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1. Sign Into the log book 
Before beginning your work with the Bohlin C-VOR, please sign your name, your 
contact information, and your plans for your tests into the log book.  With shared 
equipment, it is essential that an accurate log book be maintained.  Please cooperate and 
write detailed observations into the log book.  Failure to use the logbook may result in 
withdrawal of permission to use the instrument. 
 

 
 

2. Turn on the compressor  
The building pressure in the Chemical Sciences Building is insufficient to run the Bohlin 
(5 bar=500kPa), and thus we run on air or nitrogen produced by the air compressor in the 
loading dock area.  Before beginning your work, you must contact David Caspary (487-
2022) or Tim Gasperich (487-2841) to request that the compressor be turned on.  Once 
turned on, it takes about 30 minutes for the tank to pressurize. 
 

3. Turn on the computer  
The computer should always be the first item to be switched on and the last one to be 
turned off.  The computer is running Windows 2000 and is not connected to the internet.  
It is usually left on with the monitor turned off, and it has USB1 ports for flash drives 

Figure 1:  The log book is an essential tool in maintaining 
the instrument.  Please log all your  activities on this 
instrument. 
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(portable memory), a zip 100 drive, a CD ROM drive, and a 3 ¼ floppy drive.  There is a 
USB extension attached for easy access to the USB port in the rear. 
 

4. Turn on the air  bear ing to 3.0 bar  (30kPa) or  ver ify that 
it is on 

The C-VOR instrument is a high precision motor mounted in the top portion of the test 
station.   
 
The turning parts of the motor float on an air bearing to reduce friction.  It is imperative 
that you not touch the rheometer tools (the top plate) when the air bearing is off.  Dirt and 
dust may get into the air bearing and turning the upper plate without air may cause 
scratches which would severely damage the instrument. 
 
 

 
 
 

 
 

Figure 3: Location of 
regulators on north wall. 

Power to TCU 

N2 regulator 

Air to air bearing, 3bar=300kPa 

Oven air 

Figure 2:  The Bohlin C-VOR 200 
consists of a test station, the 
temperature control unit (TCU) and 
the oven. 

TCU 
Test station 

oven 
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The air to the air bearing is controlled by a regulator to 3.0 bar (30 kPa, 0.3 MPa).  This 
should be left on at all times.  Verify that the air is on to the air bearing by looking at the 
air bearing gauge (this is the uppermost of the two gauges on the north wall of the lab, to 
the right of the Bohlin test station.  The regulator is preceded by a two-part filter 
assembly, the cover of which is greenish-yellow in color. The valve that switches air flow 
on precedes the filter apparatus.  When this valve is opened or closed it will make a loud 
sound of rushing air. 
 

 
 
NOTE:  When the air pressure to the air bearing drops below an acceptable level (2.8 
bar), a high pitched warning sound will be heard coming from the test station.  Double 
check the air flow to the air bearing and only proceed if you can restore the required 3.0 
bar pressure. 
 
 

5. Ver ify that the thermocouple is cor rectly plugged in – 
this is usually ok.  

There is a green thermocouple cable that leads from the test station to the Temperature 
Control Unit (TCU).  On the test station, this plugs into the thermocouple slot that is 
labeled “TC1”.  There is only one thermocouple slot on the TCU.  The lower 
thermocouple slot on the test station is labeled “TC2” andhas a yellow thermocouple plug 
that should already be installed; TC2 is connected to the lower tool on the test station.   

Figure 4:  Close-up 
view of filter 
assembly, valve, and 
regulator on the air 
bearing line. 

regulator on/off 
valve 
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6. Switch on the rheometer  test station 
The power switch is in the rear of the test station, on the left-hand side as you face the 
front of the instrument.  When the rheometer is turned on, there will be a hum due to the 
cooling fans that are on the rear of the instrument. 
 

7. Initialize the air  bear ing by pressing and holding the up 
ar row for  2 seconds.   

To perform this step, the oven should be open and pushed back from the tool (if 
installed).  To open the oven door, press down on the black button on the top of the oven 
door and pull gently to the right (see Figure).  After removing the oven door, slide the 
oven back to the left, getting it away from the tools or the tool area.   
 

