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1. Introduction

1.1. Blown Film Extrusion

Blown film extrusion is the process of extrudinggtic through a circular die and

blowing the melted plastic into a bubble-like exgpian. The bubble is pulled upwards
until it passes through a nip-roll where it is ttated to create what is known as lay-
flat of blown film. At the end of this process tlag-flat is winded on reels.

Extruding the plastic through the die can be dosiagiseveral extruders in order to
manufacture multi-layer films with each layer beimgde from different materials

with different properties.

The bubble size, in the blown film extrusion, ispdeded on the amount of air
introduced into the bubble and the position of Bbcation cage (if exists). The air

inside the bubble can be continuously exchangedfhnt is known as IBC (Internal

Bubble Cooling) system. Cooling the air inside thable helps cooling the plastic
faster and, by this, enables increasing the praalugthiroughput.

Manufacturing film by this process gives the apilib regulate the film’s width and
thickness by controlling the volume of air insithe tubble, the output of the extruder
and the speed of the nip-roll.

1.2. Line Control

Sysmetric’'sLine Control systems are designed to control the different sygbems
which involve the blown film production line in a#dto manufacture the film with
the desired properties. The different sub-systemiscantrols are:

Raw material handling — can be done by one of tystesns:

o0 Graviman- loss-in-weight follow-up on the extruder thropgh
o0 CD Series- batch type gravimetric dosing units for preparitefined
mixtures of raw material. The extruder’s throughjsudletermined and
monitored by the batch preparation rate.

Material handling can also include conveying thev renaterial to the

GravimariCD and to the extruder.

Extruder — controlling the extruder speed.

IBC and calibrator cage — controlling the air exul inside the bubble and

the calibrator position to form the desired widtHay-flat.

Nip-roll — tuning the nip-roll speed for the desifgleter/Minute.

Tension and Winder — adjusting the tension roli$ wmder speed to tense the

lay-flat and wind it on the reels.

Temperature — controlling the temperature of thueber, the die and the

tension rolls.

Remote control — setting parameters to the produdine and data acquisition

from a remote POMinuman software).

www.sysmetric-Iltd.com -3-
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By controlling and monitoring those sub-systems,ltime Controlcan ensure a film
production with specified properties of:

Width

Thickness (gram-per-mater)

Layers Ratio (in multi-layer production lines)

The different models of Sysmetric’&ine Control systems involve different
combinations of the above mentioned sub-systemghefproduction line and can
control part or all the parameters of the blowmfil

1.3. This Manual

This manual describes Sysmetric’s line control eystfor blown film production
lines, which involves the following:
5 CD Seriesgravimetric dosing units (the CD model is selectedit the
production line throughput).
Control on the speeds of the 5 extruders.
Layers ratio — adjusting the relative speeds of érguders to receive the
desired layers ratio.
Thickness — adjusting the extruders speed to recéine desired film’'s
thickness.
Width — control over the calibration cage and tB€ Isystem to produce the
desired lay-flat width (ABC system).
Temperature — control over the temperature of ¥eiders and the die.

www.sysmetric-Iltd.com -4 -
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2. System Overview
2.1. Control Panel

CONTROL
VOLTAGE

L JGIOX X©

OPEN/CLOSE]

o O O =

EMERGANCY

STOP

OMRON
NS10
ALARM
SILENT
EXTRUDERS NIP NIP ROTATE AR RING 1BC BUBBLE LINE CONTROL
BLOWER CAGE MANUAL GROUP AUTO
A

Figure 2.1-1 — Control panel

The control panel of the system consists of thiedohg:
Control voltage lamp indicates power supply
Alarm silent push-button for muting the alarm bell
Extruders on/off switch
Nip-roll on/off switch and open/close push button
Nip rotation on/off switch
Air ring blower on/off switch and speed control @atiometer
IBC intake blower on/off switch and speed contratgmtiometer
Bubble cage open/close and up/down push buttons
Line control switch to select control mode
Emergency stop push button
Auto-pilot stages push buttons O, I, II, lll, IV
Touch screen display for programming and monitoring

www.sysmetric-ltd.com
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2.2. Control Display

—

ST TEEER
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Figure 2.2-1 — Control display

The control display is a color touch-screen paBkgkry operation on the display is

done by pressing gently on the display. Activatinigutton is done be pressing gently
on the display where the button is drawn. Changingeric values is done by

pressing gently on the display where the valuerigem.

