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1.

Revision

Date: Name: Comment:

27.02.2025 mc Texting basic objectives

28.02.2025 mc Program view

01.03.2025 mc Texting winder control calculating mode 0-4
02.03.2025 mc Texting theory source specification
03.03.2025 mc Texting PID dancer and load cell control
05.03.2025 mc Current HML S120M ActVelo x 4 on HMI
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2. Purpose of this document

Diameters are mainly responsible for the aspired tension and roll speed.
CEA describes in this document its elementary winder application along with
the calculation of an Unwinder and a Rewinder roll diameter.

One of the key points is to allow simultaneous changes of the line velocity
whilst running process.

3. Main pre-setting

e OEM Setting (Original Equipment Manufacturer)
e SCADA Setting (System Control And Data Acquisition)

4. Main objectives

e Speed calculation driven by the reference line velocity
e 5-modes roll diameter calculation

e Additive torque calculation

e Surface tension control

e Minimising speed oscillations

e Inertia calculation

e Weight calculation

e Rest length calculation

e Target winder diameter or length

e Avoiding wrinkling, telescoping and dished roll

5. Velocity handling

It enables speed adaption during production. The given Master Line velocity
can be set to zero, stopped due to threshold detection, Estop, or HMI Stop
during any process, and restarted without losing its measuring quality.

6. Unwinder diameter calculation

The Unwinder diameter is permanently calculated by using the same method.
The roll diameter is scaled between core and full roll diameter using its rest
web length. To keep web tension constant we continually multiply tension set
point with diameter ratio of the Unwinder.
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7. Five principle modes of Rewinder diameter calculation

e 0-Thickness addition
The winder roll diameter is the result of adding web thickness after each
roll revolution. Adding result is smoothed via a PT1-ramp, and speed at
roll diameter is the result of Master Line velocity divided by roll perimeter.
In order to prevent unnecessary calculation the roll diameter can be just
as well calculated after a certain roll revolutions - suitable for thin web
materials with low air inclusions.

e 1-Using Perimeter breakpoints
This method observes the winder revolution and interpolates the slop
needed for the roll speed calculation which is then Master Line velocity
divide by winder perimeter. The perimeter slop is smoothed via a PT1-
ramp — suitable for all web materials.

e 2-Division by roll diameter (linear ramped)
This method observes the winder revolution and scales the diameter
needed to calculate the winder speed. The scaled diameter lies between
core and full roll diameter. Master Line velocity is then divided by winder
roll perimeter. To prevent unstable slop the resolute of this division is
linearly ramped - suitable for thin web materials

e 3-Division by roll diameter (partly linear and partly hyperbolic)
This method resembles the previous calculation principle. Master Line
velocity is divided by winder roll perimeter. To prevent speed oscillation
the resolute of this division is then partly linear and partly hyperbolic
ramped - suitable for thick web materials

e 4-Open loop
In this mode the diameter of each roll is permanently measured by using
an ultrasound sensor. For both winders the speed at roll diameter is the
result of Master Line velocity divided by roll perimeter

8. General disclaimer

CEA will in no event be liable for any loss or damage including without
limitation, indirect or consequential loss or damage to PLC data, or any damage
whatsoever arising from culpable loss of life, bodily injury or damage to health
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arising out of, or in connection with the use of this documentation or PLC-
program.

9. Preamble

e An unusual change has been taken place in the CEA Manual Mode Logic
of this winder application. As a rule, Manual Mode has been
conceptualized to operate assembly units during commissioning the
plant regardless of any faults, unready units or of any process modules.
Furthermore, it can be called during the Automatic Mode for any
necessary correction and then back to continue the automatic process.

In this case, Automatic Mode is being immediately stopped for all process
modules.

e Never the less, CEA has decided to beak the rule in this Application, and
let winders start the SSM process also from the Manual Mode without
any concept limitations - the sequencer runtime monitoring is in this case
disabled.

FB MAN P01 Manual Mode of process module number 1.
Network 1: Winder Control start stop

IF "HMI EEY".P02.Winder Control.F3_Jog slow WE AND NOT #Winder Control.CmdExe 55M Mode THEN

#Winder Control.CmdExe 355M Mode := "HMI KEY".PF0Z.Winder_ Control.Fl12 Enable WE:
END IF:

Setting #Winder Control.Cmdexe ssM Mode to TRUE affects the Step Switching
Mechanism of the winder in FB SEQ1 P01

10. The Way to Call the Winder Control

The winder main objectives are realized in one function block (FB) called
Winder_Control. You can call this FB in OB30 or just as well in OB1. If you call
the FB in OB30, you must set formal operand IMPULSE := TRUE.