Figure 5:  The back of the test 
station has two thermocouple 
slots; the green one from the 
TCU goes in the top.  The 
yellow one from the tool goes in 
bottom. 

Figure 6:  The back of the 
computer. 
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To initialize the air bearing, press and hold (2 secons) the up arrow on the front of the 
instrument.  This will raise the air bearing to a reference height and then lower it to a rest 
position (Bohlin users manual, page 17). 

 
8. Install the lower  tool  

The lower tool threads onto the base of the instrument.  Use the custom spanning wrench 
to tighten just past hand tight.  See pages 18-19 in the Bohlin user manual or the 
supervisor for more detailed discussion. 
 
NOTE:  A right-hand (“ tightening” , clockwise from the top) turning motion moves the 
carriage up; a left-hand (“ loosening” , counter-clockwise) turning motion moves the 
carriage down. 
 
 

9. Install the upper  tool – use appropr iate caution and care 
The upper tool attaches to the air bearing and to the motor, and thus the installation of the 
upper tool is the most sensitive part of the start-up procedure.  Please read through these 
instructions completely before proceeding. 
 

Figure 7:  The oven door is 
removed by pressing the black 
button and lifting the door out 
and upwards. 
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1. Lock the air bearing.  The housing for the air bearing has a sliding lock that locks 
the air-bearing/tool in place and helps to protect the air bearing and motor from 
damage.  When the lock is slid all the way to the right, the air bearing can rotate 
freely.  There are flat surfaces on the turning shaft; to slide the lock into the 
locked position, gently rotate the air bearing until one of the flat surfaces is to the 
front.  Then slide the lock to the left.  It is a loose fit. 

 
 

NOTE:  The air-bearing lock should be in the locked configuration throughout the 
installation of the upper tool.  This will protect the air bearing, especially during 
tightening of the mounting collar. 

 

 
 
 

2. Install the upper tool.  The upper tool has a narrow, cylindrical knob on the top of 
diameter approximately 5mm that fits into the collar on the air bearing, making a 
firm mechanical connection between tool and motor.  To install the upper tool, 
gently insert the 5mm diameter shaft on the top of the tool into the collet on the 

Figure 8:  The black knob on 
the top of the test station moves 
the upper tool up and down on a 
carriage. 

Raising and 
lowering 

knob 

Figure 9:  View of the 
sliding lock and assembly 
that holds upper tool. 

Sliding lock 

collet 
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air bearing.  This is a tight fit, but you do not need to force it.  If you have trouble 
inserting the shaft into the collet, stop and seek assistance.  

 
The normal force meter will indicate the amount of normal thrust you are placing 
on the air bearing.  Keep an eye on this meter to monitor this thrust so as not to 
overload the air bearing. 

 

 
 

Once the tool is inserted, push it upwards to firmly seat it against the collet and 
collar assembly.  Tighten the collar to finger tight.  Slide the air-bearing lock to 
the right and spin the tool on the air bearing and look to see that it appears to turn 
in a concentric manner. 

 
Note:  If the upper tool will not fit into the collet, do not force it.  It may be that 
the previous user over-tightened the collar.  Put the tool down and gently unscrew 
the collar completely.  Remove the collet.  Replace the collet and the collar, and 
now fit the upper tool into the collet.  It should fit easily. 

 
3. Free the air bearing by pushing the sliding lock to the right.  The upper tool 

should rotate freely.  
 

4. If collar and collet are accidentally removed, reinstall these parts.  
 

NOTE:  There is no need to remove the collar and collet that are used to fix the 
upper tool to the instrument.  A complete description is provided, however, in 
case the user ever completely unscrews the assembly and needs to reassemble. 

 
The collar that fixes the upper tool to the air bearing consists of three parts.  The 
threaded shaft that is permanently connected to the air bearing, and two parts that 
can be removed.  The inner part is a collet that deforms when the collar is 
tightened, providing a tight fit.  This collet is fit into the collar with the smaller 

Figure 10:  Control panel of the Bohlin 
test station.  The top display is the normal 
force.  Upward thrust is registered to the 
right; downward thrust is registered to the 
left. 
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diameter end upwards.  The collar should turn smoothly on the threaded shaft.  Do 
not force the collar as you thread it onto the shaft.  Be gentle with these parts and 
mindful of the possibility of damaging the air bearing. 

