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1. Key to symbols

1.1 Symbols used in this manual

Warns the user of possible damage to the unit, draws
attention to the risk of injury or contains safety notes
and warnings.

Denotes an important remark.

1 Indicates the next operating step to be carried out and


  what happens as a result thereof.

1.2 Symbols used on the unit

Caution: laser beam

Caution: danger of injury your hands

Caution: hot surfaces

Caution: general warning, risk of danger
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2. Quality Assurance
Dear customer,
Thermo Fisher Scientific implements a Quality Manage-
ment System certified according to ISO 9001:2008.
This guarantees the presence of organizational structures
which are necessary to ensure that our products are deve-
loped, manufactured and managed according to our cu-
stomers expectations. Internal and external audits are car-
ried out on a regular basis to ensure that our QMS is fully
functional.
We also check our products during the manufacturing pro-
cess to certify that they are produced according to the
specifications as well as to monitor correct functioning and
to confirm that they are safe. The results are recorded for
future reference.
The “Final Test” label on the product is a sign that this unit
has fulfilled all requirements at the time of final manufacturing.
Please inform us if, despite our precautionary measures,
you should find any product defects. You can thus help us
to avoid such faults in future.

3. Your Contacts at Thermo Fisher Scientific
Please get in contact with us or the authorized agent who
supplied you with the unit if you have any further questions.

International / Germany
Thermo Fisher Scientific
Dieselstraße 4
D-76227 Karlsruhe, Germany
Tel. +49(0)721 4094--444
Fax +49(0)721 4094--300

support.mc.de@thermofisher.com
www.thermo.com/mc

The following specifications should be given when product
enquiries are made:

Unit name printed on the front of the unit and specified on
the name plate.
Typ: Order No. (e.g.: 557--3001)
Ser.:Nr.:

_ _ _ _ _ _ _ _ _ _ _ _

_ Manufacturing order no.: ( 1--9)

_ _ Manufacturing year ( e.g. 09)

_ _ _ _ _ _
Production order no.:
(000001 --99999)

_ _ _ Serial--number

Mains voltage in V / power input:
e.g. 115 V/ 50 Hz/ 2 A
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4. Warranty

For the warranty and any potential additional warranty, the
user shall have to ensure that the devices are serviced by
an expert at the following intervals:

The maintenance is required after approx. 2000 operating
hours, at the latest, however, twelve months after the in-
itial operation or the last maintenance, respectively.

Two thousand operating hours are achieved:

at an operating period of eight hours daily (five days
a week)
about once a year

at an operating period of more than eight to sixteen
hours daily
about every six months

at an operating period of more than sixteen hours
daily
about every three months

We recommend to have the maintenance carried out by
Thermo Fisher Scientific or by staff authorised by Thermo
Fisher Scientific as special knowledge and tools are requi-
red.

The maintenance and calibration work carried out has to
be recorded by certificates in conformity with ISO 9000 ff.
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5. Safety notes and warnings
The rheometer corresponds to the relevant safety regula-
tions. However you are solely responsible for the correct
handling and proper usage of the instrument.

This instrument is designed for the determination of rheologi-
cal behavior of fluid and semi-solid materials. Thesematerials
may not be tested if people can be hurt or devices be dam-
aged.

The heart of the instrument is a laser micrometer
that emits light at 780 nm (invisible light) with a
beampower of 1.4mW. As a consequence this pro-
duct is a “Class 1 laser product” according to the
degree of hazard specified in the classification sy-
stem of the FDA, standards 21 CFR 1040.10 and
1040.11.

 The use of optical instruments with this product
will increase eye hazard.

 Do not stare into the beam directly in succession.

 Use of controls or adjustments or performance of
procedures other than those specified byt Thermo
Fisher Scientific may result in hazardous radiation
exposure.

The device may not be operated if there are any
doubts regarding a safe operation due to the outer
appearance (e.g. damages).

A safe operation of the instrument cannot be guar-
anteed if the user does not comply with this
instruction manual.

Ensure that this instructionmanual ismade readily
available to every operator.

This unit should only be used for the applications it
was designed for.

Make sure that the unit has been switched off
before you connect or disconnect the cables. This
is to avoid electrostatic charging resulting in a
defect of the electronic circuit boards.

Do not operate the unit with wet or oily hands.

Do not immerse the unit in water or expose it to
spray water.

Donot clean theunit usingsolvents (fire danger!) --
a damp cloth applied with a household cleaning
substance is often sufficient.
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Repairs, alterations or any work involving opening
up the unit should only be carried out by special-
ized personnel. Considerable damage can be
caused by incorrect repair work. The ThermoFisher
Scientific service department is at your disposal for
any repairs you may require.

Have the unit serviced by specialists at regular in-
tervals.

We do not know which substances you intend to
test using this unit. Many substances are

 inflammable, easily ignited, explosive

 hazardous to health

 environmentally unsafe

i.e.: dangerous

You alone are responsible for your handling of these
substances!

Our advice:

 If in doubt, consult a safety specialist

 Read the product manufacturer’s or supplier’s
“EU SAFETY DATA SHEET”

 Read the REGULATIONS CONCERNING DANGER-
OUS MATERIALS

 Observe the “Guidelines for Laboratories”
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6. Unit description

6.1 lntroduction

The HAAKE CaBER 1 (Capillary Breakup Extensional
Rheometer) is a compact and affordable desktop exten-
sional rheometer. Currently there are few other commer-
cially available methods for obtaining data on the exten-
sional behavior of complex fluids (e.g. colloids, adhesives,
paints, foods, consumer products, melts).
This is despite increasing academic and industrial interest in
measuring the extensional viscosity of a material. Existing
instrument designs are bulky, complex and expensive. Two
examples of commercial extensional rheometers are the
RFXTM opposed jet rheometer (no longer manufactured)
and the RMETM melts rheometer (Rheometrics Scientific).
These devices are targeted at very specific ranges of fluid
viscosities as depicted in Figure 1.

The HAAKE CaBER 1 addresses the wide spectrum of fluid
viscosities not accessible with existing instrumentation. In
fact, the HAAKE CaBER 1 operational range overlaps with
the ranges accessible to both these instruments. No other in-
strument in use today can provide unambiguous information
on the response of fluids and melts to an extensional flow
field.
This type of flow is of primary interest to industry because al-
most all processing conditions in manufacturing involve a
component of extensional flow. For instance, pumping, fiber
spinning, extrusion, molding and filling processes all involve
stretching kinematics. However, the behavior of all but the
simplest materials in such a flow is markedly different from
that predicted from knowledge of the shear rheology. Conse-
quently, for process improvement, manufacturing control
and the development and design of materials, knowledge of
the extensional properties is critical. The HAAKE CaBER 1
will be useful over a broad range of materials, covering such
fluids as paints and inks through to foods, shampoos, gels
and pastes (see Fig. 1).
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Fig. 1: Schematic of the range of applicability of the HAAKE Ca-
BER 1 RFXTM and RMETM are registered trademarks of Rheo-
metric Scientific

6.2 Extensional flow

Extensional flows are common in most industrial processes
but the fluids involved are often poorly understood, or poorly
characterized, in extension. The concept of extensional
rheometry is analogous to that of shear rheometry. Instead
of obtaining the shear viscosity (and other related parame-
ters) by applying a known force (stress) in shear and mea-
suring the resulting displacement (or strain), a similar proce-
dure is carried out in extension (tension). Hence the exten-
sional rheological properties bear the same relationship to
their shear counterparts as the Young’s modulus does to the
shear modulus in elastic solids. From the filling of shampoo
bottles to the manufacture of artificial fibers and the coating
of rollers in the printing industry, there is invariably an exten-
sional kinematic component in industrial processes. Exten-
sional kinematics always arise in free surface flows (e.g. in
jets, fibers and sheet drawing processes), or if there is a
squeezingmechanism or streamline acceleration. However,
most viscometric methods available today for rigorously
analyzing fluid properties rely on shear rheometry. Since
polymer solutions, melts and suspensions can have mark-
edly different shear and extensional behaviors, this ap-
proach can lead to identification of highly misleading param-
eter values.
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There are currently methods that give some indication of the
extensional behavior of materials, such as capillary rheome-
ters or falling ball viscometers. However these approaches
yield data that index, or rank materials, rather than provide
absolute quantitative parameters, and it is very difficult to ob-
tain results that are independent of the experimental confi-
guration. In addition, the thermophysical behavior of the fluid
in a stretching flow field exposed to ambient conditions may
in itself be of interest. The conditions under which these
stretching flow fields occur industrially, such as fiber spinning
applications, often include curing, gelation or mass or heat
transfermechanismswhich can only be studied successfully
in analogous flow fields. Curing, vitrification, and crystalliza-
tion all are strongly influenced by the flow field, and can be
greatly enhanced in the presence of extensional flows. A
technique that can measure relevant material properties for
such processes would therefore be invaluable.

6.3 The HAAKE CaBER 1 rheometer

6.3.1 Operation principle

The Capillary Breakup Extensional Rheometer (CaBER 1)
is conceptually based on the designs of Bazilevsky et al. (Ba-
zilevskii et al., 1990, Bazilevskii et al., 1997). The instrument
uses a lasermicrometer tomonitor the diameter of a thinning
filament.
Fig. 2 shows a sequence of video images depicting the
breakup of two fluids. The oil is a simple Newtonian fluid that
is dominated by viscous forces. The lower set of images is
for a dilute polymer solution comprised of a high molecular
weight polystyrene molecule dissolved in the Newtonian oil
utilized in the upper images. This solution is a model elastic
fluid known as a “Boger Fluid” that strongly strain hardens in
extension. Visually there is a clear difference between the
samples even though their shear viscosity is virtually identi-
cal. These plots highlight the utility of the HAAKE CaBER 1.
The evolution in the mid-point diameter is plotted versus time
in Fig. 3.

The difference between the two fluids of Fig. 2 in extension
is clearly shown. As a comparison a third set of data for a
pressure sensitive adhesive is also plottedwhere the solvent
in the solution is evaporating throughout the experiment.
The thread then “sets”, yielding a constant final diameter. Al-
though these data do not describe the rheology of the fluid
quantitatively (much like force and displacement are not rhe-
ological parameters for shear rheometers) they do give an
indication of the fluids behavior and do not depend on any
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constitutive model for interpretation.

Fig. 2: Two sequences of images showing the breakup of a styrene
oligomer (Newtonian) and the same oligomer with a dilute (500 ppm)
high molecular weight polystyrene polymer added. This results in an
extremely elastic solution that has a distinctly different behavior (from
McKinley and Tripathi, Journal of Rheology).

