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Temperature measurement
and control is an essential
part of process control in
aluminium extrusion.

The three most important
parameters in extrusion are:

Alemperature
Alemperature

Alemperature

Billet temperature, container
temperature, die
temperature and above all
exit temperature all play an
important role in the control
of the aluminium extrusion
process.
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The structure, mechanical properties, surface finish and
dimensions of the extruded section all depend on the exit
temperature and it has long been recognised that a constant exit
temperature T isothermal extrusion- will minimise variations in
these properties along the length of the extrusion.

Temperature control is complicated by the complex thermal
processes within the billet.

Changing the extrusion speed will change the exit temperature.
In most cases the speed at the start of extrusion can be
increased and this reduces the extrusion cycle.

Control systems have been developed to calculate the speed
profile needed to give a constant exit temperature.
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MoMAS was developed by Professor Pandit and his co-workers at the
Institute of Control Systems and Signal Theory of the Technical
University, Kaiserslautern.

It is the only extrusion process control system that calculates the
extrusion speed profile required for Isothermal extrusion from an
analysis of the thermal process taking place during extrusion. Other
close loop systems use an approximation process.
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How does MoMAS® _ differ from other systems?
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Features of MOMAS that contribute to its success in
commercial extrusion plants:

Operators find it easy to use

It does not try to be anything other than an exit
temperature control system with a clear display of the
important press parameters

The PLC software part is autonomous and open.

Communication between the MOMAS PC and the press PLC is
simplified by using OPC

It does not conflict with the safety measures included in the
press PLC

Simple database connection is possible via different
protocols

No Additional hardware is needed apart from an industrial
PC, temperature sensors, ram displacement and pressure
transducers.
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MoMAS employs the iterative learning predictive feed back and adaptive feed
forward control principles. The extremely robust off line open loop control in
conjunction with an on line closed loop permits a variety of possibilities for
optimising the extrusion process. The off-line technique facilitates the
application of Non-causal filtering for lag free smoothing of the pyrometer
signal and the elimination of the effects of any sluggishness of the extrusion
press.

What does this mean in practise?
How does MOMAS increase productivity?

The extrusion press operator has many tasks to perform at the press and
installing a complex control system that attempts to do everything, is difficult to
set up and overloads the operator with data only increases the workload. In
many cases the operator will turn the system off or just ignore the results.
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The operator can change the
exit temperature and
maximum ram speed if
necessary on a touch screen.

The screen display gives a
clear picture of the process,
does not overload the
operator with data.

The extrusion time per billet
can be reduced by gradually
reducing the billet
temperature enabling the
initial speed to be increased.

Best practise recipes can be
stored and recalled when the
die is next used
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If the operator selects isothermal extrusion he
only has to carry out the following steps:

IS
i
=}

Temperature
&
=]

Turn the selector switch from off to on

0 260 390 620 650 780 910 1040 11701300 0 130 280 390 50 650 780 910 1040 11701300
. . Length [in] Length [in]
E nte r th € maximum pe m |tte d ram s pe e d | F1: Desired temperature F2: Speed F3: Billet temperature

Enter the maximum permitted exit
temperature 1 based on experience

Set the nominal billet temperature
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Automation tasks to be performed (1)
Billet Hanglling
Billet t t
B:”gt éi%?rﬁ)gr Select desired value for process variable

Billet heating Control

Extrusion
Ram movement Control

Profile Hantling
Assess profile properties
Cool profile

Puller movement Control

Extrude in such way, that the variables
take on the desired values

Process variables:
U Billet temperature,
U Extrusion force,
U Ram speed,
U Profile speed
U Profile exit temperature,
t Cooling of Profile

12
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Automation tasks to be performed (3)

Extrusion Control Task
Adjust billet temperature and ram speed so that the process variables:
U Billet temperature,
U Profile exit temperature,
U Profile speed
U Max. extrusion force
fall within the selected ranges and extrusion speed is at the maximum

15
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1. Simulated extrusion:
Make calculations using simulation studies and calculate
billet temperature and ram speed

2. Feedback controlledeextrusion:
Measure process variables and adjust the input variables
such that the desired runs are obtained. Direct Feldck
Feed back over the cycles

16
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IMPLENMENTATIONNASPEOTSS

The core of an automation system consists of

nan- comtachpyromaters for

Temperature measurement and
control systems for billet and profile exit temperature

What makes it possible ?

- Pyroneetry dvas smaturdéd: iRelkdble RIRpS Piay Sevices
- Comnezecidfly aviaileblearfrém Actutate Sensoas TeSh/JAST/3T)
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Lagless smoothing of pyrometer output
( possible with iterative learning control)

3301

e

Dutput of non-causal fiker y

150 200 250
Timetins

150 200 250 300
Timetins

Causal filtering Non- causal filtering
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3. IMPLEMENTATION ASPECTS: CONTROL STRATEGY

Strategy for Extrusion Control

Objectives: Isothermal Extrusion Control
Isothermal Isorate Extrusion Control
Robustness of control

Control inputs: Extrusion velocity
Billet temperature / - taper
Valve position of hydraulics
Velocity of billet/quench ring

hitherto: Feedforward control (simulated extrusion)
Feedback control (on-line)

now: Employ control from cycle to cycle
- [terative Learning Control (ILR)

19
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IMPLEMENTATION ASPECTS : CONTROL ALGORIITHNH

with:

By(l)
u,(1)
uk+1(|)
Visa(l)
Byaa(l)
B (1)
Au,,(1)
By (l)
Pis1(l)

Exit Temperature Control for Isothermal Extrusion

Predictive feed- forward adaptive feed- back control algorithm:
ul-:+1“} = ul-r.“) = Auluc+1(|)

Auy,(1) = F[94(1), (1), Bysal); B u(1)s B iaa(l)s Praall)s Viel1);Visa(1) ]

Desired run of exit temperature

Input as a function of extruded length of cycle k
Input in current cycle k+1

Ram velocity in current cycle k+1

Run of exit temperature in current cycle k+1
Run of exit temperature in previous cycle k
Increment of input calculated for cycle k+1
Billet temperature in cycle k

Extrusion force in current cycle

21
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MoMAS” Global installation

Presses (which run) with MoiMAS ©

* 6 presses in Germany (SAPA , HTM, AWB, ALCAN and
Research Centre for Extrusions, Berlin)

1 press in Sweden ( SAPA)

2 presses in ltaly (ALEX and COMETAL)

2 presses in USA ( SAPA)

* 4 presses in Australia (CAPRAL)

3 presses in Russia (Minsk)

1 press in Korea (Kores)

724E]
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Production Statistics of Extruder equiped with lRcMAS ©
at SAPA Offenburg

No. of billets |Mean RMS error of |Standard
extruded extrusion rate |exit temp. 4 |deviation of §
With
MoMAS 30 381 10,02 mm/s 12,1 °C 3.89 °C
Without 26 180 9,29 mm/s (28,8 °C) 4,21 °C
MoMAS

Actual production statistics for the period May - S eptember 2001
of extruder of S APA Extrusions, Offenburg

25
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| ISSUES TO BE CONSIDERED DURING PLANNING of AUTOMATIONSEESS

ComnwecciaVglabylity

Is extrusion plant working at its full capacity ?

Is there a demand for increased product output?

Is a new market sector being envisaged?
Technéealdeabibility

Are the hydraulics and ram position / speed control adequate?

Is the billet furnace temperature control in order?

Is the puller control adequate?

Is the PLC capable of handling the data traffic?
Acceptanece by theorew

Is the crew capable of coping with the new system?