2.2.1. Entering Numeric Values

Several screens (e.gINE screen) have one or more editable numeric itengs (lee
percentage of each layer). To modify the valuenotem, follow these steps:

1. Select the item that you want to edit by pressiegtly on the display where
that item is written. A pop-up screen with numeaypad will appear on the
display.

2. Enter the new value using the numeric keypad.dfitbm has a decimal point,
use the *.’ key to move to the fractional part. Eaample, to enter 12.3, push
‘1,2, *. followed by ‘3.

3. Press thénter key to confirm the change. The keypad screenclobe and
the item will get the new value.

You can cancel editing by pressing éutton in the keypad screen.

Figure 2.2-2 — Numeric keypad

www.sysmetric-ltd.com
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2.3. CD Series Gravimetric Dosing Units

The CD Seriesgravimetric dosing units are Sysmetric’s solutienraw material
dosing for extrusion and injection molding procassehe CD doser reduces material
cost, utilizing its high accuracy to lower the ambwf expensive additives in the
product. The batch weighing nature of the dosegrsftalibration-free operation and
up-to-the-gram accumulation of raw material flowitigrough the system. The
mechanical simplicity of the CD series units, atedgractical design, ensures easy
maintenance-free operation. The control unit of @@ doser combines automatic
adaptive tuning and noise filtering algorithms wiitle ruggedness, open architecture,
and extensibility of an industry-standard PLC.

The CD Series dosing units are divided to 5 mofielslifferent capacities:
CD100 for up to 100Kg/h
CD400 for up to 400Kg/h
CD800 for up to 800Kg/h
o CD800HD200 for up to 1000Kg/h
0o CD800HDA400 for up to 1200Kg/h

Note: the stated capacities refer granulated materith @i5 Liter/Kg density and
may vary with different materials.

The Line Control operation principles are the same with all CD n®dend this
manual refers all models. For detailed informatmnthe CD Seriesdosing units,
operation and maintenance, please refer to Sysiss@D Seriesuser manual.
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3. Monitor and Control Screens

3.1. Line Screen

The line screen is the main screen of the systdms 3creen shows the extruders
status and the production parameters. PreskIMiE button to switch the display to
the line screen.

WEB BUBBLE WEB
WIDTH GAP

jm

AUTO

SET

ACTUAL

Kg/hr

LOAD 8.8 p.A B.0A B.#A 0. BA

Melt Temp

Scanner
On / Off

Melt Pressure

Ex A Ex B ExC Ex D ExE Qutput Speed
Start + Start + Start + Start + Stant + + +

Stop = Stop = Stop = Stop = Stop

LINE . LINE Motor | Alarm
-I = IDosmgI To‘taII SER""CEI Status | List I

Figure 3.1-1 — Line screen

The line screen shows the following data:
For each extrudeEk A, Ex B, Ex C, Ex D, EXE

SETandACTUALoutput as percentage of the total line throughput
The output byKg/hr
The extruderfkRPM
The extruder’'s motot. OAD shown in Amperes (or in percentages
relatively to the maximum amperes of the motor)

0 Melt TemperatureandMelt Pressure
Set and actualVEB WIDTHandBUBBLE GAPR
Set and actuaVEB THICKNES&nd its calibratiorfractor.
Kg/hr andTHICKNESSor the Auto-pilot stages I, II, 111, IV
Production parameters:

0 Line speed by m/min

0 Web’s gram-per-meter by gr/m

o Line’s throughput by Kg/hr
Web'’s thickness scanner control (optional)

O O 0O
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Control buttons on the line screen when the lingrod is in manual mode:
Ex # Start/Stop- start and stop the extruder
Ex # +/-— increase and decrease the extruder’s speed

Control buttons on the line screen when the lingrob is in group mode:
Output +/-— increase and decrease the line’s output

Control buttons on the line screen when the lingrobis in automatic mode:

Speed +/— increase and decrease the line’s speed (fippeéd)

www.sysmetric-ltd.com
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3.2. Line Temperature Screen

The line temperature screen is used for setting falhldwing the desired and the
actual temperatures of the extruders, the die,|Bi@ air and the cooling ring air.
Press thé&INE °C button to switch the display to the temperatureesc.