Qualitative information that can be obtained from these data
are time-to-breakup, and, from the shape of the curve, the
“stringiness” of the fluid. It is clear from the data in Fig. 3 that
the Newtonian fluid rapidly pinches off in a short time and the
Boger fluid takes much longer, but does eventually reach
zero diameter. Note that the Y-axis here is logarithmic and
therefore an exponentially slowing drainage (as seen in the
Boger fluid) is seen as a linear decrease on this plot. The
adhesive, with an evaporating component “sets” and never
falls below a certain diameter.
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Fig. 3: Three sets of data showing normalized filament radius versus time. The data are for three
fluids, the simple Newtonian and model elastic fluids of Fig. 2 and a Pressure Sensitive Adhesive.
Left hand plot shows diameter versus time. Right hand plot shows an apparent extensional viscosity
versus strain. The analysis and software required to compute extensional viscosity from the measu-
remed evolution in Dmid (t) is described in chapter 6.

The diameter versus time data that is the raw output of the
HAAKECaBER 1 is then used by the proprietary software to
determine rheological parameters. More detailed discussion
of this process will be given in Chapter 11, but in general two
methods of extracting quantitative information from the in-
strument are available: 1) the available models can be fitted
to extract rheological parameters; 2) the diameter data can
be converted to an apparent extensional viscosity where the
strain is defined by the diameter of the filament and hence
varies with time. Note that both of these approaches assume
a constitutive model, much like the analysis that would be
traditionally performed on shear rheometer data.
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6.3.2 Instrument

The HAAKE CaBER 1 instrument is shown in Fig. 4. The
central column contains the linear motor and the rheometer
plates. These rheometer plates are mounted axially in the
unit and will be referred to as the upper and lower measure-
ment plates in this document. Both plates are usually stain-
less steel and are supplied with a 6 mm diameter (the user
may choose other options available from Thermo Fisher
Scientific ). The lower plate ismounted on amanualmicrome-
ter that allows vertical adjustment of the plate position. It is
this adjustment that defines the rheometer geometry for the
tests.

Opened Plates detailClosed

Fig. 4: HAAKE CaBER 1 instrument

Note the groove around the lower plate is intended to catch
any waste material or act as a solvent reservoir if necessary.
As can be seen the “wings” of the instrument can be moved
backward for ease of access. This part of the housing con-
tains the laser micrometer.

The upper plate is removable and has ahole through its
center that allows injection of fluid during loading.
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6.3.3 Laser micrometer

The HAAKE CaBER 1 uses a high precision laser microme-
ter to accurately track the filament diameter as it thins. This
lasermicrometer gives theHAAKECaBER1marked advan-
tages over alternative techniques in the literature. Aside
from its resolution (around 10m) the micrometer is also im-
mune to large ambient light fluctuations and can resolve
small filaments easily (a different issue from the resolution).

This instrument is a class 1 laser, operating in the infrared.
Although this type of laser is intrinsically safe due to its low
power, as with all lasers, care must be taken when handling
the unit since using any kind of laser could potentially cause
ocular damage.

Do not look into the beam and be aware that light
scattered from the HAAKE CaBER 1 plates may be
coherent enough to cause harm to the eye.

6.3.4 Linear motor

The plate motion is controlled by a linear drive motor. This
systemallows fast response and reasonable control over the
stretch profiles used. In the configuration supplied the user
is free to choose between linear, exponential and “cushio-
ned” stretches. These options will be discussed in more de-
tail in sections 10.6.3. Note that the fastest stretch time is of
the order of 20 ms (depending on stretch distance) and the
motor has a positional resolution of 20 m. There are no user
serviceable parts in the linear motor and the user should be
aware that high voltages and currents are present in this
mechanism. Do not disassemble.

6.3.5 Temperature control

The measurement cell of the HAAKE CaBER 1 is equipped
with a double cover. Theouter cover (or door) ismanually op-
erated. The inner cover slides up and down automatically
with the movement of the outer cover. The temperature in-
side the measurement cell of the HAAKE CaBER 1 can be
controlled by means of an external circulator, the circulator
hoses are connected to the back of the HAAKE CaBER 1 in-
strument.
The circulator fluid flows through the two blocks that guide
the axial movement of the upper and lower measurement
plates, thereby controlling the temperature of the two plates.
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7. Information concerning the CE sign
Thermo Scientific electrical equipment for measurement,
control and laboratory use bears the CE marking.

The CE marking attests the compliance of the product with
the EC-Directives which are necessary to apply and con-
firms that the apparatus meets all relevant essential require-
ments of the directive, the defined relevant protection re-
quirements.

The conformity assessment procedures were performed fol-
lowing a defined methodology according to each applicable
directive.

The council decision 93/465/EEC shall be authoritative con-
cerning the modules of the various phases of the conformity
assessment procedures and the rules for the affixing and
use of the CE marking, which are intended to be used in the
technical harmonization directives.

To confirm compliance with the EC-Directive 2004/108/EC
Electromagnetic Compatibility (EMC) our product was
tested according to the EMC requirements for emission and
immunity for electrical equipment for measurement, control
and laboratory use.

This is a class A product. Compliance with the protection re-
quirements in industrial areas is ensured. In a residential
area this productmay cause radio interference in which case
the user may be required to take adequate measures.

Our strict standards regarding operating quality and result-
ing considerable amount of time and money spent on devel-
opment and testing reflect our commitment to guarantee the
high level of quality of our products even under extremeelec-
tromagnetic conditions.

Practice however also shows that even electrical equipment
which bears the CE marking such as monitors or analytical
instruments can be affected if their manufactures accept an
interference (e.g. the flickering of a monitor) as theminimum
operating quality under electromagnetic compatibility phe-
nomena. For this reason we recommend you to observe a
minimum distance of approx. 1 m from such equipment.
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7.1 WEEE Compliance

This product is required to comply with the European Union’s 
Waste Electrical & Electronic Equipment (WEEE) Directive 
2012/19/EU. It is marked with the following symbol:

ThermoFisher Scientific has contractedwith one ormore re-
cycling/disposal companies in each EU Member State, and
this product should be disposed of or recycled through them.
Further information on Thermo Fisher Scientific compliance
with theseDirectives, the recyclers in your country, and infor-
mation on Thermo Fisher Scientific products which may as-
sist the detection of substances subject to the RoHS Direc-
tive are available at www.thermo.com/WEEERoHS
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8. Unpacking / Ambient conditions

8.1 Transportation damage

 Notify carrier (forwarding merchant, railroad,
post office) etc,

 Compile a damage report.

Before return delivery:

 Inform dealer or manufacturer
(Small problems can often be dealt with on the spot).

8.2 Contents of delivery

8.2.1 Standard delivery rheometer

The Rheometer is delivered in a recyclable package
with the following content:

006-0072 HAAKE CaBER 1 instrument (includes
linear motorcable to control box)

006-0033 HAAKE CaBER 1 control box
222-1643 Measuring system 6mm (upper & lower plate)
222-0563 Data cable, instrument to control box, 25 pole
222-1322 RS232 cable, control box toPC, 25 to 9 pole

Connection cable conntry specific
087-0532 Fuse, 1.6 A for 230 V
087-1191 Fuse, 2.5 A for 115 V

222-1646 Data acquisiton card PCI for desktop PC +
software + Data cable control box to data
acquistion card

or
222-1645 Data acquisiton card PC-Card for notebook

PC + software + Data cable control box to
data acquistion card

098-5030 HAAKE CaBER 1 software on a CD
006-0075 Instruction manual HAAKE CaBER 1

8.2.2 Measuring system

Three different measuring systems, consisting of a lo-
wer and upper plate each, are available. Thesemeasu-
ring systems have plates with diameters of 4, 6 and 8
mm respectively.
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222-1642 Measuring system D = 4 mm
(upper and lower plate)

222-1643 Measuring system D = 6 mm
(upper and lower plate)

222-1644 Measuring system D = 8 mm
(upper and lower plate)

One set of 6 mm diameter plates is part of the standard
delivery of the instrument.

8.2.3 Application software

The instrument is delivered with the National Instru-
ments NI-DAQTM software (for Windows 95 / 98 / ME
/ NT4 / 2000 / XP) which is needed for communciation
with data acquisition card and running the HAAKE
CaBER 1 measurement software.

The HAAKE CaBER evaluation software does not
need the NI-DAQ software.
The instrument is controlled with the HAAKE CaBER
software for Windows 95 / 98 / ME / NT4 / 2000 / XP.

8.3 Space requirements

Good working conditions for a complete installation require
an area of about 2 x 0.6 meters. The bench should be rigid
with a level surface and easy to clean. The circulator used
for the temperature control of the rheometer should be lo-
cated on a separate bench or on the floor to avoid possible
mechanical oscillation when the highest accuracy is set on
the instrument.

8.4 Ambient conditions according to EN 61010

It is recommended to run tests in an air-conditioned room,
(T = approx. 23 C):
 indoors, max. 2000 meters above sea level,
 ambient temperature 15 ... 40 C,
 relative humidity max. 80% / 31C ( 50% / 40C)
 excess voltage category II, contamination level 2
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9. Functional elements

9.1 Measuring instrument

1

2

3

4

5

6 7

8

Fig. 5: Functional elements

1 Cover (fixed) for linear-motor
2 Sliding door (up-down) for measurement cell
3 Sliding covers (front-rear) for laser-micrometer
4 Measuring system, upper plate
5 Measuring system, lower plate
6 Micrometer screw
7 Sliding door (up-down) for micrometer screw
8 Adjustable feet
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9.2 Measuring instrument - rear

109 11 12 13

Fig. 6: Rear panel of the CaBER 1 instrument

9 Connection for measurement data 12 Connection for Inert gas

10 Water outlet 13 Connection for linear motor

11 Water inlet

9.3 Control box - rear

14

15

16 18

Motor
2xT 1.6 / 250 (230 V))

2xT 2.5 / 250 (115 V))

17

19
Fn--Signal Trigger

Fig. 7: Rear panel of the CaBER 1 control box

14 Connection for linear motor 17 Connection for measurement data

15 Connection for DAQ-Card 18 Mains switch with socket and fuses

16 RS232 interface connection 19 Fn--Signal and Trigger for Fn setup
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10. Installation

10.1 Install the software and hardware

The Haake CaBER 1 device is delivered with two separate
CD’s which provide the NI--DAQ card driver and the Haake
CaBER software. Please install all software elements on
your PC before running the instrument. It is strongly recom-
mended to perform the following steps in the order as listed
below.

10.1.1Install the National Instruments NI-DAQTM

driver software

The CaBER 1 is supplied as standard with a National Instru-
ments Data Acquisition card (NI--DAQ) in either PCI or PC--
Card format for use in a standard desktop PC or notebook
respectively.
After installing the NI--DAQ card start the PC again. The NI--
DAQ installer software now asks if you want to install the
documentation on your PC, there is no real need to do so.
You can now check if the NI--DAQ card is installed properly
by starting the Measurement & Automation Explorer soft-
ware. In this software open the Devices and Interfaces
folder, check that your device appears under Devices and In-
terfaces.

