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[. INTRODUCTION

The Brookfield DV-111+ Programmable Rheometer measures fluid parameters of Shear Stressand
Viscosity at given Shear Rates. Viscosity isameasure of afluid’ sresistanceto flow. Youwill find
adetailed description of themathematicsof viscosity inthe Brookfield publication“More Solutions
to Sticky Problems’, a copy of which wasincluded with your DV-111+.

The principle of operation of the DV-I11+ 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 measuring range of
aDV-I11+ (in centipoise) isdetermined by the rotational speed of the spindle, the size and shape of
the spindle, the container the spindleisrotating in, and thefull scaletorque of the calibrated spring.

There are four basic spring torque series offered by Brookfield:
Spring Torque

Model dynescm mNem
LVDV-Il+ 673.7 0.0673
RVDV-III+ 7,187.0 0.7187
HADV-III+ 14,374.0 1.4374
HBDV-I11+ 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 CGSsystem or the SI system.

1. Viscosity appearsin units of centipoise (shown as*cP”) or milliPascal-seconds (shown
as mPaes).

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

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

Torque appears in units of dyne-centimeters or Newton-meters (shown as percent “ %"
in both cases).

AW D

The equivalent units of measurement in the S| system are calculated using the following conver-

sions:
Sl CGS
Viscosity: 1 mPaes = 1cP
Shear Stress: 1 Newton/m2 = 10 dyne/cm?2
Torque: 1 Nem = 107 dynescm

References to viscosity throughout this manual are done in CGS units.

WARNING: Useof thisinstrumentinamanner not specified by Brookfield may resultinincorrect
readingsor instrument failure. Pleaseread thismanual prior to using theinstrument.
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.1 Components

Component Part Number

DV-I11+ Rheometer depends on model
Powerbase DVP-2Y
includes:
Leveling Screws (3) VS3
Upright Rod VS-20
Jam Nut VS21
Clamp Assembly VS-27Y
Spindle Set with Case
LVDV-III+ set of four spindlesor SSL
RVDV-Il1+ set of seven spindles or SSR
HA/HBDV-I11+ set of seven spindles SSH
For Cone/Plate versions: a spindle wrench, one cone spindle and sample cup Part No.
CPE-44Y replace the spindle set.
Power Cord
for 115 VAC DVP-65
for 230 VAC DV P-66
RTD Temperature Probe DVP-94Y
Ribbon Cable DVP-145
Guard Leg:
LVDV-IlI+ B-20Y
RVDV-IlI+ B-21Y
Carrying Case DVP-71Y
RHEOLOADER Software DVP-201Y
Cable (DV-II1+ to Computer) DVP-80
Operator Manual M/98-211

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

Autosensing Power Supply:

Input Voltage: 90 - 260 VAC
Input Frequency: 50 - 60 Hz
Power Consumption: Lessthan 220 UA

Power Cord Color Code:
Hot (live) Black Brown
Neutral White Blue
Ground (earth) Green Green/Yellow

I.3 Specifications

Speed Range: 0.01-250 RPM, 0.01 RPM increments from 0.01 to 0.99 RPM,
0.1 RPM increments from 1.0 to 250 RPM

Viscosity Accuracy: + 1.0% of full scale range for a specific spindle running at a
specific speed.

Temperature sensing range: - 100°C to 300°C (-148°F to 572°F)

Temperature accuracy: + 1.0°C from -100°C to 150°C
+ 2.0°C from +150°C to 300°C
Anaog Torque Output: 0-1Volt DC (0 - 100% torgue)

Anaog Temperature Output: 0-4VoltsDC (10mv / °C)

Printer Output: Centronics, serial

Computer Interface: RS232

Weight: Gross Weight: 35 Ibs. 15.9kg
Net Weight: 32 lbs. 14.5kg

Carton Volume: 2.0 cu. ft. 0.057 m3

.4 Data Retention

TheDV-I111+will save spindle parameters (used to cal cul ate centipoise, shear rate and shear stress),
default settings and the test datafrom the last program test run when the rheometer isturned off or
there is a power failure.
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[.5 Set-Up

1) Placethe upright rod into the hole at the front of the base. The rack gear and clamp assembly
should face therear of the base (see Figure 1). Theupright rod isheldin place with the jam nut
whichisattached from the bottom of the base. Tighten thisnut with asuitablewrench (spanner).

VS-40Y
VS35 GEAR SCREW
UNIVERSAL ASSEMBLY
CLAVMP
VS-41y
CLAMP KNOB
ASSEMBLY
TENSION ;K @@\
INSERT
505044012E140 Q s VS-28
4-40x 358 LG.— 3 \ TENSION
SOC. HD. CAP SCREW \ SCREW
\' | VS-29W
‘ WASHER
- (2 REQ'D.)
VS-34
UPRIGHT ROD\\

BASE UNIT\

5020200325342 /
WASHER, EXT. TOOTH,

5/16 O.D. x 5/32 1.D.

50S311B24S06B, SCREW,
5/16 - 18x3/8 LG. SLT. PAN HD.

Figurel
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2) Insert the mounting handle on the back of the DV-I11+ into the hole on the clamp assembly
(Figure 2).

Bubble Level

Rack Gear ———

Clamp Screw

Clamp Assembly

Upright Rod ——

Mounting Handle
Figure 2

3) Tighten the DV-I11+ clamp Screw (Figure 2).

Note: If the clamp assembly moves along the upright rod too freely, tighten the
tension screw (see Appendix F).

4) Insert the ribbon cable into the DV-I11+ Rheometer head. Insert the other end of the ribbon
cable into the connector on the DV-I11+ base (see Figure 3).
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Rheometer Head

Y

RTD Temperature

Probe Connector ) "

Power ON/OFF Switch Ribbon Cable
AC Fuse(S) —4m8 —— Connector
RS-232 Serial

Printer/Computer
Analog Output(s)

AC Power Connector

&
MODEL DV-IIl BASE UNIT _ocmner. |

\
s -

Connector Connector
Parallel Printer Ribbon Cable
Figure3

5) Connect the RTD probe to the socket on the back side of the DV-111+ Rheometer (Figure 3).

6) TheRheometer must beleveled beforetheinstrument iszeroed and readingsaretaken. Thelevel
isadjusted using the threeleveling screws on the base. Adjust so that the bubblelevel on top of
the DV-Il1+ (Figure 2) is centered within the circle.

7) Make surethat the AC power switch at the rear of the base unit isin the OFF position. Connect
the AC plug to the socket on the back of theDV-I11+ baseand plugitinto theappropriate ACline.

The DV-I11+ must be earth grounded to ensure against electronic failure!!

8) Temperature monitoring isassured (after the instrument has stabilized) to within £1.0°C in the
range -100°C to +150°C and within 2°C in the range 150°C to 300°C.

9) For Cone/Plate models refer to Appendix A.

10) For printers, software and temperature controllers, refer to Section 1.6, Connections.
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1.6 Connections

The DV-111+ Rheometer is capable of communicating with several external devices to enhance
operation. The cables and connections required for proper communication are detailed below.

6 RHEOLOADER SOFTWARE

DVP-80 cableis used to connect the RS232 serial port onthe DV-I11+ baseto Com Port 1 or Com
Port 2 on the computer. This cableis supplied with the DV-I111+.

6 RHEOCALC SOFTWARE

DV P-80 cableisused to connect the RS232 serial port on the DV-I11+ baseto Com Port 1 or Com
Port 2 on the computer. This cableis supplied with the RHEOCALC software.

é PARALLEL PRINTER

CAP-86 cableisused to connect the 25-pin parallel port on the DV-I11+ base with the Centronics
port on the printer.

é SERIAL PRINTER

DVP-81 cableisused to connect the 9-pin seria port on the DV-I11+ with the 25-pin serial port on
aprinter.

6 THERMOSEL CONTROLLER, MODEL HT-106
TC-200/TC-500/TC-201P/TC-501P BATH, MODEL HT-107

DVP-141 cable is used to connect the serial port on the DV-Il1+ base to the serial port on the
controller. Thiscableis supplied with the controller/bath.

Be sure that the controller temperature probe is properly located in the control device (Thermosel
or bath) and connected to the controller.

Notes: 1. The controller may alternately communicate with Rheocalc V 2.0 soft-
ware. In this configuration, the controller is connected to the computer
through either Com Port 1 or Com Port 2. The DV-I11+ isalso connected
to acomputer Com Port.

2. Thecontroller must also be connected to the control device (Thermosel or
bath) with the appropriate |oad cable.

é STRIP CHART RECORDER

DVP-96Y cableisusedto connect the serial port onthe DV-111+ to theinput block of the strip chart
recorder. Thiscableis supplied with a Brookfield strip chart recorder.

Brookfield Engineering Laboratories, Inc. Manual No. M/98-211-A0701




I.7 Key Functions

Figure 4 shows the control keys on the face of the DV-111+ Rheometer. The following describes
each key’ s function.

MOTOR
ON/OFF
ESCAPE

AUTO
RANGE

SELECT
SPDL

SELECT
DISP

PRINT

MOTOR AUTO
ON/OFE 7 8 )
escape | | RANGE
OPTION
TABE= HIOLE 4 S 6
SELECT PROG 1 2 3
SPDL RUN VES \O
SELECT
s PRINT . 0 ENTER
Figure4

MOTOR ON/OFF, ESCAPE
Turns the motor on or off. Cancels any operation, returns the user to the previous screen.

AUTORANGE

Presents the maximum (100% torque) viscosity attainable using the selected spindle at
the current speed.

SELECT SPDL
Allows selection of the spindle to be used.

SELECT DISP
Selects the parameter to be displayed:

%  Rheometer Torque (%)

cP  Viscosity (cPor mPa:s)

SS  Shear Stress (Dynes/cm2 or Newtons/m2)
SR Shear Rate (1/Sec)

OPTION, TAB
Accesses optionsmenu. See Section V. Toggles between selectable items when indicated.

PRINT

Sendsasingleline of datato an attached printer. Selects printing and non-printing mode as
selected in the Options menu.
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roc | PROG

Access the Programs menu for program creation, running or deleting. Contstructs a test
program. Allowsyou to review/modify an existing test program. Execute aBevisprogram.

v | PROG RUN

Execute DV-111 speed/time pair program.

0 | NUMBER KEYS (0 through 9)
Sets speeds and choose items from various dialog screens and the option menu.

amer | ENTER
Functions as an ENTER key similar to a computer by serving to accept a keyboard entry.
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[I. GETTING STARTED

[I.1 Autozero

Beforereadingsmay betaken, the Rheometer must beautozeroed. Thisisdoneeachtimethepower
switch isturned on. The Rheometer will guide you through the procedure, as follows:

Turnpower switchon; asshowninFigure5, thescreenindicatesthat theDV-I11+isinthestandalone
mode (is not connected to acomputer) and givesthe version of the operating firmware (the built in
program which controls the instrument) and a two-digit alphanumeric code which indicates the
Model number (see Table D2 in Appendix D; the code tells the spring torque rating of your
Rheometer).

Figure5

No key pressis necessary. After a short pause the display will read “REMOVE SPINDLE, LEVEL
RHEOMETERAND PRESSTHE MOTOR ON/OFF KEY TOAUTOZERO.” Before beginning the autozero
procedure, Brookfield recommends that you allow 10 minutes for the instrument to warm up.

After pressing the MOTOR ON/OFF key, the screen “flashes” for approximately 15 secondswhile
the DV-111+ autozeros.

After 15 seconds the display reads “ AUTOZERO | SCOMPLETE REPLACE SPINDLE AND PRESSANY
KEY.” Pressakey.

The main screen is displayed and the DV-I11+ is ready for use (Figure 6).

Figure 6
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.2 Rheometer Display

TheDV-111+ Rheometer issuppliedwitha4-linedisplay. Thebasicset of informationiscalled"The
Default Screen” and is shown in FIGURE 7. The parameters are detailed below:

1 2

3 i ' 4

5. L6
Figure?7

1. Motor Status and Current Rheometer Speed
The DV-I11+ motor can be OFF, ON at 0.0 rpm or ON at aspeed greater than 0.0 rpm. Whenthe
motor is OFF, "OFF" will be displayed and no speed entry will be accepted. When the motor is
ON, the actual speed of rotationwill bedisplayed. When the motor isswitched from ON to OFF,
the speed of rotation will be remembered; when the motor isturned ON again, the DV-111+ will
operate at that same speed. The rheometer motor is set to "OFF" after AUTOZERO.

Note: Motor OFF and a speed setting of 0.0 are essentially the same.

2. Spindle Number
The currently-selected spindle. Viscosity, shear rate, and shear stress valueswill be calculated
based on this number. See Section 11.3.

3. Measured Temperature
Thecurrent temperatureasmeasured by theattached temperatureprobe. If no probeisconnected,
four dashes "----" will be displayed.

4. Printing Status
Indicates the currently-selected method of printing. See Section I1.5.

5. Measured Data
Instrument Torque (%), Viscosity (cP), Shear Stress (D/cm?2), Shear Rate (s'1)
The parameters are toggled from one to another using the Select Display key.

Note: Shear Stress and Shear Rate data cannot be calculated for some spindle
geometries. In these cases, the display will show 0.0.

6. Blank Line
Thislineisusedto display entry datawhen sel ecting aspindle or speed of rotation. Additionally,
selected programsavailablefor running will beidentified herewheninthe Program mode. (See
Section IV.2).

The default screen will appear at the completion of the AUTOZERO sequence each timethe DV -
I11+isturned ON inthestandalonemode (see Section 1.6 for external control mode). Thedisplayed
data may be changed as described in the following sections.

Theformat for datadisplayedinthedefault screen and all other screensisdescribedin Table 1. For
appearance sake, theentriesin thetable havebeen decimal point aligned. Actual rheometer display
will have al fields left justified.
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Iltem Print Format Range Example
RPM RPM X XX 0.01 <=RPM <= 0.99 0.09
XX X 0.1 <=RPM <=199.9 2.4
XXX X 100 <= RPM <= 250 150.0
Model M XHXXXX See Model Table D2 - App D RV
Spindle S XX 00 <= S <= 99 31
Torque T XX X -10.1 <=T <= 99.9 82.4
Viscosity cP or mPas X XX 0 <=cP <= 9.99 3.16
XXX X 10 <= cP <= 999.9 123. 8
XXX 1000 <= cP <= 99999 12345
XXXeX 100000 <= cP <= 51200000000 123e3 to 8
Shear Stress| D/CM2 or X XX 0 <=DOaWR <= 9.99 4. 56
N/M2 = XXX X 10 <= DAV <= 999.9 234.5
D/CM2/10 XXX 1000 <= D OV <= 99999 12345
XXXeX 100000 <= O OV <= 999999 123e3
Shear Rate [1/SEC X XXX 0 <= 1/ SEC <= 9.999 1.234
XX X 10 <= 1/ SEC <= 99.9 20.7
XHXXXX 100 <= 1/ SEC <= 99999 200
Temperature | T -99.9 <=T <= 300.0 -10.3
Time z XX XX 00:00 <=2z <= 99. 59 05: 32
Tablel

é OUT OF RANGE INDICATORS
The DV-I11+ is capable of measuring instrument torque within the range of 0 to 100%. Based on
this measurment, viscosity and shear stress are calculated. Brookfield recommends that data be
collected only in the range of 10 to 100%. Any data collected outside of thisrange is considered
invalid.

