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ABSTRACT

The purpose of this report is to assess various temperature measurement methods that are
capable of operating during polymer melt flow.

Temperature measurement and control are important to industry as they can have a
profound effect on productivity and product quality.

The attributes of six methods reported in the literature have been considered briefly. Three
methods have been studied in more detail. An auto-traversing thermocouple was found to
give good repeatability (+ 1°-2 °C) and agreed well with a temperature measurement device
(2nd method) calibrated at NPL (to within 1°-2 °C). It was, however, found to have a
response time of 2-3 sec which is too long for some applications.

An infra-red probe, which has a much faster response time (-0.01 sec), was also investigated.
It was found to require careful calibration, installation and use and was not found suitable
for very thin sectiors (~1 mm). It is recommended for use in injection moulding applications
with certain reservations.

This report is part of Project PMP4 (MTS programme on Processability). Within this project,
temperature measurement is task 3.1.
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1 INTRODUCTION

Accurate and reliable measurement of a molten polymer’s temperature is essential ir most
polymer processing operations because of its influence on production rates, material
consumption, appearance and mechanical properties of finished parts. This is especially true
for the injection moulding and extrusion processes, where the temperature profile is onc of
the most important criteria for the successful production of consistent parts.

1many cases, to obtain maximum throughput, polymers are often processed at temperatures
just below the temperatures at which degradation or discolouration can occur. Hence, correct
temperature measurement is essential to ensure that the polymer is not cverheated or
degraded in the processing equipment. In addition, the viscosity of all polymer melts is
influenced by the temperature of the melt. Consistent quality and output are dependent
upon the consistency of the melt’s viscosity, especially in tight tolerance operations. Accurate
melt temperature measurement with confidence and it’s control should, therefore, be a prime
concern to all processors.

In practice, in-line determination of a_polymer melt temperature and its distribution is
difficult (1). The temperature variations, axially and radially, during processing can be
significant. Also, the accurate measurement and the control of the temperature become more
difficult to attain due to a number of errors associated with in-line measurement. The
temperature gradient between the melt and the die wall is often large due to temperature
gradients in the processing equipment, conduction effects and shear heating, especially for
more viscous polymer melts at high flow rates. The situation is further complicated by the
fact that most polymer melts have relatively low thermal diffusivity values. In addition, most
conventional methods of measuring melt temperature cause a disturbance to the melt flow
field. This can affect the accuracy of the temperature determination and cause problems
related to melt flow stagnation, such as localised degradation. The ideal method for melt
temperature measurement, therefore, must not onl y reflect the abolute local temperature, but
it must also have as little effect on the polymer flow as possible.

It is probable that most industrial melt temperature measurements are subject to significant
error and that often the error is large enough to influence quality, technical judgements and
conclusions. The economic loss to the plastics industry attributable to errors in melt
temperature measurement is undoubtedly large.

The benefits of precise melt-temperature control are many. For example, the determination
of the melt temperature profile in blown film extrusion enables the user to reduce peak
profile temperature during processing by adjusting temperature-zone settings. This leads to
an increase in throughput. Similar benefits are achievable in sheet extrusion, where
temperature-profile control can minimise gauge variation.

The objectives of this research are:

1) to assess briefly a number of temperature measurement methods currently avilable.
2) to review any novel techniques that have been reported.
3) to recommend at least one reliable and accuratc temperature measurement method,

which is likely to be widely taken up in production by the plastics industry based on
the relevant experimen.. | work.
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2 LITERATURE SURVEY

The temperature and pressure of polymer melts are considered to be the most critical
parameters in plastics processing. Small variations in temperature and pressure have a large
effect on flow and may upset the production process. Accurate melt temperature
measurement, that is independent of the temperature of the processing equipment is required
to obtain optimum physical properties with minimum variation. This re yuirement is present
in both extrusion and injection moulding as well as in the compounding of thermoplastics
and thermosets (2-9).

Two fundamental characteristics of polymer melts would necessitate the demand for accurate
and reliable temperature measurement:

a) Polymers can be degraded if exposed to a time-temperature history outside their
normal operating windows.

b) Polymer flow characteristics may vary from batch to batch or within a batch,
depending on precise time-temperature history.

Melt temperature measurements are normally affected by a number of errors and
consequently the accuracy and reliability of any particular method depends very much on
minimising possible sources of errors.