10.1.2 Install the NI-DAQ card

Insert the NI--DAQ driver CD in your PC’s CD--ROM drive.
The installation program should start automatically. If not,
run the setup.exe program from the CD root directory.
Please make sure that you install the correct software which
is related to your computer system:

 NI--DAQ 7.4.4 (Traditional legacy) for Windows XP

 NI--DAQ 7.5.0 (Traditional legacy) for Windows Vista
and Windows 7

Additionally you need the driver for the RS 232 Com Ports:
NI--VISA 5.0.2

To install the NI--DAQ software on a Windows XP computer
please perform the following steps:

1 Insert the NI--DAQ software CD, open the folder
”NI--DAQ 7.4.4” and start the setup program.

2 Chose the directory in which youwant to install the pro-
gram
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To install the NI--DAQ software on a Windows Vista or Win-
dows 7 PC please perform the following steps:

1 Insert the NI--DAQ software CD, open the folder
”NI--DAQ 7.5.0”, start the setup program and follow the
instructions in Fig. 8

Fig. 8: Installation -- instructions

Press ok and the Fig. 8 will appear:

Fig. 9: Installation -- instructions
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2 Chose a folder in which you want to install the image
data and press unzip. You can delete this image after
the installation is complete.

Fig. 10: Image installation successfully completed

After the image is built proceedwith the installation by press-
ing ok and the installation program of the NI--DAQ software
will start. Then press next to continue:

Fig. 11: Start of NI--DAQ -- software installation

3 Select the directory in which you want to install the NI--
DAQ software and continue the installation by pressing
next:
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Fig. 12: Directory selection for NI--DAQ -- software

4 For the CaBER instrument only the NI--DAQ device
driver and the NI--DAQ OPC Server need to be
installed. These two components are selected by de-
fault in the component--tree dialog, no manual selec-
tion of components is necessary (see Fig. 13). For that
reason you can directly proceed with the installation by
pressing next.

Fig. 13: Software components selection



Installation

26

5 Accept the license agreement and press next (see Fig. 14).

Fig. 14: Licence agreement

6 To avoid the breakup of the software installation by
Windows please confirm that you trust the software of
National Instruments Coorporation and continue the
installation procedure.

Fig. 15: Last steps of software installation

7 Please restart the PC when the installation of the soft-
ware is finished.
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10.1.3 Install the HAAKE CaBER 1 Software

The CaBER1 software is shipped on a single CD. Double
click the setup icon and follow the prompts. The install soft-
ware will also save an installer for the linear motor that is the
core of the CaBER1. This item will be saved below the cho-
sen CaBER directory but should not be needed unless the
user encounters problems with the motor. Once all of the
installation procedures has been completed, proceed to the
next section.
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10.2 Setting up the instrument

1 Lift the rheometer out of the package and place it on a
stable, level table.

2 In the base of the measuring instrument, there are four
feet which canbe screwed in or out for levelling the unit.

3 Upon completion of the preliminary visual levelling, ex-
act precision levelling can be carried out using a spirit
level placed on the glass plate.

10.3 Connecting up

10.3.1 Cable connections

The HAAKE CaBER 1 instrument and control box are con-
nected by two cables. The cable for the linear motor is at-
tached to the instrument and cannot be detached (for techni-
cal reasons), connect the plug at the other end of the cable
to the linear drive socket on the control box. The measure-
ment data sockets on the instrument and control box are
connected using the cable with 25 pole plugs at both end.

The RS232 socket on the control box should be connected
with the RS232 socket on your computer. The DAQ-Card
socket on the control box should be connected with the
socket on the NI-DAQ card in your PC using the 68 pin
shielded cable.

PC

Linear DriveLinear Motor

Instrument

Measurement
Data

Measurement Data

RS 232

DAQ-Card

RS 232

NI-DAQ Card

Control box

222-0563

222-1322

222-1646

222-1645

Fig. 16: Connection scheme
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10.3.2 Hose connection

The HAAKE CaBER 1 measuring cell can be temperature
controlled by connecting a suitable circulator to the nozzles
labelled In andOut at the back of the HAAKECaBER instru-
ment.

The nozzle labelled Inert gas at the back of the HAAKE
CaBER instrument can be used to flush the measurement
cell with an inert gas.

10.4 Mains supply

Only attach the unit to a main socket with a
grounded earth. Compare the local mains voltage
with the specifications written on the name plates
of the measuring instrument and the control unit.
Voltage deviations of  10% are permissible.

Mains cable and unit fuses:

Pull out the fuse holder from the mains socket and insert the
fuses according to your local mains voltage.

230V 2xT1.6A
100/115V 2xT2.5A

Reinsert the fuse holder andmake sure that the arrow on the
mains socket is opposite to the arrow on the fuse socket that
corresponds to your local mains voltage.

Use the mains cable according to your mains voltage.

Fig. 17: Mains socket

230V

115V
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10.5 Installing the normal force option

10.5.1 The HAAKE CaBER 1 normal force option

The CaBER 1 normal force option (order no. 222--2021 for-
merly 603--0469) consists of a Kistler 5015A charge meter
(Fig. 18a), a Kistler type 9215 force sensor (Fig. 18b) plus
cable, an adapter shaft (603--0466) (Fig. 18c) for mounting
the Kistler force sensor in the CaBER 1 and two cables, a
normal force signal cable and a trigger signal cable.

Fig. 18a: Kistler 5015A charge meter Fig. 18b: Kistler 9218 force sensor Fig. 18c: adapter shaft

Fig. 18: Option normal force for HAAKE CaBER 1

In order to be able to use the CaBER 1 normal force option
theCaBERcontrol boxmust be equippedwith two extra con-
nectors (one for the normal force signal and one for the trig-
ger cable) which are shown in Fig 17.
In case a new CaBER 1 is ordered together with the normal
force option the CaBER control box will of course be
equipped with these two connectors.
In case the normal force option is ordered for a CaBER 1
which has already been delivered (without this option) the
CaBER 1 control will have to bemodified. For this it is neces-
sary to ship the control box to the factory in Karlsruhe, Ger-
many.

The CaBER 1 software version 4.511 or newer is needed for
operating the instrument.
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Installation (Hardware)

The adapter shaft parts A, B, C and D (only of one the parts
D is needed) and the Kistler force sensor (see Fig. 19a) have
to be assembled into one unit as shown in Fig. 19b.

Fig. 19a: Adapter shaft parts + force sensor Fig. 19b: Sensor mounted in adapter shaft

Fig. 19: The adapter shaft

After assembling the parts, the complete unit (as shown in fig.
19b) can NOT be mounted in the CaBER 1 because the BNC
connector at the end of green cablewill not fit through themount-
ing hole for the adapter shaft in the CaBER 1, therefore the as-
sembly must be performed as described below.

1 The main hood consisting of two parts, which covers
the laser micrometer, is easily removed by lifting the
two hood parts from the frame after removing the two
3 mm hex bolts at the front (see Fig. 20a) and the two
3mmhex bolts at the rear (see Fig. 20b). For removing
the two rear bolts, the use of a 3 mm hex or Allen key
tool with a length of at least 20 cm is recommended,
see fig 20a. In order to gain access to the two rear bolts
the hood has to be in the rear position.

The two hood parts must both be removed at the
same time. The two hood parts can only be separa-
ted after they are removed!

Fig. 20

Fig. 20a: Two 3 mm hex bolts on the front. Fig. 20b: Two 3 mm hex bolts on the rear.
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2 The lower sliding door is easily removed by spreading
the rear part (see the arrows in Fig. 20c) and pulling it
out of the brass slide guides.

Fig. 20c: Remove the lower sliding door. Fig. 20d: Lower sliding door removed.

3 In order to remove the lower cover plate two screws at
the side (see Fig. 21a) and one screw at the top (see
Fig. 21b) must be removed. After the screws are re-
moved the cover plate can be removed with some
slight bending and wiggling.

Fig. 21:

Fig. 21a: Remove screws at the side. Fig. 21b: Remove top screw.

4 In order to remove the lower shaft, first remove the up-
per and lower measuring plates (see arrow A in Fig.
22a), then loosen the two 2 mm hex screws which hold
the lower shaft on the micrometer screw shaft (see ar-
row B in Fig. 22a), then loosen the 4mmhex bolt which
clamps the micrometer screw flange (see arrow C in
Fig. 22a). The lower shaft can now be removed by slid-
ing it downwards out of the hole.
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Fig. 22:

Fig. 22a: Remove original lower shaft.
Fig. 22b: The original lower shaft +
measuring plate

A

B

C

5 Insert the adapter shaft (part B in Fig. 19a) in the hole
(see Fig 23a), then slide the small connector of the
green normal force signal cable through the adapter
shaft (see Fig 23b). It is recommended to guide the
cable through the hole in the CaBER 1 base plate (see
Fig. 23c, Fig. 23d) in order to prevent problemswith the
lower sliding door.

Fig. 23:

Fig. 23a: Insert the adapter shaft. Fig. 23b: Insert the sensor cable.

A

B

Fig. 23c: Guide cable through base plate hole. Fig. 23d: Guide cable through base plate hole.

A

B
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Connect (screw) the normal force sensor to the green nor-
mal force cable and screw the adapter ring (part C in Fig.
19a) on the normal force sensor (see Fig. 23e).
Then mount (screw) the normal force sensor plus adapter
ring into the adapter shaft (seeFig. 23f). Pleasenote that due
to long sensor cable it is easier to hold the sensor and
adapter ring assembly and screw (rotate) the adapter shaft!

Fig. 23e: Mount the upper adpter ring. Fig. 23f: Mount the sensor inthe shaft.

A

B

Guide the green cable through the slit in the shaft andmount
(screw) the lower adapter ring (part A in Fig. 19a) onto the
lower end of the adapter shaft (see Fig. 23g) make sure not
to damage the green normal force sensor signal cable.

Put the micrometer screw back in place and tighten the
clamping bolt (see arrow A in Fig. 23h). Then tighten the
screws which clamp the adapter shaft on themicrometer us-
ing a small screwdriver (see arrow B in Fig. 23h).

Fig. 23g: Mount the lower adapter ring. Fig. 23h: Tighten the bolts.

A

B

6 Replace the lower cover plate, then the sliding door
and then the main hood. For this please see steps 3 to
1 above.

Please make sure not to damage the cable when mov-
ing the lower sliding door downwards when the cable is
not guided through the hole in the instruments base
plate.
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7 Connect the BNC connector of the green force sensor
signal cable to the ”Sensor charge” BNC connector on
the back of the Kistler charge meter (this cable is not
shown in Fig. 24). Then connect the short black BNC
cable to the ”Output” connector on the back of the Kis-
tler chargemeter and the ”Fn--Signal” connector on the
back of the CaBER 1 control box.
Connect the trigger cable (green connector and black
connector) to the ”Remote Control” connector on the
back of the Kistler charge meter and to the ”Trigger”
connector on the back of the CaBER 1 control box.