The DV-I11+ provides the following display indicators when the measurement point is outside of
the 10-100% acceptable range.

é TORQUE GREATER THAN 100%
When Rheometer torque exceeds 100%, the parameter display field will show “EEEE” for torque,
viscosity and shear stress.

Figure8

é TORQUE LESS THAN 10%
When Rheometer torque drops below ten (10) percent, the Rheometer will continue to display
measurement (%, cP, D/cm?) values with units flashing:
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Figure9

é TORQUE LESS THAN 0%
When Rheometer torque drops below zero (0) percent, the Rheometer will continue to display
torque values preceded by aminus(-) sign. Theviscosity and shear stressfield will display dashes
(- - - -) asindicated in the next screen display:

Figure 10

[1.3 Spindle Entry

The user can elect to change the spindle sel ection by pressing the SELECT SPDL key. TheDV-I11+
control program will usethe previously blank line 3 on the default display screen to record the new
spindle input as depicted in Figure 11.

Figure1l

Toenter aspindlenumber, pressthe numerickeysuntil thedesired spindlenumber hasbeen entered.
Valid spindle numbers encompassthe range from 00 to 99 aslisted in Appendix D. Mistakesare
corrected by repeatedly pressing the numeric keys until the proper spindle value has been entered.
At that point, the user pressesthe SELECT SPDL key again. Aninvalid spindle entry will result in
a“beep” and the display of the data entry error screen as depicted below.

EAD SFIMOLE

Figure 12
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Aninvalid spindle entry is any two digit number in the range from 01 to 99 which is not listed in
Appendix D. Thiserror message will be displayed for afew seconds after which the spindle entry
screen (Figure 11) will be re-displayed with a blank field for the spindle number. The user can
cancel spindle entry at any time by pressing the MOTOR ON/OFF/ESCAPE key.

The user may elect to use a specia spindle whose selection is accomplished by first entering a
spindle number of 99 and then pressing the SELECT SPDL key. Thiswill result in the following

display:

Figure 13

At thispoint, pressthe numeric key for the special spindle of choice. Thislistiscreated at thetime
the Rheometer is manufactured. Thislist will therefore depend on the number of special spindles
ordered and could contain asfew asone (1) or asmany asfive (5) spindles. If no specia spindles
were purchased, the following message will be displayed if 99 is entered for a spindle number:

MO SPECIAL SFPIMOLE

Figure 14

Press any key to exit this screen and to return to the spindle selection screen. The user may again
select another spindle or press the SELECT SPDL key to cancel spindle selection operation.

Successful selection of aspindle at the pressof the SELECT SPDL key returnsthe user to the default
screen with the new spindle displayed in the upper right-hand corner. For standard spindles this
would bethetwo (2) digit designator used to select the spindle. 1n the case of special spindles, the
two (2) letters (AA, AB, AC, AD or AE) corresponding to the special spindlewould be displayed
instead. The spindle number or letters will be retained in memory when power isremoved. This
means that the last value entered for the spindle will be displayed the next time the Rheometer is
turned on.

II.4 Direct Speed Entry

At thispoint, the user may chooseto enter aspeed by the so-called direct speed entry method. Enter
avalid speed in the range of 0.01 to 250 RPM by pressing the numeric keys successively. The
previously blank line 3 on the default display screen recordsthe user’ s new speed input as depicted
in Figure 15:
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Figure 15

Here, the user intends to enter a speed of 112 RPM, has pressed the “1” key twice and is about to
pressthe“2” key. If the user makes more than five (5) key presses, the DV-I11+ control program
will “roll” the cursor back to thefirst character of thefield and begin to overwrite the previousdata
entry.

Next theuser pressesthe ENTER key to accept the speed. Themotor will beginrunning at 112 RPM
and the display will be updated to the next screen image:

Figure 16

If the speed entered was not valid the Rheometer will display the following message:

EAD SPEED/TIME

Figure 17

After afew seconds, the display returnsto Figur e 15 with the speed datafield cleared and just the
underscore cursor awaiting a new entry.

11.5 External Control

The DV-I11+ Rheometer can be used in conjunction with Brookfield software, RHEOCALC (V. 2.
or higher). ThroughRHEOCALC, all rheometer functionsarecontrolled by thecomputer. TheDV -
[11+ must be set to the external control modeto allow for proper communicationwith RHEOCALC.
Toconfiguretheexternal control mode, connect cable DV P-80totheserial port ontheDV-I11+ base
beforeturningontheDV-I11+. Withthe DV P-80 cableinplace, theDV-I11+will present the screen
shown in Figure 18 when it isturned on. If external control is selected, the DV-I11+ will display
Figure 19 and only accept control commands from RHEOCAL C software.
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Figure 18

Figure 19

The DV-111+ may be set to stand alone mode by turning it OFF and ON again and selecting " Stand
Alone" or by removing the DVP-80 cable prior to turning the DV-I11+ on.

Note: TheDV-Il1+ cannot communicate with RHEOL OADER softwarein the external
control mode. Chose "Stand Alone" when presented with Figure 18 if you want
to use RHEOLOADER.
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[ll. MAKING VISCOSITY MEASUREMENTS

[11.1 Quick Start

The DV-l11+ Rheometer uses the same methodology as the Brookfield Dial Reading Viscometer
andDV seriesof Digital Viscometers. If you have experiencewith other Brookfield equipment, this
sectionwill giveyouthequick stepsfor taking aviscosity reading. If you havenot used aBrookfield
Viscometer before, skip this section and go to Section I11.2 for a detailed description.

A) Assemble and level the rheometer (Section 1.5).

B) Autozero the rheometer (Section I1.1).

C)
D)

E)
F)

Enter the spindle number using the SELECT SPINDLE key (Section 11.3).

Introduce the spindle into the sample and attach the spindle to the coupling nut.
NOTE: Left-hand threads.

Enter the speed of rotation using the number pad and ENTER key (Section 11.4).

Record % torque and viscosity.

[1l.2 Preparation

A)

B)

RHEOMETER: The DV-IlI+ should be turned on, leveled and autozeroed. The level is
adjusted using the three feet on the bottom of the base and confirmed using the bubble on the
top of the head. Adjust the feet until bubble isinside the center target. Set the level prior to
autozero and check the level prior to each measurement.

Proper level isessential for correct operation of the DV-I11+.

SAMPLE: Thefluidtobemeasured (sample) must bein somecontainer. Many spindlesystems
from Brookfield aresupplied with specific samplechamberssuch asthe Small SampleAdapter,
UL Adapter and Thermosel. The standard spindles supplied with the DV-I11+, LV (1-4), RV
(1-7) and HA/HB (1-7), are designed to be used with a 600ml low form Griffin beaker (or
equivalent container with a diameter of 8.25 cm).

Brookfield recommends that you use the appropriate container for the selected spindle. You
may chooseto use an alternate container for convenience, however, thismay have an effect on
the measured viscosity. The DV-IlI+ is calibrated considering the specified container.
Alternate containers will provide results that are repeatable but not "true.”

ThelLV (1-4) and RV (1-7) are designed to be used with the guardl eg attached. Measurements
made without the guardleg will provide repeatable results but may not provide "true" results.

When comparing datawith others, be sureto specify the sample container and presence/
absence of the guardleg.

Many samples must be controlled to a specific temperature for viscosity measurement. When
conditioning asamplefor temperature, be sureto temperature control the container and spindle
aswell asthe sample.

Please see our publication, "More Solutions to Sticky Problems”, for more detail relating to
sample preparation.
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[11.3 Selecting a Spindle/Speed

The DV-I11+ has the capability of measuring viscosity over an extremely wide range (for
example, the RVDV-I1I+ can measure fluids within the range of 100-40,000,000 cP) (see
Appendix B). Thisrangeis achieved through the use of several spindles over many speeds.

The process of selecting a spindle and speed for an unknown fluid is normally trial and error.
An appropriate selection will result in measurements made between 10-100 on the
instrument % torque scale. Two general ruleswill helpinthetrial and error process.

1) Viscosity rangeisinversely proportiona to the size of the spindle.
2) Viscosity rangeisinversely proportional to the rotational speed.

In other words: to measure high viscosity, choose asmall spindle and/or aslow speed. If the
chosen spindl e/speed resultsinareading above 100%, then reduce the speed or chooseasmaller
spindle.

Experimentation may reveal that several spindle/speed combinationswill produce satisfactory
resultsbetween 10-100%. When thiscircumstance occurs, any of the spindlesmay be selected.

Non-Newtonian fluid behavior canresult inthe measured viscosity changing if the spindleand/
or speedischanged. Seeour publication, "M ore Solutionsto Sticky Problems,” for moredetail.

When viscosity data must be compar ed, be sureto usethe same spindle, speed, container
and temperature.

[1l.4 Multiple Data Points

The majority of viscosity measurements are made at the quality control level and consist of a
singledatapoint. Thetestisconducted with one spindleat onespeed. Thedatapointisauseful
bench mark for the go/no-go decision in a production setting. The DV-I11+ can be used for
single point measurement.

Many fluids exhibit a characteristic change in viscosity with achangein applied force. This
non-Newtonian flow behavior is commonly seen in paints, coatings and food products as a
decreaseinviscosity asshear rateincreases. Thisbehavior cannot bedetected or evaluated with
the single viscosity point measurement.

Non-Newtonian flow isanalyzed through the collection of viscosity dataover arange of shear
ratesand the generation of agraph of viscosity versusshear rate (arheogram). Thisinformation
will alow for a more complete characterization of afluid and may help in formulating and
production of the product. The DV-Il1+ is capable of collecting multiple data points for the
analysis of flow behavior. See Section IV on Programming and Analysis.

More information on flow behavior, shear rate and rheogramsis available in our publication,
"More Solutionsto Sticky Problems.”

[11.5 Cleaning

All immersed componentsare stainless steel. Use cleaning solutionsthat are not corrosiveand
avoid scratching the measurement surfaces. Theinstrument housing should be cleaned with a
soft damp cloth.
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IV. PROGRAMMING THE DV-IlI+ AND ANALYSIS

The programming and data analysis functions of the DV-I11+ are accessed by pressing the PROG key
ontherheometer. Thedisplay will changeto present amenuwiththreechoices: DV-1Il,B.E.V.I.S., and
Models. DV-I1l and B.E.V.I.S. are the programming alternatives. Models will present the five math
models available for data analysis.

Figure 20

IV.1 Programming Concept

The DV-111+ may be programmed to collect viscosity data without operator involvement. The
captured datamay be displayed and analyzed or output to aprinter. Programsmay bewritten using
two different methodologies, DV-11l and B.E.V.I.S.

The DV-III programming technique uses speed/time pairs to control the DV-III+. A program
consistsof multiplelines(upto 25) instructing therheometer to operateat aparticular speed for some
period of time. Asan example, we can instruct the DV-111+ to rotate the spindle at 5 RPM for 30
seconds and then change speed to 10 RPM and wait 20 seconds with the following program:

Step 1 RPM =5 Time = 00:30
Step 2 RPM =10 Time = 00:20

A single data point will be collected at the end of each time interval.

TheB.E.V.1.S. programming technigue uses acustom program languageto control theDV-I11+. A
program consists of a series of commands instructing the rheometer in speed control, time control,
data collection, temperature control, and output. B.E.V.I.S. offers a higher level of rheometer
control compared tothe DV-I11 method. However, the construction of B.E.V.l.Sprogramsismore
involved. The 2-step DV-I1I program previously described is duplicated using B.E.V.I.S. com-

mands below:
SSN 5
WTI 00:30
PDN
SSN 10
WTI 00:20
PDN
END

Theinvolved programming of B.E.V.1.S. commandsisasmall trade for the significant increasein
control capability over the DV-111 method.
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V.2 DV-Ill Speed/Time Pair Programming

Thisprogramming method allowsthe operator to control the DV -111+ through the variables of speed
andtime. Thesespeed/timepairsinstruct therheometer to operate at aspeed of rotationfor acertain
period of time. Programs can be created with up to 25 steps. The DV-III+ can store up to 10
programs. Upon completion of aprogram, thedatamay beviewed onthe DV-I11+ display, analyzed
or printed to an attached parallel or seria printer.

Two examples of programs are shown below:

Collect Data Over Time Collect Data At Several Speeds
Step RPM Time Step RPM Time

1 100 00:12 1 2.5 01:00

2 100 00:12 2 5 00:30

3 100 00:12 3 10 00:30

4 100 00:12 4 20 00:15

5 100 00:12 5 50 00:15

Five viscosity data points Five viscosity data points will be

will be collected over collected at five speeds over

one minute. 150 seconds.

This program mode is accessed by pressing the program key and selecting number 1; 1 = DV-III.
The creation, editing and execution of DV-I11 programs are described in the following sections.

There are two types of test programs:

1) Next Speed Set wherethetest speedsare programmed, and the operator must signal theDV -
I11+ to change speeds (and therefore take a reading) by pressing the ENTER key.

2) Prog Speed Set where the DV-I11+ will perform the test automatically.

Each step of a program hastwo variables - speed and hold time. Thereading istaken at the end of
the hold timeinterval in aProg Speed Set or when the ENTER key is pressed in aNext Speed Set.

If thefirst step hold timeinterval is0 seconds, the programisaNext Speed Set type. If thefirst step
interval is 1 second or more, the program is a Prog Speed Set type.

