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INTRODUCTION

The Brookfield DV-11+ Viscometer measures fluid viscosity at given shear rates. Viscosity isa
measure of afluid sresistance to flow. You will find a detailed description of the mathematics of
viscosity in the Brookfield publication ” More Solutions to Sticky Problems’ acopy of which was
included with your DV-11+.

The principal of operation of the DV-I1+ isto drive aspindle (which isimmersed in the test fluid)
throughacalibrated spring. Theviscousdrag of thefluid against the spindleismeasured by thespring
deflection. Spring deflectionismeasured with arotary transducer. The measurement rangeof aDV -
I1+ (in centipoise or milliPascal seconds) is determined by the rotational speed of the spindle, the
size and shape of the spindle, the container the spindleisrotating in, and the full scaletorque of the
calibrated spring.

There are four basic spring torque series offered by Brookfield:

Spring Torque

Mode dyne-cm milli Newton - m
LVDV-II+ 673.7 0.0673
RVDV-II+ 7,187.0 0.7187
HADV-I|+ 14,374.0 1.4374
HBDV-II+ 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 units of measur ement are displayed according to either the CGS system or the Sl system.

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

Shear Stress appears in units of dynes/square centimeter (“D/cm?”) or Newtons/sguare
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) on the DV-I1+ Viscometer display).

ApW D

Theequivalent unitsof measurementinthe Sl system arecal cul ated using thefollowing conversions:
Sl CGS

Viscosity: 1 mPass = 1cP
Shear Stress: 1 Newton/m? = 10 dyne/cny?
Torque: 1 Newton-m = 10" dyne-cm

References to viscosity throughout this manual are done in CGS units. The DV-lI1+ Viscometer
provides equivalent information in Sl units.

.1 Components

1) DV-lI+ Viscometer

2) Mode A Laboratory Stand

3) Spindle Set with Case (4 spindlesfor LVDV-11+; 7 Spindlesfor RV, HA and HBDV-I I +).
For Cone/Plate versions. a spindle wrench, one cone spindle and sample cup (Part No. CP-
44Y) replace the spindle set.

4) Power cord

5) RTD Temperature Probe and DVE-50 Probe Clip

6) GuardLeg (LVDV-I1+and RVDV-I1+ only)

7) Carrying Case
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Please check to be sure that you have received al components, and that there is no damage. If you
are missing any parts, please notify Brookfield Engineering or your local Brookfield agent immedi-
ately. Any shipping damage must be reported to the carrier.

1.2 Utilities
Input Voltage: 115VACor 230 VAC
Input Frequency: 50/60 Hz
Power Consumption: Lessthan 20 WATTS
Power Cord Color Code:
United States Outside United States
Hot (live) Black Brown
Neutral White Blue
Ground (earth) Green Green/Yellow
.3 Specifications
Speeds: LVDV-II+: 0.0,0.3,0.6, 1.5, 3, 6, 12, 30, 60, 0.0,
05,1,2,25,4,5, 10, 20, 50, 100
RV/HA/HBDV-I1+: 0.0,05,1, 2,25,4,5, 10, 20, 50, 100
0.0,0.3,0.6, 1.5, 3, 6, 12, 30, 60
Weight: Gross Weight 20 lbs. 9 kg.
Net Weight 17  lbs. 7.7 kg.
Carton Volume 1.65 cu. ft. 0.05m3

Temperature sensing range: -100°C to 300°C (-148°F to 572°F)
Anaog Torgue Output: 0-1Volt DC (0 - 100% Torque)
Analog Temperature Output:  0-4 VoltsDC (10mv /°C)

RS232 Compatible Serial Port for use with an attached printer or PC.

1.4 Set-Up

1) Placetheuprightrodintothebase(refer toassembly instructionsin Appendix H). Therack
gear and clamp assembly should face thefront of the base. The upright rodisheldin place
with the jam nut which is attached from the bottom of the base. Tighten this nut with a
suitable wrench (spanner). Attach leveling feet.

2) Insertthemounting handleontheback of theDV-I 1+ Viscometer into theholeontheclamp
assembly. Be sure that the clamp screw, VS-24Y,, isloose.

3) TightentheVS-24Y clampscrew. Adjust viscometer tobeasclosetolevel aspossiblewhile
tightening VS-24Y .

4) Connect the RTD probe to the socket on the rear panel of the DV-11+.

5) TheViscometer must beleveled. Thelevel isadjusted using the three leveling screws on
thebase. Adjust sothat the bubblelevel ontop of the DV-I1+ iscentered withinthecircle.

Note: Check level periodically during use.



6) Make sure that the AC power switch at the rear of the DV-I1+ isin the OFF position.
Connect the power cord to the socket on the back panel of the instrument and plug it into
the appropriate AC line. The AC input voltage and frequency must be within the
appropriate range as shown on the name plate of the Viscometer.

|Note: The DV-11+ must be earth grounded to ensure against electronic failure!! |

7) Temperature monitoringisassured (after theinstrument has stabilized) towithin +1.0°Cin
the range -99.9°C to +150°C and within +2.0°C in the range 150°C to 300°C.

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

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

ON/ OFF
f UP ARROW

This key is used to scroll UP (in an increasing

value direction) through the available speed or
spindle tables. SET SELECT
SPEED SPI NDLE

; DOWN ARROW
Thiskey isused to scroll DOWN (in adecreas-

ing value direction) through the avail able speed SELECT PRI NT
or spindle tables. DI SPLAY ;

MOTOR ON/OFF
Turns the motor ON or OFF.

AUTO
RANGE

a8
] ()

Figurel

SET SPEED
Causesthe DV-I1+ to begin running at the currently selected speed. Thiskey isused for Timeto
Torque and Timed Stop Tests (see Section 11.10 - Timed Modes for Viscosity Measurement).

SELECT DISPLAY
Selects the data parameter to be displayed:

% Viscometer Torque (%)

cP  Viscosity (cPor mPas)

SS  Shear Stress (dynes/cm2 or Newtons/m?2)
SR Shear Rate (1/sec)

Note: Pressing and holding the Select Display key during power on will enable the
temperature display for units of either °C or °F (see page 12).

AUTO RANGE
Presents the maximum (100% torque) viscosity attainable using the selected spindle at the current
viscometer spindle speed. This feature is functional when the motor is running.

Note: Pressing and holding the Auto Range key during power on will enable the
display to be selected for either CGS or Sl units of measurement (seepage 11).
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SELECT SPINDLE
Initiates spindle selection on thefirst press and then selects the currently scrolled-to spindle when
pressed asecondtime. Thiskeyisusedfor Timeto Torqueand Timed Stop Tests(see Section11.10
- Timed Modes for Viscosity Measurement).

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

1. GETTING STARTED

1.1 Autozero
Before readings may be taken, the Viscometer must be Autozeroed. Thisactionis performed each
time the power switch isturned on. The display window on the Viscometer will guide you through
the procedure as follows:

Turnthepower switch (located ontherear panel) tothe ON position. Thiswill resultinthefollowing
screen display:

BROOKFIELD DVII+
RV VISCOMETER

Figure2

After afew seconds, the following screen appears:

BROOKFIELD DVII+
VERSION 4.1

Figure3

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

REMOVE SPINDLE
PRESS ANY KEY

Figure4

After removing the spindle and pressing any key, the DV-11+ beginsits Autozero. The screen will
flash "Autozeroing."

After approximately 15 seconds, the display shows “ Replace Spindle Press Any Key”.

REPLACE SPINDLE
PRESS ANY KEY

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

% 0.0 S@1
@.0RPM  20.9°C

Figure6

The display will vary slightly depending upon the status of temperature and last spindle entered.
1.2 Spindle Selection

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

The spindles are attached to the viscometer by screwing them to the lower shaft. Note that the
spindleshavealeft-hand thread. Thelower shaft should beheldinonehand andthespindlescrewed
totheleft. Theface of the spindle nut and the matching surface on thelower shaft should be smooth
and clean to prevent eccentric rotation of the spindle. Spindles can be identified by the number on
the side of the spindle coupling nut.

The DV-11+ must have a Spindle Entry Code number to calculate Viscosity, Shear Rate and Shear
Stressvalues. TheDV-I1+ memory contains parametersfor all standard Brookfield spindlesand the
two digit entry codefor each spindle (the completelist of entry codesmay befoundin Appendix D).

Note: TheDV-I 1+ will remember the Spindle Entry Codewhich wasin usewhen the power was
turned off.

Pressingthe SEL ECT SPINDL E key will causethecharacter Sonthetop lineof thedisplay tobegin
toblink. It will blink for about three seconds. If the UP or DOWN Arrow keysare pressed (while
Sisblinking) the two character spindle valueto theright of the S character will begin to change (in
either an increasing or decreasing direction depending upon which Arrow key is pressed) for each
pressof thekey. If theArrow key ispressed and held, thedisplay will scroll throughthespindlecodes
for aslong asthe Arrow key isdepressed. When it reachesthelast iteminthelist (either at thetop
or bottomof thelist) the spindlecodedisplayedwill “ roll-over” toeither thefirst or last spindlecode
and the scroll action will continue.