A conduction error caused by the existence of boundary layers (which act as insulators) in
the melt flow, is a principal problem in melt temperature measurement. The flush or wall
mounted thermocouples are largely affected by this error. In the case of the immersed
sensors, there is an additional conduction error caused by conduction of heat along the probe
to the cooler exposed flange, establishing a temperature gradient along the probe. This heat
is replaced by transfer of heat from the polymer to the probe. This type of error is frequently
observed and can be as great as 20 °C (1).

A second type of error that is usually significant is the shear (friction or viscous) heating of
melt flowing past a wall. Mechanical work converts to heat when forced through a conduit
and raises the temperature of the melt. Since the shear rates are highest near the wall, the
polymer near the wall will have the highest temperature rise.

As the melt flow is typically laminar with no mechanism for radial mixing and the thermal
conductivity of the melt is low, the net effect is a radial temperature gradient. This is a third
source of error, between conduit wall and the central core of the melt stream. Methods of
measurement of radial temperature profiles has been proposed by many authors (eg 10-12).

An additional factor contributing to the shear heating error, is the presence of a temperature
probe causing drag in the melt flow. This can increase the temperature of melt flowing near
the probe above the bulk temperature and cause further positive errors in the melt
temperature measurement.

21  TEMPERATURE MEASUREMENT TECHNIQUES

The foljowing measurement methods were considered:

a) Infrared with Fibre Optic Sensor

This is basically a non-intrusive instrument with high sensitivity and fast response time
(10 millisec) (13-17). However, the accuracy largely depends upon proper calibration,
installation and characterisation of the IR absorption spectrum of the material being
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measured. For materials that are opaque to IR, the instrn~ ent gives the temperature from
near the surface. For highly transparent materials it is po sible that the majority of the signal
can come from the back wall, rather than from the polymer melt. Appendix-1 gives the
details of the instrument used in this study.

b) Auto -traversing Thermocouple

The instrument is sturdy with programable operation and is capable of measuring through
thickness temperature up to a depth of 38 mm (4,18,19). It is cheaper than IR instruments,
moderately accurate with a relatively slow response time of 2-3 secs and could be non-
intrusive when flush mounted. The details of the instrument are given in Appendix-2.

?

c) Cheese cutter’ Thermocouple

This is a cheap and accurate method of determining temperature by placing a bare
thermocouple at the centre of the die exit. The molten polymer is forced past the
thermocouple under pressure. A type ‘T’ thermocouple is used with an accuracy of + 1 °C
and with a relatively fast response time (1-2 secs). The method is, however, not suitable for
practical use in the process line, but could be used to form a base line for determining
accuracy and validating other instruments.

d) Ultrasonics

This is a non-intrusive novel method with potential for much wider on-line use (20-24). The
drawbacks are that it is a pressure sensitive technique with response time limited by the
signal processing time and the level of accuracy required.

e) Refractive Index

The method is novel and currently undergoing many technical and scientific developments
(25-31). The method, in its concept, is non-intrusive and capable of recording average
temperature across the section. It is, however, pressure sensitive and needs appropriate
calibration and validation before the data could be accepted. The technique is applicable only
to transparent material.

H Temperature £ _nsitive Tracers

This is anotker novel area of temperature measurement (applicable primarily to extrusion),
where six emerging technologies can be identified (32-41).

D Metal particles with a range of melting points.
2) Metal particles (eg beta bronze) that undergo recrystallisation.

3) Metal particles displaying temperature dependent magnetic properties.

4) Diacetylene monomers changing colour on polymerisation.
5) Metal powders with thermochromic coatings.
6} Solid state polymer reaction changing dielectric constant.

Before any form of tracers couid find commercial use, the following criteria should be met:
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an irreversible change on exposure to the desired time/temperature history
a shear independent change

an option to analyse the change ex-situ

a change that does not alter what is being measured

inexpensive

non-toxic

e 6 ¢ 8 & @

It is concluded from above, that item 1) ie metal particles with a range of sizes, shapes and
melting points and item 5) ie thermochromic coated metal powders have the potential to
meet most of the above criteria and perhaps find commercial use in the future. However,
1n general only the peak temperature can be identified by tracers within an accuracy of about
+ 10 °C, with little information on exposure time. At best, temperature sensitive tracers will
indicate that some critical temperature has been exceeded. Off-line analysis is inconvenient
and time consuming particularly if it involves SEM or light microscopy. The technique is
slow, complex and imprecise and unless automised in some form, is unlikely to be taken up
by the prccessing industry.