A

B

Fig. 24: Signal and trigger cables

10.6 Switching on

Operating the single switch at the back of the control box
should illuminate the green power indicator on the front
panel . The linear motor will now more the upper plate down
and up again and then stop moving. Some noise may be au-
dible from the linear motor (a slight ”hiss” or ”hum”). This is
normal. At this point the laser micrometer is switched on.

For good laboratory practice, do not look into the
square apeture of the micrometer at any time-even if
you think it is off.

After switching on the instrument always wait 15 min-
utes before starting any measurement. This time is
needed for the laser micrometer to ”warm-up” and
reach a stable diameter measurement value.
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11. The HAAKE CaBER 1 control software

11.1 Introduction

The operation of the HAAKE CaBER 1 software is intended
to be simple and intuitive. This chapter will lead the user
through the various functions of the HAAKE CaBER 1 con-
trol software and give some guidance in terms of run-times,
options, and the applicability of the models available. Note
that when a help button is visible on the panel there is run-
time context sensitive help available (although at the time of
press this function is somewhat limited).
11.2 Start-up

On start-up the HAAKE CaBER 1 software performs some
diagnostics and initial setup routines that are invisible to the
user. During this time a ”splash” screen is shown, and then
the instrument determines the system geometry (see Fig.
25). When this cycle is finished the HAAKE CaBER 1 front
panel is opened as shown in Fig. 26.

Fig. 25: Determinig system geometry

When the DAQ-card and or the linear motor are not detected
by the software a message will be displayed in the splash
and the software will run in ”demo” mode.

11.3 Front panel

Fig. 26: The HAAKE CaBER 1 front panel
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All functions of theCaBER1 software is reached via the front
panel which is displayed in Fig. 26. In the following sections
the operation software will be explained in order of the front
panel menus from the left to right hand side. Themenus with
the options available to the user are shown in Fig. 27.

Fig. 27: The main menu

11.4 File menu

The Quit function (Fig. 27) allows the user to close the soft-
ware. Note that the experimental software in general runs in
onewindow. The analysis software is a separate window. Al-
though all windows (apart from pop--up options) can bemini-
mized, none of them can be closed by pressing the ”X” sym-
bol in the top right corner.

11.5 Configuration menu

Fig. 27 presents the functions available in this menu.

11.5.1 Define geometry

Thiswindow (Fig. 27) allows the user to adjust and define the
configuration of the CaBER 1 measuring system. Note that
the only adjustable parameter in this screen is the plate di-
ameter.
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Fig. 28: Define Geometry

Click on the “Determine systemgeometry” button to have the
software determine the plate configuration and then deter-
mine the positions of the laser beam and bottom plate. Any
time the bottom plate is moved this routine should be run.

The linear motor will first determine the “home” position of
the upper plate.

Fig. 29: Monitoring of the motor homing function

OK will save the geometry data listed in the “caber_con-
fig.cfg” file in the HAAKE CaBER 1 program directory.

Cancel will restore the old values.
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11.5.2 Calibrations

The calibration status of the instrument can be viewed by ac-
cessing the calibration menu as shown in Fig. 30. This menu
also allows the instrumentmicrometer and temperature sen-
sors to be recalibrated independently. The Calibration status
window is shown in Fig. 30. This window shows the calibra-
tion factors currently in use andwhen the instrumentwas last
calibrated. If the instrument has been calibrated since the
softwarewas last started, this information is shown also. The
micrometer and temperature sensors can be calibrated from
this window as well.

Fig. 30: Calibration status

11.5.3 Define general options

The define general options function allows the user to select
a number of options. Fig. 31 presents these options as they
appear by default.
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Force Analysis after save: Forces the software to start the
analysis package after every measurement.

Fig. 31: General options

Automatically zero micrometer: Every time a measurement
is taken the micrometer voltage will be zeroed if this option
is checked.

11.5.4 Hardware setup

This window (Fig. 32) allows the setup of the instrument
(specifically the data acquisition card) to be verified. Depen-
ding on which DAQ card is being used this option may show
slightly different parameters that are automatically selected
by the software. The only user adjustable parameter is the
device number, which will normally be 1 unless there are
other NI-DAQ cards present. This value should be consi-
stent with the device number in the National Instruments
”Measurement Explorer” installed with the card.

Fig. 32: Hardware setup
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11.5.5 Check rheometer output
Clicking the check rheometer output command will open the
window shown in Fig. 33. This window allows the raw signals
from the instrument to be examined and simple linear motor
motions to be performed. This section should not normally
be required and is intended to be used as a diagnostics
screen if you are having problems with the instrument.
In case of any problems with the micrometer output first
make sure that nothing is blocking the laser beam. For that
reason please turn the micrometer screw in its lowest posi-
tion an check the rheometer output once again. If the rheom-
eter output still shows bad values the laser beam has to be
readjusted. To perform this first remove the small cover at
the right front side of theCaBER. Then turn the screwbehind
that cover carefully with a small screwdriver until themicrom-
eter output is around 4.95 V.

Fig. 33: Check rheometer output
11.6 Measurement menu

Operational details of themeasurement options will be given
in the next chapter.
11.6.1 Back off motor for cleaning
This command allows the user to back off the upper plate to
the home position. No other functions are active while the
upper plate is backed off.

11.6.2 Operator identification and Sample identification
Clicking one of these two commands will open the Identifica-
tion dialog (see Fig. 34) with the corresponding tab. The in-
formation on the Operator tab is saved and will be restored
when restarting the software. All of the information entered
in this dialog is saved in the HAAKE CaBER 1 data files.
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By pressing the sample clip all information about the sample
can be entered. As shown in the introduction, the surface
tension is used to calculate the extensional viscosity. Addi-
tionally, for Newtonian materials, one of the fitting models
yields the capillary velocity which is the ratio of the surface
tension to the viscosity. If the surface tension is entered into
the software, the viscosity can be reported.

Fig. 34: Sample and Operator identification
11.6.3 Define stretch profile
The linear motor of the HAAKE CaBER 1 can be set to use
three different ”Stretch” profiles currently. In all cases the dis-
tance moved (d) relative to a reference distance (d0) is de-
fined by the geometry of the HAAKE CaBER 1 (i.e. the posi-
tion of the lower plate) and is not an adjustable parameter in
this menu. The time requested is scaled against a reference
stretch time of 20 ms (t0). The stretch options are ”Linear”,
”Cushioned Strike” and ”Exponential” (See Fig. 35):

Fig. 35: Stretch Profile Options
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Linear:
A simple linear motion of the form

d(t) = ( d / do ) ( t / to )
The strike time, or step strain deformation rate, can be ad-
justed for two reasons. First and foremost, the stretch rate
has to be fast enough to finish stretching the fluid before cap-
illary forces cause it to breakup, in order to get some mea-
surements of the breakup. For a lower viscosity material, a
fast strike time should be used. Secondly, the stretch rate
can influence the breakup kinetics of complex non--Newto-
nian materials, much like non--Newtonian materials have a
shear rate dependence. In order to explore material re-
sponses to different deformation histories, a researcher will
often adjust the strike time.
Please note that the strike time does not influence the strain
or strain rate in the sample. The actual extensional flow that
ismeasured by theHAAKECaBER1 is driven by the sample
properties only. This is in contrast to rotational rheometry,
where the flow of the fluid is directly influenced by the me-
chanical deformation force that is applied to the fluid.

Exponential:
An exponentially accelerating curve, where the stretch time
and the time constant are defined by the user, in the form

d(t) = ( d / do ) ( 1--eat ) ( 1--eato ).

Cushioned Strike:
A fundamentally linear motion at the fastest strike time avail-
able (approximately 20 ms) but with an exponential decel-
eration at the end of the motion to reduce problems caused
by fast deceleration.

11.6.4 Define single measurement

The tests available to the user of the HAAKE CaBER 1 unit
drop broadly into two categories, namely ”batch” measure-
ment and ”single” measurement. The batch tests will be
dealt with later in sections 10.6.6 and 10.6.7. Themost com-
mon testing protocol will usually be based on the ”single”
measurement.
Within the single measurement option the user has two
choices (Real-Time and High-Speed) that will influence the
experimental parameters chosen. The Real-Time mode
presents the data as it is collected. Formost fluids this is per-
fectly adequate and allows the user to monitor the experi-
ment as it evolves. However for some fluids that break-up
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quickly (less than 0.5 s) theHigh-Speedmodeallows amuch
faster sampling rate to be used. High-Speed does not refer
to the plate motion, but to the sample rate. In this mode the
user must choose an experiment length and sample rate.
Fig. 36 shows the dialogue with which the user is presented.

Fig. 36: Options for “single” measurement modes

In all cases the user can choose a number of post-data
collection processing options:

Reduce data-set size allows the software to remove redun-
dant data (this process is performed by knowing the start
time accurately and determining the end of the data through
changes based on the final data observed;

Remove redundant data ”trims” the data by removing data
where the rate of change of the diameter is slowest. In effect
this option ”resamples” the data with a varying time step,
maximizing the data density for fast varying diameters.

Allow Time-Rezeroing uses the known stretch time of the
motor to zero time at the point where themotor stoppedmov-
ing. In principle it is only the data beyond this point that is
useful in the HAAKE CaBER 1 experiment.

11.6.5 Run single measurement

The experimental parameters chosen in the previous sec-
tion are used when the ”run single measurement” option is
chosen. An experiment is performed by following the
prompts. As soon as the experiment is selected, the sample
identification pop-up window appears unless it has been de-
selected. Next, the motor moves the plates to their initial
position and then prompts the user to release the plates. At
this point (and with the plates at their initial gap) the user
should load their sample. For more information on this sub-
ject see the next chapter.
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11.6.6 Define batch measurement

The batch measurement experiment is intended to allow the
study of time-evolving samples. However, care should be
takenwith thesematerials since the air/fluid interface is often
the point at which the material is changing fastest (in evapo-
ration for example). The test assumes that the fluid does not
drain away, and that the initial liquid ”column” can be reliably
reformed. In this setup dialogue the user must choose a pe-
riod of time for both the drainage and rest steps. They must
also choose a number of cycles. All of these values must be
self-consistent (inconsistencies are indicated by thewarning
texts). The software chooses a data rate suitable to generate
1000 points during the drainage time stated by the user. Fig.
37 displays the dialogue for this measurement option.

Make sure that the sample volume does not change
between the single tests of the batch series. Otherwise
the collected data is not reproducible.

Fig. 37: Defining options for batch measurement.

11.6.7 Run batch measurement

This section runs the batchmeasurement test. Much like the
single experiment test the user is guided by prompts to per-
form the experiment. As before the fluid is loaded once the
plates are in their initial position.

11.7 Analysis menu

This menu runs the analysis package. This module can also
be reached from the Windows start menu. More details of
this software will be given in the next chapter.