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

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

The DV-I1+ will begin to calculate using the new spindle parameters as soon as the SELECT
SPINDLE key is pressed the second time.

Note:  The number 99 spindle is for use with special spindles when using Brookfield's
DVGATHER+ or WINGATHER computer programs. Refer tothe DVGATHER+ or
WINGATHER manuals for further information on using “99” spindles.



TheDV-11+ may a sobeprogrammed at Br ookfield Engineeringfor “special” user spindles. These
“gpecial” spindles will show up on the spindle scroll list starting with designation “AA” and
continuing through “AZ”. Contact Brookfield Engineering regarding your needs for special
spindles.

1.3  Speed Selection & Setting

Thereare 18 speeds programmedinto thestandard DV-11+. These speedscorrespondtothestandard
LVT,RVT,HAT,HBT,LVFandRVF dia models. If theDV-I1+isanLV, thespeed set will start
at speed 0.0. Itwill thenscroll upthroughthel V speeds, passthrough speed 0.0 again, and then scroll
up throughthe RV speedsat which point it will passthrough speed 0.0 again and will then repeat the
above sequence. If theDV-II+isan RV (HA and HB) “type’, the inverse of the above will occur.
TheDV-I1+ will start at 0.0 and scroll throughthe RV speeds, passthrough 0.0 again and then scrall
through the L'V speeds until it again reaches speed 0.0. The speed sets are described in Table 1.

Tablel
DV-I1+ Speed Sets
LV Instruments RV/HA/HB Instruments

0.0 0.0
0.3 0.5
0.6 1.0
15 2.0
3.0 25
6.0 4.0
12.0 5.0
30.0 10.0
60.0 20.0
0.0 50.0
0.5 100.0
1.0 0.0
2.0 0.3
25 0.6
4.0 15
5.0 3.0
10.0 6.0
20.0 12.0
50.0 30.0
100.0 60.0

The DV-11+ may also be programmed with “special” speed sets. A list of special speed setsis
includedin Appendix F. Pleaseconsult Brookfield Engineeringor your local dealer/distributor for
any specia speed requirements not addressed by the standard or special speed sets.

To select aViscometer speed first press either the UP or DOWN arrow keys which will cause the
areatotheright of RPM (onthebottomline) to display the currently selected speed. Figure7 shows
the DV-I1+ had been operating at 6.0 RPM, and the current selected speed is 6.0 RPM.

% 87.2 S@1
6.0RPM6.0 20.9°C

Figure7
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If the Arrow key is pressed just once and then released, the characters RPM will blink for three
seconds, then will cease blinking resulting in no change to the speed entry.

Note:  The speed selection process remembersthe last value of scrolled-to speed so that the next
time you initiate a speed change (by pressing an Arrow key), the DV-11+ will begin its
scroll display from the last entered value.

The last-scrolled-to speed does not necessarily have to be the same as the speed at which the DV-
[ 1+ iscurrently running. The user may operate at a given speed and pre-set the DV-I1+ to the next
desired speed before that speed will beused. For example, if theDV-11+ iscurrently running at 6.0
RPM and was previously scrolled to 12 RPM, asingle press of either Arrow key would resultinthe
Figure 8 screen display:

% 87.2 S@1
6.0RPM12 28.9°C

Figure8

Pressing the SET SPEED key would cause the DV-I1+ to begin running at 12 RPM.

If the user did not pressthe SET SPEED key, the DV -11+ would continueto run at its current speed
of 6RPM. Infact, youmay scroll toanew speed (12 RPM inthisexample) and presstheSET SPEED
key at any future time (without further pressing an Arrow key) to immediately causethe DV-11+to
run at the new speed. Pressingthe Arrow key at any time remindsthe operator of what was sel ected
for the next speed.

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

When the required speed is displayed, release the Arrow key to halt further scrolling. You have
approximately two seconds (beforetheblinking RPM stops) inwhichto pressthe SET SPEED key
to immediately begin rotation at the new speed.

Pressing the MOTOR ON/OFF key stops the Viscometer spindle rotation. Pressing this key sets
the DV-I1+ to 0.0 RPM and causes the screen display to change as shown in Figure 9:

% 89.7 S31
100RPM  20.9°C

Figure9

Pressing the MOTOR ON/OFF again immediately startsthe DV-11+ running at thelast scrolled-
to-speed. If you had been running at 12 RPM, pressed MOTOR ON/OFF and then re-started the
DV-11+ by pressing MOTOR ON/OFF once again, you would again be running at 12 RPM.
However, if while the motor was off you had scrolled to a new speed of 0.5 RPM, pressing the
MOTOR ON/OFF key would start the DV-11+ running at 0.5 RPM.

Note:  During both spindle or speed selection and scrolling operations, the DV-I1+ will continue
to calculate and display Viscometer data as selected.



1.4  Display Selection

Viscometric data(%, cP, SS, SR) isdisplayed ontheleft sideof thetopline. Y oumay “step” through
thefour display optionsby pressingthe SELECT DISPLAY key. For example, if theDV-11+ were
currently displaying % (Torque) as shown in Figure 10:

% 89.7 S31
100RPM  20.9°C

Figure 10

Thefirst pressof the SELECT DISPLAY key would display viscosity incP (or mPa:s), seeFigure
11:

cP 123.4 S31
100RPM  28.9°C

Figurell

The next press of the SELECT DISPLAY key would display SS (Shear Stress) in Dynes/Cm2 (or
Newtons/m2).

SS 41.8 S31
100RPM  26.9°C

Figure 12
The next press of the SELECT DISPLAY key would display SR (Shear Rate) in 1/Sec.

SR 34 S31
100RPM  26.9°C

Figure 13

One more press of the SELECT DISPLAY key would result in are-display of the % (Torque)
screen, as shown in Figure 10.

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

1.5 Autorangeand CGSor Sl Units Selection

The AUTO RANGE key alows you to determine the maximum calculated viscosity (full scale
reading) possiblewith the current spindle/speed setting. Pressing the key at any timewill causethe
current viscosity display to change and show that maximum wscosuty The screen area formerly
displaying temperature display will now display a flashing “% 100.0" to indicate this special
condition. Thismaximum viscosity and flashing % 100.0 value will be displayed for aslong asthe
AUTO RANGE key isdepressed. Figure 14 showsthe AUTO RANGE function for the situation
wheretheNo. 1LV spindleisrotating at 60 rpm. Thefull scalerangeis100.0 cP (or 100.0 mPa:s).
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cP 100.9 Sel
60RPM %100 .0

Figure 14

Note: 1. IftheMOTOR isOFF or the RPM is0.0, the maximum viscosity displayed will be 0.0
cP (or 0.0 mPa:s).

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

Pressing and holding the AUT O RANGE key during power on will enable the selectabledisplay to
beread in either CGS or Sl units. To change the unit format:

1. Turn the power off.
2. Pressand hold the AUTO RANGE key and turn the power ON.

The DV-I 1+ will retain the unit selection when the viscometer is turned OFF.

CGS S
Viscosity cP mPa:s
Shear Stress dyne/cm? N/m2
Shear Rate sec1 sec1
Torque % %

DV-I1+ Viscometers without this function can be updated. Contact Brookfield or your local
Brookfield dealer for this service.

[1.6 Out of Range

TheDV-I1+ givesindicationsfor out of specification or out-of-range operation. When% (Torque)
readings exceed 100.0 % (over-range), the display changes to that shown in Figure 15:

% EEEE S31
10@RPM 20.9°C

Figure 15

EEEE will also appear when viscosity or shear stressare over range. 'Y ou must change either speed
or spindleto correct thiscondition. 1f you operate at spindle speedsthat produce % (Tor que) below
10.0 % (under-range), the DV-I1+ displays % (Torque), cP (Viscosity) and SS (Shear Stress)
preceded by a“?” as shown in Figure 16:

% 73.1 S31
@.5RPM  20.9°C

Figure 16
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Negative % (Torque) will be displayed as shown in Figure 17:

% -0.1 S31
@.5RPM  20.9°C

Figure 17

cP (Viscosity) and SS (Shear Stress) valueswill be displayed as”- - - -" whenthe % (Torque) is
below zero.

Figure 18 is an example of the printed output of each of the above conditions.