-
A5 [Flange|[S/CID/A[ Wek

| 00 0O 0 T IOl 0 00 0 = =
. i

Dies zone

ExB[B1[B2[B3[B4[B5 [Flange[S/C[D/A] Mel
sv | BG{ BC] B°C] T D°C] 1G] B°C B

PV

OFF

ExC[C1[C2[C3[C4]CH5 [Flange[S/CJD /A Melt
sv | 00 0G) OG AC] 0C] BG) MG 0

PY

ExD DIo D20 D:oi ng D? FIangeS,’OCDf:\] Welt
sv | Q0] BC) 000G B°C) TG BG) B

PV

= = =
o o o
o o o

Profile

EXE|E1 [E2[E3 [ E4 [ES5 [Flange[S/C[D/A] Meht
sv. | B 00 0C) BC) G 0G| 0G| 7

PV

. ExA ExB ExC ExD ExE DIE LINE
LINE I -I Dosing I o I o I oc I o I o I oC I SERVICE I
B

Figure 3.2-1 — Line temperature screen

3.2.1. Quick Heat

The buttons on the right side of the temperatureest enables quick adjustment of
the temperatures. Pressing those buttons will kdéhe temperatures to the preset
value (the preset values are determined inGkaeralline service screen). Pressing
the OFF button will turn off all the heaters. Pressing Br@file button will set each
zone to its working temperature.
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3.2.2. Extruders and Die Temperature Screens

The extruders and the die temperature screens ekivavdata on the heaters.
SV - the set temperature
PV — the actual temperature
Eff — the working ratio of the heater
Amps — the current that is driven to the heater
A.Amps — the maximum allowed current. Above thisrent the system will alarm.

| 1 2 3 4 5 Flange| S/C | D/A
WS 0] 0%] 0C] 0%] 00| 06| 0% 0
Pv | BT 0] BT g0 | T 0T 0] 0
Eff 00 A N 4 N T 4 I 4 4 I 1 I Y
Amps ABA [ BBA | BBA| BBA | BBA| BBA| BBA| B.BA
NAmMps| @.0A | ABA | AR | B.AA | P80 | .88 | R.GA | B.PA

Figure 3.2-2 — Extruder temperature screen

| 1 2 3 4 5 5] 7 8
BB 0| 00| 0t 0] 40| %] Kol 00
Pv | B0 O] %] 80| BT #T| K] 0T
Eff i LN L N O O v I Y i
Amps A6 | B.BA | B.BA | B.0A | BEA | B.BA | B.EQ | B8R
NAmps| @.00 | B84 [ B.GA | B.0A | B.B0 | B.0A | B.BA | B84

Figure 3.2-3 — Die temperature screen

Ielt

I

I LINE I A I I Ex B I ExC I ExD I ExE I DIE I LINE I
LINE c Dosing - oC o °oC °c o SERVICE
——

LINE . Ex A ExB ExC ExD Ex E LINE
-
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3.3. Dosing Screen

The dosing screen shows the set dosing formuleedmh extruder and the actual
formula according to the last batch that the syspeapared. To enter this screen,
press thé&OSINGbutton on the control panel.

Set | Act | Set | Act | Set | Act | Set | Act | Set | Act
1 E.EI%I m.m%| mx| mx| m%| m%| mx| mx| M?f.;| a0

2 E.EI%I 0. mx| 0. 7 m%| o, 7 mx| . M?f.;| A, 0

3 m%| 0. m%| 0. E.H%I 0. E.E%I 0. m%| 9.

4 m%| mx| mx| mx| mx| m%| B.H%I mx| mx| A, 0

[@

m%| mx| mx| mx| an| m%| B.H%I mx| H.EI%| a0

‘Total| 0.0

Total| 0.1

‘Totall 0.