 

 
 
 

10. Star t up the software 
To start up the Bohlin software, double click on the Bohlin C-VOR icon on the desktop.   
You will need to sign on with your MTU email username and your password (you will 
get your password from Prof. Morrison.).  The software screen allows you to choose what 
kind of test you wish to perform and to make other entries into the software.   
 
NOTE:  To change your password from your initial password, go to OPTIONS, USER 
PREFERENCES, PASSWORD and follow the instructions. 
 

 

Figure 11:  Normally the collet and lock nut should 
not be removed from the instrument.  If they do 
come loose, assemble as shown and replace them in 
the instrument. 

Figure 12:  From the 
top screen the user 
picks the deformation 
mode.  Creep is steady 
shear at constant 
stress; Viscometry is 
steady shear at 
constant rate; 
Oscillation is small-
amplitude oscillatory 
shear; relaxation is 
step strain (Morrison, 
2001).  Measuring 
system may also be 
chosen. 

collet 

lock nut 
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11. Set the correct measur ing system  
For now we have 25mm parallel plates and a 25mm cone and plate.  To select the correct 
measurement system, go to the portion of the screen labeled “Measuring System” and 
click on SELECT.  From the list of tools that appears in the pop-up screen, choose ETC 
PP 25 for the 25mm parallel plates or the appropriate listing for the tool you have chosen.  
Click OK to exit the “Measuring System” pop-up window. 
 
 

12. Turn on the nitrogen in the lab and set the delivery 
pressure to 5.0 bar  (500 kPa)  

Nitrogen gas is used in the forced convection oven to heat the test fixtures and sample to 
the desired testing temperature.  There is a timer on the nitrogen supply to the room.  The 
timer only allows nitrogen to flow for up to 3 hours at a time.  This is a safety precaution 
to prevent the room from flooding with nitrogen if left unattended, causing a risk of 
suffocation. 
 
Another safety feature of the laboratory is the presence of an oxygen sensor on the north 
wall.  The oxygen sensor displays the mole% oxygen in the room at all times.  If this 
level falls below 19.5%, the alarm will sound.  In the case of low-oxygen alarm, evacuate 
the laboratory immediately.  If possible, turn off the NITROGEN SUPPLY switch to the 
left of the exit door as you exit.  Close the door and call 911 from the nearest campus 
phone or 911 from a cell phone.   
 

 
 
To initiate nitrogen flow,  

1. You must first switch on the NITROGEN SUPPLY switch to initiate the timer.  
The NITROGEN SUPPLY switch is located on the hallway wall of 309A, just 
above the light switch near the hallway exit door.   

 

Figure 13:  Oxygen sensor and 
low-oxygen warning system. 
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2. Next, three gate valves must be opened in the nitrogen line.  The three gate valves 
are on the north wall.  The first two are near the rear egress door (yellow handled 
valves in the line marked NITROGEN).  The third valve is near the regulator that 
is just to the right of the test station.   

3.  
NOTE:  There are junctions in the nitrogen line that allow other instruments to be 
hooked up to this line.  You should note the shapes of the nitrogen line and 
carefully identify which valves lead to the Bohlin before opening any valve. 

 
4. Adjust the flow rate to 5.0 bar (500 kPa) using the regulator to the right of the test 

station. 
   

NOTE:  Regulators produce more flow when the valve handle is tightened (right-
hand rule, clockwise motion) and less flow when loosened (counter-clockwise 
motion).   When you are finished using the instrument, you must disengage the 
regulator by loosening the regulator control valve handle.  Unscrew carefully, 

 

Figure 14:  Location of 
Nitrogen Supply switch, 
which is to the left of the exit 
door.  The up position of the 
Nitrogen Supply switch is the 
on position.   

N2 Supply Switch 

Figure 15:  The solenoid valve is on 
a timer to shut off the N2 flow after 
three hours. solenoid valve 

timer 



 12 

because the handle can come off -  Only unscrew the handle until the delivered 
pressure reads zero. 

