shear
Command Command Description Parameter Comments
PLN Print text now Preshearing now print user message
SSN Set viscometer speed 50.0 run at 50 RPM
WPT Wait for % torque 90.0 wait unitl 90% torque is reached
PLN Print text now Collecting data print user message
SPI Set print interval 00:10 begin printing data at 10 second
intervals
SSN Set viscometer speed 10.0 run at 10 RPM
WTI Wait for timeinterva 01:40 wait at this step for 1 minute and
40 seconds, effectively printing
10 data lines
Program 2.  For use with an external temperature controller
Command Command Description Parameter Comments
WTP Wait for temperature 40.0 walit until temperature = 40°C (as
an example, a
Thermosel/Controller can be used
for temperature control)
WTI Wait for time interval 05:00 soalk time; alow temperature to
settle
SSN Set viscometer speed 25.0 run at 25 RPM
SPI Set print interval 00:30 begin printing data at 30 second
intervals
WTI Wat for timeinterva 06:00 wait at this step for 6 minutes,
effectively printing 12 datalines
Program3:  Wait for cure(time to torque measurement)
Command Command Description Parameter Comments
SSP Set spindle 31 set to anumber 31 spindle
SSN Set viscomter speed 100.0 run at 100 RPM
SPI Set print interval 00:05 begin printing data at 5 second
intervals
WPT Wait for % torque 85.0 W&(I:Ii'[ until % torque = 85; acuring
cycle
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Program 4:  Spring relax
Command Command Description Parameter Comments
WKY Wait for akeypress Wind to 100% tell operator to wind spindle until
100% torque is reached
WPT Wait for % torque 100.0 wait until 100% torque is reached
WKY Wait for akeypress Release spindle tell operator to release the spindle
SPI Set print interval 00:01 begin printing dataat 1 second
intervals
WPT Wat for % torque 0.0 wait for spindle to completely
unwind to 0% torque
Program 5: Variable speed
Command Command Descriptior Parameter Comments
SSN Set viscometer speed 5.0 run at 50 RPM
WTI Wait for time interval 00:10 wait for 10 seconds
PDN Print data point now print one data point
SSN Set viscometer speed 10 run at 10 RPM
WTI Wait for time interval 00:10 wait for 10 seconds
PDN Print data point now print one data point
SSN Set viscometer speed 20 run at 20 RPM
WTI Wait for time interval 00:10 wait for 10 seconds
PDN Print data point now print one data point
SSN Set viscometer speed 50 run at 50 RPM
WTI Wait for time interval 00:10 wait for 10 seconds
PDN Print data point now print one data point

Brookfield Engineering Labs., Inc.
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V. AUTOMATED DATA GATHERING & ANALYSIS

There are two choices of applications software that can be purchased from Brookfield or an
authorized dealer for this purpose:

1. WINGATHERS32 is adata gathering program which collects data output from the DV-11+
Pro and provides the capability to perfrom graphical analysis and data file management.
2. RHEOCALC32isacontrol program which operates the DV-I1+ Pro in external control

viaa PC aswell as a data gathering program for the purpose stated above in the
WINGATHERS2 description.

V.1 WINGATHER32
Important features and benefits in WINGATHER32 which enhance operator versatility in per-
forming viscosity tests include the following:
« 32-bit operation for rapid performance

«  Compatible with Windows 95, 98, ME, 2000 and NT operating systems for flexbile opera-
tion.

- Brookfield’s DV Loader software (for setting up test programs) is integrated into
WINGATHERS32. DV Loader is an easy-to-use, structured command language which makes
detailed vsicosity tests simple to program (see Section V).

« Easy-to-use data gather modes including automatic follow up events (save data, analyze data,
print data)

+ Manua scaling of plot axes

» Auto range feature which shows in screen display the complete viscosity range which can be
measured at any shear rate for a specific spindle geometry

» Concurrent plotting of six data sets on one graph

The following figures show the principal screens associated with WINGATHER32:
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Figure V-1: Dashboard Screen
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Figure V-4: Graph Screen
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Figure V-5: Analysis Screen
V.2 RHEOCALC32

Important features and benefits in Rheocal c32 which enhance operator versatility in performing
viscosity tests include the following:

«  Compatible with Windows 95, 98, ME, 2000 and NT operating systems for flexbile operation
e 32-bit operation for rapid performance

» Easy-to-use, structured command language to make viscosity tests easier to program

» Display of current temperature set point

» Concurrent plotting of five data sets on one graph

» Various mathematical models for data analysis

» Auto range feature which shows in screen display the complete viscosity range which can be
measured at any shear rate for a specific spindle geometry

» Concurent plotting of six data sets on one graph.

The following figures show the principal screens associated with Rheocal c32
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Figure V-6: Dashboard Screen
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Figure V-8: View/Edit Screen
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Figure V-10: Analysis Screen
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Appendix A - Cone/Plate Viscometer Set-Up

This Cone/Plate version of the DV-11+Pro uses the same operating instruction procedures as de-
scribed in thismanual. However, the “gap” between the cone and the plate must be verified/adjusted
before measurements are made. Thisis done by moving the plate (built into the sample cup) up
towards the cone until the pin in the center of the cone touches the surface of the plate, and then by
separating (lowering) the plate 0.0005 inch (0.013mm).

Programmable DV-11+Pro Cone/Plate Viscometers, SN 50969 and higher, have an Electronic Gap
Setting feature. This feature enables the user to easily find the 0.0005 inch gap setting that was
established at Brookfield prior to shipment.

The following information explains how to set the Electronic Gap and verify calibration of the DV-
I1+Pro Viscometer.

A.1 ELECTRONIC GAP SETTING FEATURES

TOGGLE SWITCH alows you to enable/disable
the Electronic Gap Setting Feature: |eft position
is OFF (disabled), right position is ON (en-
abled).

PILOT LIGHT isthered (LED) light; when
illuminated, it means the Electronic Setting Pilot Light
Function is sensing (enabled). (red)

Toggle Swtich

. . C Ligh

CONTACT LIGHT isthe yellow (LED) light; oM eliow)
when it first turns on, the “hit point” has been Sliding Reference
found. Micrometer

Adjustment Ring

SLIDING REFERENCE MARKER is used after
finding the “hit point;” it is the reference for

Figure A1
establishing the 0.0005 inch gap.

MICROMETER ADJUSTMENT RING is used to
move the cup up or down in relation to the cone
spindle. Turning the ring left (clockwise) lowers
the cup; turning it right (counterclockwise)
raises the cup. Each line on the ring represents
one scale division and is equivalent to 0.0005
inch movement of the plate relative to the cone.

Brookfield Engineering Labs., Inc. Manual No. M/03-165-A0404




A.2 SETUP

1. Besurethat the Viscometer is securely
mounted to the Laboratory Stand, leveled
and zeroed with no cone or cup attached and Bath B Cath
0% torque is displayed. oulet — R e

2. Figure A2 shows atypica water bath setup.
Connect the sample cup inlet/outlet ports to Bath/Circulator
the water bath inlet and outlet and set the
bath to the desired test temperature. Allow
sufficient time for the bath to reach the test
temperature.