‘Totall 0.

‘Totall 0.6

LINE LINE Motor | Alarm
LINE I °C I-I T°ta'l SERVICEI Statusl List I

Figure 3.3-1 — Dosing screen

To set the dosing formula press thetruder #label to open the formula screen, enter
the desired dosing formula for that extruder, msikes theTotal is 100.0% and press
Replace Formuldo activate the new formula.

| Extruder A

Set | Act |grice

IChanneI1 AN AR

IChanneI2 E.E%I o

IChanneI3 B.B%I 0.7% | 0. 099

IChanneI 4 | 0.0 | 0.0 | 0090

IChanneI5| m%| m%|mmm

el | 0.

Replace Formula

Figure 3.3-2 — Extruder formula screen

See theCD Seriesuser manual for more details on the dosing formula

www.sysmetric-Itd.com -12 -
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3.4. Total Screen

The total screen shows the amount of raw matdralwas dispensed at each channel
of each dosing unit for each extruder. To entes Hureen, press thetal button on

the control panel.

Alarm
List

Motor
Status

LINE
LINE | o

Dosing

LINE
SERVICE

Figure 3.4-1 — Total screen

Press th&RESEThutton to reset the accumulators.

www.sysmetric-Itd.com -13 -
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3.5. Line Service Screen

The line service screen is used for setting anditmamg parameters of the line’s
speed and selecting speed calibration mode. PneddNE SERVICEoutton on the
control display to switch to the line service scre€he system will request to enter
the access password. The password is 4321.

LINE SPEED CONTROL

SET SPEED DATA ACTUAL SPEED DATA
Ramp Rate B.a  |Sec Iaximum Speed [A_ A [m/min
Length Pulse Distance| B.08  |mm IAnalog Speed [A_ A [m/min
Length Pulse Per Rev ] Digital Speed A_ A [m/min

omatic Start Speed,| A.@  |mimin Speed S.D. . A%
Max Speed S.0. A, A%

UAUTO. CALlBRATION]‘ OFF ‘ SPEED CALIBRATION
MOTE: When the Automatic Calibration is ON Wuto Cal. Range [1. [ [m/min

it disables the thickness calibration factor at Manual Calib . A |m/min
the main screen ! _ -

I ) I IBC IF-JOTOR ALARNI
LINE c MUDELl Control Ge“‘°‘“"|- STATUS  LIST

Figure 3.5-1 — Line service screen

Set Speed Data

1.

2.

3.

4.

Ramp rate— defines the time in seconds for ramping the pecadn throughput
from O to 100%.

Length pulse distance the circumference in millimeters of the roll wlaehe
digital speed proximity switch is installed.

Length pulse per Rev the number of pulses that the digital speed ipribx

switch generates per one revolution of the roll reheis installed.

Automatic start speed the minimum start speed of the nip-roll. Thifueas used
by the control to start the nip-roll when the protion is in automatic mode.

Actual Speed Data

1.

2.
3.

Maximum speed is the calculated maximum line speed. This vausalculated
based on the speed calibration.

Analog speed- the current line speed according to the analpgti

Digital speed- is the calculated line speed according to tlyitalipulses. This
value is averaged over 30 seconds and thus icigaie only when the line speed
has not been changed for at least 30 seconds.

S.d. speed- the standard deviation of the line speed in graage units. This
value is calculated when the line is in automatdiltbcation.

www.sysmetric-Iltd.com -14 -
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Auto Calibration

The control system uses the analog speed for adileglthe extruders speed in order
to maintain the desired film's Kg/M. The analog sgecalculated from the nip-roll's
motor driver reference voltage, tends to vary witine and does not maintain
stability. When the system is set to automaticbcation mode it uses the digital
speed sensor to continuously calibrate the anglegdsand, by that, maintaining the
correct extruders speed and correct Kg/M.

To enable automatic mode press &idTO CALIBRATEpush button in the control
display. The label next to the push button willptlisy ON to indicate automatic mode.
Pressing the button again will disable the autornatide.