 
5. Open the Nitrogen flow to the temperature control unit (TCU).  On the front of 

the TCU is a three-way valve.  The three positions are nitrogen flowing, air 
flowing, and closed.  (Currently the house air pressure is insufficient to run the 
TCU).  Turn the 3-way valve so that nitrogen flows.  This will send nitrogen into 
the oven at 5.0 bar (500 kPa) pressure.  There will be a gas rushing sound that 
accompanies the oven gas flow.  Disposable ear plugs are provided near the test 
station to protect your hearing from the rushing sound of the nitrogen. 

6. When three hours have elapsed, the nitrogen line will shut off automatically.  To 
restart the nitrogen line, toggle the NITROGEN SUPPLY switch near the room 
light switch (near the hallway exit door). 

 
NOTE:  The oven (TCU) will not operate if the delivered pressure is less than 4.5 
bar.  Also the software will not operate if the pressure to the oven is less than 4.5 
bar. 

 

13. Close oven and turn on the high-voltage power  for  the 
temperature control unit 

The power for the TCU is a higher voltage, which is controlled by a service disconnect 
switch on the north wall of the lab (see Figure).  Switch the circuit breaker to on. 
 

14. Turn on the temperature control unit (TCU)  
Install the oven door by gripping the door in your right hand while depressing the black 
lever on the top.  Fit the two latches into the main portion of the oven and release the 
latch to lock.  Take care that the oven does not rub against the upper tool.  The upper tool 
should rotate freely when the door is properly installed. 
 
 

 
 

Figure 16:  The oven door is 
removable to allow the sample 
to be inserted.  To remove or 
replace the door, press firmly 
on the black lever on the top 
of the door and fit the door 
onto the guide posts.  Take 
care not to disturb the parallel 
plate tools. 
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Turn on the TCU using the power switch for the TCU, located in the rear, on the right 
hand side as you face the front of the TCU (red switch).  A red light on the front of the 
instrument will illuminate. 
 

15. Br ing the tools to the measurement temperature  
For steady shear viscosity, enter VISCOMETRY mode and set the desired temperature in 
the “Manual Settings”  box.  You must hit TAB twice (TAB TAB) to register the new 
temperature with the software.  Close the oven and allow the system to stabilize at the 
measurement temperature.  When the TCU starts heating you will hear the sound of an 
increased rush of air. 
 
NOTE:  The oven door is a bit tricky.  If the light is not on in the oven, then the correct 
electrical connections have not been made between the oven and the door.  You need to 
play around with it a little until the light goes on; I notice that it helps to rotate the door 
towards me. 
 

16. Zero the gap 
Changes in temperature cause the metal fixtures of the rheometer to expand and contract.  
Once the instrument has stabilized at the desired test temperature, you must zero the gap 
between the top and bottom plates or between the cone and the plate.  Once the gap is 
properly zeroed, the instrument will correctly read sample thickness relative to this zero 
value. 
 
After the lower and upper tools have been installed and after they have come to the 
intended test temperature, it is time to zero the gap.   
 

1. First verify that the air-bearing safety lock is not engaged.   
2. Lower the SPEED setting to the lowest setting (1 bar showing).   
3. Press and hold the ZERO button on the instrument panel on the front of the test 

station.  The upper tool will proceed upward and then downward until it touches 
the lower plate.  The instrument will set this as the zero position automatically.   

4. When the zeroing process is complete, the OK indicator light on the instrument 
panel will come on. 
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NOTE:  Zeroing will only work when the electronic carriage is within its range.  
You may need to lower the upper tool manually (using the black knob on the top 
of the test station) until the carriage is within its operating range.  The GAP SIZE 
display indicates four dash marks (----) when the carriage is outside its operating 
range. 
 
NOTE:  The manual knob goes upward when turned in a right-hand sense 
(clockwise) and downward when turned in a left-hand sense (counterclockwise).  
Always watch the normal force meter to see that you are not overloading the 
normal-force load cell by turning the wrong way. 

 

17. Set the intended gap 
 
For the cone and plate system, the gap is 150 microns.  For parallel plates, 1 mm is a 
reasonable gap or slightly less than the known thickness of the sample. 

1. Press the GAP button on the test station (above the ZERO) button. In this mode 
you are setting the intended gap and not moving the motor head.   

2. Use the up and down arrows to set the gap to the desired final setting.   
3. To accept the final “ intended” gap, press the GAP button (this exits gap setting 

mode). 
 