Figure A2

3. The Viscometer has been supplied with a
special cone spindle(s) which contains the —
Electronic Gap Setting feature. The “CPE” Adjustment
part number designation on the cone verifies
the Electronic Gap Setting feature. Note:
The“CPE” cone or cup cannot be used with
earlier DV-11+ cone/plate Viscometers
(below S/N50969) which do not have the R

- . T Coupling Nut
electronic gap setting feature. Spindle  These surfaces
rench must be clean!
(CPE)E:e ) Y 1 K
4. With the motor off, thread the cone spindle = =
by using the spindle wrench to secure the Figure A3

viscometer coupling nut (see Figure A3);
gently push up on the coupling nut and hold
this securely with the wrench. Thread the

cone spindle by hand. Note: Left Hand q
Threads. - ,
©F
5. Attach the cup, taking care not to hit the g/
cone with the cup (Figure A4). |
CORE v,\\l/?t}‘lqiﬁéhceUP! :
I
I 1
Figure A4

Brookfield Engineering Labs., Inc. Manual No. M/03-165-A0404




A.3 SETTING THE GAP

1. Move the toggle switch to the right; this will
turn on (enable) the Gap Setting Feature.
The Pilot (red) light will be illuminated.

2. If the contact light (yellow) isilluminated,
turn the micrometer adjustment ring clock-
wise (as you look down on the instrument)
until the light is no longer illuminated (see
Figure A5).

3. If theyellow contact light is not illuminated,
slowly turn the micrometer adjustment ring
in small increments (one or two scale divi-
sions) counter-clockwise.

Continue moving the micrometer adjustment
ring slowly counter-clockwise until the
contact light (yellow) first turnson. THIS
ISTHE “HIT POINT.”

4. Adjust the dliding reference marker, right or
left, to the closest full scale division mark
(see Figure A6).

5. Turn the micrometer adjustment ring one
scale division to the left to meet the line on
the diding reference marker. THE YEL-
LOW CONTACT LIGHT SHOULD GO
OFF.

6. You have established the gap space needed
for measurement. Now turn the toggle
switch OFF (left); the red pilot light should
go off.

R0/ / /[ |\ NS

Moves Away ||Moves Towards
from Hit Point Hit Point

(clockwise) (counter-clockwise)
LEFT || RIGHT

e,

Figure A5

The viscosity of electrically conductive fluids
may be affected if readings are taken with the
Electronic Gap Setting feature “on”. Be sure
to shut the feature “ of f” before taking
readings!

< 2

= Sliding
Reference|

Marker

Full Scale
Division Marks

Figure A6

7. Carefully remove the sample cup.

Notes

ring has not been moved.

1. Thecupmay beremoved and replaced without resetting the gapif themicrometer adj ustment

2. Remove the spindle from the viscometer when cleaning.
3. Re-establish the hit point every time the spindle is attached/detached.

Brookfield Engineering Labs., Inc.
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A.4 VERIFYING CALIBRATION

1. Determine the appropriate sample volume.

Refer to Table A6 to determine the correct
sample volume required for the spindle to be
utilized.

. Select aBrookfield Viscosity Standard fluid
that will give viscosity readings between
10% and 100% of full scalerange. Refer to
Appendix B for viscosity ranges of cone
spindles; ranges listed apply to CPE cones.

Do not use a silicone viscosity standard fluid
with aviscosity value greater than 5000 cP
with a Cone/Plate. Brookfield offersa
complete range of mineral oil viscosity
standards suitable for use with Cone/Plates
for viscosities above 5,000 cP or shear rates
above 500 sec'l; see Table E2 in

Appendix E for alist of available fluids.

It is best to use aviscosity standard fluid
that will be close to the maximum viscosity
for a given cone spindle/speed combination.

Table Al

Cone Sample Volume
Part No.

CPE-40 0.5 ml
CPE-41 2.0 ml
CPE-42 1.0 ml
CPE-51 0.5 ml
CPE-52 0.5 ml

4. Attach the sample cup to the Viscom-
eter and alow sufficient time for the
sample, cup and cone to reach tem-
perature equilibrium.

5. Turnthe motor on. Set the desired
speed(s). Measure the viscosity and
record the reading in both % torque
and centipoise (cP).

Note: The cone spindle must rotate
at least five (5) times before a visco-
sity reading is taken.

Example: LVDV-II+ Viscometer, Cone
Spindle CPE-42, Brookfield
Silicone Viscosity Standard
having a viscosity of 9.7 cP at
25°C

At 60 RPM, the full scale viscosity rangeis
10.0 cP. Thus, the Viscometer reading
should be 97% torque and 9.7 cP viscosity +
0.197 cP. The alowable error (+0.197 cP)
isacombination of Viscometer accuracy
and fluid tolerance (refer to I nter pretation
of Calibration Test Resultsin

Appendix E).

. With the motor off, remove the sample cup
and place the viscosity standard fluid into
the cup.

Brookfield Engineering Labs., Inc.

6. Verify that the viscosity reading is
within the allowable 1% deviation, as
explained earlier, for the specific
viscosity standard fluid(s) that you are
using.

*  The CPE designation on the cone
spindle indicates use with Electronic
Gap Setting Cone/Plate Viscometers/
Rheometers only.
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Appendix B - Viscosity Ranges

Viscosity ranges shown are for operational speeds 0.1 through 200 rpm.

LV Viscometer with LV spindles #1-4 and
RV/HA/HB Viscometers with spindles #1-7

0 Range P
Viscometer Minimum Maximum
LVDV-I1+ 15 6,000,000
RVDV-II+ 100 40,000,000
HADV-II+ 200 80,000,000
HBDV-II+ 800 320,000,000

Small Sample Adapter and Thermosel

SSA and Shear
Thermosel Rate®
Spindle LVDV-11+ RVDV-II+ HADV-II+ HBDV-II+ sec-1

©5c4-14 | 586 - 1,171.00 625 - 12,500,000 | 1,250 - 25,000,000 5,000 - 100,000,000 | .40N
Osca-15 | 23.4 - 468,650 250 - 5,000,000 500 - 10,000,000 2,000 - 40,000,000 | .48N
SC4-16 60 - 1,199,700 640 - 12,800,000 | 1,280 - 25,600,000 5,120 - 102,400,000 | .29N
SC4-18 15- 30,000 16 - 320,000 32 - 640,000 128 - 2,560,000 (1.32N
SC4-21 2.4 - 46,865 25 500,000 50 - 1,000,000 200 4,000,000 | .93N
SC4-25 240 - 4,790,000 | 2,560 - 51,200,000 | 5,120 - 102,400,000 | 20,480 - 409,600,000 | .22N
SC4-27 | 11.7 - 234,325 125 - 2,500,000 250 - 5,000,000 1,000 - 20,000,000 | .34N
SC4-28 | 23.4 - 468,650 250 - 5,000,000 500 - 10,000,000 2,000 - 40,000,000 | .28N
SC4-29 | 46.9 - 937,300 500 - 10,000,000 | 1,000 - 20,000,000 4,000 - 80,000,000 | .25N
SC4-31 15 - 300,000 160 - 3,200,000 320 - 6,400,000 1,280 - 25,600,000 | .34N
SC4-34 30 - 600,000 320 - 6,400,000 640 - 12,800,000 2,560 - 51,200,000 | .28N

© This spindle used with Small Sample Adapter only

@ N represents speed in RPM. For example, spindle SC4-14 operated at 5 rpm has a shear rate
of 0.40 x 5 =2.0 sec’l

Range and spindle constant information for spindles 82 and 83 are listed on Brookfield
Technical Sheet T95-954. Consult Brookfield or your Brookfield dealer for information on
spindles 81 and 37.

