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1 Preface and Safety Notes

1.1 Preface

Thank you for choosing the DMA/SDTA861¢ from METTLER
TOLEDO. The DMA/SDTA861¢€ is a highly sensitive measuring
instrument for dynamic mechanical analysis (DMA) and also of-
fers the possibility of simultaneous differential thermal analysis.
(SDTA). The DMA/SDTA861¢ is part of the METTLER
TOLEDO STARE€ system.

In dynamical mechanical analysis (DMA) the dynamic me-
chanical behavior of a material sample is detected as a func-
tion of frequency and temperature. The sample mounted on the
DMA/SDTAB861€ is subjected to a predefined mechanical oscil-
lation program, defined by frequency and amplitude, and a
temperature program. Both the dynamic displacement of the
sample and the dynamic force exerted on the sample during to
the mechanical oscillation program are measured.

In simultaneous differential thermal analysis (SDTA) the differ-
ence between sample temperature and reference temperature
IS measured during the temperature program. Changes of
chemical and physical material properties can be detected by
readings of temperature changes.

For operation of the DMA/SDTA861¢ and for display and
evaluation of results you require version 7.0 or later of the STA-
Re software from METTLER TOLEDO.

The liquid nitrogen cooling system necessary for operating your
DMA/SDTA861¢ including liquid nitrogen Dewar and tubing is
shipped with the instrument as standard accessory.

Address of manufacturer:
METTLER TOLEDO GmbH, Analytical
Sonnenbergstrasse 74
CH-8603 Schwerzenbach

Switzerland
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DMA/SDTA861€

1.2  Safety

This section contains information on the safe use of the
DMA/SDTA861¢€. All users of the DMA/SDTA861¢ must read
and observe the safety notes in this section.

1.2.1 Intended use

The DMA/SDTA861¢€ is intended for performing measurements
in dynamic mechanical analysis.

All other use and operation beyond the limits of operation de-
fined by METTLER TOLEDO without written consent from
METTLER TOLEDO is considered as inappropriate.

& The limits of operation can be found in chapter 7, Specifications.

1.2.2 Safety notes

The DMA/SDTA861¢€ has been tested for the experiments and
intentions documented in the appropriate operating
instructions. However, this does not absolve you from the
responsibility of performing your own tests of the products
supplied by us regarding their suitability for the methods and
purposes you intend to use them for. You should therefore
observe following safety measures.

Measures for your protection
PC and DMA/SDTA861¢€:

e Ensure that you plug the cable supplied into a receptacle
outlet that is grounded! In the absence of grounding, a tech-
nical fault could be lethal!.

e Never work in an environment subject to explosion hazards!
The housing of the instrument is not gas tight! (Explosion
hazard due to spark formation, corrosion caused by the in-
gress of gases).

e The outer parts of the oven can become very hot which can
ignite flammable gas mixtures.

1-2
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DMA/SDTAS861€:

Switch the instrument off and disconnect the power cable
before you open the housing or change blown fuses! An
electric shock could be lethal!

The DMA/SDTAS861¢ is very heavy. At least four people
should be available to lift it. Never try to Ilift the
DMA/SDTA861€ alone — you could injure yourself.

Never use gases, which may result in an explosive gas mix-
ture! Explosive gas mixtures could produce an explosion!

Never use combustible gases or explosive gas mixtures to
purge the measuring cell! An explosion could occur!

Never switch off the liquid nitrogen cooling when the tem-
perature in the furnace is above 300 °C. The cooling of the
module would no longer work and the surrounding of the
cell could be heated unduly!

Never touch the furnace halves or the clamping assembly
during or immediately after a measurement. Always wear
protective gloves or let the furnace and the clamping as-
sembly cool down to ambient temperature before you open
the furnace halves. Parts of the furnace and the clamping
assembly can reach temperatures down to —150 °C or up to
+500 °C. There is risk if burns.

Make sure your fingers and other body parts are well clear
of the clamping assembly and the furnace during the fur-
nace closing process. There is risk of injury!

Never remain in close proximity of the DMA module during
a measurement without hearing protection. Always wear
hearing protection when working near the DMA module. The
DMA module can produce excessive noise that can impair
your hearing. The noise level can exceed 85 dB(A) during
certain measurements.

0503 METTLER TOLEDO STAR® System
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Place the DMA module in a fume hood, when you measure
substances which may produce toxic reaction gases !

Check the set operating voltage before you switch on the
instrument! The instrument may suffer damage if the operat-
ing voltage does not match the line voltage!

Never switch off the instrument during power up! Otherwise
problems occur during the next power up.

Use only fuses of the type specified in the operating instruc-
tions!

Never purge the measuring cell with a corrosive gas!

Purge the measuring cell with an inert gas, when you are
measuring samples which may produce corrosive reaction
gases.

While mounting the sample in the clamping assembly:

Never use excessive force to move the clamp. Exerting ex-
cessive force on the clamp could damage the force sensor,
den displacement sensor or the drive motor.

Do not drive the lower part of the adjustment aid mounted
on the z-axis table too far up toward its upper part. The
drive motor could suffer damage.

1-4

METTLER TOLEDO STAR® System 0503



DMA/SDTA861€

Preface and Safety Notes

DMA/SDTA861¢€ and liquid nitrogen cooling:

e Always wear protective goggles and gloves when working
with liquid nitrogen! It can cause severe burns on your skin.

e Make sure that you have been trained in the correct opera-
tion of the liquid nitrogen Dewar.

e Do not move the liquid nitrogen Dewar when measurements
are in progress and if the electromagnetic valve is iced up!
Frozen tubing could break and liquid nitrogen could flow out.

e Ventilate closed rooms as frequently as possible! High con-
centrations of nitrogen are dangerous and can cause suffo-
cation.

e Always put the liquid nitrogen Dewar out of operation if it is
not required for longer periods. There is always the danger
that liquid nitrogen could escape uncontrollably.

e Lift and transport the liquid nitrogen Dewar using a forklift.
Make sure the Dewar is supported from below.

e Never try to lift the liquid nitrogen Dewar with the handles or
with hoisting loops wound round the outer part of the Dewar.

DMA/SDTA861€ and Gas ControllerTSO800GC/TS0O800GC1

e Never use combustible gases or explosive gas mixtures to
purge the measuring cell! An explosion could occur!

e Use the gas controller only with the specified gases. Explo-
sive gas mixtures could produce an explosion!

0503 METTLER TOLEDO STAR® System
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Measures for operational safety

PC, DMA/SDTAS861¢€.

e Eliminate the following environmental factors:
—  strong vibrations,

—  strong draughts of air,

—  direct sunlight,

— relative humidity at dewpoint

—  temperatures below 10 °C and above 31 °C

— powerful electric or magnetic fields

FCC Rules and the Radio Interference Relation

This equipment has been tested and found to comply with the
Limits for a Class A digital device, pursuant to both Part 15 of
the FCC Rules and the radio interference regulations of the
Canadian Department of Communications. These limits are
designed to provide reasonable protection against harmful in-
terference when the equipment is operated in a commercial
environment. This equipment generates, uses and can radiate
radio frequency energy and, if not installed and used in accor-
dance with the instruction manual, may cause harmful interfer-
ence to radio communications. Operation of this equipment in a
residential area is likely to cause harmful interference in which
case the user will be required to correct the interference at his
own expense.

Cet appareil a été testé et s'est avéré conforme aux limites pré-
vues pour les appareils numériques de classe A et a la partie
15 des reglements FCC et a la réglementation des radio - inter-
férences du Canadian Department of Communications. Ces li-
mites sont destinées a fournir une protection adéquate contre
les interférences néfastes lorsque I' appareil est utilisé dans un
environnement commercial. Cet appareil génére, utilise et peut
radier une énergie a fréquence radioélectrique; Il est en outre
susceptible d'engendrer des interférences avec les communi-
cations radio, s'il n'est pas installé et utilisé conformément aux
instructions du mode d'emploi. L'utilisation de cet appareil dans
les zones résidentielles peut causer des interférences néfas-
tes, auquel cas I'exploitant sera amené a prendre les disposi-
tions utiles pour palier aux interférences a ses propres frais.

1-6
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1.3 Typographic conventions

The following fonts and signs are used in these Operating In-
structions to mark up certain items of the text:

Times New Roman font is used to mark text that appears on
the screen of the computer (e.g. menu items, error
messages, etc.).

Text in CAPITALS marks text that you have to enter via the
keys on the PC keyboard or on the keypad of the DMA
module

Text in bold Arial Narrow font marks up text that is displayed on
the liquid crystal display (LCD) of the DMA module.

Italic font style is used for cross references referring to titles
and paragraphs within this document and in other docu-
ments.

The clover leaf & signifies notes that contain additional
information relating to the preceding or following text. This
kind of text contains supplementary information and can
help to understand the preceding or following text.

Safety notes are marked with safety triangles: The following
warning triangles draw your attention to points concerning
safety and danger. Ignoring this information could endanger
the user and result in damage to the instrument and other
malfunctions.

Risk of Risk of explosion Risk of fire Risk of burns
electric shock
Risk of injury Caution

Numbered paragraphs contain instruction steps in proce-
dures. Example:

(1) Loosen the Torx screws 6, 7 of the clamp holder.

(2) Pull the alignment insert carefully toward the right side
out of the clamp holder, ©.

Times New Roman

ENTER

Rotate

[talic

safety notes

0503 METTLER TOLEDO STAR® System
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e A check list with conditions that must be fulfilled to perform
the following instruction procedure is included at the start of
the procedure. Example:

Start: - Alignment insert installed in large clamping assembly
- Two halves of the furnace are fully open and swung to the
rear

e Similarly, a check list with conditions that must be achieved
at the end of the procedure is included at the end of the
numbered steps. Example:

End: Alignment insert removed from small clamping assembly.

e Reference numbers in the text referring to figures or draw-
ings are included in the text in bold font. The figure that is
referred to can be several pages before or after the page
containing reference number.

furnace 10

= See Fig. 6.3 e References to a figure to which the bold reference numbers
in a procedure refer are located in the margin of the page at
the start of the procedure and marked up by an arrow.

furnace arm, @ e Reference numbers in the text referring to pictures are in-
cluded in the text as numerals in black circles. The picture
that is referred to is usually on the same or opposite page
as reference number.

1.4 Abbreviations

The following abbreviations are used throughout these operat-
ing instructions:

ALA alignment aid

AAS adjustment assembly

CA clamping assembly

LCA large clamping assembly

SCA small clamping assembly

LCD liquid crystal display on the DMA module

1-8 METTLER TOLEDO STAR® System 0503
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2 Design and Operating Principles

This chapter describes the design and operating principles of
the DMA/SDTAS861¢€.

2.1 Design

This section describes the design of the DMA/SDTA861€. It
first presents an overview of the system and then describes the
individual assemblies in more detail.

2.1.1 Overview

The following overview of the system shows the individual as-
semblies that make up the DMA/SDTA861¢€.

0503 METTLER TOLEDO STAR® System
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DMA/SDTAS861¢

Parts

1  Stand 10 Furnace

2  Z-axistable 11 Fast cooling valve

3 Drive motor 12 Furnace drive

4 Drive shaft 13

5  Clamping assembly 14 Module housing

6  Furnace insulation 15 Keypad

7  Four axes alignment device 16 Liquid crystal display
8 Force sensor 17 Front housing

9  Displacement sensor 18 Leveling screw

Fig. 2-1. Overview

2-2
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2.1.2 Assemblies

The following sections describe the design of the individual as-
semblies of the DMA/SDTA861¢€ with the aid of the overview in
Fig. 2-1.

Stand, 1

The stand is on the left-hand side at the front of the
DMA/SDTAB861¢ and contains the measurement system as-
semblies. The stand determines the height, and characterizes
the appearance of the DMA/SDTA861€. There is a wide open-
ing to the front of the DMA/SDTAS861¢€.

Drive motor, 3

The drive motor is mounted below the clamping assembly and
projects upward out of the stand opening. This makes it easily
accessible from the front side of the instrument.

Clamping assembly and clamp, 5

The clamping assembly with the clamp is situated between the
drive motor and the four axes alignment device. Different com-
binations of clamping assembly and clamps are used depend-
ing on measurement mode.

The clamping assembly consists of the following components:
e drive shaft

e clamp holder

e displacement sensor core

There is a small and a large clamping assembly. Depending on
the sample size and the measurement mode, the small or the
large clamping assembly is used. The clamp is mounted in the
clamp holder of the clamping assembly. Both the small and the
large clamping assemblies allow you to use different clamps
for the various types of measurement:

e The small clamping assembly allows you to perform shear
measurements, compression measurements and tension
measurements with films and fibers. For each type of meas-
urement there is a suitable clamp.

e The large clamping assembly allows you to perform 3-point
bending and dual cantilever measurements, as well as com-
pression and tension measurements on films, fibers and
rods. For each type of measurement there is a suitable
clamp.

measurement system

clamping assembly
and clamps

0503 METTLER TOLEDO STAR® System

2-3



Design and Operating Principles DMA/SDTA861¢

heating and cooling assemblies

furnace halves

cooler

fast cooling device

Furnace, 10

The furnace consists of two halves, each of which is fixed to an
extendable furnace arm on the side of the DMA/SDTA861¢€.
The furnace is opened by moving the furnace arms outward.
The two halves of the furnace are symmetrically arranged and
include heating and cooling assemblies as well as an insulating
cover. The cooling element is called the “cooler”.

When the furnace is closed, the two halves of the furnace com-
pletely enclose the clamp.

The two knobs of the fast cooling device, 11 are located on
the outer sides of the furnace arms. The fast cooling valves are
used to rapidly cool the clamping assembly and sample to low
start temperatures before the actual measurement

Furnace drive, 12

The furnace drive is a mechanism that consists primarily of the
two arms of the furnace support, a rack and three guide rods.
The actual furnace is mounted on the furnace arm.

Furnace insulation, 6

The furnace insulation encloses the heating element. It con-
sists of two symmetrical mirror-image halves.

Gas tubing

The gas tubing and the manifold under the module housing on
the left side of the DMA module are part of the liquid nitrogen
cooling system of the furnace. Two lengths of tubing connect
the furnace halves with the manifold. A third length of tubing
leads away from the manifold to the liquid nitrogen cooling De-
war.

Force sensor, 8, and displacement sensor, 9

The displacement sensor is mounted above the clamp as-
sembly, and can be seen in the opening of the stand.

The force sensor is mounted between the displacement sen-
sor and the four axes alignment device.

2-4
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Four axes alignment device, 7

The four axes alignment device is mounted at the top of the
stand. It has two adjustment knobs on the front side and one
knob each on the left and right sides for adjustment of the x
and y positions and the a and B angles. In operation, for exam-
ple when the sample holder is changed, only x and y usually
need to be re-adjusted. The DMA module is therefore delivered
with the two adjustment knobs the a and B angles removed to
prevent unintentional misalignment. The knobs are shipped
with the instrument and can be mounted when required.

Z-axis table, 2

The z-axis table is mounted below the in the stand housing and
cannot be seen from outside. It consists essentially of a plat-
form on which the drive motor is mounted, a threaded roller
spindle, a housing with guide rods and a stepper motor with
electronic control system.

Module housing 14 und front housing, 17

The housing of the module consists of two parts: the front
housing and the module housing. The module housing ac-
commodates the electrical supplies for the furnace heating sys-
tem and the measurement system, as well as electronic com-
ponents for the control of the measurement system.

The keypad and the liquid crystal display are mounted on the
front housing. Electronic components for current and voltage
conversion and the drive motor are also accommodated here.

Keypad and liquid crystal display, 15, 16

The keypad consists of function keys that are labeled accord-
ing to their function. The liquid crystal display (LCD) is situated
on the left side of the keypad. It displays the measurement val-
ues, messages and the status of the measuring cell.

knobs

spindle

0503 METTLER TOLEDO STAR® System
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Furnace
supply

Electronic units and connections on the rear panel

Various electronic connections are mounted on the rear
panel of the DMA module. Fig. 2-2 shows the rear panel of the
DMA module with the furnace supply, electronics supply, mod-
ule electronics and DMA measuring electronics units.

Electronics Module DMA |
. supply electronics . measurement |
electronics

™ Lm—rﬂ” ‘rﬁ =] ™ ™ m@@ T
T 7
® d D @ O
@
©
™ L — = @wgr\
© ©

Fig. 2-2. Rear panel of the DMA module

The DMA/SDTA861¢ power supply system consists of two
parts: the electronics power supply and the furnace power
supply. The power supply system is located in the module
housing.

The electronics power supply is set to either 115 V or for 230 V
AC (60 Hz or 50 Hz) during manufacture in the factory. The set-
ting cannot be changed afterward.

The furnace power supply automatically recognizes the power
outlet voltage and adapts itself accordingly.

The DMA/SDTA861€ has the following fuses:

Fuse for 115V for 230 V Information
SI'1 315AT 1.6 AT Fuse for line output via power switch
SI2 6.3 AT 3.15AT Fuse for line output via switched line socket

2-6
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2.2  Operating principles

The DMA/SDTAS861¢ is an instrument designed for dynamic
mechanical analysis: It measures the dynamic mechanical be-
havior of materials as a function of temperature, e.g. the com-
plex modulus of elasticity and the complex shear modulus.

By the term elasticity we mean the way in which materials
change their shape through the action of external forces. The
modulus of elasticity of a material is the ratio of the mechani-
cal stress to the relative deformation.

In Dynamic Mechanical Analysis, DMA, a sample is sub-
jected to a sinusoidal mechanical deformation of frequency, f,
and the corresponding forces measured. Conversely, the sam-
ple can be subjected to a defined force amplitude and the re-
sulting deformation measured.

This section describes the operating principles of the
DMA/SDTAB861€ and explains the function of the individual as-
semblies.

0503 METTLER TOLEDO STAR® System
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2.2.1 Operation of main assemblies

The diagrams below include the main assemblies and show the
design principles of the DMA/SDTA861¢€.

Four axis alignment device

Force sensor
Displacement sensor

—

/ Clamping assembly

Furnace (2 halves)

Drive shaft

Diaphragm

Sample

| ——— Drive motor

/ Z-axis table

| — Threaded roller spindle

/ Z-axis table motor

Furnace drive

NN

Fig. 2-3. Schematic showing design principles of
the DMA/SDTAB861¢ (with shear clamp installed)
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/ Four axes alignment device

Force sensor

Displacement sensor

Furnace halves

Clamping assembly and clamp

\

Drive motor

Z-axis table platform

Roller spindle /

S

Step motor
for z-axis table
drive

Fig. 2-4. Main assemblies of the DMA/SDTA861¢
(with bending clamp installed)
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mechanical oscillation

force and displacement control

LVDT principle

stiffness range

Force and displacement measurement

The sample is mounted in a clamping assembly. The type of
clamping assembly used depends on the type measurement to
be performed.

The drive motor generates a mechanical oscillation. The cur-
rent flowing through the drive motor coil sets the diaphragm os-
cillating through induction. The drive motor current determines
the oscillation form of the diaphragm, which in turn determines
the dynamic force exerted on the sample and its amplitude.

The drive shaft transfers the mechanical oscillation to the sam-
ple.

The clamp assembly consists of a movable part and a fixed
part. The drive motor sets the movable part and the displace-
ment sensor core connected to it into oscillation. The dis-
placement sensor core oscillates within the magnetic coil of the
displacement sensor and generates the displacement signal by
magnetic induction.

The displacement measurement is based on the LVDT princi-
ple (linear variable differential transformer). A special tempera-
ture resistant LVDT measures the displacement over an ex-
tremely wide range with nanometer resolution.

The displacement sensor is located close to the sample so that
only the deformation of the sample is measured. This elimi-
nates any effects due to possible deformation of the stand and
improves the accuracy with which the delay time (i.e. phase
shift) between the force and displacement is determined. The
reproducibility of the displacement measurement is improved
by measuring the temperature of the LVDT sensor. Deviations
from the reference temperature are then compensated.

The fixed part of the clamp assembly is rigidly connected to the
end of the displacement sensor and transfers the dynamic
force generated by the drive motor to the force sensor via the
body of the displacement sensor.

Force is measured directly with a piezoelectric crystal. The
force measured is that which is actually applied to the sample.
Force measurement by the force sensor allows the instrument
to be operated under either force or displacement control. A
mixed operating mode is also possible. Forces form a few mN
to 40 N can be measured.

The stiffness range is given by the force and displacement
ranges. More than six decades in stiffness are available.

2-10
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Heating and cooling during a temperature program

The sample can be subjected to a temperature program at the
same time as it undergoes oscillations.

The sample is situated in the furnace unit, which consists of heating and cooling assemblies
two halves. There are heating and cooling assemblies in both

halves of the furnace unit. A temperature control loop controls

the sample temperature by heating and cooling according to

the temperature program set.

The heating assembly consists of lithographically deposited
heater tracks that are wrapped around a ceramic tube in me-
ander form. This neutralizes any electromechanical forces that
might otherwise affect the sample.

The cooling assembly, the cooler, is fed with liquid nitrogen cooler
from the liquid nitrogen Dewar. The cooler is a heat exchanger

in which liquid nitrogen evaporates. The cooler temperature is

also displayed on the LCD.

During the actual measurement, the cooling effect is trans-
ferred to the sample via the furnace atmosphere so that the
measurement results are not affected by the inflow of cold gas.

For rapid cooling to low start temperatures before the actual fast cooling
measurement, the fast cooling feature can be used. Cold liquid

nitrogen vapor can be blown directly into the furnace chamber

to achieve high cooling rates that allow you to start a new

measurement more quickly.

0503 METTLER TOLEDO STAR® System 2-11
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2.2.2 Measurement modes
A number of different measurement modes are used:

e Shear for materials with a very large range shear modulus
from about 1 kPa to 2 GPa. This allows viscous liquids and
even solids, e.g. polymers in the glassy state, to be meas-
ured.

e Three-point bending for stiff materials with a modulus of
elasticity of up to 1000 GPa.

e Single and dual cantilever bending for materials that deform
too strongly with three-point bending.

e Tension for thin bars, films and fibers.

e Compression for materials with a modulus of elasticity of up
to about 1 GPa.

>

7
%

5 :6

2 }
{

Fig. 2-5. Schematics of the measurement modes

1 shear; 2 three-point bending; 3 dual cantilever
(similar to bending but the sample is fixed); 4 single
cantilever; 5 tension for thin bars, films and fibers; 6
compression. The clamping assembly is colored
black and the sample red. The hatched areas show
the parts of the clamping assemblies that remain
fixed in position.
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2.2.3 The gquantities measured

Fig. 2-6 shows a typical measurement of force and displace-
ment versus time.

1.4 -
12| ForceinN

1 4
0.8
0.6
0.4
0.2

0 9
0.2 4
0.4 4
0.6
0.8 1

.1 i
-1.2

Displacement in um

Timeins

0 0.2 0.4 0.6 0.8 1 1.2 1.4

Fig. 2-6. Force and displacement at a frequency (f)
of 1 Hz. The phase shift, §, can be calculated from
the time delay, A, using the equation 6 = 2rfA.

The raw data, i.e. the measured force and displacement ampli-
tudes, F5 and L,, and their phase shifts, 9, are used to calculate
the desired material properties:

e Complex modulus (M*): modulus of elasticity, Young’s
modulus (E) or the shear modulus, G*

e Storage modulus, M', proportional to the energy stored elas-
tically and reversibly

e Loss modulus, M", proportional to the energy transformed
into heat and irreversibly lost

e Loss factor, tan 6. With completely elastic materials no
phase shift, 8, occurs; completely viscous materials show a
90° phase shift. The loss factor of viscoelastic materials is
between 0 and infinity (& = 90°). The term tan & corresponds
to the ratio of M" to M".

0503 METTLER TOLEDO STAR® System
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stiffness

The moduli are calculated according to the following formulas:

F . . . .

M *| = L—a g where the quotient E—a is defined as the stiffness
a a

S and g is known as the geometry factor calculated from the

sample dimensions.

M'=|M *| cos&
M"=|M * sing

M 1
E and G are related by Poisson’s ratio, L.
E=2(1+wG

For most isotropic materials, u lies between 0.2 and 0.5, and E
is 2.4 to maximum 3 times greater than G. In the rubbery-
elastic region of unfilled materials, E = 3 G and in the glassy
state E=2.7 G.

With anisotropic materials, e.g. unidirectional fiber reinforced
plastics, E can be more than one hundred times larger than G.

If a material is heated, the storage modulus decreases step-
wise by several orders of magnitude. The step corresponds to
a peak in the loss modulus. If the transitions are frequency-
dependent, they are in fact relaxation transitions, which with in-
creasing frequency shift to higher temperatures.

The stiffness, S = E—a , Is gained directly from the raw force and
a

displacement data. This property does however not take into
account the geometry of a sample: A thick sample is stiffer than
a thin one, as the figure below illustrates. The stiffness, S, is
therefore not a material property.

v
SE N

F
Az

Fig. 2-7. Stiffness of thin and thick samples
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224 Measurement details

Usually with DMA measurements, the measurement is per-
formed at constant displacement amplitude, and a maxi-
mum force is set that should not be exceeded even with stiff
samples. (Measurements under force control are also pos-
sible, however.)

An unsuitable choice of the displacement or force amplitude
can affect the measurement accuracy. Amplitudes greater
than 1 ym and 10 mN are optimal, as long as the displace-
ment amplitude does not exceed 1% of the corresponding
sample dimension. With larger amplitudes, the modulus can
change (non-linearity of the sample).

Heating rates of < 3 K/min are usually used because of the
low thermal conductivity of plastics and the relatively large
samples — except for trial measurements. The same applies
to cooling measurements.

To determine the frequency dependence, measurements
are performed with several frequencies. The frequencies
can be either mixed (simultaneous multi-frequency mode) or
applied individually one after the other (sequential frequency
series).

Besides measurements with a dynamic temperature program,
the DMA/SDTA861° can also perform isothermal measure-
ments with increments of increasing or decreasing

frequency,
displacement amplitude and
force amplitude.

0503 METTLER TOLEDO STAR® System
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2.2.5 The presentation of DMA curves

Since modulus values tend to change by several orders of
magnitude, a linear presentation cannot adequately display the
measurement data (Fig. 3). For example, a step of 1 GPa to
10 MPa cannot be distinguished from a step of 1 GPa to
1 MPa. In the logarithmic display, however, such differences
can be easily seen (Fig. 4).

DMA Glass Transition, Linear Scale 26.01.2002 06:01:25
MPa ,
G
400+
200 ]
Tan delta 153
1.0
i G E
053
0 0.0
[ T [ T [ T [ T [ T [
-40 -20 0 20 40 °C
MSG 33: test METTLER TOLEDO STAR® System

Fig. 2-8. Linear presentation

The linear presentation of the modulus overempha-
sizes the region with high values. The point of in-
flection of the storage modulus corresponds ap-
proximately to the maximum of the loss modulus.
The latter is often referred to as the glass transition
temperature, T4, at the frequency concerned. Be-
cause tan 6 = G" / G', the maximum of tan § is at
higher temperature. At the point of intersection of
G'and G",tan 0= 1.

Sample: SBR, 1 Hz, 2 K/min.
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MPaT|

1002 G’

10704

100 Tan§

10714

1000+

10724

Fig. 2-9. Logarithmic presentation

Same measurement as in Fig. 2-8, but displayed in
the usual logarithmic presentation. Compared with
the linear presentation, the low-value region of the
modulus now appears scale-expanded. In this
presentation, T4 corresponds to the onset of the
decrease of G'. The loss factor in the rubbery-
elastic state is clearly larger than in the glassy
state. The ordinate of the loss factor is displayed on
the right of the diagram.
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2.2.6 Operation of the individual assemblies

This section describes the function of the individual assemblies
of the DMA/SDTA861¢€ and their functional interdependence.

Abbreviations:

For better orientation, the margins of the pages in this chapter
include the following signs to indicate the device to which the
text in the corresponding section refers:

Small clamping assembly, used for the text relating
to the small clamping assembly

Large clamping assembly, used for the text relating
to the large clamping assembly

Clamping assembly and clamps

The clamping assembly and the clamp are used to mount the

sample.

The table below summarizes the various combinations of
clamping assemblies and clamps that can be used:

Clamping assembly

Clamp

Small clamping assembly

e Standard shear clamp for highly
viscous materials

e Special shear clamp for low-
viscosity liquids

e Tension clamp (films, fibers, rods
and bars)

Large clamping assembly

e Bending clamp for dual/single canti-
lever and 3-point bending

e Tension clamp (films, fibers, rods
and bars)

e Compression clamp

Adjustment assembly

None *

* No clamp is used with the adjustment assembly
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SCA

Small clamping assembly (SCA)
Fig. 2-10 shows the design of the small clamping assembly:

1 Displacement sensor core
2 Clamp holder, fixed part

3 Clamp holder, movable part
4 Drive shaft

Fig. 2-10. The small clamping assembly

The small clamping assembly consists of two parts: a movable
part and a fixed part.

The movable part is connected to the drive motor and sets the
sample into oscillation. It consists of a drive shaft 4, the mov-
able part of the clamp 3 and the displacement sensor core 1.

The other part, the fixed part of the clamp holder 2, is rigidly
connected to the displacement sensor and fixes the sample in
the clamp. The force induced in the sample is transferred via
this part to the force sensor.
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SCA
In the small clamp assembly you can use the following clamps:

e Shear clamp for highly viscous fluids
e Shear clamp for low-viscosity fluids
e Tension clamp (for films, fibers, rods and bars)

% The shear assembly for highly viscous materials is available in two ver-
sions. The assembly with the rough surfaces is delivered as standard.
For special applications, a version with smooth surfaces is available
(ME 51140093).

All clamps consist of three disks, which, depending on the type
of clamp, represent the sample support, the sample fitting or
the end disk. The middle disk is enclosed by the movable part
of the clamp holder. The two outer disks are mounted in the
fixed part of the clamp holder.

The guide pins serve to fix the sample when installing the as-
sembly in the clamp holder.

The following sections describe the function of the assemblies.
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Shear clamps

Two shear clamps are available for the small clamping assem-
bly: the standard shear clamp for highly viscous materials and
the special shear clamp for low viscosity liquids.

The shear clamps allow you to perform shear measurements
and determine the dynamic shear modulus.

The advantage of this measurement mode is that both liquids
and viscous-to-hard materials can be measured.

The standard shear clamp for highly viscous materials guaran-
tees a homogeneous temperature environment. It is possible to
attach a thermocouple that measures the sample temperature
SO accurately that simultaneous calorimetric effects of the
sample can also be measured (SDTA). This shear clamp is
therefore suitable both for elastomers and for thermoplastics
and thermosets.

The special shear clamp for low viscosity liquids allows materi-
als of low viscosity to be measured (e.g. low viscosity silicone
oils).

SCA

standard shear clamp for highly
viscous materials

SDTA

special shear assembly for low
viscosity liquids

0503 METTLER TOLEDO STAR® System
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SCA

Fig. 2-11 and Fig. 2-12 show the design of the two shear
clamps.

1,2 Sample supports

End disk

Hole for SDTA thermocouple

Torx screw for SDTA thermocouple
Tapped holes

Guide holes

Guide pins

Laser markings

Markings

O T 9 00 N o o &~ W

Clamp identification number

Fig. 2-11. Standard shear clamp for highly viscous
materials

1, 2 Sample supports

End disk

Hole for SDTA thermocouple

Torx screw for SDTA thermocouple
Tapped holes

Guide holes

Guide pins

Distance screws

Tapped holes for distance screws

O T 9 00 N o o~ W

Clamp identification number

Fig. 2-12. Special shear clamp for low-viscosity lig-
uids
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The shear clamp consists basically of three disk-like parts,
namely two sample supports 1 and 2, and the end disk 3. Sepa-
rate samples of material under investigation are placed on the
two sample supports 1 and 2 in both the spaces between the
disks. The laser markings on the surfaces are a guide to posi-
tion the samples properly. Both the sample support and the
end disk 3 are pressed together in the clamp holder of the
small clamping assembly.

The sample support 2 in the middle is connected directly to the
drive motor via the movable part of the clamp holder and the
drive shaft and transfers the shear forces to the sample.

The end disk 3 has tapped holes for the guide pins 8. The pur-
pose of the guide pins is to clamp the sample between the
disks and to hold them in place when mounting the clamp in
the clamp holder. The guide pins are removed for the meas-
urement.

Two pairs of guide pins 8 of different length are supplied with
the standard shear clamp. Either pair of the guide pins can be
used, depending on the thickness of the sample.

The SDTA thermocouple is inserted in the hole b and fixed by a
Torx screw a.

With the special shear clamp for low viscosity liquids, the sam-
ple supports and the end disk are somewhat different. The
sample support surfaces are raised with respect to the faces.
The distance between the disks (sample supports and end
disk) is set by means of four distance screws.

& There are markings on the side of the sample supports and the end disk
of the standard shear clamp for highly viscous materials. These markings
must be aligned when the shear clamp is properly assembled. If your
sample has an internal structure, you can use the markings on the longi-
tudinal side of the clamp to take into account the orientation of the struc-
ture when mounting the clamp.

« The sample supports and end disk are inscribed with a number in order
to identify them as part of a particular shear clamp.

SCA

special shear clamp for low viscos-
ity liquids
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Tension clamp (small clamping assembly)

The tension clamp allows you to perform measurements in ten-
sion and to determine the modulus of elasticity (Young's
Modulus). In this mode, the sample is subjected to oscillating
tensile forces. One end of the sample is fixed and the oscilla-
tion is applied to the other end. A preload force must be applied
to the sample so that buckling does not occur during the oscil-
lation. When the offset control is set to Auto, a static tensile
load is maintained.

With the tension clamp, the sample can be prepared and
mounted in the clamp separately outside the DMA module, for
example while a different sample mounted in another clamp is
being measured. Once you have mounted the sample in the
clamp, the clamp can be quickly installed and the next experi-
ment started.

This tension clamp is most suitable for measuring films, fibers
and thin rods or bars. The advantage is that sample clamping
has practically no influence on the deformation.
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Fig. 2-13 shows the design of the tension clamp for the small
clamping assembly.

©Q 00 N O 0o b~ W

Fig. 2-13. Tension clamp for the small clamping assembly

The tension clamp for the small clamping assembly consists
basically of three disk-like parts, the sample supports 1 and 2
and the end disk 3. The sample for tensile measurement is
clamped between the sample supports 1 and 2. The two sample
supports and the end disk 3 are mounted in the clamp holder of
the small clamping assembly.

The middle sample support 2 is connected directly to the drive
motor via the moving part of the clamp holder and the drive
shaft, and applies the tensile forces to the sample.

In the middle sample support 2 and in the end disk 3 there are
threaded holes for the guide pins 8. The guide pins serve to
hold the sample supports, end disk and sample in place when
the clamp is installed in the clamp holder. The guide pins are
then removed for the actual measurement.

The SDTA thermocouple is inserted in the hole marked 4 and
fixed in place with the Torx screw 5.

« The sample supports and the end disk are marked with an identification
number, in order to identify them as parts of a particular tension clamp.

1,2 Sample supports

End disks

Hole for f SDTA thermocouple
Torx screw for SDTA thermocouple
Clamping plates

Guide holes

Guide pins

Torx screws for clamping plates

SCA
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LCA
Large clamping assembly (LCA)
Fig. 2-14 shows the design of the large clamping assembly.

Displacement sensor core
Clamp holder, fixed part

Clamp holder, movable part

A W N PP

Drive shaft

Fig. 2-14. Large clamping assembly

The large clamping assembly consists of two parts: a movable
part and a fixed part.

The movable part is connected to the drive motor and sets the
sample in oscillation. It consists of drive shaft 4, the movable
part of the clamp holder 3 and the displacement sensor core 1.

The other part, the fixed part of the clamp holder 2, is rigidly
connected to the displacement sensor and fixes the sample in
the clamp. The force induced in the sample is transferred via
this part to the force sensor.
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LCA

In the large clamping assembly you can use the following
clamps:

e 3-point bending clamp
¢ Single/Dual cantilever clamp
e Tension clamp large clamping assembly

e Compression clamp
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LCA
Bending clamp

bending measurement modes  The bending clamp allows you to perform bending experiments
and determine the dynamic modulus of elasticity or Young’s
Modulus. Three types of bending measurements are possible:
3-point bending, single cantilever and dual cantilever.

The 3-point bending mode is particularly suitable for hard mate-
rials such as reinforced thermosets, composites, metals and al-
loys.

The single or dual cantilever mode is especially suitable for ma-
terials that would otherwise bend excessively under static
stress, for example unreinforced thermoplastics and thermo-
sets.

The single cantilever mode is very similar to the dual cantilever
mode, except that only one side of the sample is fixed. The
middle of the sample is clamped to the movable part of the
clamp holder providing the oscillatory force. This mode is suit-
able for materials that expand or shrink strongly along their
length during the measurement. This is in particular the case
with thermoplastics.

Fig. 2-15 shows the design of the bending clamp.

Bending beam (fixed part)
Riders (fixed part)
Sample

Clamp holder, movable part

g A W N -

Bending clamp, movable part

Fig. 2-15. Bending clamp (with sample and clamp
holder)
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LCA

A long sample is fixed in place with two clamps, the riders 2,
between the ends on a toothed supporting bending beam 1 that
forms the fixed part of the bending clamp 1. The bending beam
and the riders form the fixed part of the bending clamp.

The movable part of the bending clamp 5 that fixes the sam-
ple 3 in the middle is connected directly to the drive motor via
the clamp holder 4 and the drive shaft and transfers the dy-
namic bending stress to the sample.

A different set of riders 2 and a special movable part 5 is used
for each type of bending measurement.

In the 3-point bending mode, the ends of the sample rests on
two knife-edges in the riders and an oscillatory force is applied
to the middle by a moving knife-edge in the movable part of the
clamp holder. A preload force is applied to fix the sample in
place. This way of mounting samples interferes least with the
actual sample measurement.

In the dual cantilever mode, the ends of the sample are fixed in
the riders 2 and its middle is clamped to the movable part of the
clamp holder 4 providing the oscillatory force.

The same riders are used for single and dual cantilever bend-
ing but the right rider remains unused in the single cantilever
mode. It should, however, still be mounted.

The SDTA thermocouple is clamped to the cheek of the left SDTA thermocouple
rider 2 by a plate to fix it in position.
#« The longer the sample the more accurate the measured modulus of elas-

ticity (Young's modulus) is likely to be. The contribution of the shear
modulus and clamping effects are stronger with short samples.
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LCA
Tension clamp (large clamping assembly)

The large tension clamp allows you to perform measurements
in tension and determine the dynamic modulus of elasticity or
Young’'s Modulus. In this mode, the sample is subjected to os-
cillating tensile forces. One end of the sample is fixed and the
oscillation is applied to the other end. A preload force must be
applied to the sample so that buckling does not occur during
the oscillation. When the offset control is set to Auto, a static
tensile load is maintained.

With the tension clamp, the sample can be prepared and
mounted in the clamp separately outside the DMA module, for
example while a different sample mounted in another clamp is
being measured. Once you have mounted the sample in the
clamp, the clamp can be quickly installed and the next experi-
ment started.

The tension clamp is most suitable for measuring films, fibers
and thin rods or bars. The advantage is that sample clamping
has practically no influence on the deformation.

2 3 4

Tension clamp, fixed part
Sample mounting plate
Sample mounting aid
Support pins

Tension clamp, movable part
Clamping plates

SDTA Thermocouple holder

Torx screws for sample mounting plate

Q N oo o0~ WN P

Fig. 2-16. Tension clamp for the large clamping as-
sembly
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The tension clamp for the large clamping assembly consists
basically of a fixed part 1, and a movable part 5. The sample is
mounted between the movable part and the fixed part by
means of two clamping plates 6. The supplied short or long torx
screws can be used to fix the clamping plates, depending on
the thickness of the sample.

The tension clamp can be adjusted to the length of the sample
with the help a sample mounting plate 2 which is secured by
two torx screwsa. For sample lengths of 10.5mm and
19.5 mm there are suitable sample mounting plates. For a
sample length of 5.5 mm you do not need a sample mounting
plate.