RPMES0 MRV SPDL=29 9%51.4 cP=10280 DO Ow=1285 1/SEC=12.5 T=25.5C

Normal Print String

RPMES0  MD=RV SPD_=29 1/ SEC-12.5 T=25.5C
Over - Range /(

??I\/#SO M>=RvV  SPDL=29 %5.2 cP=1040 D Ow2=130 1/ SEC=12.5 T=25.5C

Under - Range

RPVMES0 MD=RV  SPDL=29 0/.-- 1/SEC=0.0  T=25.5C

Negati ve Torque

O0OO0O0OO0O0O0O0O0O0O0
O000O0000O0O0O0O0

Figure 18

1.7 Temperature Display
TheDV-11+will display thetemperaturemeasured by itsRT D temperature probe. Temperaturemay
be displayed in either °C (Centigrade) or °F (Fahrenheit) units depending upon the start-up

operations. If the DV-I1+ is started normally, the default temperature display will be in °C
(Centigrade) units as shown in the Figure 19:

% 87.9 S31
10@RPM 21.7°C

Figure 19

However, if you press and hold the SELECT DISPLAY key while turning on the DV-I1+ the
temperature will be displayed in °F (Fahrenheit).

If youturnontheDV-11+ withthetemperature probe disconnected, or removethetemperature probe
at any point after power-up, the display will indicate “- - - -°C”.

The four “dashes’ indicate the absence of the probe. If you were displaying temperature in
Fahrenheit units the C would be displayed asan F.
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1.8

TABLE 2

Temperature Accuracies For
Digital Viscometer Model DV-11+

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

Printing

TheDV-I1+will print datato an attached Serial printer. Theprinter must beattachedtotherear panel
SERIAL AND ANALOG output connector. See Appendix G for the connection requirements.
The printer must be configured as follows:

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

Data may be printed in two ways:

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

standard print line.

2. 1fthe PRINT key ispressed and held for more than three (3) seconds, the user will be presented

with the following screen:

PRINT INTERVAL
SET MIN'S: 00

Figure 20

Here the user is being asked to enter the time interval (in minutes and seconds) between
successiveprint strings. First, asdepicted abovethe user isasked for the minutes entry and then
by pressing the print key the seconds entry as shown below:

PRINT INTERVAL
SET SEC'S: @0

Figure2l

The print interval maximum limits are 99 minutes and 59 seconds.

. The method for entering the minutes and seconds values is accomplished by using the UP or

DOWN arrow keys. ThePRINT key isused to advance from the minutesto secondsentriesand
asthe exit key after the user has input the seconds value.

Note: The value for minutes or seconds must be other than zero or you will not be able to exit
this mode.

-13-



4. After the final press of the PRINT key, the DV-I1+ will immediately begin sending out print

1.9

strings at the selected user print rate. To stop continuous printing, the user must press and hold
the PRINT key for three (3) seconds.

Only after theuser again pressesand holdsthe PRINT key for three(3) secondswill you beasked
for the minute and seconds entries. The previously selected values for time interval will be
retainedin EEPROM so asto beavailableat the next power-up. Thus, if theuser wishestoagain
print continuously at thepreviousprintinterval, youwill only haveto pressthe PRINT key three
(3) times; onceto accept the minutesentry; onceto accept the secondsentry, and onceto exit and
begin printing.

Note: OnDV-I1+ Viscometerswith serial number DE27812 or higher, the RS-232 output
isautomatically active after Auto Zero is executed.
TheRS-232 output MUST be active (printing continuously) when using acomputer
and DVGATHER+ software.

Operation

The following general procedure is used for making viscosity measurements. Brookfield recom-
mends the use of a 600 ml Low Form Griffin type beaker when using LV/RV/HA/HB spindlesin
order to obtain data that verifies proper calibration of the DV-11+ Viscometer (see Appendix E).

1.

11.10

Mount the guardieg on the DV-I1+ Viscometer (LV and RV series). Attach the spindle to the
lower shaft. Lift the shaft dightly, holding it firmly with one hand while screwing the spindle
on with the other (note left-hand thread). Avoid putting side thrust on the shaft.

Insert and center spindle in the test material until the fluid'slevel isat theimmersion groovein
the spindle's shaft. With a disc-type spindle, it is sometimes necessary to tilt the instrument
dlightly while immersing to avoid trapping air bubbles on its surface. (Y ou may find it more
convenient to immerse the spindle in this fashion before attaching it to the Viscometer.)

To make aviscosity measurement, follow the instructionsin11.2 and I1.3. Allow time for the
indicated reading to stabilize. The time required for stabilization will depend on the speed at
which the Viscometer is running and the characteristics of the sample fluid. For maximum
accuracy, readings below 10% should be avoided.

PresstheMOTOR ON/OFF key and turn themotor " OFF" when changing aspindleor changing
samples. Remove spindle before cleaning.

Interpretation of results and the instrument's use with non-Newtonian and thixotropic materials
isdiscussedinthebooklet, "More Solutionsto Sticky Problems’, andin Appendix C, Variables
in Viscosity M easur ements.

Timed Modesfor Viscosity M easurement

The Timed Modes alow the viscometer user to implement Timed Stop and Time to Torque
capabilitieswiththeDV-I1+ Viscometer. Thesefeatureswill allow the user to set up the viscometer
(i.e. select spindle and speed) and then record readings for afixed period of time (Timed Stop) or
until aset torque valueis attained (Timeto Torque). A series of menus will ask the user to input
minutes and seconds (Timed Stop) or % torque (Timeto Tor que) and will then begin timing when
the user presses the MOTOR ON/OFF key to ON. A message will be displayed showing time
remaining (or time elapsed) and the appropriate display item (viscosity or torque) will be updated
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continuously during the event. Upon completion, the viscometer will display a screen stating that
the test is complete and will also display the final recorded value for the viscosity in the first case,
and the time in minutes and seconds to reach the torque limit in the second case. Pressing the UP
or DOWN arrow keyswill allow alternate data to be examined and pressing any other key (except
the PRINT key) will bring the user back to the default (normal) viscometer display with the motor
OFF. If the user wishes to run another test, repeat the above steps.

11.10.1 Set Up

1.

The user must first select the temperature scalein °C or °F and the display unit option: CGSor
Sl.

The user then selects (viathe UP and DOWN arrows) the spindle speed.

Note: If 0.0 RPM isthe selected speed setting (the default after executing AUTOZERO) the
timed modes can be executed; however, the results will be meaningless showing no
viscosity values.

Next, the user selects the spindle number corresponding to the spindle attached.

Now, the user pressesthe MOTOR ON/OFF key to ensure that the motor is OFF. Setting the
motor to the OFF condition sets up the viscometer for executing the Timed M odes.

Theuser pressesthe SET SPEED and SEL ECT SPINDL E keyssimultaneously to enter either
of the timed test modes. Immediately the following screen appears:

» TIMED STOP
{ TIME TO TORQUE

Figure 22

The user presses either the UP or DOWN arrow key to select the test method of choice and is
immediately presented with the corresponding opening screen.

11.10.2 Timed Stop Implementation

1. After pressing the UP arrow key when in the display of Figure 23, the user is presented with the

TIMED STOP
SET MIN'S: @0

following screen:

Figure23

Using the UP and DOWN arrow keys, the user entersavaluefor the minutes portion of thetime
to stop. Thisvalue can be as high as 99 minutes.
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. When satisfied, the user pressesthe SELECT SPINDL E key again to enter the seconds setting
display:

TIMED STOP
SET SEC'S: 00

Figure24

Using the UP and DOWN arrow keys, the user entersavaluefor the seconds portion of thetime
to stop. Thisvaue will be between 0 and 59 seconds.

Note: The value for minutes or seconds must be other than zero or you will not be able to exit
this mode.

Theuser pressesthe SELECT SPINDL E key onemoretimeto end histimeinput at which point
the viscometer will display the following screen:

TIMED STOP:PRESS
MOTOR ON/OFF

Figure 25

. At this point, the user need only press the MOTOR ON/OFF key to begin the timed stop
operation. Any other key will abort the process and the user will have to begin again by
simultaneously pressing the SET SPEED and SELECT SPINDLE keys.

. Wewill assumethat theuser pressedtheM OT OR ON/OFF key to ON andisnow presented with
the following screen for the duration of the timed run:

cP 123456789
MIN: 15 SEC: 13

Figure 26

Note:
1. When thismode hasbegun, apressof the M OTOR ON/OFF key will interrupt the Timed
Stop sequence and return the user to normal operation.

2. AlsoseeCommentson Print ModeOperationin Section 11.10.4for adescription of print
options available on DV-11+ during the Timed Stop run.

Thesecondsdisplay will decrement from59to zero (0) inone(1) secondintervals. When seconds
reaches zero (0), the minutes value will decrement by one (1) minute. Thiswill continue until all
of the time has elapsed at which point the viscometer will display the following screen:

cP 123456789
TIMED STOP DONE

Figure 27



At thispoint, the viscometer will stop the motor and continueto display this screen until any key
except the UP or DOWN arrow key or the PRINT key ispressed. The user pressesthe UP or
DOWN arrow keystoview the Torqueand Speed that werecurrent at the Timed Stop compl etion.
This display would appear asfollows:

%=70.4 RPM=100
TIMED STOP DONE

Figure 28

The display will switch between that of Figures 27 and 28 for each press of either the UP or
DOWN arrow key. Pressing any key except the UP or DOWN arrow keysor PRINT key will
cause the viscometer to exit the Timed Stop mode and resume normal operation.