UL Adapter
Rate
UL Spindle LVDV-I1+ RVDV-I1+ HADV-I1+ HBDV-II1+ sec-1
YULA-150r15Z| 1 - 2,000 3.2 - 2,000 6.4 - 2,000 25.6 - 2,000 1.22N
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DIN Adapter Accessory

Rate

DAA Spindle LVDV-II+ RVDV-II+ HADV-II+ HBDV-II+ sec-1
85 0.6 - 5,000 6.1- 5,000 12.2 - 5,000 | 48.8 - 5,000 1.22N

86 1.8 - 10,000 18.2 - 10,000 36.5 - 10,000 146 - 10,000 1.29N

87 5.7 - 50,000 61 - 50,000 121 - 50,000 485 - 50,000 1.29N

Spiral Adapter

Spiral Rate
Spindle LVDV-I1+ RVDV-II+ HADV-II+ HBDV-II+ sec-1
SA-70 98 - 98,500 | 1,050-1,050,000 | 2,100-2,100,000 | 8,400 - 8,400,000 | .00677 -
.67.7N
(1-100 RPM)

Cone/Plate Viscometer

Viscosity (cP) Shear

Rate

Cone Spindle LVDV-II+ RVDV-II+ HADV-II+ HBDV-II+ sec-1
CPE-40 A5- 3065 | 1.7- 32,700| 3.3- 65400 13.1 - 261,000| 7.5N
CPE-41 .58 - 11,510 | 6.2 -122,800 | 12.3 - 245,600 [ 49.1 - 982,400 | 2.0N
CPE-42 3 - 6,000 ] 32- 64,000]| 6.4- 128,000 25.6 - 512,000 | 3.84N
CPE-51 2.4 -48,533 |25.8 -517,800 | 51.7 - 1,035,600 | 207.1 - 4,142,400 | 3.84N
CPE-52 4.6 - 93,000 |49.6 - 992,200 | 99.2 - 1,984,400 | 396.8 - 7,937,600 | 2.0N

Helipath with T-Bar Spindle

Viscosity (cP)

-Bar
Spindle LVDV-II+ RVDV-II+ HADV-II+ HBDV-I1+

T-A 156 - 187,460 2,000 - 2,000,000 4,000- 4,000,000 | 16,000 - 16,000,000

T-B 312 - 374,920 4,000 - 4,000,000 8,000- 8,000,000 | 32,000 - 32,000,000
T-C 780 - 937,300 | 10,000 - 10,000,000 ] 20,000- 20,000,000 | 80,000 - 80,000,000
T-D |1,560 -1,874,600 | 20,000 - 20,000,000 | 40,000- 40,000,000 |160,000 - 160,000,000
T-E 13,900 -4,686,500 | 50,000 - 50,000,000 | 100,000 -100,000,000 | 400,000 - 400,000,000
T-F |7,800 -9,373,000 |100,000 -100,000,000| 200,000 -200,000,000 | 800,000 - 800,000,000

In taking viscosity measurements with the DV-11+Pro Viscometer there are two considerations which
pertain to the low viscosity limit of effective measurement.

1) Viscosity measurements should be accepted within the equivalent % Torque Range from
10% to 100% for any combination of spindle/speed rotation.

2) Viscosity measurements should betaken under laminar flow conditions, not under turbulent
flow conditions.

Thefirst consideration hasto do with the precision of theinstrument. All DV-11+Pro Viscometershave
afull scale range precision of (+/-) 1% of any spindle/speed rotation. We discourage taking readings
below 10% of range because the potential viscosity error of (+/-) 1% is a relatively high number
compared to the instrument reading.
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The second consideration involves the mechanics of fluid flow. All rheological measurements of fluid
flow properties should bemade under laminar flow conditions. Laminar flow isflow whereinall particle
movement is in layers directed by the shearing force. For rotationa systems, this means all fluid
movement must becircumferential. Whentheinertial forceson thefluid becometoo great, thefluid can
break into turbulent flow wherein the movement of fluid particles becomesrandom and the flow can not
be analyzed with standard math models. Thisturbulence createsafalsely high Viscometer reading with
the degree of non-linear increasein reading being directly related to the degree of turbulenceinthefluid.

For the following geometries, we have found that an approximate transition point to turbulent flow
OCCUrs:

1) No.1LV Spindle 15 cP at 60 RPM
2) No.1RV Spindle: 100 cP at 50 RPM
3) UL Adapter: 0.85 cP at 60 RPM

Turbulent conditionswill exist in these situations whenever the RPM/cP ratio exceeds the valueslisted
above.
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Appendix C - Variables in Viscosity Measurements

As with any instrument measurement, there are variables that can affect a VViscometer measurement.
Thesevariables may berelated to theinstrument (Viscometer), or thetest fluid. Variablesrelated tothe
test fluid deal with the rheological properties of thefluid, whileinstrument variables would include the
Viscometer design and the spindle geometry system utilized.

Rheological Properties

Fluidshavedifferent rheol ogical characteristicsthat can bedescribed by Viscometer measurements. We
can then work with these fluids to suit our lab or process conditions.

There are two categories of fluids:

- These fluids have the same viscosity at different Shear Rates (different
RPMs) and are called Newtonian over the Shear Rate range they are
measured.

- These fluids have different viscosities at different shear rates (different
RPMs). They fall into two groups:

1) Time Independent non-Newtonian
2) Time Dependent non-Newtonian

Thetime dependency isthetimethey are held at agiven Shear Rate (RPM). They are non-Newtonian,
and when you change the Viscometer spindle speed, you get a different viscosity.

Time Independent

- A pseudoplastic material displaysadecreasein viscosity with anincreasein
shear rate, and is also known as “shear thinning”. If you take Viscometer
readings from alow to ahigh RPM and then back to the low RPM, and the
readingsfall uponthemselves, thematerial istimeindependent pseudoplastic
and shear thinning.

Time Dependent

Thixotropic - A thixotropic material hasdecreasing viscosity under constant shear rate. If
you set aViscometer at aconstant speed recording cP values over time and
find that the cP values decrease with time, the material is thixotropic.

Brookfield publication, “More Solutions to Sticky Problems’ includes a more detailed discussion of
rheological properties and non-Newtonian behavior.

Viscometer Related Variables

Most fluid viscositiesarefound to be non-Newtonian. They are dependent on Shear Rate and the spindle
geometry conditions. The specifications of the Viscometer spindle and chamber geometry will affect
the viscosity readings. If one reading is taken at 2.5 rpm, and a second at 50 rpm, the two cP values
produced will bedifferent becausethereadingsweremadeat different shear rates. Thefaster thespindle
speed, the higher the shear rate.

The shear rate of agiven measurement isdetermined by: therotational speed of the spindle, thesizeand
shape of the spindle, the size and shape of the container used and therefore the distance between the
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container wall and the spindle surface.
A repeatable viscosity test should control or specify the following:

1) Test temperature

2) Sample container size (or spindle/chamber geometry)

3) Samplevolume

4) Viscometer model

5) Spindle used

6) Whether or not to attach the guard leg

7) Test speed or speeds (or the shear rate)

8) Length of time or number of spindle revolutions to record viscosity.
9) How sample was prepared and/or loaded into container.
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Appendix D - Spindle and Model Codes

Each spindle has atwo digit entry code which is entered via the keypad on the DV-I1+Pro. The entry
code allows the DV-I1+Pro to calculate Viscosity, Shear Rate and Shear Stress values.

Each spindle has two constants which are used in these calculations. The Spindle Multiplier Constant
(SMC) usedfor viscosity and shear stresscal cul ations, and the Shear Rate Constant (SRC), used for shear
rate and shear stress calculations. Note that where SRC = 0, no shear rate/shear stress calculations are
done and the data displayed is zero (0) for these functions.