The movable part of the tension clamp is directly coupled to the
drive motor via the movable part of the clamp holder and the
drive shaft and transfers the tensile forces into the sample.

The support pins 4 serve to fix the two parts of the tension
clamp when it is mounted in the clamping assembly in the sam-
ple mounting aid 3. They are screwed into the threaded holes
in the movable and fixed parts of the tension clamp. The sup-
port pins and the sample mounting aid are removed for the
measurement.

The SDTA thermocouple holder 7 serves to fix the SDTA ther-
mocouple in place.

In order to install and then remove the clamp from the clamping
assembly, the sample mounting aid 3 must always be fixed to
the clamp so that its parts are securely fixed together. The
function of the sample mounting aid is therefore similar to that
of the guide pins of the small clamp.

LCA

SDTA thermocouple

sample mounting aid
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LCA
Compression clamp

The compression clamp allows you perform measurements in
compression and to determine the dynamic modulus of elastic-
ity or Young’'s modulus. In this mode the sample is subjected to
oscillatory compressive forces. When the offset control is set to
Auto, a static compressive load is automatically maintained.

With the compression clamp, the sample can be prepared and
mounted in the clamp separately outside the DMA module, for
example while a measurement of a different sample mounted
in another clamp is being measured. Once you have mounted
the sample in the clamp, the clamp can be quickly installed and
the next experiment started.

We recommend that you perform measurements in compres-
sion mode only with soft samples. The measurement range of
Young’'s modulus is 0.1 MPa to 10 GPa. In this mode, however,
the Young’s modulus cannot be determined with the same high
accuracy as in the tension mode.

Fig. 2-17 shows the design of the compression clamp.
1 2 3 4

Compression clamp, fixed part
Sample mounting plate

Sample mounting aid

Support pins

Compression clamp, movable part

Sample support

N o o~ N BB

SDTA thermocouple holder

Fig. 2-17. Compression clamp
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The compression clamp consists basically of a fixed part 1 and
a movable part 5. The sample support 6 is inserted in the mov-
able part. The sample is mounted between the sample support
and the contact surface of the fixed part. There are laser mark-
ings on the sample mounting plate 2 to help you position the
sample.

The movable part of the compression clamp is directly coupled
to the drive motor via the movable part of the clamp holder and
the drive shaft and transfers the compressive forces into the
sample.

The support pins 4 serve to fix the two parts of the compression
clamp when it is mounted in the clamping assembly in the sam-
ple mounting aid 3. They are screwed into the threaded holes
in the movable and fixed parts of the compression clamp. The
support pins and the sample mounting aid are removed for the
measurement.

The SDTA thermocouple holder 7 serves to fix the SDTA ther-
mocouple in place.

In order to mount and then demount the clamp from the clamp-
ing assembly, the sample mounting aid 3 must always be fixed
to the clamp so that its parts are securely fixed together. The
function of the sample mounting aid is therefore similar to that
of the guide pins of the small clamp.

LCA

SDTA thermocouple

sample mounting aid
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Sample dimensions and geometry factors

As explained in the previous section, the stiffness is the quan-
tity that is directly measured. The modulus is calculated from
the stiffness and the geometry factor, which includes the sam-
ple dimensions.

Table of sample dimensions and geometry factors

Mode

Rectangular samples

Round samples

Shear (small CA only)

thickness, T : <6.5mm
width, W <15 mm
Length, L <18 mm
T
2LW
4w -
fl

-

thickness, T : <6.5mm
diameter, D <15mm
G- 2_T2

mD

=

Tension (small and large CA)

Small clamping assembly

length, L 90
width, W <5mm
thickness, T : <2mm

Large clamping assembly

Small clamping assembly
length, L 9.0
diameter, D <2mm

Large clamping assembly

length, L 19.5,10.5,5.5 mm |length, L 19.5, 10.5, 5.5 mm
width, W <7mm diameter, D <3mm
thickness, T : <3 mm
4L
G:L G= 2,WhereBsi
e @
T
Compression (large CA only) | Rectangular samples are not length, L <9mm
¢ recommended with the compression | diameter, D <20 mm
clamp. 4L
L G= 2
™D

@
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Mode Rectangular samples Round samples
el DA
. D
T
Bending (large CA only)
e 3-point bending length, L 30..90mm |length, L 30...90 mm
width, W <15mm diameter, D <5mm
¢ thickness, T : <5mm
3 3
v _ L g AL
R 4WT? 3mD*
[ L
e dual cantilever length, L 20 ... 80 mm length, L 20 ... 80 mm
L=L. -L width, W <15mm diameter, D <5mm
1 2 : .
¢ thickness, T : <5mm
e .
5 G=—ry
G=—— 31D
1I6WT

t L,
i

e single cantilever

Please note
Although round samples can be measured in the bending mode, you may have to take into account clamping ef-
fects (due the higher deformation of the sample in the clamps) that will possibly reduce measurement accuracy.

length: half the length for dual
cantilever is used

3
G= L3
WT

length: half the length for
dual cantilever is used

_16-13

G
3mrD?

e dual cantilever bending: Lpc

e 3-point bending: Lzpg

The sample length L is measured for dual cantile-
ver, single cantilever and 3-point bending experi-
ments as shown on the left:

e single cantilever bending: Lgc=Lpc/ 2

0503
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LCA

Four axes alignment device

The four axes alignment device allows you to align the position
of the measurement system in order to guarantee correct
measurement. You have to align the system properly with the
four axes alignment device every time you change the
clamping assembly.

)

T
L. .o

Parts
Four axes alignment device

Knobs
Force sensor
Displacement sensor

Drive motor

o O A W N PP

Clamping assembly

Fig. 2-18. Arrangement of the four axes alignment
device

Fig. 2-18 shows the arrangement of the four axes alignment
device 1 above the clamping assembly 6. It illustrates the posi-
tion of the x-, y- and z-axes.

The four axes alignment device is a mechanism made of slides
and spindles. By adjusting the slides and spindles with the four
adjustment knobs 2, you can change the position of the dis-
placement sensor 3 with respect to the clamping assembly 6.
This however allows you to change the position only with re-
gard to the x- and the y-axes. You can set the position on the z-
axis by moving the z-axis table.

2-36 METTLER TOLEDO STAR® System 0503



DMA/SDTA861¢e Design and Operating Principles

The four axes alignment device allows you to perform the fol-
lowing movements in order to align the measurement system
properly with the clamping assembly:

e Movement in the x-direction
e Movement in the y-direction
e Rotation around the x-axis (solid angle )
e Rotation around the y-axis (solid angle o)

3

The displacement sensor housing moves in the opposite direction of the x
and y knobs: If you screw the knobs in, the housing moves outward and
vice versa.

Fast cooling device

The fast cooling device consists of two fast cooling valves
which are operated manually by the two knobs on the outer
sides of the furnace arms. The fast cooling device is used to
rapidly cool the clamping assembly and sample down to low
start temperatures before the actual measurement. When the
fast cooling valves are switched on, the coolant from the cooler
is directed into the furnace and the sample holder and the
sample are cooled directly by the coolant vapor.

External gas supply

The atmosphere (e.g. an inert or an oxidative atmosphere) in
the furnace chamber can be created by means of an external
gas supply. There is an inlet and a connector for the gas tubing
on each furnace arm.

LCA

fast cooling

gas supply
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Keypad and LCD

The keypad is located on the right side of the front housing of
the module. The keypad allows you to enter commands or to
obtain information about the current status of the measuring
cell and the experiment via the liquid crystal display (LCD).

Motor Up

PN
h 4

Motor Down

Keypad on the DMA/SDAT861¢ module

The OK key confirms instrument messages, e.g. commands
requests, warnings and error messages.

The ROTATE key has several different functions:

e To adjust the contrast of the display (only possible when
switching on). You set the contrast of the LCD display by
immediately pressing the OK key after switching on the
DMA module. You set the desired contrast of the LCD dis-
play using the ROTATE key. You quit this set-up procedure
by pressing OK.

e To select the items in the second row line of the display
(see the tables at the end of this section).

The FURNACE key opens and closes the furnace of the meas-
uring cell.

e When the furnace is closed: Pressing the FURNACE key
opens the furnace.

e When the furnace is open: Pressing the FURNACE key
closes the furnace.

The GAS key allows you to view the flow rate in ml/min. The
flow rates can only be observed if the TSO800GC or
TSO800GC1 Gas Controller is connected (see the operating
instructions for the gas controller).
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The RESET key is a termination key.

After pressing the RESET key on the DMA module, the current
measurement is aborted and the furnace chamber is cooled
down or heated up until the temperature of the clamping as-
sembly is between —10 °C and 60 °C. The DMA module then
assumes the status "Furnace power off* and the furnace halves
can be opened with the FURNACE key.

& This behavior is different to that of other TA modules. The End Behavior
cannot be set in the Module Control Window of the STAR® Software.

The MOTOR UP and MOTOR DOWN keys are used to drive
the z-axis table up or down.

« The zero position of the z-axis table can be set with these keys at the be-
ginning of the interactive Four Axes Alignment dialog for the fine align-
ment of the measuring sensors. See also Chapters 6 and 8, section Fine
alignment of the measuring sensors (four axes alignment).

The LCD display shows status information and measurement
values and messages from the measuring cell. The LCD dis-
play has two rows. The first row shows the current status of the
DMA module measuring cell. The second row displays the cur-
rent measurement quantities.

You can change to the desired item in the second row by re-
peatedly pressing the ROTATE key. The displayed status in the
first row remains the same while you change between the val-
ues in the second row.

£ The displays move only in one direction. If you jump over a display by
mistake, you must press the ROTATE key repeatedly until you obtain
the desired display.

Please note: Pressing the keys on the keypad during a meas-
urement can cause vibrations and disturb a sensitive meas-
urement.

LCA

Motor Up
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Motor Down

measuring cell status
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Information shown in the first row of the LCD

& This information is also shown in the area at the bottom of the Module

Control Window.

Status displayed on the LCD

Explanation

IDLE FURNACE OFF The furnace is switched off.
The text Standby (furnace power off)
appears simultaneously in the Module Control
Window.

RT CHECK Clamping check at room temperature

ST CHECK Clamping check at start temperature

GOING TO START TEMP. Measuring cell goes to the start temperature
(the CA temperature is used as reference).

SETTLING.... Settling of the CA temperature

MEASUREMENT SEG. : -- The measurement is in progress.

GOING TO ROOM TEMP. Measuring cell goes to the remove tempera-

ture (the CA temperature is used as refer-
ence).

« See also Chapter 7, section Preliminary stages before the measurement
for more details on the stages before the measurement.

Information shown in the second row of the LCD

& This information (except for the items marked with *) can also be
displayed in the monitor area of the Module Control Window.

Status displayed on the LCD

Explanation

Tca: ... C

Clamping assembly temperature

Ts:... C

Current temperature of the sample in °C

Tcool: ... C *

Current cooler temperature in °C

GAS 1: --ml GAS 2;--ml *

Gas flow rate in ml per minute

Z-AXISPOS. - * Position of the z-axis table in um
(the unit is not displayed on the LCD)
FREQUENCY Current frequency | Hz

DISPL. AMPL. -- um

Current displacement amplitude in um

FORCE AMPL. -- mN

Current force amplitude in mN

PHASE -- rad

Current phase amplitude in rad

ENTER FAST CHECK *

Special mode for a fast adjustment (used for
service and maintenance purposes only)

* This information cannot be displayed in the Module Control Window
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Drive motor and z-axis table

Fig. 2-19 shows the arrangement of the drive motor, z-axis ta-
ble and clamping assembly. Since the z-axis table is located
below in the closed part of the stand, it is not visible from out-
side.

Parts
Displacement sensor core

Displacement sensor housing
Clamping assembly (without clamp)

Drive shaft

Drive motor

Drive motor housing

N o o b~ WN P

Z-axis table platform

Fig. 2-19. Arrangement of drive motor, z-axis table
and clamping assembly. The movement of the z-
axis table and the displacement sensor core is indi-
cated by the up and down arrows.

The drive motor 5 is located in the drive motor housing 6 and
mounted on the z-axis table platform. It generates the DMA os-
cillation that is transferred to the sample via the drive shaft 4
and clamping assembly 3. There are two types of drive motors
that can be installed in the factory for different force ranges.
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The z-axis table allows you to adjust the position of the drive
motor and the movable part of the clamping assembly in the z-
direction. The z-axis table is driven by a high precision roller
spindle powered by a step motor (see also Fig. 2-4). By moving
the z-axis table platform 7 in the z-direction you can set the
zero position of the displacement sensor core 1 in the dis-
placement sensor coil (see Fig. 2-19). This is done during the
four axes alignment procedure.

A round piece of felt is mounted on the drive motor surface to
catch and absorb liquid nitrogen droplets that may drip down
from the gap between the furnace halves.

Devices for calibration and adjustment

Special devices that serve as tools for calibration and adjust-
ment are shipped as standard accessories with the
DMA/SDTAS861¢€.

The alignment aid allows the alignment of the measuring sen-
sors and the clamping assembly to be performed quickly and
accurately. More details are given in Chapters 6 and 8.

The adjustment assembly allows the movement of the roller
spindle and the force sensor to be calibrated and adjusted. See
Chapter 8 for more details.
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2.2.7 Sample preparation

Proper sample preparation and sample mounting are of para-
mount importance to achieve good measurement results. The
mounting of the sample is explained in detail in Chapter 6. This
section includes some general hints for the preparation of
samples.

e Samples should not be subjected to extreme stresses (me-
chanical, thermal, etc.) during preparation and mounting.

e A sample should have:

- a straight and untwisted shape. This is particularly impor-
tant in tension mode experiments.

- a flat surface finish to make good mechanical contact with
the clamping surfaces of the clamps.

- accurately parallel surfaces perpendicular to the sides.
This is important to accurately calculate the geometry fac-
tor. Dimensional tolerances should be better than £0.1%.

e It is important to measure the sample dimensions accu-
rately in order to obtain accurate geometry factor values.
Wrong sample thicknesses can significantly affect the ge-
ometry factor and in turn the modulus values. This is par-
ticularly the case in the bending mode where the cube of the
thickness is used to calculate the modulus.

e For bending measurements in particular, it is very important
that the sample have a uniform width and thickness.

e Ideally, samples should be molded, machined, or otherwise
formed into the shape suitable for the corresponding clamp.

e The dimensions of the sample must be chosen so that the
sample stiffness is within the specifications of the instru-
ment. If you are able to prepare a sample and mount it in a
clamp, this does not necessarily mean that the modulus will
be within the measuring range of the instrument.
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Common problems with samples

e Moisture or solvents contained in the sample can affect the

measurement data. Conditioning or drying the sample prior
to the measurement can solve the problem.

Elastomers such as carbon-filled rubbers can be susceptible
to the strain or stress they suffer in the clamp. This may af-
fect the repeatability of measurement results. Clamping the
sample with torque values as low as possible and setting the
torque values uniformly and accurately can solve the prob-
lem.

Some samples may deform strongly under the pressure of
the clamp. The deformation can lead to erroneous modulus
values. This problem can occur in all measuring modes ac-
cept the 3-point bending mode. If possible, it is therefore ad-
visable to use the 3-point bending mode for such samples,
or to clamp the sample with as little torque as possible.

The dimensions of some samples can depend strongly on
temperature. Marked shrinkage or expansion can occur at
low or high start temperatures, respectively. The shrinkage
can be compensated for by reclamping at start temperature
in the following measuring modes:

- shear mode
- dual and single cantilever bending mode
- the tension mode

The problem of marked expansion of the sample can be
solved by using the single or the dual cantilever measuring
mode where possible.
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3 Cooling with the Liquid Nitrogen Dewar
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3 Cooling with the Liquid Nitrogen Dewar

Your DMA module must be able to both heat and cool the
sample in order to run temperature programs. This is
necessary for reasons of temperature regulation and control.
The sample is cooled using a special liquid nitrogen cooling
system. The main part of this comprises a liquid nitrogen
Dewar (Dewar) that is connected to your DMA module.

This chapter describes the operating principles of the liquid
nitrogen Dewar, how you install the Dewar and how you put the
liquid nitrogen cooling system into operation. In addition, it
describes how you refill the empty Dewar.
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3.1  Operating principles of the liquid nitrogen
Dewar

The operating principles of the liquid nitrogen Dewar are ex-
plained with the help of Fig. 3-1.

Pressure gauge

Safety valve Vent valve

Liquid nitrogen valve
Rupture disk Tube joint
Pressure building valve

Pressure controller \_/

1\

Electrovalve
Level gauge

Rising pipe for liquid nitrogen

- . Super insulation under vacuum
Pressure building coil __|

Liquid nitrogen

Vessel
/

\N )

Fig. 3-1. Diagram of the liquid nitrogen Dewar

Nitrogen flows at the constant rated overpressure of 150 kPa
from the liquid nitrogen Dewar via the rising pipe and the tube
joint to the electromagnetic valve and then on to the heat
exchanger in the furnace of the DMA module.

The pressure-building coil, pressure-building valve and
pressure controller make up the automatic pressure building
system. When the pressure-building valve and the pressure
controller are open, liquid nitrogen flows into the pressure-
building coil. There is good heat exchange between this coil
and the under side of the Dewar. This causes the liquid
nitrogen in the coil to vaporize and as a result of this the
pressure in the Dewar increases.
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When the rated overpressure is reached, the pressure control-
ler closes and liquid nitrogen can no longer flow though the coil.
The pressure remains constant. The rated pressure is typically
150 kPa; it can however be set by the pressure controller. The
pressure controller also ensures that the pressure in the Dewar
remains constant when nitrogen is discharged.

The purpose of the other fittings on the left side of Fig. 3-1 is to
ensure that the Dewar operates safely. The level gauge indi-
cates level of liquid nitrogen in the Dewar. The level is however
only measured correctly when the pressure is stable and the
pressure controller is practically closed.

3.2 Operating principles of the liquid nitrogen
cooling system

The automatic pressure building system ensures that the liquid
nitrogen Dewar is under a constant pressure (typically
150 kPa). Liquid nitrogen passes via the electromagnetic valve
to the heat exchanger in the furnace of the DMA module and
vaporizes. Nitrogen consumption is further reduced by taking
advantage of the heat of vaporization.

A control system in the DMA module ensures that exactly the
right amount of nitrogen flows at any phase of operation. This
thereby minimizes the consumption of nitrogen. The control
variable is the temperature in the heat exchanger of the DMA
module. The DMA module controls the flow of liquid nitrogen to
the furnace at the electromagnetic valve via an electrical
connection. The control system also ensures that the
temperature difference between the heat exchanger and the
furnace does not exceed a certain value.

At high furnace temperatures or high heating rates the
temperature difference between the furnace and the heat
exchanger is large so that the electromagnetic valve closes
completely.

Since the temperature of the heat exchanger must not exceed
400 °C, the control system switches the cooling on again at
high furnace temperatures.
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3.3 Delivery

METTLER TOLEDO supplies your DMA module complete with
a liquid nitrogen Dewar from Cryofab, Inc.

(This liquid nitrogen Dewar is also available as an accessory
with order number ME 190 129.)

As an alternative, we also recommend the "Apollo" liquid
nitrogen Dewar with pressure controller from Messer Griesheim
GmbH, Dusseldorf, Germany.
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3.4 Installation, start up and shut down

This section describes how you install the liquid nitrogen Dewar
and how you put it into and out of operation.

3.4.1 Installing the liquid nitrogen Dewar

12

Siphon

Fig. 3-2 shows the liquid nitrogen Dewar

Parts:
Electromagnetic valve 7 Pressure release valve (vent)

Two-piece lockingring 8 Safety valve (1.5 bar)
Pressure build-up valve 9 Level gauge

1

2

3

4 Pressure control valve 10 Liquid nitrogen valve

5 Rupture disk (4.5 bar) 11 Electrical connection for the magnetic valve
6

Pressure gauge 12 Vacuum tubing

Fig. 3-2. The liquid nitrogen Dewar
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=> See page 3-5, Fig. 3-2

To Install the liquid nitrogen Dewar:

Lift and transport the liquid nitrogen Dewar using a forklift.
Make sure the Dewar is supported from below.

Never try to lift the liquid nitrogen Dewar with the handles or
with hoisting loops wound round the outer part of the Dewar.

(1)
(2)

®3)

(4)

(5)

Position the liquid nitrogen Dewar next to the DMA
module so that vacuum tubing can be easily fitted.

Screw the supplied fitting a into the inside thread in the
end of the liquid nitrogen valve 10.

We recommend to use teflon thread or a similar sealing agent to seal
the fittings.

Connect the supplied electromagnetic valve 1 to the fitting
on the end of the liquid nitrogen valve 10 by tightening the
nut b firmly with a 17 mm open end wrench. The other
end of the electromagnetic valve has a fitting for the
connector ¢ on the end of the vacuum tubing.

Connect the vacuum tubing to the electromagnetic valve 1
by screwing the nut on the connector c tightly on to the
fitting on the electromagnetic valve with a 12 mm open
end wrench.

Connect the electromagnetic valve control cable 11 to the
electromagnetic valve by attaching the connector on the
cable to the three prongs on the side of the
electromagnetic valve. Fasten the connector securely by
tightening the screws at the back of the connector.

The liquid nitrogen Dewar is installed.
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3.4.2 Starting up and shutting down the liquid nitrogen
Dewar

Always wear protective goggles and gloves when working with
liquid nitrogen! It can cause severe burns on your skin.

Make sure that you have been trained in the correct operation
of the liquid nitrogen Dewar.

Do not move the liquid nitrogen Dewar when measurements
are in progress and if the electromagnetic valve is iced up!
Frozen tubing could break and liquid nitrogen could flow out.

Ventilate closed rooms as frequently as possible! High
concentrations of nitrogen are dangerous and can cause
suffocation.

To start up the liquid nitrogen Dewar:

(1) Fully open the pressure build-up valve 3 with the control
knob. Then turn it half a turn backward.

(2) Fully open the liquid nitrogen valve 10 with the control
arip.

The liquid nitrogen Dewar is ready for operation

Always put the liquid nitrogen Dewar out of operation if it is not
required for longer periods.

There is always the danger that liquid nitrogen could escape
uncontrollably.

To shut down the liquid nitrogen Dewar:

(1) Completely close the pressure build-up valve 3 with the
control knob.

(2) Completely close the liquid nitrogen valve 10 with the
control grip.

The liquid nitrogen Dewar is out of operation.
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preparing for filling

= See page 3-5, Fig. 3-2

3.5 Filling the liquid nitrogen Dewar

Always wear protective goggles and gloves when working with
liquid nitrogen!

It can cause severe burns on your  skin.
Make sure that you have been trained in the correct operation
of the liquid nitrogen Dewar.

Do not move the liquid nitrogen Dewar when measurements
are being performed and if the electromagnetic valve is iced
up! The frozen tubing could break and liquid nitrogen could flow
out.

Ventilate closed rooms as frequently as possible! High
concentrations of nitrogen are dangerous and can lead to
suffocation.

To prepare the liquid nitrogen Dewar for filling:

(1) Switch off the DMA module or put it in the standby mode,
(indicated by the IDLE FURNACE OFF display on the LCD). In
this state the electromagnetic valve is closed and no
nitrogen can escape.

* The DMA module is in the IDLE FURNACE OFF mode, if an experiment
has not been started in the Module Control Window. You can recog-
nize an experiment in progress in the Module Control Window by the
red bar and the experiment description that appears in bold type in the
experiment buffer.

(2) Close the liquid nitrogen valve 10.

(3) Unscrew the electromagnetic valve using a 17 mm open-
end wrench.

The liquid nitrogen Dewar is disconnected from the DMA module and is
ready for filling.

There are two ways to fill the liquid nitrogen Dewar.
To fill the liquid nitrogen Dewar via a liquid nitrogen line:
(1) Close the pressure build-up valve 3.

(2) Open the pressure release valve 7 slowly to release the
pressure. Check the pressure drop on the pressure
gauge 6.

(3) Connect the filling line of the liquid nitrogen supply to the
threaded tube fitting a (1/4" outer thread) at the liquid ni-
trogen valve b (see Fig. 3-3).
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Fig. 3-3. Connection for the filling line
(4) Apply the filling pressure.

(5) Open the liquid nitrogen valve 10 carefully.

The filling process begins. You can see when the liquid nitrogen
Dewar is full by observing the level gauge.

The cold nitrogen vapor that is formed on filling escapes via the
open pressure release valve.

£ You can follow the filling process on the filling gauge of the liquid
nitrogen Dewar. The filling rate depends on the filling pressure (the
filling rate at 0.5 bar overpressure is about 1.4 I/min).

(6) When the liquid nitrogen Dewar is full, shut off the filling
pressure and close the liquid nitrogen valve 10.

(7) Disconnect the filling line and screw on the
electromagnetic valve 1 again.

(8) Close the pressure release valve 7.

The liquid nitrogen Dewar is now full.

To fill the liquid nitrogen Dewar via the siphon opening: = See page 3-5, Fig. 3-2
(1) Close the pressure build-up valve 3.

(2) Open the pressure release valve 7 slowly to release the
pressure. Check the pressure drop on the pressure
gauge 6.

(3) Slacken off the two halves of the locking rings 2 and re-
move the siphon.
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Removing the siphon Siphon

(4)

(5)
(6)

Fig. 3-4. Removing the siphon from the liquid
nitrogen Dewar

The actual filling process depends on your supply of liquid nitrogen.
Ask you gas supplier for instructions.

Insert the filling line into the liquid nitrogen Dewar and
begin filling.
The filling process begins. The liquid nitrogen Dewar is full when the

liquid nitrogen is filled up to the opening of the Dewar. Make sure that
liquid nitrogen does spill over.

Remove the filling line from the liquid nitrogen Dewar.

Reinsert the siphon carefully into the Dewar. Make sure
that the inlets are free of ice particles and that the sealing
ring is properly located.

Liquid nitrogen can temporarily escape through the pressure
release valve.

(7)
(8)

Screw on the electromagnetic valve 1.
Close the pressure release valve 7.

The liquid nitrogen Dewar is now full.
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4 Installation

This chapter explains how you install your DMA module and

how you set it up for operation with the STAR® Software on

your PC and the liquid nitrogen cooling system. The chapter

also describes the procedures necessary to install the DMA

module within the STAR® Software.

Instructions for installing the STAR€ Software can be found in

the Chapter Installation Instructions of the STAR® Software

Operating Instructions.

4.1 Installing your DMA module

This section explains how you install and connect your DMA

module.

4.1.1 Location

The DMA/SDTA861€ is designed to operate trouble-free at

room temperatures between +10 °C and 31 °C and at relative

humidity of air below dewpoint.
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electromagnetic
disturbances

mechanical
disturbances

Electromagnetic fields are present everywhere in our environ-
ment. These can cause interference and affect the perform-
ance of DMA/SDTA861¢ thereby creating artifacts.

When choosing the installation location for the
DMA/SDTA861¢€, please avoid the following electromagnetic
disturbances:

e There should be no vertical power lines, motors, or similar
devices near the module. Check the neighboring rooms as
well.

e Make sure that the following minimum distances are kept
between the DMA/SDTA861e and the following devices:

- 05mtoalPC

- 1.0 m to a printer or a plotter with a power supply trans-
former

- 1.0 m to any lamp with a fluorescent tube
- 5.0 mto a refrigerator or a deep freezer

- All other types of electrical equipment are possible
sources of interference and should therefore kept away
from the DMA/SDTA861€.

e Do not use a mobile phone, radio transmission equipment or
similar devices during measurements.

The DMA/SDTA861¢€ is a very sensitive, high resolution instru-
ment for dynamic mechanical analysis. The DMA/SDTA861¢€
should therefore be protected from mechanical shocks and vi-
brations. To eliminate the effects of possible vibrations, it
should be installed on a solidly constructed bench, ideally a
stone bench.

The dimensions and material of the bench should be chosen
so that it can easily bear the weight of the DMA modules and
PC.

The weight of the DMA/SDTA861€ is approx. 120 kg

The dimensions of the DMA/SDTA861¢€ are:
Width: 80 cm
Depth: 65 cm
Height: 75¢cm

There should be at least 20 cm free space at the rear and on
both sides of the DMA module for cables and tubing.
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Stone bench

If the instrument and the PC are installed together on the same
bench, the bench should have the following dimensions:

Length x width x height: 150 x 90 x 90 cm

The above picture shows a suitable stone bench on which the
DMA/SDTA861€ can be installed.

For most measurement conditions it is sufficient to use a stone vibration damping
bench without vibration dampers. To meet high demands on

measurement accuracy vibration dampers can be inserted be-

tween the supports and the stone table slab. Please note how-

ever that the resonance behavior of the DMA module will be

different after this measure.
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4.1.2 Delivery

After receiving your DMA/SDTA861€¢ from your METTLER

TOLEDO representative, unpack it carefully and check the fol-

lowing points:

¢ s the equipment complete and does it contain the desired
accessories? Have you received the right version of the
clamping assembly?

e Have you received all the necessary tubing and fittings for
connection of gases?
e Is the accessory box complete according to your order?

Please contact your METTLER TOLEDO representative if any-
thing is missing or obviously damaged.

Parts supplied

The parts supplied with your DMA/SDTA861€ depend on the
configuration of your DMA/SDTA86¢€ you specified in your or-
der. For further details on accessories see chapter 12, Acces-
sories.

e The stand and the body containing the electronics are basi-
cally the same in all configurations.

e Depending on the force range you specified in your order
small or the large drive motor is included. For force ranges
up to 18 N the small drive motor is installed, for force ranges
from 20 N to 40 N the large drive motor is installed.

e The DMA/SDTA861€ can be configured for two frequency
ranges: for 200 Hz or 1000 Hz.

e Depending on the clamping assembly you ordered, different
clamps are supplied as the following table shows:

Clamping assembly Clamp
Small clamping assembly Shear clamp

Large clamping assembly 3-point bending

Dual/Single cantilever

Compression clamp

Tension clamp (films, fibers, rods and bars)

Adjustment assembly None (No clamp is used with the adjust-
ment assembly.)

e The accessories box always contains the alignment aid and
the adjustment assembly as well as a standard set of acces-
sories. See also chapter 12, Accessories.

e Normally a liquid nitrogen container from Cryofab, Inc. is
shipped with the instrument.

e The TSO800GC or TSO800GC1 gas controller for the dry
gas supply is optional.
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4.1.3 Setting up and making connections

The DMA/SDTA861€ is very heavy. At least four people should
be available to lift it.

Never try to lift the DMA/SDTA861€ alone — you could injure
yourself.

When setting up the DMA module, take account of the informa-
tion in the section Location.

Fumace | Electronics Module DMA i
supply . supply | electronics . measurement |
| § electronics

/0

\
Lfﬁ\

=15

/ —
;
Parts:
1 Mains switch 7  Module software cartridge
2 Fuse for electronics supply 8 RS232interface
3 Connection for synchronization with external devices 9 Rating plate
4 Connection for output from gas controller for gas 1 10 Fuse for line output socket
5  Connection for control of liquid nitrogen cooling 11 Mains connection
6  Connection for output from gas controller for gas 2 12 Mains output (for "Switched Line Output " option

Fig. 4-1. Connections on the back of the DMA
module
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Electronic connections

Fig. 4-1 shows the back of the DMA/SDTA861¢€ with the elec-

tronic connections. The different electronic units furnace sup-

ply, electronics supply, module electronics and DMA measuring

electronics are visible at the back.

Set up the DMA module and make connections

The following procedure shows you how to set up the the

DMA/SDTA861€ and make the electronic and gas connections.

To set up the DMA module and make connections:

(1) Set up the DMA/SDTA861¢€ (unpacked) at the desired lo-
cation.

* We recommend that you use a fork lift to transport the DMA module to
its location and lift it up to the level of the stone bench.

(2) Adjust the DMA/SDTA861¢€ horizontally by using the level-
ing screws and a bubble level.

(3) Make the following electrical and electronic connections

(see Fig. 4-1):

e Using the power cable supplied, connect the power
connector at the rear of the instrument to a power sup-
ply receptacle.

e Using the RS232 cable supplied, connect the connec-
tor 8 (5-pole, female) of the RS232 interface at the rear
of the DMA module to the connector (9-pole, male) of
the RS232 interface (COM1 or COM2) at the rear of
your PC (desktop or laptop).

% If the R232 interface of your PC has a 25-pole connector, you can
order a suitable 25-pole RS232 cable from your METTLER
TOLEDO representative.

(4) Make the following gas connections:

o Connect the liquid nitrogen Dewar to the vacuum tubing
as explained in chapter 3 in section Installing the liquid
nitrogen Dewar.

e Connect the dry gas supply as explained in section
Installing the dry gas supply.
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Installing the dry gas supply

A supply of inert or oxidative gas can be installed in addition to
the supply of liquid nitrogen required for cooling the sample.
Dry gas (for example nitrogen) prevents condensation of mois-
ture on the inside surfaces of the furnace. In some experi-
ments, however, it is necessary to create an oxidative atmos-
phere.

A flowmeter is needed to install the gas supply. The
TSO800GC or TSO800GC1 gas controller can also be used
instead of a flowmeter.

To install the gas supply:
(1) Connect the inlet of the flowmeter to the gas supply.

£ The gas is supplied from a bottle or from a permanently installed in-
house supply.

(2) Connect the outlet of the flowmeter to the dry gas inlet on
one of the arms of the furnace of the DMA module.

(3) Set the gas flow at the flowmeter to about 200 ml/min.

&« The flowmeter should not indicate any fluctuation of flow. A fluctuation of
the flow rate indicates possible problems in the gas supply (e.g. gas bot-
tle empty or problems with the in-house supply).

0503 METTLER TOLEDO STAR® System
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4.2 Installing your DMA module in the
STARE€ Software

Before you start up your DMA/SDTA861€ you have to make
some preparations in the the STAR® Software. This section
describes the functions of the STAR® Software Install Window
that are specific to the DMA module. The full description of the
Install Window can be found in the online Help to the the Install
Window.

Chapter 5, Switching on and switching off, explains how to
switch on your DMA/SDTA861€.

4.2.1 Open the Install Window

opening the » Click Functiond/Install Window in the main menu bar of the

Install Window STARE® Software.

An Install Window opens and the symbol INPort and Device: .| appears in
the Windows task bar.

mPull and Device: [METTLER] - STARe Installation |_ (O] <]
File View 7
UL
Fiint kargin Configuration I Syztem Caonfiguration ] Software Options ]
Port and Device l Module ] Clamping Assembly ]

W% Connect / Disconnect
Paort Configuration

Help

For Help, press F1 Themoplastics: METTLER
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4.2.2 Installing the DMA module in the STAR® Software

To install your DMA module in the STAR® Software, you have
to open a dataset belonging to your module in the STAR®
Software. You can import the dataset from the module floppy
disk supplied and open it in the STAR® Software. You can also
create a new individual dataset and perform the installation in
the STAR® Software step by step.

To import the module dataset of your STAR® module from installation with the module
the module floppy disk supplied floppy disk

£ For data import you must make sure that the floppy disk is not write-
protected.

(1) Insert the module floppy disk in the disk drive.

(2) In the Install Window, click the Module tab and then click
Import on the File menu.
The Import Module dialog box appears.

Import Module EHE

X

Irmport
Cloze

Delete

Pl

Help

J

Folder: | Browsze. ..

Free Space: -

(3) Enter the path in the Folder box, e.g. A:\

The name of your DMA module dataset appears in the list. This
dataset was created during adjustment in the factory and contains the
default settings.
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(4) Mark the dataset of your DMA module and click Import.

The module dataset of your DMA module is imported from the floppy
disk together with the settings and adjustment data.

The module dataset of your DMA module is imported in your STARe€
Software database. You can now open the database.

To create a new module dataset without an installation
floppy disk:

creating a new (1) Open a new dataset for a clamping assembly for your
clamping assembly dataset DMA module in the database first as follows:

& The Clamping Assembly box is per default set for the small steel clamp-
ing assembly and is marked Small Clamping Assembly, Steel.

» In the Install Window, click the Clamping Assembly tab.
The Clamping Assembly tabbed page appears.

i Clamping Assembly: (METTLE - 10| x|
File Wiew 7
D& - LI
Print targiti Configuration ] Syztemn Configuration ] Software Options ] -
PotandDevice | Module Clamping Assembly l User dccounts |

QRS mall Clamping Ass

Help

-

For Help, press F1 STARe Default DB 8,10 METTLER P

» Click in the Typebox.
A list of the different types of clamping assemblies appears.

N Clamping Assembly: (METTLE =10 x|

File “igw 7

O&E TR &

Frint Margin Configuration I System Configuration l Software Options ]j

Port and Device ] todule Clamping Azzembly l Idzer diccounts ]

Type | Small Claniping Azzenibly, Steel ﬂ

-

For Help, press F1 STARe Default OB %8.10: METTLER. =

» Select the desired clamping assembly in the list.
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» Click File/Save As...
The Save As dialog box appears.

» Give the clamping assembly a meaningful name (for
example SCA for small clamping assembly) and click

OK.

The clamping assembly is entered in the database.

(2) Selct the Module.tabbed page.

The Module dialog box appears. An DSC822€/700 module dataset al-
ways appears by default.

iModule: (METTLER) - STARe Inst -[0] x|
File “iew ?
el &Rk 28 &
Print b argin Configuration | Syztemn Configuration I Software Options I;
Port and Device Maodule Clampitg &ssembly I User Accounts
[ DSCE22e /700
|dentification Im Sergar IEEH.&MIE:FHSE HIGH LI
Diate Cooling Option I Heat-Fipe LI
Standby Temp. |25 T Options ™ Sample Robot
Disp Data Int. |5 3 Gas Contiol [ TSOB00GE
Adjustment Dverview |
Help |
For Help, press F1 STARe Default DB V8.10: METTLER |— &

(3) Click File/New:

The New Module dialog box appears.

New Module

tame Filker I

[Ipen

DMAMSDTABE e

DsSC20

DSC25

DSCa7HP

DSC30

D5CE20

DSCE21e/500
DSCE21e/700
DSCE22e/500
DSCE22e/700
DSC823:/500
DSCE23e/700

HF DSC827e

TGSO
TGA/SDTASS1e/LFA1100
TGASDTARS e/LF /1600
TGA/SDTAGS1/SF/A1100
TGAES0

Cancel

Filker

i

Help

creating a new module dataset
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(4)

-

Select DMA/SDTAS861e as the type of measuring module
and confirm with OK.
The Module dialog box opens and the default dataset for a DMA mod-

ule appears in the Module dialog box. You can enter data relevant to
the configuration of your DMA module.

Module: (METTLER) - STARe Inst (=]

Filz “iew 72

DEE SRk 22 &

DispDatalnt. |5

S

Print b argin Configuration | Syzstem Configuration I Software Dphions
Fort and Device Module | Clamping Assembly I User Accounts
[ Dra/SDTARE e
|dentification Im— Sensor I
Date Cooling Option ILN2
Standby Temp. |25— T Options
I—

Gaz Caontral | TSOB00GC

Adjuztrent Overview | (E{a T n—— I

Drive katar |1g 1

[
=)
I
[
Help |

Far Help, press F1 |STARe Default DB W8, 10; METTLER -

V|

For DMA modules, the Sensor button is not active and the Cooling Op-

tion button is only configured for liquid nitrogen cooling and is labeled

LN2.
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(5)

Enter the following information for your DMA module in
the text boxes in the left half of the dialog box:

» Enter the identification number of your DMA in the Iden-

tification text box. This is always necessary because

the STAR® Software identifies your DMA module on
the basis of this entry.

The identification number appears in the LCD display on starting
the measuring module.

If you want to change the standby temperature: Enter
the desired standby temperature for your measure-
ments in the Standby Temp. text box. The default value
is 25 °C.

If you want to change the data display interval: Enter
the interval for the data display in the Module Control
Window in the Disp Data Int. text box. The default value
is5s).

The data display interval does not influence the measurement. It

has to do with the updating of the display of data in the Module
Control Window (refresh rate).

By clicking the Adjustment Overview button you get an overview of
the current adjustment data. More information on this is available in
the section Adjustment data in the Install Window.

Identification number

Standby temperature

Data display interval

0503
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(6)

Gas Controller

(7)

If you have installed a gas controller: Click the Gas Control
button to define the gases.

