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< 

This package includes: 

5-114" disk; RHEOCALC Version 1.3 1 1 
3-112" disk: RHEOCALC Version 1.3 1 1 

1 RHEOCALC manual 1 1 1  

I Computer control cable 1 1 1  

I. . Introduction 

RHEOCALC is a software program designed for use on IBM compatible Personal Computers (PC's). It is intended 
for use with the Brookfield Engineering Labs (BEL) DV-111 Rheometer. It provides users with the ability to run 
various rheometric programs completely unattended and to use the collected data in the creation of rheograms. 
RHEOCALC allows up to 200 data points to be collected per program. This data may then be saved to disk for later 
use, printed, plotted, and analyzed. 

RHEOCALC also provides the ability to program the Brookfield Engineering Labs HT-104 and 
HT-105 Temperature Controllers (for use with the Brookfield Engineering Labs Thermosel and Temperature 
Baths, models TC-200 and TC-500, respectively) for use in temperature profiling. 
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11. System Requirements 

.IBM PC-AT (80286 microprocessor) or 100% compatible 
(80386,80386SX, 80486, or 80486SX recommended for superior performance) 

Fixed Disk Drive 

640 Kilobytes of RAM (a minimum of 570 Kilobytes must be available for executable programs) 

CGA, EGA, or VGA graphics hardware and monitor (VGA preferred) 

RS-232 port ( for Rheometer control; optional second RS-232 port may be used to control the Brookfield 
ThermoseVHT-104 Controller System or the Brookfield Temperature Bath (TC-200 or  TC-500)l 
HT- 105 Controller System) 

Parallel port (for printing data - optional) 

[NOTE: ~ l t h o u ~ h  RHEOCALC may be run from a floppy disk or on a PC-XT (8088 or 8086 microprocessor), it is strongly 1 
I recommended that the above requirements be adhered to due to speed considerations. t 
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111. Installation 

1) Copy the rheocalc.exe file from one of the supplied floppy disketres to the desired hard disk drive on you computer. 
For example, suppose you wish to install RHEOCALC from the floppy drive your computer designates as drive A: 
to a directory called RHEOCALC on the hard disk drive your computer designates as drive C:. Type the following 
command at the DOS prompt to accomplish this: 

copy a:\rheocak.exe c:\rheocak 

Use of the above command assumes that a directory named RHEOCALC already exists on your hard disk drive. To 
create a directory, consult your DOS manual. 

NOTE:If a previous version of RHEOCALC exists in the RHEOCALC directory, the following command causes that 
previous copy to be ovenvritten with the new version of RHEOCALC. To preserve any previous version of the 

. program, rename it to something other than rheocakexe or copy it to an alternate directory. 

2) Connect the single 9 pin connector of the supplied cable to the 9 pin socket on the rear of the DV-111. Connect 
either the 9 pin or the 25 pin connector to an RS-232 serial port on your computer. 

N0TE:RHEOCALC only supports the use of either COMl or COW. If your computer has more than two serial ports, 
ensure the connection is made to a port designated as one of these two ports. If your computer has more than one 
serial port, you may also connect a Brookfield Engineering Labs HT-104 or HT-105 Temperature Controller 
to one of these ports. 

RHEOCALC may be used without a rheometer connected if it is desired to print, plot, analyze, or edit data saved in 
disk files. 

P 
3) To run RHEOCALC, type rheocak at the DOS prompt. After a few seconds, the screen turns white and the 

following message appears: 

Checking RS-232 ports for Brookfield instruments. .. 
After determining which Brookfield instruments are conncected (RHEOCALC recognizes theDV-111, the Rheoset, 
the HT-104, and the HT-105) , the RHEOCALC main screen appears. 

N0TE:By default, RHEOCALC checks all serial ports up to and including COM2 for the aforementioned Brookfield 
instruments. RHEOCALC can be forced to check only one specific serial port by placing either a COMl or a 
C O W  on the DOS command line after the rheocalc command. For example, typing the command rheocale corn2 
at the DOS prompt causes RHEOCALC to scan only communications port one for Brookfield instruments. If a 1 
second communications port exists, it is ignored. f 
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TV. The RHEOCALC Screen -, 

1. Title Line 
This line contains the name and version of the program, the current time, and the current date. 

2. Current Data Panel (Red in color) 
If a rheometer is communicating with the computer, this panel displays the data currently being sent from the 
rheometer (and optionally the HT-104 or the J3T-105 Temperature Controller). This data includes: 

Speed in RPM 

Torque in % of scale 

Viscosity in cenitpoise (cP or rnPas) 

Shear Stress in dyneskm ( ~ l c m ~ )  or ~ e w t o n d m ~  ( ~ / m ~ )  

Shear Rate in llsec 

Temperature in OCentigrade or O~ahrenheit 

The precision of displayed data varies dependent upon the magnitude of the value displayed. The following table 
summarizes the minimum displayable values at various magnitudes. 
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3. General Information Panel(Green in color) 
This box contains three lines of information each pertaining to a particular aspect of the current program status. 

Line 1: 
Sample Name: the user entered Sample Name 

Model: the rheometer Model (LV, RV, HA, HB or a variation thereof) 

Spindle: the current Spindle in use 

Line 2: 
Program: the name of the rheornetric program currently in use 

Current File: the name of the disk data file currently loaded into the Load Buffer 

Line 3: 
* Alarm Settings: the current low, high, and motor off alarm settings 

Alarm Status: alarms enabled (ON) or alarms disabled (OFF) 

4. Main Menu Panel 
The Main Menu is where all RHEOCALC functions are initiated. It is the root of the menu system, and all paths 
ultimately lead back to the Main Menu. The Main Menu contains the following 8 options: 

Alarms 

Buffer ONIOFF 

Display 

Gather 

Math Model 

Plot 

Setup 

Quit 

Each option is explained in detail in Section VII. 

5. Directory Tree Panel 
The Directory Tree Panel displays a graphical representation of the currently selected disk drive. When this panel 
is the active window, the user may save or load data or pro,g-ams, change directories or drives and add directories. 

6. Files Panel 
The Files Panel displays all files in the currently active directory that match the current file type sefected. Data file 
types are DVD, DAT, and DV3. Program file types are GEO, NGO, and NGT. File types are discussed in detail 
in Appendix C. 

7. Active Key Line 
The Active Key Line is the line at the bottom of the computer screen. This line always displays the active keys and 
theirfitnctions relative to the active window. As windows are opened and closed, this line changes indicating what 
kevs may be pressed at that time. 

NOTE: When the ALT or the CTRL keys are pressed, this line displays the RHEOCALC hot keys which are always 
available regardless of the active window (see Section V111 for details on hot keys). When the ALT or the CTRL 
key is released, the Active Key Line redisplays the valid keys for the active window. 

a 
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V. Quick Start 

For those who wish to get started right away, the following section describes how to use RHEOCALC to collect data 
using a simple Geometric program. 

1) Ensure the supplied cable is connected between a Brookfield Engineering Labs DV-I11 Rheometer and COMl or 
COM2 of your host computer. Turn on the rheometer. The DV-111 screen should display a message similar to the 
following (the version number and model type will vary): 

BROOKFIELD 
DV-III Rheometer 

Vx.x RV 
External Control 

NOTE: x.x corresponds to latest version of the DV-I11 firmware. The DV-I11 firmware is the software that controls the 
DV-I11 itself and is totally separate from the RHEOCALC software. 

C 

2) To run RHEOCALC, type rheocalc at the DOS prompt. After a few seconds, the screen turns white and the 
following message appears: 

Checking RS-232 ports for Brookfield instruments ... 
F 

After determining which Brookfield instruments are conncected, the RHEOCALC main screen appears. 

N0TE:By default, RHEOCALC checks all serial ports up to and including COM2 for the aforementioned Brookfield 
instruments. RHEOCALC can be forced to check only one specific serial port by placing either a COMl or a 
COM2 on the DOS command line after the rheocalc command. For example, typing the command rheocak 

3) Use the arrow keys to move the highlight bar in the Main Menu to the Setup option then press the RetuMnter  key 
to open the Setup menu (you may also simply press the "S" key to open the Setup menu). 

4) Choose the Zero Rheometer option in this menu. A message box appears asking you to ensure there is no spindle 
attached to the rheometer. After removing the spindle (if one was attached) and acknowledging with a keypress, the 
rheometer begins its autozeroing process. When the autozero is complete, a message box reminds you to attach the 
desired spindle, and press any key to continue. 

5) Choose the Change Spindle option in the Setup menu. If this is the first time RHEOCALC is being run or if there 
have been no spindles added to the user spindle file, a message box informs you that the user spindle file 
(userspdl.spi ) could not be accessed. When the User Spindles window opens for the first time, the only spindle 
appearing in the window is the SPECIAL spindle (spindle code 99). To add frequently used spindles to the User 
Spindles list, press the F1 key (as seen in the Active Key Line at the bottom of the computer screen). The Standard 
Spindles window opens above the User Spindles window. Use the arrow keys to select the spindle to be added to the 
User Spindles list. Press the RetudEnter key to add the selected spindle. 

6) After adding all desired spindles to the User Spindles list, press the Esc key to close the Standard Spindles window 
and return to the User Spindles window. Use the arrow keys to select the spindle you wish to use in your data gather. 
Press the Return/Enter key to accept the selection. 
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7) Press the Esc key to close the Setup menu and return to the Main Menu. Select the Gather option from the Main 

Menu. 