Speed Calibration

1. Auto Cal. Range defines the allowed range of automatic calibrati
2. Manual Calibrate— manually calibrating the line speed. This calilan can be
done only when the automatic calibration is disdbl€here are two ways to
manually calibrate the line speed:
a. Measure the actual line speed with a measuringcdeand enter that value
in theManual Calibratefield.
b. Copy theDigital speedvalue to theManual Calibratevalue.

www.sysmetric-Itd.com -15 -
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3.5.1. General Screen

The general screen holds general parameters éhtheperation. To enter this screen
press the INE SRVICBoutton on the control display and then présmeral

[ Mon,April 17,2006 | peratire.

Hour Counters

Oscillating Table
fmin

. I IBC | I LINE I MOTOR  ALARM
LiNE = e E"‘l Control - service | STATUS  LIST I

Figure 3.5-2 — General screen

Hour Counters

1.
2.
3.

Extruder #- the total working hours of each extruder.
Line — the total working hours of the line.
Vacuum Pumg- the total working hours of the vacuum pump.

Oscillating Table

Oscillating Table Rotation Time defines the time to complete one rotation of the
oscillating table.

Temperature

1.

o s

Temperature Range +£~ range of temperature around the set tempertiatas
considered normal. When the extruder’s actual teatpee exceeds this range the
system will indicate a too low temperature by aebtolor on the temperature
label or too high by a red color on the temperalaipel.

Minimum Extruder Temperature the minimum temperature for activating the
extruder.

Minimum Extruder Soak Time the minimum time that the extruder is at the
Minimum Extruder Temperaturgor higher temperature) before allowing
activating the extruder.

Minimum Die Temperature the minimum temperature for activating the die.
Minimum Die Soak Time the minimum time that the die is at thlenimum Die
Temperaturgor higher temperature) before allowing activatihg line.

Maximum Cabinet Extruder Tempthe temperature to alarm on high temperature
at the cabinet of the extruder’'s motor drivers.

www.sysmetric-Iltd.com -16 -
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7. Temp Profile # define the temperatures for the quick heat & tdmperature
screen.

Extruders

1. Extruder # Max RPM- the maximum RPM of each extruder.
2. Extruder Pressure Alarm the pressure at which the system will alarm.
3. Extruder Pressure Stopthe pressure at which the system will stop theueer.

www.sysmetric-Itd.com -17 -
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3.5.2. IBC Tuning Screen
The IBC tuning screen holds parameters for the t®@trol. To enter this screen
press the. INE SRVICBEoutton on the control display and then pri@S Control

_ Cage'Sensor

nsor Valv= Typs

3. Fmm i ‘ N. Close

Conti.

Wmm

T

Set
Actual Brm Brm 2.0
Winimum Hmm @. @

Masdmurm Arm @.ex

. I o I I une | [moToR ALARMI
ENE 2 Mane - General | cepvice | sTaTus  LisT

Figure 3.5-3 — IBC Tuning screen

See the ABC user manual for details on the IBCrpatars.
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3.5.3. Model Screen

The system is using a control technique called “eliad”. The modeling is a special
control technique that enables stable and accwattol. It is based on the actual
terms involved in the process, not like the geneaaitrol techniques (PID etc.). The
idea of the modeling technique is to evaluate thssper revolution that the extruder
screw pumps. The model evaluation is capable oflliventhe screw nonlinearity as
well. All calculations are done in natural conteolinumbers rather then physical
terms in order to obtain full accuracy (for thadagen some of the values will use “z”
units). To enter the model screen, press ltiéE SPEED button on the control
display and then pre$4ODEL

Figure 3.5-4 — Model screen

Monitor

1. RPM-the R.P.M. of the extruder in percentage.

2. Output— the output of the extruder in Kg/h.

3. Reject— minimum time delay between adjacent batchesa Hecond batch is
processed before this time has elapsed the systé#ntemaporarily disable the
control and will preset the bat€ounterto 4u.

4. Counter — batch counter that represents the system g¢yabilhe system is
considered stable when the counter is at zero.

5. Last cap— the last estimated extruder's capacity in gram rpeolution. It is

calculated in relative units, denoted by z. Tlast capis compared to the min and

max levels, after every batch, and if exceedsbenteris preset to 4u. Such an
event occurs usually after interference in the natéow and it stops the values
updating until the line stabilizes again.