Figure 17:  After zeroing the plates, 
the gap size indicator will show 
0000 and the light under the OK 
message will be lit.  The full bar of 
lights in the speed display indicate 
that the up/down speed of the 
carriage is set at its maximum. 
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18. Inser t the sample and br ing tools together  to the 
intended gap 

To load the sample, use the up and down arrows (in normal mode; indicated by the OK 
button being lit), and raise the upper plate or cone.    
 
NOTE:  To stop the carriage from going up, tap the down arrow.  To stop the carriage 
from going down, tap the down arrow. 
 
There is an upper limit to how far the instrument can raise the upper tool electronically.  
To raise the motor carriage beyond the upper range of the electronic system, use the black 
knob on the top of the test station.   
 

1. Separate the two plates until there is enough room to insert your sample.  You 
may raise it a certain amount with the oven installed, but it may be necessary to 
open the oven to raise the gap sufficiently. 

2. Insert your sample.  Do not touch the plates with stainless steel tools or razor 
blades.  Use only wooden or glass implements to avoid scratching (a sharpened 
tongue depressor or a wooden coffee stirrer serves nicely). 

3. Lower the upper plate using the knob on the top or press the down arrow on the 
test station front and hold for about one second to instruct the instrument to 
electronically lower the upper tool to the intended gap.  When using the electronic 
method, the upper plate and motor will move down continuously and attempt to 
get to the “ intended” gap that you set in a previous step.  The head will move 
rapidly until it senses that it is touching the sample; it will then slow to the speed 
that you indicate on the SPEED display at the bottom of the electronic panel on 
the test station.  It is advisable to set the SPEED to one of the lower settings for 
safety.  Notice that the NORMAL FORCE display at the top of the instrument 
panel on the test station will show the magnitude of the normal force experienced 
by the instrument during the loading procedure.  Each bar indicates 500g of 

Figure 18:  The light under the GAP 
message is lit yellow, indicating we are in 
GAP mode.  In this mode, the up/down 
arrows change the set-point gap.  That set-
point is currently 1.007 microns.  To exit 
GAP mode, press the GAP button, which is 
next to the up arrow. 
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normal force.  Bars to the right indicate compressive force; bars to the left 
indicate tension force. 

 
NOTE:  To stop the motion of the carriage, press the up arrow once (if it is going 
down) or press the down arrow once (if it is going up). 
 
NOTE:  If the normal force becomes too large (see Bohlin User’s Manual, p27) in 
either direction, the over load light will come on.  When in the overload state, the 
motor will not move up or down, but adjustment may be made manually by 
turning the black knob on the top of the test station.  After making the appropriate 
adjustment, you can turn off the overload light by briefly hitting the up or down 
arrow. 

 
4. If your sample is already inserted and you wish to change its thickness by 

squeezing it (or by pulling up on it), you may simultaneously move the motor and 
change the intended gap setting.  This is done in GAP CAPTURE mode.  To enter 
gap capture mode, press and hold the GAP button.  The GAP light will flash.  In 
this mode you may use the up and down arrows to move the upper plate and 
motor up and down.  The setting for the gap will change automatically as you 
move the plate/motor with the up and down buttons.  

5. When the final gap has been reached, gently trim your sample edges using a razor 
blade (see supervisor for a demonstration of this technique). 

 
NOTE:  PLEASE be careful when handling razor blades.  Discard used razor 
blades in the broken glass container (labeled cardboard box) in the neighboring 
lab, room 309. 

 

19. Program the test 
 

1. Choose the testing mode.  The two main modes of testing are the small-amplitude 
oscillatory shear test (SAOS) which is called OSCILLATION, and the steady 
shear viscosity measurement called VISCOMETRY.  For both types of tests there 
is a main screen that allows you to program the test for the kinematics (how the 
flow is applied) and the temperature (You may choose constant temperature or 
programmed temperature changes with time).  Choose the mode of interest 
(OSCILLATION or VISCOMETRY) from the main menu when entering the 
Bohlin software. 