8) Select the Program option from the Gather menu. From the Program menu, select Geometric. 

9) From the Geometric Program menu, select the New Program option. At this point you are asked if you wish to run 
an UpDown program. For now, press the "N" key to answer no. 

10) The Geometric Program Entry window opens to the left. This window requires the entry of four program 
parameters: a) Start RPM b) End RPM c) Step RPM d) Time Interval. Use the appropriate keys to enter the above 
parameters. To cycle through the four entry fields, use the Tab key (again note the allowable keys on the Active Key 
Line). Allowable RPM values are 0.1 RPM through 250.0 RPM with a minimum increment of 0.1 RPM. Time 
Intervals are entered in minutes and seconds (MM:SS), and all four digits must be entered (you need not enter the 
":" as it is automatically inserted for you). 

Example: 10 minutes and 30 seconds (10:30) is entered as 1030. 

il) When program entry is complete, press the ReturnlEnter key to accept the program. Select the Begin Program 
option from the Geometric Program menu. The Gather Status and Gather Data windows open with the iatter 
underneath the former. The spindle begins to rotate at the Start RPM. The following pertinent gather information 
appears in the Gather Status window: 
a) Current program step b) Total program steps c) Current spindle speed d) Time remaining to the next program 
step e) Next program speed and time interval. The Gather Status window toggles on and off (allowing you to see the 
Gather Data window underneath) by pressing the F3 key. 

12) After each Time Interval has elapsed, a data point is taken and displayed in the Gather Data window before ramping 
to the next speed. 

13) When the program is complete, you are asked to press a key to acknowledge this. The Gather Status and Gather 
Data windows close, and the Review Data window displays the freshly gathered data. At this p@nt, the cursor keys 
are available to review the data. You may also elect to save the data (via the File System; see Section VI) by 
pressing the F2 key. 

For complete details on writing, saving, loading , and r u ~ i n g  rheometric programs to generate rheograms, see 
Section VII.4. 
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VI. The File System 

1. Directory Tree Panel 
a. Selecting a Directory 

To enter the Directory tree panel, press the TAB key while in the main menu. Entry into this window is 
inidicated by the word "Drive" blinking on and off in the directory panel. The highlighted directory indicates 
the current directory. The cursor keys (up, down, left. and right arrows; PgUp and PgDn; HOME and END 
keys) are used to move throughout the directory of the disk drive displayed at the top of the window. As you 
move to a new directory, the files matching the file specification shown at the top of the files panel are 
displayed in the files panel . Right or left pointing arrows appearing at the right or left (respectively) of the 
panel indicate further sub-directories not seen in the current window view. You may use the right or left 
arrow keys to move these directories into view. Parent and sub-directory pairings are connected by horizontal 
lines while vertical lines are used to show equal level directories with a common parent directory. Pressing the 
ESC key at any time takes you out of the Directory panel and back to the point of entry. 

b. Changing Drives 
Pressing the F2 key whiIe in the Directory panel displays a list of all available drives on the host computer. 
You may use the cursor and RETURNENTER keys to select a new disk drive, or you may simply press the 
letter key corresponding to the drive you wish to select. A message window informs you that the new drive is 
being scanned, and the directory structure is being processed. When the new tree structure is complete, the 
Directory panel displays the directory tree of the selected disk drive. 

c. Adding a Directory 
pressing the F3 key while in the Directory panel allows you to add a subdirectory onto the highlighted . 
directoly. An Entry window appears allowing you to input a valid DOS directory name (RHEOCALC allows 
the use of letters, numbers, and the underscore (3 character in directory names). After pressing the 
RETURNLENTER key to accept your new directory entry, the directory tree is updated reflecting the 
addition, and the new directory becomes the current datalprogram directory. 
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d. Saving Datflrograms 

Pressing the F4 key while in the Directory panel 
allows you to save a data set or a program. The 
Geometric , Non-Geometric, or Temperature 
program in memory may be saved if you are in 
the corresponding program mode. If you are not 
in a program mode, the data currently in the 
Capture Buffer may be saved. Data and 
programs are saved in the directory highlighted 
in the Directory panel. Data may be saved in 
RHEOCALC and Lotus-123 formats. 

2. Files Panel 
a. Loading DatdPrograms 

To enter the files panel, press the TAB key while while in the Directory panel. Entry into this window is 
indicated by the word "FZL.ES" flashing on and off in the files panel Use the cursor keys (in this case the up 
and down arrows, PgUp and PgDn, HOME and END) to highlight the file you wish to select. 

If a program is being loaded, simply pressing the F3 key loads the selected file into program memory. If the 
spindle type saved in the program file differs from the currently selected spindle, you are asked if you wish to 
continue using the current spindle or if you wish to switch to the program spindle. 

If a data set is being loaded, pressing the F3 key 
opens a menu allowing you to select which slot 
( l  though 5) you wish to load the data file into. 
When this menu is opened, the selection bar is 
positioned to the first empty slot if one is 
available. If one is not available, the selection 
bar is postioned to slot number one. 

b. File Display Type 
Pressing the F2 key opens a menu allowing the selection of the type of data files you wish to be displayed. 

BEL - All BEL data files (includes data files saved with RIIEOCALC, DVGather, and Progvisc). 
DVD - Data files saved with BEL's DVGather program. 
DAT - Data files saved with BEL's Progvisc program. 
DV3 - Data files save with BEL's RHEOCALC program. 

Program files are only displayed if the Files panel has been entered while in a program mode. If in the 
Geometric, Non-Geometric, or Temperature program mode, files with the ".GEOm, ".NGO, or ".NGTU 
extension respectively are displayed. 
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c. Saving DataE'rograms 
Pressing the F4 key while in the Files panel allows you to save a data set or a program. The Geometric , Non- 
Geomettic, or Temperature program in memory may be saved if you are in the corresponding program mode. 
If you are not in a program mode, the data currently in the Capture Buffer may be saved. Data may be saved in 
RHEOCALC and Lotus-123 formats. Data or programs are saved in the directory highlighted in the 
Directory panel. 
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VII.The Main Menu 

1. Alarms 
a. Enter Alarms 

Allows input of low, high, and motor off alarm settings. The values entered are torque values in units of 
percent of scale. Alarms are used to notify the user of undesirable low or high torque conditions. Using the 
motor off alarm, the user is able to cause the motor to stop if that alarm value is exceeded. If alarms are 
enabled (ON) and the motor off alarm is tripped during a program, the rheometer stops until the next program 
step is reached at which point the rheometer begins running at the speed or shear rate of that step. 

When alarms are enabled and the rheometer speed is greater than 0 RPM, any torque value below the low 
alarm, above the high alarm, or above the motor offalarm causes an alann condition. When an alarm is 
tripped, the offending alarm's label flashes in the General Information Panel accompanied by a beeping sound. 
In addition, if the torque exceeds the motor off alarm value, the rheometer speed is set to 0 RPM, and the beep 
continues until a key is pressed to acknowledge that the motor off alarm was tripped. 

N0TE:Two important things to note when the Motor Off alann trips during a data gather are: 
1) The speed is set to 0 RPM for the current program step. As soon as the time interval for the step expires, the 

rheometer runs at the speed of the succeeding step. 
2) Although the rheometer speed is set to 0 RPM when the alarm is tripped, the programmed speed is shown 

(surrounded by asterisks (*)) in the gather and data view windows so that the cause of the alarm is readily 
apparent. All other values displayed in the gather and view data windows are based on the actual speed of 0 
RPM. 

b. Reset Alarms 
Resets the alarm values to the following default settings: 

Low Alarm - 10% 
High Alarm - 100% 
Motor Off Alarm - 115% 

c. Turn Alarms ONIOFF 
Turns the alarms ON (enabled) or OFF (disabled). Alarms can only be tripped if they are ON. 

2. Buffer ONIOFF 
Turns the free-running buffer ON or OFF. The free-running buffer allows data to be captured as quickly as the 
host computer allows. 

INOTE:AII times in the Capture Buffer are shown in seconds and tenths of second with 0.1 second being the smallest time I 
1 interval observed. I 

When the buffer is turned ON, the data capture window opens, and data immediately begins to fill the window. Up 
to 200 data points may be collected. After 200 data points have been captured, succeeding data points gathered are 
placed in the bottom of the Capture Buffer (the 200th point), and all preceeding data is shifted up one location in 
the buffer. Each time this occurs, the fmt point in the buffer is lost. 

While the free-running buffer is ON, all other program options may be exercised with the exception of those that 
gather or edit data. To turn the free-running buffer OFF, simply select the Buffer ONIOFF option from the main 
menu again. After turning the buffer OFF, data capture ceases, and the Review Data window appears allowing 
review of the freshly gathered data. 
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I N0TE:The Buffer ON/OFF option is disabled if a data gather (as selected with the Gather option) is already in progress or 
if there is currently no communications with a rheometer. I 

3. Display 
a. Print Data 

Allows data from any of the current data sets to be printed on a printer connected to the host computer. After 
selecting this option, a menu is displayed allowing the user to choose which data set to print. After making that 
choice, the user is given the opportunity to add hislher own notes to the printed data. To do so, answer YES by 
pressing the "Y" key when prompted to enter Print Notes. The Print Notes window appears with the cursor 
positiopd in the upper left corner of the window awaiting input. The Print Notes window can accomodate up 
to ten lines of notes. All alphanumeric and symbol characters may be included in your Print Notes. The cursor 
may be positioned anywhere in the window by using the cursor keys, and all typed input appears at the current 
cursor location. The Backspace key may be used to delete the character to the left of the cursor. The printed 
notes appear exactly as they do in the window. You format the notes in any manner you choose. 

b. Screen Display 
-Displays data from any of the current data sets. After selecting the appropriate data set, the review data 
window opens to display the selected data. Data that appears red in color is data that was loaded from a disk 
file. Data that appears yellow in color is unsaved data (captured or edited). This includes gathered data, data 
taken directly from the DV-I11 , or data altered using the EnterEdit data option. 