The TSO8000GC dialog box appears.

x|
Gaz 1 | I ok |
Gaz 2 | Cancel |

:

Help

» Double-click the Gas 1 box.
The Select Gas dialog box appears with a list of all the gases.

X|

M arme Filter I ok I
iirr Cancel |
coz _

HZ-4% hr-96% Filter |
He

M2 Help |
oz

» Select the desired Gas 1 in the list.
» Double-click the Gas 2 button.

The Select Gas dialog box appears with a list of all the gases.
» Select the desired Gas 2 in the list.
» Confirm with OK.

The gas controller settings are defined.

Select a clamping assembly:

The clamping assembly dataset must be entered in the database ac-
cording to step (1).

» Click the Clamping Assembly button in the Module dialog
box.

A list of the clamping assemblies entered appears.

SCA

[

Clamping Azzembly

Dirive batar

» Click the name of the desired clamping assembly.

The desired clamping assembly dataset is linked to the dataset of your
module.
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(8)

9)

Select the dataset of your drive motor as follows:

» In the Module tabbed page, click in the Drive Motor box.
A list of drive motor forces (12 N, 18 N and 40 N appears.

Clarnping Aszembly |5E.-'-‘« j
Drive Mator 154 -

» Click the desired drive motor force.

The dataset of the selected drive motor is linked with the dataset of
your module.

Save the dataset of your DMA module in the database as
follows:

» Choose File/Saveas...
The Save as dialog box appears.

» Enter a name for your module (for example
DMA/SDTAS861e ID3).

& Include only the module type (in this case DMA/SDTA861®) and
the ID of your module (ID3) in the name. Do not include information
about other devices such as the type of clamping assembly used in
the name since the module can be linked to different devices (e.qg.
small or large clamping assembly).

» Click OK.
The dataset of the module is stored in the database.

The name entered appears as the title of the Module Control Window
after you have established communication between your DMA module

and the STAR® Software. The same name also appears in the Ex-
periment Window as the label of the button next to the text Send Ex-
periment.

The module dataset created in this way contains only the de-
fault adjustment data. If you want to use a module dataset cre-
ated in this way for your measurements, you must first of all ad-
just your DMA module. You can find instructions on how to ad-
just your DMA module in the Chapter Calibration and Adjust-

ment. During the adjustment, the STAR® Software saves the

new

adjustment dataset and at the same time overwrites the

previous adjustment data.

save dataset

0503
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4.2.3 Establishing communication between the STAR®
Software and your DMA module

If you have opened a dataset for your DMA module in the
STAR® Software, you can establish communication with your
DMA module by connecting it to an interface of your PC.

To establish communication between the STAR® Software
and your DMA module:

(1) Click the Port and Device tab.
connecting interfaces M Port and Device: (METTLER - 0] x|

Filz  “iew 7

TR L

Print b argin Configuration ] Syztem Configuration ] Software Options
Part and Device l tadule ] Clamping Assembly ] L zer Accounts

D | e —
COM2 ;
Egmi Part Configuration

COM5
COME
COM7
COoma
CamM3
CaMio

-

Help

-
4| | »

For Help, press F1 STARe Default DB Y8, 10: METTLER P

(2) Connect your module to the desired port as follows:

» Click one of the entries in the list (e.g. COM1). A TA-
module is usually connected to the first or second serial
ports COM1 or COM2.

» Then click Connect/Disconnect.
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The Connect Device to Port dialog box appears containing a list of
the module datasets stored in the database appears.

Connect Device to Port

Ed
DMAMSDTARE e D3, i ok
DSCEZ2e D2, 30011.2004 17:03:30 -
TGAASDTASS e 1D, 23122004 12:34.29 Carcel |
THASDTAB e D3, 23122004 13:35:22
AE-Balance Hel
AG5-Balance i |
ATMTAIMT-Balance
k3400 3-B alance

MT Standard Balance

a | ]

» Select the desired DMA module dataset and then click
OK.

The DMA module is connected to the port and communication is established
after a short while. The Module Contol Window opens automatically.

To disconnect your DMA module from a port: disconnect a module
from a port

» In the list, click the entry with the corresponding device
name and installation date.
A dialog box appears with the prompt: Do you want to remove this de-
vice?
N Port -|O] x|
File ‘iew 7
Bl

Print b angin Configuration | Spstem Configuration | Software Options
Fort and Device | Module I Clamping Azzembly I Usger Accounts

COM1 DMASSDTAS

DMA /SDTA861e ID x| [eet / Disconneat

B
COM3 |

it Configuration
COk4 9

COkA " / Do you want to remave this device?
COmME

COM7

COMY [ Yes Mo |

caoMin

Help |

WL

For Help, press F1 5T4Re Default DB ¥8.10: METTLER -

» Click Yesto disconnect the device from the port.
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4.2.4 Adjustment data in the Install Window
In the Install Window, you can look at the current adjustment
data of your DMA module, but you cannot change the adjust-
ment values. The data corresponds to the most recent adjust-
ment of your DMA modules. It is identical to the calibration data
displayed in the information boxes at the end of the individual
calibration runs.

You can find instructions on how to calibrate and adjust your

DMA module in the Chapter Calibration and adjustment.

Your DMA module was adjusted in the factory before delivery.

If you have not performed any adjustments, the adjustment

data corresponds to the factory adjustment.

To look at your DMA module adjustment data:

(1) Open the dataset of the desired DMA module in the Install
Window. To do this, click the Module tab, click
File/Open..., select the desired module dataset and click
OK.

The selected module dataset appears in the Module tabbed page.
(2) Click the Adjustment Overview button.
The Adjustment Overview dialog box appears. The thermal adjustment
data is displayed in the upper half of the dialog box. The lower half
contains buttons for initiating mechanical adjustments.
x|
Cell Temperature  dT[T] =-11.9930 + 0,3700°T - 622.7700e-DBT"2 °C.
adjusted -
Hel
Gas [ - 2
Sample Holder |3-Point Bending Clamp, Stesl ﬂ
Taulag HT]=-221.8500 + 1.2293*T - 1.8572e-03°T"2 5
Sample Temperature dT([T] = 0.0000 + 0.0000°T + 0.0000°T "2 *C
Taulag HT1=0.0000 + 0.0000°T + 0.0000°T"2 &
Db,
-
Spindle =
Forze Sensor o
Drive b ator -
Four duxiz Alighment =
Signal Comection =

& Please note: The data displayed next to the text Cell Temperature
represents the parameters for the CA temperature (clamping assem-
bly temperature). The label Cell Temperature is incorrect.
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(3) To look at the mechanical adjustment data, click one of
the buttons in the lower half of the dialog box:

« the Displacement Sensor button:

Displacement Sensor Adju
Sengitivity [OC1

1 B10.0000e-08 um/Count  0.0000 L

2 1.2200e-03  um/Count 0.0000 L Help |

3 3.0800e-03  um/Count  0.0000 L

4 E1000e-03  wm/Count  0.0000 LA

5 122000e-03  umCount  0.0000 LA

B 305000203 um Count 0.0000 L

7 B1.0000e-03  wm/Count  0.0000 L
IaC2 1000000 um/Step
OC3  -1.2000 um/Step

« the Spindle button:

Spindle Adjustment

Adjustment Azsembly  67.0000e-03 LA Cavint
Slope 1.0000 umStep

Help

¢ the Force Sensor button:

Force Sensor Adjt %]

1 1E2.0000=08  M/Count
2 1.6800e-03 M ACount

Help |
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« the Drive Motor button:

Drive Motor Adjusti

Diaphragm Stiffness 3200 I
Force-Curment Rule 25 i

Help |

« the Four Axis Alignment button:

Four Axis Adjustment

Farce Amplidute (1.0000
Dizplacement Ampldute  0.0000
Diztortion of Displacement  0.0000
Quality Fachar 1 (1.0000
Cluality Factor 2 0.0000

« the Signal Correction button :

Signal Correction

Signal Delay Compenszatian 47.0000=-06 =
Charge Amplifier Decay Time Compenzation 39.8000e+03 =
Help |
Explanation:

Signal Delay Time Compensation: Delay time or phase shift of the
displacement signal with respect to the force signal

Charge Amplifier Decay Time Compensation: Compensation for
signal delay of the force sensor’s charge amplifier at low
frequencies compensation

& The dialog boxes displayed above contain the default data of the
STARe database. The STAR® Software uses this data if no other ad-
justment data for your DMA module is available.
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425 Reference measurement after installation

»  Check the measurement accuracy of the module after you
have completed the installation. We recommend that you
perform the reference measurement in the 3-point bend-
ing mode with the standard silicon samples (shown below)
available from METTLER TOLEDO. The modulus values
for this material are well documented and are easy to re-
produce.

If the measurement results are outside the limits of permissible
error, then you have to adjust your module. You can find the
instructions of how to do this in the Chapter Calibration and Ad-
justment.

You can get an overview of the current adjustment data by
clicking the Adjustment Overview button in the Topic/Module dia-
log box. More information is available on this in the section Ad-
justment data in the Install Window.

measurement accuracy
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5 Switching On and Switching Off

This chapter explains how you switch your DMA module on,
and how you switch it off. The order in which you switch the PC
and DMA module on or off does not matter.

Never switch your DMA module off during a measurement.

If you switch the DMA module off, all the data belonging to the
current measurement are lost.

« If you use a HP DeskJet printer, you must switch this on before you
switch on the other instruments.

To switch on your DMA module:

(1) Switch on the DMA module by actuating the main switch
(red). The main switch is located above at the rear of the
instrument.

After it has been switched on, the DMA module performs a start-up
routine that lasts about 20 seconds. The following messages appear
one after the other on the LCD display:

DMA V1.00 Version of the firmware

*kkkkkkkkk

DMA V1.00 Performs a self test

SELFTEST

DMA V1.00 Calibration routine

SELFCALIBRATION

Module starting up Module initializes

DMA INITIALIZATION... DMA initialization

IDENT. NO: Display of the identification

SYSTEM: OK number of the module

IDLE FURNACE OFF Instrument ready:

Ts: furnace switched off, current
sample temperature

* The identification number is required for the installation of the DMA
module in the STAR® Software.

(2) If the text IDLE FURNACE OFF appears for longer than 30
seconds on the LCD display:

Your DMA module is ready for operation.
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communication problems

If you have not already done so, you must now switch on the
PC, start the STAR® Software, and set up the DMA module in
the STAR® Software in order to begin the measurement. The
instructions can be found in the section Installation and in the
Chapter Installation Window of the STARe Software User Man-
ual.

If the text: *COMMUNICATION TIMEOUT* appears after 30 sec-
onds, there is a communication problem between the DMA

module and the STAR® Software installed on your PC. In this
case, proceed as follows:

» Check that the PC is switched on.

» Check whether the RS232 cable is properly connected at
both ends and that the screws on the connectors are
properly tightened.

» Check whether the DMA module is properly installed in
the Installation Window of the STAR® Software under Port
and Device, and whether the connection to the RS232 in-
terface has been made. The text with the name of your
module should appear in bold next to the corresponding
port. If necessary, interrupt the connection of the DMA
module to the port under Port and Device and reinstate the
connection.

»  Switch the DMA module off and then on again.

If the message *COMMUNICATION TIMEOUT* still remains after
you have checked these points, contact your METTLER
TOLEDO service engineer.

To switch off your DMA module:

(1) If you want to access the sample after switching off the
module: open the furnace before you switch off the DMA
module.

& When the module is switched off, you cannot open the furnace and
cannot therefore access the sample.

(2) Switch off the DMA module. The main switch is located
above at the rear of the instrument.

(3) If you leave the DMA module unattended for a longer pe-
riod of time after switching it off, put the liquid nitrogen
container out of operation. Follow the instructions given in
Chapter 4, Installation in the section Installation, start up
and shut down.

The DMA module is switched off.
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6 Preparing for a Measurement
Contents
6.1 Pre-aligning the measuring sensors before installing a clamping
ASS MDY .. e e e e e aaa———— 6-3
6.1.1 Pre-aligning the measuring sensors with the alignmentaid.....................ccocoi. 6-4
6.2 Installing and removing the small clamping assembly ..........cccccccciiiinnnnns 6-12
6.2.1 Assembling and aligning the small clamping assembly ............cccccvviiiiieeneenn. 6-13
Assembling the small clamping assembly 6-13
Aligning the small clamping assembly within itself.............ccccoooiiiiii i, 6-15
6.2.2 Installing the small clamping assembly ... 6-17
6.2.3 Removing the small clamping assembly ............cccooooeiriiiiii e, 6-22
To remove the small clamping assembly.............cooiiiii 6-22
6.2.4 Installing and removing the alignment insert of the small clamping assembly..6-24
6.3 Mounting the sample in the small clamping assembly ...........cccccccciiiinnnns 6-26
6.3.1 Disassembling the standard shear clamp and mounting the sample................. 6-27
6.3.2 Disassembling the special shear clamp and mounting the sample ..............ccooeeei. 6-33
6.3.3 Disassembling the tension clamp and mounting the sample ..............cccccoeoo. 6-40
6.3.4 Installing the small clamps ... 6-44
6.3.5 Removing the small ClamPs ..........oouiiiii e 6-54
6.4 Installing and removing the large clamping assembly..............ccccevvninnnnnn. 6-56
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6.5
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Removing the bending clamp and sample...........ccooooviiiiiiii e, 6-80
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6 Preparing for a Measurement

This chapter describes how to prepare the DMA/SDTA861€ for
a measurement. We explain how to mount and remove a sam-
ple. The procedures vary according to the type of measure-
ment and the clamp or clamping assembly used.

Abbreviations:

For better orientation, the margins of the pages in this chapter
include the following signs to indicate the device to which the
text in the corresponding section refers:

Alignment aid, used for the text relating to the
alignment aid in Chapter 6.1.

Small clamping assembly, used for the text relating
to the small clamping assembly in Sections 6.2 and
6.3

Large clamping assembly, used for the text relating
to the large clamping assembly in Sections 6.4 and
6.5

4 axes alignment, used for the text relating to the
Fine alignment (or 4 axes alignment) procedure in
Section 6.6
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Message Risk of damage! appears

tools

on the LCD

The tools required for tightening and loosening nuts and screws
in the procedures are supplied with the DMA/SDTA861¢ and
are shown in Fig. 6-1. See also Chapter 12, Accessories.

Always use the Torx screwdrivers and wrenches supplied to
tighten and loosen the Torx screws. The use of a different tool
could damage the Torx screws or even parts of the
DMA/SDTA861€.

Use the supplied torque wrenches where indicated in these op-
erating instructions to set the correct torque. Parts of the
DMA/SDTA861¢ could suffer damage if different tools are
used.

Fig. 6-1. Tools supplied with the DMA/SDTA861€

If the force sensor measures an unallowed value, the error
message Risk of damage! appears on the LCD. You can however
acknowledge the message by pressing the OK key on the key-
pad of the module. The third time the message occurs, how-
ever, it is no longer possible to acknowledge the message. In
this case, you have to switch off the DMA module using the
mains switch at the rear of the instrument and then restart it.
See also Chapter 10, Error messages and warnings.

6-2

METTLER TOLEDO STAR® System 0503



DMA/SDTA861€ Preparing for a Measurement

ALA

6.1 Pre-aligning the measuring sensors before
installing a clamping assembly

Before you install a clamping assembly for the first time, you
must adjust the four axes alignment device manually to pre-
align the displacement and the force sensors with the clamping
assembly.

This alignment procedure has already been performed in the
METTLER TOLEDO factory with the clamping assembly you
ordered. We recommend that you repeat the alignment proce-
dure described below when you install a new clamping assem-
bly.
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6.1.1 Pre-aligning the measuring sensors with the
alignment aid

The alignment aid shipped with the DMA/SDTA861€¢ module
serves the purpose of pre-aligning the displacement and the
force sensors with the clamping assembly. It is shown in
Fig. 6-2:

1
a
2
3
a Alignment aid, upper part
b 1 Flange
2 Plate
4 b Alignment aid, lower part
3 Plate
5 4 Nut
5 Conical end

Fig. 6-2. Alignment aid

% The fine alignment of the measuring sensors is carried out after the man-
ual pre-alignment using a dialog in the DMA module software (see the
section Fine alignment of the measuring sensors (Four axes alignment).
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Fig. 6-3 shows the four axes alignment device, the measuring
sensors, the alignment aid and the positions and angles to ad-
just. With the help of the alignment aid, the positions and an-
gles of the measuring sensors can be adjusted quickly so that
the sensors are in the right position when you install a clamping
assembly.

1 2 3 4 5

\ \ / I
y adjustment o adjustment p adjustment x adjustment

Alignment aid I 7
\/
1  Knob for adjusting the y -position 7  Drive motor
2 Knob for adjusting the o angle 8  Threaded fitting
3 Knob for adjusting the B angle 9 Nut
4 Locking screw 10 Alignment aid, lower part
5  Knob for adjusting the x -position 11 Alignment aid, upper part
6  Displacement sensor housing

Fig. 6-3. Pre-alignment with the alignment aid
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=> See page 6-5, Fig. 6-3

Install alignment aid

To pre-align the measurement sensors with the alignment

aid:
Start:

-

(1)

- Alignment aid is ready

The mechanism of the 4-axes alignment device operates best when it
is pressed together slightly by the locking screw.

Fasten the upper part of the alignment aid as follows to
the flange of the displacement sensor, ©:

Torx screws

Displacement sensor core
Displacement sensor flange
CA thermocouple

O 9 W N P

Hole for SDTA thermocouple

Fig. 6-4. Displacement sensor flange (view from be-
low)

Hold the upper part of the alignment aid under the
flange of the displacement sensor. Ensure that the
thermocouple projecting from hole b is positioned freely
in the notch (Fig. 6-4). Make sure you do not wedge the
thermocouple while fastening the upper part of the
alignment aid.

The Torx screws must be aligned with the tapped holes in the up-
per part of the alignment aid.

Screw in the three Torx screws and tighten them firmly
with the same torque using the Torx Allen wrench sup-
plied.

The upper part of the alignment aid is now fixed to the flange of the
displacement sensor.
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(2) Set the lower part of the alignment aid into the seat in the
threaded fitting of the drive motor. The conical end fits
snugly into the conical bore. Tighten the nut on the fitting,
2}

(3) Loosen the support structure of the measuring sensors as
follows:

» Remove the Torx screws (A) with the Torx wrench and
remove the front clamp (B). Loosen the Allen screws
(C) with a 4-mm Allen wrench, ©, but do not com-
pletely remove them so that the support structure is still
attached.

» Fold the support structure back so that it is no longer in
contact with the displacement sensor flange, ©.
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(4) Loosen the locking screw of the four axes alignment de-

vice, ©, then slightly tighten it again to the point where
you feel slight resistance.

Do not drive the lower part of the alignment aid mounted on the
z-axis table too far up toward its upper part.

The drive motor could suffer damage.

(5) Dirive the z-axis table upward as follows.

» Press the MOTOR UP key once. The z-axis table moves
upward and stops at an intermediate position. The two
plates of the alignment aid are still well apart in this po-
sition, ®-a and GO-b.

» Press the MOTOR UP key and hold it down to slowly
move the lower plate of the alignment aid toward the
upper plate until the gap between the two plates is
about 0.5 mm, GO-c.
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(6)

(7)

Check visually in the x and y directions whether the upper
and the lower plate are flush with each other, @-a and
@-b. Using knobs 1 and 5, adjust the x and y positions so
that the plates are flush, ®-a and ©-b.

The gap can be more clearly seen if you insert a sheet of white paper
behind the adjustment aid.

Check visually whether the upper plate is parallel to the
lower plate by looking at the gap in the x and y directions,
®@-a and @-b. Using knobs 2 and 3, adjust the a and 8 an-
gles so that the two plates are parallel, ®-c and ©-d.

Knobs2 and3 are not mounted when you receive the
DMA/SDTA861° from the factory. You have to mount the knobs first to
adjust the angles.

@-b
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(8)

9)
(10)

End:

O-c

©

Drive the z-axis table fully downward. Press the MOTOR
DOWN key until the z-axis table stops in the intermediate
position. Briefly press the MOTOR DOWN key once more
to move the z-axis table into the lower position. The z-axis
table stops automatically in the lower position, ©.

The travel speed of the z-axis table changes from low to high at the in-
termediate position.

Tighten the locking screw 4, ©.

Remove both parts of the alignment aid. To remove the
upper half, loosen the three Torx screws on the flange of
the displacement sensor core. Loosen the nut and take
the lower half out of the seat of the drive motor.

- Pre-alignment completed
- Alignment aid removed

ALA
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6.2 Installing and removing the small clamping
assembly

This section shows you how to assemble, align and install the
small clamping assembly. It also explains how to remove the
clamping assembly.

Before the clamping assembly can be installed, the measuring
sensors must be pre-aligned as described in the section Pre-
aligning the measuring sensors before installing a clamping as-
sembly. This adjustment ensures that the measuring sensors
are optimally aligned before installation. This step is essential
for achieving good results.
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6.2.1 Assembling and aligning the small clamping
assembly

To install the small clamping assembly in the DMA module, you
have to align the clamping assembly within itself. If you have
previously disassembled the small clamping assembly, you
have to first assemble it again.

The following sections describe these steps.

Assembling the small clamping assembly

To align the small clamping assembly within itself, it should be
assembled as shown in Fig. 6-5.

The movable part of the small clamping assembly, comprising
the displacement sensor core 1, the movable part of the clamp
holder 3 and the drive shaft 4, is installed in the fixed part of the
clamp holder 2.

Displacement sensor core
Clamp holder, fixed part
Clamp holder, movable part
Drive shaft

Nut

o O b~ W DN B

Torx screws in the fixed part of
the clamp holder

7  Torx screw in the movable part
of the clamp holder

8 Flanage

Fig. 6-5. Assembled small clamping assembly
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= See page 6-13, Fig. 6-5

Normally there is no need to disassemble the small clamping
assembly into its various parts. However, you can disassemble
it, for example for repair. The following procedure shows you
how assemble the small clamping assembly after it has been
disassembled.

To assemble the small clamping assembly:

Start: - Fixed part of the clamp holder 2 (consisting of two halves)
has been removed
- Drive shaft 4, movable part of clamp holder 3 and displacement
sensor core 1 are joined up together

(1) Remove the four Torx screws 6.
(2) Remove the front half of the clamp holder 2.

(3) Put the movable part of the small clamping assembly in
the half of the clamp holder. Guide the displacement sen-
sor core through the flange 8 of the clamp holder. The
middle Torx screw 7 must face outward (so that it is ac-
cessible).

(4) Remount the front half of the clamp holder 2. Make sure
that it is correctly orientated: It is correctly orientated when
the middle Torx screw 7 is clearly visible. Fasten the four
Torx screws 6 so that the fitting is loosely mounted.

End: Small clamping assembly assembled
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Aligning the small clamping assembly within itself

Before you can install the small clamping assembly in the DMA
module, you have to align it within itself. This is done with the
help of the alignment insert and the protective cover.

Fig. 6-6 shows the small clamping assembly in the assembled
state with the alignment inset and the protective cover installed.

Protective cover

Middle Torx screw

Protective cover

Clamp holder, fixed part

Clamp holder, movable part Protective cover

© 00 N O

Drive shaft Rim

ga A W N -

Alignment insert

Fig. 6-6. Small clamping assembly with alignment
insert and protective cover

To install the small clamping assembly in the DMA module, the
alignment insert must be inserted. In measurement operation,
the alignment insert is replaced with one of the small clamps
containing a sample.

Torx screws in the fixed part of the clamp holder

SCA
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= See page 6-15, Fig. 6-6

To align the small clamping assembly within itself:

Start: Small clamping assembly in assembled state

Always use the Torx screwdriver supplied to tighten and loosen
the Torx screws. Using a different tool could damage the Torx
screws.

(1) Make sure that all five Torx screws 6, 7 in the movable
and the fixed clamp holders 2, 3 have been loosened.
Loosen Torx screw 6 of the movable part of the clamp
holder by about one full turn only.

* If you loosen the Torx screw too much, it can hit the fixed part of the
clamp holders and jam the clamp holder.

(2) Slide the alignment insert5 carefully from one side into
the clamp holder. If necessary, loosen the Torx screws a
bit more.

(3) Position the movable part of the clamp holder 3 symmetri-
cally in the middle of the fixed part of the clamp holder 2
and alignment insert 5 symmetrically to the middle of the
clamp holder.

(4) Firmly tighten Torx screw 6 of the movable part of the
clamp holder.

(5) Mount the protective cover 1 from above onto the flange
of the clamp holder. Guide the displacement sensor core
carefully into the bore of the protective cover 8.

The lower guide rim 8 of the protective cover projects into the gap be-
tween the flange of the clamp holder and the displacement sensor

core. The displacement sensor core is completely inserted in the bore
of the protective cover.

(6) Align the movable parts of the small clamping assembly
so that the end of the displacement sensor core is posi-
tioned concentrically in the bore of the protective cover 1.

(7) Tighten the four Torx screws 7 of the fixed clamp holders.
Make sure that the movable part of the clamp holder 3
does not shift.

(8) Remove the protective cover 1 by carefully lifting it upward
over the displacement sensor core.
End: - Small clamping assembly aligned within itself

- Alignment insert is mounted and protective cover removed
- Small clamping assembly ready to install in DMA module
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6.2.2 Installing the small clamping assembly

This section shows you how to install the small clamping as-
sembly. Before the clamping assembly can be installed, the
measuring sensors must be pre-aligned as described in the
section Pre-aligning the measuring sensors before installing a
clamping assembly.

After this manual alignment has been performed, you may
have to readjust the x and y positions slightly while installing
the small clamping assembly. The installation procedure of the
clamping assembly therefore consists of two steps: the actual
installation of the clamping assembly and the alignment of the
measuring sensors (four axes alignment).

Fig. 6-7 gives an overview of the adjustment possibilities with
the four axes alignment device.

1 2 3 4 5

\ \ / /
y adjustment a adjustment B adjustment x adjustment

Knob for adjusting the y -position

Knob for adjusting the langle

Knob for adjusting the I angle

Locking screw

Knob for adjusting the x -position
Displacement sensor core
Displacement sensor housing
Drive motor

Threaded fitting

Nut

© 00O N O O b~ W N PP

[EnY
o

Alignment insert

o}

Fig. 6-7. Small clamping assembly installed

0503 METTLER TOLEDO STAR® System 6-17



SCA

Preparing for a Measurement

DMA/SDTA861¢

= See page 6-17, Fig. 6-7

Install small clamping assembly

To install the small clamping assembly:

Start:

(1)

(2)

- Small clamping assembly aligned within itself
- Alignment insert mounted * and protective cover removed

Hold the small clamping assembly up at an angle below
the displacement sensor flange with the heads of the Torx
screws pointing toward you. Guide the displacement sen-
sor core 6 into the displacement sensor housing 7 by rais-
ing the entire adjustment assembly, ©@.

Fasten the small clamping assembly to the flange of the
displacement sensor, @ as follows:

Torx screws

Displacement sensor core
Displacement sensor flange
CA thermocouple

O 9 W IN P

Hole for SDTA thermocouple

Fig. 6-8. Displacement sensor flange (view from be-
low)

» Hold the clamping assembly under the flange of the
displacement sensor. Ensure that the thermocouple
projecting from the notch is positioned freely in the
notch. Make sure you do not wedge the thermocouple
while fastening the adjustment assembly.

% The Torx screws must be aligned with the tapped holes in the
flange of the clamping assembly.

» Screw in the three Torx screws and tighten them firmly
with the exactly the same torque using the Torx Allen
wrench supplied.

The small clamping assembly is now fixed to the flange of the dis-
placement sensor.

* See the section .Installing and removing the alignment insert of the
small clamping assembly.
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© (4]

Do not drive the z-axis table too far toward the clamping as-

sembly.
The drive motor could suffer damage.

(3) Drive the z-axis table upward by pressing the MOTOR UP
key once. The z-axis table stops automatically in a posi-
tion in which the conical end of the drive shaft is just over
the bore of the threaded fitting 9 of the drive motor, ® and
0.

£ The travel speed of the z-axis table changes from high to low in this
intermediate position.
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Readjust x and y
positions

(4)

()

(6)

(7)

(8)

End:

If you have previously not done so, loosen the support
structure of the measuring sensors as follows:

» Remove the Torx screws (A) with the Torx wrench and
remove the front clamp (B). Loosen the Allen screws
(C) with a 4-mm Allen wrench, ©, but do not com-
pletely remove them so that the support structure is still
attached.

» Fold the support structure back so that it is no longer in
contact with length sensor flange, @.

Loosen the locking screw of the four axes alignment de-
vice, @, then slightly tighten it again to the point where
you feel slight resistance.

Readjust the x and y positions as follows:

» Slide the nut 10 upward and fix it with a paper clip, @
(previous page).

» If the conical end of the drive shaft is not concentrically
above the bore in the threaded fitting 9 of the drive mo-
tor: Use knobs 1 and 5, to adjust the x and y positions
until the conical end of the drive shaft is positioned
concentrically above the bore, ®-a and 0-b.

» Drive the z-axis table upward carefully by pressing the
MOTOR UP key. Continuously check visually that the
position of the conical end of the drive shaft in the bore
is concentric. If necessary, adjust the x and y positions
again.

Check the play of the drive motor diaphragm before tight-
ening the nut 10, by pulling the diaphragm upward with the
threaded fitting 9 using your fingers, ©. Drive the z-axis
table upward until the play of the diaphragm is less than
0.5 mm. Do not pull the diaphragm while the z-axis table
IS moving.

Tighten the nut 10 firmly.

- Small clamping assembly installed
- Support structure loosened

The pre-alignment of the measuring sensors has been com-
pleted. You can now begin the fine alignment of the measuring
sensors. See the section Fine alignment of the measuring sen-
sors (four axes alignment) on page 6-102.
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If you have newly installed the small clamping assembly, you
must perform a displacement adjustment after the fine align-
ment. This is explained in Chapter 8, Calibration and adjust-
ment in the section Adjusting the displacement.

(5) (6]
(7] 0O-a
O-b (o)
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= See page 6-17, Fig. 6-7

6.2.3 Removing the small clamping assembly

To remove the small clamping assembly from your DMA mod-
ule, the alignment insert must be mounted in the clamping as-
sembly.

To remove the small clamping assembly

Start:

(1)

(2)

3)
(4)

()

End:

- Alignment insert mounted *
- Two halves of the furnace are fully open and swung to the rear

Fully loosen the three Torx screws on the displacement
sensor, @. Use the Torx Allen wrench supplied. Make
sure that the clamping assembly is completely loose and
can move freely downward when you drive the z-axis ta-
ble downward.

Drive the z-axis table fully downward. Depress the
MOTOR DOWN key until the z-axis table stops in the in-
termediate position. Briefly depress the MOTOR DOWN
key once more to move the z-axis table to the lower posi-
tion. The z-axis table stops automatically at the lower po-
sition.

The travel speed of the z-axis table changes from low to high in the in-
termediate position.

The clamping assembly has been driven right down with the z-axis ta-
ble. There is now sufficient room above the displacement sensor core
to remove the clamping assembly.

Loosen the nut 10 of the drive shaft from the threaded fit-
ting of the drive motor.

Lift the clamping assembly upward out of the drive motor
fitting. Remove the clamping assembly carefully in a
downward direction. Make sure that you do not damage
the displacement sensor coil and the displacement sensor
core, ®-a and ®-b.

Screw on the protective cover, ©.

Small clamping assembly removed

* See the section .Installing and removing the alignment insert of the
small clamping assembly.
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= See page 6-15, Fig. 6-6

6.2.4 Installing and removing the alignment insert of the
small clamping assembly

Before you install or remove the clamping assembly, the align-
ment insert must always be installed to ensure that the parts of
the clamping assembly are firmly fixed together.

Never use excessive force to move the alignment insert. Exert-
ing excessive force on the clamp could damage the force sen-
sor, the displacement sensor or the drive motor.

To install the alignment insert:

Start: - Small clamping assembly installed, clamp removed
- Two halves of the furnace are fully open and swung to the rear

(1) Make sure that all five Torx screws 6, 7 in the movable
and the fixed clamp holder 2, 3 have been loosened.

(2) Slide the alignment insert, @, carefully from one side into
the clamp holder, @. If necessary, loosen the Torx screws
even more. Make sure that the alignment insert is posi-
tioned symmetrically in the clamp holder, ©.

(3) Tighten the Torx screws 6, 7 of the clamp holder.
End: Alignment insert installed in small clamping assembly
To remove the alignment insert:

Start: - Alignment insert installed in small clamping assembly
- Two halves of the furnace are fully open and swung to the rear

(1) Loosen the Torx screws 6, 7 of the clamp holder.

(2) Pull the alignment insert carefully toward the right side out
of the clamp holder, ©.

End: Alignment insert removed from small clamping assembly.
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6.3 Mounting the sample in the small clamping
assembly

Mounting the sample in the small clamping assembly consists
of two steps: First of all you have to mount the sample in the
clamp before you then install the clamp in the clamp holder.
The following sections describe this two-step procedure.

Several different clamps are available for the small clamping
assembly. The clamp you use depends on the measuring
mode and the type of sample.
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6.3.1 Disassembling the standard shear clamp and mounting the sample

The instructions in this section refer to the standard shear
clamp for highly viscous materials.

Before you can mount the sample in the standard shear clamp,
you must first disassemble the shear clamp. Fig. 6-9 shows the
design of the standard shear clamp.

1,2 Sample supports

End disk

Hole for SDTA thermocouple

Torx screw for SDTA thermocouple
Tapped holes

Guide holes

Guide pins

Laser markings

Line marks

O T 9 0 N o 0o b~ W

Clamp identification number

Fig. 6-9. Design of the standard shear clamp

Two pairs of guide pins 8 of different length are supplied with
the standard shear clamp. Either pair of the guide pins can be
used, depending on the thickness of the sample.
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To disassemble the standard shear clamp:

Start:

(1)

(2)

(3)

End:

Shear clamp removed from small clamping assembly

Carefully unscrew and remove the two guide pins 6, ©.
Hold the sample support disks 1, 2 and the end disk 3 with
one hand so that they do not fall apart.

Now take apart the two sample support disks 1, 2 and the
end disk 3 and remove the previous sample (if present),
0, 60 and 0.

Clean the surfaces of the sample support disks 1, 2 and
the end disk 3 from any residues of the previous sample.
Use suitable cleaning agents or an ultrasonic bath. The
surfaces are very precisely machined. Make sure you do
not damage them.

To remove stubborn residues, we recommend that you bake out the
sample supports and the end disk in a muffle furnace at 400 °C for
half an hour.

- Shear clamp is in parts
- Sample has been removed
- Surfaces of sample supports and end disk are clean
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To mount the sample in the shear clamp:

Start:

(1)

(2)

3)

(4)

(5)

(6)
(7)

- Shear clamp is in parts
- Two samples are prepared for measurement

Punch out two, as far as possible, identical samples:
Measure the thickness of each sample with a micrometer
and use the average value as reference value (e.g. the
value you enter in the STAR® software). Additionally,
measure the length of the empty shear clamp by placing
the three disks on top of each other. Note this value. You
will need it later on to calculate the length of the shear
clamp when the sample is compressed in step (8).

The best way to accurately punch out the samples is to use a boring
machine with a punch tool.

The dimensions of the sample depend very much on the type of mate-
rial used and there is no general rule as to what the shape and size of
the samples should be. As a rough guideline, we recommend a ge-
ometry factor of 30 to 50.

Select the guide pins 8 that are suitable for the thickness
of your sample and push the two pins 8 through the guide
holes 7 of one of the sample supports 1.

Then place the sample support on a horizontal surface so
that it rests on the ends of the guide pins 8 and the guide
pins project upward, ©.

Place a sample on the load-bearing surface of the sample
support in the center of the surface, ®. Use the markings
on the surface to help position the sample.

Slip the second sample support 2 over the guide pins 8
until it rests on the first sample. There are marks and
numbers on the sides of both sample support disks for
orientation which should coincide when the disks in posi-
tion, ©.

If your sample has an internal structure, you can use these markings

to take into account the orientation of the structure when installing the
clamp.

Mount the second sample in the center of the surface, @.
Use the markings on the surface to position the sample.

Place the end disk 3 over the guide pins 8 so that the
ends of the threads are positioned in contact with the
tapped holes 6 of the end disk 3, ®. There are marks and
numbers on the sides of both sample support disks and
the end disk for orientation that should coincide when the
disks are in position.
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(8) Screw in the two guide pins 8 by hand so that the two
samples are fixed in the spaces of the clamp and no gap
remains, O.

(1] (2]
© (4]
e (6]
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(9)

End:

For elastomer samples: Using a micrometer, measure the
length of the shear clamp containing the sample and sub-
tract the length of the empty clamp to calculate values for
the uncompressed sample thickness. Then tighten the
guide pins 8 so that each of the two samples is com-
pressed by about 10%.

or

For stiff samples: Tighten the guide pins with the torque
wrench supplied using its slot screw blade, but do not set
a torque of more than 0.4 Nm.

The amount of torque set to fasten the guide pins depends very much
on the type of sample you are measuring. The sample must be fixed
in place to prevent it from slipping during the measurement. But at the
same time it must be loose enough to avoid excessive clamping pres-
sure that would affect the measurement or even damage the sample.

- Both samples are mounted in the shear clamp
- Shear clamp is ready for installing in the clamping assembly
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6.3.2 Disassembling the special shear clamp and mounting the sample

The instructions in this section refer to the special shear clamp
for low viscosity liquids.

Before you can mount the sample in the special shear clamp,
you must first disassemble the shear clamp. Fig. 6-10 shows
the design of the special shear clamp.

1,2 Sample supports

End disk

Hole for SDTA thermocouple

Torx screw for SDTA thermocouple
Tapped holes

Guide holes

Guide pins

Distance screws

Tapped holes for distance screws

O T 9 0 N o 0o b~ W

Clamp identification number

Fig. 6-10. Special shear clamp for low viscosity lig-
uids

A thickness gage is needed to mount the samples with the cor-
rect distance between the two sample supports, and to adjust
the middle sample support and the end disk:

Thickness gage
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= See page 6-33, Fig. 6-10

To disassemble the special shear clamp:

Start:

(1)

(2)

3)

End:

Shear clamp removed from small clamping assembly

Carefully unscrew and remove the two guide pins 8, ©.
Hold the sample support disks 1, 2 and the end disk 3 with
one hand so that they do not fall apart.

Now take apart the two sample support disks 1, 2 and the
end disk 3 and remove the previous samples (if present)
as far as possible, ®, ® and 0.

Clean the surfaces of the sample support disks 1, 2 and
the end disk 3 from residues of the previous sample. Use
suitable cleaning agents or an ultrasonic bath. The sur-
faces are very precisely machined. Make sure you do not
damage them.

To remove stubborn residues, we recommend that you bake out the
sample supports and the end disk in a muffle furnace at 400 °C for
half an hour.

- Shear clamp is in parts
- Samples are removed
- Surfaces of sample supports and end disk are clean
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> See page 6-33, Fig. 6-10

To mount the sample in the special shear clamp for low
viscosity liquids:

Start:

(1)
(2)

- Shear clamp assembled
- Thickness gage is ready
- Sample is prepared for the measurement

Loosen the four distance screws a and the guide pins 8 as
shown in @, but without removing them completely.

Adjust the two spaces for the sample between the disks
using the thickness gage:

» First adjust the sample space that is nearer the head of

the guide pins. Insert an appropriate gage correspond-
ing to the sample thickness into the space. Manually
tighten the guide pins to the same extent, ®. Make
sure that the distance screws a are sufficiently loose.

Screw in the two distance screws of the sample sup-
port disk using the Torx screwdriver supplied, ©®. Make
sure the gage does not interfere with the distance
screws. Loosen the guide pins and pull out the gage.
The thickness of the first sample space is now set.

Repeat the above two steps in the same sense for the
other sample space, ® and @®. If necessary, you will
have to loosen the guide pins more in order to insert
the gage, @. Make sure the distance screws are suffi-
ciently loose. Finally leave the guide pins tightened.