Table D1

SPINDLE ENTRY CODE SMC SRC
RV1 01 1 0
Rv2 02 4 0
RV3 03 10 0
Rv4 04 20 0
RV5 05 40 0
RV6 06 100 0
RV7 07 400 0
HA1 01 1 0
HA2 02 4 0
HA3 03 10 0
HA4 04 20 0
HAS5 05 40 0
HAG 06 100 0
HA7 07 400 0
HB1 01 1 0
HB2 02 4 0
HB3 03 10 0
HB4 04 20 0
HB5 05 40 0
HB6 06 100 0
HB7 07 400 0
LV1 61 6.4 0
LV2 62 32 0
LV3 63 128 0
Lv4 64 640 0
LV5 65 1280 0
LV-2C 66 32 0.212
LV-3C 67 128 0.210
Spird 70 105 0.677
T-A 91 20 0
T-B 92 40 0
T-C 93 100 0
T-D 94 200 0
T-E 95 500 0
T-F 96 1000 0
ULA 00 0.64 1.223
DIN-81 81 3.7 1.29
DIN-82 82 3.75 1.29
DIN-83 83 12.09 1.29
DIN-85 85 1.22 1.29
DIN-86 86 3.65 1.29
DIN-87 87 12.13 1.29
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Table D1 (continued)

SPINDLE ENTRY CODE SMC SRC
SC4-14 14 125 0.4
SC4-15 15 50 0.48
SC4-16 16 128 0.2929
SC4-18 18 3.2 1.32
SC4-21 21 5 0.93
SC4-25 25 512 0.22
SC4-27 27 25 0.34
SC4-28 28 50 0.28
SC4-29 29 100 0.25
SC4-31 31 32 0.34
SC4-34 34 64 0.28
SC4-37 37 25 0.36
CPE-40 40 0.327 7.5
CPE-41 41 1.228 2
CPE-42 42 0.64 3.8
CPE-51 51 5.178 3.84
CPE-52 52 9.922 2
V-71 71 2.62 0
V-72 72 111 0
V-73 73 53.5 0
V-74 74 543 0

Table D2 lists the model codes and spring torque constants for each Viscometer model.

TableD2
MODEL CODE

MODEL TK ON DV-I1+ SCREEN
LVDV-I1+ 0.09373 LV
2.5LVDV-I1+ 0.2343 25LV
SLVDV-I1+ 0.4686 SLV
/4 RVDV-11+ 0.25 V4RV
1/2 RVDV-11+ 05 2RV
RVDV-II+ 1 RV
HADV-I1+ 2 HA
2HADV-I1+ 4 2HA
2.5HADV-II+ 5 25HA
HBDV-II+ 8 HB
2HBDV-I1+ 16 2HB
2.5HBDV-I1+ 20 25HB
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The full scale viscosity range for any DV-11+Pro model and spindle may be calculated using the
eguation:

o 10,000
Full Scale Viscosity Range [cP] = TK x SMC * “RPM
where:
TK = DV-lI+Pro Torque Constant from Table D2
SMC = Spindle Multiplier Constant from Table D1

The Shear Rate calculation is:;
Shear Rate (/ggr) = SRC * RPM

where:
SRC = Shear Rate Constant from Table D1
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Appendix E - Calibration Procedures

The accuracy of the DV-11+Pro is verified using viscosity standard fluids which are available from
Brookfield Engineering L aboratoriesor your local Brookfield agent. Viscosity standardsareNewtonian,
and therefore, have the same viscosity regardless of spindle speed (or shear rate). Viscosity standards,
calibrated at 25°C, are shown in Table E1 (Silicone Oils) and Table E2 (Mineral Oils).

Container size: For Viscosity Standards < 30,000 cP, use a600 ml Low Form Griffin Beaker
having a working volume of 500 ml.

For Viscosity Standards = 30,000 cP, use the fluid container.

Inside Diameter: 3.25"(8.25cm)
Height: 4.75"(12.1cm)

Note: Container may be larger, but may not be smaller.

Temperature:  Asstated on the fluid standard label: (+/-) 0.1°C

Conditions: The DV-I1+Pro should be set according to the operating instructions. Thewater
bath must be stabilized at test temperature. Viscometerswith the letters“LV”
or “RV” inthemodel designation must havethe guard |eg attached (see page 65
for more information on the guard leg).

Normal 25°C Standard Fluids High Temperature Standard Fluids
Viscosity (cP) Viscosity (cP) Three Viscosity/Temperatures**
5 5,000 HT-30,000

10 12,500 HT-60,000
50 30,000 HT-100,000

100 60,000

500 100,000 **25°C, 93.3°C, 149°C

1,000 Refer to Brookfield catalog for
more information.

TableE1l

MINERAL OIL VISCOSITY STANDARD FLUIDS

BEL Part No. Viscosity (cP) 25°C
B3l 31
B210 210
B750 750
B1400 1,400
B2000 2,000
B11000 11,000
B20000 20,000
B80000 80,000
B200000 200,000
B420000 420,000

TableE2
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Brookfield Viscosity Standard Fluid General Information

We recommend that Brookfield Viscosity Standard Fluids be replaced on an annual basis, one year
from date of initial use. These fluids are pure silicone and are not subject to change over time.
However, exposure to outside contaminants through normal use requires replacement on an annual
basis. Contamination may occur by the introduction of solvent, standard of different viscosity or
other foreign material.

Viscosity Standard Fluids may be stored under normal laboratory conditions. Disposal should bein
accordance with state, local and federal regulations as specified on the material safety data sheet.

Brookfield Engineering L aboratories does not recertify Viscosity Standard Fluids. We will issue
duplicate copies of the Certificate of Calibration for any fluid within two years of the purchase
date.Brookfield Viscosity Standard Fluids are reusable provided they are not contaminated. Normal
practice for usage in a 600 ml beaker isto return the material from the beaker back into the bottle.
When using smaller volumes in accessories such as Small Sample Adapter, UL Adapter or
Thermosel, the fluid is normally discarded.

Calibration Procedure for LV(#1-4) and RV,HA,HB(#1-7) Brookfield Spindles

1) Placethe viscosity standard fluid (in the proper container) into the water bath.
2) LowertheDV-II+Prointo measurement position (withguardlegif LV or RV seriesViscometer
is used).

3) AttachthespindletotheViscometer. If you are using adisk-shaped spindle, avoid trapping air
bubbl es beneath the disk by firstimmersing the spindle at an angle, and then connectingit tothe
Viscometer.

4) The viscosity standard fluid, together with the spindle, should be immersed in the bath for a
minimum of 1 hour, stirring the fluid periodically, prior to taking measurements.

5) After 1 hour, check thetemperatureof theviscosity standard fluid with anaccuratethermometer.

6) Ifthefluidisat test temperature (£0.1°C of the specified temperature, normally 25°C), measure
theviscosity and record the VViscometer reading. Note: The spindle must rotate at least five
(5) times before readings are taken.

7) The viscosity reading should equal the cP value on the fluid standard to within the combined
accuracies of the Viscometer and the viscosity standard (as discussed in the section entitled,
Interpretation of Calibration Test Results) which appears later in this section.

Calibration Procedure for a Small Sample Adapter

When a Small Sample Adapter isused, the water jacket is connected to the water bath and the water is
stabilized at the proper temperature:

1) Put the proper amount of viscosity standard fluid into the sample chamber. The amount varies
with each spindle/chamber combination. (Refer to the Small Sample Adapter instruction
manual).

2) Place the sample chamber into the water jacket.

3) Put the spindleinto the test fluid and attach the extension link, coupling nut and free hanging
spindle (or directly attach the solid shaft spindle) to the DV-I11+Pro.
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4) Allow 30 minutes for the viscosity standard, sample chamber and spindle to reach test
temperature.

5) Measuretheviscosity and record the Viscometer reading. Note: The spindle must rotate at
least five (5) times before readings are taken.

Calibration Procedure for a Thermosel System

WhenaThermosel Systemisused, thecontroller stabilizesthe Thermo Container at thetest temperature.

1) Put the proper amount of HT viscosity standard fluid into the HT-2 sample chamber. The
amount varies with the spindle used. (Refer to the Thermosel instruction manual).