Of the six methods described above the first three (a)-(c) have been selected for more detailed
assessment and are reported in the following sections. It is also planned to carry out a brief
experimental assessment of the potential of the ultrasonic technique (d) to measure the
temperature of flowing polymer melts.

3 EXPERIMENTAL PROCEDURE

A medium density polyethylene (MDPE) material supplied by BICC (Batch No NCPE 6032),
NPL code "HADOOO" was chosen for this work.

The temperature measurement was carried out in a special Davenport extrusion rheometer
barrel with a stainless steel slit die flow cell attached by means of an adapter head (Fig 1).
This adapter is insulated although unheated. A screw driven Instron (Model No 1115)
machine operated the piston of the barrel at speeds of 2 - 50 cm/min. The rheometer barrel
had a 19 mm internal diameter with 280 mm length and the temperature was controlled to
200° £ 1 °C by a Eurotherm temperature controller urit with a feedback system. The actual
temperature of the melt within the barrel was checked by inserting a PRT (Platinum
Resistance Thermometer) probe into the melt approximately 10 mm above the slit die entry
plane. Each charge in the barrel had been held at the test temperature for 20 minutes to
attain equilibrium.

The slit die flow cell attachment was independently heated by placing cartridge heaters along
the length and controlled at 200° £ 1.0 °C by a Eurotherm unit with a feedback system.

The slit die was 100 mrn long x 25 mm wide with the provision to vary the channel thickness
between 1-6 mm (in this work) or higher. The pisten speed in most cases was 50 cm/min,
giving a flow rate of 2200 mm?/sec in the die. This produced a shear rate of 5 sec’! in the
6 mm thick die and a shear rate of 30 sec’! in the 1 mm thick die respectively.

A limited number of tests were carried out with a very slow piston speed cf 2 cm/min,
giving a flow rate of 90 mm?/sec and a shear rate of 1.3 sec’! in the 1 mm plate die. Both
the IR probe and the auto-traversing thermocouple were unable to detect any temperature
change near the entry point of the die. However, the "cheese cutter” thermocouple detected
a temperature rise of 2 °C (maximum) at the exit of the die due to viscous heating,

All thermocouples and PRT prnbes employed in measuring temperature were calibrated at
NPL with reference to the primary standard. The Autoprobe 1A auto-traversing
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thermocouple and infrared (Model MTX922) probe, supplied by Dymisco, were factory
calibrated.

The Autoprobe with a type ]’ thermocouple and the IR probe had measurement accuracies
of + 2 °C. The IR probe was not recommended by the manufacturers for measurement of
melts with thicknesses <2 mm. The "cheese cutter” thermocouple was calibrated at NPL with
‘known uncertainty.

The results from the IR probe and the Autoprobe were validated in this work by comparing
the data generated by the "cheese cutter" thermocouple operated under near identical
conditions.

Initial checks on the temperature of the slit die were made by a ‘cement-on’ thermocouple,
supplied by Omega. The "cheese cutter" thermocouple was used in all test runs at the exit
of the slit die (Fig 1). Both the Autoprobe thermocouple and the IR probe were employed
to measure temperature at the point T1 near the entry, and at the point T5 near the exit of
the slit die. The Autoprobe was also used to measure the through thickness distribution of
temperature in the 6 mm slit die by positioning it at 0, 1.5 and 3 mm distant from the die
wall. For the 1 mm slit die, the positions were 0, 0.3 and 0.5 mm respectively. The IR probe
was used without air purge ai the 9 mm position in all cases.

4 RESULTS AND DISCUSSION
4.1 INITIAL SET-UP

The PRT probes, measuring barrel wall and die wall temperatures, showed good stability at
200° £ 1 °C in all cases. The temperature change during a test was insignificant in both
barrel and die walls. Every extrusion tests were identical at the given shear rate and lasted
for ~15 secs.

The OMEGA ‘cement-on’ thermocouple placed on the die wall, read ~4 °C below (ie 196.3
°C) the set temperature of 200 °C under static conditions. It is however, economic and easy
to use, and therefore recommended in those cases, where a high degree of accuracy is not
a prerequisite. It is unsuitable for measuring temperature during flow.