Note:

1. Theuser can pressthePRINT key whilein either of thesetwo screens (Figures27 and 28)
to send one standard print string to the attached printer as many times as the user presses
the PRINT key. Pressing any other key will exit this mode and return the viscometer to
normal operation.

2. For the Timed Stop method, the DV-11+ Viscometer will retain the last value for thetime
interval in EEPROM so that it will become the default the next time the user electsto use
this method.

11.10.3 Timeto Torquelmplementation

1. After pressing the DOWN arrow key when in the display of Figure 22, the user is presented

TIMED TORQUE
SET TORQUE: @@%

with the following screen:

Figure 29

Using the UP and DOWN arrow keys, the user enters avalue for the torque level which the
viscometer must achieve. This value can be as high as 99%.

Note: The value for torque must be other than zero or you will not be able to exit this mode.

2. The user pressesthe SELECT SPINDLE key one more time to end the torque input at which
point the viscometer will display the following screen:

TIMED TORQ:PRESS
MOTOR ON/OFF

Figure 30

The time to torque value can be as high as 99 minutes and 59 seconds.
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3. At this point, the user need only press the MOTOR ON/OFF key to begin the timed torque
operation. Any other key will abort theprocessand hewill haveto beginagainby simultaneously
pressing the SET SPEED and SELECT SPINDLE keys.

4. Wewill assumethat theuser pressedtheM OT OR ON/OFF key to ON andisnow presented with
the following display for the duration of the timed torque run:

TORQUE = 24.2%
MIN: 15 SEC: 13

Figure 3l

Note:
1. When this mode has begun, a press of the M OTOR ON/OFF key will interrupt the time
to torque operation and return the user to normal operation.

2. Also, see Comments on Print Mode Operation in Section 11.10.4 for a description of
print options available on DV-11+ during the Time to Torque run.

Thesecondsdisplay will increment from zero (0) to 59 in one (1) second interval sand the current
valueof theviscometer torquewill beupdated continuously. When secondsreach 59, theminutes
value will increment by one (1) minute. Thiswill continue until the user selected torque value
Is attained at which point the viscometer will display the following screen:

2Z2M 54S TO 85%
TIMED TORQ DONE

Figure 32

At thispoint, the viscometer will stop the motor and continueto display this screen until the user
presses the UP or DOWN arrow keysor the PRINT key to view the viscosity that was current
at the Timed Torque completion. The display would appear as follows:

cP 123456789
TIMED TORQ DONE

Figure 33

The display will switch between that of Figures 32 and 33 for each press of either the UP or
DOWN arrow key. Pressing any key except the UP or DOWN arrow key or the PRINT key will
cause the viscometer to exit the Timed Torque mode and resume normal operation.

Note:

1. Theuser canpressthe PRINT key whilein either of thesetwo screens (Figur es 32 and 33)
to send one standard print string to the attached printer as many times as the user presses
the PRINT key. Pressing any other key will exit this mode and return the viscometer to
normal operation.

2. For the Timeto Torgue method, the DV-I1+ Viscometer will retain thelast entered torque
in EEPROM for use when the user elects to perform atime to torque test again.
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11.10.4 Commentson Print Mode Operation

The high-speed-print jumper (between pins four (4) and nine (9) on the RS-232 plug found on the
Brookfield PC Cable - Part No. DV P-80) isused exclusively with Brookfield sDVGATHER+ and
WINGATHER software. Thisjumper if inplacewill overrideall of theaboveandwill immediately
placetheDV-I I +intothemaximum print speed mode. Wheninthishigh speed print mode, theability
to access either of thetimed modesfrom thefront panel will not be allowed and PRINT key presses
will beignored. When the user returnsto stand-al one operation with a printer, you will removethe
Brookfield PC cable (with the high-speed jumper) and replace it with the Brookfield Printer Cable
(PartNo. DV P-81) or any standard serial printer cablewhichwill re-enabl ethe print modesdescribed
above.

Additionally, the DV-I 1+ user can set up adesired print interval time, then set the viscometer to the
continuous print mode and finally initiate either of the timed modes of operation. While setting up
timed mode parameters, continuous print operation will cease. However, upon starting the timed
operation, the DV-11+ will output aninitial datastring to the printer and then continue printing data
strings (at the user defined time interval) for the duration of the timed run. At the end of the timed
run, continuous printing will again be disabled and the user may print single strings (of thefinal data
point) at your option until exiting the timed mode. Upon returning to the default operation mode,
continuous printing will again resume at the user selected timeinterval. Inasimilar manner, if the
user isin the one-print-per-key-press mode when entering the timed mode of operation, you will be
ableto print datastringsat any time during thetimed mode by pressingthe PRINT key when output
isdesired.
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APPENDIX A - Cone/Plate Viscometer Set-Up

The Cone/Plate version of the DV-I1+ Viscometer uses the same operating instruction procedures as
described in this manual. However, the gap between the cone and the plate must be mechanically
adjusted before measurements are made. Thisis done by moving the plate (built into the sample cup,
CP-44Y) up towards the cone until two small pins (one in the cone, the second mounted on the plate)
contact, and then separating (lowering) the plate 0.0005inch (0.013mm).

Note that the Cone/Plate Viscometer REQUIRES the use of a good circulating temperature bath
controlling temperatureto within (+/-) 0.1 °C. Thebath isconnected to the portsonthe CP-44Y sample
cup.

The following example assumes that the C/P Viscometer is set up on the Model A stand, and has been
zeroed with no cone attached. Cone CP-40isusedintheexample. Thewater bathison, set at the proper
temperature (the adjustment procedure must be done at test temperature) and is connected to the sample
cup. The Viscometer should be set at O rpm with MOTOR ON.

Connect samplecup portstothewater bathinlet and outlet, and set the bath to thetest temperature. Allow
enough time for the bath to reach the test temperature (Figure Al).

Adjustment Ring

Bath Bath
Outlet E Inlet

Figure Al

Remove sampl e cup and attach the cone to the Viscometer (Note: left hand threads), using the spindle
wrench to hold the Viscometer shaft (Figure A2). Note: Lift up gently on the spindle wrench.
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These Surfaces :

Must be Clean! < / - =
Spindle Wrench
= = (__ fewe L

Figure A2

Attach the sample cup and swing the clip under the cup to secureitin place. Take careto avoid hitting
the cone with the cup (Figure A3). Note: Do not add test sample during the gap setting procedure.

Do Not Hit
the CONE
with the CUP!

Figure A3

Set and start the DV-I 1+ running at 10 rpm. Choose to display "%" information by pressing SELECT
DISPLAY (see Section |1.4 for details).

If thedisplay reading jumpsto 0.4% of scale (or higher), or will not settleto zero (indicating that the pins

on the cone and cup are hitting), unscrew the adjustment ring by turning it to the left (clockwise asyou
look down on the instrument) until the reading settles at O (Figure A4).
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Index Mark

Adjustment Ring

< | ) Turn Adjustment Ring Clockwise Until

the % Torque Display is Stable at 0.0%
Figure A4

Turn the adjustment ring to the right (counterclockwise as you look down on the instrument) in small
increments (one or two divisions of the ring) while watching the Viscometer display. Remember that
you are trying to lower the cone so that the pin in the cone touches the pin in the cup. Once you have
found this hit point, you can "back off" to create the desired gap between cone and cup. You must wait
at |east 6 seconds between movementsof thering. Turntheadjusting ring until thedisplay reading jumps
from 0 to 0.5% (HB Models) or from 0to 1.0% (LV, RV and HA Models). Thisisthe HIT POINT.
The cup may have to be adjusted up and down several times before this deflection is satisfactorily
reached. LV seriesDV-I1+swill be the most sensitive (Figure A5).

Index Mark

Adjustment Ring

Turn Adjustment Ring Counter clockwise
in Small Increments

Figure A5
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Whenyou aresatisfied thepinsarejust hitting (by observing acceptable % readings), makeapencil mark
on the adjustment ring directly under the index mark on the pivot housing (Figure A6).

Index
Mark

Adjustment
Ring

Make a Pencil Mark
Directly Under the
Index Mark

N
Figure A6

Turn the adjustment ring to the left (clockwise as you look down on the instrument) exactly the width

of onedivision from the pencil mark you havejust made. Thiswill separate the pinsby 0.0005" (0.013

mm). Allowingthe pinstotouch constantly may causewear and damageto the cone, cup and instrument.
The Viscometer is now mechanically set and ready for sample measurement (Figure A7).