11.8 Help menu

This menu accesses the About and Help options for the
HAAKE CaBER 1 software. If you need to find the software
version number please check here.
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12. The HAAKE CaBER 1 analysis software

12.1 Introduction

The HAAKE CaBER 1 analysis program can be run either
from the HAAKE CaBER 1 control program by choosing the
analysis package from the analysis menu, or independently
from the start menu.

In some respects the raw data obtained by the HAAKE
CaBER 1 can provide much information about the fluid on
its own.However, aswith any rheometer, reprocessing of the
data adds considerably to its value. The analysis package
can be considered to operate in two ways:

 Determination of a model fit to the capillary data. As
with any rheometer, the raw data can be processed by
fitting it to a model, thus yielding the parameters of a
constitutive equation. Formany fluids this can be extre-
mely powerful, and can clarify the behavior of the fluid
quickly and easily. Naturally, care must be taken when
following this approach because many models can fit
data reasonably well, but yield physically irrelevant pa-
rameters. For more details of the actual theory behind
these models please see the literature references at
the end of this manual.

 Generate a model independent interpretation of the
fluid’s behavior by producing an ”apparent” extensional
viscosity. Although this interpretation does not return a
single value parameter, and bundles all effects such as
elasticity and viscosity into a single curve, it can be in-
valuable for studying complex fluids. The theory behind
this plot is also discussed in the following section.

The HAAKE CaBER 1 analysis software screen is divided
into four sections:
The graph section, the legend, the model parameter section
and the program dialogs. These sections can be seen in Fig.
38 and are described in the following paragraphs.
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Fig. 38: Analysis package main screen

12.2 The graph section

The main section along the bottom of the screen is the data
view graph. Note that there are three tabs on this section, al-
lowing the user to access three different views of the data.
The first view shows the raw data for all of the loaded files.
The second tab option allows viewing of the normalized
data. Note that this data is normalized to an initial diameter
that depends on the model used. The final tab shows the
data in the form of an apparent extensional viscosity versus
strain plot. Note that the currently active file is always the first
file on the right hand legend. If you wish to switch active files,
you must select a new file on the menu.

12.3 The legend section

The legend for the graphs is shown in the top right of the
analysis window. Below the legend there is a drop down list
which is used to select the active data file.

12.4 The graph parameter section

The graph parameters are displayed in the top center sec-
tion. It allows the user to change the axis scaling of each axis
in each of the four possible graphs separately.
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Note that the software adjusts most parameters dynamically
but will only recalculate the model fit after the ”Refit” button
has been slected. For large data files, or complicated behav-
iors, this process may not be instantaneous. If the user hits
a button and gets a ”wait” response, please be patient while
the software completes the previous request. The back-
ground model fitting resamples the data and uses a non-
linear fit to obtain the best model agreement. It also recasts
the data to ease the processing load.

12.5 The model parameter and fitting section

The top of this section, placed in the upper left of the display,
allows the user the choice of the fitting model. The model is
only fitted between the limits defined by the user in the graph.
To designate this limits the cursors can be moved manually
using the mouse cursor. Finally, if the use default limits but-
ton is pressed the software defines the position of these cur-
sors automatically based on the surface tension value and
the last data point. The model parameters derived by the
software are displayed in the upper left section. Certain pa-
rameterswill not be visible if they are not relevant for the cho-
sen model fit, other parameters are common to all fits, in-
cluding surface tension and time--to--breakup. The calcu-
lated break--up time is the break--up time as defined by the
model fit. This value does not always correspond to the ex-
perimental breakup time which is defined by the last data
point of the chosen data set. The parameters ”shear viscos-
ity” and surface tension can be changed in the options part
of the analysis menu placed in the upper menu bar which will
be explained later. The user always has to use the ”Refit/re-
fresh” button to refresh the display or to force a recalculation.
In this section the user also can return to the default limits by
pressing the corresponding button and either shear viscosity
or filament diameter can be chosen as the relevant fitting pa-
rameter.

12.6 The menu bar

Anoverviewof themenubarwhich contains the file, the view,
the analysis and the help dialogs is displayed in Fig. 39.
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Fig. 39: The menu bar

12.6.1 Open
By choosing this menu point one ormoremeasurement data
sets can be selected and loaded from a folder. Note that the
latest file is always placed at the top of the file list and there-
fore becomes the ”active” file.

12.6.2 Remove
The data files which should be removed can be selected and
the files will be removed from the graphs list and also from
the graph display.
12.6.3 Save As

After finishing the work with a data set it can be saved to
folder.

12.6.4 Save as Excel Workspace

The data set can also be saved as Excel file by selecting this
option from the file menu.

12.6.5 Report
This button generates an HTML based report of the model
fit, the returned parameters and the three graphs. The de-
fault name is the sameas theHAAKECaBER1 text file. Note
that this HTML file has a link to the HAAKE CaBER 1 text file
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and saves the graph images in the same directory. Conse-
quently if youwish tomoveor copy the report to another loca-
tion you must move all of these files together.

12.6.6 Exit
Leave the program. The user will be asked if they wish to
save the data file. This is only the active file. The normalized
diameter values and the apparent extensional viscosity data
will be saved in this file.

12.6.7 The view menu

In this menu the user can change the graph legend. Also
additional about the selected data set will be provided.

12.6.8 Complete Graph Legend

After activating this submenu a complete graph list of all
loaded data files will appear. Left click on the symbols of a
graph will open a small window where all properties of the
graph can be changed.

12.6.9 File Header

Allows the user to view the text header of the saved file. This
header contains all experimental parameters (including cal-
ibrations).

12.6.10 View Table

Shows a table which includes the measurement data time
and diameter and also the from the measurement data de-
rived values for strain, strain rate and apparent elongational
viscosity.

12.6.11 Model information
Provides additional information about the results derived
from the applied flow model.
12.6.12 Analysis

In this menu some additional setups for analyzing the data
set can be made.

12.6.13 Trim Data
In some cases the automatic file handling can leave redun-
dant data. This option allows the user to delete redundant
data. Note that this only affects the data file inmemory there-
fore to preserve these changes the user will have to resave
the data file.

12.6.14 Calculate Average
The measurement data and the derived values will be aver-
aged over a certain set of data points which can be defined
in the options submenu below.



Software

51

12.6.15 Batch File Analysis

If the user has generated a file using the batch process op-
tion this section allows some simple multiple file analyses to
be performed.

12.6.16 Options

This submenu provides different calculation and plotting op-
tions which can be changed.

12.6.17 Calculation options

In thismenu the user can select the viscosity prefactor by se-
lecting the model which should be used to fit the Newtonian
data curve. Additional information will be provided be mov-
ing the mouse the arrows which will be used to choose the
model. The user can also select the reference for normaliz-
ing the diameter. Additionally the adjustable prefactor of the
selected model can be activated and the data can be re-
duced by adjust the parameters for averaging the data
points.

Below the calculation options the fluid properties shear vis-
cosity and density which are necessary for further calcula-
tions can be changed.

The user can change someadditional plot settings by chang-
ing the plotting options which are self explaining and won’t
be discussed in detail in this manual.

12.6.18 Help

If this menu is selected the information about the current
software version will appear.
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13. Operating the instruments

13.1 Introduction

Performing an extensional rheology experiment using the
HAAKE CaBER is extremely easy, not much more complex
than the ”thumb-and-forefinger” test one would use to deter-
mine how ”stringy” a fluid is. However, to reliably and repro-
ducibly measure the extensional rheology of a fluid takes
some care. The operation of the software during a test has
already been described above. Here we will discuss more
the tips and tricks available to the user to optimize their ex-
periments.

13.2 Sample loading

The very best way to load a sample is through the hole pro-
vided in the top plate. This allows consistent loading and pro-
tects the sample as much as possible from the environment.
However for (high) viscous fluids this may be difficult. An al-
ternative approach is to pipette the fluid in from the side filling
from the top plate. As more fluid is pipetted in it collects as
a suspended bead, wetting to the edges of the top plate until
a large enough mass is present to force it to bridge the gap.

Try to ensure that the gap between the plates is fully filled,
but that the plate sides are completely dry. The theory as-
sumes that the fluid is pinned at the plate edges, with a no--
slip boundary condition, and that there is no flow over the
edges of the plates. Although in fact the HAAKE CaBER can
be remarkably tolerant of these influences, for consistency
they are best avoided. See Fig. 40.

If possible, always allow the sample to relax at least as long
as the break-up time. This is particularly important for highly
elastic fluids where the general rule of thumb is five times the
relaxation time.

Ensure there are no bubbles in the sample and, if possible,
it is totally homogeneous. Remember that the experimental
length scale becomes extremely small as the diameter thins
to breakup, so any particles on the order of 10 mm result in
the assumed continuum fluid is no longer true. See Fig. 40.
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Good sample

Bubbles in Sample Underfilled Sample

Overflowing sample

Fig. 40: Examples of sample loading

Remember that as the filament thins the surface area rela-
tive to the volume increases inversely with the radius. There-
fore the filament can be very susceptible to surface evapora-
tion.

In addition new surface is being generated very rapidly ini-
tially during testing and it is possible that surface active spe-
cies do not have time to fully equilibrate. This will result in a
time-varying surface tension which is difficult to account for
in the HAAKE CaBER 1 experiments.

As with any rheometer it is worth taking time to refine the
loading technique to maximize the value of the data gener-
ated by the HAAKE CaBER 1.
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13.3 How to perform a measurement:

1 Turn on the instrument and start the HAAKE CaBER 1
Software.

2 Check the geometrical parameters and adjust the final
gap if necessary. Please note that after every change
of the final gap the geometry has to be redefined (Con-
figuration --> Define Geometry)

3 Choose the test modus in the Experiments menu, the
upper plate will drive into the initial position.

4 The very best way to load the sample is through the
hole provided in the top plate by using an inject
(V = 2 ml) and a needle ( d = 0.8 mm). This allows con-
sistent flowing and protects the sample as much as
possible from the environment. However for (high) vis-
cous fluids this may be difficult.
An alternative approach is to inject the fluid by placing
the needle on the top plate. As more fluid is injected in
it collects as a suspended bead, wetting the edges of
the top plate until a large enough mass is present to
force it to bridge the gap.
Try to ensure that the gap between the plates is com-
pletly filled, but that the plate sides are completely dry.
You can achieve a good sample filling by slowly turning
the upper measuring system while slowly injecting the
fluid onto the upper plate. Make sure that the sample
is free of air bubbles and that the sample is totally ho-
mogeneous.
Always allow the sample to relax at least as long as the
break--up time.
Rember that the experimental lengh scale becomes
extremely ...no further changes

5 Insert the operator-- sample and additional notes into
the designated text fields and start the experiment by
pressing the Test -- button. The plates will be separated
und the time evolution of the midpoint diameter will be
measured by the IR -- laser.

6 After performing the experiment clean the device for
the next sample.
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13.4 Adjusting the final gap

By adjusting the bottom plate vertically using themicrometer
screw you can adjust the final gap that is applied by the linear
motor.
Themaximumdistance is 40mm. For fluid samples the used
final distance is normally in the range of 10 to 20 mm.