I NOTES: 1) The Display option of the main menu is disabled if both of the data buffers are empty. 
2) Remember that although there are only two data buffers, the Load Buffer provides a window for up to five I 

I loaded data sets (see Appendix B). I 

4. Gather 
The Gather option provides a full set of data gathering methods that can be run unattended and in the background 
(with the exception of the Spring Relax method). Once a gather operation has been started, it may be moved to the 
background while RHEOCALC's other non-data gathering features are exercised. To move a data gather to the 
background once it has commenced, press the AkF7 key combination to display the View menu. Choose any of 
the options other than the Gather Mode option (which is the current option) to hide the Gather Status and Gather 
Data windows and move the operation of the data gather into a background mode. If a data gather running in the 
background runs to completion, two double beeps alert you to this fact 

NOTES: 1) RHEOCALC does not allow you to print a graph while a data gather is running in the background due to 
speed considerations. 

2) The Gather Data window only applies to the Manual, Timed, and Program data gather methods. 
3) The Gather Status window only applies to the Timed and Program data gather methods. 
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Upon completion of any data gather operation, once the data gather has been brought to the foreground, the 
Review Data window opens to display the newly collected data as yellow text on a cyan background. A data gather 
is completed when the programmed number of data points (with 200 being the maximum allowable) have been 
collected, or when a program has run to completion, or when stopped by the user by pressing the Esc key. 

a. DV-I11 Buffer 
Retrieves the last data set captured with the DV-I11 in its StandAlone mode. The DV-111 can store up to 25 
data points when used in StandAlone mode. This data is retained even when power is removed from the 
rheometer. The DV-I11 Buffer option extracts a copy of this data and places it in the Review Data window (a 
copy of the data set remains in the DV-111). This data is treated as unsaved data and may be saved to disk, 
printed, plotted, and edited just as any other RHEOCALC data. If the last data set taken with a DV-111 in 
Stand Alone mode used a number 99 spindle, when the data is retrieved by RHEOCALC, a spindle name of 
DV3 Int is assigned to the data set. 

I NOTE:The DV-111 Buffer option is disabled if the program is not communicating with a DV-111 Rheometer. I 
b. Enter/Edit 

Allows for the creation of sample data or for the alteration of existing data. After choosing between Creating 
New Data or Editing Existing Data, the Edit window opens with the model field highlighted and the cursor 
flashing at the current data entry position. In the top portion of the edit window, a valid BEL rheometer model 
identifier, a valid BEL spindle name or code, a valid date, and a valid time must be entered. The standard 
Brookfield two digit codes can be entered in the spindle field. 

N0TE:If 01 through 07 are entered, the spindle name is based on the model already entered. If no model has been entered, 1 entries of these numbers are prefixed by HA. I 
A valid date consists of any 6 numeric characters while a valid time consists of any 4 numeric characters. 
Standard date and time delimeters ("'P and ":" respectively) are automatically inserted. The date may be in 
USA or non-USA format while time must be entered in 24 hour format. Entry of a sampl$name is 
recommended but not required. 

Edit Menus 

ow uses the special spindle 
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When data entry in the upper edit window is complete, pressing the ReturnlEnter key activates the lower edit 
window. The $6 Torque field of the first data line is highlighted awaiting user input. In this portion of the 
window, the only fields that are alterable by the user are the RPM, % Torque, Temperature, and Time 
fields. Viscosity, Shear Stress, and Shear Rate values are calculated automatically based upon the other 
values entered. Each time a new value is entered in a field, the program re-calculates any values in the current 
data line dependent upon the changed field. This re-calculation does not occur until the user changes to a new 
field indicating helshe is finished editing the current field. The active field is selected by using the cursor 
keys. The ReturnfEnter key is to jump between the upper and lower sections of the edit window. If the 
model or spindle is changed in the upper portion. the next time the R e t u m n t e r  key is pressed to return to 
the lower portion, all data in the lower portion is re-calculated based upon the model and spindle in the upper 
portion. 

NOTE: If there is a large amount of points in the data set (i.e. greater than 50), the recalculation may take a few seconds 
so be patient. 

L 

In the lower edit window, the F3 key is used to Delete a complete data line. AI1 succeeding data points are 
shifted up one position in the buffer to fill the void created by the deleted data point. The F4 key is used to 
Insert a blank data-line at the Iine containing the highlighted field. N I  succeeding data is shifted down one 
position in the buffer. 

Keep in mind that as soon as a change is made to any of the fields in the edit window, the data in the window 
becomes unsaved data even if it was originally loaded from a disk file. 

Press tke F1 key when data entrylalteration is complete. If at least one data point has been entered, the Review 
Data window opens displaying the newly created data, otherwise you are returned to the EnterEdit menus. 

Some suggested uses for the EnterfEdit option: 
if data is gathered without a model, spindle, or sample name. it may be given these parameters at a later 
time in the edit window. 
simulation of "ideal" data for use in overlay plotting with actual data 

if a rheogram required that the rheometer pre-shear a fluid, but it is desired that the pre-shear data not be 
saved with the rest of the data, the pre-shear data may be deleted with the Edit option 

NOTE: Because it uses the Capture Buffer, the EnterEdit option is disabled while any other data gathering operation is 
is Droeress. 

c. Manual 
Allows a data point to be placed in the buffer upon a user keypress. Selecting this option opens the Gather 
Data window. Pressing the F1 key places the current rheometer data packet into the Capture Buffer and 
displays it in the Gather Data window. The time interval displayed for each data point is the time elapsed since 
the last press of the F1  key (one second is the minimum allowable interval). Pressing the Alt-F10 key 
combination allows you to change rheometer speed (or shear rate) at any time during this gather mode. The 
data gather completes when the user presses the Esc key or 200 data points have been collected. After 
completion of the the data gather, the Review Data window opens displaying the freshly gathered data. 

N0TE:The Manual option is disabled if a BEL rheometer is not communicating with the computer. I 
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d. Program 
Allows the use of three different rheometric program methods. After selecting the Program option, a menu 
appears offering the choice between Geometric, Non-Geometric, and Temperature programming modes. 
Selecting one of the three modes causes a menu to appear with the following options listed: 

Program Menus 

1. Begin Program 
Executes the Geometric, Non-Geomerric, or Temperature program currently in the program buffer. The 
progress of each program step may be monitored by watching the information in the Gather Status 
window. At any time, if it is desired to view the data collected thus far, press the F3 key to hide the Gather 
Status window allowing a full view of the Gather Data window. To return to the Gather Status window, 
simply press the F3 key again. 

N0TE:This option is disabled if a program is already running or if the RHEOCALC program is not communicating with a 1 
rheometer. 1 

2. Change Spindle 
Allows the current spindle to be changed without exiting the Gather menus. You may enter either the two 
digit spindle code or the Brookfeld spindle name of any standard BEL spindle. If a special spindle entry 
is desired, it must be one that exists in the User Spindles list. 

3. Edit Program fi 

Allows you to change the Geometric , Non-Geometric, or Temperature program currently in memory. 

I N0TE:This option is disabled if there is no program in memory or a program is already running. I 
4. Load/Save Program 

Opens the File System windows and allows you to load or save a Geometric (GEO), Non-Geometric 
(NGO), or Temperature (NGT) program from or to a disk file. 

I N0TE:This option is disabled if a program is already running. I 
5. New Program 

Allows you to enter a new Geometric, Non-Geometric, or Temperature program. 

When entering programs, there are two types of rate entries possible (See Units;Rotation, under the Setup 
option in Section VII.g, for complete details). Rheometer speeds may be entered as direct speeds in units 
of RPM (rotations per minute) or as shear rates in units of USec (reciprocal seconds). 

a. Geometric Programs 
Geometric programs consist of the following parameters: 
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Start Speed 
Step Speed 

End Speed 

Interval 

Example: 
Start Speed = 25 RPM 

I-j End Speed = 250 RPM 
1 ,  
1 , Step Speed = 25 RPM 

Interval = 10:15 

The speed at which the program begins execution. 
The change in rheometer speed that occurs at the end of each time interval. 
This speed change is constant for each step of the program. The change is an 
increase ifthe End Speed is greater than the Start Speed and a decrease if 
the End Speed is less than the Start Speed. 
The last speed at which the rheometer runs before execution of the program 
ceases. 
The amount of time the rheometer runs at the current step speed. At the end 
of this time interval, the current data packet is placed in the Capture Buffer 
before the rheometer changes to the next speed in the program. Time 
intervals are entered in minutes and seconds (MM:SS). The maximum 
allowable time interval is 99 minutes and 59 seconds. The minimum 
suggested time interval should be that which allows the % torque reading to 

+ When the program begins, the rheometer starts running at 25 RPM. After 10 minutes and 15 
seconds, a data point is placed in the Capture Buffer, and the speed increases to 50 RPM. The 
program continues to place data in the Capture Buffer every 10 minutes and 15 seconds followed 
by increasing the speed by 25 RPM. This continues until the rheometer has run at a speed of 250 
RPM for 10 minutes and 15 seconds and a data point is collected. At this point the rheometer 
returns to a speed of 0 RPM. The Capture Buffer now contains the 10 data points collected 
during the execution of this program. 