The thickness of the second sample space is now set.
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3)

(4)

Check the thickness of the two spaces using the thick-
ness gage. If necessary, correct the thickness of the
spaces by repeating step (2).

Loosen the guide pins 8 and remove the end disk 3 and
the middle sample support disk 2.

Make sure that you do no alter the distance screws and thereby
change the thickness of the space.

A change in the thickness of the space leads to a change in
sample thickness and results in measurement errors.

(5)
(6)

End:

Place the sample support disk with the guide pins on the
heads of the guide pins so that the pins point upward, @.

Apply the sample and mount the sample support and end
disk as follows:

»

Make sure with the second sample support and with
the end disk that the numbers on the surface point up-
ward and coincide.

Make sure you do not apply too much sample material
and that it does not run over.

Apply the sample first to the surface of the first sample
support disk and to the corresponding surface of the
middle sample support disk. You can use a spatula or a
pipette, ©, for this, depending on the viscosity of the
liquid.

Mount the middle sample support disk (guide the guide
pins through the guide holes).

In the same way as described above, apply the sample
material to the surface of the end disk and to the corre-
sponding surface of the middle sample support disk, ©.

Mount the end disk and manually tighten the guide
pins, ©.

Remove excess sample material with a spatula or a
suitable means.

- Sample is mounted in the shear clamp
- Shear clamp is ready for installing in the clamping assembly
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Note on installing the special shear clamp for low viscosity
liguids in the small clamping assembly:

Before the measurement, in addition to removing the guide
pins, you must also remove the four distance screws. The
guide pins should be removed before the distance screws.

If the samples are cooled, they can solidify and shrink through
crystallization or vitrification. In this case, to ensure that the
samples are properly mounted, the guide pins can be tightened
again shortly before the measurement. This is done in the so-
called reclamping stage at the start temperature of the experi-
ments.
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6.3.3 Disassembling the tension clamp and mounting the
sample

Before you can mount the sample in the tension clamp, you
must first disassemble the tension clamp. Fig. 6-11 shows the
design of the tension clamp.

Key

1,2  Sample supports

3 End disk

4 Hole for the SDTA thermocouple

5 Torx screw for the SDTA thermocouple

6 Clamping plates

7 Guide holes

8 Guide pins

a Torx screws for the clamping plates

Fig. 6-11. Design of the tension clamp
To disassemble the tension clamp:
= See page 6-40, Fig. 6-11 Start:  Tension clamp removed from small clamping assembly

(1) Place the tension clamp on a horizontal surface so that it
stands on the guide pins 8, which point upward, @.

(2) Remove the end disk upward over the guide pins.

(3) Loosen the Torx screws on the clamping plates and re-
move the sample with tweezers, @, ©. If necessary, com-
pletely loosen the screws and remove the clamping
plates.

(4) Remove the second sample support 2 and the end disk 3,
0.
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(5) Clean the surfaces of the sample support disks 1, 2 and
the end disk 3 from any residues of samples. Use a suit-
able cleaning agent or an ultrasonic bath. The surfaces
are very precisely machined. Make sure you do not dam-
age them.

£ To remove stubborn residues, we recommend that you bake out the
sample supports and the end disk in a muffle furnace at 400 °C for
half an hour.

End: - Tension clamp is in parts
- Sample removed
- Surfaces of the sample support and the end disk cleaned
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> See page 6-40, Fig. 6-11

To mount the sample in the tension clamp:

Start:

(1)

(2)

3)

(4)

(5)
(6)

(7)
(8)

End:

- Tension clamp is in parts
- Sample material prepared for measurement

Cut a piece of sample material about 5cm long. The
sample should not be more than 4 mm wide and 2 mm
thick, @.

The dimensions of the sample depend very much on the type of mate-
rial. There are no general rules for the shape and size of the sample.
The sample must not be more than 4 mm and 2 mm thick.

Slide the two sample supports over the guide pins and
place the tension clamp without the end disk on a horizon-
tal surface so that it stands on the guide pins 8 and these
point upward, ©.

Loosen the Torx screws on both clamping plates 6, @.
Slide the sample from one side under the clamping plates
through to the other side, ©. If necessary, remove the
clamping plate completely in order to insert the sample.
Make sure that the spring washers of the Torx screws do
not fall out.

Position the sample parallel to the symmetry axis of the
clamping plate, @. Hold the sample with one hand in this
position so that it is under slight tension.

If you have removed the clamping plates, first remount the
clamping plates and the Torx screws.

Slightly tighten the four Torx screws. Make sure that you
do not move the sample, ©.

The torque set to tighten the clamping plates depends very much on
the type of sample you are measuring. The clamping plates must be
fixed to prevent the sample from slipping during the measurement. But
at the same time it must be loose enough and must not squeeze the
sample together, which would falsify the measurement or even dam-
age the sample.

Cut off the excess ends of the sample, .
Slide the end disk 3 over the guide pins.

- Sample is mounted in the clamp
- Tension clamp is ready to install in the clamping assembly
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6.3.4 Installing the small clamps

Various types of clamps can be installed in the small clamping
assembly, depending on the particular type of measurement
and sample. The different clamps are interchangeable in the
clamping assembly and it is not necessary to remove and rein-
stall the entire clamping assembly to run a measurement with a
different sample. The sample can be prepared and mounted in
the clamp separately outside the DMA module, for example
while a measurement of a different sample that is mounted in
another clamp is being measured by the instrument.

When you have mounted the sample in the clamp, the clamp
can be quickly installed and the next experiment started.

This section explains how install the shear clamps and the ten-
sion clamp. The section Removing the small clamps explains
how to remove these clamps.
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Fig. 6-12 shows the shear clamp installed in the clamp holder 2
and 3 of the small clamping assembly.

2 Clamp holder, movable part

Clamp holder, fixed part

Clamp

Fig. 6-12. Small clamping assembly

In order to mount or remove the sample from the small clamp-
ing assembly, the clamp is removed in a separate step.

With the small clamping assembly, the procedure for installing
or removing the various clamps is the same and is described in
the following section.

Please pay attention to the following note concerning magni-
tude of the displacement amplitude when using the small
clamping assembly:

When using the clamps of the small clamping assembly, the
value for the displacement amplitude must not be greater than
1200 um.

In experiments using the clamps of the small clamping assem-
bly, the displacement amplitude must not be greater than
1200 um. If the displacement amplitude is greater than
1200 um, the screw 1b hits the clamp holder. The
measurement results are then wrong. These considerations
must be taken into account when defining the maximum
displacement amplitude in the Method Window of the STAR®
Software.

la Torx screws in the fixed part

1b Torx screw in the movable part

SCA
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= See page 6-45, Fig. 6-12

To install a shear clamp:

Start: - Small clamping assembly installed
- Fine alignment and displacement adjustment performed
- No clamp or alignment insert in the clamping assembly
- Furnace arms fully open and swung to the rear

(1) Make sure that all five Torx screws 1a, 1b in the movable
and the fixed clamp holder 2, 3 have been loosened, ©.

Never use excessive force to move the clamp. Exerting exces-
sive force on the clamp could damage the force sensor, the
displacement sensor or the drive motor.

(2) Slide the clamp carefully from one side into the clamp
holder, ®. If necessary, loosen the Torx screws even
more.

* If your sample has an internal structure, you can use the line markings
on the side of the clamp to take into account the orientation of the
structure when installing the clamp.

(3) Slide the middle disk of the clamp completely into the
movable part of the clamp holder 2. Make sure that the
clamp is positioned symmetrically in the clamp holder, ©.

The middle part of the clamp must not touch the fixed part of
the clamp holder.

Otherwise there is a fixed connection between the drive motor
and the measuring sensors and measurement of the sample
becomes impossible.

(4) At first, tighten the inner Torx screw 1b gently, @, to make
sure the clamp does not slip while tightening the screws.

(5) If no sample shrinkage is expected at start temperatures:

» Tighten each of the outer Torx screws la crosswise
with a torque of 0.8 Nm, ©. Finally tighten the inner
Torx screws with a torque of 0.8 Nm, @.

» With the special shear clamp for low viscosity liquids:
Remove the all distance screws before the guide pins.

» Screw the guide pins out of the tapped holes and then
pull them out of the guide holes, @.

* Step (8) shows you how you can reclamp a sample that shrinks with
the guide pins.
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Never touch the furnace halves or the clamping assembly dur-
ing or immediately after a measurement. Always wear protec-
tive gloves or let the furnace and the clamping assembly cool
down to ambient temperature before you open the furnace
halves. Parts of the furnace and the clamping assembly can
reach temperatures down to —150 °C or up to +500 °C. There
is a risk of burns.

-

(6)
(7)

(8)

End:

The amount of torque set to fasten the guide pins depends very much
on the type of sample you are measuring. The sample must be fixed
in place to prevent it from slipping during the measurement. But at the
same time it must be loose enough to avoid excessive clamping pres-
sure that would affect the measurement or even damage the sample.
As a rough guideline, we recommend a torque value of about 0.4 Nm.

Loosen the clamping screw for the SDTA thermocouple in
the surface of the end disk, @.

Insert the end of the SDTA thermocouple into the hole in
the surface of the end disk, ®, and make sure you push it
through to the end of the bore so that it is as close as
possible to the sample. Tighten the clamping screw to fix
the thermocouple in its position.

If sample shrinkage is expected at start temperature:

» For low temperature measurements: Leave the guide
pins inserted and retighten them setting a torque of
0.4 Nm with the torque wrench supplied during the
reclamping phase at start temperature of the experi-
ment, ©. The message WAITING RECLAMP STARTTEMP ap-
pears on the LCD during this phase.

» Then tighten the outer Torx screws 1la firmly crosswise
setting a torque of 0.8 Nm with the torque wrench on
each screw, ®-a. Finally, retighten the inner Torx screw
with a torque of 0.8 Nm, ©®-b.

» First unscrew the guide pins from the tapped holes
then pull them out of the guide holes. Be sure to wear
protective gloves for this. With the special shear clamp
for low viscosity liquids: Remove the all distance
screws before the guide pins.

- Clamp installed in clamping assembly
- SDTA thermocouple installed
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= See page 6-45, Fig. 6-12

To install the small tension clamp:

Start: - Small clamping assembly without the clamp installed
- Fine adjustment of the measuring sensors and displacement ad-
justment performed
- No clamp or alignment assembly in the clamping assembly
- Furnace arms fully open and swung to the rear

(1) Make sure that the five Torx screws 1a, 1b in the movable
and fixed clamp holder 2, 3 are loosened.

Never pull or push the clamp to move it. Exerting excessive
force on the clamp could damage the force sensor, the dis-
placement sensor or the drive motor.

(2) Slide the clamp carefully from one side into the clamp
holder, ©@. If necessary, loosen the Torx screws even
more.

(3) Slide the middle disk of the clamp 2 fully into the movable
part of the clamp. Make sure that the clamp is positioned
symmetrically in the clamp holder, 6.

(4) Rotate the clamp so that the arrow on the right side points
vertically upward and coincides with the separation line of
the halves of the clamp holder, ©

The middle part of the clamp must not touch the fixed part of
the clamp holder.

Otherwise there is a fixed connection between the drive motor
and the measuring sensors and measurement of the sample
becomes impossible.

(5) First slightly tighten the inner Torx screw, @.

(6) Then slightly tighten the two right outer Torx screws 1a.
(7) Pull out the guide pins, ©.

(8) Remove the end disk by pulling it out from the left side, ®.
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(9)

(10)

(11)

(12)

(13)

(14)

(15)

End:

Check visually that the sample is taught and its edges are
parallel. If this is not the case, carefully drive down the z-
axis table a little by briefly pressing the MOTOR DOWN-
key. Repeat this until the sample appears to be taught, @.

Push the guide pins in again and insert the end disk by
pushing it in from the left side.

First slightly tighten the inner Torx screw 1b, ®-a, to make
sure that the clamp does not slip when you tighten the
other screws.

Tighten each of the outer Torx screws la crosswise with a
torque of 0.8 Nm, ®-b. Finally tighten the inner Torx screw
with a torque of 0.8 Nm, ®-c. Then pull out the guide pins.

Loosen the clamping screw of the SDTA thermocouple in
the surface of the end disk, ©-a.

Insert the SDTA thermocouple into the hole in the surface
of the end disk, ©®-b, and make sure you push it through
to the end so that it is as close as possible to the sample.
In general, we recommend that you push the tip in about
10 mm. With thick samples this value is somewhat less,
O-c.

You can make a mark on the thermocouple with a felt-tipped pen.

Tighten the clamping screw to fix the SDTA thermocouple
in position.

- Clamp is installed in the clamp holder
- SDTA thermocouple is installed
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= See page 6-45, Fig. 6-12

6.3.5 Removing the small clamps

This section describes how you remove the small clamps. The
following instructions apply to the two shear clamps (for highly
viscous materials and for low viscosity liquids) as well as for the
small tension clamp.

To remove a small clamp:

Start: - Clamp installed in clamping assembly
- Furnace arms fully open and swung to the rear

(1) Loosen the clamping screw for the SDTA thermocouple in
the surface of the end disk.

(2) Pull the SDTA thermocouple out of its hole in the surface
of the end disk, ©@.

(3) Slide the guide pins into the guide holes of the clamp and
screw the guide pins finger tight in the tapped holes, @-a.

(4) With the special shear clamp for low viscosity liquids:
Screw in the four distance screws, @-b.

(5) Loosen all five Torx screws 1la, 1b with the Torx screw-
driver, ©.

Never pull or push the clamp to move it. Exerting excessive
force on the clamp could damage the force sensor, the dis-
placement sensor or the drive motor

(6) Remove the clamp carefully from the clamp holder, @.

With the tension clamp: Press against the end disk so that
it does not slip off the guide pins.

Rotating the clamp carefully and gentle pushing and pull-
ing, helps you to remove the clamp.

End: Shear clamp removed from small clamping assembly
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6.4 Installing and removing the large clamping
assembly

This section shows you how to assemble, align and install the
large clamping assembly. It also explains how to remove the
clamping assembly.

Before the clamping assembly can be installed, the measuring
sensors must be pre-aligned as described in the section Pre-
aligning the measuring sensors before installing a clamping as-
sembly. This adjustment ensures that the measuring sensors
are optimally aligned before installation. This step is essential
for achieving good results.
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6.4.1 Aligning the large clamping assembly within itself

Before you can install the large clamping assembly in the DMA
module, you have to align it within itself. This is done with the
help of the alignment insert and the protective cover.

Fig. 6-6 shows the large clamping assembly in the pre-installed
state with the alignment insert and the protective cover in-
stalled.

Alignment insert

Alignment insert 6  Drive shaft
Clamping ring 7  Hexagonal nut
Displacement sensor core 8 Nut

9

Clamp holder, fixed part Protective cover

ga b~ W N P

Clamp holder, movable part

Fig. 6-13. Large clamping assembly with alignment
insert and protective cover

To install the large clamping assembly in the DMA module, the
alignment insert must be inserted. In measurement operation,
the alignment insert is replaced with one of the small clamps
holding a sample.

Before you align the large clamping assembly within itself, you assembly
must assemble it by placing on the fixed part of the clamp
holder 5 and the clamping ring 2.
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= See page 6-57, Fig. 6-13

To align the large clamping assembly within itself:

Start:

Large clamping assembly in assembled state

Always use the Torx screwdriver supplied to tighten and loosen
the Torx screws. Using a different tool could damage the Torx
screws.

(1)
(2)
3)

(4)

(5)

(6)

(7)

(8)
(9)

End:

Make sure that clamping ring 2 and the nut 8 have been
fully loosened.

Slide the alignment insert 1 carefully from one side into
the clamp holder.

Push the alignment insert into the movable part of the
clamp holder 5 from the side of its shoulder shaped edge
as follows:

» Press the beveled side of the alignment insert 1 against
the inner side of the clamp holder.

» At the same time fit the alignment insert into the shoul-
der-shaped edge of the clamp holder. The alignment
insert has a rim that lies flush with the shoulder-shaped
edge.

Place the fixed part of the clamp holder 4 on the align-
ment insert 1 so that its beveled cutout sits snugly on the
beveled side of the alignment insert.

Screw the clamping ring 2 so that it is hand-tight.
The alignment insert is fixed in the clamp holder.

Mount the protective cover 9 from above on the flange of
the clamp holder. Guide the displacement sensor core
carefully into the bore of the protective cover.

The lower guide rim of the protective cover projects into the gap be-
tween the flange of the clamp holder and the displacement sensor
core. The displacement sensor core is completely inserted in the bore
of the protective cover.

Align the movable parts of the large clamping assembly
so that the end of the displacement sensor core is posi-
tioned concentrically in the bore of the protective cover 9.

Tighten the hexagonal nut 7 slightly to fix the movable part
of the clamp holder in its position.

Remove the protective cover 1 by carefully lifting it upward
over the displacement sensor core.
- Large clamping assembly aligned within itself

- Alignment insert is mounted and protective cover removed
- Large clamping assembly ready to install in DMA module
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6.4.2 Installing the large clamping assembly

This section describes how to install the large clamping as-
sembly. Before the clamping assembly can be installed, the
measuring sensors must be pre-aligned as described in section
Pre-aligning the measuring sensors before installing a clamping
assembly.

After this manual alignment has been performed, you may
have to readjust the x and y positions slightly while installing
the large clamping assembly. The installation procedure of the
clamping assembly therefore consists of two steps: actually in-
stalling the clamping assembly and aligning the measuring sen-
sors (four axes alignment).

Fig. 6-14 shows the installed large clamping assembly and
gives an overview of the adjustment possibilities with the four
axes alignment device.

1 2 3 4 5

\ | / !
y adjustment o adjustment B adjustment x adjustment

Knob for adjusting the y -position
Knob for adjusting the o angle
Knob for adjusting the B angle
Locking screw

Knob for adjusting the x -position
Displacement sensor core
Displacement sensor housing
Drive motor

Threaded fitting

Nut

Alignment insert

© 00 N O 0o A~ W DN PP

[EnY
o

Q

Fig. 6-14. Large clamping assembly installed
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= See page 6-59, Fig. 6-14

Install large clamping assembly

To install the large clamping assembly:

Start:

(1)

(2)

- Large clamping assembly pre-installed
- Clamping assembly aligned within itself
- Alignment insert mounted *

Hold the large clamping assembly up at an angle below
the displacement sensor flange so that the heads of the
Torx screws are pointing toward you. Guide the displace-
ment sensor core 6 into the displacement sensor hous-
ing 7 by raising the entire clamping assembly, ©.

Fasten the large clamping assembly as follows to the
flange of the displacement sensor, ®:

Torx screws

Displacement sensor core
Displacement sensor flange
CA thermocouple

O 9 W IN BP

Hole for SDTA thermocouple

Fig. 6-15. Displacement sensor flange (view from
below)

» Hold the upper part of the clamping assembly under
the flange of the displacement sensor. Ensure that the
thermocouple projecting from hole b is positioned freely
in the notch (Fig. 6-15). Make sure you do not wedge
the thermocouple while fastening the clamping assem-
bly.

% The Torx screws must be aligned with the tapped holes in the
flange of the clamping assembly.

» Screw in the three Torx screws and tighten them firmly
with the same torque (as far as possible) using the
Torx Allen wrench supplied.

The large clamping assembly is now fixed to the flange of the dis-
placement sensor.

* See the section Installing and removing the alignment insert of the
large clamping assembly.
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Do not drive the z-axis table too far toward the clamping as-
sembly. The drive motor could suffer damage.

(3) Drive the z-axis table upward by pressing the MOTOR UP
key once. The z-axis table stops automatically at a posi-
tion in which the conical end of the drive shaft is just over
the bore of the threaded fitting 9 of the drive motor, ©® and
0.

£ The travel speed of the z-axis table changes from high to low in this
intermediate position.
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Readjust x and y
positions

(4)

()

(6)

(7)

(8)

End:

If you have previously not done so, loosen the support
structure of the measuring sensors as follows:

» Remove the Torx screws (A) with the Torx wrench and
remove the front clamp (B). Loosen the Allen screws
(C) with a 4-mm Allen wrench, ©, but do not com-
pletely remove them so that the support structure is still
attached.

» Fold the support structure back so that it is no longer in
contact with length sensor flange, @.

Loosen the locking screw of the four axes alignment de-
vice, @, then slightly tighten it again to the point where
you feel slight resistance.

If necessary, readjust the x and y positions as follows:
» Slide the nut 10 upward and hold it up with your fingers.

» If the conical end of the drive shaft is not concentrically
above the bore in the threaded fitting 9 of the drive mo-
tor: Using knobs 1 and 5, adjust the x and y positions
until the conical end of the drive shaft is positioned
concentrically above the bore, ®-a and 0-b.

» Drive the z-axis table upward carefully by pressing the
MOTOR UP key. Continuously check visually that the
position of the conical end of the drive shaft in the bore
is concentric. If necessary, adjust the x and y positions
again.

Check the play of the drive motor diaphragm before tight-
ening the nut 10, by pulling the diaphragm upward with the
threaded fitting 9 using your fingers, ©. Drive the z-axis
table upward until the play is less than 0.5 mm. Do not
pull the diaphragm while the z-axis table is moving.

Tighten the nut 10 firmly.

- Large clamping assembly installed.
- Support structure loosened

The pre-alignment of the measuring sensors has been com-
pleted. You can now begin the fine alignment of the measuring
sensors. See the section Fine alignment of the measuring sen-
sors (four axes alignment) on page 6-102.
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If you have installed the large clamping assembly for the first
time, you must perform a displacement adjustment after the
fine alignment. This is explained in Chapter 8, Calibration and
adjustment in the section Adjusting the displacement.

(5) (6]
(7] 0O-a
(3 ) ©
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= See page 6-59, Fig. 6-14

6.4.3 Removing the large clamping assembly

To remove the large clamping assembly from your DMA mod-
ule, the alignment insert must be mounted in the clamping as-
sembly.

To remove the large clamping assembly:

Start:

(1)

(2)

3)
(4)

(5)

End:

- Alignment insert mounted *
- The two halves of the furnace are fully open and swung to the
rear

Fully loosen the three Torx screws on the displacement
sensor, @. Use the Torx Allen wrench supplied. Make
sure that the clamping assembly is completely loose and
can move freely downward when you drive the z-axis ta-
ble downward.

Drive the z-axis table fully downward. Depress the
MOTOR DOWN key until the z-axis table stops in the in-
termediate position. Briefly depress the MOTOR DOWN
key once more to move the z-axis table to the lower posi-
tion. The z-axis table stops automatically at the lower po-
sition.

The travel speed of the z-axis table changes from low to high in the in-
termediate position.

The clamping assembly has been driven right down with the z-axis ta-
ble. There is now sufficient room above the displacement sensor core
to remove the clamping assembly.

Loosen nut 10 of the drive shaft from the threaded fitting
of the drive motor.

Lift the clamping assembly upward out of the drive motor
fitting. Remove the clamping assembly carefully in a
downward direction. Make sure that you do not damage
the displacement sensor coil and the displacement sensor
core, ®-a and ®-b.

Screw on the protective cover, ©.

Large clamping assembly removed

* See the section Installing and removing the alignment insert of the
large clamping assembly.
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6.4.4 Installing and removing the alignment insert of the
large clamping assembly

Before you install or remove the clamping assembly, the align-
ment insert must always be installed to ensure that the parts of
the clamping assembly are fixed together firmly.

Never use excessive force to move the alignment insert. Exert-
ing excessive force on the clamp could damage the force sen-
sor, the displacement sensor or the drive motor.

To install the alignment insert:

Start: - Large clamping assembly installed, clamp removed
- The two halves of the furnace are fully open and swung to the
rear

(1) Make sure that the clamping ring 2 of the fixed part of the
clamp holder 4 is loosened.

(2) Make sure that the hexagonal nut 6 on the drive shaft is
screwed fully down so that the stem connected with it is
sunk in the clamp holder.

(3) Push the alignment insert into the movable part of the
clamp holder 5 from the side of its shoulder shaped edge
as follows, @:

» Press the beveled side of the alignment insert 1 against
the inner side of the clamp holder 4.

» At the same time fit the alignment insert1 into the
shoulder-shaped edge of the clamp holder. The align-
ment insert has a rim that lies flush on the shoulder-
shaped edge.

(4) Place the fixed part of the clamp holder 4 on the align-
ment insert 1 so that its beveled cutout sits snugly on the
beveled side of the alignment insert.

(5) Screw the clamping ring 2 so that it is hand-tight.

(6) Tighten the hexagonal nut 7 on the drive shaft with your
fingers.

End: Alignment insert is installed in large clamping assembly, ©.
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To remove the alignment insert:

Start: - Alignment insert installed in large clamping assembly = See page 6-57, Fig. 6-13
- Two halves of the furnace are fully open and swung to the rear

(1) Loosen the clamping ring 2.
(2) Loosen the hexagonal nut 7 on the drive shaft.

(3) Pull the alignment insert carefully toward the right side out
of the clamp holder, ®.

End: Alignment insert removed from large clamping assembly.
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6.5 Mounting the sample in the large clamping
assembly

Several different clamps are available for the large clamping
assembly. The clamp you use depends on measuring mode
and the type of sample. The following section describes how
you install and remove different clamps with the sample in and
from the large clamping assembly.

6.5.1 Installing the bending clamp with the sample in the
large clamping assembly

With the bending clamp, the sample is mounted directly in the
clamp in the clamping assembly, and not first outside the
clamping assembly as it is with the other clamps of the large
clamping assembly.

1 2

Bending beam
Rider
Cheek of the rider

Hexagonal screw

Clamping ring
Sample
Movable part of bending clamp

Hexagonal nut

© 00 N o 0o b~ W DN B

Drive shaft

10 Clamp holder, movable part
11 Clamp holder, fixed part
12 Torx screw

Fig. 6-16. Bending clamp with clamp holder
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The two phases of the installation procedure

In the procedure for installing the bending clamp there are two
distinct phases: The first phase, which includes the installation
of the bending beam 1 and the mounting of the riders 2 and
sample clamps 7, is the same for all bending modes. The sec-
ond phase, the actual mounting of the sample, depends on the
particular bending mode.

The type of riders 2 and the movable part of the clamp 7 used
also depends on the bending mode of the measurement. There
are special interchangeable types of riders and clamps for can-
tilever type bending and for 3-point bending.

Additional tool required

The following torque wrench, which is supplied as standard ac-
cessory, is additionally required to install the large clamping as-
sembly. The torque wrench is used to exert the correct torque
on the hexagonal nut 8 and screws 4.

Torque wrench
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To install the bending clamp and mount the sample:

Start: - Large clamping assembly installed without a clamp or

(1)
)

3)

(4)

()

(6)

(7)
(8)

alignment insert

- Bending clamp with riders and the sample are ready for
installation

- Fine alignment and displacement adjustment performed

- Two halves of the furnace are fully open and swung to the rear

Make sure that the clamping ring 5 of the fixed part of the
clamp holder 11 has been loosened.

Slide the bending beam 1 with the beveled side upward
through the movable part of the clamp holder 10 pressing
it against the inside of the fixed part of the clamp
holder 11, @-a.

Mount the fixed part of the clamp holder 11 on the bend-
ing beam 1 so that its angled recess fits snugly on the
beveled side of the bending beam.

Tighten the clamping ring 5 by hand, ©@-b.
The bending beam is now fixed in the clamp holder.

Select the desired type of riders, ®-a and ®-b. On both
riders 2, make sure that the Torx screws 12 on the cheeks
have been loosened, ®-a.

The Torx screws fix the riders 2 on bending beam 1. If they are not
loose enough, the riders cannot be slid over the bending beam.

Guide a rider 2 over each of the ends of the bending
beam 1 and position the riders 2 symmetrically at the de-
sired point on the toothed surface of the bending beam.
Make sure that the cheek of each rider with the Torx
screw is facing toward you, ©. The position of the riders
depends on the length of the sample.

Slightly tighten the Torx screws of both cheeks 4 so the
riders do not fall off, ©.

Make sure that the hexagonal nut 8 of the drive shaft9
has been loosened.
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(9)

(10)

(11)

(12)

(13)

Select the movable part of the clamp, @-a. you require for
your measurement mode.

» For 3-point bending measurement: Select the stem that
corresponds to the desired sample thickness and insert
it in the bore in the movable part of the clamp. Adjust
the movable part of the clamp to the thickness of the
sample by placing it upside down on the sample and fix
the stem in its position by fastening the two Torx
screws, O-b.

Place the movable part of the clamp 7, @-a, in the recess
of the movable part of the clamp holder 10, @-c. The
movable part of the clamp has a rim that fits flush in the
shoulder shaped edge on one side of the clamp holder 10.
Tighten the hexagonal nut 8 a little so that the movable
part of the clamp 7 can no longer fall out.

Slide the sample 6 from one side through the rider 2. Con-
tinue to slide the sample further through the movable part
of the clamp 7, ©-a.

For 3-point bending and dual cantilever bending:

» Continue to slide the sample through the other rider.
Position the sample symmetrically between the left and
the right rider, ©-b.

or (for single cantilever bending):

» Position the sample symmetrically between the left
rider and the movable part of the clamp holder.

You can check whether the riders are symmetrically positioned by
counting the number of teeth between the riders 2 and the ends of the
bending beam 1.

Fix both riders 2 by tightening the Torx screws 12 with the
torgue wrench supplied setting a torque of 0.8 Nm, @.
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(14)

(15)

(16)

End:

For the single cantilever mode, make sure that the sample
is positioned in the middle of both riders, @. For the single
cantilever mode, the sample must be positioned in the
middle of the rider and the movable part of the clamp.

For the single and dual cantilever bending modes, fasten
the sample as follows:

» First tighten the hexagonal nut 8 as far as possible with
your fingers.

» Set the torque wrench supplied in position on the hex-
agonal nut, ®-a. Hold the movable part of the clamp
holder firmly with one hand so that it does not turn
when you tighten the hexagonal nut. Using your other
hand, tighten the hexagonal nut with a maximum
torque of 0.5 Nm, ©-b.

» For dual cantilever measurement: Tighten the hexago-
nal screws on both riders 4 with the torque wrench to
ensure that you do not set a torque of more than
0.5 Nm, ®-b, ©. For single cantilever measurement:
Tighten the hexagonal screw of only one rider with a
torque of up to 0.5 Nm.

% The amount of torque set to fasten the nut and screws depends
very much on the type of sample you are measuring. The sample
must be fixed in place to prevent it from slipping during the meas-
urement. But at the same time it must be loose enough to avoid
excessive clamping pressure, which would affect the measurement
or even damage the sample. As a rough guideline, we recommend
a torque value of about 0.5 Nm. The torque value should not be
greater than 1.0 Nm.

Fix the SDTA thermocouple in position by wedging it be-
tween the cheek of the rider and the plate screwed on to
it. Bend the thermocouple carefully to position it as close
as possible to the sample without making direct contact,
©®. Be careful not to damage the thermocouple.

Bending clamp with sample installed in large clamping
assembly
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Changing the sample in the bending clamp

The following procedure explains how you change the sample
in the bending clamp. You do not have to remove the bending
clamp to change the sample between measurements in the
same bending mode.

To change a sample in the bending clamp:

Start:

(1)

(2)
3)

L)

(4)

(5)

(6)
(7)

Sample mounted in bending clamp

Loosen both the hexagonal screws 4 and the hexagonal
nut 8 on the drive shaft 9 with the supplied torque wrench,
0.

Slide the sample 6 out of the bending clamp from one
side.

Slightly loosen the Torx screws 12 on both riders 2.

The Torx screws fix the riders 2 on the bending beam 1. If they are
not loose enough, the riders cannot be slid over the bending beam.

If you want to change the bending mode from cantilever
type bending to 3-point bending:

» Loosen the Torx screws 12, remove the riders 2 and
replace them with the riders for the desired bending
mode. See the section Installing the bending clamp
with the sample in the large clamping assembly, step
(6) on page 6-70 for this.

» Remove the movable part of the bending clamp 7 and
replace it with the part for the desired bending mode.
See the section Installing the bending clamp with the
sample in the large clamping assembly, step (10) on
page 6-72 for this.

Slide the riders 2 to the desired position for the new sam-
ple 6. Make sure that both riders 2 are mounted symmetri-
cally on the bending beam 1.

You can check whether the riders are symmetrically positioned by
counting the number of teeth between the riders 2 and the ends of the
bending beam 1.

Slightly tighten the Torx screws of both cheeks 4 so the
riders do not fall off.

Slide the sample 6 from one side through the rider 2 over
the angled clamping jaw. Continue to slide the sample fur-
ther through the movable part of the clamp holder 10, ®-a.
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(8) For 3-point bending and dual cantilever bending:

» Continue to slide the sample through the other rider.
Position the sample symmetrically between the left and
the right rider. The sample should be symmetrically po-
sitioned below the bending beam between the left and
the right the rider, @-b.

or for single cantilever bending:

» Position the sample symmetrically between the left
rider and the movable part of the clamp holder.

(9) Fix both riders 2 by tightening the Torx screws 12 with the
torque wrench supplied setting a torque of 0.8 Nm, ©.
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(11)

(12)

End:

Make sure that the sample is positioned in the middle of
both riders. For the 3-point bending mode, the sample
must be positioned in the middle of the rider and the
movable part of the clamp. Check this visually from the
ends of the bending clamp, @.

For the single and dual cantilever bending modes, fasten
the sample as follows:

» First tighten the hexagonal nut 8 as far as possible with
your fingers.

» Set the torque wrench supplied in position on the hex-
agonal nut, ®-a. Hold the movable part of the clamp
holder firmly with one hand so that it does not turn
when you tighten the hexagonal nut. Using your other
hand, tighten the hexagonal nut with a maximum tor-
que of 0.5 Nm, G.

» For dual cantilever measurement: Tighten the hexago-
nal screws on both riders 4 with the torque wrench to
ensure that you do not set a torque of more than
0.5 Nm, ©-b, @. For single cantilever measurement:
Tighten the hexagonal screw of only one rider with a
torque of up to 0.5 Nm.

« The amount of torque set to fasten the nut and screws depends
very much on the type of sample you are measuring. The sample
must be fixed in place to prevent it from slipping during the meas-
urement. But at the same time it must be loose enough to avoid
excessive clamping pressure, which would affect the measurement
or even damage the sample. As a rough guideline, we recommend
a torque value of about 0.5 Nm. The torque value should not be
greater than 1.0 Nm.

Fix the SDTA thermocouple in its position by wedging it
between the cheek of the rider and the plate screwed on
to it. Bend the thermocouple carefully to position it as
close as possible to the sample without making direct
contact, @. Be careful not to damage the thermocouple.

New sample mounted in the bending clamp.
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6.5.2 Removing the bending clamp and sample

If you want to perform measurements in a different mode than
the bending modes, you must first remove the sample and
then, if necessary, the bending clamp.

To remove the bending clamp and sample:

Start: - Bending clamp installed
- Sample mounted

(1) Loosen both the hexagonal screws 4 and the hexagonal
nut 8 on the drive shaft 9 with the supplied torque wrench,
0.

(2) Slide the sample 6 out of the bending clamp from one
side, @.

(3) Remove both riders 2 by loosening the Torx screws 12
and sliding both riders off of the bending beam 1, ©.

& The Torx screws fix the riders on the bending beam. If they are not
loose enough, the riders cannot be slid over the bending beam.

(4) Remove the movable part of the clamp 6 from the cutout
of the movable part of the clamp holder 7. Loosen the
hexagonal nut 8 first until the movable part of the clamp
can be easily removed, ® and ©.

(5) Loosen the clamping ring 5 by hand and pull the bending
beam 1 at one end out of the clamp holder 7, ® and G.
End: Bending clamp and sample removed
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6.5.3 Installing the tension and compression clamps with
the sample in the large clamping assembly

Several different types of clamps can be installed in the large
clamping assembly, depending on the particular type of meas-
urement and sample. The clamps are interchangeable in the
clamping assembly and it is not necessary to remove and rein-
stall the entire clamping assembly to perform a measurement
with a different sample. With the tension clamp and the com-
pression clamp, the sample can be prepared and mounted in
the clamp separately outside the DMA module, for example
while a different sample mounted in another clamp is being
measured.

When you have mounted the sample in the clamp, the clamp
can be quickly installed and the next experiment started.

The sections Mounting a sample in the tension clamp and
Mounting a sample in the compression clamp explain how to
mount the sample in the tension and compression clamps.
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Fig. 6-17 shows the tension clamp installed in the large clamp-
ing assembly with a film sample.

Clamp holder, fixed part
Clamping ring

Clamp holder, movable part
Movable part of tension clamp
Drive shaft

Hexagonal nut

Clamping plates

SDTA thermocouple holder

© 00 N o O b~ W DN B

Fixed part of tension clamp

10 SDTA thermocouple

Fig. 6-17. Tension clamp installed in large clamping
assembly

Fig. 6-18 shows the compression clamp installed in the large
clamping assembly with a compression sample.

Clamp holder, fixed part

Clamping ring

Clamp holder, movable part
Movable part of compression clamp
Drive shaft

Hexagonal nut

Sample support

SDTA thermocouple holder

© 0O N O O b~ W N PP

Fixed part of tension clamp
10 SDTA thermocouple

Fig. 6-18. Compression clamp installed in large
clamping assembly
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To remove the clamps from or install them in the clamping as-
sembly, the parts of the clamps must be firmly fixed to the
sample mounting aid supplied.

The sample mounting aid therefore serves a similar purpose as
the guide pins of the small clamps. The sample mounting aids
are also used to mount the samples in the clamps. The sam-
ples are mounted in the clamps in a separate step before in-
stalling the clamps in the large clamping assembly
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There are suitable sample mounting aids for both the tension
and the compression clamps.

Fig. 6-19 and Fig. 6-20 show the tension and the compression
clamps in the mounting aids with samples ready to install in the
large clamping assembly.

Fig. 6-19. Tension clamp with sample mounting aid

Fig. 6-20. Compression clamp with sample mount-
ing aid
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Mounting a sample in the tension clamp

Before you can mount the sample in the tension clamp, you
may have to remove an old sample that is still mounted in the
clamp. This step is explained first in the following section. You
can skip this step if the sample has already been removed.

To remove the previous sample:

Start:

(1)

)

3)

(4)

End:

- Previous sample mounted in tension clamp
- Tension clamp is fixed in the sample mounting aid

Mount the tension clamp fixed in the sample mounting aid
in a vise so that the ends of the support pins point down-
ward and the sample is easily accessible from above.

If necessary remove the SDTA thermocouple holder:
Loosen the Torx screw that fixes the holder of the SDTA
thermocouple to the tension clamp and remove the
holder, ©.

Remove the sample as follows:

» Loosen the Torx screws on both clamping plates 7 of
the tension clamp with the Torx screwdriver. Com-
pletely remove both clamping plates, @, if necessary.

» Remove the sample by carefully pulling it out with
tweezers, ©.

Remove the tension clamp together with the sample
mounting aid from the vise.

If you no longer require the tension clamp for measurements, you can
loosen the support pins and remove the fixed and movable parts of
the tension clamp from the sample mounting aid, @.

Sample is removed from the tension clamp
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To mount a new sample in the tension clamp:

Start:

(1)

(2)

3)

(4)

(5)

(6)

(7)

(8)

- Tension clamp removed from large clamping assembly
- Previous sample removed from the tension clamp

- New sample prepared and ready for mounting

- Tension clamp disassembled

Adapt the tension clamp to the length of your sample. Se-
lect the appropriate sample mounting plate. For sample
lengths of 10.5 mm and 19.5 mm there are suitable sam-
ple mounting plates. For a sample length of 5.5 mm you
do not need a sample mounting plate, ©.

If a sample mounting plate is already in the tension clamp,
remove it by loosening the Torx screws and removing the
sample mounting plate.

Place the appropriate sample mounting plate in the sam-
ple mounting aid, ®. Lead the Torx screws from the back
(the side of the support pins) into the sample mounting
aid and tighten them to secure the sample mounting aid.

Insert the movable part 4 and the fixed part 9 of the ten-
sion clamp and then screw them tight with the corre-
sponding support pin, ©.

Mount the tension clamp fixed in the sample mounting aid
in a vise so that the ends of the support pins point down-
ward and you can insert the sample easily from above.