2) Place the sample chamber into the Thermo Container.

3) Put the spindleinto the test fluid and attach the extension link, coupling nut and free hanging
spindle (or directly attach the solid shaft spindle) to the DV-11+Pro.

4) Allow 30 minutes for the viscosity standard, sample chamber and spindle to reach test
temperature.

5) Measuretheviscosity and record the Viscometer reading. Note: The spindle must rotate at
least five (5) times before readings are taken.

Calibration Procedure using UL or DIN UL Adapters

When aUL or DIN UL Adapter is used, the water bath is stabilized at the proper temperature:

1) Put the proper amount of viscosity standard fluid into the UL Tube. (Refer to the UL Adapter
instruction manual).

2) Attach the spindle (with extension link and coupling nut) onto the DV-I1+Pro.
3) Attach the tube to the mounting channel.

4) Lower thetubeintothewater bath reservoir, or if using the ULA-40Y water jacket, connect the
inlet/outlets to the bath external circulating pump.

5) Allow 30 minutes for the viscosity standard, sample chamber and spindle to reach test
temperature.

6) Measuretheviscosity and record the Viscometer reading. Note: The spindle must rotate at
least five (5) times before readings are taken.

Calibration Procedure using a Helipath Stand and T-Bar Spindles

When a Helipath Stand and T-Bar spindles are used:

1) RemovetheT-bar spindleand select astandard LV (#1-4) or RV ,HA ,HB(#1-7) spindle. Follow
the procedures for LV (#1-4) and RV ,HA ,HB(#1-7) Brookfield spindles outlined above.

2) T-Bar spindlesshould not be used for verifying calibration of the DV-11+Pr 0 Viscometer.

Calibration Procedure for Spiral Adapter

1) Placethe viscosity standard fluid (in the proper container) into the water bath.
2) Attach the spindle to the viscometer. Attach chamber (SA-1Y) and clamp to the viscometer.

3) LowertheDV-lI+Prointo measurement position. Operatetheviscometer at 50 or 60 RPM until
the chamber is fully flooded.
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4)

5)
6)

7)

The viscosity standard fluid, together with the spindle, should be immersed in the bath for a
minimum of 1 hour, stirring thefluid periodically (operate at 50 or 60 RPM periodically), prior
to taking measurements.

After 1 hour, check thetemperatureof theviscosity standard fluid withanaccuratethermometer.

If the fluid is at test temperature (+/- 0.1°C of the specified temperature, normally 25°C),
measure the viscosity and record the viscometer reading. Note: The spindle must rotate
at least five (5) times for one minute, whichever is greater before readings are taken.

The viscosity reading should equal the cP value on the viscosity fluid standard to within the
combined accuracies of the viscometer and the standard (as discussed in the section entitled,
Interpretation of Calibration Test Results).

Calibration Procedure for Cone/Plate Viscometers:

1)
2)

3)

4)

5)

6)

Follow the above procedures for mechanically adjusting the setting of the cone spindle to the
plate.

Refer to Appendix A, Table A1, and determine the correct sample volume required for the
selected spindle.

Select aviscosity standard fluid that will give viscosity readings between 10% and 100% of full
scalerange. Referto Appendix B for viscosity rangesof conespindles. Consult with Brookfield
or an authorized dealer to determine which fluid is appropriate.

Itisbest to useaviscosity standard fluid that will be closeto the maximum viscosity for agiven
cone spindle/speed combination.

LVDV-11+Pro Viscometer, Cone CP-42, Fluid 10
Having aviscosity of 9.7 cP at 25°C

At 60 RPM, the full scale viscosity rangeis 10.0 cP. Thus, the Viscometer reading should be
97%torqueand 9.7 cPviscosity + 0.197 cP (0.1 cPfor theviscometer plus0.97 cPfor thefluid).
The accuracy is a combination of Viscometer and fluid tolerance (refer to Interpretation of
Cdlibration Test Results).

With the viscometer stopped, remove the sample cup and placethe viscosity standard fluid into
the cup, waiting 10 minutes for temperature equilibrium.

Connect the sample cup to the Viscometer. Allow sufficient time for temperature to reach
equilibrium. Typically 15 minutesisthemaximumtimethat youmust wait. L esstimeisrequired
if spindle and cup are already at test temperature.

Measure the viscosity and record the Viscometer reading in both % torque and centipoise (cP).

Notes: 1) The spindle must rotate at least five (5) times before a viscosity reading is
taken.

2) Theuse of Brookfield Viscosity Standard fluidsin the range of 5 cP to 5000 cP
isrecommended for cone/plateinstruments. Pleasecontact Brookfield Engineer-
ing Laboratories or an authorized dealer if your calibration procedure requires
more viscous standards.

3) Selectaviscosity standardfluidthat will giveviscosity readingsbetween 10% and
100% of full scale range. Refer to Appendix B for viscosity ranges of cone
spindles. Do not use a silicone viscosity standard fluid with a viscosity value
greater than 5000 cPwith aCone/Plate Viscometer. Brookfield offersacomplete
rangeof mineral oil viscosity standardssuitablefor usewith Cone/Plate Viscom-
etersas shown in Table E2. Consult with Brookfield or an authorized dealer to
determine which fluid is appropriate.

Brookfield Engineering Labs., Inc. Manual No. M/03-165-A0404




Interpretation of Calibration Test Results:

When verifying the calibration of the DV-I1+Pro, theinstrument and viscosity standard fluid error must
be combined to calculate the total allowable error.

The DV-11+Pro is accurate to (+/-) 1% of any full scale spindle/speed viscosity range.
Brookfield Viscosity Standards Fluids are accurate to (+/-) 1% of their stated value.
Calculate the acceptable range of viscosity using RVDV-I1I+Pro with RV-3
Spindle at 2 RPM; Brookfield Standard Fluid 12,500 with a viscosity of 12,257
cP at 25°C:

1) Calculate full scale viscosity range using the equation:

. _ 10,000
Full Scale Viscosity Range [cP] = TK * SMC « “RPM
Where:
TK = 1.0from Table D2
SMC = 10 from Table D1

Full Scale Viscosity Range 110 *210 000 = 50,000 cP

The viscosity is accurate to (+/-) 500 cP (which is 1% of 50,000)

2) Theviscosity standard fluid is 12,257 cP. Itsaccuracy is (+/-)1% of 12,257 or
(+/-)122.57 cP.

3) Total allowable error is (122.57 + 500) cP = (+/-) 622.57 cP.

4) Therefore, any viscosity reading between 11,634.4 and 12,879.6 cP indicates that the Viscom-
eter isoperating correctly. Any reading outsidetheselimitsmay indicateaViscometer problem.
Contact the Brookfield technical sales department or your local Brookfield dealer/distributor
with test results to determine the nature of the problem.

The Brookfield Guardleg

The guard leg was originally designed to protect the spindle during use. The first applications of the
Brookfield Viscometer included hand held operation while measuring fluidsin a55-gallon drum. Itis
clear that under those conditionsthe potential for damagetothe spindlewasgreat. Original construction
included a sleeve that protected the spindle from sideimpact. Early RV guard legs attached to the dial
housing and LV guard legs attached to the bottom of the pivot cup with atwist and lock mechanism.