Index Mark

Adjustment
Ring

One Scale
Division

Turn Adjustment Ring Clockwise a
Distance Equal to One Scale Division

Figure A7
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Each of the five available cones has a specific sample volume, as shown in Table A1. Note that the
correct amount of sample fluid should cover the cone face and back up over the edge less than 1mm as
shown in (Figure A8).

a8

Cone & /4 5

I Sample

m_ r 1 \

Cup

Less Than
I1mm

Figure A8

Notes. @) The cup may be removed without resetting the gap.
b) Remove the spindle from the viscometer when you clean it.
c) Reset the hit point every time the spindle is attached.

Table Al

Cone Sample Volume ConeAngle

CP-40 0.5ml 0.8°
CP-41 2.0 ml 3.0°
CP-42 1.0ml 1.565°
CP-51 0.5ml 1.565°
CP-52 0.5ml 3.0°

Calibration Procedurefor Cone/Plate Viscometers;

1) Followtheproceduresoutlinedin Appendix A for mechanically adjusting the setting of thecone
to the plate.

2) Refer to Table Al, and determine the correct sample volume required for the spindle to be
utilized.

3) Select aviscosity standard fluidthat will giveviscosity readings between 10% and 100% of full
scalerange. Referto Appendix B for viscosity rangesof conespindles. Consultwith Brookfield
or an authorized dealer to determine which fluid is appropriate.



4)

5)

6)

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

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

At 60 RPM, the full scale viscosity rangeis 10.0 cP. Thus, the Viscometer reading should be
97% torque and 9.7 cP viscosity + 0.197 (closer to £0.2) cP. The accuracy isacombination of
Viscometer and fluid tolerance (refer to I nter pretation of Calibration Test Results).

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

Connect the sample cup to the Viscometer. Allow 10 minutes for temperature to reach
equilibrium.

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

Note: The spindle must rotate at least five (5) times before a viscosity reading is taken.
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Appendix B - Viscosity Ranges

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

Viscosity Range (cP)
Viscometer Minimum M aximum
LVDV-II+ 15 2,000,000
RVDV-II+ 100 13,300,000
HADV-II+ 200 26,600,000
HBDV-I1+ 800 106,400,000
Small Sample Adapter and Thermosel
SSA & T-Sd Shear Rate Viscosity (cP)
Spindle (/SEC) LVDV-II+
16 0- 290 120 - 400,000
18 0 - 1320 3 - 10,000
25 0- 220 480 - 1,600,000
31 0- 340 30 - 100,000
34 0- 280 60 - 200,000
81 0 - 129.0 34 - 10,000
82 0 - 1290 34 - 10,000
83 0 - 129.0 11.3 - 37,898
Viscosity (cP)
SSA/T-S4 Shear Rate
Spindle (/SEC) RVDV-II+ HADV-I1+ HBDV-I1+
14 0 40.0 (1,250 - 4,165,000 | 2,500 - 8,330,000 [ 10,000 - 33,360,000
15 0 48.0 500 - 1,660,000 | 1,000 - 3,320,000 | 4,000 - 13,280,000
21 0 93.0 50 - 167,000 | 100 - 334,000 400 - 1,336,000
27 0 34.0 250 - 830,000 | 500 - 1,660,000 | 2,000 - 6,640,000
28 0 28.0 500 - 1,660,000 | 1,000 - 3,320,000 | 4,000 - 13,280,000
29 0 250 (1,000 - 3,330,000 [ 2,000 - 6,660,000 | 8,000 - 26,640,000
81 0 129.0 36.5 - 10,000 730 - 10,000 2920 - 10,000
82 0 129.0 36.5 - 10,000 730 - 10,000 2920 - 10,000
83 0 129.0 121.3 - 50,000 | 2426 - 50,000 9704 - 50,000
UL Adapter
Viscosity (cP)
UL Shear Rate
Spindle (/SEC) LVDV-II+ RVDV-II+ HADV-I1+ HBDV-I1+
YULA-15 or 15Z 0 -1224 1.0 - 2,000 6.4 - 2,000 12.8 - 2,000 51.2 - 2,000
ULA-DIN-Y 0 -129.1 1.0 - 3,800 | 10.6 - 5,000 21.2 - 5,000 84.8 - 2,000
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DIN Adapter Accessory

Viscosity (cP)
DAA Shear Rate
Spindle (/SEC) LVDV-II+ RVDV-II+ HADV-I1+ HBDV-I1+
85 0 - 129 12 - 3812| 12.2- 5000( 24.4 - 5,000( 97.6- 5,000
86 0 - 129 34 - 10,000 36.5-10,000| 73.0 - 10,000| 292.0 - 10,000
87 0 - 129 11.3 - 37,898(121.3 - 50,000| 242.6 - 50,000| 970.4 - 50,000
Spiral Adapter
. Viscosity (cP)
Spiral | Shear Rate
Spindle| (1/SEC) LVDV-II+ RVDV-II+ HADV-II+ HBDV-I1+
SA-70| .677- 67.7 | 98.4 - 98,416 | 1,050- 1,050,000 | 2,100 - 2,100,000 | 8,400 - 8,400,000
(1- 100 RPM)

The maximum viscosity ranges correspond to a spira spindle rotational speed of 1.0 RPM. Lower
spindle speeds are possible but the pumping action within the spiral chamber may not be sufficient to
provide meaningful vicosity data.

Cone/Plate Viscometer

Cone | Shear Rate Viscosity (cP)

Spindle (1/SEC) LVDV-11+C/P| RVDV-II+C/P HADV-I1+C/P HBDV-II+C/P
CP-40| 0.0-750 0.30 - 1,028 3.3 - 10,900 6.6 - 21,800 26.2 - 87,200
CP-41| 0.0-200 1.15- 3,840 | 12.3 - 41,000 246 - 82,000 98.4 - 328,000
CP-42 | 0.0-384 0.60 - 2,000 6.4 - 21,300 12.8 - 42,600 51.2 - 170,400
CP-51| 0.0-384 485 -16,180 | 51.2 - 171,000 | 102.4 - 342,000 | 409.6 - 1,368,000
CP-52 | 0.0-200 0.33 -31,100 | 98.3 - 328,000 | 196.6 - 654,000 | 786.4 - 2,624,000

Helipath with T-Bar Spindles

T-Bar Viscosity (cP)

Spindle LVDV-II+ RVDV-II+ HADV-Il+ HBDV-II+
T-A 156 - 62,400 2,000 - 400,000 4,000 - 800,000 16,000- 3,200,000
T-B 312 - 124,800 4,000 - 800,000 8,000 - 1,600,000| 32,000- 6,400,000
T-C 780 - 312,000 | 10,000 - 2,000,000 20,000 - 4,000,000| 80,000- 16,000,000
T-D 1,560 - 624,000 20,000 - 4,000,000 40,000 - 8,000,000 | 160,000 - 32,000,000
T-E |3,900 - 1,560,000 [ 50,000 -10,000,000 | 100,000 - 20,000,000 | 400,000 - 80,000,000
T-F |7,800 - 3,120,000 | 100,000 -20,000,000 | 200,000 - 40,000,000 | 800,000 - 160,000,000

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

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

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

Thefirst consideration has to do with the precision of theinstrument. All DV-11+ Viscometers have a
full scalerangeprecisionof (+/-) 1% of any spindle/speedrotation. Wediscouragetaking readingsbel ow
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10% of range because the potential viscosity error of (+/-) 1% isarelatively high number compared to
the instrument reading.

The second consideration involves the mechanics of fluid flow. All rheological measurements of fluid
flow properties should bemadeunder laminar flow conditions. Laminar flow isflow whereinall particle
movement is in layers directed by the shearing force. For rotationa systems, this means all fluid
movement must becircumferential. Whentheinertial forceson thefluid becometoo great, thefluid can
break into turbulent flow wherein the movement of fluid particles becomesrandom and the flow can not
be analyzed with standard math models. Thisturbulence createsafalsely high Viscometer reading with
the degree of non-linear increasein reading being directly related to the degree of turbulenceinthefluid.

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

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

Turbulent conditionswill exist in these situations whenever the RPM/cP ratio exceeds the values listed
above.
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Appendix C - Variablesin Viscosity M easurements

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

Rheological Properties

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

There are two categories of fluids:

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

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

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

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

Time Independent

Pseudoplastic - A pseudoplastic material displaysadecreaseinviscosity withanincreasein
shear rate, and is also known as “shear thinning”. If you take Viscometer
readings from alow to ahigh RPM and then back to the low RPM, and the
readingsfall uponthemselves, thematerial i stimeindependent pseudoplastic
and shear thinning.