If necessary, remove the SDTA thermocouple holder.
Loosen the Torx screw that fixes the holder of the SDTA
thermocouple to the tension clamp and remove the
holder, @.

Loosen the Torx screws on both clamping plates 7 of the
tension clamp with the Torx screwdriver and completely
remove both clamping plates. Make sure that you do not
lose the spring washers belonging to the four Torx
screws, ©.

Make sure the Torx screws are suitable for the thickness
of your sample. The supplied short or long torx screws
can be used, depending on the thickness of the sample. If
necessary, exchange the screws.
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(9)

(10)

End:

Mount the sample as follows:
With films and bars:

» Place the sample on the surface of the sample mount-
ing plate and position parallel to the guide lines, ®-a
and @-a.

» Insert both clamping plates carefully into the tension
clamp again. Make sure you do not move the sample.
Fix the sample by slightly tightening the four Torx
screws, @-b and @-b.

« The flat side of clamping plate must be pointing upward.
With fibers:

» Place the sample on the surface of the sample mount-
ing plate and position its ends over the guide notches
on the fixed and movable parts of the tension clamp.
Hold the sample in this position with one hand so that it
is under slight tension and not buckled, ©-a.

» Insert both clamping plates with the other hand and
slightly tighten the four Torx screws. Check whether the
sample is between the two middle guide lines, ©-b.

« The flat side of clamping plate must be pointing upward.

» If necessary, loosen one of the clamping plates and re-
position the sample. Re-tighten the two Torx screws
slightly.

The amount of torque set to fasten the clamping plates depends very
much on the type of sample you are measuring. The clamping plates
must fixed in place to prevent the sample from slipping during the
measurement. But at the same time they must be loose enough to
avoid excessive clamping pressure that would affect the measurement

or even damage the sample. As a rough guideline, we recommend a

torque value of about 0.5 Nm.

Re-fit the SDTA thermocouple holder 8, by inserting the
end in the oval hole in the fixed part of the tension clamp,
inserting the Torx screw from the other side and tightening
it securely. Make sure when installing the tension clamp in
the clamping assembly that the Torx screw on the holder
points forward and is easily accessible.

- Sample mounted in the tension clamp.
- Tension clamp ready to be installed in the clamping assembly

6-90

METTLER TOLEDO STAR® System 0503



DMA/SDTAS861¢

Preparing for a Measurement

LCA

Films (6 I (6 )
Bars @-a @b
Fibers 0-a O
0503 METTLER TOLEDO STARE System 6-91



LCA

Preparing for a Measurement

DMA/SDTA861¢

= See page 6-85, Fig. 6-18

Mounting a sample in the compression clamp

Before you mount a sample in the compression clamp, you
must remove any previous sample that is still mounted. This
step is described in the following section. You can skip this if
the sample has already been removed.

To remove a previous sample and disassemble the com-
pression clamp:

Start:

(1)

(2)

®3)
(4)

(5)

End:

Compression clamp removed from the large clamping assembly.

Loosen the two Torx screws 1 in the movable part 2 of the
compression clamp and move the sample support 3 a little
to the rear.

Remove the previous sample by pulling or pushing it out
from the side.

Screw out the two support pins 6, ©@.

First remove the fixed part 1 of the compression clamp by
pilling it slowly from the sample mounting aid. The remove
the movable part 2 of the compression clamp in the same
way.

Clean the surface of the sample support 3 and the contact
surface of the fixed part 1 of the compression clamp from
sample residues. Use suitable cleaning agents or if nec-
essary an ultrasonic bath. The surfaces are very precisely
machined. Make sure you do not damage them.

To remove stubborn residues, we recommend that you bake out the
sample supports and the end disk in a muffle furnace at 400 °C for
half an hour.

- Compression clamp disassembled in its parts
- Previous sample is removed
- Surfaces of the sample support and the movable part are clean
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To mount a new sample in the compression clamp:

= See page 6-85, Fig. 6-18 Start: - Compression clamp removed from the clamping assembly
- Previous sample removed from the compression clamp
- Compression clamp disassembled in its parts

(1) Use a suitable sample support that corresponds to the
size of the sample in the movable part of the compression
clamp, ©, 6.

* Two sample supports of different length are supplied with the com-
pression clamp.

(2) Fix the movable part of the compression clamp to the
sample mounting aid by pushing it onto the pins and
tightening the support pin, ©. Fix the fixed part in the
same way, O.

(3) Mount the sample as follows:

» If necessary move the sample support slightly down-
ward.

» Mount the sample. Use the circular laser markings on
the contact surface of the movable part to position the
sample, ©.

» Make sure that no air gap occurs between the contact
surfaces of the sample. An air gap indicates that the
sample is not in proper contact with the surfaces, which
can lead to measurement errors.

(4) Fix the sample support by tightening both Torx screws on
the movable part of the compression clamp, G.
End: - Sample is mounted in the compression clamp

- Compression clamp is ready for installation in the clamping as-
sembly
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= See page 6-85,
Fig. 6-17 and Fig. 6-18

Installing and removing the tension or compression clamp
with sample

The following procedures explain how to install and remove the
tension or the compression clamp with the sample.

To install the tension clamp with the sample:

Start: - Large clamping assembly without clamp installed
- Fine alignment and displacement adjustment performed
- Tension clamp with sample and sample mounting aid mounted
ready for installation (see Fig. 6-19)
- Furnace halves driven fully apart and swung to the rear

(1) Make sure that the clamping ring 2 of the fixed part of the
clamp holder 1 is loosened.

(2) Make sure that the hexagonal nut 6 on the drive shaft5 is
screwed fully down so that the stem connected with it is
sunk in the clamp holder, @.

(3) Push the tension clamp fixed in the sample mounting aid
into the movable part of the clamp holder 3 from the right
side as follows:

» Press the beveled side of the fixed part of the tension
clamp against the inner side of the fixed part of the
clamp holder 1, 6.

» At the same time fit the movable part of the tension
clamp 4 into the shoulder-shaped edge of the clamp
holder 3. The movable part of the tension clamp has a
rim that lies flush on the shoulder-shaped edge, ©.

(4) Place the fixed part of the clamp holder 1 on the tension
clamp 9 so that its beveled cutout sits snugly on the bev-
eled side of the tension clamp.

(5) Screw the clamping ring 2 so that it is hand-tight.
The fixed part of the tension clamp 9 is fixed.

(6) Tighten the hexagonal nut6, with the supplied Torx
wrench, @, setting a torque of about 0.5 Nm. Hold the
movable part of the clamp holder tightly so that it cannot
turn.

The movable part of the tension clamp is fixed.

(7) Loosen support pins completely and pull the sample
mounting aid away carefully from the side, ©.
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(8) Fixthe SDTA thermocouple 10 in position as follows:

» Bend the thermocouple carefully to position its tip as
close as possible to the sample without making direct
contact, ®@-a, ®-b. Make sure the thermocouple does
not kink.

» Clamp the thermocouple tightly in the SDTA holder.
There are two notches fix the thermocouple, @-a, @-b

End: Clamp with sample is installed in the large clamping assembly
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> See page 6-85,
Fig. 6-17 and Fig. 6-18

To remove the tension or compression clamp:

Start:

(1)
(2)
®3)

(4)
(5)

- Tension clamp installed in clamping assembly
- Furnace arms fully open and swung to the rear

Loosen the clamping screw for the SDTA thermocou-
ple 10 in the SDTA thermocouple holder 8.

Pull the SDTA thermocouple out of the holder.

Fix the sample mounting aid on to the tension clamp. In-
sert the support pins in the holes of the sample mounting
aid and screw them finger tight, @.

Loosen the clamping ring 2.

Loosen the hexagonal nut 6 on the drive shaft 5 with the
supplied Torx wrench, @.

Never use excessive force to move the clamp. Exerting exces-
sive force on the clamp could damage the force sensor, the
displacement sensor or the drive motor.

(6)

End:

Pull the tension clamp carefully sideways out of the clamp
holder, ©.

Tension clamp removed from large clamping assembly.
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6.6 Fine alignment of the measuring sensors
(four axes alignment)

To measure properly, you must follow a special procedure to
perform fine alignment of the measuring system after installa-
tion of the clamping assembly.

By rotating the knobs on the four axes alignment device you
can position the displacement sensor core within its coil.

Fig. 6-21 shows the function of the knobs on the four axes
alignment device:

1 2 3 4 5

\ | / /
y adjustment o adjustment p adjustment x adjustment

Displacement sensor core
Displacement sensor body

Knob for adjusting the y -position
Knob for adjusting the o angle
Knob for adjusting the 3 angle

Locking screw

ga b~ W N -

Knob for adjusting the x position

Fig. 6-21. Knobs on the four axes alignment device
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The following diagram shows the procedure for fine alignment
of the measuring sensors:

Fine alignment dialog
) (Alignment insert remove(D

A )
{} Z-axis table position: Move z-axis table up

IETORNACEOIF Press Rotate to continue
TEMPERATURE 25°C Start from STAR® software: W | Move z-axis table down
Calib./Adjust./Four Axes Alignment *

Rotate

N ]
= o)
R Press Rotate to continue

and adj.ampl.with Up/Dwn
A,
IDLE FURNACE OFF 6‘9@ *
SAMPLE TEMP. 25°C 7 Rotate
' i
A Increase displacement
AmpD: AmpF: 0 L amplitude
DistD: A 4 Decrease displacement
* amplitude
Rotate
y
X-Y:
ang:
Click «— 0K <—£—> Rotate
Save

in dialog box

Fig. 6-22. Procedure for fine alignment of the
measuring sensors

First the x position is adjusted, then, if necessary, the y posi-
tion.

The a and B angles have already been adjusted during pre-
alignment with the alignment aid and need not be changed.
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To perform fine alignment of the measuring sensors:

= See page 6-102, Fig. 6-21 Start: - Furnace arms moved apart
- Clamping assembly installed

(1) If you have previously not done so, loosen the support
structure of the measuring sensors as follows:

» Remove the Torx screws (A) with the Torx wrench and
remove the front clamp (B). Loosen the Allen screws
(C) with a 4-mm Allen wrench, @, but do not com-
pletely remove them so that the support structure is still
attached.

» Fold the support structure back so that it is no longer in
contact with the displacement sensor body, .

(2) Loosen the locking screw of the four axes alignment de-
vice, ©, then slightly tighten it again to the point where
you feel slight resistance.

& The mechanism of the 4-axes alignment device operates best when it
is pressed together slightly by the locking screw.
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3)

(4)

(5)

(6)

In the STAR® software Module Control Window, start the
dialog for the four axes alignment procedure by choosing
Cdib./Adjust./Four Axes Alignment Device.

The current value of the Offset Position of the z-axis table (z-axis table
position) is shown on the LCD. This value represents the current posi-
tion of the z-axis table and can now be changed using the arrow key.

The value for the z-axis table is only meaningful if you have fully ad-
justed your DMA module as shown in Chapter 8, Calibration and ad-
justment.

If the position of the z-axis table deviates more than
50 um from the zero position: Move the z-axis table into
the zero position by pressing the MOTOR UP and MOTOR
DOWN keys. The zero position is sufficiently accurate
when a value between =50 um and +50 um is displayed.
The z-axis table is now in the zero position.

The z-axis table automatically moves into the current zero position at
the end of a displacement adjustment procedure.

Press ROTATE to continue.

The following message appears:

Press Rotate to continue and adj.ampl.with Up/Dwn

or:

Press RESET, to return to quit the dialog. You can always
quit the dialog by pressing the RESET key from this point
onward without saving the alignment settings.

The MOTOR UP and MOTOR DOWN arrow keys are multi-

function keys. From this point onward in the dialog they serve to in-
crease or decrease the displacement amplitude of the drive motor.

Press ROTATE to proceed with the adjustment of the four
axes alignment device.

The current settings of the measuring system appear on the LCD. The
drive motor produces a default oscillation with an amplitude of about
23 um and 2 Hz.

Quality factor | Definition Adjust to

AmpD Current value of the displacement | 1500 um
amplitude

AmpF Current value of the force amplitude | 0 (zero) mN

DisD Current value of the distortion factor | Minimum value

If the mechanical pre-adjustment has been done well, the value of the
force amplitude should be 0 (zero) mN.
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- = See page 6-102, Fig.6-21  (7) Increase the displacement amplitude in steps to about
1500 um by pressing the 4 key. Take note of the force
amplitude display. If the force amplitude becomes greater
than 0 (zero) mN:

adjust x and y position » Adjust the x-position of the displacement sensor by ro-
tating knob 5 until the force amplitude returns to 0
(zero) mN, @-a. Try rotating the knob in the other direc-
tion. If the force amplitude does not decrease, adjust
the y-position by rotating knob 1 in the same way, @-b.

» In this way, increase the displacement amplitude in
steps to about 1500 um. This value corresponds to the
maximum displacement of the displacement sensor
core, ©.

(5] (6]

& When you press the « and ¥ keys, the value of the force amplitude
changes each time by a factor of 1.3. It is therefore difficult to set an
exact value. For the adjustment, however, it is sufficient to set a value
close to the desired value.
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(8)

(9)

If the force amplitude is not O (zero) mN: Press the RESET
key to terminate the alignment procedure. Repeat the
mechanical pre-adjustment. We recommend that you re-
move and reinstall the adjustment assembly for this (see
the section Installing and removing the small clamping as-
sembly or Installing and removing the large clamping as-
sembly) and repeat the fine alignment procedure de-
scribed in this section

The force amplitude is O (zero) mN at the maximum displacement.

For the small clamping assembly: Readjust the y-position
of the measuring sensors, if necessary, as follows:

»

Drive the displacement amplitude back to the lowest
value by pressing the ¥ key.

Slide the alignment insert carefully from the side into
the clamp holder, @. If the alignment insert cannot be
inserted or if it is difficult to insert, adjust the y-position
slightly with the y-position knob 1 until the alignment
insert can be easily inserted, @-b. Then remove the
alignment insert again.

Increase the displacement amplitude again by pressing
the 4« key to about 1500 um. Note the force amplitude
display.

If the force amplitude is O (zero) mN: Drive the
displacement amplitude back to the lowest value by

pressing the ¥ key.

If you cannot bring the force amplitude to O (zero) mN:
press the RESET key to terminate the alignment proce-
dure. Repeat the mechanical pre-adjustment. You must
remove and reinstall the clamping assembly for this
(see the sections Installing and removing the small
clamping assembly or Installing and removing the large
clamping assembly) and the fine adjustment procedure
for the four axes alignment device described in this
section.

adjust y-position
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(10)
(11)

(12)

(13)

(14)

(15)

Press OK to quit the four axes alignment procedure.

In the STAR® software Module Control Window, click Save
to save the current adjustment data of the four axes
alignment device. Then start the dialog for the four axes
alignment procedure again by clicking Calib./Adjust./Four
Axes Alignment Device.

Press ROTATE twice on the DMA module keypad to dis-
play the values of DistD again.

The value of the distortion factor DistD should be as small as possible
and always less than 30 dB.

Then press OK to terminate the four axes alignment pro-
cedure.

The measurement sensors have now been aligned and the dialog re-
turns to the starting point and displays Idle furnace off. A dialog box with
the new adjustment data appears in the Module Control Window of
the STAR® software. The data for the previous adjustment are given in
brackets.

In the STARE® software Module Control Window, click Save
to save and activate the current adjustment data of the
four axes alignment device.

Fasten the locking screw 4 first, @, and then fasten the
support structure as follows:

» Screw in the two Torx screws (A) and then attach the
clamp (B) while holding the support structure at the
same level as the two cantilevers on the stand, ® and
O (see next page).

» Fasten the Allen screws (C) with the 4-mm Allen
wrench, ©.
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(16) Make a final check of the alignment as follows:

» In the STAR® software Module Control Window, start
the dialog of the four axes alignment device again by
choosing Calib./Adjust./Four Axes Alignment Device.

» Press ROTATE twice to display the settings of the
measuring system and increase the displacement
amplitude in steps to about 1500 um by pressing the
A key.

» Note the force amplitude display:

- If the force amplitude is O (zero) mN, press RESET to
quit the for axes alignment dialog without saving the
adjustment data.

- If the force amplitude is greater than O (zero) mN,
repeat the alignment procedure with step (1).

End: Fine alignment completed. Measuring sensors aligned with the
clamping or adjustment assembly.
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Adjustment of the x and y position knobs for high
demands on accuracy

If the pre-adjustment is good, you should achieve good alignment
of the measuring sensors by following the above adjustment

procedure.
accuracy,

If you have higher demands on measurement
however, we recommend that you perform an

additional adjustment with the x and y position knobs at the
beginning of step (7) as follows.

4

Rotate the knob in one direction until a low value for the
force (less than 10 uN) appears on the LCD. Note this po-
sition of the knob as position 1.

Rotate the knob in the opposite direction until the value
for the force on the LCD is 0 (zero) mN. Note the position
of the knob at which the force signal is O (zero) mN by its
angle as position 2. The angle between position 1 and
position 2 is the mechanical play of the knob.

Rotate the knob further in the same direction until a low
value for the force (less than 10 uN) appears on the LCD
again. Note this position of the knob by its angle as
position 3 of the knob.

Determine the middle position of the knob between posi-
tion 2 and position 3. Rotate the knob to the middle posi-
tion.

The displacement sensor has now been adjusted.

There is a certain amount of play in the movement of the knob. The

procedure described above, in which the knob is rotated backward
and forward, eliminates this play.
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Problems that may occur while aligning the measuring
sensors

If you do not succeed in aligning the measuring sensors by the
above procedure, the reason for this might be due to one of the
following causes:

e The pre-alignment on installing the clamping assembly was
not performed correctly at first.

e The X and Y positions or the o and B angles have been
changed by accident.

e Some of the screws were not tightened enough during the
installation of the clamping assembly.

e The clamping assembly was not properly aligned within itself
at first.

To solve the problem you must re-align the clamping assembly
within itself (see the sections Aligning the large clamping as-
sembly within itself or Aligning the small clamping assembly
within itself) and also re-align the measuring sensors. To do
this you must remove and reinstall the clamping assembly (see
the sections Installing and removing the small clamping as-
sembly or Installing and removing the large clamping assembly)
and repeat the procedure for the fine alignment of the measur-
ing sensors described above.

If the force sensor measures an unallowed value, the error
message Risk of damage! appears on the LCD. You can however
acknowledge the message by pressing the OK key on the key-
pad of the module and continue with the four axes alignment.
The third time the message appears, however, it is no longer
possible to acknowledge the message. In this case, you have
to switch off the DMA module using the mains switch at the
rear of the instrument and restart it. See also Chapter 10, Error
messages and warnings.

Force value is not 0 (zero) mN

Message Risk of damage! appears

on the LCD
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7 Performing an Experiment

This chapter explains how you perform a measurement with the
DMA/SDTA861¢ module. We show you what preparation to
make before you start the experiment, how to enter your ex-
periment in the Experiment Window of the STAR® Software
and how to start the measurement on the DMA/SDTA861¢€.

Further information and instructions on how to prepare a
measurement can be found in Chapter 6, Preparing for the
measurement.

Never remain in close proximity of the DMA module during a
measurement without hearing protection. Always wear hearing
protection when working near the DMA module. The DMA
module can produce excessive noise that can impair your
hearing. The noise level can exceed 85 dB(A) during certain
measurements.

7.1 Preparations before you setup an experi-
ment

Before you setup an experiment and start it on the DMA mod-
ule it is important to check that all the devices connected to the

DMA module are set up properly and the settings in the STAR®
Software are made correctly.

We strongly recommend that you take note of the points ex-
plained in the following sections and perform the checks de-
scribed to make sure that your DMA module is set up properly
for the experiment.

DMA experiments can take considerably longer than experi-
ments on other TA modules. We recommend that you take
some time to check the measurement set up properly before
the experiment to avoid having to repeat the measurement be-
cause of erroneous data.
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amplitude control

preliminary clamping check

7.1.1 Notes on creating DMA methods in the Method
Window

To define a DMA experiment you must first of all create a DMA

method in the STAR® Software Method Window. The instruc-
tions for doing this can be found in the online Help to the

Method Window in the STAR® Software.

DMA oscillation

The sinusoidal oscillation in a DMA experiment is realized ei-
ther by the displacement or force amplitude control defined in
the method.

This is done in the different dialog boxes that can be called up
under DMA on the Segment menu. The force and displacement
amplitude settings can be defined, the temperature program
entered and type of offset control selected.

In a DMA temperature segment, a temperature program can be
defined in parallel to the DMA oscillation which consists of up
to 10 frequencies. It is also possible to overlay oscillation fre-
guencies (multi-frequency mode). Up to 4 overlaying frequen-
cies are possible.

Preliminary checks

You can define a pre-measurement DMA oscillation immedi-
ately before an experiment to make a preliminary check of the
clamping. The check is performed at room temperature and at
start temperature. If necessary you can reclamp the sample
during the oscillation at this point. See also section Preliminary
stages before the measurement.

Offset control

Offset control of displacement or force can be defined for the
measurement modes. The type of offset control and amount of
offset used depends very much on the measuring mode and
the sample itself. As general rule of thumb large offset values
are used for elastic samples and small offset values are used
for hard samples.
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The following types of offset control are implemented:

e Zero Displacement: The dimensions of the clamping assembly types of offset control
and drive shaft change slightly with temperature. This de-
formation is automatically compensated during the experi-
ment by repositioning of the z-axis table. The z-axis table is
automatically moved into the zero position determined by the
displacement adjustment and 4 axes alignment adjustment.
This is the position in which samples can be introduced free
of force. Please note that a displacement offset of the sam-
ple may occur with this type of offset control if the sample is
not introduced free of force initially or when the dimensions
of the sample change in the course of the experiment. Zero
displacement offset control is only available for shear and
cantilever sample clamps.

e Constant Current Mode: During the measurement, the drive
motor generates a static force (force offset) in addition to the
actual dynamic oscillation. This force is distributed between
the sample and the membrane according to the ratio of the
modulus and spring constant. As a sample softens, its de-
formation therefore increases while the force exerted on the
sample decreases. This mode is recommended for samples
whose elasticity modulus is high compared to the elasticity of
the drive motor 's diaphragm (i.e. for "hard" samples)
throughout the experiment, so that the force on the sample
corresponds approximately to the force set for the drive mo-
tor. This is also the case in compression experiments. The
force offset is entered in units of N. Constant current mode
offset control is only available for 3-point bending, tension
and compression clamps.

e Auto: The dynamic oscillation at the drive motor is overlaid
with a static force. The static force (minimum value) is cho-
sen so as to ensure perfect contact between the sample and
the sample holder at an oscillation of 3 Hz and with the
maximum values selected for force and displacement ampli-
tude. (Inadequate contact between the sample and sample
holder in a tension experiment can for example result in so-
called sample "buckling".) The additional static force can be
selected by entering a %-value depending on the amplitude.
100% corresponds to the minimum static force. The auto
offset mode is especially recommended for fragile samples.
The auto mode offset control is only available for 3-point
bending, tension and compression clamps.

0503 METTLER TOLEDO STAR® System 7-3



Performing an Experiment

DMA/SDTA861¢

e None: No offset control. The oscillation does not have a
static component; the z-axis table remains in the position set
before the start of the experiment. Note that the dimensions
of the clamping assembly and drive shaft change slightly
with temperature, which results in quasi static changes in
force (hard samples) or changes in displacement (soft sam-
ples). This mode of offset control is recommended only for
special studies and for measurements at room temperature.
This mode of offset control is available for all sample hold-
ers.

The type of offset control selected is marked with a dot under
Offset Control. In the window, the annotation of the segment in-
cludes the value of the offset with the appropriate unit.

The type of offset control depends on the measurement setup
and on the sample holder you have selected in the Sample
Holder box of the Method Window:

None

Zero Displ.

Const.Curr.
Mode

Auto

Shear clamp
(small clamping assembly)

v

v %

3-point bending clamp
(large clamping assembly)

v

Dual cantilever clamp
(large clamping assembly)

Single cantilever clamp
(large clamping assembly)

Tension clamp
(large clamping assembly)

Tension clamp
(small clamping assembly)

Compression clamp
(large clamping assembly)

settling condition

v’ : available
- not available
% : default setting

Settling

The settling condition demands that temperature oscillations
must not exceed the limits defined by the entries for the Band
Width and Time parameters in the Settling dialog box in the
Method Window. The DMA module checks this condition during
the settling procedure until timeout is reached and starts the
experiment as soon as the settling condition is satisfied. It is
possible to define settling for individual segments on DMA
modules.
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Sample limits

You can define the sample limits in the STAR® Software
Method Window in the Sample Range dialog box on the Miscella-
neous menu. You can enter the range of the sample dimensions
for the different clamps as follows:

e Shear clamp:

Cuboid samples: Click in the Length, Width and Thickness
boxes and enter the range for the length, width and
thickness of the sample in mm. The length is the dimension
parallel to the shear force.

Sample Range

Length wfidth Thicknesz QK.
Low |2 mm || Low |2 mm || Low (1 mm
High |2 mm || High |& mm || High |5 mm

Cancel

Help

Pl

Round, disk shaped samples: Enter the diameter range of
the sample twice, once in the text boxes under Length and
once under Width. The entries under Length and Width must
be identical for disk shaped samples.

Enter in the text boxes under Thickness the thickness range
of the sample in mm.

Sample Range

Length Wwidth Thicknesz 0k
Low |3 mrm || Low |3 mm || Low |1 mm

Cahcel
High |8 mm || High |8 mm || High |5 mm

Help

Pl

e 3-point bending, dual and single cantilever, large ten-
sion clamps:

Bar shaped samples: Enter in the text boxes under Length
the length range of the sample and in the text boxes under
Width and Thickness the range for the width and thickness of
the sample in mm.

Sample Range

Length wfidth Thicknesz QK.

Low |20 mm || Low |1 i 1 mm
High |90 mm || High [15 mm || High |5 mm

Low
Cancel

allf

Help

0503 METTLER TOLEDO STAR® System
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Round, cylindrical samples: Enter in the text boxes under
Length the length range of the sample and in the text boxes
under Width the diameter range of the sample in mm. The
entries under Thickness have no relevance for cylindrical
samples.

Sample Range

Length Width Thickness 0k,

Low |30 mm || Low |1 mm || Low (O T
High |30 mm || High [15 mm || High {500 mm

Cancel

Help

Pl

These setting can also be changed in the Experiment Window
by clicking Sample Limits... on the Miscellaneous menu.

Method names

Make sure to save your method to have it available at a later
time. When you save your method include abbreviations in the
name you give it denoting e.g. the temperature program and
the type of method. This enables you to identify the method
immediately even after a long time. We recommend that you
use the following conventions.

D Dynamic temperature program A Amplitude
I Isothermal f Frequency
L Length ("L" : length) Off  Offset

F Force ("F": force)

Example: D +20..120/2 f1000..1 LA10 LOff:

D +20..120/2: Dynamic temperature segment from 20 °C to 120 °C with
a heating rate of 2 °K/min

f1000..1: Frequency range of 1000 to 1 Hz
LA10: Displacement amplitude of 10 um
LOAf: Displacement offset of 0 (zero)
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7.1.2 Adjustment of liquid nitrogen Dewar

To achieve optimum dosing of liquid nitrogen at low tempera-
tures, the liquid nitrogen Dewar is adjusted automatically. This
ensures that the minimum temperature is reached without ex-
cessive coolant consumption. In particular it prevents the es-
cape of liquid coolant.

The liquid nitrogen Dewar is adjusted automatically when you
run experiments whose start temperatures are lower than
-60 °C. The cooler is cooled down to a constant temperature
during the second reclamping stage (when the message
ST CHECK appears on the LCD) or the start temperature stage
(when the message GOING TO START TEMP appears on the LCD).
The constant temperature is maintained for about 5 minutes
and the Dewar adjustment is performed during this time. Sub-
sequently, the start temperature is approached and the meas-
urement is started.

You can skip the automatic adjustment by pressing the OK key
on the DMA module's keypad. After switching on the DMA
module, the automatic adjustment is always performed during
the first experiment whose start temperature is lower than
-60 °C. You cannot skip the automatic adjustment by pressing
OK during this experiment. The OK key is deactivated until the
adjustment is completed (the message WAIT FOR LN2 ADJUST...
appears on the LCD).

To check the Dewar adjustment

» Check the Dewar adjustment while the measurement is
running: On approaching low temperatures (e.g. —80 °C),
check that the cooler temperature (Tcool on the LCD) sinks
to at least —170 °C without liquid coolant escaping from
the furnace chamber.

»  Also check the following possibilities:

e Are the Dewar filling level and the pressure in the De-
war two low?

¢ Is the pressure in the Dewar stable?

e Did a forced start occur?

Automatic adjustment of

liquid nitrogen Dewar

0503 METTLER TOLEDO STAR® System
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7.1.3 Segment start temperatures < -150 °C

If you have defined start temperatures equal to or lower than
—150 C in the method, the furnace chamber is only cooled but
not heated on approach of these temperatures. The furnace
heating remains switched off for the duration of the approach to
ensure that the temperature is reliably reached. The fast cool-
ing feature must be switched on manually (see also section
Starting the experiment and performing the measurement. To
start the measurement, you must switch off the fast cooling
valve and press the OK key (forced start).

7.1.4 Icing of the clamping assembly

artifacts because of icing Depending on the humidity, time and the need to open the fur-
nace to adjust clamping, it is possible that ice forms on the
clamping assembly at low temperatures. This can lead to the
following artifacts occurring in the measurement results:

Noise of the loss factor (Tan Delta)

On heating, the temperature sensor in the clamping assembly
detects the thawing of ice and evaporation of water. This af-
fects the temperature control.

wrong modulus and If ice touches the sides of the furnace, the displacement and
loss angle values force measurement signal are wrong. This consequently leads
to wrong modulus and cause noise in loss factor values (Tan
Delta).
Remedy
insulation strips For optimum signal quality, the clamping assembly must not

touch the furnace. Problems occurring with icing of the clamp-
ing assembly must be avoided. The insulation strips, @, sup-
plied (ME 51141509) can be inserted on the upper side of the
furnace in the gap between the cooler and the glass Dewar.
You should make sure that the cutout fits neatly around the
clamping assembly.

The insulation strips stop the inflow of moist air from the sur-
roundings to the clamping assembly and thus prevents the
formation of ice. Depending on the type of measurement, if the
insulation touches the clamping assembly, the modulus and the
loss angle values can also be affected. Normally, this distur-
bance is smaller than that of icing.
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(2]

To install the insulation strips:

»

On the upper side of both furnace halves, insert the insu-
lation strips, @, into the gap between the cooler and the
glass Dewar, 6.

Make sure that the cutout fits neatly around the clamping
assembly and that the lower cutout in the furnace halves
is not filled with the insulation strips.

It is sufficient to insulate the upper part of the furnace halves. Filling
the part around the lower cutout can cause a larger disturbance of the
measurement.

The insulation strips are installed in the furnace halves.

0503
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reduce cooling times

furnace height

disturbance from
fast cooling

7.1.5 Checking the furnace height

For optimum signal quality, it is essential that the clamping as-
sembly does not touch the sides of the furnace. The correct
position of the furnace height is marked on the rear side of the
furnace arm. You should check this mark periodically. See
chapter 9, Control and adjustment of furnace height.

7.1.6 Operation of the fast cooling device

The fasts cooling device consists of two fast cooling valves
which are installed in the furnace arms. The fast cooling valves
are operated manually by the two knobs on the outer sides of
the furnace arms. The fast cooling device is used to rapidly
cool the clamping assembly and sample to low start tempera-
tures before the actual measurement.

When the fast cooling valve is switched off, the coolant from
the cooler is directed to the exhaust outlet. The coolant vapor
escapes at the rear side of the furnace arm through the si-
lencer into the laboratory atmosphere. This ensures that no dis-
turbances occur in the furnace chamber due to convection cur-
rents. The heat is transferred primarily by radiation. This is the
setting in measurement mode.

When the fast cooling valve is switched on, the coolant from
the cooler is directed into the furnace. The coolant vapor es-
capes above and below through the furnace openings into the
laboratory atmosphere. The sample holder and the sample are
cooled directly by the coolant vapor; cooling times are thereby
significantly reduced. This position is used to cool to the start
temperature.

The valves should be switched back to the OFF position about
5 °C above the start temperature.

Switching fast cooling on or off causes a large disturbance in
the system. It requires a certain amount of time for the system
to restabilize - typically about 15 to 20 minutes. For this reason,
we recommend that you do not switch the cooling valve on or
off unnecessarily.
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7.1.7 Final checks before the measurement

Before you start your experiment we recommend that you
make a few final checks to see if the clamp and the clamping
assembly have been installed properly.

These checks do not take long and we recommend you to take
some time here to avoid running a measurement that will pro-
duce erroneous data due to improper mounting of the sample.

To perform the final checks:

»  Check that the nut on the drive shaft that connects it firmly
to the drive motor is fastened properly.

»  Check that the drive shaft is firmly connected to the clamp
holder.

» Check that the clamp is firmly fastened in the clamp
holder.

» Check that the fixed part of the clamping assembly is
firmly connected to the flange of the displacement sensor

»  Check that the locking screw on the four axes alignment
device is fastened.

»  Start the four axes alignment procedure from the STAR®
Software again to check if the force reading of the force
sensor is 0 (zero). See chapter 6, Fine alignmnet of the
measuring sensors.

» Make sure that the SDTA thermocouple does not touch
the furnace half on closing the furnace.

If you detect any problem with the installation of the clamping
assembly, clamp or sample (loose clamps, loose screws and
nuts etc.), you must correct it by reclamping or, if necessary,
remounting the sample. The corresponding instructions can be
found in chapter 6.

0503 METTLER TOLEDO STAR® System
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7.1.8 Creating DMA Experiments in the Experiment Win-
dow

To perform a measurement in your DMA/SDTA861€, you have

to create an experiment data set in the STAR® Software Ex-
periment Window that contains the desired settings for your
measurement. This data set that you send to the DMA module
is called an “Experiment”. It also includes the information about
the DMA method that you have created in the Method Window
for your DMA measurement.

The appearance of the STAR® Software Experiment Window
depends on the type of module used — the text boxes are dif-
ferent depending on the TA technique. The functions and input
possibilities described here for the Experiment Window are
specific to the DMA. Further information can be found in Chap-

ter 11, Experiment Window, of the STAR® Software Operating
Instructions.
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To create an experiment and send it to the DMA module:

Start: - DMA module ready for measurement
- DMA method for your experiment is created and saved in the
STAREe software database

£ To create a new experiment you must always select a method and de-
fine a sample name.

(1) Open an Experiment Window in the STAR® Software by
choosing Functions/Experiment in the main menu bar.

The STARE® software opens a new Experiment Window. The Experi-
ment Window is per default set up for a DSC module.

£ The Direct Method function is not available for DMA experiments.

(2) Click the Select Method button and select the desired DMA select method
method in the drop-down list that appears.

The data for the selected DMA method and the DMA specific text
boxes appear in the Experiment Window.

3‘5.,_ [METTLER] - 5TARe Experiment
File “iew Miscelaneous 7
O = SE &
rY
-
Start Temperature 0 °C
Sample Holder ... | Alurninurn Standard 00l
Sample Preparation Gas List
Sample Marme |
“wheight 1.0000  mg [0.00 - 1000.00)
Pisition
Order Mumber | Cuistomer ...
Remarks ...
4 adule
1] | B
Far help, press F1 Default DBZ: METTLER

The upper half of the Experiment Window is the same as for other
STARe modules. The Pan Weight box is however is not active because
it is not used for DMA experiments. The DMA specific text boxes are
in the lower half of the window.
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start temperature

dimensions of the sample

3)

(4)

(5)

(6)

To enter a start temperature for your experiment that is
different to that specified in the method: Enter the desired
start temperature in the Start Temperature box.

The default value in this box is the start temperature of the method.

To enter or modify a text on sample preparation: Enter the
appropriate details in the text box. The text box is located
above the Sample Name text box.

Enter the name of the sample in the Sample Name text
box. Use a name that identifies the sample (e.g. PET or
WO007).

Enter the dimensions of the sample as follows:

« For DMA experiments you can enter the dimensions of the sample
in the Experiment Window. You can enter data for cuboid, disc
shaped or cylindrical samples.

» Click the description that corresponds to your sample
(i.e. Cuboid, Disc or Cylinder, next to Dimension).

If your sample is cuboid, text boxes for the length, width and height
of the sample are displayed.

Dimenzion & Cuboid  © Disc

length | 50000 mm  (0.00-500.00)

Wwidth 50000 mm  (0.00-500.00]

Thickness | 20000 mm  (0.00-500.00)
li Geometry Factor: 40

If your sample is disc shaped or cylindrical, text boxes for the di-
ameter and thickness or length, respectively, of the sample are
displayed.

Dimenzion © Cuboid % Dijec

...........

Diameter [ 50000 mm  (0.00-500.00]
Thickness [ 20000 mm  [0.00-500.00]
Ii Geometry Factor: 50,93
Dimenzion " Cuboid *  Cylinder
Length [  70.0000 mm  (0.00-500.00]
Diameter [ 50000 mm  (0.00-500.00]
li Geometry Factor: 232, 32e+03

The size range for the dimensions of the sample is shown to the right of the
text boxes. This was specified in the Method Window when you created the
method. It is also possible to change the size range for the dimensions of the
sample in the Experiment Window. To do this, see the instructions in the
section Defining the range of sample size and limiting the force and dis-
placement amplitudes.
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» Click the boxes and enter the dimensions of your sam-
ple according to the definitions the following section
Sample dimensions and geometry factors.

You have entered the dimensions of your sample. The STAR® soft-

ware automatically calculates the sample geometry factor from the

values entered. The value of the geometry factor appears below the
boxes next to the text Geometry Factor.

£ The geometry factor takes into account the effect of sample geometry
in the calculation of the Young's modulus or the shear modulus (or
compliance). See the following section Sample dimensions and ge-
ometry factors.

(7) To give your experiment a number: Click the Order Number
box and enter a number for your experiment.

£ You can associate your experiment with the name of a customer. This
allows you later on to select all the experiments belonging to the same
customer by using the Filter function when you open an experiment
with File/Open. You can enter the hame of the customer in the Installa-
tion Window under Topic/Customer und enter the appropriate data.

(8) To assign your experiment to a customer name entered in
the STARE® database:

» Click the Customer button

» Select the name of the desired customer in the list in
the box under List:
The name appears in the Selection box

» Click OK or press ENTER.

The experiment is assigned to the name of the customer.

(9) To save your experiment:
» Choose File/Save under...
The Save under dialog box appears
» Enter a name for the experiment and click OK. The

sample name appears per default. The name of the
experiment cannot contain more than 40 characters.
The experiment is saved in the database under the name you en-
ter.

« Every experiment you send to the STAR® module is automatically
saved in the database, even if you have not saved it manually
yourself. By default, the STAR® software uses the name entered in
the Sample Name box.

End: Experiment is set up in the Experiment Window
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Sample dimensions and geometry factors

As explained in chapter 2, the stiffness is the quantity that is di-
rectly measured. The modulus is calculated from the stiffness
and the geometry factor which includes the sample dimen-
sions.