The current guard leg isaband of metal in the shape of theletter U with abracket at thetop that attaches
tothepivot cup of aBrookfield Viscometer/Rheometer. Becauseit must attachtothepivot cup, theguard
leg cannot be used with a Cone/Plate instrument. A guard leg is supplied with all LV and RV series
instruments, but not with the HA or HB series. It's shape (shown in Figure 1) is designed to
accommodate the spindles of the appropriate spindle set; therefore, the RV guard leg iswider than the
LV dueto the large diameter of the RV #1 spindle. They are not interchangeable.
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Thecalibration of the Brookfield Viscometer/Rheometer i sdetermined using a600 ml Low Form Griffin
Beaker. Thecalibration of LV and RV seriesinstrumentsincludesthe guard leg. The beaker wall (for
HA/HB instruments) or theguardleg (for LV/RV instruments) definewhat iscalled the" outer boundary”
of the measurement. The spindlefactorsfortheLV, RV, and HA/HB spindleswere devel oped with the
above boundary conditions. The spindlefactorsare used to convert theinstrument torque (expressed as
the dial reading or %Torque value) into centipoise. Theoretically, if measurements are made with
different boundary conditions, e.g., without the guard leg or inacontainer other than 600 ml beaker, then
the spindle factors found on the Factor Finder cannot be used to accurately calculate an absolute
viscosity. Changing theboundary conditionsdoesnot changetheviscosity of thefluid, butit doeschange
how theinstrument torqueisconverted to centipoise. Without changing the spindlefactor to suit the new
boundary conditions, the calculation from instrument torque to viscosity will be incorrect.

Practically speaking, the guard
leg has the greatest effect when
used with the #1 & #2 spindles
of the LV and RV spindle sets
(Note: RV/HA/HB #1 spindleis
not included in standard spindle
set). Any other LV (#3 & #4) or
RV (#3-#7) spindlecan beused
ina600 ml beaker with or with-
out theguard legto produce cor-
rect results. The HA and HB
series Viscometers/Rheometers
arenot supplied with guard legs
in order to reduce the potential
problems when measuring high
viscosity materials. HA/HB
spindles#3 through #7 areiden-
tical to those spindle numbersin
theRV spindleset. TheHA/HB

#1 & #2 have dightly different N—
dimensionsthanthecorrespond- & J

ing RV spindles. This dimen- RV Guardleg LV Guardleg
sional differenceallowsthefac-

tors between the RV and HA/ Figurel

HB #1&#2 spindles to follow
the same ratios as the instrument torque even though the boundary conditions are different.

Therecommended proceduresof usinga600 ml beaker andtheguardlegaredifficult for somecustomers
tofollow. Theguardlegisonemoreitemto clean. In someapplicationsthe 500 ml of test fluid required
to immerse the spindlesin a600 ml beaker is not available. In practice, asmaller vessel may be used
and the guard leg is removed. The Brookfield Viscometer/Rheometer will produce an accurate and
repeatabl etorquereading under any measurement circumstance. However, the conversion of thistorque
reading to centipoise will only be correct if the factor used was devel oped for those specific conditions.
Brookfield hasoutlined amethod for recalibrating aBrookfield Viscometer/Rheometer to any measure-
ment circumstance in More Solutions to Sticky Problems. It is important to note that for many
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viscometer usersthetrue viscosity isnot asimportant as arepeatable day to day value. Thisrepeatable
value can be obtained without any special effort for any measurement circumstance. But, it should be
known that this type of torque reading will not convert into a correct centipoise value when using a
Brookfield factor if the boundary conditions are not those specified by Brookfield.

The guard leg is a part of the calibration check of the Brookfield LV and RV series Viscometer/
Rheometer. Our customers should be aware of its existence, its purpose and the effect that it may have
ondata. Withthisknowledge, theviscometer user may make modificationsto therecommended method
of operation to suit their needs.
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Appendix F - Speed Sets

The following speed sets and custom speeds are sel ectable from the SETUP menu option. All
speeds are in units of RPM.

Interleave Sequential Custom
Speed From Speed From Speed Speed Speed
0.0 0.0 0.0 3.0 +=100.0
0.3 LVT 0.3 LVT 0.01 4.0 105.0
0.5 RVT 0.6 LVT 0.03 5.0 120.0
0.6 LVT 15 LVT 0.05 6.0 135.0
1.0 RVT 3.0 LVT 0.07 7.5 140.0
15 LVT 6.0 LVT 0.09 8.0 150.0
2.0 RVF 12.0 LVT 0.1 10.0 160.0
25 RVT 30.0 LVT 0.2 12.0 180.0
3.0 LVT 60.0 LVT 0.3 15.0 200.0
4.0 RVF OR 0.0 OR 0.4 17.0
5.0 RVT 0.5 RVT 0.5 20.0
6.0 LVT 1.0 RVT 0.6 22.0
10.0 RVT 2.0 RVF 0.7 25.0
12.0 LVT 25 RVT 0.8 30.0
20.0 RVT 4.0 RVF 0.9 35.0
30.0 LVT 5.0 RVT 1.0 40.0
50.0 RVT 10.0 RVT 11 45.0
60.0 LVT 20.0 RVT 1.2 50.0
100.0 RVT 50.0 RVT 14 60.0
100.0 RVT 1.5 70.0
1.8 75.0
2.0 80.0
2.5 90.0

The DV-I1+Pro has The DV-11+Pro can be programmed
the sequential speed to select up to 18 of the above

set installed at speeds for use at any one time.
Brookfield prior to Speed 0.0 isautomatically included
shipment. as the 19th speed.

Note: Additional speeds are available when using Rheocal c32 Soft-
ware (DV-I1+Pro in external mode - see section 11.9).
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Appendix G - Communications

When using the Brookfield Computer Cable (Brookfield part # DV P-80), the DV-I1+Pro will output
adata string at arate of approximately 3 times per second. When using the Brookfield Printer Cable
(Brookfield Part No. DVP-81), the output rate is 1.0 times per second. The DV-11+Pro usesthe
following RS-232 parameters to output these strings:

Baud Rate 9600
Data Bits 8
Stop Bits 1
Parity None
Handshake None

The following formulas should be used to calculate and display the Viscometer data after each
packet of datais obtained from the DV-I1+Pro.

Viscosity (cP) = 100 * TK * SMC * Torque
RPM
Shear Rate (1/ge0) = RPM * SRC
Shear Stress (PYN€S/12) = TK * SMC * SRC * Torque
Where:
RPM = Current Viscometer spindle speed in RPM
TK = Viscometer torque constant from Appendix D, Table D2.
SMC = Current spindle multiplier constant from Appendix D, Table D1.
SRC = Current spindle shear rate constant from Appendix D, Table D1.
Torgue = Current Viscometer torque (%) expressed as a number between 0 and 100.

As an example, consider an LV Viscometer using an SC4-31 spindle, running at 30 RPM and cur-
rently displaying a Torque of 62.3 (%). First welist all of the given data and include model and
spindle constants from Appendix D, Tables D1 and D2:

RPM = 30 from the example statement.

TK = 0.09373 from Appendix D for an LV Viscometer.
SMC = 32.0from Appendix D for atype SC4-31 spindle.
SRC = 0.34from Appendix D for atype SC4-31 spindle.
Torgue = 62.3 from the example statement.

Applying this data to the above equations yields:

Viscosity (cP) 100 * TK * SMC * Torque

RPM

100 * 0.09373* 32.0* 62.3
30

622.9 cP

Shear Rate (1/ggeg) RPM * SRC

30* 0.34
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Shear Stress (PYN€s/,2) TK * SMC * SRC * Torque

0.09373* 32.0* 0.34* 62.3
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No Connection
Receive Data (RxD)
Transmit Data (TxD)
High Speed Print

(Note 1)
Serial Ground

Notes:

DV-1I+Pro
Serial and Analog Outputs

7

\
o0 ®

0000

I

&@@

Figure G1

Analog Ground

Analog % Torque
(Note 2)

Analog Temperature
(Note 3)

High Speed Print
(Note 1)

1. Placing ajumper across pins4 and 9 causes the DV-11+Pro to output printer
dataat a3 line-per-second rate. No jumper across pins4 and 9 retains the
once-per-second printer output rate.