é SPEED SET SELECTION AND PROGRAMMING

The DV-111+ viscometer allows for the retention of a maximum of 10 speed sets with up to 25
discrete speeds per speed set. The program locations are numbered 0 through 9. These speed sets
areretained in EEPROM memory for thosetimeswhenthe DV-I 11+ isnot powered up. To access
apreviously programmed speed set or to enter datafor anew speed set, the user pressesthe”1” key
when in the display of Figure 20 and is presented with the screen shown in Figure 21.:
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Figure 21

At this point, the user may Enter/Edit, Clear or Use a stored program (Speed Set). Let’s startwith
Enter/Edit by pressing the“1” key:

Figure 22

In this example, the user is informed that he has 6 speed sets (0,1,2,5,8,9) pre-programmed in
memory and 4 speed sets (3,4,6,7) not programmed and available. Select any one of the ten speed
setsby pressing theappropriatenumerickey. PressingtheM OTOR ON/OFF/ESCAPE key at this
point would exit the user to the default PROGRAM M ODES display (Figure 20). For now let’s

assume that the user wants to program a new speed set by pressing the “ 3" key (thefirst available
program slot).

é ENTERING A SPEED SET (PROGRAM)

There are two (2) types of programs available to the user: programs with finite step time intervals

and programs with zero (0) step time intervals. We will cover the inputting of finite step time
programs first.

& SPEED SETS WITH FINITE STEP TIMES (PROG SPEED)

These programs when executed will automatically progress from step to step based on the time
interval s programmed by the user. On pressingthe*3” key in Figure 22 the user is presented with:

Figure 23

This screen reminds the user of the speed set that he has selected to program and then allows him
to change either the speed or time interval or both for that step.

Note: Thetimeinterval on entry to this screen will always be set to 00:05 seconds as the
default value. The user may of course change it to any valid time of his choice.
Whenever you changetimeinterval, that new time becomes the default interval until
it is again changed by the user. Also, note that zero (0) times are not allowed for
program steps after the first step for Finite Step programs.
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TheOPTION/TAB key isused for moving frominput field to input field and the ENTER key to accept
the current input for a step. On entry to this screen, the underscore cursor would be flashing (as
shown) under thefirst digit of thestep RPM. Usethenumerickeysto makechangestothestep speed,
repeating the input as many times as required until satisfied.

When satisfied with the speed input, press the OPTION/TAB key which moves the flashing cursor
downto thefirst character of thetimefield. The same procedureisused hereto input the step time
aswas used to enter the RPM above. Speed or time datathat is out of range, as defined by Table
1, will result in the following screen:

Figure 24
This screen will be displayed for 1-3 seconds.

When ready, the user may press the PROG RUN key to display the data for the next step in the
program, or the MOTOR ON/OFF/ESCAPE key (whereby none of the changes up to that point will be
accepted) toreturnto the screen of Figure22. Toend aprogram, theuser smply entersand accepts
astep RPM and Timeof zero (0) or continuestoinput step datauntil the program reachesthetwenty-
five (25) step program limit. In either case, the following screen will be displayed:

Figure 25

To use the currently selected speed set, pressthe “3” key in Figure 25. Thiswould immediately
revert to the default screen modified as follows:

Figure 26

Note: If at thispoint, prior to using the program the user wished to enter adirect speed, a
press of any numeric key which would result in adisplay similar to Figure 15. At
the compl etion of thedirect speedinput, thedisplay would revert to Figure 26 above
with the appropriate RPM displayed, and the viscometer running at that speed.
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The program isinitiated by pressing the PROG RUN key. See"Using Pre-programmed Speeds.”

é SPEED SETS WITH ZERO STEP TIMES

These programswhen executed will requirethat the user pressthe ENTER key to progressfrom step
to step. On pressing the® 3” key in Figur e 22 the user is presented with the same screen that he saw
in the above description for finite step programs.

Figure 27

The user inputs his step RPM exactly as he did for finite step time programs above. However, for
time, input 00:00 and press the ENTER key. From this point forward, the user will only be ableto
enter speeds since each pressof the ENTER key will advance him to the next step. The OPTION/TAB
key will not berequired. If the user wishesto correct the speed input, continueto pressthe numeric/
decimal point keysuntil satisfied. To correct aspeed after pressingtheENTER key for that step, wait
until the program is complete and then edit the program to correct the mistake. To end aprogram,
simply enter and accept a step RPM of zero (0) or continue to input step data until the program
reaches the twenty-five (25) step program limit. Speed restrictions/limits are the same as for the
description just above as are the error messages.

é EDITING A SPEED SET (PROGRAM)

Thisitem is used to review ajust-entered program or to review/modify (edit) a program already
stored inamemory slot. Entry to thismethod would typically befrom Figure 22 after selecting an
“IN MEM” program slot or by pressing the“1” key in Figure 21 having just finished entering a
program. In either case, the user is presented with:

Figure 28

Operation inthismodeisexactly the sameasfor entering anew speed set; all key actionsand speed
and time limits are the same. At this point, the user may continue to review/modify the speeds
comprising speed set #3 or elect to print alisting of the speedsin thisspeed set. To accomplishthis,
the user must be in the program Enter/Edit mode; have selected or programmed a speed set which
containsmorethantwo (2) speeds, andthen pressthePRINT key. If all iswell (i.e. satisfied theabove
requirements) the rheometer will display:
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Figure 29
Thismessage simply asksthe user to make surethe printer isready (it’ son-line and has paper in it)

and then awaits for the PRINT key to be pressed. When it is pressed, the DV-111+ will send the
following data to the attached printer:

6 FOR SPEED SETS WITH FINITE STEP TIMES

Program Use:

Programmer:

BROOKFIELD DV-lll+ RHEOMETER — DATA FOR SPEED SET #9

SPEED #01 RPM
SPEED #02 RPM
SPEED #03 RPM
SPEED #04 RPM
SPEED #05 RPM

2.5 TIME INTERVAL = 00:05
5.0 TIME INTERVAL = 00:05
10.0 TIME INTERVAL = 00:05
20.0 TIME INTERVAL = 00:05
50.0 TIME INTERVAL = 00:05

é FOR SPEED SETS WITH ZERO STEP TIMES

Program Use:

Programmer:

BROOKFIELD DV-1lI+ RHEOMETER — DATA FOR SPEED SET #8

SPEED #01 RPM
SPEED #02 RPM
SPEED #03 RPM
SPEED #04 RPM

10.0 TIME INTERVAL = 00:00
20.0 TIME INTERVAL = 00:00
30.0 TIME INTERVAL = 00:00
40.0 TIME INTERVAL = 00:00

Since speed sets can contain twenty-five (25) separate speeds, printing the speeds that comprise a
speed set will be of great helpinalowingtheuser tofully exercisethepower of theDV-I11+. After
the printing is complete, the user will be returned to the display of Figure 28.

é CLEARING A SPEED SET FROM MEMORY

Since 10 speed sets can be retained in memory, the user may eventually use al the available speed
set slots. Theuser may al so have programmed speed setsthat are no longer required and would like
to remove. Assume that the user had programmed a new speed set #3 above. If he wished to
per manently removethat new speed set, or any other IN MEMORY speed set hewould, whilein
the screens of Figure 21, pressthe “2” key and be presented with:

Figure 30
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This screen advises that there are 7 speed sets in memory; speed set #3 isin use and that the DV -
[11+ isawaiting input for the speed set to delete.

Note: If no speed set isin use the word “NONE” will appear next to the IN USE: prompt.

At this point, the user has two options:

1. Pressingthe M OTOR ON/OFF/ESCAPE key will exit from this screen and no speed setswill
be cleared. Or

2. Pressing any of thekeys“0”, “1”,“2",“3",“5",“8", or “9” will delete that speed set.

Thus, to discard speed set #5, the user would pressthe “5” key and be presented with:

Figure 31

InwhichtheDV-I11+ isrequesting that the user specifically pressthe®1” key in order to deletethe
desired speed set.

Figure 32

Pressing the “3” key will cause the DV-111+ to take no action will return the user to the CLEAR
SPEED SET opening screen, Figure 30. Any attempt to delete an in-use speed (“3” for instance)
will cause the DV-I11+ toissue a“beep” “beep” with no action being taken. Thus no active (i.e.
selected for use) program can be deleted from this screen.

é USING PRE-PROGRAMMED SPEEDS

Pressing thethree (3) key from Figur e 21 takes the user to the speed set selection screen of Figure
22 where the user selects a new speed set. That done the user is sent to the default screen with:
“SPEED SET X SELECTED” displayed on line three (3) of the screen.

Theuser initiatesthe use of programmed speedsby pressing the PROG RUN key. If the user presses
the PROG RUN key with no speed set selected, the following error box will be displayed:
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Figure 33

However, wewill assume at thispoint that we have sel ected speed set #2 for usein the ensuing data
gathering operations. To initiate the use of this speed set (with finite step times or with zero step
times), the user presses the PROG RUN key and is presented with a start/end step input screen as
shown next:

Figure 34

If theuser had not previously entered start and end steps, thisscreenwill display 01 for the start step,
andthelast program step (13inthiscase) astheend step. Theuser could el ect to usethe entire speed
set at this point by pressing the PROG RUN key. If the user had previously selected a start and end
step, those values would be displayed upon entry to this screen instead of the program limit values
as shown above. However, while a speed set can contain up to 25 separate speeds, the user may
bein asituation where only afew contiguous stepsmay berequired. Therefore, thisscreen allows
for the option of entering therange of speeds encompassed by the start step (not necessarily thefirst
step) and the end step (not necessarily the last step). Pressing any numeric key at this point will
erasethe currently displayed start step and substitute the new value. Theuser may select astart step
less than the end step ( a so-called Up Ramp) or a start step greater than the end step ( a so-called
Down Ramp). Any attempt to enter astart or end speed not contained in the speed set will result
in the following display:

Figure 35

The ENTER key is used to step from the start step entry to the end step entry. Repeated pressing
of theENTER key will allow the user to move back-and-forth between the start and end entries and
changethem asrequired until the correct start and end step values have been entered. The selected
speed set, and the start and end stepsvalues entered, will beretained in EEProm memory for usethe
next time the viscometer is powered up in the stand-alone mode. Pressing the OPTION/TAB key at
this point results in the following screen display:

Brookfield Engineering Laboratories, Inc. Manual No. M/98-211-A0701



Figure 36

é LOCKOUT OPTIONS

Pressing the “1” key locks out any use of the NUMERIC keys, and the PROGRAM, SELECT
SPINDLE and OPTIONS/TAB keys. Pressingthe*3” key would disable an existing lockout condition
only wheninthe LOCKOUT OPTIONS screen, Figur e 36. After pressingthe“1” or “3” keysthe
user would be returned to the display of Figure 34. From Figur e 34 the user runs the program by
pressing the PROGRAM RUN key which signifiesthat the user is satisfied with hisstart and stop step
values, and wishesto start running with the sel ected speed set. Or, he can returnto the default screen
of Figure 7 by pressing the MOTOR ON/OFF/ESCAPE key. (Note: the OPTIONS/TAB key is re-
enabled at thispoint only to allow theuser to returntotheLOCK OUT OPTIONSscreen). Ineither
casg, if theuser hasenabled thel ockout mode, thetop lineof thedefault display will changeasshown
in Figure 37 below:

Figure 37

The “LOCKOUT” condition will remain in effect until the user re-starts the program mode by
pressing the PROGRAM RUN key re-initiating the steps of Figures 34 through 37 above.

Oncethe start and end steps have been selected, the programisstarted by pressingthe PROG RUN
key. However, if the viscometer motor was not turned on, the following message would be

displayed:

Figure 38

At this point, the user would turn the viscometer motor on by pressing the MOTOR ON/OFF/
ESCAPE key. Thiswill cause the viscometer to start running at thefirst selected program speed.
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é USING PROGRAMMED SPEEDS WITH A ZERO TIME INTERVAL
Assume the following:

* A speed set has been selected.

» A subset of the speed set has not been selected. (i.e. we will use the entire set of speeds)

» The speed set included atime interval that was equal to zero minutes and zero seconds.

» Print mode has been set to non-continuous mode (i.e. output will be sent to the printer only
when the user presses the ENTER key).

With the above items in effect our default display screen will appear as follows after the
PROGRAM steps have been completed:

Figure 39

Or, if the user had selected the LOCKOUT option, the default screen above would appear as in
Figur e 40 below:

Figure 40

Here, the LOCKOUT mode is indicated by the revision to the top line of Figure 40 where
“SPINDLE” has been contracted to “SPDL” and the two-letter combo: “LK” isbeing used to
indicate the “LOCKOUT” condition. Please note that while TORQUE is presently being
displayed, thereis nothing to prevent the user from pressing the SELECT DISP key to change the
data display item.

Theitem to note here is the message being displayed on line 3 informing the user that the program
is at speed #02 of the 12 speeds comprising speed set #02. The DV-111+ will continue to operate
at 112 RPM until the ENTER key ispressed. At that point (pressing the ENTER key), two distinct
events will occur:

1. TheDV-I11+ will ramp up (or down) to programmed speed #03 and,
2. SincetheprinterisOn (PRTN), thedatacorresponding tothelast speed (112 RPM) that existed
at the timethe ENTER key was pressed will be sent to the attached printer.

Thus, if 12 speeds comprised the selected speed set, then the user would be required to press the
ENTER key 12 timesto exercise the entire speed set. After the last speed has been executed (i.e.
theuser pressedtheENTER key for thetwel fthtime), theviscometer speedwill besetat ZERO RPM
and the following message will be displayed:
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Figure4l

Pressing the ENTER key would return the user to the default screen, as depicted in Figure 40, or to
the program start and stop limit selections of Figure 34 if the PROG RUN key is pressed.

é USING PROGRAMMED SPEEDS WITH A NON-ZERO TIME INTERVAL

Assume the following:

A speed set has been selected.

A subset of the speed set has not been selected. (i.e. we'll useal of the speedsin the speed set)
Thespeed setincluded atimeinterval that wasgreater than zero (0) minutesand zero (0) seconds.
Print mode has been set to non-continuous mode (i.e. output will be sent to the printer only when
the user presses the ENTER key).

With the above itemsin effect our default display screen will appear as follows after the program
steps have been compl eted:

Figure 42

Thedifference between thismode and the zero timeinterval modeisreflected in the message being
displayed on line three of the display where PROG has replaced ENTER indicating that the
program will be executed step-by-step without user intervention. Here the user isagain informed
that heisat speed #02 of the 12 speeds comprising speed set #02. Astheprogrammed timeinterval
elapses, the following will occur:

e TheDV-I11+ will ramp up (or down) to programmed speed #03 and,

» The data corresponding to the last speed (speed #02) that existed at the moment the step time
elapsed will besent tothe printer sincetheprinterisON (PRTN) (Theautomatic rampingto the
next speed will beinterpreted by theDV-111+ asif the ENTER key had been pressed, causing the
printer output).