Table of sample dimensions and geometry factors

Mode

Rectangular samples

Round samples

Shear (small CA only)

thickness, T : <6.5mm
width, W <15 mm
Length, L <18 mm
T
2LW
4w -
fl

-

thickness, T : <6.5mm
diameter, D <15mm
G- 2_T2

mD

=

Tension (small and large CA)

Small clamping assembly

length, L 9.0
width, W <5mm
thickness, T : <2mm

Large clamping assembly

Small clamping assembly
length, L 9.0
diameter, D <2mm

Large clamping assembly

- length, L 19.5,10.5,5.5 mm |length, L 19.5, 10.5, 5.5 mm
_y width, W <7mm diameter, D <3mm
thickness, T : <3 mm
4L
G:L G= 2,WhereBgi
e @
T
Compression (large CA only) | Rectangular samples are not length, L <9mm
¢ recommended with the compression | diameter, D <20 mm
clamp.
4.L
G=
L - D2

@
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Mode Rectangular samples Round samples
el o
. D
T
Bending (large CA only)
e 3-point bending length, L 30..90mm |length, L 30...90 mm
width, W <15mm diameter, D <5mm
¢ thickness, T © <5mm
3 3
L __L G= 4-L
o AWT3 3mD*
— L
e dual cantilever length, L 20 ... 80 mm length, L 20 ... 80 mm
L=L. -L width, W <15 mm diameter, D <5mm
1 2 . .
¢ thickness, T : <5mm
s .
RN 5 G=——
L L — 3D
[ 2 1I6WT
Ll
e single cantilever length: half the length for dual | length: half the length for
; cantilever is used dual cantilever is used
3 13
¢ G L G- 16 L4
1 ——— W

The sample length L is measured for dual cantile-
ver, single cantilever and 3-point bending experi-

ments as shown on the left;

e dual cantilever bending: Lpc

e single cantilever bending: Lgc=Lpc/ 2

e 3-point bending: Lzpg

Please note
Although round samples can be measured in the bending mode, you may have to take into account clamping ef-
fects (due the higher deformation of the sample in the clamps) that will possibly reduce measurement accuracy.
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Defining the range of sample size and limiting the force
and displacement amplitudes

The Experiment Window uses the limits defined in the Method
Window under Miscellaneous/Range of Sample Size for the sam-
ple dimensions, the force and the displacement. You can how-
ever change these limits afterward in the Experiment Window
under Extras/Sample Limits.

% For a DMA experiment you can set upper limit for the force and the dis-

placement amplitude and limit the force or displacement amplitude cre-
ated in the experiment by the drive motor. This protects your sample from
possible damage.

To define sample size range or limit force and displace-
ment amplitudes in a DMA experiment:

Cuboid sample:

Sample Limits

Length
idth
Thickness
Force

Digplacement

(1) Choose Miscellaneous/Sample Limits.
The Sample Limits dialog box appears: The text boxes vary according
to whether have selected Cuboid, Disc or Cylinder as the sample ge-
ometry.
Disc shaped sample:
Sample Limits
Lo High Law High
| 0] | 500 mm - Diameter 0] 500 mm po—
| oo 500 mm e Thickness i 500 mm o
elp elp
| [ 500 mm Force 01 N
01 M Dizplacement 10 um
10 um

. . . Low High
& Further details on entering sample dimen-
. . . . Length K B0 mm
sions can be found in sections Sample limits _ Cancel
and Sample dimensions and geometry fac- idth 0 | Help
tors. Thickness ] 5 mm
Force 01 M
Displacement 100 um

(2)

3)

The sample limits are saved with the dataset of the experiment.

Cylindrical sample:

Sample Limits

Enter the limits for the geometry of your sample in the
Length, Width and Thickness boxes for a cuboid sample, or
in the Diameter and Length boxes for a cylindrical sample.
Enter the upper limits for the Force and Displacement
amplitude in the Force and Amplitude boxes

The default range of sample dimensions is 0 to 500 mm. The upper
limits for the force and displacement amplitude are by default 100 N
and 50 10+3 um respectively

Click OK.
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7.2  Preliminary stages before the measurement

The experiment is processed on the DMA module as soon as it
has been sent from the Experiment Window of the STAR®
Software. Information about the progress of the experiment is
displayed in the Module Control Window. Before the actual
measurement there are several preliminary stages. These
stages are similar to those on other TA modules except for the
first two stages which are specific to the DMA module. The
clamping of the sample is checked during these two stages.
This is explained in the following.

The two first stages are preliminary checks of the clamping of
the sample at room and start temperature. The sample is sub-
jected to the force and displacement amplitudes specified in
the method for the measurement. You can reclamp the sample
if necessary at these two stages by opening the furnace and
following the corresponding instructions in chapter 6, section
Installing and removing the shear clamp or section Installing
the bending clamp with the sample in the large clamping as-
sembly.

& When you select the Autostart check box in the Module Control Window,
the DMA module skips the two reclamping stages at the beginning of an
experiment. This is useful, for example to run repeat experiments, when
you have already checked the clamping.

Preliminary checks

Autostart without reclamping

0503 METTLER TOLEDO STAR® System
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Reclamping stage at 1 First reclamping stage: In the bottom area of the Module

foom temperature Control Window under Sample temperature, the text Waiting for
reclamping at room temperature appears. The message RT
CHECK appears simultaneously on the LCD on the DMA
module.
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2 Second reclamping stage: In the bottom area of the Mod- Reclamping stage at
ule Control Window under Sample temperature, the text Wait- start temperature
ing for reclamping at start temperature appears. The message
ST CHECK appears simultaneously on the LCD on the DMA
module.

The fast cooling can be switched on at this stage to reduce
cooling time if the start temperature lies significantly below
ambient temperature. The knobs for the fast cooling valves
on the outer sides of the furnace arms are used for this. The
fast cooling has to be switched off again before the start
temperature stage.

3 Start temperature and settling stages: These two prelimi- Going to start temperature
nary stages are similar to those on other TA modules. In the and
bottom area of the Module Control Window under Sample Settling
temperature, the text Going to start temperature or Settling ap-
pears, respectively. The color of the area changes from
green to red and remains red throughout the measurement.
See chapter 8 of the STAR® Software User Manual for fur-
ther information.

4 Measurement: The actual measurement is started when the M easurement
start temperature is reached and the settling has been com-
pleted. The text Measurement appears in the bottom area of
the Module Control Window on a red background.
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send experiment

start experiment

7.3

Starting the experiment and performing the
measurement

Never remain in close proximity of the DMA module during a
measurement without hearing protection. Always wear hearing
protection when working near the DMA module. The DMA
module can produce excessive noise that can impair your
hearing. The noise level can exceed 85 dB(A) during certain
measurements.

To start the experiment and perform the measurement

Start:

(1)

(2)

Experiment is set up in the Experiment Window.

To send the experiment to the DMA module: In the Ex-
periment Window, click the button with the name of your
DMA module next to the text Send Experiment.

The experiment is sent to the DMA module.

The experiment is sent to the DMA module is listed in the Experiment
buffer of the Module Control Window. An experiment starts automati-
cally if the there are no other experiments queued in the buffer or if the
Autostart feature is switched on.

To start the experiment manually if the Autostart feature is
switched off: Choose Control/Start Experiment in the Mod-
ule Control Window.

The name of the experiment appears in the buffer of the Module Con-
trol Window in bold type. The first reclamping stage is reached. The
text Waiting for reclamping at room temperature appears in the area at

the bottom of the Module Control Window. The modulus values are
displayed in the monitor area on the right.
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(3) To check the clamping do the following:

e Check the modulus values in the monitor area of the
Module Control Window.

e Check whether there are any unusual noises that indi-
cate loose screws or loose clamps.

If necessary correct the clamping as follows:

e Reclamp the sample:

» Open the furnace by pressing the FURNACE key.
» Follow the corresponding instructions in chapter 6.
¢ Remount the sample:

» Terminate the experiment by pressing the RESET key
on the keypad or by clicking Reset. Follow the corre-
sponding instructions in chapter 6.

(4) Atthe end of the first reclamping stage: Press the OK key
or click OK to start the second reclamping stage.

The text Waiting for reclamping at start temperature appears in the area
at the bottom of the Module Control Window.

Never touch the furnace halves or the clamping assembly dur-
ing or immediately after a measurement. Always wear protec-
tive gloves or let the furnace and the clamping assembly cool
down to ambient temperature before you open the furnace
halves. Parts of the furnace and the clamping assembly can
reach temperatures down to —150 °C or up to +500 °C. There
is risk if burns.

check modulus values

reclamp sample

at room temperature
or start temperature

remount sample
if necessary
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fast cooling To use the fast cooling feature:

» Switch on the fast cooling by turning the two knobs into
the “ON” position.

» Cool to about 5 °C above the start temperature, then
switch off fast cooling by turning the two valves into the
“OFF” position.

& Switching fast cooling on or off causes a large disturbance in the
system. It requires a certain amount of time for the system to re-
stabilize - typically about 15 to 20 minutes. For this reason, we rec-
ommend that you do not switch the cooling valve on or off unnec-
essarily.

« The fast cooling feature can be used during the second reclamping
stage (Waiting for reclamping at start temperature) or during the start
temperature stage (Going to start temperature).

(5) When the start temperature is reached: Repeat step (3). If
the furnace has to be opened for reclamping and the
sample temperature has risen you may want to use the
fast cooling again as explained in step (4).

Going to start temperature  (6) At the end of the second reclamping stage: Press the OK
key or click OK go on to the start temperature stage.

The text Going to start temperature appears in the area at the bottom of
the Module Control Window. The temperature control loop ap-
proaches the start temperature and the settling stage automatically
begins. When the settling is completed the measurement stage starts
automatically.

Settling

M easurement

End: Measurement started on the DMA module.
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7.3.1 DMA measurement in the Module Control Window

You have sent your experiment to the DMA module. The
measurement begins as soon as the DMA module passes the
preliminary stages before the measurement. A red bar appears
at the bottom of the Module Control Window with the text Meas-
urement and the display of the current sample temperature. The
window area displays the online curve of a measurement quan-
tity. In the default setting this is the value of Young’s modulus
E* as a function of time.

DMA/SDTABG1e ID100 large CA [METTLER]: cp celluloseprop [_ (O] x|

File  Wiew Control  Calib/adjust.  Settings  Service

Help

Clamping &ssembly: Large CA stesl

1w konitar Area
10°5 3 Experiment cp celluloseprop
B kethod o 25-105/2C 1H
1074 R Sarmple cp celluloseprop
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Module Control Window during a DMA measure-
ment

The monitor area on the right side of the Module Control Win-
dow contains the current DMA experiment data that is not con-
tained in the measurement curve of the current measurement.
Here, you can for example trace the course of a measurement
quantity during the reclamping stage or settling for up to two
minutes.

You can display this window area using the View/Monitor Area
command. In addition the command calls up an upper and a
lower monitor area with the following data:

Monitor Area
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online curve of

e The upper right corner the Module Control Window shows

data on the current measurement in progress. As with other
STAR® modules, the monitor area contains the experiment,
method, sample and customer names.

The lower monitor area displays the segment number and
the time remaining for the current segment and experiment.
Besides this it displays the values of the frequency and the
absolute value of the modulus (of shear or elasticity) corre-
sponding to the current measurement point.

% With other STAR® modules, the Module Control Window displays the

heating rate and the sample weight here.

Other measurement quantities can also be displayed as online

measurement quantties curves. In the menu View under Online Curves there is a drop-
down-list in which you can select the desired curve. The follow-
ing table presents an overview of the measurement quantities
and their units that can be displayed in the window area:
Measurement quantity Unit
Sample temperature °C
Furnace temperature °C
CA temperature °C
Frequency Hz
Force amplitude N
Displacement amplitude um
Young's modulus: phase rad
Force offset N
Displacement offset um
Force distortion dB
Displacement distortion aB
Reference temperature °C
E' (real part of Young's modulus) MPa
E" (imaginary part of Young's modulus) | MPa
E* (absolute value of Young's modulus) | MPa
Tangens Delta
« These measurement quantities are also available for the evaluation in the
Evaluation Window when you open a DMA measurement curve.
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To display a measurement quantity as an online curve:

1)

(@)

3)

Choose View/Online Curves.

-+ Sample Temperature

~ Furnace Temperatura
T4 Temperature

+ Freguency

-~ Force Amplitude

+ Dizplacement Amplitudea
+ Phase

~ Force Offset

+ Dizplacement Offset

~ Reference Temperature
+ hModulus)

~ bA" (Modulus)

-~ hA*(hodulus)

+ Tangens Delta

~ C(Compliance)

-+ CU{Compliance)

~ CHCompliance)

A drop-down list appears with the available measurement quantities.

Click the desired measurement quantity in the drop-down

list. You can only select one measurement quantity.
The selected online curve appears in the window area.

To adapt the curve to the window area:
View/Automatic Scaling,

The measurement is displayed in the window area. The STARe Software

updates the online curve after each measurement point.

choose

0503
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The Calib./Adjust. menu in the Module Control Window

The Module Control Window contains special functions for the
calibration and adjustment of the DMA module in the
Cdib./Adjust. menu. Besides the temperature calibration and
adjustment, with the DMA module it is also necessary to per-
form mechanical adjustments. Appropriate functions are im-
plemented for the spindle, the force sensor and the displace-
ment sensor. Detailed information on this can be found in
Chapter 8, Calibration and Adjustment in this operating manual.
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7.4 Evaluation of DMA measurements

You can evaluate the measurement data produced by your

DMA module in the Evaluation Window of the STAR® Software.
This section gives a short summary of the DMA evaluation
possibilities. Detailed information and instructions can be found

in the online Help to the STAR® Software Evaluation Window.

7.4.1 Basic evaluation of DMA measurements

A DMA measurement yields a large amount of data. It is not
possible to display all this data at the same time in the Evalua-
tion Window. It is therefore only sensible to concentrate on the
measurement quantities of interest.

The DMA and TA menus in the STAR® Software Evaluation
Window include the basic functions for opening, displaying and
processing your DMA measurement curves. On the displayed
DMA measurement curves you can perform the thermoanalyti-
cal evaluations given in the TA menu.

With DMA measurements, it is the components of the complex
modulus of elasticity (E) or the compliance (C) that are above
all of interest. It is possible to display these quantities versus
time, temperature or frequency. The data for the modulus of
elasticity and the compliance is derived from the primary force
and displacement measurement quantities.

open DMA curves

thermoanalytical evaluations
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direct
measurement quantities

derived
measurement quantities

Direct measurement quantities

A measurement with the DMA module provides the following
measurement quantities. You can display these directly in the
Evaluation Window:

e The force and displacement amplitudes and the phase shift
(phase) between these signals

e The force and displacement offsets

e The reference temperature, sample temperature, furnace
temperature and clamping assembly temperature

Derived measurement quantities

The following data of interest for the evaluation are derived
from the direct measurement quantities and the geometry en-
tered in the Experiment window by the user:

e M’ Storage component of modulus of elasticity or shear
modulus (real part)

e M”: Loss component of modulus of elasticity or shear
modulus (imaginary part)
M*: Complex modulus of modulus of elasticity or shear
modulus

e Tan Delta : Loss factor

e C'. Storage component of modulus of elasticity or shear
compliance (real part)

e C”: Loss component of modulus of elasticity or shear com-
pliance (imaginary part)

e C*: Complex modulus of compliance of elasticity or shear
compliance

You can display the above quantities versus time, temperature

or frequency in the STAR® Software Evaluation Window. You
can open and display curves with DMA data just like other TA
curves using the File/Open Curve command.

% You can define the measurement quantities to be displayed on opening
the DMA curve under Settings/Individual DMA Curve Selection....

7-30
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In contrast to curves from other TA measurements, DMA data
are displayed as individual measurement points plotted as
symbols (crosses, circles, etc.) in the window area. The
crosses correspond to the measurement points specified in the
method. The DMA curves are therefore not continuous in con-
trast to the other continuous TA curves. The measurement
points displayed by their symbols are, however, joined by
straight lines. The time difference between two consecutive
measurement points is not defined by a sampling rate, but is a
result of the technique-dependent measurement duration of in-
dividual measurement points.

7.4.2 Time-Temperature Superposition

The software option “DMA Evaluations” to the Evaluation Win-
dow offers the possibility of performing evaluations by the
Time-Temperature Superposition method (see also chapter 12,
Accessories for the corresponding order numbers).

The TTS procedure (Time-Temperature Superposition, TTS) is
based on the principle of the equivalence of time and tempera-
ture. This principle describes the physical relationship between
the time or frequency dependence of the viscoelastic properties
of a polymer and its temperature dependence.

7.4.3 Evaluation names

Make sure to save your evaluation to have it available at a later
time. When you save your evaluation include abbreviations in
the name you give it denoting e.g. the sample name, the kind
of evaluation used or information about the method. This en-
ables you to identify the evaluation immediately even after a
long time.

Examples:

- DMA/PET/shear/glass transition

- DMA/PVC/shear/freq. scan/offset none

- DMA/PP film/tension /freq. scan/offset 250%

display of individual
measurement points

software option “DMA Evaluations”
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7.4.4 Example of a DMA measurement:

PET measur with shear clamp 25.07.2002 12:13:01
Pa
G’
1078+
1077 4=
G"
10764
10754
1074+
10734
o277
-100 -50 0 50 100 150 200 °C
ltan & glass transition metting
A () 4
10%0 crystallization o
1071 B relaxation recrystallization
107-24
B e e e o e IR B B e e e B LA B R e s e e e
-100 -50 0 50 100 150 200 °C
Lab: METTLER METTLER TOLEDO STAR® SW 7.00

The above measurement of a disk shaped PET sample was
performed with the shear camp in the large clamping assembly.
The curves represent the shear modulus G’ and G” and the
loss factor tan delta.

The method included the following settings.
- Temperature scan from —180 to 280 °C at 1°C/min
- Displacement amplitude 10um
- Force amplitude 30 N
- Frequency series: 1000 Hz, 100 Hz, 10 Hz, 1 Hz
- Automatic offset control: zero displacement

The modulus and tan delta curves depicted above represent
the temperature scan at 1 Hz. As can be seen all the effects
characteristic for the PET material are clearly visible in a single
measurement.
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8 Calibration and Adjustment
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8 Calibration and Adjustment

8.1 Definitions and abbreviations

This chapter describes how you calibrate and adjust the
measuring system and the z-axis table.

We use the terms "calibration” and "adjustment" according to

the following definitions:

calibration  For the module in question, the determination of the actual deviation of measured values of
reference substances from the standard literature values by means of calibration measurements.

Reference substance: a substance that is suitable for the calibration measurement and whose
thermoanalytical property values are well established in the literature

adjustment ~ Adapting the specific module parameters so that the measured values of the calibration
measurements performed afterward are within the limits of permissible error

Limits of permissible error: the specified extreme values for permitted deviations (positive and
negative) from a set value.

Abbreviations:

For better orientation, the margins of the pages of this chapter
include the following signs to indicate to which device the text is
in the corresponding section refers:

AL Alignment aid, used for the text relating to the
alignment aid in section 8.3.

43

Adjustment assembly, used for the text relating to
the adjustment assembly in sections 8.2 and 8.4 to
8.5.1

S

Clamping assembly, used for the text relating to the
small or the large clamping assembly in sections
8.5.2.
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8.2 Mechanical adjustment procedure

The procedure for the mechanical adjustment of the
DMA/SDTA861€ serves the calibration and adjustment of the
force and displacement sensors and comprises several
individual steps. Different types of adjustment are performed in
some of the steps. The steps are performed in the following
order:

1 Installation of the alignment aid *

>
=
>

Pre-alignment with the alignment aid A

|—
2>

Installation of the adjustment assembly *

U

Fine alignment of the measuring sensors *

U

Adjustment of the spindle and the force

U

Installation of the small/large clamping assembly [

A

Fine alignment of the measuring sensors

0o N o o b~ w N

SIICIC IS ]S

Displacement adjustment**

A

* these steps are only necessary on full adjustment of the
DMA/SDTA861¢

** this step is only necessary on first installation of a
clamping assembly
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8.2.1 Overview of the adjustment steps

The following table gives an overview of the adjustment steps
with the alignment aid, adjustment assembly or a clamping
assembly.

Alignment aid Adjustment assembly Small clamp. assemb. Large clamp. assemb.

ALA AAS SCA LCA
Adjustment ALA  AAS SCA LCA
Pre-alignment with alignment aid * v
Adjust four axes alignment device * |- v v v
Adjust spindle and force - v
Adjust displacement *** - - v v

ALA : Alignment aid

AAS : Adjustment assembly
SCA : Small clamping assembly
LCA : Large clamping assembly
¥’ means "is necessary"

* The pre-alignment with the alignment aid should be
performed before a complete mechanical adjustment of the
DMA module or if the measuring sensors are strongly
misaligned and cannot be corrected by the four axes
alignment procedure. It should be performed about once a
year.

** The four axes alignment must be performed each time
you change the clamping assembly or install the adjustment
assembly. It should normally be performed about once a
week.

*** The displacement adjustment should be performed
separately when you install a new clamping assemiby.
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8.3  Adjustment assembly
For the mechanical adjustment you need the adjustment
assembly that is supplied with the instrument.

We recommend you to use the supplied Torx Allen wrench and
the Torx screwdriver to fasten and loosen the Torx screws in
the procedures in the following sections.

Fig. 8-1 shows the design of the adjustment assembly.

Displacement sensor cor

Torx-screws

Coupling

Outer cylinder

Insert for gauge blocks
Drive shaft

Nut

Calibration spring

O 00 N o O b~ W N P

Gronves

Fig. 8-1. Adjustment assembly and its parts

8.3.1 Mounting the coupling

The coupling 3 for the adjustment assembly has a function
similar to that of the adjustment device in the clamping
assembly. It forms a rigid connection between the movable and
the fixed part of the adjustment assembly.
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To mount the coupling on the adjustment assembly:
Start:  Coupling 3 is ready
(1) Hold the two halves of the coupling 3 up to the adjustment

assembly. Two Torx screws 2, each with a washer, are

mounted in the recessed holes of the one half. Make sure

that the washers do not fall out.
(2) Make sure that both halves of the coupling 3 enclose the

calibration spring 8 and that both rims fit in the grooves 9.
(3) Tighten the coupling 3 firmly with the two Torx- screws 2.
End: - Coupling 3 mounted

- Adjustment assembly ready for installation
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8.4  Pre-aligning the measuring sensors and
installing the adjustment assembly

Before you install the adjustment assembly and adjust your
DMA module the measuring sensors must be pre-aligned. This
section explains how to pre-align the measuring sensors with
the alignment aid to subsequently install the adjustment
assembly.

8.4.1 Pre-aligning the measuring sensors with the
alignment aid

The alignment aid shipped with the DMA/SDTA861¢€ serves the
purpose of pre-aligning the displacement and the force sensors
with the clamping assembly. It is shown in Fig. 8-2.

a

2

3 a Alignment aid, upper part
1 Flange

b 2 Plate

4 b Alignment aid, lower part
3 Plate

5 5 Nut
6 Conical end

Fig. 8-2. Alignment aid

% The fine alignment of the measuring sensors is carried out after the
manual pre-alignment via a dialog in the DMA module software (see
section Fine alignment of the measuring sensors (four axis alignment).
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Fig. 8-3 shows the four axes alignment device, the measuring
sensors, the alignment aid and the positions and angles to
adjust. With the help of the alignment aid the positions and
angles of the measuring sensors can be adjusted quickly so
that the sensors are in the right position when you install the
adjustment assembly.

1 2 3 4 5

\ \ / I
y adjustment o adjustment p adjustment x adjustment

Alignment aid
1 Knob for adjusting the y -position 7  Drive motor
2 Knob for adjusting the o angle 8  Threaded fitting
3 Knob for adjusting the 3 angle 9 Nut
4  Locking screw 10 Alignment aid, lower part
5  Knob for adjusting the x -position 11 Alignment aid, upper part
6  Displacement sensor housina

Fig. 8-3. Pre-alignment with the alignment aid with
the alignment aid
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=> See page 8-7, Fig. 8-3

Install alignment aid

To pre-align the measurement sensors with the alignment
aid:
Start: - Alignment aid is ready

* The mechanism of the 4-axis alignment device operates best when it
is pressed together slightly by the locking screw.

(1) Fasten the upper part of the alignment aid as follows to
the flange of the displacement sensor, @:

Torx screws

Displacement sensor core
Displacement sensor flange
CA Thermocouple

O 9 W DN PP

Hole for SDTA Thermocouple

Fig. 8-4. Displacement sensor flange (view from below)

» Hold the upper part of the alignment aid under the
flange of the displacement sensor. Ensure that the
thermocouple projecting from notch is positioned freely
in the notch (cp. Fig. 8-4). Make sure not to wedge the
thermocouple while fastening the upper part of the
alignment aid.

% The Torx screws must be aligned with the tapped holes in the
flange of the alignment aid.

» Screw in the three Torx screws and tighten them firmly
with as equal torque as possible using the Torx Allen
wrench supplied.

The upper part of the alignment aid is now fixed to the flange of the
displacement sensor.

8-8
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(2) Set the lower part of the alignment aid into the seat in the
threaded fitting of the drive motor. The conical end fits
snugly into the conical bore. Tighten the nut on the fitting,
0.

(3) Loosen the support structure of the measuring sensors as
follows:

» Remove the Torx screws (A) with the Torx wrench and
remove the front clamp (B). Loosen the Alllen screws
(C) with a 4 mm Allen wrench, ©, but do not completely
remove them so that the support structure is still
attached.

» Fold the support structure back so that it is no longer in
contact with length sensor flange, @.
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(4) Loosen the locking screw of the four axes alignment

device, ©, then slightly tighten it again to the point where
you feel a slight resistance.

Do not drive the lower part of the alignment aid mounted on the
z-axis table too far up toward its upper part.

The drive motor could suffer damage.

(5) Dirive the z-axis table upward as follows.

» Press the MOTOR UP key once. The z-axis table moves
upward and stops at a pre-set position. The two plates
of the alignment aid are still well apart in this position,
©-a and O-b.

» Press the MOTOR UP-key repeatedly to slowly move the
lower plate of the alignment aid toward the upper plate
until the gap between the two plates is about 0.5 mm,
O-c.

8-10 METTLER TOLEDO STAR® System 0503



DMA/SDTA861¢€ Calibration and Adjustment

ALA

0503 METTLER TOLEDO STAR® System 8-11



ALA

Calibration and Adjustment

DMA/SDTA861¢

(6)

(7)

@-a

Check visually in the x and y directions whether the upper
and the lower plate are flush with each other, @-a and
@-b. Using the knobs 1 and 5 adjust the x and y positions
so that the plates are flush, ®-a and ©-b.

The gap is better visible if you insert a sheet of white paper behind the
adjustment aid.

Check visually whether the upper plate is parallel to the
lower plate by looking at the gap in the x and y directions
®@-a and @-b. Using the knobs 2 and 3, adjust the a and
angles so that the two plates are parallel, ®-c and ®-d.

Knobs 2 and 3 are not mounted when you receive the DMA/SDTA861°
from the factory. You have to mount the knobs first to adjust the
angles.

8-12
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O 0-d
(9 10]

(8) Drive the z-axis table fully downward. Depress the MOTOR

DOWN key until the z-axis table stops in the intermediate
position. Briefly depress the MOTOR DOWN key once
more to move the z-axis table into the lower position. The
z-axis table stops automatically in the lower position, ©.

£ The travel speed of the z-axis table changes from low to high at the
intermediate position.
(9) Fasten the locking screw 4, ©®.
(10) Remove both parts of the alignment aid. To remove the
upper half, loosen the three Torx screws on the flange of
the displacement sensor core. Loosen the nut and take
the lower half out of the seat of the drive motor.
End: - Pre-alignment completed
- Alignment aid removed
0503 METTLER TOLEDO STAR® System 8-13
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8.4.2 Installing and removing the adjustment assembly

The adjustment assembly is installed in the same way as a
clamping assembly. After the manual alignment with the
alignment aid you have aligned the measuring sensors by
adjusting the x and y positions and the angles a and 8 on the
four axes alignment device. You may have to readjust the x and
y positions while installing the adjustment assembly.
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Fig. 8-5 shows the adjustment assembly installed:
1 2 3 4 5

\ | / "
y adjustment o adjustment p adjustment x adjustment

Knob for adjusting the y position
Knob for adjusting the o angle
Knob for adjusting the B angle
Locking screw

Knob for adjusting the x position
Displacement sensor core
Displacement sensor housing
Drive motor

Threaded fitting

Nut

Coupling

© 00 N o 0o b~ WN PP

[N
o

Q

Fig. 8-5. Adjustment assembly installed

0503 METTLER TOLEDO STAR® System 8-15



AAS

Calibration and Adjustment DMA/SDTA861¢e

= See page 8-15, Fig. 8-5

Installl adjustment assembly

To install the adjustment assembly:

Start:  Adjustment assembly is ready, coupling 3 in Fig. 8-1 is mounted

Always use the Torx screwdriver supplied to tighten and loosen
the Torx screws. Using a different tool could damage the Torx
screws.

(1) Hold the adjustment assembly up at an angle below the
displacement sensor flange and guide the displacement
sensor core 6 into the displacement sensor housing 7 by
raising the entire adjustment assembly, ©.

(2) Fasten the adjustment assembly as follows to the flange
of the displacement sensor, ®:

Torx screws

Displacement sensor core
Displacement sensor flange
CA Thermocouple

O 9 W DN PP

Hole for SDTA Thermocouple

Fig. 8-6. Displacement sensor core (view from
below)

» Hold the adjustment assembly under the flange of the
displacement sensor. Ensure that the thermocouple
projecting from hole b is positioned freely in the notch
(cp. Fig.8-6). Make sure not to wedge the
thermocouple while fastening the adjustment assembly.

% The Torx screws must be aligned with the tapped holes in the
flange of the adjustment assembly.

» Screw in the three Torx screws and tighten them firmly
with as equal torque as possible using the Torx Allen
wrench supplied.

The adjustment assembly is now fixed to the flange of the
displacement sensor.
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© (4]

Do not drive the z-axis table too far toward the adjustment
assembly

The drive motor could suffer damage.

(3) Drive the z-axis table upward by pressing the MOTOR UP-
key once. The z-axis table stops automatically in a
position in which the conical end of the drive shatft is just
over the bore of the threaded fitting 9 of the drive motor, ©
and O.

£ The travel speed of the z-axis table changes from high to low in this
intermediate position.
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Readjust x and y
positions

(4)

(5)

(6)

(7)

(8)

End:

If you have previously not done so, loosen the support
structure of the measuring sensors as follows:

» Remove the Torx screws (A) with the Torx wrench and
remove the front clamp (B). Loosen the Allen screws
(C) with a 4 mm Allen wrench, ©, but do not completely
remove them so that the support structure is still
attached.

» Fold the support structure back so that it is no longer in
contact with length sensor flange, @.

Loosen the locking screw of the four axes alignment
device, @, then slightly tighten it again to the point where
you feel a slight resistance.

Readjust the x and y positions as follows:

» Slide the nut 10 upward and fix it nut with the supplied
paper clip, @, (see previous page).

» If the conical end of the drive shaft is not concentric
above the bore in the threaded fitting 9 of the drive
motor: Using knobs 1 and 5, adjust the x and y positions
until the conical end of the drive shaft is positioned
concentrically above the bore, ®-a and 0-b.

» Drive the z-axis table upward carefully by pressing the
MOTOR UP-key. Continuously check visually that the
position of the conical end of the drive shaft in the bore
is concentric. If necessary, adjust the x and y positions
again.

Check the play of the drive motor diaphragm before
tightening the nut 10, by pulling the diaphragm upward
with the threaded fitting 9 using your fingers, ©. Drive the
z-axis table upward until the play is less than 0.5 mm. Do
not pull the diaphragm while the z-axis table is moving.

Tighten the nut 10 firmly.

- Small clamping assembly installed
- Support structure loosened

The pre-alignment of the measuring sensors has been
completed. You can now begin the fine alignment of the
measuring sensors (see section Fine alignment of the measu-
ring sensors (four axes alignment) on page 8-22).
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= See page 8-15, Fig. 8-5

Removing the adjustment assembly

To remove the adjustment assembly from your DMA module,
the coupling must be mounted.

To remove the adjustment assembly

Start:

(1)

(2)

3)

(4)

(5)

End:

- Coupling mounted
- Two halves of the furnace are fully open and tilted backward

Fully loosen the three Torx screws (A) on the
displacement sensor, @. Use the Torx Allen wrench
supplied. Make sure that the adjustment assembly is
completely loose and can move freely downward when
you drive the z-axis table downward..

Drive the z-axis table fully downward. Depress the MOTOR
DOWN key until the z-axis table stops in the intermediate
position. Briefly depress the MOTOR DOWN key once
more to move the z-axis table to the lower position. The z-
axis table stops automatically at the lower position.

The travel speed of the z-axis table changes from low to high in the
intermediate position.

The adjustment assembly has been driven right down with the z-axis
table. There is now sufficient room above the displacement sensor
core to remove the adjustment assembly.

Loosen the nut 10 of the drive shaft from the threaded
fitting of the drive motor.

Lift the adjustment assembly upward out of the drive
motor fitting. Remove the adjustment assembly carefully
in a downward direction. Make sure that you do not
damage the displacement sensor coil and the
displacement sensor core, , ®-a and 0-b.

Screw on the protective cover, ©.

Adjustment assembly removed
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8.5 Fine alignment of the measuring sensors
(four axes alignment)

To measure properly, you must follow a special procedure to
perform the fine alignment of the measuring system after the
installation of the adjustment assembly.

By rotating the knobs on the four axes alignment device you
can position the displacement sensor core within its coil.

Fig. 8-7 shows the function of the knobs on the four axes
alignment device:

1 2 3 4 5

\ | / /
y adjustment o adjustment f adjustment x adjustment

Displacement sensor core
Displacement sensor body

Knob for adjusting the y -position
Knob for adjusting the o angle

Knob for adjusting the B angle

A W N P

Locking screw
5  Knob for adjusting the x position

Fig. 8-7. Knobs on the four axes alignment device
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The following diagram shows the procedure for the fine

alignment of the measuring sensors:

Fine alignment dialog
! Q—\Iignment insert removeoD ‘
{} Z-axis table position: A | ove 2.2 tabe up
—— Press Rotate to continue »
TEMPERATURE 25°C Start from STAR® software: "W | Move z-axis table down
Calib./Adjust./Four Axes Alignment *
Rotate

w ]
) ’
R Press Rotate to continue

and adj.ampl.with Up/Dwn
A,
IDLE FURNACE OFF 6:9@ *
SAMPLE TEMP. 25°C > Rotate
' i
A Incre_ase displacement
AmpD: AmpF: 0 & amplitude
DistD: v Decrease displacement
+ amplitude
Rotate
y
X-Y:
ang:
Click <+— 0K 4—£—> Rotate
Save
in dialog box

Fig. 8-8. Procedure for the fine alignment of the
measuring sensors

First the x position is adjusted then, if necessary, the y position.

The a and B angles have already been adjusted during the pre-
alignment with the alignment aid and need not be changed.
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To perform the fine alignment of the measuring sensors:

= See page 8-22, Fig. 8-7 Start: - Furnace arms moved apart.
- Adjustment assembly is mounted
- Coupling is removed and 3.0 mm gauge block is inserted

(1) If you have previously not done so, loosen the support
structure of the measuring sensors as follows:

» Remove the Torx screws (A) with the Torx wrench and
remove the front clamp (B). Loosen the Allen screws
(C) with a 4 mm Allen wrench, @, but do not completely
remove them so that the support structure is still
attached.

» Fold the support structure back so that it is no longer in
contact with length sensor flange, .

(2) Loosen the locking screw of the four axes alignment
device, ©, then slightly tighten it again to the point where
you feel a slight resistance.

* The mechanism of the 4-axis alignment device operates best when it
is pressed together slightly by the locking screw.
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(3) In the STARE® software Module Control Window, start the

dialog for the four axes alignment procedure by choosing
Cdib./Adjust./Four Axes Alignment Device.
The current value of the Offset Position of the z-axis table (z-axis table
position) is shown on the LCD display. This value represents the
current position of the z-axis table and can now be changed with the
arrow key.

(4) If the position of the z-axis table deviates more than
50 um from the zero position: Move the z axis table into
the zero position by pressing the MOTOR UP and MOTOR
DOWN keys. The zero position is sufficiently accurate
when a value between -50 um and +50 um is displayed.
The z-axis table is now in the zero position.

£ The z-axis table automatically moves into the current zero position at
the end of a displacement adjustment dialog.

(5) Press ROTATE to continue.

The following message appears:

Press Rotate to continue and adj.ampl.with Up/Dwn

or:

Press RESET, to return to exit the dialog. You can always
exit the dialog by pressing the RESET key from this point
onward without saving the alignment settings.

£ The MOTOR UP and MOTOR DOWN arrow keys are multi-function
keys. From this point onward in the dialog they serve to increase or
decrease the displacement amplitude of the drive motor.

(6) Press ROTATE to proceed with the adjustment of the four
axes alignment device.

The current settings of the measuring system appear on the LCD

display. The drive motor produces a default oscillation with an

amplitude of about 23 um and 2 Hz.

Quality factor | Definition Adjust to

AmpD Current value of the displacement 400-600 pm
amplitude

AmpF Current value of the force amplitude |0 (zero) mN

DistD Current value of the distortion factor | Minimum value

* If the mechanical pre-adjustment has been done well, the value of the
force amplitude should be 0 (zero) mN.
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= See page 8-22, Fig. 8-7 (7) Increase the displacement amplitude in steps to about 400
to 600 um by pressing the 4 key. Take note of the force
amplitude display. If the force amplitude becomes greater
than O (zero) mN:

adjust x and y position) » Adjust the x-position of the displacement sensor by
rotating knob 5 until the force amplitude returns to 0
(zero) mN, ©-a. Try rotating the knob in the other
direction. If the force amplitude does not decrease,
adjust the y-position by rotating knob 1 in the same
way, ©-b.

» In this way, increase the displacement amplitude in
steps to about 400 to 600 um, @®.

O-a (5 ]G

& By pressing the « and ¥ keys, the value of the force amplitude
changes each time by a factor of 1.3. It is therefore difficult to set
an exact value. For the adjustment however it is sufficient to set a
value close to the desired value.
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(8)

9)
(10)

(11)

(12)

(13)

(14)

If the force amplitude is not O (zero) mN: press the RESET
key to terminate the alignment procedure. Repeat the
mechanical pre-adjustment. We recommend you to
remove and reinstall the adjustment assembly for this (see
section Installing and removing the adjustment assembly)
and repeat the fine alignment procedure described in this
section.

The force amplitude is 0 (zero) mN at a displacement of 400 to 600
um.

Press OK to quit the four axes alignment procedure.

In the STARE® software Module Control Window, click Save
to save the current adjustment data of the four axes
alignment device. Then start the dialog for the four axes
alignment procedure again by clicking Calib./Adjust./Four
Axes Alignment Device.

Press ROTATE twice on the DMA module keypad to
display the values of DistD again.

The value of the distortion factor DistD should be as small as possible
and always less than 30 dB.

Then press OK to terminate the four axes alignment
procedure.

The measurement sensors have now been aligned and the dialog
returns to the starting point and displays Idle furnace off. A dialog box
with the new adjustment data appears in the Module Control Window

of the STARE software. The data for the previous adjustment are given
in brackets.

In the STARE® software Module Control Window, click Save
to save and activate the current adjustment data of the
four axes alignment device.

Fasten the locking screw 4 first, @, and then fasten the
support structure as follows:

» Screw in the two Torx screws (A) and the attach the
clamp (B) while holding the support structure at the
same level as the two cantilevers on the stand, ® and
O (see next page).

» Fasten the Allen screws (C) with the 4 mm Allen
wrench, ©.
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(15) Make a final check of the alignment as follows:

» In the STAR® Software Module Control Window, start
the dialog of the four axes alignment device again by
choosing Calib./Adjust./Four Axes Alignment Device.

» Press ROTATE twice to display the settings of the
measuring system and increase the displacement
amplitude in steps to about 400 to 600 um by pressing
the & key.

» Take note of the force amplitude display:

— If the force amplitude is O (zero) mN, press RESET to
exit the for axes alignment dialog without saving the
adjustment data.

- If the force amplitude becomes greater than O (zero)
mN, repeat the alignment procedure with step (1).

End: Fine alignment completed. Measuring sensors aligned with the
clamping or adjustment assembly.
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Sensors

If you do not succeed in aligning the measuring sensors by the Force value is not 0 (zero)
above procedure, one of the following reasons might be the
cause:

e The pre-alignment on installing the adjustment assembly was
not performed correctly at first.

e The X and Y positions or the o and B angles have been
changed by accident.

e Some of the screws were not tightened enough during the
installation of the clamping assembly.

e The adjustment assembly was not properly aligned within
itself at first.

To solve the problem you and re-align the measuring sensors.
To do this we recommend you to remove and reinstall the
clamping assembly (see chapter 6, section Installing and
removing the small clamping assembly or Installing and
removing the large clamping assembly) and repeat the
procedure for the fine alignment of the measuring sensors
described above.