To adjust the final gap to x mm proceed as follows:

1 In the HAAKE CaBER 1 control software go to the
Check rheometer output window. The micrometer sig-
nal in the output window should be 0.0 mm.

2 Turn the micrometer screw upwards until the microme-
ter signal doesn’t change anymore, now turn the mi-
crometer slowly downwards until the signal starts to
change significantly and proportional with the move-
ment of the screw.

3 The lower plate is now at the upper edge of the laser--
micrometer beam which is 1 mm thick.

4 Now turn the micrometer screw downwards by
x/2+0.5 mm to set the final gap.

5 Run the Define geometry routine.

The exact final gap will now be determined by the software.
In most cases it will not exactly be the value x because the
upper edge of the laser-micrometer beam can not deter-
mined exactly using the method above.

13.5 Test philosophy

Because of hardware limitations there is a fundamental
choice to be made between fast instrument response and
the ability to track the evolution of the filament. Normally one
would like to be able to see the evolution of the filament in
real time as it thins, however this is only practical for fila-
ments with lifetimes of greater than approximately 0.5 s
(roughly relating to shear viscosities of around 1 Pa.s).
This is due to the finite ”foreground” sample rate limitation of
around 100 Hz. For faster breaking filaments, the user can
select any sample rate up to 100 kHz for any time period
(with a limit of approximately 32.000 points) to allow the cap-
ture of very fast breakup kinetics.

For this ”fast” test, all of the post-collection processing steps
outlined above are recommended to reduce data-set sizes.
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Note of course that although the hardware can capture this
quantity of data, the processing time required is usually pro-
hibitive and unnecessary since the rate of diameter change
is rarely large compared to the total breakup time.

13.6 Transparent and opaque samples

A common question asked in relation to the HAAKECaBER
1 is how the instrument handles varying refractive index be-
tween samples. It is intuitively obvious that the amount of
light reaching the detector (and thus the apparent diameter
seen) must depend strongly on the transparency of the fluid
used. If the HAAKE CaBER 1 were measuring large fila-
ments this would, of course, be a serious problem.
However in practice it turns out that for the configuration
used here the problem is insignificant at diameters of less
than approximately 1 mm. Serendipitously it is also in this
range that the filaments diameter is most governed by the
fluids extensional properties. Fig. 41 supports this point. This
effect occurs because although light shines through the
transparent samples, refraction at the highly curved inter-
face bends this light away from the detector. Consequently
the detector perceives shadow for either transparent or
opaque samples. Obviously the light that passes through the
center of the filament does reach the detector but this is only
a small proportion of the total.

Fig. 41: Simulation comparison of transparent to opaque samples. Perceived diameter
(left) and received intensity (right).
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13.7 Gravity and shear flow

It is recommended to use an initial plate gap of 3 mm when
using 6 mm diameter plates, thus giving an aspect ratio of 1
(L/R). This figure is chosen because of the mechanics of the
stretching. If the initial gap is too large then the initial column
of fluid takes on an hour-glass shape due to the influence of
gravity. This shape imposes a precondition on the fluid that
distorts the final filament, and thus the measured properties.
On the other hand, if the initial gap is too small then there is
a strong shear flow in the initial stretch (squeeze flow domi-
nates) which also preconditions the fluid in the flow. Neither
of these effects are desirable, but both can be minimized by
careful choice of the initial plate height.

Gravity also plays a part in the breakup of the filament after
the mechanical stretch is completed. Once the unstable
bridge is formed, there is normally a significant volume of
fluid at the top plate. The forces acting on the midpoint of the
filament during these initial moments are surface tension
driven, (which results in a flow away from the mid-point) and
gravity driven (resulting in a flow from the top to the bottom
plate). It is only after the filament gets thin and curved
enough (and hence the capillary forces high enough) that
gravity can no longer be deemed to be playing a part. In prac-
tice, for Newtonian fluids this transition point is at diameters
of around 700 m, depending on the surface tension. This
is also discussed in the chapter on the Analysis software.

13.8 High speed response

Two issues are encountered when attempting to study fast
breakup kinetics. The first is rheology-driven, and the sec-
ond is instrument related. In the first case for low viscosities
(< 100mPa.s) the fluid can beprone to breakup into droplets.
This phenomena can be reduced by careful adjustment of
the initial conditions but is often the limiting condition for very
low viscosity filament breakups. Thermo Fisher Scientific is
currently working on developing improved experimental pro-
tocols to allow access to these fascinatingmaterials. This ef-
fect is often seen in the HAAKE CaBER through the beam.
An example of such a data set can be seen in Fig. 25. Note
however that below a certain critical capillary number (i.e. ra-
tio of viscosity to surface tension) thesematerials will always
undergo non--ideal breakup due to inertial effects in the
fluids. These influences are still being studied in the rheology
literature.
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The second issue is related to the micrometer used in the in-
strument. At very fast sampling rates an exponential decay
will often be observed that persists for a few tens of millisec-
onds. This is not a rheological phenomena, and is instead an
instrument artifact. An example of such an experiment is
also shown in Fig. 42.

Fig. 42: Inertial droplet breakup; and b) short time response of detector.

13.9 Performing CaBER -- measurements with normal
force option

13.9.1 Operation

Hardware settings

It is necessary to perform some basic settings on the Kistler
5015A charge meter, which are described below. It is highly
recommended to read at least the chapters 4.4, 4.5.1, 5.3,
5.4 and 5.5 of the Kistler manual in order to get familiar with
the operation of the Kistler 5015A charge meter.

1. Sensor input and sensor sensitivity

-- The sensor input must be set to Charge, see the Kistler
manual chapter 4.5.1 on page 31.

-- The sensor Sensitivity must be set to the value which is
given on the plastic box in which the Kistler sensor is
delivered (see Fig. 38), see the Kistler manual chapter
4.5.1 on page 32 and chapter 5.4 on page 38.
Please note that each Kistler sensor has its individual
sensitivity value.
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-- The sensor sensitivity Unit must be set to the unit which is
given on the plastic box in which the Kistler sensor is
delivered (see Fig. 43), see the Kistler manual chapter 4.5.1
on page 32 and chapter 5.4 on page 38.

Fig. 43: Sensor Sensitivity value on sensor storage box

2. Voltage output scaling

The voltage output setting Output FS must be set to 10 V,
see the Kistler manual chapter 4.5.1, page 32 and chapter
5.5 on page 40.

3. Measuring range

The force Measuring range must be set according to the
maximum forces occurring in a measurement. See the
Kistler manual chapter 4.5.1 on page 31 and chapter 5.3 on
page 36 on how to set the measuring range. As a good
starting point for measurements on a unknown sample the
range can be set to 0.5 N in order not to overload the normal
force sensor.

4. Remote mode

On the Kistler charge meter a ”measurement cycle” must be
started before a measurement can be performed. This can
be done manually by pressing the Measure button on the
front panel or remotely controlled by another device using
the Remote connection on the back of the instrument. By
using the trigger cable (see above) the CaBER 1 software
will start a ”measurement cycle” just before the CaBER
measurements starts.

In order for the remote triggering to work the Control mode
of the Kistler charge meter has to be set to Remote. Chapter
5.7 (and chapter 4.4.2) of the Kistler manual describes how
to do this.
For manually testing the sensor it sometimes may be usefull
to switch the Control mode back to Local.
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Software settings

1. Activation of the force signal measurement

In order for the CaBER 1 software to be able to measure the
normal force signal the Force Sensor has to be selected for
the Accessory Channel in the Define General Options dialog
of the Configuration menu, see Fig. 44a and Fig. 44b below.

Fig. 44a: Configuration menu screenshot Fig. 44b: Define General Options
dialog screenshot
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2. Setting the sampling mode

The CaBER 1 software can only measure the normal force
signal when the option High--Speed Measurement is to
selected for the Sampling mode in the Define Measurement
Options dialog of the Measurement menu, see Fig. 45a and
Fig. 45b below.

Fig. 45a: Measurement menu screenshot Fig. 45b: Define Measurement Options dialog
screenshot
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3. Force signal scaling factor

The scaling factor for the Kistler normal signal must be
defined manually in the caber_config.cfg file. This file is
stored in the C:\Documents and Settings\All
Users\Application Data\Thermo\caber directory.
Since this file is a plain ASCII file the file can be opened and
edited with a simple editor like Notepad (which is part of
every Windows installation.

In this caber_config.cfg file the following linesmust be added
in the Caber calibration section, that is below the line [Caber
calibration]:
Force grad = 1.0
Force offset = 0.0

The values entered for Force grad and Force offset are use
in the following equation in theCaBER1software to calculate
the normal force value Fn in Newton from the Kistler normal
force signal Voltage in Volt.

Fn = Force grad * Voltage + Force offset

The value for Force offset should be set to 0.0. The value for
Force grad depends on the setting of the measurement
range on the Kistler instrument. The force grad value
corresponds to the overall scaling of the voltage output of the
Kistler 5015A charge meter and conveniently be read from
the lower line of the display. See Fig. 46, the red circled text
is the scaling of the voltage output. Typical values for use
with the CaBER normal force option are 5.0E--2 N/V and
smaller.

Fig. 46: Kistler 5015A display

Please note: In order for changes to the Force grad va-
lue in the caber_config.cfg file to have effect, the
CaBERcontrol software has to be exited and restarted!
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Running a measurement

Running a CaBER measurement with the normal force
option installed and active is not different from running a
normal CaBER measurement.

Please note that:

1 The High--Speed measurement sampling mode
should be used only (see above).

2 The Measure LED above the LCD display on the front
panel of the Kistler should light up during the actual
measurement. In case it does not please check the cor-
rect mounting of the trigger cable.

3 The normal force signal data is displayed in the graph
during the measurement.

4 The normal force signal data is (currently) NOT avail-
able in the CaBER 1 Analysis software at all (i.e. not in
a graph, not in a table andalso not in the exportedExcel
files).

5 The normal force signal data is (currently) only avail-
able in the CaBER *.cbr data files. Since these files are
stored in plain ASCII format, these files are easily im-
ported in Excel or any data viewing software.

When the measured normal force sensor is much lower as
the value defined by the measuring range (see above), the
measuring range value of the Kistler 5015A charge meter
should be lowered. See the Kistler manual chapter 4.5.1 on
page 31 and chapter 5.3 on page 36 on how to set the
measuring range. Do not forget to edit the Force grad value
in the caber_config.cfg file accordingly and to restart the
CaBER 1 software after that!

13.10 Calibrations

Two components on the CaBER device that should be
checked or calibrated on a monthly basis are the diameter
outputs from the micrometer and the temperatures from the
thermal probes. Although these have been shown to be very
stable over long periods we recommend performing the
basic calibration reasonably often. These calibration values
are saved in the file ”calc.txt” in the CaBER directory. In
addition the diameter calibration used is saved in each data
file generated by the instrument.
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13.10.1 Diameter calibration procedure

To perform the diameter calibration procedure we
recommend to use the CaBER Calibration Kit (Order--No.
222--1691) which was especially designed to calibrate the
HAAKECaBER1 laser--micrometer.With this Calibration Kit
the calibration is easily performed within 5 to 10 minutes.