2. Thisisa0-1 volt d.c. output where 0 volts corresponds to 0% torque and
1 volt corresponds to 100 % torque with aresolution of 1 millivolt (0.1%).

3. Thisisa0-3.75 volt d.c. output where 0 volts corresponds to -100°C and
3.75 volts corresponds to +275°C with aresolution of 1 millivolt (0.1°C).

Analog Output:

The analog outputs for temperature and % torque are accessed from the 9-pin connector located on
the rear panel of the DV-I1+Pro. The pin connections are shown in Figure G1.

The output cable (Part No. DVP-96Y) connections are:

Red Wire: Temperature Output
Black Wire: Temperature Ground
White Wire: % Torque Output
Green Wire: % Torque Ground

Note: Please contact Brookfield Engineering Laboratories or your local dealer/
distributor for purchase of the DVP-96Y analog output cable.
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Appendix H - Model S Laboratory Stand

Brookfield Engineering Labs., Inc.

VS-35Y
MODEL S

CLAMP ASSEMBLY

BROOKFIELD
LABORATORY
VISCOMETER

DESCRIPTION QTY.
1 VS-34 14" UPRIGHT ROD 1
VS-38 18" UPRIGHT ROD OPTIONAL
2 VS-2 BASE 1
3 VS-3 LEVELING SCREW 2
4 50S311824S06B SCREW, 5/16-18 X 3/4 LG. SLOTTED PAN HD. 1
5 502020032S34Z LOCKWASHER, EXTERNAL TOOTH, 5/16 X 5/8 X 1/32 1
6 VS-35 CLAMP 1
7 VS-40Y GEAR SCREW ASSEMBLY 1
8 VS-41Y CLAMP SCREW ASSEMBLY 1
9 VS-29 TENSION INSERT 1
10 VS-29W BELLEVILLE SPRING WASHER 2
11 VS-28 TENSION SCREW 1
Figure H1
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Unpacking
Check carefully to see that all the components are received with no concealed damage.

1 Base, VS-2, with 2 Leveling Screws, VS-3, packed in a cardboard carton
1 Upright Rod, VS-34, with attached Clamp Assembly, VS-35Y

Assembly (Refer to Figure H1)

1. Remove the base assembly from the carton.

2. Removethescrew and washer fromtheupright rod. Placetherod and clamp assembly into the hole
in the top of the base.

Note: The“Front” designation on the clamp assembly should facethe
opening of thelegs, i.e., parallel to theleveling feet.

3. Rotate the rod/clamp assembly dlightly until the slot on the bottom of the rod intersects the pin
located in the base.

4. While holding the rod and base together, insert the slotted screw and washer as shown and tighten
securely.

Viscometer Mounting

Insert the Viscometer mounting rod into the hole (withthe cut-away slot) intheclamp assembly. Adjust
the instrument level until the bubble is centered from right to left and tighten the clamp knob
(clockwise). Use the leveling screws to “fine” adjust the viscometer level. Note: |f the Digital
Viscometer cannot be leveled, check to insure that the rod is installed with the gear rack facing
forward.

Note: If the clamp istaken off the upright rod, thetensioninsert (Part No. VS-29) must be
properly aligned for the clamp to fit back onto the upright rod. When the tension
insert (Part No. VS-29) isinserted, itsslot must bein the vertical position parallel to
theupright rod. If theslotisnotinthe correct position, the clampwill not slidedown
over the upright rod. Use asmall screwdriver or pencil to move it into the correct
position. TheVS-29W Belleville spring washers must face each other asillustrated.
Adjust theV S-28 tension screw so that the clamp assembly isnot |oose on the upright
rod.

Caution: Do not tighten the clamp knob unless the viscometer mountingrod is
inserted in the clamp assembly.

Center the Viscometer relative to the stand base and retighten the jam nut asrequired. Referringtothe
Viscometer bubble level, adjust the leveling screws until the instrument is level.
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Appendix | - DVE-50A Probe Clip

Probe Clip DVE-50A is supplied with al model DV-I1+Pro Viscometers, DV-111 Rheometers,
and Digital Temperature Indicators. It isused to attach the RTD temperature probeto theLV
Guard Leg (Part No. B-20Y) or 600 ml low form Griffin beaker. FigureHlisaview of the
Probe Clip, showing the hole into which the RTD probe isinserted, and the slot which fits onto
the LV guard leg. When inserting the RTD probe into the Probe Clip, the upper part of the Clip
is compressed by squeezing the points shown in Figure H1. Note: All Viscometer/Rheometer
models — except LV — use the Probe Clip as shown in Figure H3.

RTD Probe
Hole
Squeeze Here when
installing RTD
Temperature Probe

Figure H1

Figure H2 shows the Probe Clip (with RTD temperature probe installed) mounted on the LV
guard leg.

Figure H3 shows the Probe Clip mounted in a600 ml low form Griffin beaker. This mounting
may be used with LV, RV, HA and HB series instruments.

Note: The RTD probe must be parallel to the beaker wall so as not to interfere with the
Viscosity measurement.

LV Guard Leg
Assembly B-20Y RTD Temperature Probe

g

| -/ DVE-50
| 500 m| & Probe Cllp

600 ml 400
/ ¢ Probe Clip pre
RTD Temperature DVE-50 %0
Probe > <

200

100

600 ml Low Form
— Griffin Beaker

Figure H2 Figure H3
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Appendix J - Fault Diagnosis and Troubleshooting

Listed are some of the more common problems that you may encounter while using your Viscom-
eter.

[0 Spindle Does Not Rotate
[0 Make sure the viscometer is plugged in.

[0 Check the voltage rating on your viscometer (115, 220V); it must match the wall voltage.
0 Make sure the motor is ON and the desired rpm is selected.

[l Spindle Wobbles When Rotating or Looks Bent
O Make sure the spindleis tightened securely to the viscometer coupling.
[0 Check the straightness of all other spindles; replaceif bent.

O Inspect viscometer coupling and spindle coupling mating areas and threads for dirt; clean
threads on spindle coupling with a 3/56 left-hand tap.

O Inspect threads for wear; if the threads are worn, the unit needs service (see Appendex K).
Check to see if spindles rotate eccentrically or wobble. Thereisan alowable runout of 1/32-

inch in each direction (1/16-inch total) when measured from the bottom of the spindle rotat-
inginair.

[0 Check to seeif the viscometer coupling appears bent; if so, the unit isin need of service (see
Appendix K, “How to Return Y our Viscometer”).

If you continue to experience problems with your viscometer, follow this troubleshooting section to
help isolate potential problems.

0 Perform an Oscillation Check
0 Remove the spindle and turn the motor OFF; select display to % torque mode.
O Gently push up on the viscometer coupling.
O Turn the coupling until the digital display reads 10-15 on the % display.
O Gently let go of the coupling.

[0 Watch the digital display; you should see a“run” of numbers next to the %; the “run” of
numbers should ultimately stop at 0.0 (+/- 0.1).

If the digital display does not return to ZERO, the unit isin need of service (see Appendix K, “How
to Return Y our Viscometer”).

Brookfield Engineering Labs., Inc.
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[0 Inaccurate Readings
O Verify spindle, speed and model selection.

O If % readings are under-range (less than 10%), the display will flash; change spindle and/or
Speed.

O “EEE” on the digital display means the unit is over-range (greater than 100%); reduce speed
and/or change spindle.

O Verify test parameters. temperature, container, volume, method. Refer to:
» “More Solutionsto Sticky Problems’, Section 11
» “DV-II+Pro Viscometer Operating Instructions, Appendix C, “Variablesin
Viscosity Measurements.