In addition to the single direction Geometric program, an Up/Down (or DownlUp) program may 
be selected. In order to input aprogram of this type, answer YES when you are prompted to do 
so after selecting the New Program option. An Upmown program operates just as a standard 
Geometric program with one difference. Instead of running the rheometer from the start speed to 
the end speed, it is run from the Start Speed to an intermediate speed called the corner speed and 
then to the end speed. 

Corner Speed - This parameter is only used if you wish to run an UpDown (or Down/Up) 
program. This is an intermediate speed that is reached after the start speed 
and before the end speed in the course of a program run. It is also known as 
the turn around speed. 

Example: 
Start Speed = 25 RPM 
Corner Speed = 250 RPM 
EndSpeed = 25 RPM 
Step Speed = 25 RPM 
Interval = 10:15 

- .  

Brookfield Engineering Laboratories 



RHEOCALC Version 1.3 

- 
The rheometer begins at 25 RPM. After every 10 minutes and 15 second interval, a data point is 
collected, and the speed increases by 25 RPM. After the data point has been collected for the 250 
RPM step, the speed then decreases by 25 RPM. This continues until a data point has been 
captured for the second 25 RPM step at which point the rheometer stops. After completion of the . 
program, 19 data points are in the Capture Buffer. 

b. Non-Geometric Programs 

The Non-Geometric program mode allows the entry of programs that don't necessarily follow a linear 
speed and time progression. After selecting the Non-Geometric mode, select the New Program option 
to create a Non-Geometric program. You are prompted to enter both the rheometer speed (or shear 
rate) and the time interval for each step of the program. After completing a step, press the 
ReturdEnter key to advance to the next step. Press the F1 key when your program is complete. 
Pressing the Esc key at any time during program entry abandons the changes andior additions you have 
just made. Execution of a Non-Geometric program causes the rheometer to run at the speed of each 
step for the time interval of each step. As in a Geomemc program, a data point is collected at the end 
of each time interval before the speed changes. Up to 200 separate steps may be entered for a Non- 
Geometric program. 

RPM 
(or Shear 

Interval 

Rate) The desired speed or shear rate 
at which the rheometer should 
run for each program step. 

The amount of time the 
rheometer should run at 
the current step speed (shear 
rate) before taking a data point 
and advancing to the next 
program step. # 

c. Temperature 
The Temperature program mode may only be used in conjunction with the Brookfield Engineering 
Labs HT-104 or HT-105 Temperature Controllers. The HT-104 is used to control the temperature 
of the Brookfield Engineering Labs Thermosel while the HT-105 is used to control the temperature 
of the Brookfield Engineering Labs Temperature Baths (models TC-200 and TC-500). 

NOTE: If RHEOCALC does not detect the prescence of one of these two instruments, the Temperature program option is 
disabled. 

A Temperature program allows you to control the temperature of your test at every step of your 
rheometric program. Like Non-Geometric programs, Temperature programs do not necessarily follow 
a linear speed and time progression, and they also require both a speed and time interval for each 
program step. In addition, these programs require a set point temperature and a thermal equilibrium 
(or soak) time. 
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Temperature - The desired sample temperature for the current program step. This value is 
sometimes called the set point temperature. The units of this temperature are 
"Centigrade(C) or "Fahrenheit(F) depending on units you have chosen in the 
Setup menu. 

Hold Time - The amount of time to hold at the set point temperature before setting the 
rheometer to the speed of the current program step and beginning the 
countdown of the current step time interval. This value is sometimes called the 
thermal equilibrium (or soak) time. The hold time is always expressed in 
minutes. 

When advancing to each succeeding step during Temperature program entry, notice that the Hold 
Time, RPM(or Shear Rate), and Interval fields retain the values entered in the previous step. Only the 
Temperature field blanks as each new step is reached. This feature facilitates the entry of the most 
basic type of Temperature program wherein the rheometer speed and time interval are kept constant 
while the sample temperature is ramped upward or downward. This type of program provides useful 
data in determining the effects of temperature on viscosity. Keep in mind that although the Hold Time, 
RPM, and Interval fields remain unchanged from the previous step, they may still be changed for any 
step providing the flexibility to create a wide range of rheometric programs. Simply use the Tab key'to 
cycle through the fields and make any desired changes in the usual manner. Press the F1 key when 
your program is complete. Pressing the Esc key at any time abandons the changes andor additions 
you have just made. 

Execution of a Temperature program causes the following to occur: 

1) A menu appears offering a YESINO choice for the following three options: 

Maintain Rheometer Speed Between Steps - While the sample is being brought to thermal 
equilibrium for each step, should the rheometer continue to run at the speed of the previous 
program step; YES or NO? 

Maintain Rheometer Speed Upon Program Com~ietion - After the program completes its 
final step, should the rheometer continue to run at the speed of the last program step; YES or NO? 
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Maintain SampIe Temperature Uoon Prwram Completion - After the completes its 
final step, should the sample be kept at the setpoint temperature of the last program step; YES or 
NO? 

After answering these three questions with a YES or a NO (using the " Y  and the "Nu keys), press 
the Return/Enter key to accept these choices. 

2) The HT-104/HT-105 increases or decreases to the setpoint temperature of the first program 
step. The RUNlight on the HT-104/HT-105 front panel lights indicating it is attempting to 
control to the setpoint temperature. If the sensed temperature is below the setpoint temperature, 
the HEAT ON light on the HT-104/HT-105 front panel remains on or blinks intermittently 
indicating that the Thermosel or the Temperature Bath is being heated by its associated 
controller. While RHEOCALC is waiting for the appropriate temperature control device to 
reach the desired setpoint temperature, the text 

Waiting for the HT -I04(5) to reach setpoint temperature. 

appears at the top of the Gather Status window. 

NOTES: 1) The Thermosel and the TC-200 Temperature Bath without the TC-350 Cooler have no cooling 
apabilities. If the temperature sensed by either of these instruments is greater than the set point temperature, 
RHEOCALC and the HT-104lHT-105 waits for the instrument to cool down to the setpoint temperature. 
The amount of cooling time is dependent upon the temperature difference. 

2)  The sensed temperature is that received by the HT-104lHT-105 temperature probe (cdnected at the rear of 
the instrument). When an HT-104/HT-105 is connected to the computer running RHEOCALC, the 
temperature sensed by the DV-111 temperature probe is not used. 

3) When the sensed temperature is within 0.5 degrees of the set point temperature ('Centigrade or 
"Fahrenheit), the text at the top of the Gather Status window changes to 

Waiting for thermal equilibrium. 

The Gather Status window displays the countdown of the step's Hold Time (thermal equilibrium 
time). 

4) When the Hold Time has elapsed, the rheometer begins to run at the speed of the current 
program step, the countdown of the current step's Time Interval begins, and the text at the top of 
the Gather Status window changes to 

Counting down to next reading. 

The Gather Status window displays the countdown of the Time Interval. 
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5 )  This sequence continues for each program step. When the program is complete, a message 
appears stating this fact, and a keypress is required to continue. After a keypress the Review 
Data window appears displaying the freshly gathered data. 

Rheological Considerations When Running Temperature Programs 
a) If the sample being measured is Newtonian (viscosity is independent of shear rate (RPM)), data 

may be gathered using different rheometer rotational speeds at different temperatures. If the sample 
is Non-Newtonian (viscosity is dependent upon shear rate (RPM)), the same rheometer rotational 
speed should be used at each step of the program to insure proper correlation of viscosity versus 
temperature. 

b) If multiple rheometer rotational speeds are programmed at each temperature step, the resulting data 
must be edited (using the Edit option) prior to plotting. 

c) Data gathered under temperature program control with varying temperatures should not be plotted 
as % Torque, Viscosity, or Shear Stress versus RPM, Shear Rate, or Time. Temperature should be 
the only value used on the X-axis. 

Geomeuic, Non-Geomebic, and Temperature programs may be paused by pressing the F2 key while the 
Gather Status and Gather Data windows are visible on the screen. When a program is paused, a message 
appears indicating this, and the rheometer stops. At this point, you may resume the program by pressing the F1 
key or cancel the remainder of the program by pressing the Esc key. If the program is resumed, the step that 
was executing when the program was paused is rerun in its entirety. 

f 

e. Spring Relax 
Spring Relax data gathering allows you to take data without running the rheometer motor. After selecting the 
time between readings (0.4 seconds minimum) and the %torque at which the data gather should cease, you are 
instructed to manually turn the spindle until you hear a beep (RHEOCALC beeps when 100% torque is 
reached). At this point the spindle should be released, and RHEOCALC takes readings at the specified time 
intervals as the spindle unwinds through the sample. 