To call the FB in OB1 assign IMPULSE := "MO0O0_Imp_10Hz"

Network 11: Winder Control in cyclic program OB1

#Winder Control (ENRBLE := #Winder Control.Enable To Start AND #tmp operation mode,
IMPULSE := "M00_Imp 10Hz",
RERD MRSTER VELOCITY := #5120M.DRV.S3upport.ActVela,
ACK FLT := "DI MAIN GLB".M00.FLT CmpltMailE,
MODE := "HMI KEY".P0Z.Winder Control.Int InOut,
FERIMETER BEEAKFOINTS := "HMI KEY".Perimeter BrackPoints);
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A screenshot shows SSM in Manual Mode - here at step 3 speeding up.

- TP12D!]l-Comfort Manual Mode PO1

S120M Fos [m/min] | S120ReW [m/min] Dia [m] | s120UnwW [m/min] Dia [m]
web weight [Kg] [EEREd Web Length [m] BN | S120M Rev [EX s120rew rev EERH | moDe

Dl L]
[ [ [ = e

11. Programming

CEA Winder_Control includes all objectives we mention before.
For the actual version we have decided to call the winder FB in OB1 where the
call distributor takes place.

"DI OUT PO1"(); // Execute output stage

12. Winder Control

The FB WINDER CONTROL consists of 8 Networks and 7 sub functions such as
ramping, scaling or interpolation functions. The FB includes a communication
Interface from which reading extern signals and writing to extern signals is
possible. In order to configure your winder click SCADA and write in the input
fields (green background) the date you get from your machine designer.
Secondly, click OEM. For error-free operation do not ignore parametrisation
needed for the winder or drives. To do so, open FB OUT P01 and add the
default values necessary, e.g.: Acce_Dece_TON time, or in winder sub functions
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Seed_RampUp_Time_IN, etc. After PLC start-up there should be no zero values
presented on your OEM.

13. CEA Winder Control - PLC code with Siemens TIA V19

Network 1: Pre-Setting

#Masterline Velocity := #READ MASTER VELOCITY;

#tmp impulse := FIMFULSE;

#Cmd Read Diameter := FALSE;

#tmp_master_line modulo length mm := #Interface.Masterline.READ.Modulo Length * 950.07
#tmp_rewinder modulc length degree := #Interface.ReWinder.READ.Modulo Length * 0.95;
#Kp_Rdaption UnW(HW_ADDRESS := #Interface.UnWinder.READ."HW_SubModule™);
#KP_Rdaption ReW(H BESS := #Interface.ReWinder.READ."HW_SubModule™):

Network 2: Fault detection

#tmp_ext_flt := (#WIN_OnOff OR #Speeding Up) RAND (#Web.Master_ Speeding Up Velccity = 0
OR #Web.Master Work Velocity = 0) OR #Interface.ReWinder.RERD.DancerFos < #Web.Threshold RND #5peeding Up Done;
IF #tmp_ext_flt THEN
#T0_FRULT 00_15.%X0 := #Com FLT := TRUE;
#TO_FRULT_00_15.%X1 := #Web.Master Speeding Up_Velocity = 07
#T0_FRULT_00_15.%X2 := #Web.Master Work Velccity = 07
#T0_FRULT_00_15.%K3 := #Interface.ReWinder.RERD.DancerPos < #Web.Threshold AND #5peeding Up Done;
END_IF;
IF #Com FLT OR #ACK Flag THEN
IF #Com FLT AND #ACH FLT THEN
#ACK Flag := TRUE;
END IF;
IF NOT #tmp_ext_flt BND #LCK _Flag THEN
#Com FLT := FALSE;
#T0_FAULT_00_15 := 0;
END_IF;
IF #LCK Flag RND NOT #Com FLT THEN
#LCK Flag := FALSE;
END _IF;
END_IF;

Network 3: Enable

#tmp_cmd onoff := FENABLE;
IF HOT #4WIN_OnOff THEN
#WIN OnOff := gtmp cmd onoffy
END_IF:
#0ff_Imp := NOT #tmp_cmd onoff AND #0ff FEg;

#0£f_FEg := #tmp_cmd onofi;