 
2. Choose the temperature mode.  For the temperature programming of the C-VOR, 

click on the TEMPERATURE MODE SELECTOR button (In the TEST 
SETTINGS window it is the button with a graphic showing a plot of “oC versus 
S”).  There are three choices in the pop-up menu that you may choose from: 
Isothermal, Temperature Table, and Temperature Gradient.  Click on each one to 
see the menu that is associated with each choice.  The radio button will indicate 
which mode is currently selected.  The table below explains the parameters within 
each temperature mode choice 
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Table 1:  Temperature programming options for  Bohlin VOR 
Option Explanation 
Isothermal Temperature remains constant throughout 

the test.  You may specify a “Thermal 
Equilibrium time, which is a kind of soak 
time that allows the sample to equilibrate 
at the test temperature before testing 
begins. 

Temperature Table  The temperature moves from initial 
temperature through a series of chosen 
temperatures throughout the test. 

Temperature Gradient The temperature ramps from a starting 
temperature to an ending temperature at a 
specified degrees C/minute. 

  
3. Choose the kinematics mode.  For the kinematics programming of the C-VOR, 

the testing protocol is divided into a preconditioning portion and a testing portion.  
Preconditioning refers to applying some kind of standard deformation to the 
sample.  This technique is used in the study of complex fluids where structure 
variation makes it difficult to reproduce rheometric results.  One solution to the 
difficulty of pre-existing structure is to apply an amount of pre-shearing to break 
down whatever structure is currently present in the sample and (hopefully) to 
bring the sample to a reproducible starting state.  For standard fluids like pure 
polymer melts, preconditioning is not necessary.  

 

Figure 19:  This is 
the viscometry test 
settings window.  
After choosing 
Viscometry, you 
program the test 
from this screen by 
choosing the 
temperature 
program and the 
flow kinematics. 

temperature 

Kinematics - 
TEST MODE 
SELECTOR 
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From the main menu, under Options Temperature, you may also set such 
parameters as the default temperature and the temperature time-out parameters, in 
case the desired temperature is not reached within a desired amount of time (see 
Bohlin user manual for details). 

 
Please see Morrison (2001) for details on SAOS and steady shear viscometry.  There is 
also some information on rheometry in the appendix of these instructions. 
 

20. Run the test 
 
When the temperature and kinematics programming is complete, the test is started by 
clicking on the START button (large green button with arrow on the right-hand side).  
The screen changes to the operating screen, and the results of the test will be printed in a 
table at the bottom of the screen.   If at any time you wish to abort the test, click on the 
ABORT button (large red button on the right-hand side of the screen).  To then return to 
the programming screen, click on the button with the blue return arrow in the bottom 
right-hand corner of the screen. 
 

 
 
 

 
 

21. Analyze the data 
When the test is completed, follow the screen prompts to save your data.  The test will be 
saved into two files, name.pvw and name.dvw.  The first contains the parameters of the 
test and the second contains the data from the test.  The data is stored in ASCII format 

Figure 20:  During 
rheological testing, 
the data scrolls by in 
tables, and a clock in 
counts down the 
time to finish.  

Go back to 
previous screen 
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and may be imported directly into MS Excel (tab-delimited text).  The data are formatted 
as shown. 
 
 

 
 
 
 

22. Shut down the instrument 
The instrument is shut down by reversing the order of operations above. 
 

1. Carefully remove the sample.  This is most safely accomplished by detaching the 
top tool from the motor and moving the motor assembly up and out of the way.  
Always monitor the normal force meter to ensure that the forces on the transducer 
are not too high.  This will prevent damage to the normal-force transducer.  Please 
remove the sample and clean the plates so that others may use them. 

2. Exit the Bohlin program.  You may leave the computer on. 
3. Turn off the TCU. 
4. Turn off the service disconnect switch that controls power to the TCU. 
5. Close the 3-way valve that feeds the temperature-chamber nitrogen to the oven.  

Back off the control valve on the nitrogen regulator so that the flow pressure is 
zero.  Close the three valves that are in the nitrogen feed line.   

6. Turn off the test station.  Do not turn off the air bearing pressure – leave this on at 
all times. 

7. Clean up the work area and sign the log book indicating the tests that you 
performed, the temperatures at which you worked, and the materials you used.  
Do not leave any materials in the laboratory after you leave. 