Time Dependent

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

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

Viscometer Related Variables

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

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

1) Test temperature

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

3) Sample volume

4) Viscometer model

5) Spindleused (if using LVDV-I1+ (#1-4) or RVDV-I I+ (#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 M odel Codes

Each spindle hasatwo digit entry code which isentered viathe keypad onthe DV-11+. Theentry code
alowsthe DV-I1+ 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 and shear stress calculations, and the Shear Rate Constant (SRC), used for
shear rate and shear stresscal culations. Notethat where SRC =0, no shear rate/shear stresscal culations
are done and the data 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
RV5 05 40 0
RV6 06 100 0
RV7 07 400 0
HA1 01 1 0
HA2 02 4 0
HA3 03 10 0
HA4 04 20 0
HA5 05 40 0
HAG 06 100 0
HA7 07 400 0
HB1 01 1 0
HB2 02 4 0
HB3 03 10 0
HB4 04 20 0
HB5 05 40 0
HB6 06 100 0
HB7 07 400 0
LV1 61 6.4 0
LV2 62 32 0
LV3 63 128 0
LV4 64 640 0
LV5 65 1280 0
Spiral 70 105 0.677
T-A o1 20 0
T-B 92 40 0
T-C 93 100 0
T-D o4 200 0
T-E 95 500 0
T-F 96 1000 0
ULA 00 0.64 1.223
TSEL-DIN-81 81 3.7 1.29
SSA-DIN-82 82 3.75 1.29
SSA-DIN-83 83 12.09 1.29
ULA-DIN-85 85 1.22 1.29
ULA-DIN-86 86 3.65 1.29
ULA-DIN-87 87 12.13 1.29
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Table D1 (continued)

SPINDLE ENTRY CODE SMC SRC
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 5 0.93
SC4-25 25 512 0.22
SC4-27 27 25 0.34
SC4-28 28 50 0.28
SC4-29 29 100 0.25
SC4-31 31 32 0.34
SC4-34 34 64 0.28
SC4-37 37 25 0.36
CP40 40 0.327 7.5
CP41 41 1.228 2
CP42 42 0.64 3.8
CP51 51 5.12 3.84
CP52 52 9.83 2

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

Table D2
MODEL CODE
MODEL TK ON DV-I1+ SCREEN
LVDV-I1+ 0.09373 LV
2.5XLVDV-II+ 0.2343 4L
SXLVDV-Il+ 0.4686 SL
/A RVDV-II+ 0.25 1R
1/2 RVDV-II+ 0.5 2R
RVDV-II+ 1 RV
HADV-II+ 2 HA
2XHADV-II+ 4 3A
2.5xHADV-|1+ 5 4A
HBDV-II+ 8 HB
2xHBDV-|1+ 16 3B
2.5xHBDV-I1+ 20 4B
SXHBDV-I1+ 40 5B
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The full scale viscosity range for any DV-I1+ model and spindle may be calculated using the
equation:

Full Scale Viscosity Range[cP] = TK * SMC * —‘—1£F9,\9|0

Where:

TK
SMC

DV-11+ Torgue Constant from Table D2
Spindle Multiplier Constant from Table D1

The Shear Rate calculation is:
Shear Rate (/gor) = SRC * RPM
Where:

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

The accuracy of the DV-II+ is verified using viscosity standard fluids which are available from
Brookfield Engineering Laboratoriesor 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 shownin Table E1.

Container size: For Viscosity Standards <30,000 cP, use a 600 ml Low Form Griffin Beaker
having a working volume of 500 ml.

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

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

Note: Container may be larger, but may not be smaller.
Temperature:  Asstated on the fluid standard label: () 0.1°C
Conditions. TheDV-11+ should beset according totheoperatinginstructions. Thewater bath

should be stabilized at test temperature. Viscometers with the letters“LV” or
“RV” in the model designation should have the guard leg attached.

TableEl
Normal 25°C Standard Fluids High Temperature Standard Fluids
Viscosity (cP) Viscosity (cP) Three Viscosity/Temper atur es**

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.

Brookfield Viscosity Standard Fluid General Information

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

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

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

Calibration Procedurefor 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-I1+ into measurement position (with guard leg if LV or RV series Viscometer
isused).

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

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

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

6) Ifthefluidisat testtemperature (x0.1°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 before readings are taken.

7) The viscosity reading should equal the cP value on the fluid standard to within the combined
accuracies of the Viscometer and the viscosity standard (as discussed in the section entitled,
Interpretation of Calibration Test Results, page 37).

Calibration Procedurefor a Small Sample Adapter

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

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

2) Place the sample chamber into the water jacket.

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

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

5) Measure the viscosity and record the Viscometer reading.
Note: The spindle must rotate at least five (5) times before a viscosity reading is taken.
Calibration Procedurefor a Thermosel System
WhenaThermosel Systemisused, thecontroller stabilizesthe Thermo Container at thetest temperature.
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1) Put the proper amount of HT viscosity standard fluid into the HT-2 sample chamber. The
amount varies with the spindle used. (Refer to the Thermosel instruction manual).

2) Place the sample chamber into the Thermo Container.

3) Put the spindleinto the test fluid and attach the extension link, coupling nut and free hanging
spindle (or directly attach the solid shaft spindle) to the DV-I1+.

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

5) Measure the viscosity and record the Viscometer reading.
Note: The spindle must rotate at least five (5) times before a viscosity reading is taken.
Calibration Procedureusing UL or DIN UL Adapters
When aUL or DIN UL Adapter is used, the water bath is stabilized at the proper temperature:

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

2) Attach the spindle (with extension link and coupling nut) onto the DV-I1+.
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 Viscometer reading.
Note: The spindle must rotate at least five (5) times before a viscosity reading is taken.
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-I1+ Viscometer.
Calibration Procedurefor Spiral Adapter

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

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

3) LowertheDV-I+ into measurement position. Operatetheviscometer at 50 or 60 RPM until the
chamber isfully flooded.
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4)

5)
6)

7)

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

After 1 hour, check thetemperatureof theviscosity standard fluid withanaccuratethermometer.

If the fluid is at test temperature (+/- 0.1°C of the specified temperature, normally 25°C),
measure the viscosity and record the viscometer reading.

Note: The spindle must rotate at least five (5) times for one minute, whichever is greater
before readings are taken.

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

Calibration Procedurefor Cone/Plate Viscometers:

1)

2)

3)

4)

5)

6)

Follow theproceduresoutlinedin Appendix A for mechanically adjusting the setting of thecone
to the plate.

Referto Appendix A, Table 1, and determinethecorrect samplevolumerequiredfor thespindle
to be utilized.

Select aviscosity standard fluid that will give viscosity readings between 10% and 100% of full
scalerange. Referto Appendix B for viscosity rangesof conespindles. ConsultwithBrookfield
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-Il+ Viscometer, Cone CP-42, Fluid 10
Having aviscosity of 9.7 cP at 25°C

At 60 RPM, the full scale viscosity rangeis 10.0 cP. Thus, the Viscometer reading should be
97% torque and 9.7 cP viscosity + 0.197 (closer to £0.2) cP. The accuracy isacombination of
Viscometer and fluid tolerance (refer to I nter pretation of Calibration Test Results).

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

Connect the sample cup to the Viscometer. Allow 10 minutes for temperature to reach
equilibrium.

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

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

I nterpretation of Calibration Test Results:

When verifying the calibration of the DV-11+, theinstrument and viscosity standard fluid error must be
combined to calculate the total alowable error.

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

Example: Calculate the acceptable range of viscosity using RVDV-I 1+ 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:

Full Scale Viscosity Range[cP] = TK * SMC + 10.000

RPM
Wheree TK = 1.0fromTableD2
SMC = 10fromTableD1
Full Scale Viscosity Range = ——-10* 10,000 _ 55 555 cp

2

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

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

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

4) Therefore, any viscosity reading between 11,634.4 and 12,879.6 cP indicates that the Viscometer
is operating correctly. Any reading outside these limits may indicate a Viscometer problem.
Contact the Brookfield technical sales department or your local Brookfield deal er/distributor with
test results to determine the nature of the problem.

The Brookfield Guardleg

The guard leg was originally designed to protect the spindle during use. The first applications of the Brookfield
Viscometer included hand held operation while measuring fluids in a 55-gallon drum. It is clear that under those
conditionsthe potential for damageto the spindlewas great. Original construction included a sleevethat protected the
spindle from sideimpact. Early RV guard legs attached to the dial housing and LV guard legs attached to the bottom
of the pivot cup with atwist and lock mechanism.