NOTE: During a Spring Relax, you may notice that time intervals between data taken may vary slightly from the requested 
interval. This gather method attempts to maintain the requested interval as an average time between readings over 
the course of the complete data gather. 

f. Timed 
Allows you to enter a program that runs the rheometer at a constant speed (or shear rate) and takes data 
samples at a constant time interval. After selecting this option, you are required to enter a speed, the number 
of data points required, and a time interval. After pressing the Return/Enter key to accept these parameters, 
the Gather Status and Gather Data windows open. To begin the Timed gather, press the F1 key. Once the 
program has begun, it functions as all other data gather programs. Pressing the F2 key pauses the program, 
pressing the F1 key resumes a paused program, and pressing the Esc key cancels the remainder of the program. 
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5. Math Model 
The Bingham Plastic, Casson (Standard), NCAICMA Casson (Chocolate), and Power Law rnath models provide a 
means to numerically and graphically analyze the behavior of data sets. After choosing a math model and a data set 
to analyze, a window opens displaying the name of the math model, the corresponding equation of the rnath model, 
and the calculated model parameters. 

The Review Data window may be opened beneath the results of any of these three math models to dispiay the data 
set being analyzed by pressing the F3 key. You may press the F2 key to display a plot of the actual data versus the 
math model results. The actual data points are marked with circles while the fitted model data is shown as a solid 
line on the plot. The plot may be printed on a connected printer by pressing the "P" key once the plot has been 
displayed. 

All shear stress and shear rate values must be greater than 0. 

* There may not be two equal adjacent shear rate values. 

% torque values of all data points must be between 0.1 % and 100% torque 

a. Bingham Plastic 

The Bingham equation i s x  = + q D  where 

= shear stress 
20 = yield stress (shear stress at zero shear rate) 

= plastic viscosity 

D = shear rate 

The calculated parameters for this model are: 
Plastic Viscosity (cP or mPas) 
Yield Stress (Dynes/Cm2 or N/m2) 
Confidence of fit (%) 

A plot of shear stress versus shear rate is displayed for this model when the F2 key is pressed. 
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b. Casson (Standard) 

The Standard Casson equation is J T  = J70 + J ~ D  where 

% = shear stress 

= yield stress (shear stress at zero shear rate) 

q = piastic viscosity 

D = shearrare 

The calculated parameters for this model are: 
Plastic Viscosity (cP or rnPas) 
Yield Stress (Dynes/Cm2 or N/m2) 
Confidence of fit (%) 

The Standard Casson method is a direct implementation of the original Casson equation. A plot of the square 
root of shear stress versus the square root of shear rate is displayed for this model when the F2 key is pressed. 

c. IPC Paste Analysis 
This method is intended to calculate the Shear Sensitivity Factor and 10 RPM Viscosity of pastes. A prime 
example of its use is in the solder paste industry thus the name IPC (Institute for Interconnecting and 
Packaging Electronic Circuits). 

The Paste equation is = k where 

= viscosity (cP) 

k = consistency multiplier 

R = rotational speed @PM) 
n = shear sensitivity factor 

The calculated parameters for this model are: 
Shear Sensitivity Factor (no units) 
10 RPM Viscosity (cP or mPas) 
Confidence of fit (%l 

A plot of the LOG of viscosity versus the LOG of speed (RPM) is displayed for this model when the F2 key is 
pressed. 
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'Paste Qnalysis 

l 

d. NCNCMA Casson (Chocolate) 

RPM 
Paste Analysis Plot 

0 Qctual Data 
TEST2 .DV3 
Hod: HB 

S~dlr SP-3Y 
Date: 08/20/93 

- Fitted Data 

Shear Sensitivity 
Factor: 
0 - 688 

Confidence 
~f fit<%?: 
98 -6 

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

The Chocolate Casson equation is (I +a)&= 2&+(1+a)J% dere 

7 = shearstress 

TO = yield stress (shear stress at zero shear rate) 

= plastic viscosity 

D = shear rate 
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The calculated parameters for this model are: 
Plastic Viscosity (cP or mPas) 
Yield Stress (Dynes/Cm2 or N/m2) 
Confidence of fit (%) 

A plot of (1 + a) times the square root of shear stress versus (I + a) times the square root of shear rate is 
displayed for this model when the F2 key is pressed. 

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

B r o o k  f i e l  d Enqi neer i ng Labs RHEOCALC 
NCR/CMR Casson 

(1 + A> X SQRT(Shear Rate CL/Secl> 

Chocolate Casson Plot 

e. Power Law 

The Power Law equation is 7 = k D" where 

7 = shear stress 

D = shear rate 

k = consistency index (cP) 

- ?i? - flow index 

0 actual Data 
Mod: HR 
Spdl: SC4-27 
Date: 06/20/91 

- Best Fit 

Plastic 
Uiscosity CCps): 
1520 

Yield 
Stress CD/Cn2>: 
87.3 

Confidence 
of fit€%>: 
99.8 
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The calculated parameters for this model are: 
Flow Index (no units) 
Consistency Index (cP or mPas) 
Confidence of fit (%) 

A plot of the LOG of shear stress versus the LOG of shear rate is displayed for this model when the F2 key is 
pressed. 

f. Shear Thinning Index 
After selecting this option, a window opens which requires the user to enter the % Torque and RPM for a pair 
of data points. Using these entered values, the Shear Thinning Index and the Brookfield Thix Index are 
calculated. Indeces less than 1 indicate that the entered data points show a dilatant tendency; indeces equal to 
1 show a Newronian tendency; indeces greater than 1 show a psuedoplasric tendency. 

NOTE: See More Solutions to Sticky Problems for more information on the terms shear shinning index, dilatant, 
Newtonian, and psuedoplastic. 

6. Plot 
a. Axis Scales 

Allows the choice of either linear or logarithmic plots on either the X axis, Y axis, or both axis. 

b. Generate Plot 
Executes the generation of a plot. After choosing this option, you are asked to choose which data set to print. 
From a list containing the Capture Buffer and any of the five allowable loaded data sets, five data sets may be 
plotted at one time on EGA and VGA monitors. Computers using CGA monitors may only plot four data sets 
at once. Data sets are selected by pressing the key corresponding to the highlighted letter or number, or by 
using the cursor keys in conjunction with the Returfinter key. If the plot uses more than one data set, an 
entry window appears allowing the entry of a plot title that appears at the top of the plot. If only one data set is 
to be plotted, the data set's Sample name is used by default. 
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When the desired data sets are chosen, press the F1 key to display a menu containing the allowable plot types 
for the chosen data sets. The allowable plot types are: 

Torque vs. RPM 
Torque vs. Shear Rate 
Torque vs. Time 
Torque vs. Temperature 
Shear Stress vs. RPM 
Shear Stress vs. Shear Rate 
Shear Stress vs. Time 
Shear Stress vs. Temperature 
Viscosity vs. RPM 
Vicosity vs. Shear Rate 
Viscosity vs. Time 
Viscosity vs. Temperature 

c. Printing& Plot 
Once a plot appears on your computer screen, it may be printed by pressing the P key. 
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Br ook f i el d Engi neer i ng Labs RHEOCALC 

'Shear Rate Cl/SecI 
A single data set plot 

0 CRSSON11.DU3 
Mod: HC) 

S p d l :  SC4-27 
Date: 06/20/91 
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Brook  f i el  d Enqi neer i ng Labs RHEOCALC 

Shear R a t e  CL/Secl 
A multiple data set plot 

0 CRSSON11.DU3 
Mod: HCI 
Spdl: SC4-27 
Date: O6/20/91 

0 CRSSONlZ.DU3 
Mod: HR 
Spdl: SC4-27 
Date: 01/17/91 

V CRSSON4. DV3 
Mod: HR 
Spdl: SC4-27 
Date: 01/17/91 

X CRSSON3. DV3 
Mod: HCI 
S~dl: SC4-27 
Date: 01/17/91 

t CRSSONS . DV3 
Mod: HCI 

Spdl: SC4-27 
Date: 07/24/91 

Under certain conditions, some of these plot types may appear gray in color and are not accessible to the user. 
If any of the data sets chosen for a plot contains any data that renders a particular plot type unusable, the 
corresponding plot option is disabled. Conditions that cause plot types to be disabled are as follows: 

1) A data set taken with a spindle that does not allow for the calculation of shear rate renders all plot +S 

using shear rate unusable. 

2) A data set taken with a spindle that does not allow for the calculation of shear stress renders all plot types 
using shear stress unusable. 

3) A data set taken in the Spring Relax mode (i.e. at 0 RPM) renders all plot types using RPM, shear rate, 
and viscosity unusable. 

4) A data set taken with no temperature probe connected or DVGather data sets (with the DVD file 
extension) renders all plot types using temperature unusable. 
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It may take several seconds for the plot to appear on your computer screen depending on the plot options 
selected and the speed of your computer. If a spline plot has been selected or if either axis is logarithmic 
(LOG) , it will take longer for the plot to appear. Once the plot does appear, ifyou wish to print theplot, 
press the "P" key on your keyboard. To remove the plot from the screen, press any other key. 

d. Magnify Range 
Allows you to expand a section of the original plot. An entry window opens requiring you to input a start and 
end point chosen from the X axis. The entry window also displays the limits of the X axis range of the plot. 
You may not choose values outside these limits. If you wish to expand the whole plot, simply press the 
Return/Enter key without entering any values. When the plot is displayed, notice the tag of "Sub-range Plot" 
in the lower left hand corner of the plot. A sub-range plot may be performed regardless of the number of data 
sets plotted in the original plot. As with all plots, you may press the "P" key toprint the plot or any other key 
to remove the plot from the screen. 

e. Select Parameters 
The following five plot parameters may be selected by the user (Setting an option to YES enables that option; 
setting it to NO disables the option): 

Line Plot - The plot is drawn using straight line segments. k 

Fit Spline - A cubic spline is fit to the data points instead of using straigth line 
segments. These first two options are mutually exclusive. If one is set to YES, the other 

is set to NO. 