If the force sensor measures an impermissible value due to an Message Risk of damage!
external influence (shake or shock) the error message Risk of ~ appearsonthe LCD display
damage! may appear on the LCD display. When this message

occurs the force measurement is interrupted to protect the force

sensor. You can however acknowledge the message by

pressing the oK key on the keypad of the module and continue

with the four axes alignment. On its third occurrence however it

Is not possible to acknowledge the message. In this case you

have to switch off the DMA module by the mains switch at the

back of the instrument and restart it .
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spindle adjustment

8.6 Mechanical adjustment

This section explains the procedures for the mechanical
calibration and adjustment of the DMA/SDTAS861€.

There are two types of mechanical adjustment procedures for
the DMA/SDTA861¢€:

e Spindle and force adjustment
e Displacement adjustment

The adjustment assembly is required for the spindle and force
adjustment. On installing the adjustment assembly you have to
adjust the four axes alignment device. The displacement
adjustment is performed with every new clamping assembly but
not the with the adjustment assembly.

8.6.1 Adjusting the spindle and the force

The spindle, driven by a step motor, moves the z-axis table and
the drive motor up and down. This movement of z-axis table
changes the z position of the displacement sensor core in the
displacement sensor coil and allows the core to be set in the
optimum range for the measurement. The adjustment of the
spindle must be performed so that the displacement sensor
core can be positioned accurately in its coil in the subsequent
displacement adjustment.

The force adjustment consists of two parts:
e Force adjustment of the drive motor
e Force adjustment of the force sensor

The following procedure allows you to calibrate and adjust the
force created by the drive motor and also the force measured
by the force sensor.
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Coupling mounted

Start from S TA Re Software

IDLE FURNACE OFF Calib./Adjust./
TEMPERATURE 25°C Spindle/Force...

4

Rotate

Click
Save
in dialog box
IDLE FURNACE OFF to adjust
SAMPLE TEMP. 25°C

%

Spindle and force adjustment dialog

In STA Re Software:
Enter 2.7 mm and 3.7 mm
as gauge block thicknesses

Press OK, when :
coupl. on, 2.7mm gb. in

[ Insert 2.7 mm gauge block |

Adjusting... /\

Y

Press OK, when :
coupl. on, 3.7mm gb. in +

In STARE® software:
| Insert 3.7 mm gauge block | Enter spring constant and click Start

oK 3
Press OK when

3mm gb. in, coupling off

spindle adjustment

Adjusting...

[ Insert 3 mm gauge block |

Y

Press OK , when :
3mm gb. in, coupling off

k=
2 5 .
Remove coupling and §. ACNUEHINE....
insert 3.0 mm gauge block & 7
=]
OK] ®l  Press OK when
[d
©| 3mm gb. removed
£ (;
Adjusting... (ca 10 min.) Remove 3 mm gauge block
v ¥
Spindle adjustment data is displayed m
In STAR® software: Click Save
to adjust
Adjusting... {ca 10 min.)
v

Force calibration data is displayed

> >

Fig. 8-9. Procedure for adjusting the spindle and the force
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Notes on using the gauge blocks

gauge blocks The 1 mm, 1,7 mm and 2 mm gauge blocks shipped with your
DMA/SDTA861¢€ are precision tools with a thickness tolerance
of £ 0.0004 mm. They enable precise calculation of differences
of displacement of the displacement sensor core.

The gauge blocks must only be used in a clean and spotless
state.

» Polish the gauge blocks with the deerskin cloth included in
the gauge block set. Do not touch the polished surfaces
after this.

* You can also use other precision gauge blocks with different
dimensions.

» When using two or more gauge blocks: Place the gauge
blocks in an angle of 90° on top of each other and bring
them into good contact by rotating and pressing them
together until their surfaces coincide.

The adjustment procedures are described in the following
sections. The position numbers in Fig. 8-10 are used as
reference.

Displacement sensor core
Torx screws

Coupling

Outer cylinder

Insert for gauge blocks
Drive shaft

Nut

N oo o0 WDN P

Fig. 8-10. adjustment assembly
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To adjust the spindle and the force:

Start: - Adjustment assembly mounted, coupling 3 in Fig. 8-10 installed = See page 8-32, Fig. 8-10
- Fine alignment of measuring sensors completed
- Gauge blocks ready
(1) Start the spindle adjustment dialog in the Module Control
Window by choosing Calib./Adjust../SpindleForce...

The spindle adjustment dialog begins. The following dialog box
showing gauge thickness 1 and 2 appears.

5pindle|Adjustment|

Gauge thickness 1: |2.700 mm
Gauge thickness 2: IS.TDEE: mim

Start | Cann:ell Help |

£ You can enter your own values for the gauge thickness. We
recommend, however, that you use the default values (2.7 mm and
3.7 mm).

(2) Click Start.

The request Press OK when: coupl. on, 2.7 g.b. in appears on the liquid
crystal display requesting you to insert the 2.7 mm gauge block to
press OK.

(3) Mount the first gauge block with a thickness of 2.7 mm by
pushing the outer cylinder 4 upward with your fingers and
inserting the 2.7 mm gauge block.

(4) Press OK key.

A message appears on the LCD display that the adjustment procedure
is in progress (ADJUSTING..). When the adjustment procedure has
been completed, you are requested to insert the 3.7 mm gauge block

and to press OK (Press OK when: coupl. on, 3.7 g.b. in).

(5) Remove the 2.7 mm gauge block by pushing the outer
cylinder 4 upward with your fingers and removing the
gauge block. Insert the 3.7 mm gauge block.

(6) Pressthe OK key.

A message appears on the LCD display that the adjustment procedure
is in progress (ADJUSTING...). When the adjustment procedure has
been completed the request to remove the coupling, insert the 3.0 mm
gauge block and to press OK appears (Press OK when: 3mm gb. in,

coupling off).

(7) Remove the 3.7 mm gauge block by pushing the outer
cylinder 4 upward with your fingers and removing the
gauge block. Insert the 3.0 mm gauge block.
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(8)

(9)

The spindle adjustment takes
approx. 10 min.

(10)

(11)

(12)

Remove the coupling 3 by loosening the two Torx screws
and removing both halves of the coupling.

Press the OK key.

The spindle is now adjusted. The z-axis table is driven to different
adjustment positions. A message appears on the LCD display that the
adjustment procedure is in progress (ADJUSTING..). When the
adjustment procedure has been completed after approx. 10 minutes, a
message appears on the LCD display telling you that the adjustment
procedure has been completed. A dialog box showing the adjustment
data appears in the Module Control Window of the STAR® Software.

Example of adjustment data from the spindle
adjustment:
Spindle Adjustment

Adjustment Assembly | 72.2964e-0] um/Count  (61.0000e-03)
Slope |u.9992{ um/Step  (1.0000)

Save | Cancell Help |

The values must be within the following ranges:
Adjustment Assembly: 0.042...0.090 um/Count
Slope: 0.995...1.005 um/Step

If the Slope value is not in the range indicated above it is possible that
the adjustment assembly is not correctly installed or the measuring
sensors have not been properlya ligned. In this case we recommend
that you repeat the corresponding sections in chapters 8.4 and 8.5.

Click Save to adjust the spindle or Cancel to discard the

adjustment data.

The spindle adjustment is completed and the adjustment of the force
automatically begins by a dialog box in the Module Control Window of

the STAR® Software requesting you to enter the values for the spring
constants.

Foice 'Adiustment'

Spring Constant | 30000000 M/

start | Cancell Help |

In the STAR® Software, enter the correct certified value of
the spring constant. The value is printed on the certificate
supplied with the spring in your adjustment assembly.

If nothing else is specified, we recommend that you enter a value of
3000 Nm for the spring constant.

Click Start.

You are requested to insert the 3.0 mm gauge block and to press OK
(Press OK when 3mm gb. in, coupling off).
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(13) Press the OK key.

A message appears telling you that the adjustment procedure is in
progress (ADJUSTING..). When the adjustment procedure has been
completed, you are requested to remove the 3.0 mm gauge block and
press OK (Press OK when 3mm gh. removed).

(14) Remove the 3.0 mm gauge block by pushing the outer
cylinder 4 upward with your fingers and removing the
3.0 mm gauge block.

(15) Press the OK key.

The force adjustment is now performed. When the adjustment The force adjustment takes
procedure has been completed after approx. 10 minutes, the approx. 10 min.
adjustment data are displayed in the Module Control Window of the

STARE Software.

Force Adjustment

Force Sensar Sensitivity

1 1171 6500e-06 M/Count  (166.0000e-08)
e |1.?184E—D&r MACount  (1.6300e-03)

Drive Motor  Diaphragm Stiffness |3?a5.n45z§ MM (5200.0000)
Force-Current Rule |24.?3?&: M (£5.0000)

Save | Cancell Help |

The values must be within the following ranges:

Force Sensor Sensitivity Range 1: 165e-06...185e-06 N/Count
Force Sensor Sensitivity Range 1: 1650e-06...1850e-06 N/Count

Diaphragm Stiffness 2500 ... 3700 N/m (20 N type) 6000 ... 8000 N/m (40 N type)
Force-Current Rule 22 ... 30N (20 N type) 60 ... 80 N (40 N type)

The values in the text boxes under Force Sensor Sensitivity are the
sensitivity values of the force sensor in units of Newtons per AD
converter count. The values correspond to two different measuring
ranges. The text boxes under Drive Motor contain the characteristic
values of the particular type of drive motor installed.

The Diaphragm Stiffness value is the stiffness of the drive motor
diaphragm. The Force-Current Rule represents the full scale force value
for the drive motor's power amplifier. Please note that this value is
slightly higher than the maximum force value specified for the
drive motor to ensure that the maximum force can be realized.

The values in brackets are the values previously saved in the
database.

(16) Click Save to adjust the force or Cancel to discard the
adjustment data.

} x9.85...10.15

End: Spindle and force adjustment completed

When you have adjusted the spindle and force you can mount
the clamping assembly you require for your measurement and
continue with the adjustment of the displacement (see section
Adjusting the displacement).
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8.6.2 Adjusting the displacement

The displacement adjustment is the last part of the full
mechanical adjustment procedure and is performed with the
particular clamping assembly you require for your
measurements. It also necessary to perform a displacement
adjustment when you install a new clamping assembly. The
adjustment data is saved in the STARe Software database and
is always linked to a particular clamping assembly.

The displacement adjustment calibrates and adjusts the
displacement sensor for the desired clamping assembly on the
basis of the previous spindle adjustment. The travel of the z-
axis table, which is driven by a high precision spindle, is used
as reference for the displacement calibration. Additionally, the
adjustment process compensates for any non-linear behavior
(which is to be expected of the Ivdt type sensor used) and for
possible displacement offsets of the sensor’s core. The internal
offset compensation (IOC) values are displayed in a dialog box
at the end of the adjustment procedure and have to be checked
as described at the end of the following section.
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Fig. 8-11 gives an overview of the displacement adjustment
procedure:

(Alignment insert mounted)

L

Displacement adjustment dialog

IDLE FURNACE OFF
TEMPERATURE 25°C

Start from STARe software:
Calib./Adjust.
/Displacement...

Press OK when
align. insert mounted

L X
OK
o] E—e] ¥

'?5857.

Adjusting...

IDLE FURNACE OFF
SAMPLE TEMP. 25°C

* -
Press OK when

align. insert removed

Remove alignment insert

A\ 4

OK

Adjusting... {(ca 15 min.)

Click ‘
Save
in dialog box

Fig. 8-11. Procedure for adjusting the displacement
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CA

The displacement adjustment
takes approx. 15 min.

To adjust the displacement:

Start: - Clamping assembly mounted, alignment insert installed
- Fine alignment of measuring sensors completed
- Adjustment of spindle and force completed

(1) Start the displacement adjustment dialog in the Module
Control Window by choosing Calib./Adjust./Displacement...
The displacement adjustment dialog begins. A message appears on

the LCD display telling you to install the alignment insert (Press OK when
align. insert mounted).

» Install the alignment insert as described in chapter 6,
sections Installing and removing the alignment insert of
the small clamping assembly or Installing and removing
the alignment insert of the large clamping assembly.

(2) Pressthe OK key.

A message appears telling you that the adjustment procedure is in
progress (ADJUSTING...). When the adjustment procedure has been
completed, you are requested to remove the alignment insert (Press OK
when align. insert removed).

(3) Remove the alignment insert as the alignment insert as
described in chapter 6, sections Installing and removing
the alignment insert of the small clamping assembly or
Installing and removing the alignment insert of the large
clamping assembly.

(4) Pressthe OK key.

A message appears telling you that the adjustment procedure is in
progress (ADJUSTING...). During the displacement adjustment, the z-
axis table drives the displacement sensor core to different adjustment
positions. When the adjustment procedure has been completed after
approx. 15 min., the displacement adjustment data is displayed in the
Module Control Window of the STAR® Software.
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X2 +£1%
x2.5+1%
X2+ 1%
X2 +10%
x25+1%
x2+1%

(5)

End:

Dizplacement Adjustment

Sensitivity oC

1 um/Count  (610.0000e-06) W um
2 m um/Count  (1.2200e-03) IW ur
3 Im um/Count  (3.0500e-03) W ur
4 W umsCount  (6.1000e-03) W urm
5 m um/Count  (12.2000e-03) W ur
(i ISE.SDE'IE—D&E umdCount  (30.5000e-03) |_5|:|.5931E um
7 IM um/Count  (1.0000e-03) W urm

[olor: |-1na.ueas‘g’ um/Step
I2C3 |-1.:3?1?§ umdStep

(0.0000]
(0.0000)
(0.0000)
(0.0000)
(0.0000)
(0.0000)

(0.0000)

{-100.0000)

{-1.2000)

Save | Cancel |

Help |

The values in the text boxes under Sensitivity are the sensitivity values
of the displacement sensor in units of micrometers per AD converter
count. They correspond to seven different measuring ranges. if the
adjustment result is good, the factors including the tolerances given on
the left (2+1%, 2.5+1%, 2+1%, 2+10%, 2.5+1% and 2+1%) should
apply for ratios of the sensitivity values.

The values in the text boxes under I0C1 (internal offset compensation)
are the displacement offset values in units of um with respect to the
geometric zero position of the displacement sensor core which are
used for internal mechanical offset compensation of the sensor core’s
position. There is an offset value for each measuring range to take
account of different influences on the offset.

The values must be within the following ranges:

IOC 1. -200 um ... +200 um, where deviation of values should be < 50 um
I0C 2: -120 um ... -75 um

I0C 3: -1.5um ... -0.9 um

In the boxes next to the text IOC2 and I0C3 are values that are used
internally for the zero position adjustment of the offset compensation
procedure. They are given in units of micrometers per offset
compenstion value step.

The values in brackets are the values previously saved in the
database.

Click Save to adjust the displacement or Cancd to discard
the adjustment data.

Displacement adjustment for desired clamping assembly
completed

The z-axis table moves into the O (zero) position at the end of
the adjustment procedure after you have confirmed the
adjustment data with Save.
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8.7 Temperature calibration and adjustment

Temperature calibration and adjustment can be performed with
the DMA/SDTA861€ to achieve accurate readings of sample
temperature.

A temperature adjustment of your DMA/SDTA861¢€ has already
been performed in the METTLER TOLEDO factory for the
clamping assembly you ordered. The sample temperature
readings in measurements with this clamping assembly are
accurate after this temperature adjustment and the temperature
readings do normally not need to be readjusted.

If you have additionally ordered a different type of clamping
assembly, however, we recommend you to perform a
temperature adjustment yourself for this clamping assembly to
be sure to obtain accurate temperature readings with both the
small and the large clamping assembly.

The temperature adjustment consists of two stages:
1 Adjustment of the clamping assembly temperature
2 Adjustment of the sample temperature

Sample temperature adjustment is usually performed with the
shear clamp in the small clamping assembly and the bending
clamps (3-point bending, dual and single cantilever clamps) in
the large clamping assembly. It is also possible to perform the
sample temperature adjustment with other clamps but not
recommended with the large tension clamp.

To carry out the temperature adjustment the Install Plus
software option has to be installed with the STAR® Software.

The following sections explain the procedures to adjust the
sample temperature and the clamping assembly temperature.

Temperature adjustment of the liquid nitrogen Dewar.

For optimum dosing and accurate temperature control, the
liquid nitrogen flow from the Dewar has to be adjusted. The
adjustment procedure is explained in chapter 7 in section
Adjustment of liquid nitrogen flow.
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8.7.1 Temperature readings in the DMA module

The following temperatures are measured by the temperature
sensors in the DMA module:

e SDTA temperature

e Clamping assembly temperature (CA temperature)
e Cooler temperature

e Furnace temperature

Fig. 8-12 shows the positions of sensors for the different
temperature readings:

T

Cooler

T

Clamping assembly
Sample TSampIe effective

measured
................ not measured

Fig. 8-12. Measured temperatures in the
DMA/SDTA861¢€

The clamping assembly temperature is measured at the top of
the clamping assembly in the flange of the displacement sensor
with a K-type thermocouple. This temperature reading is used
as the controlled variable in the temperature control loop.

The furnace temperature is measured on the surface of the
heating element in the furnace by a K-type thermocouple. The
cooler temperature is measured in heat exchanger in the
furnace by Pt100 temperature sensor. The furnace temperature
and cooler temperature readings are used as correcting
variables in the temperature control loop.

« This is different than on the other TA modules: The DSC822¢, the
TGA/SDTA851¢ and the TMA/SDTAB840 € use the furnace temperature as
the controlled variable in the temperature control loop
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8.7.2 Calibrating and adjusting the clamping assembly
temperature

The adjustment of the clamping assembly temperature is
performed before the sample temperature adjustment. To
adjust the clamping assembly temperature, referred to as “CA
temperature” in the following, sample temperature readings are
used as reference values.

The CA temperature is used as the controlled variable in the
temperature control loop. The purpose of the CA temperature
adjustment is to ensure that the CA temperature is close as
possible to the reference temperature given by the temperature
program of the method. It will however not improve the
accuracy of the sample temperature reading.

The clamping assembly temperature adjustment should be
performed for each clamping assembly used.

A calibration run is performed and the clamping assembly
temperature is adjusted in the STAR® Software. The values of
the CA temperature are entered in the Single Temperature
Adjustment dialog box in the Module Control Window that can
be called up on the Calib./Adjust. menu.

Running the calibration measurement for the adjustment of
the clamping assembly temperature

As in the sample temperature adjustment procedure, you have
to run a calibration measurement before you can adjust the CA
temperature. Isothermal segments that cover the desired
measurement range are used in the temperature program of
the method.

To run the calibration measurement:

» Create a method with isothermal segments that cover the
desired measuring range. Define the segments as follows

» Specify at least 15 min duration of each isothermal
segment

» Activate settling in every segment with the Time
parameter set to 15 min.
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Example:

— Temperature program in a method used for CA temperature
adjustment within a typical measuring range from —-100°C to

200°C.
DMA Tea calib. -100/-50/0/100/200 15 min 22.07.2002 13:09:58
] Air Air Air Air Air
0 mlimin 0 mlimin 0 mlimin 0 mlimin 0 mlimin
250: Single 1.00 Hz Single 1.00 Hz Single 1.00 Hz Single 1.00 Hz Single 1.00 Hz

{10 M 10,00 urn, +0.00 ufp10 M 10,00 um, +0.00ofh10 M7 1000 um, +0.00 w10 M 1000 um, +0.00 010 MA10.00um, +0.000

2004

1460

100+

50

_A0

-100

-1460

1 2 £} 4 6
—T T T T T T T T T T T T T T T T T T T T T T T T T T T

B T
10 20 a0 40 a0 <11 7a an a0 min

0
DEMO Version METTLER TOLEDO STAR® SW 7.00

»  Run the calibration measurement with a typical sample for
the desired measuring range. In the experiment, use a
method with isothermal segments covering the desired
measuring range as shown below. Set displacement and
force amplitude values in the method that are typical for
the sample.
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Adjusting the CA temperature

After you have run the calibration measurements with a typical

sample you can adjust the CA temperature in the STAR®
Software. The Evaluation Window, the Install Window and the
Module Control Window are used for the adjustment procedure.

To adjust the CA temperature:

(1) Inthe Evaluation Window, display the sample temperature
and the CA temperature versus time.

(2) With the Signa Vaue command on the TA menu, display
the temperature values at the end of each segment.

! 2l
s P SO - S R,
| S T I S S S T T S T T Y S|

wa
=

B

o e e e 7. ST VG A8.15°C

Tca calibration for shear clamp 22.07.2002 12:43:23

F— ——— —
Signal Value 200.03 °Q
----Sighal-Yalue. . 180,29 70)

= i Gignal value  0885°C

: . | | Signal Value 99.96°C

i __Sample temperature | i
: \ 1 : ' '

— — == — — SignelValwe_650°C | i
' Signal i\z’alue -53 70e-03 "}C

19 Signal Value  4979°C . N T
; . ; CA temperature

10
y—— = = T T TY%SignalValue -105.74°¢
— T T I T T T T i T T T i T T T T i T T T T i T T T i T T T T i T T
a 10 20 30 40 50 60 70 min
DMA id4, MSG40: METTLER METTLER TOLEDO STAR® SW 7.00
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(3) In the Install Window, click the Calibration Substance tab
and proceed as follows.

» Define a new calibration substance for the sample
temperature of an isothermal segment and enter the
sample temperature value from your previous
evaluation in the Temperature box (rounded-off values to
one-decimal place are sufficient).

ﬂ Calibration Substance [_ (O]

File  Topic Help |

Temperature |-105.7 aig
Walle I Jig

» Save the value as a “calibration substance” in the
database. Include the value of the sample temperature
in the name of the calibration substance.

ﬂ Save As

Mlame
IDMA ~105.7 |

()4 | Cancell Help |

» Repeat this for each isothermal segment.
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(4) Inthe Module Control Window open the Single Temperature
Adjustment dialog box from the Calib./Adjust menu.

Single Temperature Adjustment
First Select Gas and Sample Holder
EE | [
i -
i

s

Okds 1057
Electrical

Fe i
AI Position Onset [C] True ¥al[*C]

¥ 1057

Delete Entryl

Ok | Clearl Clusel Help

* Further information about this dialog box can be found in the STAR®
Software User Handbook in chapter 8, Calibration and Adjustment.

(5) First select the gas type and clamp type, then the
calibration substance in the corresponding boxes.

(6) Enter in the Onset box the values of the CA temperature
determined in the evaluation in step (2) for each
isothermal sample temperature (the entry in the above
example would be 100.2).

(7) Click OK to adopt the values and to adjust the CA
temperature.
The CA temperature has now been adjusted. The new adjustment

parameters can be displayed in the Install Window under
Topics/Module/Adjustment Overview.

Tips

e You can use the same CA temperature readings obtained
from the calibration measurement for all the clamps of the
small clamping assembly. With the large clamping assembly,
CA temperature readings from the same calibration
measurement can only be used for the clamps of the
bending mode. Separate CA temperature calibration
measurements must be carried out for the tension and
compression clamps of the large clamping assembly. You
can enter the data as explained above in steps (4) through
(7) for the new clamp. The corresponding clamping assembly
has to be installed and linked to a module dataset in the

STARE® Software Installation Window first.

e Because of the small heating rates and long time constants
Tau lag adjustment is not necessary in DMA experiments.
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8.7.3 Calibrating and adjusting the sample temperature

The sample temperature calibration and adjustment is
performed with standard reference samples, for example, of
water and indium.

The overall procedure is similar to the procedure used on other
STAR® TA modules. The reference samples are measured and
the temperature readings of the fusion points are obtained by
onset evaluations in the Evaluation Window of the STAR®
Software. The values of the fusion points are entered in the
Single Sample Temperature dialog box in the Module Control
Window.

Preparing the water and indium samples for the
temperature adjustment

The reference samples water, H,O, and indium, In, have to be
prepared in different ways because of their different properties.
The sample preparation procedure also depends on the
clamping assembly you are using. The shear clamp is used for
the small clamping assembly and the 3-point bending clamp is
used for the large clamping assembly.
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See chapter 6, Disassembling the
shear clamp and
mounting the sample

Small clamping assembly: The instructions to disassemble
the shear clamp and remove the previous sample can be found
in chapter 6 in section Disassembling the shear clamp and
mounting the sample and section Installing and Removing the
small clamp.

Large clamping assembly: The instructions to remove the
previous sample and disassemble the bending clamp, can be
found in chapter 6 in section Removing the bending clamp and
sample and section Installing the bending clamp with the
sample in the large clamping assembly.

The following sets of accessories required to prepare the
samples for the temperature adjustment are included in the
accessories case shipped with your DMA module (see also
chapter 12, Accessories):

e Adjustment set for temperature adjustment with small
clamping assembly and shear clamp
Order number: ME 51 141 530

e Adjustment set for temperature adjustment with large
clamping assembly and bending clamp.
Order number ME 51 141 531

To prepare the water reference sample for the small
clamping assembly

Start: - Shear clamp in parts
- Sample removed
- Surfaces of sample supports and end disk clean
- Standard water samples, O-rings and syringe ready (included in
the accessories set)

(1) Mount two O-rings like other samples between the disks of
the shear clamp, @, ® and ©.

(2) With the syringe, pierce a hole in each of the two O-rings.

(3) Fill the syringe with water from one of the water samples
included in the accessories set.

(4) Pierce the syringe into the side of the O-ring and inject the
water into the inner space of the O-ring until the water
penetrates through the first hole, @. Repeat this for the
second O-ring.

* The O-ring has to be completely filled with water and all the air must
be allowed to escape through the first hole.

End: - Water sample mounted in shear clamp
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CA
- To prepare the indium reference sample for the small

clamping assembly

Start: - Shear clamp in parts
- Sample removed
- Surfaces of sample supports and end disk clean
- Standard indium wire samples, 30 ul alumina pan ready (included
in the accessories set)

See chapter 6, Disassemblingthe (1)  Prepare the indium samples as follows:
shear clamp and . . . .
mounting the sample. » Take a small piece of the supplied indium wire and

press it well down into one of the supplied 30 ul
alumina pans, ©.

» Repeat this until the pan is filled to the brim with
indium. Be sure to press the indium pieces well down
so that there are no air gaps left, ®.

» Make the surface of the sample as level as possible by
applying some emery paper

» Fill the second pan in the same way.

(2) Mount two pans filled with indium like other samples
between the disks of the shear clamp as follows:

» Place the pans on the sample support disks with the
open side of the pan showing upward so that the
indium sample is as close as possible to the SDTA
thermocouple, ® and ©.

» Insert a piece of alumina foil between each sample and
the adjacent clamp disk to avoid direct contact between
the sample and the surfaces of the clamp disks and to
protect the high precison surfaces @.

* It is important to minimize possible temperature gradients between the
samples in this way, in particular between the sample adjacent to the
end disk and the SDTA thermocouple positioned in the end disk.

End: - Indium sample mounted in shear clamp, @
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See chapter 6, Changing the
sample in the bending clamp

To prepare the water reference sample for the large
clamping assembly

Start:

(1)

(2)
(3)

(4)

End:

- Large clamping assembly installed

- 3-point bending clamp installed

- Standard water samples, PCB sample carrier and syringe ready
(included in the accessories set)

Mount the PC board plate, @, in the 3-point bending
clamp. The plate serves as a sample carrier for the
reference samples, @.

Fill the syringe with water from one of the water samples
included in the accessories set.

Carefully fill the cut out in the PC board plate with water
from the syringe. Make the water surface level with the PC
board plate’s surface without letting the water overflow, ©.

Bend the thermocouple carefully to position it as close as
possible to the sample without making contact.

- Water sample mounted in 3-point bending clamp
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See chapter 6, Changing the
sample in the bending clamp

To prepare the indium reference sample for the large
clamping assembly

Start: - Large clamping assembly installed
- 3-point bending clamp installed
- Standard indium sample and PCB sample carrier ready (included
in the accessories set)

(1) Fill the cut out in the PC board plate, @, with indium.
Make the indium surface as level as possible with the PC
board plate’s surface, ®. The plate serves as a sample
carrier for the reference samples

(2) Mount the PC board plate in the 3-point bending clamp,
©.

(3) Bend the thermocouple carefully to position it as close as
possible to the sample without making contact.

End: - Indium sample mounted in 3-point bending clamp

« To ensure that the cut out is completely filled with indium, we recommend
that you heat up the Indium sample so that it melts once before you
perform the actual adjustment run.
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heating rates for
the calibration measurement

method for
the calibration measurement

Running the calibration measurements with the water and
indium reference samples

The fusion points of water and indium are used as reference
points to calibrate and adjust the sample temperature
measurement.

The temperature adjustment of the DMA module is similar to
that of other modules in this respect. The method used includes
a heating rate of 3 K/min which should be slow enough to make
temperature gradients as small as possible.

To run the calibration measurement:

As a rule of thumb, we recommend to allow about fifteen
minutes of the calibration measurement to elapse before and
after reaching the corresponding fusion point. Given a heating
rate,of 3 K/min, the start temperature of the temperature
program can then be calculated.

The same method can be used for the small and the large
clamping assembly to perform the calibration measurement for
the sample temperature.
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Example:

— Temperature program in a method used for the calibration
measurement with water.

I31DMA T cal H20 5/3/1 K/ (=]}
Fil= Edit Wew Segment Miscellaneous Settings 7
D[ 8| ¥ (m8| «(&(p LI 2]
T& Technique m Sample Holdzr IShear Clamp, Steel j Seament Typelm ‘
] Alr
0 mlfmin
4 Single 1.00 Hz
4E|i 3.00MS1000um
30:
] x|
20: Start Temperature B T
4 End Temperature IS'U— T Cancel
Heating Rate 3 “Crin ™1 Hest
10; Help
i
!
-20:
_30:
404
1
1} é :1 é é 1ID 1I2 1‘4 1‘6 1I8 20 2I2 2‘4 m\n/I
« If you run the indium sample for the large clamping assembly: To ensure
that the cut out is completely filled with indium, we recommend that you
heat up the indium sample so that it melts once before you perform the
actual adjustment run.

(1) Create a method as described above. Set displacement
and force amplitude values in the method that are typical
for the sample.

(2) Setup an experiment in the Experiment Window using the
method created in step (1).

(3) Run the calibration measurement with both the water and
indium samples prepared as described in section
Preparing the water and indium samples for the
temperature adjustment for the desired clamping
assembly.
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Adjusting the sample temperature

After you have run the calibration measurements with the water
and indium samples you can adjust the sample temperature in
the STAR® Software. The Evaluation Window and the Module
Control Window are used for the adjustment procedure.

To adjust the sample temperature:
(1) In the Evaluation Window, perform onset evaluations on

the SDTA curves from the water and indium
measurements as follows:
» Open the calibration measurement curve in the

evaluation window.

» Display the SDTA curve versus time or reference
temperature by using the commands TA/SDTA and
TA/Curvevs. Time (or TA/Curve vs. Reference Temp).

» Perform an onset evaluation on the melting point peak
using the command TA/Ons&t.

Example:

— Onset evaluations of melting point peaks of an indium
measurement. Three measurement curves with different
heating rates were evaluated and the average of the onset
values used. Normally it is sufficient to evaluate only one curve
corresponding to a heating rate of 3 K/min.

DMA Inadjustment 03.06.2002 11:45:17

7 Integral -10.46 s°C
Onset 185.94 °C
Left bl Limit 153.51 °C
Right bl Limit  161.82 *C
Heating Rate  3.00 *Cmin-1
Baseline Type line
Result Mode  Sample Tepip

Beta Onset ==>156.1°C

K/min °C
?Integral -B.53 5°C 5 156.5
Onset 18645 °C
Left bl Limit 15161 °C 3 156.2
Right bl Limit 153,86 °C
Heating Rate  5.00 “Crain®1 155.5

Baseline Type line
Result Mode  Sample Termp

-1363 s°C
155.46 °C
154.43 °C
158.23 °C
1.00 *Cmin®-1

? Integral
Onset

Left bl Limit
Right bl Limit
Heating Rate
Baseline Type line

Result Mode  Sample Temp

7 g g M0 N

19 20 21 22 23 24 25 min

12 13 14 15 18 17 18

DEMO Version

METTLER TOLEDO STAR® SW 7.00
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(2) In the Module Control Window call up the Single Sample
Temperature Adjustment dialog box on the Calib./Adjust
menu.

Single Sample Temperature Adjustment

First Select Gas and Sample Holder

Air Al
Ar |:
coz ]

aq =
&l

Shear Clamp, steel

Au i
IE Fosition Tau Lag [s] Onset [FC] True Yal [*C]

RIE d d 0
Delete Entryl
i | Clear | Close | Help |

£ Further information about this dialog box can be foung in the STAR®
Software User Handbook in chapter 8, Calibration and Adjustment.

(3) Select the gas type, the clamp type and the calibration
substance in the corresponding boxes.

(4) Enter in the Onset box the onset values determined from
the water and indium measurements in step (1).

(5) Click OK to adopt the values and to adjust the sample
temperature.
The sample temperature has now been adjusted on the basis of a 2-point

calibration. The new adjustment parameters can be displayed in the Install
Window under Topics/Module/Adjustment Overview.
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9 Maintenance

To maintain the quality of the measurement results of your
DMA/SDTA861¢ and to keep the performance of the instru-
ment within its specifications it is important that you carry out
the maintenance work described in this chapter. The mainte-
nance tasks are explained. Additionally, there are some notes
on disposal of the parts.

Use only original spare parts from METTLER TOLEDO.

If you use non-original spare parts your DMA module can be
damaged. METTLER TOLEDO cannot accept any liability for
this.

9.1 Regular maintenance checks

The amount of maintenance work depends of course on how
frequently the DMA module is used and the particular operating
conditions. To keep the effort for maintenance at a minimum it
is also imperative that you heed all operations procedures in-
cluded in these operating instructions.

For the maintenance guidelines given here we assume that
normal operating conditions are given and that the DMA mod-
ule is used for its “intended use” as described in chapter 1.

Some of the maintenance tasks, such as the fine alignment
procedure (four axes alignment), are included in the normal
operation procedures and do not necessarily have to be per-
formed additionally. Some of the tasks however have to be per-
formed additionally on a regular basis.
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The following table gives an overview of the maintenance tasks
under normal operating conditions:

Maintenance check of Interval

Fine alignment check once a week
Position of furnace position check once a week
Reference measurement check once a month
Cleaning of clamps, clamping as- after the measurement
semblies and furnace

Displacement adjustment once a month
Spindle-force adjustment once a year
Replacement of fuses when necessary

9.1.1 Fine alignment of the measuring sensors (four axes
alignment)

To produce sound measurement data the measuring sensors
must be aligned properly with the clamping assembly. It is pos-
sible that the measurement sensors shift slightly from their ini-
tial position, even under normal measurement conditions.

It is important to check the alignment once a week and if nec-
essary to readjust the position of the measuring sensor as de-
scribed at the end of chapter 6 in section Fine alignment of the
measuring sensors (four axis alignment).

The four axes alignment procedure must be performed each
time you change the clamping assembly.

When you run the fine alignment procedure we recommend
that you also check the zero position of the z-axis table and, if
necessary, adjust. it.
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9.1.2

Control and adjustment of furnace position

For optimum signal quality, it is essential that the clamping as-
sembly does not touch the sides of the furnace. The necessary
adjustments are made when the instrument is first put into
operation in the factory. In the correct position of the furnace
height the marks on the rear side of the furnace arm (see
photo) are flush, @. It is possible that the furnace arms sink
slightly in the course of time so that the marks are no longer
flush. If the furnace arms touch the clamping assembly it is
necessary to adjust their position.

To adjust the furnace arm position:

»

Insert the Torx screwdriver in the hole next to the marks at
the rear of the furnace arm, ®. Rotate in the clockwise
sense to lift the furnace arm, in the counter clockwise
sense to lower the arm until the marks are flush.

Check whether the furnace still touches the clamping as-
sembly by closing the furnace halves.

If one of the furnace halves still touches the clamping as-
sembly when the two marks are flush, the furnace halve
and the furnace arm are strongly misaligned, possibly due
to mechanical impact. The two the marks then no longer
indicate the correct position. In this case take the follow-
Ing actions:

e Push the furnace halve manually toward the clamping
assembly. The DMA module must be switched off for
this.

e Try to establish where the furnace halve is touching the
clamping assembly and adjust its position as described
above, 6.

If the furnace still touches the clamping assembly after these measures or in
case of uncertainty you should inform your service engineer.
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9.1.3 Reference measurement

To check whether your DMA module is properly adjusted and
to check the measurement accuracy it is important to perform a
reference measurement with a suitable sample about once a
month.

We recommend that you perform the reference measurement
in the 3-point bending mode with the standard silicon samples
(shown below) available from Mettler-Toledo. The modulus val-
ues for this material are well documented and are easy to re-
produce.

9.1.4 Cleaning of clamps, clamping assemblies and fur-
nace

After measurements of certain samples, for example some
rubbers, it is possible that the surfaces of the clamps and
clamping assembly are dirtied with sample residues. These
parts should then be cleaned after the measurement with a
suitable cleaning agent.

9.1.5 Displacement adjustment

A displacement adjustment should be performed once a month
as described in chapter 8, section Adjusting the displacement.
Additionally, you should always perform a displacement ad-
justment when you install a new clamping assembly.
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9.1.6 Spindle-force adjustment

Under normal operating conditions a combined spindle and
force adjustment should be performed once a year as de-
scribed in chapter 8, section Adjusting the spindle and the
force.

« If the Sope value in the spindle adjustment dialog box differs strongly
from 1 it is possible that the spindle is dirtied or even damaged. In this
case call your service engineer for advice.

9.1.7 Replacement of fuses

A failure of the power supply can be due to a blown fuse. In the
event, the fuses must be replaced according to the specifica-
tions in chapter 11 in section Electrical specifications.

9.2 Disposal

At the end of its life cycle the DMA/SDTA861€ and its parts
should be disposed of in an environment friendly manner.
Some of the components and accessories of the instrument
contain materials that must be treated as toxic waste on dis-
posal. The following symbol at the back of the instrument re-
minds you that the instrument and its parts should not be
treated as normal waste:

Please contact your METTLER TOLEDO service support for
details and advice on how to dispose of your DMA/SDTA861¢
and its accessories. The service manual to the
DMA/SDTA861¢€ includes a list of the instrument’s parts con-
taining information about their toxic properties and the proce-
dures for disposal. Please ask your service engineer for more
details.
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10 Error messages and warnings

The following error messages and warnings can appear on the LCD of the DMA mod-
ule or the screen of your PC.

10.1 Error messages

Error Cause Measures
4 Temperature sensor failure detected (Error | »  Switch off power for at least 3 seconds. Safety cir-
23 or 25). Safety circuit has switched off cuit will reset when Error 23 or 25 is rectified.
the furnace power supply.
5 Primary mains voltage below acceptable »  Call your service engineer.
limit
7 The module software version does not cor- | »  Compare software version and version of the soft-
respond to the hardware version of the ware indicated on the software cartridge. The soft-
module ware version appears on startup of the DMA mod-
ule.
8 Gas controller is required and not con- » Connect the cable of the gas controller to your
nected DMA module. (See Chapter 4, Section Setting up
and making connections)
9 LN2 cooling option is required and not con- | »  Connect the control cable on your DMA module to
nected the liquid nitrogen container.
17 Z-axis table step motor blocked. Occurs af- | »  Make sure that the clamping assembly or adjust-
ter two occurrences of warning 17 ment assembly is completely loosened from the
displacement sensor flange. If necessary, remove
all three screws from the displacement sensor
flange.
»  Switch DMA module off and on again.
18 Displacement sensor too hot. Can occurif | »  Switch off the fast cooling.
the fast cooling is switched on during a
temperature ramp to a high temperature
0503 METTLER TOLEDO STARE® System 10-1
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Error Cause

Measures

128...582 | Internal module software errors (1) Confirm with OK key and switch off your DMA

module for at least 5 seconds.

(2) Restart your DMA module.

During the startup procedure the module performs an
internal self test. The internal software error is auto-
matically repaired.

» Please call your service engineer and report the
error number.