» At the completion of the speed set, the viscometer speed will be set at ZERO RPM

After the last speed has been executed, the viscometer speed will be set at ZERO RPM and the
following message will be displayed:
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Figure 43

Pressing the ENTER key would return the user to the default screen, as depicted in its general form
in Figure 42, or to the program start and stop limit selections of Figure 34 if the PROG RUN key

IS pressed.

é OPERATION WITH PROGRAMMED SUBSET SPEEDS

Had the user selected a subset of a speed set (Figure 34), say speeds #04 through #08, then the
programmed mode (with a non-zero time interval) would result in the following display:

Figure 44

Here, theuserisinformedthat speed set #2isbeing used starting with speed number four and ending
at speed #08 while currently executing speed #04. After thefirst speed (number #04) iscompleted,
the display would be updated to show the new speed and the step display would now reflect the

current executing step number asin Figure 45 below.

Figure 45

If the speed set contained notimeinterval, the sel ection of asubset of speedswould resultinascreen
display asshownin Figure46.

Figure 46
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The step number would beincremented each timethe user pressed the ENTER key. Assumethat the

speed corresponding to step #04 was executing. 1f the user pressesthe ENTER key, our display will
be updated as shown in Figure 47

Figure 47

6 PROGRAMMED SPEED STOP

The user may stop program mode operation at any time by pressing the MOTOR ON/OFF/ESCAPE
key anytime during program operation. The following message would be displayed:

Figure 48

The viscometer motor would be automatically turned OFF and the default screen display (Figure
37) would show zero (0.0) RPM . Atthispoint, theuser may performany validviscometer operation
- load a new speed set; run a direct speed; set darms or even re-start the current program.

6 PROGRAMMED SPEED HOLD

The user may interrupt program mode operation at any time by pressing the PROG key during
program execution. The following message would be displayed:

Figure 49

Theviscometer motor would be automatically turned OFF andtheDV-111+ would beawaiting user
key input. If theuser pressesthe“1” key, theDV-I11+ will continue executing the current program,
picking up from whichever RPM (and time, if applicable) it had been interrupted. However, if

the user had pressed the “3” key, operation would be identical to that described above for
Programmed Speed Stop mode.
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IV.3 Bevis Programs

The B.E.V.1.S. Programming Method allows the operator to control the DV-111+ through the
variables of speed, temperature and time while providing for independent data collection.
Programs can include up to 25 commands with a maximum data count of 800. The DV-I11+ can
store up to 10 programs. Upon completion of the program the data may be viewed on the DV -
[11+ display, analyzed or printed to an attached parallel or serial printer.

B.E.V.I.S. programs are created on a PC using Rheoloader software (supplied with the DV -
[11+). See Section VI for details. The programs are "loaded" onto the DV-Il1+. Loaded pro-
grams cannot be deleted, but can be overwritten.

The B.E.V.1.S. program menu is accessed by pressing the PROG key and selecting number 2, 2
=B.E.V.l.S. Theloading and execution of B.E.V.l.S. programs are described in the following
sections.

6 B.E.V.I.S. PROGRAMS MENU

B.E.V.l.S. operations are accessed by pressing the “2” key when in the PROGRAM MODES
menu. The user isimmediately presented with:

Figure 50

Thisscreeninformstheuser that the B.E.V.I.S. programin storageslot 3iscurrent (“last used”) and
that it may berun by pressing the“2” key or another program may be selected by pressing the “2”
key. It should be noted that entranceto the B.E.V.1.S. program mode makesthe last used program
availablefor printing or running. Thusthe user, seeing that aprogram wasresident in slot 3, could
have printed it directly from the above screen by pressing the front panel PRINT key.

6 SELECTING AND DOWNLOADING B.E.V.l.S. PROGRAMS
To select aprogram the user pressesthe “1” key and is presented with:

Figure51

The user isinformed that the current (or “last used”) program isno. 3; that programs0,1,2,3and 4
areavailablefor immediate use and that five (5) dots:. 5,6,7,8 and 9 are empty and are availablefor
download from a host computer. A press of the ENTER key would select the current program (i.e.
“3") for use while a press of an appropriate numeric key 0,1,2,3 and 4 would select that specific
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program slot for use. The above screen would be updated to reflect the new selection. A press of
the 5,6,7,8 or 9 keyswill placethe user inthe B.E.V.I.S. program download mode. Thefollowing
screen appears (assuming a press of the “5” key):

FRESS EMTER TO STAHRT

Figure 52

The user’sselection “5” isflashing and is the current slot selection. When ready, the user presses
the ENTER key to begin the program download. The following screen will appear for the duration

of the download. See Section V1. RHEOLOADER for information on creating and downloading
B.E.V.I.S. programs.

DOWMLOADIMG BEVIS
FROGEAM TO SLOT #2

Figure 53
6 RUNNING B.E.V.1.S. PROGRAMS

Programs are run by pressing the “2” key when in Figure 50 which presents the user with the
following screen:

Figure 54

Here we seethat our programisno. “3” and that a press of the ENTER key will start it running. As
soon as the program starts executing the user will be presented with:

Figure 55

Thisisatypical display for agiven program step. The current step being executed (WT10330) is
shown aswell asthe next step to be executed (PDN). Thebottom line displaysthe current program
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step, the total number of steps (02/39) and any time intervals if they are relevant. The WKY
command message could bedisplayed onthebottomlineinlieuof thestep andtimeinfo. Thisscreen
staysresident until the user pressesthe OPTIONS/TAB key which “toggles’ back-and-forth between
this screen and an amended default screen shown next:

BEVYIS PROG BUMMIME

Figure 56

The user now sees viscosity data and can use the SELECT DISPLAY key to view other viscosity
measurement parameters. Pressing the OPTIONS/TAB key from now on will toggle between the
screens of Figure 55 and Figure 56. The program code will automatically switch back to the
program progress screen, Figure 55 above, if aconditional has been reached, the end of aprogram
stepisreached or userinputisrequired. If nouser inputisrequired, theB.E.V.I.S. program proceeds
to the next step without switching back to the progress screen.

IV.4 Choosing the Best Data Collection Method

The DV-I111+ offers 3 methods for data collection; Single Speed, DV-111 Speed/Time Pairs and
B.E.V.1.S. Programs. The decision of which technique is best should be made considering the
test requirements.

é SINGLE SPEED

Single speed measurements may be made by direct speed commands on the DV-I11+ keypad.
Viscosity and % Torque are read directly from the display. Thistechnique offersthe simplicity of
the Brookfield Dial Viscometer. Multiple data points may be gathered by issuing multiple speed
commands.

Thistechniqueisfast and easy. It'swell suited to gathering data on samples prior to establish-
ing atest method or for performing single point tests.

é DV-lll SPEED/TIME PAIRS

DV-I111 speed/time pairs offers asimpl e technique to collect multiple data points. Programs can be
created and executed from the DV-I11+ keypad. Results can be analyzed or output to a printer.

This technique is useful when multiple data points are required and the test method is simple.

é B.E\V.I.S. PROGRAMS

B.E.V.I.S. Programs offer a command set capable of sophisticated rheometer control and data
collection. Programs are created on a PC and executed from the DV-111+ keypad. Results can be
analyzed or output to a printer.

The B.E.V.1.S. Program technique is useful when sophisticated data collection is necessary.
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IV.5 Data Analysis

Datacollected fromDV-I11 speed/timepairsor B.E.V.1.S. programsmay be analyzed using several
math models. These models provide ameansto numerically describe the behavior of thetest fluid.
In the case of viscosity measurement, a non-Newtonian fluid will produce a curve when test data
is plotted on a shear stressvs. shear rate graph. The math model will force the datainto astraight
line and describe it with aslope and y intercept. The terminology associated with the slope and y
intercept vary from model to model as does the interpretation of results.

The DV-111+ does not allow for data setsto be edited. Programs must be constructed to conform
with the following data requirements if math models are to be used:

» Thedataset must contain non zero valuesfor shear stressand shear rate (except for the paste
model which requires non zero viscosity and RPM).

» There cannot be two equal adjacent shear rate values (RPM values for paste model).
* 9% torque values of all data points must be between 0.1% and 100%.

If any of the above circumstances are violated, an error message will appear when a math
model is selected.

ERROR #1: A %torquevalueislessthan 0.1. A shear stressor shear ratevalueiszero.
ERROR #2: A % torque value is greater than 100.

ERROR #3: Reserved

ERROR #4: Two adjacent speeds of equal value.

Math model sfor dataanalysisareaccessed by pressingthe PROG key andthen 3; 3=Models(Figure
20). If no data(i.e. no dataat al or lessthan two(2) data points) isin the data buffer, no modeling
can be performed and Figure 57 will be displayed:

ERROFR

Figure 57

If thereis already datain the data buffer, the user will be presented with the following screen:

Figure 58
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The user isinformed that there are five (5) math models which can be used on the buffer data. A
model is selected by pressing the appropriate numeric key. No matter the model selected, the
following screen will be displayed for the duration of the mathematical analysis:

CALCULATIMG

Figure 59

When thecal culationsare compl ete, theresultsfor the particular model will bedisplayed asfollows:

Figure 60

This screen, for the Standard CASSON Model, istypical for al five (5) of the math models. Note
the cP in the upper right-hand corner to remind the user that the values are cP based. It could have
been Sl (if the user had opted for SI display in the SET UP menu) as shown on the next two (2) of
the following four (4) math model screens:

The user may elect to print test results in order to obtain hard copy results. Thisis accomplished

by pressingthe PRINT key whileany of theabovescreensarebeing displayed causing thefollowing
to be printed:

é STANDARD CASSON PRINTOUT

Sample Name:

Operator Name:

Date: 01/14/1999 Time: 02:27 Math Model Results: CASSON (STANDARD)
Model: HB Spindle: 34
Plastic Viscosity: 1906.3 cP

Yield Stress: 1976.88 D/CM2
Confidence of Fit: 63.6 %

The equation for each model is described below with a definition of parameters. Please contact
Brookfield or an authorized representative if further information is required.

Note: Theconfidenceof fit parameter usedinall of themodelsisanindication of how well
the model fits the data set. 100% indicates the best fit.
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1. Casson (Standard)

The Standard Casson equationis: VT = VTO +VND where:
T = Shear Stress
TO = Yield Stress (stress at zero shear rate)
= Plastic Viscosity
D = Shear Rate

The calculated parameters for this model are:
Plastic Viscosity (cP or mPaes)

Yield Stress (Dynes/cm2 or N/m2)
Confidenceof Fit (%)

The Standard Casson method is a direct implementation of the original Casson equation.

2. NCA/CMA Casson (Chocolate)

This Casson method is derived from the standard set forth by the National Confectioners
Association (NCA) and the Chocolate M anufacturersAssocation (CMA). Although based onthe
original Casson equation, this implementation has been taillored by the NCA and CMA
specifically to applications involving chocolate.

The Chocolate Casson equation is: (1+a)\/T = »/To + (1+a) VND where:

T = Shear Stress

TO = Yield Stress (stress at zero shear rate)

N = Plastic Viscosity

D = Shear Rate

a = spindle (or bob) radiug/ inner cup radius

The calculated parameters for this model are:
Plastic Viscosity  (cP or mPass)

Yield Stress (Dynes/cm2 or N/m2)
Confidence of Fit (%)

3. Bingham Plastic
The Bingham equationis. T =TO + D where:

T = Shear Stress

TO = Yield Stress (stress at zero shear rate)
N = Plastic Viscosity

D = Shear Rate

The calculated parameters for this model are:
Plastic Viscosity  (cP or mPass)

Yield Stress (Dynes/cm2 or N/m2)
Confidence of Fit (%)

4. Power Law

The Power Law equation is T = kD" where:

Shear Stress

Yield Stress (stress at zero shear rate)
Plastic Viscosity

Shear Rate

T
D
k
n
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The calculated parameters for this model are:
Flow Index (no units)

Consistency Index (cP or mPaes)
Confidence of Fit (%)

5. IPC Paste Analysis

Thismethodisintended to cal culatethe Shear Sensitivity Factor and the 10 RPM Viscosity value
of pastes. A primeexampleof itsuseisin the solder pasteindustry, thusthe name IPC (Institute
for Interconnecting and Packaging Electronic Circuits).

The Paste equation is: 1 = kR" where:

N = Viscosity (cP)

k = Consistency Multiplier
R = Rotational Speed (RPM)
n = Shear Sensitivity Factor

The calculated parameters for this model are:
Shear Sensitivity Factor (no units)

10 RPM Viscosity (cP or mPaes)
Confidence of Fit (%)

V. OPTIONS

The DV-Il1+ Options Menu allows the user to execute temperature control commands and special
time tests. General rheometer settings are also accessed from this menu. The Options Menu is
shown in Figure 61. Selections are made by pressing the appropriate number key.

Figure 61

V.1 Set Up

1. Changetheunitsof temperature. The changeisselected by pressing thel key. The change must
be confirmed by pressing the ENTER key.

2. Change the units of viscosity and shear stress (CGS System: cP, D/cm2) (Sl System: mPaes, N/
m2).

The change is selected by pressing the 2 key. The change must be confirmed by pressing the
ENTER key.
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3. Change communication status with external Brookfield temperature controller. An "off"
indication means that there is no communication with a controller. Selecting this option will
make the DV-I11+ try to establish communication. When communication is established, "off"
will bechangeto"on". Temperaturecontrol will dwaysbesetto" off" whentheDV-Il1+isturned
on.

When communication is established, Line 1 of the default screen will be modified. The
temperature field will show "CTLR" in place of "TEMP".

Communication may only be established with Brookfield controllers:

Thermosel Controllers: HT-106, HT-104
Bath Controllers: HT-107, HT-105

The changeisselected by pressing the 3key. Subsequent key pressesrequired will beindicated
on the display.

4. Changethetemperaturedisplay by offsetting the measured temperatureto agreewith an external
temperature measurement device. The adjustment will be indicated by flashing temperature
units (F or C) onthedefault screen (Figure 7). Theadjustment will beresetto 0.0 whentheDV-
[11+ isturned on.

Theadjustment isentered using the number keys. Thesign (+ or -) isselected using the OPTION/
TAB key. The change must be confirmed by pressing the ENTER key.