Grid - Draws division lines at each major increment of the plot. 

Marker - Draws a marker at each data point of the plot. 

Subdivisions - Draws subdivision lines (tick marks) between major increment lines. 

7. Setup 
a. About RHEOCALC 

Selecting this option displays an information window about the RHEOCALC program. 

b. Change Spindle 
This option allows the you to select or change the current spindle. After selecting this option, the User 
Spindles window opens. This window displays the list used to store frequently used spindles. Initially, only 
the #99 SPECIAL spindle appears on this list. To add a spindle to this list, press the F1 key, and the Standard 
Spindles window opens above the User Spindles window. The Standard Spindles window contains all 
Brookfieid Engineering Labs standard spindles. Use the cursor keys to scroll to the spindle you wish to add, 
and press theRetum/Enter key. If the selected spindle is not already in the User Spindles list, it is 
automatically be added tothis list. Press the Esc key when you wish to exit the Standard Spindles window. 
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To add a user defined Special spindle, proceed to the end of the User Spindles list and select #99 SPECIAL. 
An entry window opens allowing you to enter the name, SMC, and SRC of your new spindle. Enter the 
appropriate data and press the ReturnlEnter key to add your spindle to the User Spindles list. You may also 
select any spindle with a code of 99 from the User Spindles list to alter the parameters of that spindle. 

To remove a spindle from the User Spindles list, scroll to the unwanted spindle in the User Spindles window, 
and press the F2 key. After RHEOCALC verifys your intent, the spindle is removed from the list. The #99 
SPECIAL spindie may not be removed from the User Spindles list, but all other #99 coded spindles are 
removable. 

The Udr Spindle list is stored in a disk file (USERSPDL.BEL) and is re-loaded with each run of the 
RHEOCALC program. 

c. Date Format 
This option allows you to change date formatting between USA and Non-USA formats. 

d. Model Name 
This option allows you to choose the type of rheometer model you are using if the RHEOCALC program is 
being used with a BEL Rheoset. When a model is selected. it appears in the model field of the green General 
Information Panel. 

N0TE:This option is disabled unless a BEL Rheoset is connected to the host computer. I 
e. Printer Type 

This option provides for the selection of a printer type. The type of printer selected is important to the manner 
in which plots are printed. The supported printer types are: 

Epson FX series 
Epson LQ series 
Epson MX series 
HP LaserJet 
HP ThinkJet 
IBM Graphics 
IBM Proprinter 
Okidata 9 pin printers 
Panasonic 24 pin printers 
Star 9 pin printers 
Star 24 pin printers 

- 9 pin printers 
- 24 pin printers 
- older 9 pin printers 
- any of the Hewlett Packard LaserJet series 
- any of the Hewlett Packard inkjet printers 
- IBM 9 pin printers; IBM Laser printers 
- IBM 9 pin printers; IBM Laser printers 
- 9 pin printers 
- 24 pin printers 
- 9 pin printers 
- 24 pin printers 

If your printer is not listed, check your printer manual for a type that your printer can emulate. 
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f. RS232 Setup 
Choosing this option causes RHEOCALC to scan COMl and COM2 (if present) for connected Brookfield 
Engineering Labs instruments. At present, RHEOCALC recognizes the DV-III,,the HT-104, the HT-105, 
and the Rheoset. If a DV-111 or a Rheoset is not found, the data fields in the red Current Data Panel are all 
blank. If a rheometer is found, all these fields are blank except for the Temperature field which displays the 
temperature sensed by the rheometer probe. The other fields remain blank until the rheometer has been aufo- 
zeroed. If an HT-104 or an 
HT-105 is found, the Temperature field in the Current Data Panel displays the temperature sensed by its probe 
instead of that of the rheometer. It may take a few seconds for this scan to finish so be patient. 

g. Sample Name 
This option allows you to enter or edit the current sample name. An entry window opens with the cursor 
positioned at the current entry point. A sample name may contain 26 alpha-numeric characters. 

h. Units 
This option allows for the selection of various units of measurement and control throughout the program. 

N0TE:The Units option is disabled during all data gathers. Units of any type cannot be changed while gathering data. 1 
1. Measurement 

i. CGS - AI1 data is displayed in units of the CGS measurement system. 
ii.SI - All data is displayed in units of the S1 measurement system. 

2. Rotation 
i. Ang. Velocity (RPM) - Choosing this option results in all rheomter speeds, both direct entries and those 

in program modes, being entered in units of RPM (rotations per minute). The 
maximum allowable speed entry in this mode is 250 RPM. The minimum 
allowable speed entry in this mode is 0.1 RPM. The minimum allowable speed 
increment in this mode is 0.1 RPM. 

ii. Shear Rate (1ISec) - Choosing this option results in all rheometer speeds, both direct entries and 
those in program modes, being entered in units of 11Sec (reciprocal seconds). - - - 

The maximum entry, minimum entry, and minimum increment in this mode are 
dependent upon the current spindle. 
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3. Temperature 
i. Centigrade - Chooses the Centigrade scale for temperature display throughout the program. 

ii. Fahrenheit - Chooses the Fahrenheit scale for temperature display throughout the program. 

i. Zero Rheometer 
This option automatically "Zeros" the connected rheometer. The program asks that the spindle first be 
removed, then a key to be pressed to start the autozero process. When the zero process is complete, the 
spindle should be replaced. This same process occurs if a data gather mode was started, and the connected 

-rheometer had not yet been zeroed. Once the rheometer has been zeroed, the red Current Data Panel now 
displays all incoming data. 

8. Quit 
This option exits the RHEOCALC program. If there is unsaved data in the Capture Buffer, you are asked if you 
wish to save this data before exiting. If you elect to save the data, the File System windows open, and you can save 
the data as you norrnaliy would. All user configurable parameters are saved in a file (DV3PARMS.PAR). This 
file is loaded and become the user's default parameters when the program is next run. 
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VIII. Hot Key Functions 

The RHEOCALC hor keys may be displayed on the Active Key Line at the bottom of the computer screen at any time 
by holding down the Alt or the Ctrl keys. While holding down the Alt or the Ctrl key, press any of the keys shown to 
invoke the key's corresponding function. If a "Beep" is heard when a hot key is pressed, it indicates that the lwt key's 
function is disabled due to prevailing program conditions. Releasing the Alt or Ctrl key re-displays the valid keys for 
the active window. 

1. View Menu (Alt-F7) 
Pressing Alt-F7 opens the View Menu. The View Menu allows you to choose what is displayed in the screen area 
to the right of the main menu. The choices are: 

a. Buffer Data 
This option displays the Data Set menu which contains a list of all data sets currently being used within 
RHEOCALC (see Appendix B). Choosing any of the available data sets causes it to be displayed in the 
Review Data window to the right of the Main Menu. 

NOTES: 1) This option is disabled if the Capture Buffer is empty and there are no disk files loaded. 
2) Remember that whenever the Review Data window is open, it is the active window, and all keystrokes 

I pertain to this window until it is closed using the F1 key. I 
b. Directory Tree 

This option displays the File System windows (the Directory panel and the Files panel) behind any menus, 
entry window, status window, or message windows that are currently open. It essentially uses the File 
System windows as a backdrop in the area to the right of the Main Menu. The Directory panel does NOT 
become the active window at this point. The active window remains unchanged when this option is 
selected. The only ways to enter the File System are: 

P 

pressing the Tab key while in the Main Menu 

pressing the F2 key while viewing Capture Buffer data in the Review Data window 

selecting Loadsave Program from the Program options menu. 

c. Gather Mode 
This option opens the Gather Status (if applicable) and Gather Data windows in the area to the right of the 
Main Menu. When these windows are open, all keystrokes pertain to the data gather operation until it is 
ended or placed in the background. After beginning a gather mode, you may close the Gather windows by 
opening the View Menu and selecting an option other than Gather Mode. The data gather continues in the 
background while you are free to perform other non-data gathering operations in the foreground. 

d. None 
This option clears the area to the right of the Main Menu of all Review Data, Gather, and File System 
windows providing a plain white backdrop for all menus, entry windows, and message windows.. The 
active window does not change when this option is selected. 
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2. Stop Motor (Alt-F8) 
If a rheometer is connected to the host computer, pressing the Alt-F8 key combination stops the rheometer 
immediately (i.e. sets the rheometer speed to 0 RPM). 

3. Configuration Window (Alt-F9) 
Pressing the Alt-F9 key combination opens the RHEOCALC Configuration window. This window contains the 
current settings of pertinent program parameters. These parameters are broken up into two categories: PIot and 
General. 

P10 t 
Scale Type - Plot axis (X and Y) scales (Linear or Logarithmic). 
Line/Spline - Fit a straight line or a cubic spline to the data. 
Grid - Show major division grid marks on the plot. 
Marker - Plot a marker at each data point. 
Subdivisions - Show subdivision marks in between each major division. 
TY - Shows which data was plotted on each axis for the last plot (i.e. Torque vs. RPM). 

General 
Pea 1 (COMI) 8 
Port 2 (COM2) 

Load File Format 
Save File Format 
Dak? Format 
Rotation Units 
Measurement Units 
Printer Type 
Microprocessor 

- Displays what BEL instruments, if any, are connected to the corresponding 
communications ports. If no BEL instrument is connected to a port, the text No 
BEL Instr. appears. 