The current guard leg is aband of metal in the shape of the letter U with abracket at the top that attaches to the pivot
cup of aBrookfield Viscometer/Rheometer. Because it must attach to the pivot cup, the guard leg cannot be used with
aCone/Plateinstrument. A guardlegissuppliedwithall LV andRV seriesinstruments, but not withtheHA or HB series.
It sshape (shownin Figure 1) isdesigned to accommodate the spindles of the appropriate spindle set; therefore, the RV
guard leg iswider 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 a600 ml Low Form Griffin Beaker. The
calibration of LV and RV seriesinstrumentsincludes the guard leg. The beaker wall (for HA/HB instruments) or the
guard leg (for LV/RV instruments) definewhat iscalled the " outer boundary™ of the measurement. The spindlefactors
fortheLV, RV, and HA/HB spindleswere devel oped with the above boundary conditions. The spindlefactorsare used
to convert the instrument torque (expressed as the dial reading or %Torque value) into centipoise. Theoretically, if
measurements are made with different boundary conditions, e.g., without the guard leg or in acontainer other than 600
ml beaker, thenthespindlefactorsfound onthe Factor Finder cannot beusedto accurately cal cul atean absol uteviscosity.
Changingtheboundary conditionsdoesnot changetheviscosity of thefluid, but it doeschangehow theinstrument torque
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isconvertedto centipoise. Without changing the spindlefactor to suit the new boundary conditions, thecal culation from
instrument torque to viscosity will be incorrect.

Practically speaking, theguard leg hasthe greatest effect when used with the#1 & #2 spindlesof theLV and RV spindle
sets. Any other LV (#3 & #4) or RV (#3 - #7) spindle can be used in 2600 ml beaker with or without the guard leg to
produce correct results. The HA and HB series ViscometersRheometers are not supplied with guard legsin order to
reduce the potential problems when measuring high viscosity materials. HA/HB spindles #3 through #7 are identical
to those spindle numbers in the RV spindle set. The HA/HB #1 & #2 have slightly different dimensions than the
corresponding RV spindles. Thisdimensional differenceallowsthefactorsbetweentheRV and HA/HB #1& #2 spindles
to follow the same ratios as the instrument torque even though the boundary conditions are different.

Therecommended proceduresof usinga600 ml beaker andtheguardleg aredifficult for somecustomerstofollow. The
guard leg isone more item to clean. In some applications the 500 ml of test fluid required to immerse the spindlesin
a600 ml beaker isnot available. Inpractice, asmaller vessel may be used and the guard legisremoved. TheBrookfield
Viscometer/Rheometer will produce an accurate and repeatabl e torque reading under any measurement circumstance.
However, the conversion of this torque reading to centipoise will only be correct if the factor used was developed for
those specific conditions. Brookfield hasoutlined amethod for recalibrating aBrookfield Viscometer/Rheometer to any
measurement circumstance in More Solutionsto Sticky Problems, Section 3.3.10. Itisimportant to note that for many
viscometer usersthe true viscosity is not as important as a repeatable day to day value. This repeatable value can be
obtained without any specia effort for any measurement circumstance. But, it should be known that thistype of torque
reading will not convert into a correct centipoise value when using a Brookfield factor if the boundary conditions are
not those specified by Brookfield.

The guard leg is a part of the calibration check of the Brookfield LV and RV series Viscometer/Rheometer. Our
customers should be aware of its existence, its purpose and the effect that it may have on data. With this knowledge,
the viscometer user may make modifications to the recommended method of operation to suit their needs.

& |
E——

RV Guardleg LV Guardleg
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Appendix F - Special Speed Sets

The following special speeds sets are available from Brookfield Engineering Laboratories. All
speeds are in units of RPM.

TableF1

RPM SPEED SET (RPM)

Step SS200 | SS150 | SS100 | SS50 | SS25 | SSINT
1 0.0 0.0 0.0 0.0 0.0 0.0
2 1.0 0.8 0.5 0.2 0.1 0.3
3 14 11 0.7 0.3 0.2 0.5
4 18 14 0.9 0.4 0.3 0.6
5 2.0 15 1.0 05 0.4 1.0
6 4.0 3.0 2.0 1.0 0.5 15
7 6.0 4.0 3.0 15 0.7 2.0
8 8.0 6.0 4.0 2.0 1.0 2.5
9 10 75 5.0 25 12 3.0
10 20 15 10 5.0 2.5 4.0
11 40 30 20 10 5.0 5.0
12 60 40 30 15 75 6.0
13 80 60 40 20 10 10
14 100 75 50 25 1 1
15 120 90 60 30 15 20
16 140 105 70 35 17 30
17 160 120 80 40 20 50
18 180 135 90 45 22 60
19 200 150 100 50 25 100

Please consult Brookfield Engineering or your local dealer/distributor for any special speed require-
ments not addressed by either the standard speed sets shown in Table 1 (page 8) or in Table F1.



Appendix G - Communications

When using the Brookfield Computer Cable (Brookfield part # DV P-80), the DV-I1+ will output a
data string at arate of approximately 2.5 times per second. When using the Brookfield Printer Cable
(Brookfield Part No. DVP-81), the output rate is 1.0 times per second. The DV-I1+ uses the follow-
ing RS-232 parameters to output these strings:

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

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

Viscosity (cP) 100 * TK * SMC * Torque

RPM

Shear Rate (Y/ga0) RPM * SRC

Shear Stress (PYNes/c2)

TK * SMC * SRC * Torque

Where:
RPM = Current Viscometer spindle speed in RPM
TK = Viscometer torque constant from Appendix D, Table D2.
SMC = Current spindle multiplier constant from Appendix D, Table D1.
SRC = Current spindle shear rate constant from Appendix D, Table D1.
Torgue = Current Viscometer torque (%) expressed as a number between 0 and 100.

As an example, consider an LV Viscometer using an SC4-31 spindle, running at 30 RPM and
currently returning a Tor que of 62.3 (%). First welist al of the given data and include model and
spindle constants from Appendix D, TablesD1 and D2:

RPM = 30 from the example statement.

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

Applying this data to the above equations yields:

Viscosity (cP) 100 * TK * SMC * Torque

RPM

100 * 0.09373* 32.0* 62.3
30

622.9 cP

Shear Rate (Y/ga0) RPM * SRC

30* 0.34

10.2 Ygee
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Shear Stress (PYNes/cp2)

TK * SMC * SRC * Torque

0.09373* 32.0* 0.34* 62.3

63.5 Dynesj .2

The following is a program written in BASI C that receives these strings, parses out the appropriate
data, performs the above calculations and displays the data to the screen.

100 *+

110 ‘| DV-11+ Comruni cations Denonstration

120 ‘| Copyright 1992, Brookfield Engineering Laboratories
“
4+

130 Witten by Richard Trudell & Geg Krysko

140

150 CLS

160 PRI NT SPC(26); “Brookfield Engi neering Labs”

170 PRINT SPC(19); “DV-11+ Conmuni cations Denonstration Progrant
180 PRI NT SPC(32); “Copyright 1992”

190 PRI NT

200 PRINT “This programis intended to denonstrate the nmethod for obtaining”
210 PRINT “data fromthe Brookfield Engineering Labs DV-11+ using an RS-232"
220 PRINT “port.”

230 PRINT “This program and/or any of the nmethods used within nmay be freely”
240 PRI NT “used in your own applications.”

250 PRI NT

260 PRINT “Press any key to continue...”

270 KEYPRESSED$ = “”

280 VWH LE KEYPRESSED$ = “” ‘ Wit for keypress

290 KEYPRESSED$ = | NKEY$

300 VEND

310 CLS ‘ Clear display screen
320 OPEN “COML: 9600, N, 8, 1, CS, DS, CD" FOR RANDOM AS #1 ‘* Open com port #1

330 LF$ = CHR$(10) ‘“Initialize variables

340 ESC$ = CHR$(27)

350 KEYPRESSEDS$ = “”

360 \WHI LE KEYPRESSED$ <> ESCS$
370 GOSUB 790

380 LF = | NSTR(DS$, LF$)

390 | F LF THEN DS$ = LEFT$(DS$, LF - 2)
400 LOCATE 1, 1
410 PRINT “Here is DV-I11+ Visconeter raw out put data string”;

420 LOCATE 2, 1
430 PRI NT DS$;

440 + +
450 ‘| Parse Visconmeter data string into constituent parts |
460 ‘+ +
470 TOR$ = M D$(DS$, 29, 4) * Torque is char’s 29 - 32

480 CPS$ = M D$(DS$, 39, 9) ‘ Centipoise Value is char’'s 39 - 47
490 SHS$ = M D$(DS$, 55, 5) * SS Value is char’s 55 - 59

500 SHR$ = M D$(DS$, 67, 5) ‘ SR Value is char’'s 67 - 70

510 RPM6 = M D$(DS$, 6, 3) ‘ Spindle speed is char’s 6 - 8

520 MDL$ = M D$(DS$, 13, 5) ‘ Visconeter nodel is char’s 13 - 17
530 SPD$ = M D$(DS$, 24, 2) ‘ Visconeter spindle is char’'s 24 - 26
540 TMP$ = M D$(DS$, 75, 5) * Tenperature starts at char 75
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550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820