Average cap- the final filtered value of the extruder’s cajpac

S.D.- the standard deviation of the screw capacityesin percentage units.

N o
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Setup

1. Max cap— the maximum allowed value for thast capparameter.
2. Min cap- the minimum allowed value for thast capparameter.
3. Reject Set the set value for tHeejecttimer.

www.sysmetric-ltd.com
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3.6. Motor Status Screen

The motor status screen shows the line’'s motoredsivalarms. The screen shows
active alarms if exists and recent alarms (memdaynes). Press th&lotor Status
button on the control display to switch to thisesor.

Figure 3.6-1 — Motor Status screen

www.sysmetric-Itd.com -21-
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3.7. Alarms Screen

The system creates an alarm log. Pres®\th&RM button on the display to switch to
the alarm log screen.

Figure 3.7-1 — Alarms screen

The alarm log shows which alarms were active witintand end time of each alarm.

www.sysmetric-Itd.com -22.-
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4. Production Stability and Accuracy

The control on the extruder throughput relies oa Kmown size batches of raw
material supplied to the extruder continuously ke tCD dosing unit. During
operation, every time a batch of raw material igptied to the extruder thieast cap

is updated. In normal operation, thast capparameter should be stable, it should be
about twice théVlin capvalue and about half tidax capvalue and it should be close
to theAverage capvalue. In addition, th&.D.should be lower then 4%. Monitoring
these values for several consecutive batches woNige all the data necessary to
locate any problem.

If the Last capvalue is jumpy and/or th®.D.is relatively high (more then 4%) check
the following:

4.1. CD Weighing Bucket Loadcell

1. Clean the loadcell of the weighing bucket of the @i3ing unit.

2. Check if the loadcell is connected tightly to tlwusing.

3. Check if the weighing bucket is calibrated. Seeilitation chapter irCD Series
user manual for more details.

4.2. CD Mixer Inlet Proximity Switch

1. Stop the CD dosing unit.
2. Open the weighing bucket service door on the CDemohamber and check that
the proximity switch is free of dirt.
3. Define the type of proximity switch installed inetlsystem by checking its color
and act accordingly.
For orange Proximity Switch:
I. Turn the sensitivity screw located at the back lo# proximity
switch clockwise until the indicator LED turns off.
li. Turn the sensitivity screw counterclockwise slowiwtil the
indicator LED turns on.
iii. Turn the screw counterclockwise half a turn more.
For yellow Proximity Switch:
i. Turn the sensitivity screw located at the back e proximity
switch clockwise until the indicator LED turns on.
ii. Turn the sensitivity screw counterclockwise slowiwtil the
indicator LED turns off.
iii. Turn the screw counterclockwise one more turn.

4.3. CD Mixer Rotation Proximity Switch

Monitor the CD mixer rotation proximity switch tewfy it works properly:
1. While the production line and the CD unit are oexify that when the mixer
rotates the sensor’s indication light is blinking.
2. Verify that the mixer is constantly stopping at #zame angle.

4.4. Row Material Supply

Check if the row material supply to the CD unitdk. There should always be
material in the hopper loaders of the CD when ledclre prepared, otherwise the
batch preparation process can become too long leadsupply continuity can be
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damaged. However, one row material supply probled0i minutes is still acceptable
and will not disturb the stability and the accuracy

4.5. Batch Preparation Process Time

Batch preparation process in the CD unit shouldagdrbe shorter than 1 minute. If
the process is longer then 1 minute monitor the @@ and identify the cause of
delay.

4.6. Batch Size

If the batch size of the CD unit is too small ilsas the batches to be supplied, from
the dosing unit to the extruder, in pairs and taat disturb the control process. When
it happens the interruption count&ounte) of the system is preset to the value 4u,
standard deviationS(D) will be relatively high (more then 4%) and theagr per
revolution valuel(ast cap will be jumpy.

4.7. Screw Capacity Out of Range

If the value ofLast capis out of range or close to the minimum or maximienels
please consult Sysmetric support.
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