IF HOT "M0O_OBl_ FirstCycle™ OR #0ff Imp OR NOT #EMAELE OR #Com FLT THEN
#WIN_OnOff := FALSE;

END_IF:

Network 4: Web pre-set

IF #Parameter Reset THEN
#Diameter Target Reached := #Web Target Reached := FALSE;
#ReWinder Diameter.Linear Acceleration := #ReWinder.Core_Diameter;
#ReWinder Diameter.¥a Changing Rate :=
#ReWinder Speed.¥a Changing Rate :=
#0nWinder Speed PT1.Y PT1 Changing Rate :=
#ReWinder Diameter PT1.Y PT1 Changing Rate :=
#ReWinder Perimeter PT1.Y PT]1 Changing Rate :=
#Web.Revolutions := #ReWinder.Roll Revoluticns := 0.0;
ELSIF #MODE <> #Web.Calculation_Mode THEN
#Web.Calculation Mode := #MODE;
#ReWinder Perimeter Breakpoints (RUN := FAL3E,
BRERKFOINIS := #FERIMETER BRERKFOINIS):
RETUEN;
END_IF;
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Network 5: Diameter Calculation Mode

IF #Speeding Up THEN
IF #Interface.ReWinder.RERD.PFosition > #tmp_rewinder modulo_length_degree RND NOT #ReWinder Revolutions_REg THEN
#ReWinder.Roll_Revolutions += 1.07
END IF;
#ReWinder Rewvolutions_REg := #Interface.ReWinder.READ.Fosition > #tmp rewinder modulo_ length degree;
IF #Interface.Masterline.READ.Position > #tmp master line modulo length mm ZND NOT #Masterline Revolutiona REg THEN
#Web.Rest_Length := #Web.Rest_Length - #Interface.MasterLine.READ.Modulo Lengthy
#Web.Revolutions += 1.0;
END IF;
#Masterline Revolutions_BEg := #Interface.MasterLine.RELD.Position > #tmp master line moduleo_length mmr
[ /f#MasterLine Velocity := #Web.Master Speeding Up Velocity;
#ReWinder.Speed At Roll Diameter := §Masterline Velocity / (#BeWinder.Roll Diameter * §Pi);
#UnWinder.Speed_At_Roll Diameter := #Masterline_ WVelocity / (#UnWinder.Roll Diameter * #Fi);
ELSTF #WIN_On0ff RND #5peeding Up_Done THEN
IF #Web.Calculation Mode < 4 THEN
IF #Interface.Masterline.RERD.Fosition » #tmp master line modulo length mm AND NOT #MasterLine Revolutions EEg THEN
/{ Trimming Wek.Rest_Length
#Web.Reat_Length := #Web.Reat Length - #Interface.MasterLine.RERD.Modulo Lengthy
// Estimate #UnWinder.Roll Diameter
"FC LINE JOINING 2POINTIS" (X := #Web.Rest_ Length,
¥l := 0.0,

X2 1= #Web.Length,
¥l = #UnWinder.Core Diameter,
Y2 := #UnWinder.Full Roll Diameter,

¥ =» #UnWinder.Roll Diameter);
#Web.Revolutiona += 1.0;
// Query #Web.Target Reached
#Web_Target Reached := #Interface.MasterLine.BEAD.Modulo Length * #Web.Revolutions > #Web.Target Length;
END_IF:
#Masterline_Revolutions REg := #Interface.Masterline.READ.Pogition > #tmp _master line modulc length mm OR #Web_ Target Reached;
[/ Calculate #UnWinder.Speed At Roll Diameter
IF NOT #Web_Target_Reached THEN
#UnWinder Speed PT1.X := LIMIT(MN := #UnWinder.Speed At Roll Diameter Min,
IN := #Masterline Velocity / (#UnWinder.Roll Diameter * #Pi},
ME := #UnWinder.5peed At Roll Diameter Max);
#UnWinder Speed FT1(RUN := TRUE,
IMPULSE := #tmp impulse,
¥ _FT1 := #UnWinder.3peed &t Roll Diameter);
END_IF;
END_IF;
CASE #Web.Calculation Mode OF
0: // Thickness Rddition
IF #Interface.ReWinder.READ.Position > #tmp rewinder modulo_length degree AND NOT #ReWinder Revolutions EEg THEN
#ReWinder.Roll Revolutions += 1.0;7
IF #ReWinder.Roll Revolutions_Counter Up <= #ReWinder.Roll Rewvolutions_Counter Up Limit THEN
#ReWinder.Roll Rewvolutions_Counter Up += 1;
IF #ReWinder.Roll Revolutions_Counter Up = #ReWinder.Roll Revolutions_Counter Up Limit THEN