13.10.2 Maintenance of the calibration tools

The pins (hardened material) of the calibration tools are
manufactured high-precisely.
Advisable safety measures against rust: oil the pins with
suitable means (e.g. Balistrol or machine oil).

13.10.3 Contents of the Calibration Kit

The CaBER Calibration Kit contains 7 ”wires” (0.03 mm to 3
mm) mounted in special clamps. The wires of each
Calibration Kit are individually calibrated, the diameters of
the wires are documented on a test certificate that comes
with the CaBER Calibration Kit, see for an example below.



Operating

65

13.10.4 Mechanical setup

1 Remove the lower measuring plate from the lower shaft.

2 Move the upper plate to its ”home” position by using the
button on the CaBER software main panel.

3 Lower the lower shaft by means of turning the (me-
chanical) micrometer screw until the shaft height is
around 13 mm.

4 Place one of the wire--clamps of the Calibration Kit on
the lower shaft so that the clamp rests on the lower part
of the HAAKE CaBER 1 measurement chamber (see
the photo) in order to check the height of the lower
shaft.

5 Adjust the height of the shaft if the clamp does not rest
on the lower part of the measurement chamber.

13.10.5 Performing the calibration

After the instrument has been powered--on for at least 15
minutes close the software and start it again (this is
necessary for the software to find the stable zero point of the
laser--micrometer).

The actual calibration is performed using the calibration
routines that are built into the CaBER software.

1 From the drop--down menu Configuration (in the main
menu) select Calibrations.
The main screen of the program will change to the Ca-
BER Calibration Status window.
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2 From the drop down menu Recalibrate (in the CaBER
Calibration Status window) select Diameter.
A new window Calibrate diameter will appear.

3 Amessage box sayingMake sure that nothing is block-
ing the micrometer indicates that the actual calibration
process can be started.
At this point make sure that there is nothing in the light
path of the laser micrometer, since the first calibration
point is at a diameter of D = 0.0 mm.

4 Enter 0.0 in the Next wire diameter [mm] edit field
(above the graph) and click on the Find calibration but-
ton.
The software will measure the micrometer voltage sig-
nal for a few seconds and plot a data point on the graph
when it is finished.

5 Place the clamp with the 0.03 mm calibration wire on
top of the lower shaft of the HAAKE CaBER 1.
Enter the actual diameter of that wire (see the test cer-
tificate that came with the calibration kit) in the Next
wire diameter [mm] edit field (above the graph) and
click on the Find calibration button.

The software will measure the micrometer voltage sig-
nal for a few seconds and plot a new data point on the
graph when it is finished.

Remove the clamp with the 0.03 mm calibration wire.

6 Repeat step 5 with the other 6 wires in order of increas-
ing diameters. Do not forget to enter the correct wire di-
ameter each time.
Work carefully, when you make a mistake, you have
start all over again!

7 After all 7 wires have been measured the graph should
look like this :
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Click on the Stop calibration and exit button.
A small message box asking Accept calibration ? will popup,
select Yes here.

8 Weare nowback on theCaBERCalibrationStatuswin-
dow. The software displays the result of the calibration
under Diameter on the main screen. These results are
automatically saved in the Caber_config.cfg file.

9 The calibration results should also be saved in a sepa-
rate calibration file: Select Calibration file from the File
drop downmenu (in theCaBERCalibration Statuswin-
dow). Then select the Export command to save the cal-
ibration data in a *.cal file.
The Import command in the same menu can be used
to import the calibration results stored in *.cal file back
into the software, i.e. into the caber_config.cfg file.

10 From the File menu select the command Return to
main screen to return to the mains screen of the soft-
ware. The diameter reading in the lower right corner
should now read 0.0  0.01mm (with nothing in the light
path of the laser micrometer!).

11 The calibration is now finished!
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13.11 CaBER 1 temperature calibration

13.11.1 Preparations for the calibration

1. For the calibration the following is needed:
-- Fluid bath circulator.
-- Two hoses to connect the circulator to the CaBER 1.
-- Digital thermometer with a very thin flat probe.

2. Install the HAAKE CaBER 1 and switch the instrument and
the computer on.

3. Connect the circulator to the CaBER 1 using the hoses.

4. Switch the circulator on.

13.11.2 Temperature calibration

The actual calibration is performed using the calibration
routines that are built into the CaBER 1 software.

12 From the drop--down menu Configuration (in the main
menu) select Calibrations.
The main screen of the program will change to the
CaBER Calibration Status window.

13 From the drop down menu Recalibrate (in the CaBER
Calibration Status window) select Temperature.
A new window Calibrate temperature will appear.

14 Set the the circulator to a temperature at least 5 C
lower than the lowest temperature you want to mea-
sure your samples at with the CaBER 1.

Wait for the Current Sensor Temperature value (this is
the temperature measured by the temperature sensor
build into the CaBER 1) to reach a constant value. This
can take a while.

15 Measure the temperature between the upper and lower
plate in the CaBER 1 with the digital thermometer.

Enter the measured value in the Input Real Tempera-
ture [C] edit field (above the graph) and click on the
Measure Temperature button.

16 The software will now measure the temperature using
the temperature sensor build into theCaBER1and plot
a data point on the graph when it is finished.
The software will also enter two values in the Look--up
Table in the lower right corner of the Calibrate Temper-



Operating

69

ature window. The upper value in this table is the value
measured by the temperature sensor build into the Ca-
BER1. the lower value is the offset value needed to cal-
culate the correct temperature (as measured with the
digital thermometer).

17 Now set the circulator to the next temperature youwant
to calibrate at.
Wait for the Current Sensor Temperature value (this is
the temperature measured by the temperature sensor
build into the CaBER 1) to reach a constant value. This
can take a while.

18 Repeat steps 4 to 6 with increasing temperatures until
you reach a temperature that is at least 5 Chigher than
the highest temperature you want to measure your
samples at with theCaBER1. For normal accuracy use
temperature steps of 10.0 C.
Do not forget to enter the correct temperature as mea-
sured with the digital thermometer each time.
Work carefully, when you make a mistake, you have
start all over again!

19 After you have measured at a few temperatures the
graph should look like this :
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Click on the Stop Calibration and Exit button.
A small message box asking Accept calibration ? will popup,
select Yes here.

20 Weare nowback on theCaBERCalibrationStatuswin-
dow. The software displays the result of the calibration
in the Temperature offset table in the lower right corner
of the main screen. These results are automatically
saved in the Caber_config.cfg file.

21 The calibration results should also be saved in a sepa-
rate calibration file: Select Calibration file from the File
drop downmenu (in theCaBERCalibration Statuswin-
dow). Then select the Export command to save the cal-
ibration data in a *.cal file.

The Import command in the same menu can be used
to import the calibration results stored in *.cal file back
into the software, i.e. into the caber_config.cfg file.

22 From the File menu select the command Return to
main screen to return to the main screen of the soft-
ware. The temperature reading in the lower right corner
should now correspond to the temperature measured
with the digital thermometer.

23 The calibration is now finished!
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14. The theory of extensional rheometry

As described briefly in the introduction, a number of authors
have published work using variations on the filament brea-
kup rheometer where onemonitors the breakup dynamics of
a fluid thread (Bazilevskii et al., 1990, Bazilevskii et al., 1997,
Stelter et al., 2000, Liang and Mackley, 1994, McKinley and
Tripathi, 2000). Academic research in this area has focused
principally on model fluids (e.g. constant viscosity Newto-
nian oils and dilute homopolymer polymer solutions) that can
be described by simple constitutivemodels such as theMax-
well model. This restriction on the choice of test materials fa-
cilitates extraction of material properties since the dynamics
of the capillary thinning are simple enough to be analyzed
quantitatively; however, it clearly constrains the commercial
viability of such a device. In the following sections we shall
outline a little of the background to the HAAKE CaBER 1 ex-
periment. The user is encouraged to refer to the references
for more details (see Appendix V).

14.1 Newtonian fluids

Many of the details pertaining to this discussion are available
in a recent paper byMcKinley and Tripathi (McKinley andTri-
pathi, 2000). In the filament rheometer the sample is
constrained axially between two smooth coaxial disks of ra-
dius Ro and forms a liquid bridge configuration that is nomi-
nally cylindrical in shape (see Fig. 26(a)). The precise shape
is determined by satisfying the Young-Laplace equation and
is a function of the aspect ratio  = 2Lo / Do, the volume of
fluid contained between the plates and the gravitational body
force and surface tension (Szabo, 1997, Slobozhanin and
Perales, 1993).

In the HAAKE CaBER 1, the plates separate rapidly over a
short distance. In this respect the device functions as the ex-
tensional equivalent of the step--strain test in conventional
rheometry. A liquid bridge is therefore generated which has
a distinctly necked but axisymmetric configuration (cf. Fig.
47(b) and 47(c)). Once this new unstable necked configura-
tion has been established (see Fig. 47(c,d and e)), the mid-
point diameter Dmid(t) is monitored as a function of time us-
ing the laser micrometer (or some other approach). If inertial
effects and viscous stresses in the external fluid are negligi-
ble then this necked configuration is symmetric about the
midplane; however, if these effects become significant, then
more complex shapes can arise (Gaudet et al., 1996, Berg
et al., 1994).
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Fig. 47: Five schematic images of the axially symmetric plates in (a) closed, (b) during
stretching, (c) immediately after stretching ceased, (d) during capillary drainage, (e) after
breakup configurations.

The dynamics of the drainage of the thin fluid column and the
ultimate rupture of the liquid bridge into two or more droplets
are governed by the viscous and elastic properties of the
fluid. A complete understanding of this nonlinear dynamical
process has only been developed over the past decade (Eg-
gers, 1997). Detailed theoretical analysis and numerical
simulations using a slender body theory shows that the time
evolution of the midpoint diameter of a Newtonian fluid can
always be described by the following equation (McKinley
and Tripathi, 2000):

(1)

where the non--local effects arising from axial variations in
the shape of the filament are encoded in the net tensile force
F(t) acting on the thread. These effects appear in equation
(1) through the dimensionless function

(2)

Correct determination of the function X(t) allows the calcula-
tion of the ratio s.