The melt temperature of the charge in the barrel was controlled at 195.5 © + 0.3 °C in all cases
and the volume of the charge forced through the barrel during each run, was identical.
However, the adapter head area between the barrel and the slit-die was considered a "cold
spot” inspite of insulation lagging in that area. It was estimated, that the melt temperature
at the entry point to the slit die was reduced by ~2°-3 °C. It was also estimated that the
actual temperature of the inner wall of the slit-die at the beginning of each extrusion test
varied from ~193.5% £ 1 °C at the entry, to ~197° + 1 °C at the midpoint, and ~194° + 2 °C
at the exit.

4.2 PERFORMANCE ASSESSMENT

The emphasis of this work was placed or: evaluating the performance of the Autoprobe and
the IR probe for accuracy and reliability in temperature measurement under near identical
conditions with reference to the NPL calibrated "cheese cutter" thermocouple of known
uncertainty (£ 1 °C).

The Autoprobe and the IR probe were tested initially for their relative accuracy by placing
them in the 6 mm thick hot die with no material and showed similar temperature recordings
to within £ 2 °C in the enclosed air gap.
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The temperature recordings by all methods under the static condition of the polymer melt
can be determined from any of the Figs (2-9 and 12-16) by referring to the corresponding
reading on the temperature axis at zero time in the time/temperature plots.

The repeatability of all three methods was established and all showed excellent results (Figs
2-6). The repeatability of the temperature recordings in each case varied between + 1°-2 °C.

The readings during steady flow from the Autoprobe agreed to within 1°-2 °C of the "cheese
cutter” readings at the similar positions (Figs 57,8). The Autoprobe manufacturer’s
specification on accuracy was + 2 °C.

Temperature rises due to viscous heating in the capillary rheometer were determined to be
~8 °C at the exit and ~4 °C at the near entry point in the case of the 30 sec’! shear rate
(Figs 5,6,9). For low shear rate (5 sec’)), the viscous heating effects were found to be between
~2°- 4 °C at both entry and exit points in the die (Figs 12-16).

The through thickness distribution of melt temperature during flow was measured by the
programable Autoprobe instrument, which showed a temperature variation of up to 2 °C
(Figs 5,6,12,13). For the low shear rate (5 sec’?), the temperature increased from the wall to
the centre . © the melt flow. However, at high shear rate (30 sec™)), due to large shear heating
effects near the wall, the trend in temperature distribution in the melt remained unclear
(Figs 5,6).

The IR probe was found to be unsuitable in its present specification to measure temperature
successfully in T mm thick dies. The IR wavelength range of 1.6-2.2 pm of the instrument
was found to be inappropriate for a melt thickness of 1 mm, since the metal wail instead of
the polymer would be measured. Elsewhere a wavelength of 3.4 um for an IR probe has
been recommendied (42). For thick samples (>6 mm), the IR probe measured the polymer
temperature almost instantaneously (response time 10 millisec) (see Figs 12 and 13) as
compared to the Autoprobe, which, with a large thermal mass, had a response time of
2-3 secs. The IR probe was also found to be highly sensitive.

It can be seen from Figs 12 and 13, that for the entire part of the extrusion tests, the IR probe
read consistently ~4°-5 °C higher than the well characterised autoprobe readings at 0 mm
positions. This difference can be attributed to the lack of proper ¢ ration, installation,
positioning or the absence of air purging through the probe (in cases where the barrel and
the die temperatures are similar, an incorrect measure of temperature rise of 2-3% from the
actual melt temperature can be expected). The manufacturer’s limit on accuracy was also
stated to be + 2 °C; hence, as observed, the cumulative effect was a higher temperature
recording.

The IR probe is therefore recommended, in particular, for processes requiring fast response
time, ie injection moulding; but extreme caution 1s necessary regarding its installation and
calibration with respect to material, emissivity, melt tiickness, spectral range, probe
positioning and air purging.

The Autoprobe auto-traversing thermocouple, on the other hand, is a relatively economic,
reliable and fairly accurate instrument. The Autoprobe can be operated in a non-intrusive
manner with a response time of 2-3 secs. However, a type ‘T’ thermocouple instead of ]’ is
recommended for better accuracy (x 1 °C). It is regarded therefore, to be useful for
continuous processes, such as extrusion (modification to the equipment to withstand pressure
greater than 55.2 MPa (8000 psi), is also recommended).
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43 MODELLING

A limited amount of work on predictions of temperature rises in similar experimental
conditions by the Fillcalc V and Moldflow modelling packages is shown in Figs 10 and 11
(for a 1 mm thick plate) and in Figs 17 and 18 (for a 6 mm thick plate). The Moldflow
predictions were based on temperature monitoring points, 90° off-axis on the flow cell from
the experimentally measured points and hence, can only be used for an approximate
comparison.