V.2 Print

1. Changethetimeinterval that isused whenthe DV-111+isprinting continuously. Dataisentered
intheformat of MM:SS. For example: aninterval of one minute and 30 secondsis entered as:
01:30.

Thechangeisinitiated by pressingthe 1 key. Oncethetimeinterval isinput, it must be accepted
by pressing the ENTER key.

2. Change the port to be used for printing, parallel or serial.

The change is selected by first pressing the 2 key and then the appropriate key for the printing
method. Thechangewill beindicated by the position of thearrow ontheright side of thedisplay.
The change is accepted by pressing the ENTER key.

When selecting serial printing, the DV-111+ will also ask for handshaking status. Please seethe
instruction manual of the printer for specification.

If the DV -111+iscommunicating with an external temperature controller, seria printingwill not
be available(the controller uses the seria port).

3. Enter the date and time to be shown on printed datatables. Dataisentered intheformat of DD/
MM/YY for dateand HH:MM for time (24-hour clock). For example: 2:30 pm on January 15,
1999 is entered as 15/01/99, 14:30.

The change isinitiated by pressing the 3 key. Once the data is input, it must be accepted by
pressing the ENTER key.
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V.3 Alarms

There are three adjustable alarm settings: LO ALARM %, HI ALARM % and MOTOR OFF %.
Thevaluesare set in the Set Alarms mode. Alarms are used to signal the operator that thefluidis
out of theinput specification. Thealarmsare set in % torque values, not Viscosity, Shear Stressor
Shear Ratevalues. Therangeof valueswhich may beentered for each alarmandtheir default values
are:

LO ALARM HI ALARM MOTOR OFF
Minimum value: 10% Minimum value: 0% Minimum value: 0%
Maximum vaue: 99.9% Maximum value: 100% Maximum value: 115%
Default value: 10% Default value:  99.9% Default valuee  110%

The procedure for entering and enabling alarm values is as follows starting from the main screen:

1) Pressthe OPTION/TAB key to display the Options Menu.
2) Pressthe NUMBER 3 key to display the Alarms Options screen.
3) Pressthe NUMBER 1 key to View/Set Alarms.
4) Enter the LO ALARM % torque value. The new entry will overwrite the default values.
5) Pressthe OPTION/TAB key to move the cursor to the HI ALARM % field.
6) Enter the HI ALARM % torque value. The new entry will overwrite the default values.
7) Pressthe OPTION/TAB key to move the cursor to the MOTOR OFF % field.
8) Enter the MOTOR OFF % torque value. The new entry will overwrite the default value.
9) Pressthe ENTER key to accept the ALARM values.

10) Pressthe NUMBER 3 key to enable (turn on) / disable (turn off) the alarms.

11) PressENTER to accept the ALARM condition.

Note: TheLO ALARM istripped after the % torque reading falls below the setting.
The beeping may be shut off by either the % torque reading rising above the
alarm setting or by pressing the ESCAPE key.

The HI ALARM istripped after the % torque reading goes above the alarm
setting. The beeping may be shut off by either the % torque reading falling
below the larm setting or by pressing the ESCAPE key.

The MOTOR OFF istripped after the % torque reading goes above the motor
off setting. TheDV-I11+ stopsrotating and theinstrument beeps. Pressing any
key turns off the beep.
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V.4 Set Temperature

TheDV-I11+ canissuetemperature control commandswhen an external temperature control device
hasbeen connected (see Section V.1). Selectingitem#4 Set Tempinthe Optionsmenuwill display
the current setpoint. Enter the new setpoint by using the number keys and accept with the ENTER
key. The temperature controller will begin using the new setpoint immediately upon the press of
the ENTER key.

Note: The sign of temperature is changed by using the arrow keys when the cursor is
under the + character. Thisis possible only with temperature bath controllers.

V.5 Data
TheReview Datamenu allowsdatareview of the most recently completed speed set program. Data
may be reviewed on the DV-111+ screen, on aserial printer, or both. The procedure for reviewing
data after atest isasfollows:
1) RunaDV-III or B.E.V.I.S. program.
2) Press the OPTION/TAB key.

3) Pressthe NUMBER 5 key to display the Review Data screen.

Figure 62

4) Select oneof thereview modes: press“NUMBER 1” for DV-111+ screen only, “NUMBER 2" for
DV-I11+ screenand printer, or “NUMBER 3” for printer only. Notethat you should select options
2 and 3 only if the printer is connected and “on-line.”

5) If NUMBER 1 or NUMBER 2 were pressed, datafromthefirst stepiseither displayed on the screen
or displayed and printed. Pressthe ENTER key to scroll through and display/print the remaining
step data.

P=10800 oy
0 00: 00
0.0 P=70
R=0. 0 RPM=100. 0

Figure 63

6) If the NUMBER 3 key (printer only) isselected, the DV-111+ promptsto “READY PRINTER PRESS
ANY KEY” or “PRINTERISNOT READY TURN ON/PRESSONLINE”. A sample of printed output is
shown in Figure 64.
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O i
| 1
| 1
o I Sample Name: : o
oy 1 i
1 Operater Name; 1
1
ol e
1 Date: 06/21/91 Time: 10:06 Model: 2R Spindle: 31 :

o o
1 1
o i #01RPM=30.0 %=18.2 cP=970 D/CM2=100 1/SEC=10.2 T=22.1C TIME=00:05 ' o
' #02 RPM=40.0 %=24.3 cP=972 D/ICM2=132 1/SEC=136 T=22.1C TIME=00:.05 !
11 #03RPM=50.0 %=30.3 cP=969 DICM2=164 1/SEC=17.0 T=22.1C TIME=00:05 s
i #04RPM=60.0 %=36.3 cP=967 D/ICM2=197 1/SEC=20.4 T=22.1C TIME=00:05 '
2! #05RPM=70.0 %=42.3 cP=966 D/CM2=230 1USEC=238 T=22.1C TIME=00:05 e
ol e
1 1
ol e
1 1
Figure 64

Review data notes:

1) TheDV-IlI+storesdatafromthemost recent speed set programtest. When asubsequent
speed set program isrun, any test datain memory will be overwritten and the previous
datawill belost.

2) If the“Printer Only” optionisselected, the date, time of day, model and spindle number
areprintedwiththetest results. TheDV-I11+doesnot storetimeand datewhenitisturned
off; therefore, the time and date must be entered when printing the first time after start-
up. See SectionV.2.

3) TheDV-IlI+may beset-upto“handshake’ (using XOn/X Off protocol) or not handshake
when connected to aserial printer. If you opt to use the handshake mode, your printer is
“online’, all cable connections are correct and your printer is set for handshake mode,
then data should appear on your printer immediately. If it does not appear, and instead
you seethemessage: “PRINTERISNOT READY TURN ON/PRESSONLINE” thenyou should
turn the handshake option off. See Section V.2.

V.6 TIMED DATA COLLECTION

The DV-Il1+ offers three methods of time control that may be used independently of control
programs. Thesetechniquesresult in asingle datapoint collected at the end of thetest. If multiple
points are required, the rheometer should be connected to a printer and set up with an appropriate
print interval.

¢ TIME TO TORQUE

TheDV-I11+will record theamount of timerequiredtoreachthespecified % torquevalueat asingle
speed. Torqueand speed areinput using thenumber keysand OPTIONS/TAB key. Thetestwill begin
immediately upon the press of the ENTER key.

The test will end when the specified torque level is reached (in either an upward or downward
direction). Thedatawill bedisplayed asshowninFigure65. TheSELECT DISPLAY key can beused
to view all measurement parameters. The PRINT key can be used to send a single dataline to the
printer.
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TIME TO TORGLE DOHE

Figure 65

Note: If continuous printing was used during the test, it will be suspended when viewing the
test data or entering time to torque parameters.

é TIMED STOP

TheDV-I11+will operateat asingle RPM for aspecified period of time. Timeand speed areentered
using the number keys and OPTIONS/TAB key. Thetest will begin immediately upon the press of
the ENTER key.

Thetest will end when the specified timeinterval haselapsed. Thedatawill be shown asdisplayed
in Figure 66. The SELECT DISPLAY key can be used to view all measurement parameters. The
PRINT key can be used to send asingle dataline to the printer.

TIMED STOF TEST DOHE

Figure 66

Note: Continuous print mode may be used in conjunction with Timed Stop to print data
throughout the time period. Printing will occur only during the test.

é TIMED AVERAGE

The DV-111+ will collect a specified number of data points over a period of time and present the
averagereading (arithmetic average). Time, speed and the number of data points are entered using
the number keys and OPTIONS/TAB key. The test will begin immediately upon the press of the
ENTER key. Non-averaged data will be displayed during the test.

The test will end when the specified time interval has elapsed. The averaged data point will be
shown as displayed in Figure 67. The SELECT DISP key can be used to view the average value of
all measurement parameters. The PRINT key can be used to send a single averaged dataline to the
printer.
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Figure 67

Note: PrintingduringaTimed Averagetest will show non-averaged data. Averaged data
isavailable only at the conclusion of thetest. Printing the averaged data must be
done with the PRINT key at the end of the test.
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VI. Rheoloader User's Manual

B.E.V.I.S. (Brookfield Engineering Rheometer Instruction Set) is a scripting language devel oped
at Brookfield Engineering Laboratoriesthat allowsfor the creation of flexible programsto control
our line of Rheometers. In the case of the DV-I11+ Rheometer, programs are created then |oaded
into the Rheometer using the Rheol.oader software.

Some features of the scripting language are:

VI.1

Command Code

WTI
WPT

WTP

WKY

SSN

SPI

SSP

STM

STZ
PDN

PLN

Repeatedly run the same program for quality control purposes.

Wait for a prevailing condition before continuing with the program (i.e. torque value, a
temperature value, a key press, etc.).

Run the Rheometer at any of the speeds in the Custom Speed menu.

Display messages to the screen or an attached printer to aid in operator usability.

Aninternal clock that keepstime between each printed dataline (thistimeisdisplayed asthelast
parameter on each printed line) providing a consistent time base for the collected data.

Description of B.E.V.I.S. Commands

Required Parameter Command Description

Time (MM:SS) The program waits at this step until the specified time elapses.
% Torque value The program waits at this step until the current % torque equals the
(%) especifed value.
Temperature value The program waits at this step until the current temperature equals the
(°C) specified value.

16 character (or less)
text message

Speed value
(RPM)

Time
(MM:SS)

Two digit spindle code

Temperature value

N/A
N/A

16 character (or less)
text message

The specified message is displayed on the top line of the DV-III+ display
while PRESS A KEY is displayed on the bottom line of the DV-IlI+. 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 keypress is required to continue. If a print
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, a line of data displaying the time
since the last data print is printed as soon as a key is pressed.

The DV-llI+ begins rotating at the specified speed. This can be any of
the speeds listed in the Speed list of the DVLoader software. These
speeds are the same as those listed in the Custom Speeds list in the
viscometer’s Options menu.

The DV-llI+ begins printing data to the selected printer (serial or parallel;
as selected in the DV-IlI+ menus) at the rate specified. MM:SS is
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 via the keypad on the DV-IlI+.

Set and control to the specified temperature if a Brookfield

Engineering Labs. temperature controller is attached to the rheometer.
Sets the data print timer clock back to zero.

The DV-llI+ immediately prints a data string to the selected printer (serial
or parallel; as selected in the DV-IlI+ menus).

The DV-llI+ prints the specified message to the selected printer (serial
or parallel; as selected in the DV-III+ menus).

NOTE: MM:SS is minutes:seconds
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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 DV-111+ Rheometer.

The Rheol oader software is a Windows 95 (or above) based

1 SSN |50 program used to create, save, print and downlaod B.E.V.1.S.

2 WTI  |00:30 programsto the DV-I11+ Rheometer. Start the software by

3 SPI__ |00:05 clicking on its associated icon or by clicking the Start button;
1 WPT |75 .0 select Run; enter the name of the progrram to execute

3 SSHN 125.0 { Rheoad.exe} ; then click OK.

6 WTI _ |00:10

; E#SFJ Tﬁl 2 Thisisthe grid where the operator programs are created. Itis
9 used to view and edit the B.E.V.1.S. programs. When the

10 software starts, an empty grid appears on the left of the screen.
11 Highlight acommand in the list box to the right of this grid,

12 then click on the Insert button to insert the command into the
:i highlighted line of the grid. This same insertion task can also
15 be accomplished by double-clicking on the appropriate com-
16 mand in the list box to the right.

17

18 Before being permitted to insert another command, the param-
19 eter for the previous command in the grid must be entered if one
32 isrequired. This parameter is entered into the last column of
2 the grid.

23

24

25

COM Port  Select the COM (RS-232) port the Programmable DV-111+ Rheometer is connected to

MOME | from the COM Port drop down list.
o Click the Open File button to load existing B.E.V.1.S. programs.
LIEN
Ees _ _ : . :
. B Click the Save File button to save the B.E.V.1.S. program displayed in the grid.
Save
P Click the Print button to print the B.E.V.I.S. program displayed in the grid.
gy 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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-

Delete

5 -

S SSH
WL ssp
Tk STZ

3 sp1

PFDH

i PLH

Click the Delete button to delete the command in the selected row of the program

grid.

Click the Up button to move the command in the selected row of the program grid up

onerow.

Click the Down button to move the command in the selected row of the program grid

down one row.

Click the Clear button to clear the grid of all commands. Once cleared, the com-
mands cannot be retrieved.

Wait for time interval

Wait for % torgue

Wait for temperature

Wait for a Keypress

Set viscometer =speed

et =zpindle

Rezet data timer

et print interval

Print data point now

Print text now

Thislist box displayed the commands available for creating
programs. As previously stated, clicking on the Insert
button inserts the highlighted command (WTI in this case)
into the selected line in the program grid. Double-clicking
on alinein thislist box also inserts the command into the
grid.

Theicons to 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.

Before downloading a program to the Rheometer, ensure the following have been checked:

» The appropriate cable (BEL Part No. DV P-80) is connected between the selected COM port
of the PC and the Rheometer.

e TheDV-IlI+ is at the download screen: OPTIONS/DOWNLOAD A PROGRAM/LOAD TO
SLOT#x wherex isdot 1,2,3, or 4.

* With the LOAD TO SLOT #x screen displayed, choose a store slot using the DV-I11+ arrow
keys, then press the ENTER/AUTORANGE key on the Rheometer. If after five seconds, the
Rheometer cannot communicate with the Rheol oader program, the B.E.V.1.S. ERROR NO
PC ATTACHED message isdisplayed. If aconnection is established, the Download button
on the PC software becomes enabled, and the DV-111+ screen displays DOWNLOADING
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B.E.V.1.S. PROGRAM TO SLOT #1. Click on this button to download the displayed pro-
gram to the DV-111+. When the download is complete, the DV-Il1+ displays DOWNLOAD
DONE TO EXIT PRESS A KEY.