If the following error messages occur call your service engineer and report the error

number:

Error Cause

20 DMA furnace drive control reports failure

21 Failure occurred on opening or closing the furnace halves

22 Furnace temperature out of permissible range

23...26 Error in the furnace or cooler temperature measurement

27 Power supply voltage failure

30 No ldentification of your DMA module type stored in the module software

31,32, 33,34 Error in the memory of the module software

35 Error in the LCD display

38 SDTA sample temperature sensor error

39 SDTA sensor defective or error in DMA module electronics

40 SDTA sample temperature out of permissible range

42 Error in temperature measurement of a thermocouple

43 Error in temperature measurement of a thermocouple

51 Error in measurement of gas controller

60...81 Errors on the DMA board in the electronics.
On occurrence of errors 60...71 and errors 74...78 you can try to switch
off and switch on the DMA module again. If the error still occurs call your
service engineer.
Errors 79...80 are due to conflicts of the firmware running on the DMA
module.
In standby mode, error 81 may occur instead of error 18 (error 18 is usually
due to a fault in the displacement sensor)

600...901 Internal module software or electronics board errors
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Error messages and warnings

10.2 Warnings

Warning

Cause

Measure

4

Communication error

(1)

Check whether your DMA module and your PC
are switched on.

Check RS232 cable.

(3) Check ID of your DMA module on startup.
13 DMA module keypad fault »  Call your service engineer.
14 Start, Insert or Remove temperature was not | »  Confirm the warning with the OK or the
reached within one hour or could not be RESET key.
maintained. The DMA module goes to the next stage in the ex-
periment procedure and the message Insert Sample
appears on the LCD display.
17* Z-table motor blocked. Movement of z-axis »  Confirm with the OK key.
table motor is disabled due an impermissible | »  Make sure that the clamping assembly or ad-
force. Possibly the z-axis table is still me- justment assembly is completely loosened from
chanically connected to the displacement the displacement sensor flange. If necessary,
sensor via the clamping or adjustment as- remove all three screws from the displacement
sembly. External mechanical impact may also sensor flange.
be the cause.
20...39 Internal software error occurred and was re- | »  Confirm with the OK key.
41...54 paired. »  On occurrence of errors 30...39: Try to install a
new DMA module in the STAR® Software Install
Window
40 The four axes alignment has not been per- »  Confirm with the OK key and perform the four

formed.

axes alignment as explained in chapter 6 or
chapter 8

* This warning occurs when an impermissible force sensor value is reached. The error message Risk of damage!
appears on the LCD. You can acknowledge this message two times by pressing the OK key on the keypad of the
module and continue with the four axes alignment. On its third occurrence however it is not possible to
acknowledge the message. In this case you have to switch off the DMA module by the mains switch at the back of
the instrument and restart it .
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Warning | Cause Measure
55 Module identification number ID mismatch. »  Check the ID number of your DMA module.
56...96 | Internal software errors. (1) Confirm with OK. The internal software error is

automatically repaired.

(2) On occurrence of Warnings 91...96: Try to cre-
ate a new method in the STAR® Software
Method Window and install a new DMA module
in the STAR® Software Install Window (see
chapter 4).

(3) Please call your service engineer and report
warning number.

If the communication between your DMA module and the STARE® software is inter-
rupted the message COMMUNICATION TIMEOUT appears on the LCD.

» Check that the RS 232 cable is connected properly from your PC to your DMA
module your. Ensure that the two fastening screws on both ends of the cable are
tightened properly.

» In the STAR® software Install Window under Topics/Ports and Devices, check
whether the correct port is assigned to your DMA module.

»  Visually check of the plugs and sockets for oxidation and bent or broken pins.
» If necessary, replace RS 232 connection cable.
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11 Specifications

Temperature
Range
Technical Resolution
Accuracy
Force
Range

Technical Resolution

Sensitivity
Displacement

Range

Technical Resolution

Sensitivity
Stiffness

Range

Precision
Tan delta

Range

Technical Resolution
Sensitivity

-150...500 °C
0.003 K
05K

0.005...40 N

(12, 18 or 40 N depending on the
drive motor option)

0.15mN (0..5N)
15mN (0...50N)
1mN

+/-1.6 mm
0.6 nm

5nm

10 ... 108 N/m
0.2%

0.0001 ... 100
0.00001
0.0001
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Frequency

Measurement modes
D: Diameter

L: length
W: Width
T: Thickness

Range
Technical Resolution
Frequency steps (Af)
Modes

Bending: - 3-point

- Dual cantilever

Stiffness range in bending mode
Shear

Stiffness range in shear mode

Tension

Stiffness range in tension mode

Compression

0.001 ... 1000 Hz (*)
0.00001
0.0001

Logarithmic and linear scans

Multi frequency (sequentially)

Multi frequency (simultaneously)

L: 30...90 mm
L: 20...80 mm

W: <15 mm
T: <5mm

Max. sample length: 100 mm
10 ... 105 N/m

D: <15mm
T: <6.5mm

10 ... 108 N/m

L: 19.5mm(19.5, 10.5,5.5)
W: <7 mm
T: <3mm

10 ... 107 N/m

D: <20 mm
T: <9mm

Stiffness range in compression mode 10 ... 107 N/m

(*) deformation mode and/or sample itself can lower the upper frequency limit: shear (1000 Hz), bending (300 Hz),
tension (300 Hz), compression (300 Hz)

Dimensions and Weight

Width x depth x height: 80cm x 65cm x 75¢cm

Weight: approx. 120 kg
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Electrical specifications
Approvals

Electric Safety

Electromagnetic compatibility

Mark of conformity

Mains Connection

Voltage

Frequency
Tolerance
Current consumption

Maximum Charge

Environmental conditions
Suitable location:

Room temperature

Relative humidity

Degree of soiling

Overvoltage category

S+, CSA, EN61010-1:2001 CAN/CSA - C22.2 No. 1010.1/-92

UL Std: N0.3101-1:1993

EN61326-1 :1997+A1 :98 (class B)

EN61326-1 :1997+A1 :98 (Industrial environments)
CE

During factory assembly the module is built for
115V or 230V alternating voltage (cannot be changed!)

50 or 60 Hz

+6% /-10%

115V [ 12A or 230V / 6A
840 VA

Only indoors at altitudes below 2000 m above sea level
10to 31°C

Below dewpoint

2

Il
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Three power line fuses are located in the line module at the rear of the DMA:

Fuse for 115V for 230 V comments

SIl 3.15 AT 1.6 AT Fuse for line output via power switch

SI2 6.3 AT 3.15AT Fuse for line output via switched line socket
Switch 16 A 10A Over current protector (in switch)

In addition to the power line fuses, three fuses for the AC/DC converter are located on
the front module.

Fuse comments

SI1 6.3 AT Fuse for DC/DC converter
SI2 3.15AT Fuse for z-axis table board
SI3 2 AT Fuse for de-icer

After removing the rear housing of the DMA electronics five fuses are visible (on top of
line module 2):

Fuse Fuse rating comments

SI3 4.0 AT fuse for +24 V and +5 V power supplies
Sl 4,SI5 1.25 AT fuse for £15 V power supply

Sl 6 1.25 AT fuse for +6.5 V power supply

SI7 0.25 AT fuse for -10.8 V power supply
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12 Accessories

12.1 Accessories list with METTLER TOLEDO order numbers

The following list contains all the accessories that are available for your
DMA/SDTA861€. Items marked with an “S” in the Standard / Optional column are in-
cluded in every shipment. Items marked with an “O” are optional for all configurations of
the DMA/SDTA861€. All other items are specific to the particular configuration of your
DMA module and are listed separately in your order. You can also order all of the listed
items separately by specifying the name and the ME number in your order.

Use only original spare parts from METTLER TOLEDO.

If you use non-original spare parts your DMA module can be damaged.
METTLER TOLEDO cannot accept any liability for this.

Name Standard / ME Number
Optional

General accessories for the DMA/SDTA861¢

Operating instructions S 51 710 068
TA Logbook 0 51709 754
Adjustment assembly, complete (incl. Spring and certificate ) S 51140001
Adjustment assembly S 51141 055
Gauge blocks (displacement adjustment set) S 29 062
Adjustment set for temperature adjustment with SCA and shear clamp S 51141530
Adjustment set for temperature adjustment with LCA and bending clamp S 51141531
Indium wire sample for temperature adjustment 51141528
H,0 sample for temperature adjustment 51 338 006
Rubber rings for temperature adjustment with SCA 71529
PCB sample carrier for temperature adjustment with LCA 51141532
30 pl alumina crucibles, 20 pieces 51 140 843
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Name ME Number
Large clamping assembly (LCA) 51140003
with protective cover and alignment insert
Hexagonal torque wrench 51141255
Bending beam 51140390
Bending clamp set for 3 point bending 51 140 026
Bending clamp set for dual cantilever- bending 51140 025
Tension clamp, complete fixed part for LCA 51141270
Tension clamp for LCA, movable part for 5.5 mm sample length 51141 263
Tension clamp for LCA, movable part for 10.5 mm sample length 51141419
(with sample mounting plate)
Sample mounting plate for 5.5 mm sample length 51141272
Tension clamp for LCA, movable part for 19.5 mm sample length 51141420
(with sample mounting plate)
Sample mounting plate 19.5 mm 51141273
Compression clamp for LCA 51140 024
Tweezers 70 661
Torx Allen wrench T9 51190 835
Torx screw driver T9 51190 834
Allen wrench, 4 mm 70718
Torx-screw set M 2.5 51141184
Peripherial Option Board 119 350
Cryofab special dewar vessel 190 129
TSO800GC gas controller (with operating instructions)* 00119 035
TSO800GC1 gas controller (with operating instructions)* 51119597
Tube set for gas controller 650 064?
Tube adapter part 71 356
RS232 connection cable 25M/9W 59 759
RS232 connection cable 25M/25W 59 342
* The gas controller ME-119035 or ME 51119597 can only be operated

with the Peripherial Option Board (ME-119350)
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Name ME Number
Small clamping assembly (SCA) 51 140 002
with protective cover and alignment insert

Torx/slot screw torque wrench 51191122
Blade for Torx torque wrench T9 51191123
Blade for slot screw torque wrench size. 6 51191124
Standard shear clamp (for highly viscous samples) 51141280
Standard shear clamp (for highly viscous samples) 51141093
with smooth sample support surfaces

Special shear clamp (for low viscosity liquids) 51141092
Guide pins for standard shear clamp:

e Short guide pin pair (23 mm) 51 140 042
e Medium guide pin pair (27.5 mm) 51 140 044
e Long guide pin pair (32 mm) 51 140 037
Tension clamp for SCA 51140 090

Abbreviations used in the accessory parts list:
LCA : Large clamping assembly

SCA : Small clamping assembly

PCB: PC board
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12.2 Example of an accessories box for the DMA/SDTA861¢€

The accessories for the clamping assemblies you ordered with you DMA module are
supplied in a wooden box that is shipped with the instrument. The contents of the box
depends on the configuration of your DMA/SDTA861€. For example if you have or-
dered only the small clamping assembly the box will not contain any parts for the large
clamping assembly and vice versa. The box can accommodate one complete set of ac-
cessories for both clamping assemblies.

1 2 3 4 5 6 7 8 9
2
N
10 11 12 13 14 15 16 17 18
19
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Accessories in the box (example):

1  Torque wrenches (Torx- and slot screw type )

2 Adjustment aid

3 Bending beam

4  Bending clamp for dual cantilever mode

5  Bending clamp 3-point bending mode

6  Large clamping assembly

7  Adjustment assembly

8  Clamps for the small clamping assembly

9  Small clamping assembly

10 Blades for the torque wrenches 1

11 4 mm Hexagonal Allen wrench

12 Torx Allen wrench T9

13 Large tension clamp

14 Torx screw driver

15 Tweezers

16  Sample set for temperature adjustment

17 Spare screw set

18 Gauge block set

19 Torque wrench for the large clamping assembly (not contained in the box)
0503 METTLER TOLEDO STAR®-System 12-5






TSO0800GC / TSO800GC1 Gas Controller
TS0800GC / TSO800GC1 Gaskontroller
Unité de contrdle de gaz TSO800GC / TSO800GC1

Option for TGA/SDTA851¢€ and DSC822¢ Modules
Option fiir TGA/SDTA851¢ und DSC822¢ Module
Option pour les modules TGA/SDTA851¢ et DSC822¢

Accessories / Zubehor / Accessoires

Order Number / Bestelinummer / Numéro de commande
Operating Instructions English 709 306
Bedienungsanleitung Deutsch 709 305
Mode d'emploi Francais 709 307
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Glossary

14 Glossary

3-point bending

3-point bending clamp

adjustment assembly

alignment

alignment aid

alignment insert

amplitude

amplitude control

amplitude segment

bending clamp

adjustment assembly

clamp

clamp holder

Mode of a DMA bending experiment in which the ends of the sample lie freely on
the supports. The bending moment is zero at the supports.

Clamp for a DMA bending experiment in which the ends of the sample lie freely on
the supports (the bending moment is zero at the supports)
see also ,bending clamp*

Device for the adjustment of the DMA module. With the help of the adjustment as-
sembly you adjust the movement of the z-axis table and the force exerted on the
sample by performing the spindle or the force adjustment, respectively.

"Alignment" is the alignment of the displacement sensor and the clamping assem-
bly on the DMA module.

Device for the manual alignment of the clamping assembly or the adjustment as-
sembly. The accuracy of alignment you achieve with the alignment aid is usually
already good and you only have to make small corrections during the subsequent
fine alignment procedure.

Insert to align the clamping assembly when it is mounted on the DMA

Value of the sinusoidal force or displacement oscillation generated by the drive
motor

Force or displacement amplitude control of the sinusoidal oscillation of the drive
motor

An amplitude segment is a DMA segment in which the force or the amplitude can
be varied.

"Amplitude” segment is the general term for force or displacement amplitude (see
also "force segment" and "displacement segment").

Clamp of the large clamping assembly to conduct 3-point bending or dual cantile-
ver bending experiments

Device for adjusting the DMA module. The adjustment assembly is used to perform
the spindle and force adjustment

The clamp is a mechanical clamp or supporting device for the sample and is part
of the clamping assembly. The clamp is mounted on the clamping assembly to-
gether with the sample.

The clamp holder is a part of the clamping assembly on which the clamp is directly
mounted together with the sample. The clamp holder comprises a fixed and a mov-
able part.

The movable part is connected to the drive shaft and embraces the middle part of
the clamp.
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clamp holder, fitting Half of the fixed part of the clamp holder. The clamp is fixed in the clamp holder by
tightening four Torx screws.

clamp holder, See "clamp holder".
fixed/movable

clamping assembly The clamping assembly is a device consisting of several components in which the
sample is mounted and clamped. The fixed part of the clamping assembly trans-
fers the force exerted on the sample to the force sensor. The movable part of the
clamping assembly transfers the oscillation generated by the drive motor to the
sample.

The clamping assembly is located between the drive motor and the displacement
sensor and includes the drive shaft, the sample holder, the clamp and the dis-
placement sensor core. Depending on the mode of measurement a different type
of these component is used.

compliance Shear compliance: reciprocal value of shear modulus
Tension compliance: reciprocal value of Young's modulus

compression clamp Insert used to fix the sample for compression experiments

displacement amplitude Dimensional change that the sample suffers during the sinusoidal oscillation in a
DMA experiment
See also "oscillation”

displacement offset Set value for the offset of displacement in a DMA experiment

displacement segment A displacement segment is a DMA-specific segment type. The amplitude of dis-
placement can be varied either linearly or logarithmically at a given frequency and
temperature.

displacement sensor Sensor for measuring the displacement of a sample. The displacement sensor
consists of a core and a coil. The displacement signal is detected by means of in-
duction.

displacement sensor core | Movable part of the displacement sensor the end of which moves inside the dis-
placement sensor coil thereby generating the signal for displacement measure-
ment. The displacement sensor core is part of the clamping assembly.

distortion factor Harmonic content of a DMA signal
DMA Abbreviation for dynamic mechanical analysis
DMA-segment Section of a DMA method.

A DMA segment can either be an amplitude segment (force or displacement ampli-
tude) or a frequency segment. It is also possible to define a DMA oscillation during
a temperature segment.

drive motor The drive motor generates the mechanical oscillation of the sample based on the
principle of an electric linear motor. The drive motor is mounted on the z-axis table
and can move upward and downward along the z-axis.

drive shaft Connecting piece between drive motor and clamp holder that transfers the me-
chanical oscillation from the drive motor to the sample. The movable part of the
clamp holder is connected to the upper end of the drive shaft.
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dual cantilever clamp

Clamp for a DMA bending experiment in which the ends of the sample are firmly
clamped at the supports (the bending moment is transferred to the supports)
see also ,bending clamp*

dynamic displacement

Maximum displacement in a DMA experiment

force amplitude

Amplitude of force in a sinusoidal oscillation of a DMA experiment (see also "oscil-
lation")

force offset

Offset value of force specified in a DMA experiment.

force segment

A force segment is a DMA-specific segment type. The amplitude of force can be
varied either linearly or logarithmically at a given frequency and temperature.

force sensor

Sensor for measurement of force generated by the drive motor and transferred to
the sample. The force sensor is based on the piezo-quartz principle.

four axes alignment device

Adjustment mechanism to align the clamping assembly and the measurement
sensors. The four axes alignment device is mounted on top of the stand. The posi-
tion of the displacement sensors can be adjusted by rotating the knobs on the de-
vice.

frequency segment

A frequency segment is a section of a DMA method in which the user can vary the
oscillation frequency of a sample. The frequency can be varied linearly or loga-
rithmically and several frequencies can be overlayed simultaneously in given ra-
tios. A frequency series is always isothermal.

frequency series

A frequency series consists of up to 10 consecutive individual frequencies. A fre-
quency series can be defined additionally to a temperature program in a tempera-
ture segment of a DMA method. It is thereby possible to simultaneously vary fre-
quency and temperature. (Compare multifrequency mode.)

furnace (DMA)

The term "furnace" denotes a chamber with a heating and cooling device that is
used to produce the desired temperature of the sample in an experiment. The fur-
nace consists of two halves that each have a heating and cooling element. To
mount the sample the two furnace halves can be moved apart.

furnace arm

Supporting part of the furnace drive to which a furnace is fixed

furnace drive

Mechanism for opening and closing the furnace. The furnace is opened by moving
the two furnace halves outward. The furnace drive consists essentially of the two
furnace arms, the guide rods and the furnace drive motor.

furnace drive motor

Step motor that generates the force to move the furnace halves outward and in-
ward. The driving force is transmitted via a rack to the furnace arms.

initial transient phase

Transition time of the oscillation in a DMA experiment during which a steady state
oscillation is reached

loss factor

see also “tangent delta”

multi-frequency mode

Mode of multi-frequency oscillation on the DMA

multi-frequency oscillation

With the Multi-Frequency feature three frequencies can be defined to overlay the
base frequency in fixed ratios. The frequency ratios are 1:2: 5 : 10.
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oscillation

In the context of DMA "oscillation" is understood as an oscillatory variation of force
or displacement that is generated by the drive motor and transferred to the sample.

oscillation amplitude

Amplitude of the sinusoidal oscillation generated by the drive motor. The oscillation
amplitude can be a force amplitude or a displacement amplitude.

platform (z-axis table)

Platform of the z-axis table that bears the drive motor

resonance detection insert

Special insert for the small clamping assembly with which the resonance frequen-
cies of the DMA can be measured. The resonance detection insert establishes a
firm connection between the fixed and the movable part of the clamp holder. The
resonance measurement therefore resembles a measurement with a very stiff
sample.

sample holder

General term for a device or vessel that holds the sample. Depending on the type
of the TA module the sample holder can be the pan (DSC, TGA), the sample
support (TMA) or the clamp (DMA).

sample support

Part of the clamp that bears the sample.

segment

Distribution of a set value in a time period. In thermal analysis the set value is typi-
cally the temperature (reference temperature). Adjoined segments make up a tem-
perature program. In DMA experiments also frequency and amplitude segments
can be created in which the measuring points are defined in terms of frequency or
amplitude.

settling

Transient phase in which the sample temperature reaches the start value for the
experiment

shear clamp

Clamp for mounting the sample for a shear stress experiment.

shear compliance

Reciprocal value of the shear modulus

shear modulus

Mechanical property that characterizes the sample of a substance when itis sub-
jected to shear stress.

tangent delta

Tangent of the phase shift between the force exerted on the sample and its defor-
mation. Also the ratio of the loss and the storage components of the modulus (
therefore also termed “loss factor”)

temperature segment

Section of a temperature program in the method in which the temperature is varied
with respect to time

tension clamp

Insert that is used to fix the sample for tension experiments. Depending on the
clamping assembly used, the large or the small tension clamp is mounted.

tension compliance

Reciprocal value of Young's modulus

threaded roller spindle

Spindle that enables the precise upward and downward movement of the z-axis
table

Young's modulus

Mechanical property that characterizes the sample of a substance when itis sub-
jected to tensile or compressive stress.

z-axis table The z-axis table is a platform on which the drive motor is mounted that can be mo-
ved up and down in the z direction. The z-axis table is powered by a step motor.
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C (contd)
3-point bending .......c.coveeveeeeeeeeeeeeen 2-35 (o700 ] o] 11 o [P 8-4
4 axes alignment device................... 2-5, 2-36 (o101 o To ] To [ 7-18
cylinder .......vveiiii e, 7-18
A
oand Bangles......ccoovviiiiiiii 6-10 D
AbDreVIAtioNS........cveveeeeeeeeeeeeeeeeeeeeeeen, 1-8 data display interval ..., 4-13
ACCESSONES DOX .o 12-4 delivery .................................................... 4-4
ACCESSOMIES ...vveeeeeeeeeeeeeeee e eeee e, 12-1 derived measurement quantities............ 7-30
adjustment data.............c.cccooovevrrrrnennnnn, 4-18 devices for calibration and adjustment... 2-42
adjustment OVEIVIEW.. oo, 4-18 DeWAr ... 3-2
AdjUStMENT STEPS ..o, 8-3 _adjust_ment of Dewar........cccovueeveiniiiieiiienn 7-7
AdJUSTMENT ... 8-1 diMenSions ..., 4-2,11-2
adjustment assembly..........ccocoeveeeevenn, 8-4 AIreCt. .o 7-30
INSAIING ..o 8-14 dISC oo 7-18
aligning the large clamping assembly.....6-57 displacement
alignment Zero displaceme_nt ......................................... 7-3
problems that may 0CCUr ..........cccovevvveen. 6-111 displacement adjustment...................... 8-36
alignment aid...................... 6-4, 6-5, 8-6, 8-7 displacement amplitude
alignment insert................. 6-15, 6-24, 6-66 '|ImItS withsmall CA.......ooovvvieeeieeeee. 6-46
Allen WIeNCh.......coveeeeieeeeeeee e 6-7 displacement SENSOr...........ooocvevriinen. 2-4
amplitude control..........c.ccccveeeveereverennns 7-2 displacement sensor adjustment data........ 4-19
asSemMbIieS ......coooeeeieieececc s 2-8 displacement sensor flange...........c.oeewvv... 6-6
AULOSEAN.......eeieeeceieeieecie e 7-19 g!sposal """"""""""""""""""""""""""" 9-5
ISTANCE SCIEWS ....cvvnieeiiieeeieeeie e 2-23
B DMA L. 2-7
bending DEAM ......voveveeeeeeeeeeeeeeeenn, 6-68 DMA curyes_ ........................................... 2-16
bending ClampP.........oovvveveeeeeeeenen. 2-28. 6-68 DMA oscillation .............cccovveiiiniiiiiinns 7-2
bending measurement modes................ 2-28 Dléﬂ)(ggpcle:surement -3
BUCKIING e, 7-3 dFVe Motor 53 241
C drive motor adjustment data....................... 4-20
CA tEMPETALUIE .....ovveeeeeeeeeeeeeeeeeeeeeeee, 8-41 drive mo_tor forces...vvvieiiiieiiiiiie 4-15
CAlIDIALION.....cee vt 8-1 dual cantilever. ..., 2-35
cantilever bending .........cccooveeeeveeveeenn. 2-12 Dynamic Mechanical Analysis................. 2-7
g S 1§  dynamic temperature program............. 2-15
ChECKS. ..o, 7-11 E
clamp holder........ccooooiiiiiiiiiii, 6-13 elastiCity.......cccoovviiiiii 2-7
Clamp oo 2-3, 2-18 electrical specifications .............cccccvvennn. 11-3
clamping assembly..............ccccuuneens 2-3, 2-18 electromagnetic valve ....................... 3-3,3-5
create clamping assembly dataset .............. 4-10 electronic connections ...................... 2-6, 4-6
clamping plate ..........ccccoeeiiiiie 2-31 electronics power supply.......ccccceeeeeeeennnn. 2-6
clamping rfiNg.......cccoeeeeiiieee 6-68 end disK........ccccvvviiiiii 6-27
communication error ..........ccceeeeereeeeeeeenns 10-3 environmental conditions........................ 11-3
complex modulus ...........cccccevviiiiiiiiinnnns 2-13 EITON MESSAJES....ccvvviiiiiiiiiiiiiieeiieeeeeeeeens 10-1
compression clamp ..........cccccveenne 2-32, 6-82 Evaluation Window ...........ccceeeiiiiiiiinnnnns 7-29
COMPIESSION....uuuiiiiiiiiiiiiiiiiiiiiiiiins 2-12, 2-34 evaluation ..........cccccecviiiii 7-29
connecting interfaces .............cccccvvvvennnes 4-16 eXPerimeNnt.......ccccvvvviiiiiiiiiiiiiieeieeeeeeee 7-12
CONNECHIONS ...vvnieiiiiie e 4-5 send experiment .........cccocoeveevveeciee e, 7-22
cooler temperature ...........ccceveeveeeeeneeane. 8-41 start experiment..........cccoeeeveeeeeeeevee e, 7-22
COOIBT .o, 2-4,2-11 Experiment Window.............ccocovvinnnnn, 7-12
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fast cooling .......c.cveeeiiiiiiiiiiii. 2-4,7-24 Keypad .....ccooeveeeiiiiic e, 2-5
fast cooling device ..., 2-37 KNODS ..ot 2-5
fast cooling valves...........ccccvvvvvviviniiininniinnnnn, 2-4
FUMNACE <. 2-4 L
furnace drive .......c.ccooevi e 2-4 large clamping assembly..............c......... 2-26
furnace halves ..........cccooiiii, 2-4 laser markings..........ccovveeeeevveeeeeciieeeenns 2-23
furnace iNSulation...........coevvieeevii e 2-4 ||qu|d Crystal d|Sp|ay _________________________________ 2-5
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Ezgéashgnment Procedure ................. 6-103, 8'22 10CKING SCTEW.......vveeeeeeeeeeeeeeeeeeeeeeenees 6-5
knobs on the 4 axes alignment device...... 6-102 [0SS faCtor.......coovvvviiiiiie e, 2-13
FIOWMELET ..o, 4-7 0SS MOAUIUS ...ooov 2-13
force low temperature measurements............. 6-48
SEALIC FOICE ...uvvvivveveiiicee e 7-3 low viscosity liquids ............ccooeiiinn 2-21
force adjustment ...........cccccvevevevevevenennne 8-30 LVDT principle.............ccooooiiiiiin, 2-10
force and displacement control.............. 12-10 M
force semecr I T MANS GOMNSGAON 113
force sensor adjusment data ...................... 4-19 mr%'gitnetgggrffé checks """"""""""""""""" %:ll
forced start .........ccoceevvieeiiie e, 7-8 O T O MRS s i
four axes alignment device ........... 2.5 2-36 ManUfaCturer......o.ccovvevveveieeieeees 4213411
four axis alignment adjustment data ...... 4-20 mgzzﬂ:gmgm ?nc(;:;erzcy """"""""" 212 ’11:2
;:gg?ﬁgﬁgiie”es """"""""""""""""""" 22]:2 bending measurement modes..................... 2-28
NG measurement quantities......................... 7-26
furnace height..........cccooooiiiiiiii . 7-10 derived measurement quantities................ 7-30
FURNACE KEY....cvvveeeiiiiiiiiiiieee e 2-38 MEAasUrement SYStem ............oovoovverrvee.... 2.3
Furnace Power Off............ccooiiiins 2-39 mechanical oscillation ............ccoccveeven... 2-10
FUSES .. 11-4 Method WINdOW ...ovveeeee 7-2
G MEethod ......ccooi i 7-6
gas controller........cccccvveeviiieee i, 4-14 module (in STARe Software)................... 4-9
GAS key .38 c_reatmg anew module........ccccuvuvevinininininnn, 4-11
""""""""""""""""""""""""" disconnect from port .........cccceevcvvveeniinenennn. 4-17
gas SUPPIY ..o 2-37 IMPOrt MOAUIE ... 4-9
gas SUPPIY .o 4-7 module dataset ..........ccoeeeveeiiieieceeceee 4-10
gauge blocKS ..........oovviiiiiiiieee, 8-32 Module Control Window ................ 7-19, 7-25
geometry factor................... 2-14,2-34,7-16  mOdUlE hOUSING .vvveeeereerrereereseeeeeeseees 2.5
gUIde PINS ... 6-27, 6-40 MONItOT AT A........cevveeeeeeeeeeeereeeeeeeneeana, 7-25
H MOoUNt SAMPIE........uuiiiiiiiiiiiiiiiiiiiiiiiiiiiins 6-92
. . . multi-frequency mode............cccccceeeeennnnn. 2-15
heating and cooling assemblies...... 2-4,2-11
highly viscous materials......................... 2-21 N
| noise of the loss factor ...........ccccceeeeeeeen. 7-8
ICING ettt 7-8 (@)
identification nUMbEer............coovvvveiiinnnen. 4-13 offset compensation ..............ccccveveunee... 8-39
import module............ccooeiiiiiiii, 4-9 OFFSEt CONLIOl .o 7-3
insert temperature..............coccovvneene, 10-3 OK KBY v 2-38
insulation StripS........ccovvvvviiiiiiiiee e 7-9 operating prinCiples .........cccoeeeevveeeveeenen. 2-7
iNteNded USE ......cccuvvvieeiiiiiiii e 1-2 order NUMbBEIS . ..oveo e 12-1
isothermal measurements...................... 2-15
isotropic materials...........ccccceeeeiiieeiiiinnn, 2-14

15-2 METTLER TOLEDO STARE® System 0504



DMA/SDTA861¢€ Index
P S (contd)
parts supplied.........cccoeeveieiiiiiiiiiiiee, 4-4 single cantilever..........ccooooooeeiiiiiiiinnnn. 2-35
Poisson's ratio.........cccccceeeiieeeeniiieiiiiinnn. 2-14 small clamping assembly .....2-19, 6-17, 6-59
port special shear clamp.............cceevvvvivinnnnnn. 6-33
dis_gonnect module from ... 4-17 spindle adjustment data......................... 4-19
positions and angles...............eevveeeieeeeennne. 6-5 spindle and force adjustment................. 8-30
pre-aligning the measuring sensors ......... 6-4 SPINAIE ..., 2-5, 4-19
pre-alignment.................ooen. 6-5, 8-3, 8-7 StANG....eeiiiiice e 2-3
pre-_as'sembly ....... s 6-13 standby temperature...............cccoueeenne... 4-13
preliminary clamping check.................... 7-2 start temperature ...........coceeeevveeeevveeennen. 10-3
problems with samples........................... 2-44 Stiffness range ........ccceveveiveii e, 2-10
Protective COVer..........covviiiiriiiieeineee, 6-15 SHfNESS ..vvveiceeecee e 2-14,11-1
StoNe DeNCh .......vvvvviiiiiiiiieeee 4-3
Q . storage modulus..........ccceeeeeeeeeiiieiiiinnnnn. 2-13
quantities Measured.........coeeveeveenieeniennnns 2-13 support structure......... 6-7, 6-20, 6-62, 6-104
R T
reclamping tan § 2-13,11-1
Autostart without reclamping ...........cc.......... 7-19 C L '
first reclamping stage .............cccooooiiieinnen, 7-20 :anspi)ce):;atures in the DMA modul 212 g_gi
second reclamping stage.........c.cccovevvvveennn. 7-21 PO e Tey &7
reference measurement .........cc.eceeuveen... 4-21 tension clamp ... 6-40, 6-82
remove temperature.........c.ococveveeveveeen. 10-3 large clamping SSEMDIY ........ovvvssesecee. 2-30
RESET key 2.39 small clampl_ng. assembly ........................... 2-24
fder. 6-68 thermoanalytical evaluations.................. 7-29
........................................................ three-point DENding ..., 2-12
S time-temperature superposition ............. 7-31
Safet ....................................................... 1_2 tOOIS ......................................................... 6_2
safetz NOLES. v 1-2 Elf’rque WIBNCA. oo 6-2, 6-69
sample orx _
sample dimensions.................. 2-34, 7-14, 7-16 ig:x sc;;envxﬂrlver ........................................... gg
SAMPIE IMILS...ovieceeececeee e 7-5 OFPXWIENCI .o -
Samp'e mounting ____________ 6_12, 6_86, 6_92, 6_68, toxic WaSr:e ............................................... 9‘5
6-86, 6-92 typographic conventions ..............ccoee..... 1-7
sample mounting aid ........... 2-31, 2-33, 6-84 typograpny....cccceeeeeveeiiiiiieeeeeeeeeeeas 2-18, 6-1
sample preparation ...........cccccceeeeeeeeeeenn, 2-43 v
sample shape D .
bar shaped.........cccoooiiiii, 7-5 vibration damping ... 4-3
CUDOID .o 7-5
cylindrical .........ovevveeeiii 7-6 W .
disk shaped........cccccceviiiiiiiiiiii e, 7-5 Wa_rnrl]r:gs """""""""""""""""""""" 4 2 12‘;’
FOUNG...eee et 7-5, 7-6 WEIGNT.....oii, -z, 11-
sample SUPPOIT.........uuuuummiiiiiiiiiiiiiiiiiiinns 6-27 X
sample support disks .........ccccceeiiiieeennnnns 6-41 .
SDTA teMPErature o....oeveeeooroeee. 8-41 X and y poSItioNS ..........ccevvevveviieiiieieeennn. 6-20
SDTA thermocouple.. 2-21, 2-25, 2-29, 2-33, 7
6-74, 6-78, 6-98 z-axis table ........ccccco 2-41

SDTA thermocouple holder .................... 2-31
SEttliNg......e 7-21
settling condition ............cevvveveiveiiiieeieieiieeeeee, 7-4
SNEAI ... i 2-12, 2-34
shear clamp ........ccccceeeee. 2-21, 2-22, 6-27
special shear clamp........cccocoeeiiiiieiiiieenne 2-21
standard shear clamp......cccccccvvvvivivinennnnn. 2-21
signal correction adjustment data........... 4-20
signal quality ........ccoeeeeeeeiiiiiiiiiiie e, 9-3

0504 METTLER TOLEDO STARE&-System 15-3









To protect your METTLER TOLEDO product's future:

METTLER TOLEDO Service assures the quality, measuring accuracy and
preservation of value of all METTLER TOLEDO products for years to

come. Please send for full details about our attractive terms of service.
Thank you.

STAR® thermal analysis system, operating instructions to the DMA/SDTA861° module

P 5 1 T 1 a a 3 4

© Mettler-Toledo GmbH 2002, 2003, 2004, 2005

Mettler-Toledo GmbH, Sonnenbergsirasse 74, CH-8603 Schwerzenbach, Switzerland, Tel. (01) 806 77 11, Telefax (01) 806 73 50, Infernet: hitp://www.mf.com

AT

CH

DE

FR

HU

KR

My

PL

SG

TH

us

Mettler-Toledo GmbH., A-1100 Wien

Tel. (01) 604 19 80, Fax (01) 604 28 80
Mettler-Toledo (Schweiz) AG, CH-8606 Greifensee
Tel. (01) 944 45 45, Fax (01) 944 45 10
Mettler-Toledo GmbH, D-35353 Giessen

Tel. (0641) 50 70, Fax (0641) 507 128
Mettler-Toledo s.a., F-78222 Viroflay

Tel. (01) 309 717 17, Fax (01) 309 716 16
Mettler-Toledo, KFT, H-1173 Budapest

Tel. (01) 257 70 30, Fax (01) 2567 21 75
Mettler-Toledo (Korea) Ltd., Seoul (135-090)
Tel. (02) 518 20 04, Fax (02) 518 08 13
Mettler-Toledo (S.E.A.), 47301 Petaling Jaya
Tel. (03) 704 17 73, Fax (03) 703 17 72
Mettler-Toledo, Sp. z 0.0., PL-02-929 Warszawa
Tel. (22) 651 92 32 Fax (22) 651 71 72
Mettler-Toledo (S) Pte. Ltd., Singapore 139944
Tel. 7 786 779, Fax 7 764 904

Mettler-Toledo (Thailand) Ltd., Bangkok 10310
Tel. (02) 719 64 80, Fax (02) 719 64 79
Mettler-Toledo, Inc., Worthington, OH 43085
Tel. (614) 438 4511, Fax (614) 438 4900

AU

CN

DK

HK

IT

Kz

MX

RU

SK

Subject to technical changes and to the availability

of the accessories supplied with the instruments.

Printed on 100% Chlorine-free paper, for the sake of our environment

ME-517100698B

Mettler-Toledo Ltd., Port Melbourne, Victoria 3207
Tel. (03) 9644 57 00, Fax (03) 9645 39 35
Mettler-Toledo (Shanghai) Ltd., Shanghai 200233
Tel. (21) 6485 04 35, Fax (21) 6485 33 51
Mettler-Toledo A/S, DK-2600 Glostrup

Tel. (43) 270 800, Fax (43) 270 828
Mettler-Toledo (HK) Ltd., Kowloon

Tel. (02) 744 12 21, Fax (02) 744 68 78
Mettler-Toledo S.p.A., 1-20026 Novate Milanese
Tel. (02) 333 321, Fax (02) 356 29 73
Mettler-Toledo CA, 480009 Almaty

Tel. (07) 3272 608 834, Fax (07) 3272 608 835
Mettler-Toledo S.A. de C.V., México C.P. 06430
Tel. (05) 547 57 00, Fax (05) 541 22 28
Mettler-Toledo C.1.S. AG, 10 1000 Moskau

Tel. (95) 921 92 11, Fax (95) 921 63 53
Mettler-Toledo, SK-83103 Bratislava

Tel. (07) 522 74 96, Fax (07) 237 190
Mettler-Toledo Pac Rim AG, Taipei

Tel. (2) 25679 5955, Fax (2) 2579 5977

Printed in Switzerland

cz

ES

JP

My

NL

SE

sl

UK

For all other countries: Mettler-Toledo GmbH PO Box VI-400, CH-8606 Greifensee Phone +41-1-944 22 11, Fax +41-1-944 31 70

0604/2.12

N.V. Mettler-Toledo s.a., B-1651 Lot

Tel. (02) 334 02 11, Fax (02) 378 16 65
Mettler-Toledo, spol, s.r.0., CZ-12000 Praha 2
Tel. (02) 25 49 62, Fax (02) 242 475 83
Mettler-Toledo S.A.E., E-08038 Barcelona

Tel. (03) 223 22 22, Fax (03) 223 02 71
Mettler-Toledo, d.o.0., HR-10000 Zagreb

Tel. (01) 230 41 47, Fax (01) 41 23363 17
Mettler-Toledo K.K., Yokohama 231

Tel. (45) 633 53 50, Fax (45) 664 96 50
Mettler-Toledo (M) Sdn. Bhd., 47301 Petaling Jaya
Tel. (03) 703 27 73, Fax (03) 703 17 72
Mettler-Toledo B.V., NL-4000 HA Tiel

Tel. (0344) 638 363, Fax (0344) 638 390
Mettler-Toledo AB, S-12008 Stockholm

Tel. (08) 702 50 00, Fax (08) 642 45 62
Mettler-Toledo, d.o.0., SI-1236 Trzin

Tel. (06) 116 218 01, Fax (06) 116 217 89
Mettler-Toledo Ltd., Leicester, LE4 1AW

Tel. (0116) 235 70 70, Fax (0116) 236 63 99