It was found from this initial comparison that these two modelling packages were not
inconsistent with the experimental results. It should be noted however, that these were
preliminary results and that both these modeis have signif.cant potertial to produce better
results. Further work is planned to e amine the significance of heating effects using these
numerical models.

5 CON\(;\LUSIONS

. The repeatability of temperature measurements using an infrared probe, an
" Autoprobe auto-traversing thermocouple and a "cheese cutter" thermocouple
was found to be excellent (within + 1° - 2 °C).

. The measured temperatures of the Autoprobe agreed well with the "cheese
cutter”; with an accuracy generally 1° - 2 °C below that of the "cheese cutter”,
which has an uncertainty of £ 1 °C (Autoprobe manufacturer’s accuracy
specification is * 2 °C).

o The response time of the infrared equipment (manufacturer’s accuracy
specification 1 2 °C) was found to be almost instantaneous (10 millisec) as
comvarvd with the Autoprobe (2 - 3 sec). The IR probe was found to be
highly sensitive and is most suited tn measurement of rapid temperature

changes.

. Temperature rises due to viscous heating in the capillapy” rheometer were
between ~ 2° and 8 °C for shear rate values of 5 to 3Z§c‘ .

. The through thickness distribution of melt temperature was found to be small
even at high strain rates (less than 2 °C). \

. The Autoprobe was found to be reliable and fairly accurate and is therefore

recommended for continuous processes, such as extrusion. It can be used in
a non-intrusive manner when flush mounted.

. The infrared probe is recommended, in particular, for processes requiring a
fast response time, such as injection moulding. However, extreme care must
be itaken during installation and calibration with reference to emissivity,
material, melt thickness, spectral range, probe positioning and air purging.
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Figure -1
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THE FIBER OPTIC
MELT TEMPERATURE
TRANSDUCER:

A NEW STANDARD
IN ACCURACY

AND CONTROL

Polymer melt temperature is one of the
most critical operating paramelers in injec-
tion molding, extrusion, RIM, compression
molding or compounding of both thermo-
plastic and thermoset materials. Accurate
temperature measurement is essential to
obtain optimum physical properties with
minimal product variations.

For example, viscosity can vary greatly
over a relatively narrow temperature
raunge. Severe thermal degradation of the
polymer can result in significant changes
in its mechanical properties. In addition,
energy consumption and cycle times can
both become excessive.

Operating Principle

Any object emits infrored energy
as o function of its temperature. A
molten polymer in o closed volume
has been shown to behave us o
black body—a perfect emitter.
The MTX system converts the
infrared energy present into

an andlog signal propertional

to temperature.

Infrared energy from the molien
polymer passes through the
synthetic sopphire window into
o metal sheathed waveguide.
The other end of the waveguide
is set aguinst the polished end of
the flexible optical fiber bundle,
which terminates within the
opto-elecironics module. Here the
energy is focused through a filter
onto a detector, and the signol

is lineorized.

The Dynisco MTX Series of infrared
melt temperature transducers
utilizes state-of-the-art fiber optic
technology to provide highly accu-
rate, non-intrusive temperature
measurement. With 10) msec
response, they outperform standard
thermocouples and have the ability
to measure rapid temperature
transients, allowing tighter tempera-
ture control.

Since the MTX Series is non-
intrusive, measurements are not
influenced by viscous heating
of the probe.

Rugged and Reliable

Manufactured from Hastelloy C-276
for excellent corrosion resistance,
the probe tip incorporates a syn-
thetic sapphire window for superb
optical transmissibility and abra-
sion resistance.

The probe stem, manufactured
from hardened | 7-4 PH stainless
steel for strength, withstands pres-
sures up to 30,000 psi at tempera-
tures up to 800°F {400°C). The
optical fiber bundie is encased in
a tough, flexible armored cable
for protection against crushing and
torsional forces.

® Probe configurations available
for mounting in the nozzle of an
injection moiding machine or
in place of an ejector pin in the
mold; or for mounting ir a stan-
dard thermowel! in the barrel,
adaptor or die of an extruder.

® Easy-to-mount electronics pack-
age housed in a heavy-duty case.