- The type of data files displayed in the File System. 
- The format in which RHEOCALC data is saved (DV3 or Lotus). 
- Current date format (USA or non-USA). 
- Speed input method (RPM or Shear Rate). 
- Measurement units in use (CGS or SI). 
- The printer type selected to print graphs. 
- The type of microprocessor used in the host computer (Example: 80486). 

4. Direct Speed Entry (Alt-F10) 
Pressing the Alt-F10 key combination opens the Speed Entry window. This window allows you to enter rheometer 
speeds at any time. If rotation units are set to RPM, you may enter speeds between 0 and 250 RPM in 0.1 RPM 
increments. If rotation units are set to l/Sec, the range of usable shear rates depends upon the spindle selected. 
This window always displays the minimum and maximum usable RPM or Shear Rate. 

I N0TE:This option is disabled (causes a beep to sound if selected) if a data gather other than the Manual Gather is in , I 
The Manual Gather modeallows rheometer speed changes to be entered at any time. I 

5. Stop Temperature Control (Ctrl-FS) 
If an HT-104 or HT-105 is in use and currently maintaining a set point temperature (notice the RUN light on the 1 
HT-104JHT-105 front panel is ON), pressing the Ctrl-F8 key combination causes the HT-104/HT-105 to stop 
maintaining the set point temperature (the RUN light extinguishes). l 
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6. Set Temperature (Ctrl-F10) 
If an HT-104 or HT-105 is in use, pressing the Ctrl-F10 key combination displays the Temperature Entry window. 
This window allows you to enter a single setpoint temperature and causes the HT-104/HT-105 to maintain that 
temperature (notice the RUN light on the HT-104/HT-105 front panel is ON). 

~ O T E :  This option is disabled (causes a beep to sound if selected) if a temperature program is currently executing. I 
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A~rsendix A - RHEOCALdC Windows 

All screen display in the RHEOCALC program is done through the use of windows. These include menus, message boxes, 
entry boxes. the directory tree, list boxes, review data boxes, gather data boxes, and the edit data box. RHEOCALC allows 
multiple windows to be open at one time but only one window may be the active window at any one time. The active 
window is the window that is currently accepting keyboard input (i.e. the only window that the user may directly affect). 
The keystrokes that are permitted for the active window are always displayed on the bottom line of the computer screen. 
This line changes as the active window is changed. 

Menus 
Menus are red in color with black text. The first letter of each menu item is white in color. To select a menu option, 
you may press the key corresponding to any of these white first letters, or you may use the cursor keys to position the 
highlight bar (yellow on black in color) on the desired option, then press the ReturdEnter key to activate that option. At 
certain times, a menu option may appear gray on red instead of black on red. You will also notice that you are not able 
to choose these gray options. These options have been disabled due to certain prevailing program conditions. These 
conditions are explained throughout the course of this manual. 

Message Boxes 
Message boxes are white on blue windows with a flashing yellow icon in the left of the window. The type of icon 
indicates which of the 3 types of message boxes the window is. 

Exclamation type window 

? - A question mark indicates that the window is asking a question that must be answered with a YES (Y or y keys) or a 
NO (N or n keys). 

! - An exclamation mark indicates that the message in the window is some type of warning that requires the user to press 
a key to acknowledge. 

* - An asterisk inidcates that the message in the window is useful information. No keypress is required. The window 
closes automatically after a few seconds. 
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Entry Boxes 
Entry boxes are white on purple with blue enb-y fields. Entry boxes allow the user to enter all required text and numeric 
program parameters. A cursor will always be flashing in one of the entry fields indicating the current data entry 
position. In general, the TAB key is used to jump between entry fields and the ESC key is used to cancel entries made. 
The keystroke to accept changes made in the entry box is normally the RETURN/ENTER key, but this does differ in 
some cases. Again, all valid keys for the active window are always shown at the bottom of the screen. 

Directory Tree 
The Directory Tree displays a graphical representation of the currently selected disk drive. The Directory Tree is 
explained in detail in section VI. 

List Boxes 
List boxes may appear in various colors. List boxes are windows that contain more choices than will fit within the 
confines of the window. For this reason, as the user reaches the bottom of the window, all choices in the window are 
shifted up one line within the window and, new choices appear at the bottom. The reverse is true as the user again 
reaches the top of the window. All list boxes also have a depth indicator at the right of the window that gives an 
indication how far into the total list the currently highlighted choice is. 

Review Data Window 
The review data window displays buffer data to the user. Model, spindle, sample, date, and time information is 
displayed in the upper portion of the window while the data points are displayed in the lower portion. The cursor keys 
are used to scroll up and down through the data points in this lower window portion. This window always opens to the 
right of the main menu and is cyan in color. When the review data window is open, it is always the active window. The 
only way to deactivate the review data window is to close it by pressing the FIfunction key. When the review data 
window is closed, it disappears from the screen. The data, however, has not been erased and may easily be re-displayed. 
When the review data window contains unsaved data, the data may be saved by pressing the F2 function key. This 
opens the File System windows over the review data window. Operation of the File System is explained in section VI. 

Brookfield Engineering Laboratories 39 



Gather Data Window 
Whenever a data gather has been initiated, the gather data window opens to the right of the main menu. The gather 
window displays the data as it is placed in the capture buffer in the same way a List Box displays its contents. 

Gather Status Window 
The gather status window opens on top of the gather data window and displays the following pertinent information 
regarding the current gather operation: 

Current program step number 

Number of total steps in the program 

Current motor speed or shear rate 

Motor speed or shear rate of the next step 

Current step time 

Step time of the next step 

Current temperature setpoint (if the HT-104 or the HT-105 is being used) 

Next temperature setpoint (if the HT- 104 or the HT- 105 is being used) 

Current temperature reading (if the HT-104 or the HT-105 is being used) 

The gather status window may be toggled ON and OFF by pressing the F3 key. Turning this window off allows the data 
being gathered to be viewed. 
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Edit Data Box 
The Edit Data Box is cyan in color and looks sirnmilar to the review data window. The difference is that there will 
always be an entry field highlighted (yellow on blue in color) somewhere in the window. The upper portion allows for 
alteration of the model, spindle, sample, date, and time. The lower portion allows for the alteration of RPM, % Torque, 
Temperature, and Time Interval values. The function of the Edit Data window is explained in detail in section VII. 

Edit Data Window 
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Appendix B - Data Buffers 

RHEOCALC allows the use of six seperate sets of data at any one time. These data sets are stored in one of the following 
two buffers: 

Capture Buffer 
This buffer holds any data that has been gathered, created, or edited and has not yet been saved to disk. When 
reviewing data in this buffer, the color of the data is always yellow. Keep in mind that if there is already data in this 
buffer and an attempt is made to gather new data or edit existing data, RHEOCALC asks if you wish to save the data 
that is still unsaved in the Capture buffer. If you elect not to save it and continue with the gather or edit operation, the 
previous data in the buffer is lost. 

Load Buf'fer 
This buffer holds one of five possible disk files that may be utilized in the program at any one time. The files may be 
loaded in one of five slots that are provided when a file load is attempted . When reviewing data in this buffer, the color 
of the data is always red. Because only one buffer exists to work with five possible data files, the data not immediately 
in use is swapped to a temporary disk file. 

Any time you are required to choose a data set to perform some operation on (i.e. display, print, plot) the Data Set menu 
appears displaying the data sets currently being used within the RHEOCALC program. The data stored in the Capture 
Buffer is always at the top of this list followed by five possible data sets loaded from disk files (numbered 1 through 5). Use 
the cursor and Re@mdEnter keys to select a data set or simply press the key corresponding to the highlighted number or 
letter before each data set on the Data Set menu (these are "C", "l", "2". "3", "4", or "5"). 
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Appendix C - File Formats 

With the exception of the Lotus-123 save format option, all data and program fibs used by RHEOCALC are in ASCII 
farm. 

Data 
The following definitions apply to all data files: 

Sample 
Model 
Spindle 
Date 
Time 
#Points 
Speed 
% Torque 
Temperature 
Time Interval 

A description of the data set given by the user (up to 26 characters). 
The rheometer model type used to collect the data. 
The spindle used to collect the data. 
The date on which the data was collected. 
The time of day the data was collected. 
The number of data point in the data set. 
Spindle speed in RPM. 
The scale reading in percentage of full scale. 
The sample temperature in degrees C. 
The time elapsed since the last data point was taken. 

1. RHEOCALC @V3) 
Line 1 : Sample 
Line 2 : Date, Time 
Line 3 : Model,Spindle, #Points,SMC(optional),SRC(optional) 

The remaining lines contain one data point per line. The format for each of these lines is as follows (Time 
Interval is in MM:SS): # 

Speed, % Torque, Temperature, Time Interval 

Example (with a standard spindle): 
B a t c h  #l23 C a s s o n  f l o w  tests 
11/16/90,10:14 
HA, SC4-27,4 
50.0,44.9,20.0,00:05 
20.0,35.0,20.0,00:05 
10.0,25.0,20.0,00:05 
5.0,16.3,20.0,00:05 

Example (with a special spindle): 
B a t c h  #l23 C a s s o n  f l o w  tests 
11/16/90,10:14 
HA, MYSPIND, 4,32.23,1.56 
50.0,44.9,20.0,00:05 
20.0,35.0,20.0,00:05 
10.0,25.0,20.0,00:05 
5.0,16.3,20.0,00:05 
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Line 1 : Rate Mode, Start Speed, Corner Speed, End Speed, Time, UpIDown 
Line 2 : Spindle, SMC, SRC 

Example: 
1,25,250,25,5,01:00,2 
LV4 

2) Non-Geometric (NGO) 
Line 1 : Rate Mode 
Line 2 : Spindle, SMC, SRC (SMC and SRC are only present if the spindle is a SPECIAL.) 