O Perform a calibration check; follow the instructionsin Appendix E.
O Verify tolerances are calculated correctly.

O Verify the calibration check procedures were followed exactly.

If the unit is found to be out of tolerance, the unit may be in need of service. See Appendix K for
details on “How to Return Y our Viscometer”.

[0 Viscometer Will Not Return to Zero

O Viscometer is not level
» Check with spindle out of the sample
* Adjust the laboratory stand

0 Pivot point or jewel bearing faulty
* Perform calibration check
» Contact Brookfield Engineering Laboratories, Inc. or your Brookfield dealer for repair

[0 Display Reading Will Not Stabilize

[J Special characteristic of sample fluid. Thereis no problem with the viscometer.
* Refer to Appendix C

[0 Check for erratic spindle rotation.
» Verify power supply
» Contact Brookfield Engineering Laboratories, Inc. or your Brookfield dealer for repair

0 Bent spindle or spindle coupling.
» Contact Brookfield Engineering Laboratories, Inc. or your Brookfield dealer for repair

0 Temperature fluctuation in sample fluid
» Use temperature bath control.
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[0 No Recorder Response

[0 Be Sure the viscometer isnot at ZERO reading.
[0 Besuretherecorder is ON and not on STANDBY .
O Verify the range settings.

0 Check cable leads for clean connection.

[1 Recorder Pen Moves in Wrong Direction

0 Output polarity reversed
* Reverseleads

[0 Viscometer Will Not Communicate with PC
0 Check the comm port and make sure the correct port is being utilized.
O Check the interconnecting cable for proper installation

[0 Check the Options menu and make sure the PC PROG is set to either “ON” or “OFF” in
accordance with the operating instructions for the program/procedure in use.

If the above do not rectify the problem, do the following:
O Shut off viscometer

O Attach printer.

O Press and hold the MOTOR ON/OFF and ENTER/AUTORANGE keys simulanteously while
turning the viscometer power on. Figure J1 appears on the viscometer display.

FigureJl

[0 Press ENTER/AUTORANGE key and Figure J2 appears.

Figure J2

O Scroll to YES and press the ENTER/AUTORANGE key. Figure J3 appears.

FigureJ3
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[0 PressENTER/AUTORANGE. Information similar to Figure J4 will appear on your printer

output.
Timed Stop Minutes 01
Seconds 30
RPM 50
Time to Torque Torque % 60
RPM 50
Print Interval Minutes 00
Seconds 05
Printer Port Parallel or Serial Parallel
Last Spindle Used 05
Special Spindle AA SMC 0000 .000
Special Spindle AA SRC 00.000
Special Spindle BB SMC 0000 .000
Special Spindle BB SRC 00.000
Special Spindle CC SMC 0000 .000
Special Spindle CC SRC 00.000
Special Spindle DD SMC 0000 .000
Special Spindle DD SRC 00.000
Display Units CGS
Temperature Scale C
Speed Set INTERLEAVE
Viscometer Model RV
Last BEVIS Program 1
Raw Temps 2EQC QOFE
Torque Scale E19F
Figure J4

O Call Brookfield to review the information on your printer output.

O Figure J5 next appears on the viscometer display. Turn the viscometer power off.

Figure J5
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Appendix K - Warranty Repair and Service

Warranty

Brookfield Viscometers are guaranteed for one year from date of purchase against defectsin materials
and workmanship. They are certified against primary viscosity standards traceable to the National
Institute of Standards and Technology (NIST). The Viscometer must be returned to Brookfield
Engineering Laboratories, Inc. or the Brookfield dealer from whom it was purchased for no charge
warranty service. Transportation is at the purchaser’s expense. The Viscometer should be shipped in
its carrying case together with all spindles originally provided with the instrument.

For repair or service in the United States, return to:

Brookfield Engineering Laboratories, Inc.
11 Commerce Boulevard
Middleboro, MA 02346 U.SA.

Telephone: (508) 946-6200 FAX: (508) 946-6262
http://www.brookfiel dengineering.com

Forrepair or serviceoutside the United States, consult Brookfield EngineeringL aboratories, I nc.
or the dealer from whom you purchased the instrument.

For repair or servicein the United Kingdom, return to:

Brookfield Viscometers Limited
1 Whitehall Estate
Flex Meadow
Pinnacles West
Harlow, Essex CM 19 5TJ, United Kingdom

Telephone: (44) 27/945 1774 FAX: (44) 27/945 1775
sales@brookfield.co.uk
For repair or servicein Germany, return to:
Brookfield Engineering Laboratories Vertriebs GmbH
Hauptstrasse 18

D-73547 Lorch, Germany

Telephone: (49) 7172/927100 FAX: (49) 7172/927105
info@brookfield-gmbh.de
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Packaging Instructions to Return a Viscometer for Repair or Calibration

Foam Insert CONE/
or Tissue Paper PLATE
\ N
moee

Remove and return al spindles (properly packed
for shipping).

Clean excess testing material off the instrument.

Include MSDS sheets for all materials tested with
this instrument.

Support pointer shaft with white, nylon shipping
cap, as shown in Figure K1, or with white plastic
shipping cap originally supplied with instrument.

Pack theinstrument initsorigina case. Casesare
availablefor immediate shipment from Brookfield.
If the case is not available, take care to wrap the
instrument with enough material to support it.
Avoid using foam peanuts or shredded paper.

DO NOT send the laboratory stand unlessthereis
a problem with the upright rod, clamp or base. If
there is a problem with the stand, remove the
upright rod from the base and individualy wrap
each item to avoid contact with theinstrument. Do
not put lab stand in viscometer carrying case.

Fill out acopy of theViscometer Information Sheet
(on page 81) with as much information as possible
to help expedite your service. If you do not use
thisform, pleaseinclude amemoindicating thetype
of problem you are experiencing or the serviceyou
need performed. Please also include a purchase
order number for usto bill against.

Packagetheinstrument and related itemsin astrong
box for shipping. Mark the outside of the box with
handling instructions.

Example: "Handle with Care" or
"Fragile - Delicate Instrument”

For cone/plate instruments, please remove the cone spindle and carefully pack in place
in the shipping case. If available, use the origina foam insert or roll up one sheet of
tissue paper (or similar) and place between the spindle coupling and cup assembly (see
Figure K2). Thiswill help prevent damage in shipping.

Manual No. M/03-165-A0404
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Providing us with the following information will help usto service your equipment more quickly and
efficiently. Please photocopy, fill out and return a copy of this form with your instrument.

Brookfield recommends that all viscometers be returned for annual calibration to ensure that your
equipment continues to provide the same accuracy you have come to expect from Brookfield products.

VISCOMETER INFORMATION

Date:
Serial Number: Model:
COMPANY INFORMATION
Company: Primary User:
Telephone: Fax:
P.O. Number: (to cover repair and shipping)
Billing Address: Shipping Address:

Return Shipment Instructions: UPSground [] UPSNextDay [] UPS2nd Day []
Federal Express []

(Federa Express Account Number required)

SERVICE INFORMATION
Operating Conditions (Spindle; Speed; Viscosity Range; Temp. Control; Temperature of Sample):

Did you contacting Brookfield before returning thisinstrument? Y[ N[J
If yes, whom did you contact?
Description/Symptoms of Present Problem/Malfunction (please list all):

Time Since Last Serviced (if known): Before & After Calibration Check?Y[] N[J
Other Comments:

STEPS: [] Return the Viscometer to the attention of the Repair Department at the address above.
] Package the Viscometer for shipment, as outlined on page 80.
[ Include a purchase order or purchase order number with this form.
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