8. Notify Professor Morrison of any difficulties you encountered 
(fmorriso@mtu.edu; cell 906 231 0656) 

Figure 21:  The Bohlin 
software does some data 
calculations, but most 
users prefer to use third-
party software such as 
Excel. 
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Appendix:  Some Background on Rheometry using the Bohlin 
 
By Dr. Faith Morrison 
 
In brief, steady shear  viscometry is a test where a constant shear rate or a constant shear 
stress (in which case it is called a creep experiment) is applied to the sample, and the 
steady state shear stress (or shear rate in the case of creep) and first-normal-stress 
difference is recorded (Figure 22).  The measurable material functions are the steady 
shear viscosity �  and the first normal stress coefficient, � 1, both of which vary with shear 
rate g� (gamma dot).   
 
The standard SAOS test is the frequency sweep, in which a small-amplitude sinusoidal 
shear strain is applied to the sample at a variety of frequencies, and the material functions 
G’  and G” are recorded as a function of applied frequency of the strain wave, �   (Figure 
22).  Note that �  is the frequency in units of radians per second (this is the preferred way 
to express frequency) while f is the frequency in Hz (cycles per second; 2�  radians per 
cycle).   
 
When doing steady shear testing on polymer melts, a good practice is to record a 
frequency sweep for each new sample that is inserted into the rheometer.  This test serves 
as a quality-control test, signaling when there is something different about the new 
sample.  If each sample is the same material prepared under reproducible conditions, it 
should always give the same plot of G’ , G”  versus � ; if the sample does not give a 
reproducible frequency sweep, the sample preparation procedure is not reproducible, and 
the rheometry (viscosity, first normal-stress coefficient) will not be reproducible either. 
 
In the Bohlin software, the steady shear test is called Viscometry, and the small-amplitude 
oscillatory shear test is called Oscillation.  I discuss these two modes below. 
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Figure 22:  The Bohlin software performs two types of tests, the steady shear test and 
the small-amplitude oscillatory shear (SAOS) test.  The Bohlin is able to measure the 
material functions indicated above. 
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Viscometry:  Steady Shear Testing 
 
In performing a viscometry test on the Bohlin, you must choose whether to apply a step 
shear rate (also called a step strain rate) or a step shear stress.  This choice is made by 
choosing OPTIONS from the overhead menu, then VISCOMETRY.  You may then 
choose controlled-rate (steady shear) or controlled-stress (creep) from the pop-up menu 
(Figure 23). 
 
To program the kinematics of the test, click on the TEST MODE SELECTOR button (it 
is the button in the Test Settings window with a graphic showing a plot of a horizontal 
line versus S in the center).  Clicking on the TEST MODE SELECTOR button will bring 
up a pop-up window with three choices:  Single Shear, Table of Shears, and Shear Profile 
(Figure 24).  These three choices are described in Table 2. 
 

 
 

 
 

Figure 24:  This pop-up allows you to 
choose to do a single test, to do several 
tests where the shear rates are taken from a 
table, or to do a test where the shear rate 
varies according to a specified function. 

Figure 23:  From the main menu 
you may choose "Viscometry 
Preferences."  This pop-up menu 
allows you to customize your 
steady shear test. 
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Table 2:  Steady shear  kinematic programming options for  Bohlin VOR 
Option Explanation 
Single Shear Runs a viscosity measurement at a single 

shear rate (or shear stress).  If you click on 
this you may specify the shear rate (or shear 
stress, see above), the delay time, the 
integration time, and other test parameters 
(see below). 

Table of Shears Runs a number of viscosity measurements at 
various chosen shear rates.  You also select 
delay time, integration time, and other test 
parameters here (see below).  To set up the 
table, click on the cyan-highlighted EDIT 
TABLE button and give a start value, a stop 
value, how many shear rates you desire, and 
whether you wish the values to be evenly 
spaced on a linear shear-rate scale or on a 
logarithmic shear-rate scale (recommended). 

Shear Profile Runs a continuously varying ramp in shear 
rate.  This is not recommended. 

  
 
 
 
For any individual steady-shear data point, the shear rate will be constant value.  After 
imposing that constant shear rate on the sample, the Bohlin waits for an amount of time 
called the delay time before collecting data.  Once the delay time has passed, the software 
collects the value of the measured stress over a time period called the integration time.  
The average stress during the integration time is the reported value of steady state stress 
for the test.  The Bohlin software does not check to see that the stress was actually 
constant during the test; rather it reports the average value.  It is important, therefore, to 
choose these time intervals wisely (see Figure 24). 
 