830
840
850
860

C+

‘| Print the parsed Visconeter data string

C+

NULL QUT DS$

LOCATE 4, 1

PRINT “Here is Visconeter data parsed into its constituent parts”
LOCATE 5, 10: PRINT “RPM =", RPMB
LOCATE 6, 10: PRI NT “MODEL =", MDL$
LOCATE 7, 10: PRI NT “SPI NDLE =", SPD$; “”
LOCATE 8, 10: PRINT “TORQUE % ="; TOR$
LOCATE 9, 10: PRINT “VISCOSITY cP = “; CPS$
LOCATE 10, 10: PRINT “SS Dynes/cm2 = “; SHS$
LOCATE 11, 10:PRINT “SR 1/ Sec = “; SHR$
LOCATE 12, 10: PRINT “TEMPERATURE = “; TMP$

DS$ = *”

LOCATE 13, 1

PRI NT “Press <Esc> key to end progrant

| F KEYPRESSED$ <> ESC$ THEN KEYPRESSED$ = | NKEY$

VEEND

CLOSE #1

CLS

LOCATE 12, 32

PRI NT “ PROGRAM STOPPED"

END
C+

‘| Routine to get

C+

DS$ =

VWH LE (RI CHT$(DS$, 1) <> LF$) AND ( KEYPRESSED$ <> ESC$) *
If data in inputbuffer, retrieve it

i nput from com port

IF LOC(1) > 0 THEN DS$ = DS$ + | NPUT$(LOC(1), #1)
KEYPRESSEDS = | NKEY$

VEND
RETURN

Running this program from within GWBASI C© produces output as shown below.

Here is DV-11+ Visconeter raw output data string
RPME50  MD=RV

SPDL=29 %41.4 cP=8280

Here is Visconeter data parsed into its constituent parts

RPM
MODEL
SPI NDLE

TORQUE %
VI SCOSI TY cP
SS Dynes/cnt2

SR 1/ Sec

TEMPERATURE

50

RV

29

41. 4
8280
1035
12.5
25.5C

Press <Esc> key to end program

Cl ose serial port
Cl ear the screen

+

+

Wait for a LF 580

D CW=1035 1/SEC=12.5 T=25.5C



DV-II+
Serial and Analog Outputs

i
No Connection @ 6
> @ Analog Ground
No Connection @ 7
3 @ Analog % Torque
Transmit Data (TxD) @ 8 (Note 2)
4 @ Analog Temperature
High Speed Print @ 9 (Note 3)
(Note 1) 5 @ High Speed Print
Serial Ground \\_@Q (Note 1)

FigureG1

Notes:

1 Placing ajumper across pins 4 and 9 causes the DV-I1+ to output
printer data at a 3 line-per-second rate. NO jumper across pins 4
and 9 retains the once-per-second printer output rate.

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

3.  Thisisa0-4 volt d.c. output where 0 volts corresponds to -100°C
and 4 volts corresponds to +300°C with aresolution of 1 millivolt (0.1°C).

Analog Output:

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

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

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

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

Upright Rod — Clamp Adjusting

Screw

Model A Clamp Assembly
Part No. VS-24Y

Leveling Screw
Jam Nut % ]
FigureH1
Unpacking

Check carefully to see that all the components are received with no concealed damage.

1 base 1 jam nut
3 leveling screws 1 clamp assembly
1 upright rod
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Removethethree (3) leveling screwsfrom the base and discard the packing material. Removethejam
nut from the upright rod.

Assembly (Refer to FigureH1)

Screw the leveling screwsinto the base. 1nsert the threaded end of the upright rod into the holein the
top of thebaseand attach thejam nut to therod on theunderside of thebase. Withtherod gear rack facing
forward (toward the “V” in the base), gently tighten the jam nui.

Viscometer M ounting

L oosen the Viscometer handle retaining nut (if supplied) and slide it down the power cord. Slide the
Viscometer handle (if supplied) toward the cord and remove it from the instrument. Insert the
Viscometer handle core into the hole (with the cut-away dlot) in the clamp assembly. Adjust the
instrument level until the bubbleiscentered fromright to left and tighten the Clamp Screw (clockwise).

Note: The small clamp adjusting screw (Figure H1) on the clamp assembly
should beloosened or tightened as necessary to provide smooth height
adjustment and adequate support for the Viscometer.

Center the Viscometer relative to the stand base and retighten thejam nut asrequired. Referring to the
Viscometer bubble level, adjust the leveling screws until the instrument is level.

Operation

Rotate the Gear Screw to raise or lower the viscometer.
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Appendix | - DVE-50 Probe Clip

ProbeClip DVE-50issuppliedwithall model DV-11+ Viscometers, DV-111 Rheometers, and Digital
Temperature Indicators. Itisused to attach the RTD temperature probeto theLV Guard Leg (Part
No. B-20Y) or 600 ml low form Griffin beaker. FigureH1lisaview of theProbe Clip, showingthe
hole into which the RTD probe is inserted, and the slot which fits onto the LV guard leg. When
inserting the RTD probeinto the Probe Clip, the upper part of the Clip iscompressed by squeezing

the points shown in Figure H1.

Note: All Viscometer/Rheometer models — except LV — use the Probe Clip as shown in Figure

H3.

RTD Probe
Hole

installing RTD
Temperature Probe

FigureH1

leg.

Squeeze Here when

FigureH2 showsthe Probe Clip (with RTD temperature probe installed) mounted onthe LV guard

Figur e H3 showsthe Probe Clip mounted in a600 ml low form Griffin beaker. Thismounting may

be used with LV, RV, HA and HB series instruments.

Note: The RTD probe must be paralel to the beaker wall so as not to interfere with the viscosity

measurement.

LV Guard Leg

Assembly B-20Y RTD Temperature Probe

g

'3 Probe Clip &
RTD Temperature / DVE-50
Probe > <_

ooooooo

500 m|

400

300

200

100

FigureH2 FigureH3
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Appendix J - Fault Diagnosis and Troubleshooting

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

Spindle Does Not Rotate

1. Incorrect power supply
* Check - must match Viscometer requirements

2. Viscometer not plugged in
» Connect to appropriate power supply

3. Power switch in “off” position
* Turn power switch on

Spindle Rotates Eccentrically

1. Viscometer isnot level
* Adjust the laboratory stand

2. Spindle not screwed securely to coupling
* Tighten

3. Dirtin spindle or Viscometer coupling
* Clean

4. Bent spindle
» Check other spindles - replace any that are bent
« If dl rotate eccentrically, contact Brookfield Engineering Laboratories, Inc. or your
Brookfield dealer for repair

Note: Maximum permissible runout is 1/16 inch (1.6 mm) at end of spindle.
5. Spindle coupling bent
» Contact Brookfield Engineering Laboratories, Inc. or your Brookfield dealer for
repair
No Display Reading
1. Underrange “—" (in cP or SS) when % torque is below zero

» Change spindle and/or speed
» Perform an Auto Zero



2. Spindle jammed below zero
» Contact Brookfield Engineering Laboratories, Inc. or your Brookfield dealer for

repair

Display Reading Over 100

1. Overrange “EEE” (in %, cP, and SS)
» Change spindle and/or speed

Viscometer Will Not Returnto Zero

1. Viscometer isnot level
» Check with spindle out of the sample
* Adjust the laboratory stand

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

repair

Display Reading Will Not Stabilize

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

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

repair

3. Temperature fluctuation in sample fluid
» Usetemperature bath control

4. Specia characteristic of sample fluid
» Refer to Appendix C
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I naccur ate Readings
1. Incorrect spindle/speed selection
2. Incorrect spindle code entry
3. Non-standard test parameters
4. Temperature fluctuations
5. Incorrect equipment selection
6. Refer to:
* Appendix B - Viscosity Ranges
» Appendix C - Variablesin Viscosity Measurement
Recorder Pen Movesin Wrong Direction
1. Output polarity reversed
* Reverseleads
No Recorder Response
1. Viscometer is at zero reading
2. Recorder is off
3. Output cable leads shorted
4. Recorder isin standby

5. Range setting isincorrect.
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Appendix K - Warranty Repair and Service
Warranty

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

For repair or service in the United States, return to:
Brookfield Engineering Laboratories, Inc.
240 Cushing Street
Stoughton, MA 02072 U.SA.
Telephone: (617) 344-4310 FAX: (617) 344-7141
For repair or service outside the United States, consult Brookfield Engineering Laboratories, Inc.
or the dealer from whom you purchased the instrument.
For repair or servicein the United Kingdom, return to:
Brookfield ViscometersLimited
1 Whitehall Estate
Flex Meadow
Pinnacles West

Harlow, Essex CM 19 5TJ, United Kingdom

Telephone: (44) 27/945 1774 FAX: (44) 27/945 1775
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