® | mV per degree output standard
and optional choice of type }
thermocouple, 0-10 VDC or
4-20 mA for a second output for
convenient interface with pro-
cess recorders, data loggers and
indicators.




SPECIFICATIONS

PERFORMANCE CHARACTERISTICS

Temperature Range: Minimum is dependent on fiber bundle length (see below);
800°F (427°C) maximum

Temperature A >curacy: * 1% of span

Temperature Repeatability: + 0.25% of span

Response Time: 10 milliseconds (63% response to step input)
Operational Spectrum: 1.6-2.2 microns

Maximum Pressure: 30,000 psi (2000 bar)

Mounting Bracket Provided

Materials of Construdion
X 920, 922 & 935

Probe Tip: Hastelloy C-276 with sapphire window
Probe Stem: Forged 17-4 PH stainless steel

MTX 949

Ejector Pin: Case-hardened steel with sapphire window

Electrical Characteristics

Power Supply Requirements: 24-32 VDC (75 mA)

Output 1: | mV/°F or | mV/°C

Output 2 {optional): Type } thermocouple,
0-10 VDC (minimum impedance 10K ohmsj;
4-20 mA {maximum impedance 500 ohms)

Resolution: Infinite {analog signal)

Gain Control: Adjustment provided for calibration

Power Supply Reverse Polarity Protection

Temperature Characteristics
Ambient Temperature Range

Electronic Chassis: 50-122°F {10-50°C)
Probes: 32-800°F {0-427°C)

Fiber Tip: 50-800°F (10-427°C)

Fiber Bundle: 50-300°F (10-149°C)

Ambient Temperature Effect

Electronic Chassis. + 0.04% span/°F |+ 0.08% span/°C) over operating
temperature range

TEMPERATURE MEASURING RANGE

Model Optic Bundle Temperature
Length Renge

MTX 920 No Optic Bundle  158-500°F (70-260°C)

MTX 922, 935. 949 24" 275-700°F (135-371°C)
36" 295-715°F (146-379°C)
Other Lengths
12" 230-575°F (110-302°C)
48" 320-780°F {160-416°C)

72" 350-800°F (177-427°C)
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SENSORS FOR EVERY PLASTIC ORDERING GUIDE
PROCESSING APPMCMWN

MODELS MTX 920, MTX 922 und MTX 935
Bage Model| A B ICI|ID|E]| F
Exemples
MTX 920 % “1i-F | 4
MTX 922 -« [f24] -1 | C |-0-10
MTX 935 |-M18}-1.12(724| -1 | -F {-4-20

B Thread Blank = 1/2-20 UNF -2A (Standard)
MI18 = MI8 x 1.5 (Optional)
Probe 6 = 6" (Standard—MTX 920 and
MTX 922)
12 = 12" (Optional—MTX 920 and MTX 922)
1.12 = 1.12" {Standard—MTX 935)

€ Flexible Optical Bundle {MTX 922 and
MTX 935 Only)
24 = 24" (Standard)

The MTX 935 is used where mount- The MTX 949's ejector pin tempera-

ing space for the probe is limited.
The fiber bundle exits the shortened
probe at a right angle. This smaller
configuration makes the MTX 935
ideal for installation in the nozzie of
an injection molding machine.

PURGED CONRGURATION
neeo B o
s | e ]
3 STTE St I} r
uuu,x " VH"L“ oy "ﬁ
.50 W N0 NS L

The MTX 922 resembles the
Dynisco melt pressure transducer.
The probe mounts in the standard
1/2-20 UNF mounting well. The flexi-
ble optical bundle allows for remote
mounting of the detector electronics
away from heat sources.

4 l (UK) LIMITED
8 The Wmdmulls Turk Street. Alton
Hampshire GU34 1EF
Tel: Alton (0420) 80111
Fax: (0420) 80128

ture probe replaces the standard
ejector pin in the mold and can
continue to function as a working pin
while supplying accurate melt tem-
peratures. Standard and custom
configurations are available for the
pin and fiber bundie.