At this point, the program in the DV-111+ can be printed and/or run from the Rheometer.

Click on this button to exit the RheolL oader software.

VI. 2 Example Programs

The following example programs can aso be found on the Rheol oader disk that was included with
the DV-111+ Rheometer:

Program1:  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% torqueis 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 time interva 01:40 wait at this step for 1 minute and
40 seconds, effectively printing
10 datalines
Program 2:  For use with an external temperature controller
Command Command Description Parameter Comments
STM Set temperature 40.0 Set control value to 40°C
WTP Wait for temperature 40.0 wait until temperature = 40°C
(asan example, a
Thermosel/Controller can be
used for temperature control)
WTI Wait for time interval 05:00 soak time; allow temperature to
settle
SSN Set viscometer speed 25.0 run at 25 RPM
SPl Set print interval 00:30 begin printing data at 30 second
intervals
WTI Wait for time interval 06:00 walit at this step for 6 minutes,
effectively printing 12 data lines
Program 3:  Wait for cure
Command Command Description Parameter Comments
SSP Set spindle 31 set to a number 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 wait until % torque = 85; a
curing cycle

Brookfield Engineering Laboratories, Inc.
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Program4:  Spring relax
Command Command Description Parameter Comments
WKY Wait for akey press Wind to 100% tell operator to wind spindle
until 100% torgue is reached
WPT Wait for % torque 100.0 wait until 100% torqueis
reached
WKY Wait for akey press Release spindle tell operator to release the
spindle
SPI Set print interval 00:01 begin printing data at 1 second
intervals
WPT Wait for % torque 0.0 wait for spindle to completely
unwind to 0% torque
Program 5.  Variable speed
Command Command Description 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 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

Brookfield Engineering Laboratories, Inc.
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APPENDIX A - Cone/Plate Rheometer Set-Up

This Cone/Plate version of the DV-111+ uses the same operating instruction procedures as described
inthismanual. 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-111+ Cone/Plate Viscometers, S/N 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-
[11+ 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

Function is sensing (enabled). PiotLigh f )
re
. . T le Swtich 6,
CONTACT LIGHT isthe yellow (LED) light; gggte tva-lcm -
. . . . ontact LI
when it first turns on, the “hit point” has been (ellow)
found. Sliding Reference
Marker R/ /77 1\ VI

i ~ Micrometer
SLIDING REFERENCE MARKER is used after Adjustment Ring

finding the “hit point;” it is the reference for

establishing the 0.0005 inch gap. Figure Al

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.
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A.2 SETUP

1. Besurethat the Viscometer is securely
mounted to the Laboratory Stand, leveled cup
and zeroed with no cone or cup attached Outet . - = it |
and 0% torqueis displayed.

T 4

>——» — i f}\\ )
T A —
. i Cup Sample
2. Figure A2 shows atypica water bath setup. Bath/Gireulator M Pty
Connect the sample cup inlet/outlet ports to CPE 44P)

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.

3. TheViscometer has been supplied with a
special cone spindle(s) which contains the
Electronic Gap Setting feature. The*CPE”
part number designation on the cone verifies
the Electronic Gap Setting feature. Note:
The “CPE” cone or cup cannot be used with
earlier DV-111+ cone/plate Viscometers
(below S/IN50969) which do not have the

Figure A2

Micrometer
Adjustment
Ring

B/ / /1| VNN

- g T Coupling Nut
electronic gap Setti ng feature. s indlﬁ wljesst(ebseugflaelgﬁ!s
(CPE) Cone I 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. L
5. Attach the cup, taking care not to hit the /i
cone with the cup (Figure A4).
Do Not hit th : :
The viscosity of electrically conductive fluids CONE with the CUP! )
may be affected if readings are taken with the m
Electronic Gap Setting feature “on”. Be sure

to shut the feature “ of f” before taking
readings!

Figure A4

Brookfield Engineering Laboratories, Inc.
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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 isjust breaking contact, i.e.,
flickering (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- il

sions) counter-clockwise. ||||||||||| - /\)

Continue moving the micrometer adjustment Figure A5
ring slowly counter-clockwise until the
contact light (yellow) turnson. Back off
(rotate clockwise) until the light isjust
breaking contact, i.e., flickering.

Moves Away

from Hit Point Hit Point
(clockwise) (counter-clockwise)

LEFT || RIGHT

4. Adjust the dliding reference marker, right or
left, to the closest full scale division mark

(see Figure A6). 1 ( .
5. Turn the micrometer adjustment ring one € -
scale division to the left to meet the line on . Referense

Marker

the diding reference marker. THE YEL -

LOW CONTACT LIGHT SHOULD GO
OFE. W

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

Figure A6

7. Carefully remove the sample cup.

Notes
1. Thecupmay beremoved and replaced without resetting the gapif themicrometer adj ustment
ring has not been moved.
2. Remove the spindle from the viscometer when cleaning.
3. Re-establish the hit point every time the spindle is attached/detached.
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A.4 VERIFYING CALIBRATION

1. Determine the appropriate sample vol-

ume. Refer to Table Al 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 scale
range. 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™1; 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.

Example: LVDV-IlI+ 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).

. Set the gap as described in Section A.3.
. With the motor off, remove the sample cup

and place the viscosity standard fluid into
the cup.

Brookfield Engineering Laboratories, Inc.

Table A6

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

Table A1

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

6. 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.

7. Veify 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

The table below (Universal Spindle Ranges) lists the Spindle Range Coefficients for all spindles
used on DV-I11+ Rheometers. Dividing the coefficient number by any of the 2,500 Rheometer
speeds will give the full scale viscosity range for a Rheometer/spindle/speed combination.

Universal Spindle Ranges

SPINDLE RANGE COEFFICIENT
Spindle | Entry Code Rheometer Series
LV RV HA HB
Rv1 01 937 10,000 20,000 80,000
RvV2 02 3,750 40,000 80,000 320,000
Rv3 03 9,375 100,000 200,000 800,000
RV4 04 18,750 200,000 400,000 1,600,000
RV5 05 37,500 400,000 800,000 3,200,000
RV6 06 93,750 1,000,000 2,000,000 8,000,000
RV7 07 375,000 4,000,000 8,000,000 32,000,000
HA1 01 937 10,000 20,000 80,000
HA2 02 3,750 40,000 80,000 320,000
HA3 03 9,375 100,000 200,000 800,000
HA4 04 18,750 200,000 400,000 1,600,000
HAS 05 37,500 400,000 800,000 3,200,000
HAG6 06 93,750 1,000,000 2,000,000 8,000,000
HA7 o7 375,000 4,000,000 8,000,000 32,000,000
HB1 01 937 10,000 20,000 80,000
HB2 02 3,750 40,000 80,000 320,000
HB3 03 9,375 100,000 200,000 800,000
HB4 04 18,750 200,000 400,000 1,600,000
HB5 05 37,500 400,000 800,000 3,200,000
HB6 06 93,750 1,000,000 2,000,000 8,000,000
HB7 07 375,000 4,000,000 8,000,000 32,000,000
LV1 61 6,000 64,000 128,000 512,000
LV2 62 30,000 320,000 640,000 2,560,000
LV3 63 120,000 1,280,000 2,560,000 10,240,000
LV4 64 600,000 6,400,000 12,800,000 51,200,000
LV5 65 1,200,000 12,800,000 25,600,000 102,400,000
T-A 91 18,750 200,000 400,000 1,600,000
T-B 92 37,440 400,000 800,000 3,200,000
T-C 93 93,600 1,000,000 2,000,000 8,000,000
T-D 94 187,200 2,000,000 4,000,000 16,000,000
T-E 95 468,000 5,000,000 10,000,000 40,000,000
T-F 96 936,000 10,000,000 20,000,000 80,000,000
Spiral 70 98,400 1,050,000 2,100,000 8,400,000
ULA 00 600 6,400 12,800 51,200

Brookfield Engineering Laboratories, Inc.
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Universal Spindle Ranges

SPINDLE RANGE COEFFICIENT
Spindle | Entry Code Rheometer Series
LV RV HA HB
DIN-81 81 3,420 36,500 73,000 292,000
DIN-82 82 3,420 36,500 73,000 292,000
DIN-83 83 11,340 121,300 242,600 970,400
DIN-85 85 1,144 12,200 24,400 97,600
DIN-86 86 3,420 36,500 73,000 292,000
SC4-14 14 117,200 1,250,000 2,500,000 10,000,000
SC4-15 15 46,880 500,000 1,000,000 4,000,000
SC4-16 16 120,000 1,280,000 2,560,000 10,240,000
SC4-18 18 3,000 32,000 64,000 256,000
SC4-21 21 4,688 50,000 100,000 400,000
SC4-25 25 480,000 5,120,000 10,240,000 40,960,000
SC4-27 27 23,4000 250,000 500,000 2,000,000
SC4-28 28 46,8880 500,000 1,000,000 4,000,000
SC4-29 29 93,750 1,000,000 2,000,000 8,000,000
SC4-31 31 30,000 320,000 640,000 2,560,000
SC4-34 34 60,000 640,000 1,280,000 5,120,000
SC4-37 37 23,4000 250,000 500,000 2,000,000
CP-40 40 307 3,270 6,540 26,160
CP-41 41 1,151 12,280 24,560 98,240
CP-42 42 600 6,400 12,800 51,200
CP-51 51 4,800 51,200 102,400 409,600
CP-52 52 9,216 98,300 196,600 786,400
Notes: RV spindle ranges are calculated with the RV Guardleg in use.
LV spindle ranges are calculated with the LV Guardleg in use.
Example 1: Determine the full scale viscosity range of the LV 3 spindle running on an RV series
Rheometer at 45 RPM.
Spindle Speed = 45 RPM
LV Spindle Range Coefficient for RV series Rheometer = 1,280,000
Full Scale Viscosity Range = 1,280,000 = 28,444 cP (mPaes)
45
Example 2: Determine the full scale viscosity range of the LV 3 spindle running on a 2xHA
Rheometer at 103.5 RPM.
Spindle Speed = 103.5 RPM
LV 3 Spindle Range Cooefficient for 2xHA Rheometer = 2 x 2,560,000
Full Scale Viscosity Rnage = 5,120,000 = 49,468 cP (mPaes)
103.5
Note: The maximum viscosity taht should be taken from the DV-111+ Rheometer is at 100%

Brookfield Engineering Laboratories, Inc.

of any full scale spindle/speed range.

Manual No. M/98-211-A0701



LV(#1-4) and RV,HA,HB(#1-7) Rheometers

0 Range P
Viscometer Minimum Maximum
LVDV-II1+ 15 6,000,000
RVDV-III+ 100 40,000,000
HADV-III+ 200 80,000,000
HBDV-III+ 800 320,000,000
Small Sample Adapter
Shear 0 D
Rate
Spindle (sec-l) LVDV-IlI+cP RVDV-IlI+cP HADV-III+cP HBDV-IlI+cP

14 0- 80| 47.0 -1,171,000 500.0 - 12,500,000 [1,000.0 - 25,000,000 | 4,000 - 100,000,000
15 0- 96 | 19.0 - 468,650 200.0 - 5,000,000 | 400.0 - 10,000,000 | 1,600 - 40,000,000
16 0- 58| 48.0 - 1,199,700 512.0 - 12,800,000 [1,024.0 - 25,600,000 | 4,100 - 102,400,000
18 0- 264 1.3 - 30,000 128 - 320,000 256 - 640,000 103 - 2,560,000
21 0 - 186 1.9 - 46,865 20.0 - 500,000 40.0 - 1,000,000 160 - 4,000,000
25 0- 44 {192.0 - 4,790,000 | 2,050.0 - 51,200,000 |4,100.0 -102,400,000 |16,400 - 409,600,000
27 0- 68 9.4 - 234,325 100.0 - 2,500,000 | 200.0 - 5,000,000 800 - 20,000,000
28 0- 56 | 188 - 468,650 200.0 - 5,000,000 | 400.0 - 10,000,000 | 1,600 - 40,000,000
29 0- 50| 375 - 937,300 400.0 - 10,000,000 [ 800.0 - 20,000,000 | 3,200 - 80,000,000
31 0- 68| 120 - 300,000 128.0 - 3,200,000 | 256.0 - 6,400,000 | 1,024 - 25,600,000
34 0- 56 | 24.0 - 600,000 256.0 - 6,400,000 | 512.0 - 12,800,000 | 2,048 - 51,200,000
37 0- 72 9.4 - 234,325 100.0 - 2,500,000 | 200.0 - 5,000,000 800 - 20,000,000

82 0 - 258 1.4 - 10,000 15.0 - 10,000 30.0 - 10,000 120 - 10,000
83 0 - 258 46 - 50,000 50.0 - 50,000 100.0 - 50,000 400 - 50,000
Thermosel
Shear 0 P
Rate
Spindle | (sec-1) LVDV-lll+cP RVDV-IlI+cP HADV-lIl+cP HBDV-Ill+cP
18 0 -264 1.3 - 30,000 12.8 - 320,000 25.6 - 640,000 103 - 2,560,000
21 0-186| 1.9 - 46,865 20.0 - 500,000 40.0 - 1,000,000 160 - 4,000,000
27 0- 68 9.4 - 234,325 | 100.0 - 2,500,000 | 200.0 - 5,000,000 800 - 20,000,000
28 0- 56| 18.8 - 468,650 | 200.0 - 5,000,000 | 400.0 - 10,000,000 | 1,600 - 40,000,000
29 0- 50| 37.5 - 937,300 | 400.0 - 10,000,000 | 800.0 - 20,000,000 | 3,200 - 80,000,000
31 0- 68| 12.0 - 300,000 | 128.0 - 3,200,000 | 256.0 - 6,400,000 | 1,024 - 25,600,000
34 0 - 56| 24.0 - 600,000 | 256.0 - 6,400,000 | 512.0 - 12,800,000 | 2,048 - 51,200,000
81 0-258( 1.4 - 10,000 15.0 - 10,000 30.0 - 10,000 120 - 10,000
UL Adapter
Shear Rate O i
UL Spindle (sec-1) LVDV-II+ RVDV-IIl+ HADV-II1+ HBDV-III+

YULA-15 or 152 0 - 122.4 1.0 - 2,000 |3.2 - 2,000 |[6.4 - 2,000 25.6 - 2,000

Note: LV DV-IlI+ - Minimum viscosity, 1.0 cP at 60RPM, 10% of full scale range.