#ReWinder.Roll_Rewvoluticns_Counter _Up := 07
#ReWinder.Roll_Revolutions_Slop += #ReWinder.Roll Revolutions Counter Up Limit;
END IF;
END_IF;
END IF;

#ReWinder Revolutions REg := #Interface.ReWinder.READ.Position > #tmp rewinder modulo_length degree OR #Diameter Target Reached;
// Diameter PT1-Ramp
#ReWinder Diameter FT1.X := #ReWinder.Core_Diameter + #ReWinder.Roll Revolutions_Slop * 2.0 * #Web.Thickness;
#ReWinder Diameter FTL1(RUN := TRUE,
IMFULSE := #tmp_impulse,
¥_PT1 := #ReWinder.Roll Diameter);
#ReWinder.Speed At _Rell Diameter := #MasterLine Velccity / (#ReWinder.Roll Diameter * #Pi):
#Diameter_Target_Reached := #ReWinder.Roll Diameter + #ReWinder Diameter FT1.¥Y PT]1 Window >= #ReWinder.Full Roll Diameter;

1: // Devision by ReWinder Perimeter breakpoints
IF #Interface.ReWinder.READ.Position > #tmp rewinder modulo_length degree AND NOT #ReWinder Revolutions EEg THEN
#ReWinder.Roll Revolutions += 1.0;7
END_IF;
#ReWinder Revolutions REg := #Interface.ReWinder.RELD.Position > #tmp_rewinder modulc length degree;
#ReWinder Perimeter Breakpoints(RUN := TRUE,
X := #ReWinder.Roll Revolutions,
¥_FX => #ReWinder Perimeter PT1.X,
BRERKPOINTS := #PERIMETER BRERKFOINTS):
#ReWinder Perimeter PT1(RUN := TRUE,
IMFULSE := #tmp_impulse);
IF #ReWinder Perimeter PT1.Y FT1 >= #ReWinder.Core Diameter * #Pi THEN
#ReWinder.Speed At Roll Diameter := #Masterline Velocity / #ReWinder Perimeter FT1.Y PT1;
#ReWinder.Roll Diameter := #ReWinder Perimeter FT1.Y PT1 / #Pi;
END_IF;
#Diameter_Target_Reached := #ReWinder.Roll Diameter + #ReWinder Diameter PFT1.¥Y PT]1 Window >= #ReWinder.Full Roll Diameter;
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2: f/ Devision by Roll Diameter (Linear in X Roll Revolutions)
IF #Interface.ReWinder.READ.Position > #tmp_rewinder_modulo_length degree AND NOT #ReWinder Revolutions_REg THEN
#ReWinder.Roll Revolutions += 1.0;
"FC LINE JOINING ZPOINIS"™ (X := #BReWinder.Roll Revolutions,
¥1 := #ReWinder.Roll Revolutions_Min,
X2 = $ReWinder.Roll Eevclutions Max,
Yl := #ReWinder.Core_Diameter,
Y2 := #ReWinder.Full Roll Diameter,
¥ =» #ReWinder.Roll Diameter);
END_IF:
#ReWinder Revolutions REg := gInterface.ReWinder.RERD.Position > #tmp rewinder modulc length degree;
#ReWinder Speed.X := #MasterlLine Velocity / (#ReWinder.Roll Diameter * #Pi);
#ReWinder_ Speed (RUN := TRUE,
IMPULSE := #tmp_impulse,
LOWER_LIM := #ReWinder.S5Speed At Roll Diameter Min,
UFPER_LIM := #ReWinder.Speed At Roll Diameter Max,
Y_LINERR_EIMP := #ReWinder.Speed At_Roll Diameter);
#Diameter Target Reached := #ReWinder.Reoll Diameter + #ReWinder Diameter FT1.¥Y FTl Window >= #ReWinder.Full Roll Diameter;