)
&%

zﬂ?L

L

The MTX 920 melt temperature
transducer is designed for lower
temperature applications. By cou-
pling the probe directly to the detec-
tor electronics, eliminating the fiber
bundle, the MTX 920 has a sensing
temperature range of 158 to 500°F
(70 to 260°C).

usetts 02067

cns e

36 = 36" (Optional)

Other lengths available—consult factory
Probe Alr Purge

| = With Air Purge (Standard)®

0 = Without Air Purge (Optional)

*For installations where the probe is
exposed to temperatures which exceed
the melt temperatuse being measured.
Output 1 (Standard)

F=1mVFF C=1mvrC

Qutput 2 (Optional}

00 = No Qutput 2

| = Type ] Thermocouple

0-10= 0-10 ¥DC 4-20 = 4-20 mA
RODEL FTX 949
Base Model| A} B C DI|E{F
Example
MTX 949 -S {0.2501-3.125}-18{ -F }4—20

A pimensional Units

S = Standard—Pin diameter, length, and
bundle length are in decimal inches.

M = Metric —Pin diameter and length are

in mm, and bundle length is in cm.

Ejector Pin Diameter {D)

List actual ejector pin diameter.

Ejector Pia Length (L)

List actual pin ieagth (tip ejector pin to top

of pin head: consult factory for additional
information.

Flexible Optic Bundle Length

List actual bundle length from top of pin head
1o electronics. (To determine flexible length,
select desired temperature range jrefer to Table
on page 3}, note optic bundle length, subtract
2.88" |7.32 cm|, then subtsact actual pin iength.)

£ output 1 (Standard)

F=| mVPF C=1mVrC
F Qutput 2 (Optional)
00 = No Qutput 2 0-10 = 0-10 VDC

| = Type ] Thermocouple 4-20 = 4-20 mA
-7_4.-_“-* ,....?,&}, ™
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The AutoProbe | System
@

0-5 VDC analog outputs of temperature
and position with seiectable zero and
span provides an output to user
supplied data logger, chart recorder

or data acquisition system.

;
I
|
I

Control Cable

Flexible control

cable under - L :
a single‘ Control Module
rugged jacket Microprocessor-based

Locking Nut for Swivel Adjustment

' Rugged, Extruded
Aluminum Housing

Thermocoupie Actuator

For True Temperature Measurement Across The Melt Stream




Optimize Temperatures In
e The Die, Barrel And Adaptor

In the plastics process, variations in product dimensions, strength and appearance are
affected by fiuctuations in raw materials, regrind ratios, process temperatures and screw
speed. These process fluctuations can be detected by monitoring the polymer melt
temperature profile across the fiow channel. In research ana development, analysis of the
meit temperature profile is used to evaluate the performance of both static and dynamic
mixers, and extruder screw designs. In the production environment, the melt temperature
profile is used to optimize die, barrel and adaptor temperatures for consistent product quality.

Dynisco’'s AutoProbe | is a motor-driven retractable meit thermocouple that automatically
traverses the melt stream while simultaneously displaying the temperature of the meit and the
position of the probe. Dual 0-5 VDC analog output signals with zero and span adjustment,
can be used tc link the AutoProbe | to data acquisition systems or data loggers for analysis of
the melt temperature profile.

The programmable control module powers the thaermocouple actuator which drives the
temperature probe across the meit stream. The temperature probe penetrates the melt
stream to a maximum depth of 1 1/2 inches. The traversing speed of the probe is 0.139 inch
(3.53 mm) per minute in order to stay within the time constant of the thermocouple, even
when traveling through sharp temperature gradients.

0 The control module can be programmed by the user for manual or automatic operation. In
the automatic mode, a cycle period can be programmed from an indicated minimum cycle
period to a maximum of 998 minutes.

The AutoRetract™ feature automatically retracts the probe from the melt stream if the melt
temperature falls below a preset temperature (usually about 20°F above the softening
temperature of the polymer). This prevents the probe from being damaged during shut-down
and start-up of the plastics process. )

High-Temperature Seal

—— . 1/8 inch J-type Thermocoupie

| 1/2 20-UNF-2A Thermocouple is self-cleaning to prevent polymer degradation
i Mounting Thread




AutoProbe | Control Module

Introduction

The AutoProbe | control module is fully programmabile and features easy-to-read LED
displays which indicate melt temperature and probe position. The program and control keys
are back-lit during operation to indicate when the probe is fully retracted, moving, stationary,
or fully extended. The program set-up menu consists of nine (9) modes.

Programming Modes

Made “SCC" Security Code Check .
Prompts the user for a security code (which has been programmed at the factory to “0") and

can be re-programmed once in mode “SCE".

Mode “E-C" Units Selection
The desired units of temperature and position can be selacted. If F is selected for

ternperature, the units of position default to inches. If C is selected, the units of position
default to millimeters.