One solution to this problem is to run a series of viscometry experiments with the same 
shear rate and the instrument constantly shearing.  If the delay time is set to zero and the 
integration time set to a short time such as one second, the series of “steady”  stresses 
taken this way will approximate a start-up experiment of variable shear stress as a 
function of time.  This start-up experiment will show how long it took for the experiment 
to reach steady state for the chosen shear rate, and this information may be used in 
planning subsequent tests.
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Figure 25:  If the delay time is insufficient to cover the time it takes the shear stress to 
build to the steady state value, then an incorrect value of stress will be reported by the 
software.  It may take some iterations with the values of these parameters to determine 
what are the appropriate values for the material being tested.  In general, these 
parameters will be different for different materials. 
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Oscillation:  Small-Amplitude Oscillatory Shear Testing 
 
The accuracy of a SAOS test depends on sufficient torque being generated such that the 
torque measurement is accurate.  If the strain is too small, the torque will be too small, 
and the test will not be valid.  The required torque is a function of frequency, however, 
since more stress is generated at higher frequencies.  In a frequency-sweep test, the 
amplitude of the sine wave can either be set to be a constant throughout the frequency 
sweep, or it may be programmed to vary with frequency.  The Bohlin also has an auto-
strain feature, which is designed to vary the strain as the frequency varies in order to keep 
the measured torque within the detection limits of the C-VOR. 
 
All SAOS tests must be performed within the linear-viscoelastic regime.  Within the 
linear-viscoelastic regime, G’ , G”  response is independent of strain, that is, independent 
of stress or strain amplitude.  To determine the range of the linear-viscoelastic regime of 
a given material, it is customary to run a strain sweep.  In a strain or amplitude sweep, a 
single frequency is chosen, and the amplitude of the applied strain or stress wave is 
ramped upwards from an initial value to a final value.  The resulting data of G’  and G” 
can then be plotted versus strain, and where these material functions stop being 
independent of strain is the largest strain that is within the linear-viscoelastic regime.  If 
the material functions are never independent of strain, then the material does not have a 
linear-viscoelastic regime, and it is inappropriate to do SAOS testing on the material. 
 
In performing a SAOS frequency sweep test, it is desirable to choose frequencies to be 
evenly spaced in log frequency over 3 or more decades in frequency.  The data 
presentation is usually a log-log plot of G’  and G” versus � .  Reasonable choices for 
frequencies are 0.1, 0.2, 0.5, 1, 2, 5, 10, 20, 50 rad/s.  You may also include 0.01, 0.02, 
and 0.05 rad/s data, but these tests take much longer than the ones suggested above. 
 
To program the kinematics of a SAOS test on the Bohlin, click on the TEST MODE 
SELECTOR button (it is the button with a graphic showing an oscillating wave versus S).  
There are various choices in the pop-up menu that you may use to define the kinematics 
of your test. 
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Table 3:  SAOS kinematic programming options for  Bohlin VOR 
Option Explanation 
Single Frequency Runs a single test at a single frequency.  

You may enter the frequency, choose 
controlled stress vs. auto stress, and set 
other parameters of the test (see manual). 

Frequency Sweep Runs a series of frequencies that you 
choose.  You choose a minimum and a 
maximum and the number of samples and 
whether you wish the tests to be linearly 
spaced in frequency or logarithmically 
spaced (recommended), and it creates a 
table of values that you may choose from.  
The Auto-stress/Controlled-stress, etc. 
parameters are also set on this page.  See 
manual. 

Amplitude Sweep Runs a series of tests at a single frequency 
and with increasing amplitude.  This type 
of test is essential in determining the 
linear-viscoelastic limit of the material.  
The SAOS test is only valid in the linear-
viscoelastic limit, i.e. it is only valid for 
tests where the strain amplitude is within 
the region that the results are independent 
of strain amplitude. 

 

Figure 26:  The front 
screen of oscillation 
mode allows us to 
program temperature 
and kinematics. 

temperature 

Kinematics - 
TEST MODE 
SELECTOR 
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Figure 27:  The 
pop-up menu 
allows you to 
customize your 
oscillation test. 