3: // Devision by ReWinder Diameter (Linear and hyperbolic)
IF #Interface.ReWinder.BEAD.Position > #tmp_rewinder modulc length degree AND NOT #ReWinder Revolutions REg THEN
#ReWinder.Roll Revolutions += 1.0;
IF #ReWinder.Roll Revolutions_Counter Up <= #ReWinder.Roll Revolutions_Counter Up Limit THEN
#ReWinder.Roll_Revolutions Counter Up += 17
IF #ReWinder.Roll Revolutions_Counter Up = #ReWinder.Roll Revolutions Counter Up Limit THEN
#ReWinder.Roll Revolutions Counter Up := 07
"FC LINE JOINING 2POINTS"(X := #ReWinder.Roll_Revolutions,
X1 := #ReWinder.Roll Revolutions_Min,
X2 #ReWinder.Roll_Revolutions_Max,
¥l #ReWinder.Core_Diameter,
Y2 := #ReWinder.Full Roll Diameter,
Y => #ReWinder.Diameter Filtered);

END_IF:
END_IF;
END_IF;
#ReWinder_Revolutions_REg := #Interface.ReWinder.READ.Position > #tmp_rewinder_modulo_length_degree CR #Diameter_Target_Reached;
#ReWinder Diameter.X := #ReWinder.Diameter Filtered:

IF #ReWinder Diameter.Ya Changing Rate <= #ReWinder.Core Diameter THEN
#ReWinder Diameter.Denom Ramp Time IN := 100.0;
ELSE
#ReWinder Diameter.Denom Ramp Time IN := 100000.0;
END IF:
#ReWinder Diameter (RUN := TRUE,
IMPULSE := #tmp_impulse,
LOWER_LIM := #ReWinder.Core_Diameter,
UPFER_LIM := #ReWinder.Full Roll Diameter):
IF #ReWinder Diameter.Y LINE HYFER RAMF »= #ReWinder.Core_ Diameter THEN
#ReWWinder.Speed_At_Roll Diameter := #MasterlLine Velocity / (#ReWinder Diameter.Y LINE HYFER RAMF * #Fi);
#ReWinder.Roll Diameter := #ReWinder Diameter.¥ LINE HYFER RIME;
#Diameter_Target_Reached := #ReWinder.Roll Diameter + #ReWinder_Diameter PT1.¥_ PT1 Window >= #ReWinder.Full Roll Diameter;
END IF:

4: ff Open loop
#Cmd Fead Diameter := TRUE;
IF #Interface.MasterlLine.READ.Position > #tmp_master_line modulc length mm AND NOT #MasterLine Revolutions_REg THEN
#Web.Rest_Length := #Web.Rest Length - #Interface.MasterLine.READ.Modulo Length;
#iWeb.Revolutiocns += 1.0;

END_IF:
#Masterline_Revolutions_REg := #Interface.Masterline.READ.FPosition > #tmp_master_ line modulo_length mm;
#UnWinder.Roll Diameter := #Interface.UnWinder.READ.Diameter;

#UnWinder.Speed At Roll Diameter := §MasterLine Velocity / (#UnWinder.Roll Diameter * #Pi);

#Web_Target_Reached := #Interface.Masterline.READ.Modulc Length * #Web.Revoluticns > #Web.Target_Length;

IF #Interface.ReWinder.READ.Fosition > #tmp rewinder modulo length degree AND NOT #ReWinder Revolutions REg THEN
#ReWinder.Roll_Revolutions += 1.0;

END IF:
#ReWinder Revolutions REqg := #Interface.ReWinder.READ.Position > #tmp_ rewinder modulo_ length degree;
#ReWinder.Roll_Diameter := #Interface.ReWinder.READ.Diameter;

#ReWinder.Speed At Roll Diameter := §MasterLine Velocity / (#BReWinder.Roll Diameter * #Pi);
#Diameter Target Reached := #ReWinder.Roll Diameter + #ReWinder Diameter FI1.Y¥ FT1_Window >= #ReWinder.
Full Roll Diameter;
END_CRASE;
END IF;
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Network 6: Inertia and Torque_T750 calculation

IF NOT #Enable_To_Start THEN
RETURN;
ELSE
#UnWinder.Roll Weight := #Web.Width * #Web.Rest Length * #Web.Thickness * #Wek.Densety: // kg/m~3
#UnWinder.Inertia Calculated := 0.5 * #UnWinder.Roll Weight * (0.25 * #UnWinder.Roll D
#tmp_unwinder diameter_ratic := #UnWinder.Boll Diameter / #UnWinder.Full Roll Diameter;
#UnWinder.Torque Rdditive T750 := (MM := #UnWinder.Torque Min, IN := #UnWinder.Tension SetPoint *
0.5 * #UnWinder.Roll_Di
#ReWinder.Roll_Weight := #Web.Width * #Web.Thickness * #Web.Densety * (#Web.Length - #Web.Resat_Length);
#ReWinde =
ewinder diameter_ratic := #ReWinder.Roll Diameter / #ReWinder.Full Roll Diameter;