Note: RV,HA,HB-III - Minimum viscosity; 3 cP, 6 cP and 24 cP, at 230.9 RPM, 10% of full scale
range.
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Din Adapter

Shear 5 5
DAA Rate
Spindle | (sec-1) LVDV-II1+ RVDV-III+ HADV-111+ HBDV-III+

85 0 - 258 | 0.6 - 5,000 6.1- 5,000 | 12.2 - 5,000 48.8- 5,000
86 0-258 | 1.8-10,000 | 18.2- 10,000 | 36.5 - 10,000 | 146 -10,000
87 0 - 258 | 5.7-50,000 | 61.0- 50,000 (121 - 50,000 | 485 -50,000

Spiral Adapter

Spiral | Shear Rate 0 i

Spindle (sec-1) LVDV-III+ RVDV-III+ HADV-III+ HBDV-III+

SA-70 | .677 - 67.7 | 98.4 - 98,416| 1,050 - 1,050,000 | 2,200 - 2,100,000 | 8,400 - 8,400,000

(1- 100 RPM)
Cone/Plate Rheometer
Shear o P

Cone Rate
Spindle | (sec-1) | LVDV-III+C/P | RVDV-III+C/P HADV-II+IC/P HBDV-II+IC/P
CPE-40| 0 - 1500 |0.15 - 3,065 1.7- 32,700 | 3.3 - 65,400 13.1- 261,000
CPE-41|0 - 400|0.58 -11,510| 6.2- 122,800 | 12.3 - 245,600 | 49.1- 982,400
CPE-42|0- 760|0.3 - 6,000 3.2- 64,000 | 6.4 - 128,000 25.6- 512,000
CPE-51|0 - 768|2.4 -47,990|25.6- 512,000 |51.2 -1,024,000 | 205.0 -4,096,000
CPE-52| 0 - 400|4.6 -92,130|49.2- 983,000 |98.3 -1,966,000 | 393.0 -7,864,000

Helipath with T-Bar Spindles

. D
T-Bar
Spindle LVDV-III+ RVDV-III+ HADV-III+ HBDV-IlI+

T-A 156 - 187,460 | 2,000 - 200,000 4,000- 4,000,000 [ 16,000 - 16,000,000
-B 312 - 374,920 | 4,000 - 400,000 8,000- 8,000,000 | 32,000 - 32,000,000
-C 780 - 937,300 ( 10,000 - 10,000,000 | 20,000- 20,000,000 | 80,000 - 80,000,000
-D 11,560 -1,874,600 | 20,000 - 20,000,000 | 40,000- 40,000,000 | 160,000 - 160,000,000
-E_ 13,900 -4,686,500 | 50,000 - 50,000,000 | 100,000 -100,000,000 | 400,000 - 400,000,000
-F 17,800 -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-111+ Rheometer 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 spindle/speed combination.

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

Thefirst consideration has to do with the precision of the instrument. All DV-111+ Rheometers have a
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full scalerange precision of (+/-) 1% of any spindle/speed combination. We discouragetaking readings
below 10% of range because the potential viscosity error of (+/-) 1% is a relatively high number
compared to the instrument reading.

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 rotational systems, this means all fluid
movement must becircumferential. Whentheinertial forceson thefluid becometoo great, thefluid can
break into turbulent flow wherein the movement of fluid particlesbecomesrandom, and theflow can not
be analyzed with standard math models. Thisturbulence createsafalsely high Rheometer 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 around 70 RPM
4) SC4-18/13R: 1.25 cP at around 240 RPM

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

Aswithany instrument, therearevariablesthat can affect aviscosity measurement. Thesevariablesmay
berelated to theinstrument (Rheometer) or thetest fluid. Variablesrelated to thetest fluid deal withthe
rheological propertiesof the fluid, whileinstrument variables would include the Rheometer design and
the spindle geometry system utilized.

RHEOLOGICAL PROPERTIES

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

There are two categories of fluids:

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

Non-Newtonian - These fluids have different viscosities at different shear rates (different

RPM’s). They fall into two groups:

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

The time dependency is the time they are held at a given Shear Rate (RPM). They are non-
Newtonian, and when you change the Rheometer spindle speed, you get a
different viscosity.

Time Independent

Pseudoplastic - A pseudoplastic material displays adecreasein viscosity with an increase
in shear rate, and isalso known as“ shear thinning”. If you take Rheometer
readings from alow to ahigh RPM and then back to thelow 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 aRheometer at aconstant speed, recording viscosity (cP) valuesover
time and find that the viscosity (cP) values decrease with time, the material
isthixotropic.

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

Rheometer Related Variables

Most fluid viscosities are found to be non-Newtonian. They are Shear Rate dependent on the
measurement conditions. The specificationsof the Rheometer spindleand chamber geometry will affect
the viscosity readings. If one reading istaken at 25 rpm, and a second at 50 rpm, the two viscosity (cP)
values produced will bedifferent becausethe readingswere made at different shear rates. Thefaster the
spindle 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
container wall and the spindle surface.
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A repeatable viscosity test should control or specify the following:

1) Test temperature

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

3) Sample volume

4) Rheometer model

5) Spindle used (if using LVDV-I11+(#1-4) or RVDV-II1+(#1-7) attach the guard leg)
6) Test speed or speeds (or the shear rate)

7) Length of time or number of spindle revolutions to record viscosity.
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APPENDIX D - Spindle and Model Codes

Each spindlehasatwodigit codewhichisentered usingthe SPDL key ontheDV-111+key pad. Theentry
code allowsthe DV-II1+ 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) used for viscosity cal culations, and the Shear Rate Constant (SRC), used for shear rate and shear
stresscalculations. Notethat where SRC =0, no shear rate/shear stresscal culationsaredoneand thedata
displayed is zero (0) for these functions.

TableD1

SPINDLE ENTRY CODE SMC SRC
RV1 01 1 0
RV2 02 4 0
RV3 03 10 0
Rv4 04 20 0
RVS 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
HAS 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
HBS 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
LVS 65 1280 0
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
SC4-14 14 125 04
SC4-15 15 50 0.48
SC4-16 16 128 0.2929
SC4-18 18 3.2 1.32
SC4-21 21 S 0.93
SC4-25 25 512 0.22
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Table D1 (continued)

SPINDLE ENTRY CODE SMC SRC
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
CP40 40 0.327 7.5
CPA1 41 1.228 2
CP42 42 0.64 3.8
CP51 51 5.12 3.84
CP52 52 9.83 2
Spiral Adapter 70 105 0.677
Thermosel DIN spindle 81 3.7 1.29
SSA DIN spindle

for 13R or 13RP chamber 82 3.75 1.29
SSA DIN spindle

for 7R or 7RP chamber 83 12.09 1.29
ULA DIN spindle 85 1.22 1.29
ULA DIN spindle 86 3.65 1.29
ULA DIN spindle 87 12.13 1.29

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

Table D2

MODEL CODE

MODEL TK ON DV-IIl SCREEN

LVDV-IT+ 0.09373 LV
2.5xLVDV-II1+ 0.2343 4L
SXLVDV-II1+ 0.4686 oL
/4 RVDV-II1+ 0.25 1R
/2 RVDV-II1+ 0.5 2R
RVDV-I11+ 1 RV
HADV-II1+ 2 HA
2XHADV-I11+ 4 3A
2.5xHADV-I11+ 5 4A
HBDV-II1+ 8 HB
2xHBDV-I11+ 16 3B
2.5xHBDV-|11+ 20 4B
SXHBDV-I11+ 40 5B

Thefull scaleviscosity rangefor any DV-111+ model and spindle may be cal culated using the equation:
where: Full Scale Viscosity Range [cP] = TK * SMC * %’g%)

TK
SMC

DV-I111+ Torque Constant from Table D2
Spindle Multiplier Constant listed in Table D1
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The Shear Rate calculation is:

Shear Rate (1/sec) = SRC * RPM

where:
SRC = Shear Rate Constant from Table D1
Using Non-standard spindleswith DV-I11+ and RHEOCAL C Software
Spindle Entry 99 allowsentry of spindleconstantswhichtheDV-111+will useto calcul ate Viscosity,
Shear Rate and Shear Stress for spindles in boundary conditions other than the 600ml beaker or
specified chamber.

The spindlesmust conform to geometriesthat allow for mathematical cal cul ationsof Shear Rate and
Shear Stressi.e. coaxial cylinder.

Two constants are required:
a) SMC (Spindle M ultiplier Constant) which is used to calculate cP value.
b) SRC (Shear Rate Constant) which is used to calculate Shear Rate and Shear Stress.

If SRC=0 (Example, LV #1-4, RV,HA,HB #1-7 spindles), Shear Rate and Shear Stress values are
not calculated and can not be displayed.

The SMC value for a spindle may be calculated as follows:
a) For new spindle conditions you calculate the SMC using a Newtonian fluid of known
viscosity (Brookfield Viscosity Standard). This is done in the container with the new
dimensions at the controlled temperature specified for the viscosity standard fluid.

b) The new full scale viscosity range is calculated for a selected RPM:
e 100 n
R1 =200

where:

R1 = Thenew full scale viscosity range

n = Theviscosity (in cP) of the Newtonian fluid
Y = TheTorque % reading at the selected RPM

c) The SMC Vaueisthen calculated:

SMC = [Full Scale Viscosity Range (cP)] * [Selected RPM]
TK * 10,000

where:
TK = DV-IlI+ Torque Constant from Table D2

The SRC value may be calculated for cylindrical spindle geometry using the following equation:
20 Rc2 Rp2

Shear Rate (1/sec) = —=———
X2 [Rc2 — Rp?]
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where:

R, = Radius of the container (in centimeters)
Rp, = Radiusof the spindle (in centimeters)
X~ = Radiusat which the shear rate isto be calculated (normally the same value as
Ry in centimeters)
= Angular velocity of the spindle (Rad/Sec)
21
W= 60 N

N = Spindle speed in RPM

SMC and SRC values are entered in RHEOCAL C software. Seethe HELP file for details.
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APPENDIX E - Calibration Procedures

The accuracy of the DV-Il1+ 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.

Container size:  For Viscosity Standards < 30,000 cP, use 2600 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: As stated on the fluid standard label: (+/-) 0.1°C
Conditions: The DV-Il1+ should be set according to the operating instructions. The water

bath should be stabilized at test temperature. Rheometerswith theletters*LV”
or “RV” in the model designation should have the guard leg attached.

Table E1
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.
Table E2
MINERAL OIL VISCOSITY STANDARD FLUIDS
BEL Part No. Viscosity (cP) 25°C

B31 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
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Brookfield Viscosity Standard Fluid - General Information

Werecommend that Brookfield Viscosity Standard Fluidsbereplaced on anannual basis, oneyear 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 theintroduction 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 Laboratories 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 reusabl e provided they are not contaminated. Normal practice
for usage in 2600 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) Lower the DV-II1+ into measurement position (with guard leg if LV or RV series Rheometer
isused).

3) Attach the spindleto the Rheometer. If you are using adisk shaped spindle, avoid trapping air

bubblesbeneath thedisk by first immersing the spindleat an angle, and then connecting it to the
Rheometer.

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) If the fluid is at test temperature (+/- 0.1°C of the specified temperature, normally 25°C),
measure the viscosity and record the Rheometer 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 viscosity fluid standard to within the
combined accuracies of the Rheometer and the standard (as discussed in the section entitled,
Interpretation of Calibration Test Results).

Calibration Procedure for a Small Sample Adapter

When aSmall Sample Adapter isused, thewater jacket isconnected to thewater 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.
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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-I111+.

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

5) Measure the viscosity and record the Rheometer reading.
Note: The spindle must rotate at least five (5) times before a viscosity reading is taken.
Calibration Procedure for a Thermosel System

When a Thermosel System is used, the controller stabilizes the Thermo Container at the test
temperature. A two-step process is recommended for the Thermosel:

A) Evauate the calibration of the Viscometer alone according to the procedure outlined in
Appendix E, " Calibration Procedurefor LV (#1-4) and RV ,HA ,HB (#1-7) Brookfield spindles.”

B) Evaluate the Viscometer with Thermosel according to the procedure listed below:

a) 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).

b) Place the sample chamber into the Thermo Container.

c) Putthespindleintothetest fluid and attach the extension link, coupling nut and freehanging
spindle (or directly attach the solid shaft spindle) to the DV-I111+.

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

€) Measure the viscosity and record the Rheometer reading.
Note: The spindle must rotate at least five (5) times before a viscosity reading is 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-I111+.
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) Measure the viscosity and record the Rheometer reading.

Note: The spindle must rotate at least five (5) times before a viscosity reading is taken.
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Calibration Procedure using a Helipath Stand and T-Bar Spindles

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

Removethe T-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.

T-Bar spindles should not be used for verifying calibration of the DV-I11+ Rheometer.

Calibration Procedure for Spiral Adapter

1) Place the viscosity standard fluid (in the proper container) into the water bath.

2)
3)

4)

5)
6)

7)

Attach the spindle to the viscometer. Attach chamber (SA-1Y) and clamp to the viscometer.

Lower the DV-I11+ into measurement position. Operate the viscometer at 50 or 60 RPM until
the chamber is fully flooded.

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 with anaccuratethermometer.

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)

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. Refer to 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.

Example:  LVDV-III Viscometer, Cone CP-42, Fluid 10
Having aviscosity of 9.7 cP at 25°C

At60RPM, thefull scaleviscosity rangeis10.0cP. Thus, theRheometer reading should be 97%
torqueand 9.7 cPviscosity + 0.197 cP (0.1 cP for therheometer plus0.97 cPfor thefluid). The
accuracy isacombination of Rheometer and fluid tolerance (refer to Interpretation of Calibra-
tion Test Results).
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4) Withtheviscometer stopped, remove the sample cup and placetheviscosity standard fluid into
the cup, waiting 10 minutes for temperature equilibrium.

5) Connect the sample cup to the Rheometer. Allow sufficient time for temperature to reach
equilibrium. Typically 15 minutesisthemaximumtimethat youmust wait. Lesstimeisrequired
if spindle and cup are already at test temperature.

6) Measurethe viscosity and record the Rheometer reading in both % torque and centipoise (cP).
Notes. 1) Thespindle must rotate at least five (5) times before aviscosity reading istaken.