If an experiment is performed and the midpoint diameter
Dmid (t) is indeed found to decrease linearly in time, then the
value of the ratios determined from regression of the data
will depend critically on what value of X it is appropriate to
use in the analysis. The experimental results analyzed else-
where (Bazilevskii et al., 1990, Liang and Mackley, 1994,
Kolte and Szabo, 1999) have all assumed implicitly that X= 1.
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However it has recently been pointed out (McKinley and Tri-
pathi, 2000) that in fact, for typical experimental conditions,
the most appropriate value is actually X = 0.7127 in accor-
dance with the self-similar solution of Papageorgiou (Papa-
georgiou, 1995). To date all published experimental work
has assumed that X=1. The published estimates for the ex-
tensional viscosity have all been incorrectly scaled by a fac-
tor of approximately 2. Fig. 27 shows preliminary data on a
semi--logarithmic scale fitted using X=0.7127. For a simple
Newtonianmodel fluid theHAAKECaBERallows the extrac-
tion of a characteristic ratio, s , that fully defines the fluid.

The units for this ratio, s , are [m/s]. We therefore identify
this parameter as the characteristic ”capillary velocity” of the
fluid, which describes the rate of thinning in a viscous fluid.

14.2 Power-law fluids

A very similar analysis to the Newtonian case can be perfor-
med for power law fluids where the stress is proportional to
some power of the strain rate. Here the characteristic ratio
returned is  describing the thinning of the filament where
the factor K is the ”viscosity index” of the model

 = K . γ
.

n (3)

In the limit of n=1 the power-law solution reduces to that of
theNewtonian case but the ratio  has units of [m.s--n] and
the parameter K has units of [Pa.sn] which means that they
are not directly equivalent to the ”capillary velocity” and vis-
cosity of the Newtonian case. Clearly the constitutive model
assumed here is a simple shear thinning model where there
is no zero-shear (or high-shear) viscosity plateau as would
be more usually anticipated in reality, and as is described by
the Carreau model (Macosko, 1994 #19). On the face of it
this is a weakness of the model assumed for this fit, but in
general the low shear regions are the large diameters
(where the filament is dominated by gravitational effects etc)
so extensional information is dominated by the startup con-
ditions.
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14.3 Elastic fluids

The above discussion is applicable only for constant visco-
sity Newtonian fluids, and in the restricted case of a power
law fluid. In viscoelastic solutions and melts theoretical work
(Bousfield et al., 1986, Renardy, 1994, Bazilevskii et al.,
1990) and subsequent numerical analysis (Entov andHinch,
1997) shows that following a rapid initial viscous--dominated
phase, there is an intermediate time--scale in which the dy-
namics of the filament drainage are governed by a balance
between surface tension and elasticity, rather than fluid vi-
scosity. In this regime, the filament radius decreases expo-
nentially as equation (4):

(4)

where c is a characteristic relaxation time governing the ca-
pillary breakup and G is the elastic modulus of the filament.
For a semi--dilute PIB/PB Boger fluid (a model elastic fluid)
it has been shown (Kolte and Szabo, 1999) that c is closely
related to the longest relaxation time, 1 of the fluid. These
authors also elegantly show how the effects of a radial inho-
mogeneity in the stretch can account for the remaining dis-
crepancy between c and 1 . It has recently been demon-
strated that by choosing an appropriate aspect ratio it is, in
fact, possible to use measurements of the exponential de-
crease in radius with time to quantitatively determine: (i) the
longest (Rouse/Zimm) relaxation time for ideal elastic fluids
(consisting of dilute solutions of monodisperse polystyrene);
and (ii) the approximate scaling of the steady-state elonga-
tional viscosity with molecular weight (Anna and McKinley,
2001). Fig. 28 shows such a fit. For a model elastic fluid a
simple exponential fit will yield the material relaxation time.
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Fig. 48 Fig. 49

Fig. 48: Glycerol fluid at room temperature with Newtonian fit overlaid. The fit yields a capil-
lary velocity of s/h =16.5m/s. Through the known surface tension s = 64.8 mN/m this gives a
viscosity of 1.07 Pa.s (compared to an accepted literature value of  =1.03 Pa.s).

Fig. 49: Semi-logarithmic plot of necking in a viscoelastic fluid fitted using a decaying expo-
nential. l=3.4s gives the relaxation time of the fluid.

14.4 Complex fluids

In the two previous subsections, it is clear that given the cor-
rect theoretical foundation, the proposed instrument can ex-
tract values of material properties such as the capillary ve-
locity, s  , the relaxation time, c , and modulus,G, of sim-
ple test fluids. However, such idealized fluids are rarely en-
countered in industrial applications. In reality, commercial
material formulations can often display a number of complex
responses. These complexities originate from the presence
of components such as volatile solvent, phase separating
materials, associativematerials, chemical changes (such as
curing) and yield stresses. Consequently many materials
have viscometric properties that also evolve with time. The
HAAKECaBER1 is ideal for the study/quantification of these
materials because of the short experimental times required
for each. A brief list of some examplematerials are given be-
low:

 Absorption:
e.g. Glycerol is a highly hygroscopic material that ab-
sorbs water from the atmosphere and hence shows a
marked viscosity change with time.
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 Setting:
e.g. adhesives/wet spinning/melt spinning. Materials
that set, or dry etc are common in many fields. For ex-
ample see Figure 3.

 Curing and gelation:
e.g. epoxies. Materials that are self associating or are
chemically curing also change with time.

14.5 Generic model

In order to fully encompass the complex phenomena listed
above, a generic model is required that encompasses time--
varyingNewtonian and non--Newtonian effects. A balance of
forces on the fluid filament governs the evolution in the mid-
point profile of the liquid bridge. For a slender fluid filament
this can be written compactly in the following form (Renardy,
1995):

(5)

where s is the surface tension of the fluid, zF is the tensile
force acting on the column ends, s is the Newtonian viscos-
ity of the solvent, and  zz -- rr ) represents the non-Newto-
nian contribution to the total normal stress difference in the
fluid. This last term is model-dependent and the resulting
solution to the differential equation depends on how the poly-
meric contribution to the stress varies with the rate of de-
formation. Solutions to this evolution equation have been
found for a number of models (Bazilevskii et al., 1997, Entov
and Hinch, 1997, McKinley and Tripathi, 2000) and are sum-
marized in Fig. 50. More complicated multi-mode models
predict a spectrumof relaxation times, which ismore realistic
for real polymeric fluids. These models will usually capture
the initial more rapid decay in radius during relaxation. This
initial rapid drop is usually attributed to the relaxation of
shorter time scales, after which point the longer time scales
yield a more gradual radial decay. The HAAKE CaBER 1
software currently handles all of these models.
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Fig. 50: Evolution of the midpoint diameter in a fluid thread undergoing capillary-driven breakup

Time to breakup

In each case, one of the parameters determined is the critical
time to breakup, tc. This is not strictly a material property but
depends on the properties of the fluid, the flow geometry and
the surroundingmedium (e.g. the relative humidity, or partial
pressure, of solvent). However, this parameter is of utility as
a possible way of quantifying concepts such as ‘stringiness’,
‘stranding’ and the general processability of complexmateri-
als such as foodstuffs, shampoos and other consumer prod-
ucts. Although this is related to the capillary velocity, s  ,
it also holds information about the non-Newtonian behavior
(and evolution) of the material.

The apparent extensional viscosity

The principal experimental results obtained from theHAAKE
CaBER are the evolution of the midpoint diameter of fluid
samples with time. This evolution is driven by the capillary
pressure and resisted by the extensional stress in the fluid.
Themeasurements can thus also be represented in terms of
an apparent extensional viscosity, which we define by

(6)

while the Hencky strain is defined as

(7)
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By rearranging equation 5 it can be shown that the apparent
extensional viscosity is given by

(8)

where the instantaneous rate of stretching of the midpoint
fluid element,  (t), is given by the term in the braces. If the
surface tension, s, of the test fluid is known from independent
measurements, then HAAKE CaBER data can be replotted
in the form of an extensional viscosity (see Fig. 51).
14.6 Association time

The theory of the capillary breakup of associative fluids is still
under development but given their importance in industry it
is worthmentioning these systems briefly. There is someevi-
dence that complex self-associating materials can relax
through two different mechanisms, which result in two dis-
tinct time scales.Oneof these time scaleswill be themolecu-
lar relaxation modes commonly probed using rheology
where the distorted molecule takes time to recover its equi-
librium conformation. However, for materials that self-asso-
ciate, there will be a characteristic ”association time” of the
fluid that probes the time it takes thematerial to build an inter-
nal structure. During the stretching process, if the material is
stretched slower than this time, the fluid will have time to
adapt to the high strain field and will behave as expected for
a non-associatingmaterial. If the fluid is stretched faster than
this time, the fluid will not have time to rearrange and will
hence behave differently in the HAAKE CaBER test.

Fig. 51: Three sets of data showing normalized filament radius versus time. The data are for
three fluids, simple Newtonian and a model elastic fluid, and a Pressure Sensitive Adhesive.
Left hand plot shows diameter versus time. Right hand plot shows an apparent extensional
viscosity versus strain.
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15. Technical specifications

15.1 Instrument specifications

Hencky strain up to 0 = 10

Strain rate range:
Imposed strain rate

Fluid strain rate:

0.0 < 0 < 300 s--1

10--5 < 0 < 10 s--1

Shear Viscosity range 10--106 mPas

Plate diameter 4, 6 and 8 mm

Linear motor resolution 0.02 mm

Laser micrometer
Type
Resolution
Wavelength
Power

Class 1
0.01 mm
780 nm
1.7 mW

System response time 10 ms

Temperature range 0 to 80_C

Ambient conditions
Temperature
Relative humidity

15 to 40 C
35 to 85%

15.2 Data file format

HAAKE CaBER 1 Thermo Fisher Scientific

Filename: example file.cbr

Experiment Start

Time and Date: 10:41:22 AM Friday, August 23, 2002

File Save
Time and Date: 10:44:07 AM Friday, August 23, 2002

Temperature Probe 1C: 25.5
Temperature Probe 2C: 25.3

Force Sensor: Not Connected

Drive System Used: Linear Drive

Strike Time [ms]: 50.000000E+0

Operator: Laboratory Technician

Company: Thermo Fisher Scientific
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Comment: An example Newtonian fluid
Sample Name: s2000
Sample Number: 1
Notes:
Sample End height 12.070312E+0
Sample start height 3.007812E+0
Sample Diameter 6.000000E+0
Hencky Strain 1.389536E+0
Conversion to actual size:
Second coeff 381.999999E--3
grad --6.886000E+0
offset 24.600000E+0
No Fit Performed
SURFACE TENSION 40.000000
START OF DATA
Experimental Time Experimental Data
--5.000E--2 4.432E+0
--4.900E--2 4.432E+0
--4.700E--2 4.432E+0
--4.600E--2 4.422E+0
--4.499E--2 4.422E+0
--4.399E--2 4.422E+0
--4.299E--2 4.432E+0

15.3 Minimum computer requirements

-- 500 MHz Pentium based PC
-- Screen resolution 1024 x 768 pixels (256 colors)
-- One free PCI slot (Desktop PC) or
-- one free PCCard slot (Notebooks)
-- One free serial port (RS232)
-- Mouse
-- 40 MB free disk space
-- Operating system : Windows XP
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