The remaining lines contain each step of the program and are formatted as follows: 

Speed, Time Interval 

Example: 
1 
LV4 
10,00:10 
12,00:07 
20,00:10 
22,00:07 
30,OO:lO 
35,Ol:OO 

3) Temperature (NGT) 
Line 1 : Rate Mode 
Line 2 : Spindle, SMC, SRC (SMC and SRC are only present if the spindle is a SPECIAL.) 

The remaining lines contain each step of the program and are formatted as follows: + 
Speed, Time Interval, Temperature, Hold Time 

Example: 
1 
SC4-31 
20,00:30,125,2 
20,00:30,130,2 
20,00:30,135,2 
20,00:30,140,2 

NOTE: All temperatures are stored to disk in 'centigrade. I 
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Appendix D - Problem Solver 

The following is a guide to some of the more common warnings and/or problems that may occur during your use of 
RHEOCALC. 

1) Indication: There is an insufficient amount of memory available to run RHEOCALC. 
Meaning: There is not enough memory available to run RHEOCALC. 
Solution: If there were any TSRs (Terminate and Stay Resident), device drivers, or shell programs loaded before 

RHEOCALC, there is less memory available to RHEOCALC. Remove any unnecessary programs of 
the types previously mentioned before running RHEOCALC. TSRs and device drivers are usually 
loaded in the configsys or autoexec.batfiles. Consult your DOS manual on the proper procedures for 
altering these files. 

N0TE:The minimum amount of memory required to start RHEOCALC is approximately 570 Kbytes. It is recommended 
that there be at least 590 Kbytes free memory before starting RHEOCALC in order fully utilize all its features. 

2) Indication: Insufficient memory to perform this operation. 
Meaning: You attempted to perform some operation that requires more memory than is currently available. 
Solutions: a) When plotting, memory is required for each data set plotted. Spline plots require more memory than 

straight line plots. Plots containing UP/DOWN data and sub-range plots use extra memory. 
b) Running a data gather takes memory. If a data gather is running in the background while attempting 

to perform another operation, there is less memory available to that operation. 
C) If there were any TSRs (Terminate and Stay Resident), device drivers, or shell programs loaded 

before RHEOCALC, there is less memory available to RHEOCALC. Remove any unnecessary 
programs of the types previously mentioned before running RHEOCALC. TSRs and device drivers 
are usually loaded in the config.qs or autoexec.bar$les. Consult your DOS manual on the proper 
procedures for altering these files. 

3) Indication: Insufficient disk space to perform this operation. 
Meaning: There is insufficient disk space to accept the data that RHEOCALC is attempting to write to it. 

RHEOCALC writes to disk in three situations: 
a) When data or a rheometric program is saved to disk. 
b) Swapping data sets from the Load Buffer to temporary disk buffers as different data sets are used. 
c) When RHEOCALC is exited, the program's pertinent parameters are saved to the parameter file 
(D V3PARMS. PAR). 

Solution: Clear off space on the default disk. 

4) Indication: Communications Error. Unable to communicate with the DV3 (or HT-104/105). 
Meaning: RHEOCALC is not getting any response from the referenced instrument. 
Solution: This warning occurs when a line of communication with an instrument is broken. 

a) Ensure the appropriate cable is propedy connected to the instrument in question and to 
a valid communications port on the host computer (COM1 or COM2). 

b) Ensure the instrument in question is turned ON. 

5) Indication: Error #m occurred while accessing file fifename]. 
Meaning: RHEOCALC attempted to open the file calledfilename (which can be a data, program, 

parameter or swap file) but could not gain access due to the condition of number m. 
Solution: Attempt the operation again. If the error persists, restart RHEOCALC and perform the 

operation again. If the error still persists, check the named file Vilename) for any corruption. Use of a 
disk diagnostic program is helpful in this respect. If the file appears intact, contact Brookfield 
Engineering Labs and report the occurrence along with the error number m. 
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6) Indication: The screen stating Checking RS-232 ports for Brookfield instruments ... appears, but the RHEOCALC 
main screen never appears. 

Meaning: The RHEOCALC program is locked up (hung up). 
Solution: There are several known causes for this condition. 

a) In some cases, an external non-Brookfield device operating while connected to either COMl or 
COM2 can cause such a hang up. Disconnect or power down the device. RHEOCALC can be also 
forced to ignore the communications port the device is using by starting the program with the COMl 
or COM2 command line option (use the option corresponding to the port that the rheometer will 
use). 

b) An internal device, such as an internal modem, may be co&gured to use COMl or COM2. As 
stated above, disable the device or use the COMl/COM2 command line option to start the 
RHEOCALC program. 

c) In some cases, the host computer contains the hardware for two communications ports, but one or 
both of the ports may be disabled through the use of the computers's system setup (also referred to as 
CMOS setup). Consult the computer operator's manual for instructions on enabling communication 
ports. RHEOCALC's COMlKOM2 command line option may also be used to avoid the disabled 
communication port. 

d) COMl or COM2 may be damaged. RHEOCALC determines the number of communiction ports 
and, by default, scans both. RHEOCALC cannot determine whether or not a port is damaged and 
attempts to scan it anyway. Use the COMI/COM2 command line option to avoid a damaged 
communications port. 

NOTE: COMZ/COM2 command Pine option: By default, RHEOCALC checks all serial ports up to and including COM2 
for the aforementioned Brookfield instruments. RHEOCALC can be forced to check only one specific serial port 
by placing either a COMZ or a COM2 on the DOS command line after the rheocalc command. For example, 
typing the command rheocalc COMl at the DOS prompt causes RHEOCALC to scan only communications port 
one for Brookfield instruments. If a second communications port exists, it is ignored. 

7) Indication: An error #g13 is displayed while attempting to start the RHEOCALC software. 
Meaning: RHEOCALC will only run on computers using a color monitor (CGA, EGA, or VGA). An attempt was 

made to start RHEOCALC on a computer with an incompatible monitor (i.e. monochrome). 
Solution: Run the software on a computer with an appropriate mbnitor. 

8) Indication: If the program will still not run after all other troubleshooting methods have been exhausted, run the 
software from a clean system. 

Meaning: In other words, start the computer without loading any TSR's (terminate and stay resident programs) or 
device drivers. One way to do this is to boot the computer from a floppy disk containing the current 
version of DOS in use on the computer. 
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Appendix E - Communications 

Cable 
To connect your computer to a Brookfield Engineering Labs DV-111, use the supplied Brookfield Engineering Labs 
DV-I11 Computer Cable Assembly @EL part #DVP-80). If you wish to make your own cable, use the following pin 
assignments: 

Comcted t o  Host Cannected to  Host 
Computer - 25 Pin Computer - 9 Pin 
Female 'B' Type OR Female ' D '  Type 
Coruiector Connector 

View from the rear (solder side) of the connectors 

The DV-111 uses a standard 9-pin male 'D' Type connector. Your computer's serial port may use either a standard 9rpin 
or 25-pin female 'D' Type connector (some computers use a male 'D' type instead). Use whichever is appropriate for 
your computer. 
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Sample cup CP-44PY with embedded RTD temperature probe is a new option for Brookfield Cone/Plate Viscometers 
and Rheometers. The cup may be used with any DV-IIt or DV-111 ConeIPlate instrument to display sample cup 
temperature. CP-44PY may also be used with dial reading, DV-I and DV-I1 series instruments when combined with 
the Brookfield Digital Temperature Indicator (DTI). - - V- 

< > --  -- - ----_ ,-- 

The cup has an RTD probe embedded in the plate and is ccnnected to the viscometer using cable SC4-61Y (included 
with the CP-44PY). The connector for the cable is shown in Figure 1. Figure 2 shows the CP-44PY installed on a DV- 
11+ C/P Viscometer. Figure 3 shows the DTI. The accuracy of the temperature measurement is shown in Table 1. 

Sample cup CP-44PY may be ordered as a replacement for CP-44Y (sample cup without RTD probe) in which case, 
the cone spindle(s) must be returned to Brookfield for calibration to the new sample cup or as original equipment 
with a new Cone/Plate Viscometer. 

Note Early model DV-IIICIP Rheometers with a Limo connector for the temperature probe (serial numbers from 
~22?'64 to R20400) will require the Switchcraft to Limo adapter; please order ~riokfield Part No. DVP-98Y. 

\ RTD Probe Connector 
(cable SC4-61 Y is connected here) 

Figure 1: CP-44PY Sample Cup 

Figure 3: Digital Temperature Indicator (DTI) 

Table 1: Temperature Accuracy with DV-//+, DV-Ill and DTI 

I .  

Figure 2: DV-I/+CP with 
Sample Cup CP-44PY 

Temperature Range 

, -100•‹C - +?OO"C 
+I0O0C - +2OO0C - 

-.. +200•‹C - +300•‹C 

Temperature Accuracy 

a0.5"C 

- 51 .o"c 

2 2.O0C 
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