Mode “EL" Extension Limit

Set the distance that the temperature probe will extend into the melt stream, up to a maximum
of 1 1/2 inches.

Mode “EP" Extension Period

The extension period is the time that the temperature probe remains stationary at the
extension limit, before returning to the fully retracted position. The extension period can be
set from 0 10 998 seconds. Entering “999" will result in an infinite extension period or
effectively @ manual mode of operation.

Upper LED display
shows melt temperature
and program setpoints.

1/4 DIN enclosure

Simultaneous readouts
of temperature and
position.

°F and inches or

Lower LED display C and lectabl
°C and mm selectabie.

shows probe position
and program prompts.

Easy-to-use
programming and
controi keys incorporate
LED's 1o indicate probe
movement and position.

.01 inch/0.1 mm position
display resolution.




'\

Mode “CP" Cycle Period '
Set the cycle period (in minutes) between the start of one temperature profile and the start of
the next temperature profile measurement. The cycle period can be set from the minimum
cycle period to 998 minutes. Entering “999” will result in an infinite cycle period or effectively
a manual mode of operation. The control module will display the minimum cycle period
which is the time of one complete temperature profile measurement, from the start of the
probe extension to the return to the fully retracted position. Entering the minimum cycle
period will result in an immediate start ot the next profile measurement after the temperature
probe is fully retracted.

Mode “ASP" AutoRetract Setpoint
Set the low temperature limit at which point the AutoRetract feature of the AutoProbe will be
initiated.

Mode “USS" Upper Span Setpoint

Set the full scale output temperature of the anaiog output signal. When the temperature is at
or above the setting, the output signal will be 5 VDC. For position, the instrument
automatically defaults to a full scale output of 5 VDC at the maximum probe extension of

1.5 inches/38.1 mm.

Mgde “LSS” Lower Span Setpoint

Set the zero output temperature of the analog output signal. When the temperature is at or
below the setting, the output signal will be 0 VDC. For position, the analog output signal is
automatically 0 VDC when the probe is fully retracted.

Mode “SCE" Security Code Entry
Set a 3-digit numeric security code to protect the setup parameters from being altered by
unauthorized personnel.

How Does The AutoProbe | Work?

SERVO MOTOR DRIVES [ ++ .
PROBE FROM R
REMOTECONTROL * ™ ACTUATOR
o =
EXTRUDER I SIMULTANEOUS READOUTS p —
BARREL TEMPERATURE /
: - POSITION
= TEMPERATURE

PROBE TRAVERSES
MELT CHANNEL

TR =

¥.Y RECORDER
(CUSTOMER SUPPLIED}
PLOTS TEMPERATURE mome——amt-
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Specifications

Thermocouple Actuator
° Maximum Pressure:
Maximum Temperature:

Maximum Thermocouple Extension:

Paosition Error:
Temperature Error:
Maximum Ambient Temperature:
input Voltage:
Mounting:
Materials of Construction
Probe:
Stem:

Control Module

input Power:

Display Resolution
Temperature:
Position:

Maximum Ambient Temperature:

Mounting:

Output Voltage:

Signal Output Voltage
Temperature & Position:

Signal Output Connector:

Connector

8000 PSI

800° F

1.50in. (38.1 mm)

+0.005 in. (0.127 mm)

greater of £2.2° C or 0.75% of reading in °C
185° F (85° C)

24 VAC (From Control Moduie)

1/2-20 UNF-2B (Pressure Port)

1/8" DIA 316 SS “J", exposed junction
17-4PH S8, 6 inch standard

110VAC 2 amps/220VAC 1 amp

1°F1°C

0.01in/0.1 mm

122° F (50° C)

1/4 DIN panel or table top
24 VAC

0-5 VDC
9-pin female, D-subminiature

Signal Output (Chart Recorder) Connector
9-Pin Female, D-Subminiature

R
-

(DG)\IO’)U'IAOJN—*I

o Ordering Information
To order, specify: “AutoProbe | - 110 VAC" or “AutoProbe | - 220 VAC’'. The system is complete
and ready for operation. Included is the thermocouple actuator, control module, and 15 foot
control cable. Consult factory for custom probe and cable lengths.

Eunction

Retract Switch

Stop Switch

Ground

Extension Switch

+ Voltage, Switch Common

Analog Output, Temperature (0-5 VDC)
Analog Output, Position (0-5 VDC)
Ground

N/C