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) Select aviscosity standard fluid that will give viscosity readings between 10%
and 100% of full scalerange. 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.

Interpretation of Calibration Test Results:

Whenverifyingthecalibrationof theDV-I11+, theinstrument and viscosity standard fluid error must
be combined to calculate the total allowable error.

The DV-III+ isaccurate to (+/-) 1% of any full scale spindle/speed viscosity range.
Brookfield Viscosity Standards Fluids are accurate to (+/-) 1% of their stated value.

Example: Calculate the acceptable range of viscosity using RVDV-I11 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 TableD2
SMC = 10 from TableD1

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. Its accuracy 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 cPindicatesthat the Rheometer
is operating correctly. Any reading outside these limits may indicate a Rheometer problem.
Contact the Brookfield technical sales department or your local Brookfield dealer/distributor
with test results to determine the nature of the problem.
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The Brookfield Guardleg

Theguard leg wasoriginally designed to protect the spindle during use. Thefirst applications of the
Brookfield Viscometer included hand held operation while measuring fluidsin a55 gallon drum. It
Is clear that under those conditions the potential for damage to the spindle was great. Original
construction included a sleeve that protected the spindle from side impact. Early RV guard legs
attached to thedial housing and LV guard legs attached to the bottom of the pivot cup with atwist and
lock mechanism.

The current guard leg is a band of metal in the
shape of theletter U with abracket at the top that
attaches to the pivot cup of a Brookfield
Viscometer/Rheometer. Because it must attach
tothepivot cup, theguard leg cannot be used with
aCone/Plateinstrument. A guardlegissupplied
with all LV and RV series instruments, but not
with the HA or HB series. It’s shape (shown in
Figurel)isdesignedtoaccommodatethespindles
of the appropriate spindle set; therefore, the RV
guard leg is wider than the LV due to the large
diameter of the RV #1 spindle. They are not
interchangeable.

The calibration of the Brookfield Viscometer/
Rheometer is determined using a 600 ml Low
Form Griffin Beaker. Thecalibrationof LV and
RV series instruments includes the guard leg.
The beaker wall (for HA/HB instruments) or the —
guard leg (for LV/RV instruments) define what o J
iscalledthe® outer boundary” of themeasurement.

The spindlefactorsfor theLV, RV, and HA/HB RV Guardleg LV Guardleg
spindlesweredevel oped withtheaboveboundary

conditions. The spindle factors are used to

convert the instrument torque (expressed as the dial reading or %Torgue value) into centipoise.
Theoretically, if measurements are made with different boundary conditions, e.g., without the guard
leg or in a container other than 600 ml beaker, then the spindle factors found on the Factor Finder
cannot be used to accurately cal culate an absolute viscosity. Changing the boundary conditions does
not change the viscosity of the fluid, but it does change how the instrument torque is converted 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 hasthe greatest effect when used with the #1 & #2 spindlesof the
LV and RV spindle sets. Any other LV (#3 & #4) or RV (#3 - #7) spindle can be used in a 600 ml
beaker with or without the guard leg to produce correct results. The HA and HB seriesViscometers/
Rheometersarenot suppliedwithguardlegsinorder toreducethepotential problemswhen measuring
high viscosity materials. HA/HB spindles#3 through#7 areidentical to those spindle numbersinthe
RV spindleset. TheHA/HB #1 & #2 have dightly different dimensions than the corresponding RV
spindles. Thisdimensional differenceallowsthefactorsbetweentheRV and HA/HB #1& #2 spindles
to follow the sameratios asthe instrument torque even though the boundary conditions are different.

The recommended procedures of using a 600 ml beaker and the guard leg are difficult for some
customerstofollow. Theguardlegisonemoreitemto clean. Insome applicationsthe 500 ml of test
fluid required toimmersethe spindlesin a600 ml beaker isnot available. Inpractice, asmaller vessel
may be used and the guard leg isremoved. The Brookfield Viscometer/Rheometer will produce an
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accurate and repeatable torque reading 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 has outlined a method for recalibrating a Brookfield
Viscometer/Rheometer to any measurement circumstance in More Solutions to Sticky Problems,
Section 3.3.10. It isimportant to note that for many viscometer users the true viscosity is not as
important asarepeatable day to day value. Thisrepeatable value can be obtained without any special
effort for any measurement circumstance. But, it should beknown that thistypeof torquereadingwill
not convert into acorrect centipoise value when using aBrookfield 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 customersshould beawareof itsexistence, itspurposeand theeffect that it may have
on data. With this knowledge, the viscometer user may make modifications to the recommended
method of operation to suit their needs.
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APPENDIX F - VS-27Y Clamp Assembly

TheVS-35Y Clamp assembly holdsthe DV-I11+ on the upright rod and thus supportsit onthebase. The
parts are shown in Figure F1.

VS-41Y Clamp Screw Assembly

VS-29 Tension Insert

“‘1‘};‘;\? “:
\/< \ J/’ VS-29W Washers

VS-28 Tension Screw

)

Figure F1

If the clamp istaken off the upright rod, thetension insert (Part No. V S-29) must be properly aligned for
the clamp to fit back onto the upright rod.

When the tension insert (Part No. VS-29) isinserted, its slot must be in the vertical position parallel to
the upright rod. If the slot isnot in the correct position, the clamp will not slide down over the upright
rod. Useasmall screw driver or pencil tomoveitintothecorrect position. TheVS-29W Bellevillespring
washers must face each other asillustrated. Adjust theV S-28 tension screw so that the clamp assembly

is not loose on the upright rod.
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APPENDIX G - DV-llI+ to Computer Command Set

The command set used to communicate with the DV-I11+ is as follows:

Command Format from Host Response from Description
Rheometer
E(nable) <E><CR> <E><ss><CR> Enable control circuitry
R(etrieve) <R><CR> <R><qgae><tttt><ss><CR> | Retrieve data
V(elocity) <V><yWWW<CR> | <V><ss><CR> Send speed
| (dentify) <|><CR> <|><dddd><mm><xx><CR> | ldentify instrument
Z(ero) <Z><CR> <Z><77277><Ss3><CR> Zero instrument
lllegal String | <????><CR> <ss><CR> Invalid command
Where:
gqqqq =  Transducer reading as 4 hex digits. Theinstrument should yield areading of approxi-

mately 0400H after zeroing at rest. Calculate % torque as follows:
% Torque =tval/100
wheretval isthe decimal equivalent of the received torque packet.

7777 =  Transducer reading representing the % torque zero offset as 4 hex digits. Calculate the
decimal equivalent of the zero offset asfollows:
Zero offset = tval/100
wheretval isthe decimal equivalent of the received zero offset packet. Thisvalue
should now be subtracted from all future % torque readings retrieved using the R
command.

tttt =  Temperature reading as 4 hex digits. Calculate temperaturein °C asfollows:
Temperature (°C) = (tval - 4000)/40
where tval is the decimal equivalent of the recelved temperature packet.

vww = Stepper motor speed as 5 hex digits. The motor speed command from the Host isin
unitsof RPM. To create a speed packet, multiply the desired decimal speed by 100
then convert the result to hexadecimal. All packets must be 5 characterslong so for
packets with less than that, pad the left side with zeros.
Example: Torun therheometer at 10 rpm
10 rpm x 100 = 1000 decimal = 3E8 hexadecimal;
padding with zerosresultsin 003E8 so the command sent would be VOO3ES8

ss =  StatusByteas 2 hex digits. (See Table 2)

dddd =  TheASCIl characters" DV3+".

XX =  Thefirmware version of theinstrument (i.e. version 4.1 isreturned as 41)

mm =  These 2 characters will be used to represent the model for which the DV-111+ is

configured. The model decoding isshown in Table 1 below.
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M od€l mm
LV LV
2.5LV 4L
5LV 5L
RV RV
RV 1R
RV 2R
HA HA
2HA 3A
2.5HA 4A
HB HB
2HB 3B
2.5HB 4B
5HB 5B

Table 1 - DV-111+ Model Decoding

Invalid cmd received 1 X X X X X X X
Diagnostics error X X 1 X X X X X
Motor circuit error X X X 1 X X X X
Auto-zero complete X X X X 1 X X X
Motor speed = 0 X X X X X 1 X X
Motor On (Energized) X X X X X X 1 X
Control circuitry enabled X X X X X X X 1

Table 2 - Status Byte <ss> Definition

Note: These values are not updated in the status byte when the listed condition occurs. They are
made available when the computer next sends a command that includes the status byte in the re-
sponse. The flags are cleared when the condition causing a flag to be set has been resolved or by re-
enabling (E command) the DV-111+.

The DV-I11+ must first be issued the E(nable) command to enable control circuitry and ascertain its
current status. The DV-I11+ will respond with an echo of the E(nable) command and will append the
current status <ss> of the DV-111+. This 2-digit status byte will provide information as to the
rheometer's internal working condition and capability to continue with or to accept new tasks.

The Z(ero) command is used to "zero" the DV-111+ rheometer. The value returned <zzzz> is usually
in the range of 03F0 hex to 0400 hex. This number should be retained and subtracted from every
future returned torque reading to obtain the actual rheometer torque in percent.

The rheometer torque value and current temperature may be obtained by issuing the R(etrieve)
command. The DV-II1+'s response to this command is to echo the command: R(etrieve) and then
follow it with 8 hex digits comprising the current values for the rheometer torque <qqqg> and the
temperature probe reading <tttt>. Any control program written to exploit the output of the DV-I11+
will have to perform al the calculations required for viscosity, shear stress and shear rate, etc. The
DV-111+ will be directed to run at a given speed through the use of the V (elocity) command. Unlike
the two previous commands, this command requires the parameter <vvvvv> which contains the value
for the desired speed. The DV-I11+ responds to this command by repeating the command:

V (elocity) and appending the status byte <ss> which will, amongst other things, inform the calling
program as to whether the motor was turned on and/or whether the desired speed was attained.

Brookfield Engineering Laboratories, Inc. Manual No. M/98-211-A0701



APPENDIX H - Fault Diagnosis and Troubleshooting

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

O Spindle Does Not Rotate

[0 Make sure the rheometer is plugged in.
[0 Check the voltage rating on your rheometer (115V or 220V); it must match the wall voltage.

[0 Make sure the motor is ON and the desired rpm is selected.

0 Spindle Wobbles When Rotating or L ooks Bent

[0 Make sure the spindle is tightened securely to the rheometer coupling.
[0 Check the straightness of all other spindles; replace if bent.

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

O Inspect rheometer coupling threads for wear; if the threads are worn, the unit needs service
(see Appendix 1). Check to seeif spindles rotate eccentrically or wobble. Thereisan allow-
able runout of 1/32-inch in each direction (1/16-inch total) when measured from the bottom of
the spindlerotating in air.

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

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

O Perform an Oscillation Check

This check verifies the mechanical condition of the shaft and bearing assembly in the rheom-
eter. Auto zero theinstrument according to directionsin the manual. With the spindle re-
moved, motor off and the display showing % torque perform the oscillation check as follows:

1) Manually lift the spindle nut and rotate counter clockwise until the display shows 20%-
30% deflection.

2) Release the spindle nut.

3) The % display should return to 0.0% +0.1%.
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O Viscometer Will Not Return to Zero

0 Rheometer is not level
* Adjust the laboratory stand

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

O Verify spindle, speed and model selection.

O If % readings are under-range (less than 10%), the units display (%, cP, D/cm?, 1/sec) will
flash; change spindle and/or speed.

00 “EEEE” 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 Solutions to Sticky Problems’, Section |11
* DV-IlI+ Digital Rheometer Operating Instructions, Appendix C, “Variablesin Viscosity
Measurements.”
O Perform acalibration check; follow the instructionsin Appendix E.
O Verify tolerances are calculated correctly.
O Verify the calibration check procedures were followed exactly.
If the unit isfound to be out of tolerance, the unit may be in need of service. See Appendix | for
details on “How to Return Y our Rheometer.”

[0 Display Reading Will Not Stabilize

[0 Special characteristic of sample fluid. Thereisno problem with the rheometer.
* Refer to Appendix C

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

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

O Temperature fluctuation in sample fluid
» Use temperature bath control.
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[0 No Recorder Response
[0 Be sure the rheometer is not at ZERO reading.
O Be surethe recorder is ON and not on STANDBY .
O Verify the range settings.

[0 Check cable leads for clean connection.

[0 Recorder Pen Movesin Wrong Direction

O Output polarity reversed
* Reverse leads

0 Rheometer Will Not Communicate with PC

[0 Contact Brookfield or an authorized dealer with the following information:
» When the communication error occurs
* The exact text displayed when the error occurs
» Computer hardware details including processor speed, RAM, network cards, modems, etc.
» Computer operating system
 Total number of COM ports
* List of Brookfield equipment attached to COM ports and their corresponding COM port
number
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APPENDIX | - 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 [IRUENSIICLRSIEWEEY return to:

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

Telephone: (508) 946-6200 FAX: (508) 946-6262
e-mail: sales@brookfield engineering.com website: www.brookfieldengineering.com

For repair or service LRI ey consult Brookfield Engineering L abor atories, Inc. or
the dealer from whom you purchased the instrument.

For repair or service in the [VIE RSl LIl return to:

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

Telephone: (44) 27/945 1774  FAX: (44) 27/945 1775
e-mail: sales@brookfield.co.uk website: www.brookfield.co.uk
For repair or servicein return to:
Brookfield Engineering Laboratories Vertriebs GmbH
Barbarossastrasse 3

D-73547 Lorch, Germany

Telephone: (49) 7172/927100 FAX: (49) 7172/927105
e-mail: 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

Remove and return all 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 the instrument initsoriginal 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 individually wrap
eachitem to avoid contact with theinstrument. Do
not put lab stand in viscometer carrying case.

Fill out acopy of theViscometer Information Sheet
(on the following page) with as much information
aspossibleto help expedite your serviceor include
a memo indicating the type of problem you are
experiencing or the service you need performed.
Please a so include a purchase order number for us
to bill against.

Packagetheinstrument and related itemsinastrong
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 original 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.
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Providing us with the following information will help us to service your equipment more quickly and
efficiently. Please photocopy, fill out and return a copy of thisform with your instrument.

Brookfield recommends that al 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 []

(Federal 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[
If yes, whom did you contact?
Description/Symptoms of Present Problem/Malfunction (please list al):

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 the previous page.
[] Include a purchase order or purchase order number with this form.
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This tear-off sheet is a typical example of recorded test data. Please photocopy and retain

this template so that additional copies may be made as needed.
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