CEA

meter ** 2 + 0.25 * #UnWinder.Core

eter * #tmp unwinder diameter ratio, MX := #UnWinder.Torgu

Inertia_Calculated := 0.5 * #ReWinder.Roll Weight * (0.25 * #ReWinder.Roll Diameter ** 2 + 0.25 * #ReWinder.Core_|

#tmp_r
#ReWinder.Torque Rdditiwve T750 := (MM := #ReWinder.Torque Min, IN := #ReWinder.Tension_ 3etPoint *
0.5 * #ReWinder.Roll Diameter * #tmp rewinder diameter ratic, M{ := #ReWinder.Torgqu

END_IF;

Network 7: Kp_Adaption UnWinder Telegramm 750
IF #UnWinder.Kp Rdaption Mode THEN

#¥p Adaption UnW.Adaption Value := 100.0 * #tmp unwinder diameter_ ratio; // [%]
ELSE

#Ep_Adaption UnW.Adaption Value := 100.0 * #UnWinder.Inertia_Calculated / #UnWinder.Inertia Max; //

END IF;
// to show on HMI
#UnWinder.Ep RAdditiwve Value := #Kp Adaption UnW.Adaption Value;
// Send Telegram 750 diameter adaption
#¥p Rdaption UnW(ENABLE := #tmp_impulse,
SEND K FTION := #Enable To_Start,
HW_ADDRESS := #Interface.UnWinder.READ."HW SubModule”™);

Network 8: Kp_Adaption ReWinder Telegramm 750
IF #ReWinder.Kp Adaption Mode THEN

#KP_Rhdaption ReW.Rdaption Walue := 100.0 * #tmp rewinder diameter_ratio; // [%]
ELSE

#KF_Adaption ReW.RAdaption Walue := 100.0 * $ReWinder.Inertia Calculated / #ReWinder.Inertia Max;

END_IF:
f/ to show on HMI
Ep_Additive Walue := #KF_Adaption ReW.RAdaption Value;

#EeWinder
!/ Send Telegram 750 diameter adaption
#KF_Rhdaption_ ReW(ENAELE := #tmp impulse,
SEND KF RADARFTION := #Enable To Start, //#ReWinder.Ep Adaption toSend,
HW_ADDRESS := #Interface.ReWinder.READ."HW SubModule™):

[%]

fO[%]

14. Dancer rolls PID control as a Supplement to Rewinder Speed.

Diameter ** 2

e Max);

Diameter #*#

e Max);

The dancer supervises the surface tension at the Rewinder zone. If tension
decries the dancer roll writes a positive value to the Rewinder offset, if tension

increases a negative value, hence eliminate speed oscillation.

The offset is being added to Rewinder speed set point. PID control reads the
result set point and compares it with Rewinder current speed. The PID output
value lies between -10.0 and +10.0 percent. This value serves as a speed

correction in OB30.
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15. Load Cell Measurement Control as a Supplement to Unwinder Speed

The load cell censes the surface tension at the Unwinder zone. If tension decries
the load cell writes a negative value to the Unwinder offset, if tension increases
a positive value, hence eliminate speed fluctuation. The load cell output serves
as correction and is being added to the speed set point in DI OUT PO1.

16. Operating mode HomPos

There is no way to start automatic or semi-automatic without going through
plant start position. Operation mode HomPos calls FB SET PO1.

SIEMENS 11200 comfort - 16:06:33
Automatic Mode P01 ( EA
PLC cyde time [ms] 05/03/2025
@ +838.8 | +20.00 0.000 0.28299 0.000 106666 i:‘ &
=]
0.00 414.35 1.0 0.0 +0
oo it o [
AUTO i
PO1 n
Bsy 0 Waiting for SEQ to start
1 | Re-Read current diameter
2 | Winder_Control.Enable_MovelogWP
3 Winder_Control.Speeding_Up
4 | winder_Control MC_Movelog.InVelocity
5 | Winder_Control Production is waiting for Target_Reached
6 Dancer travels towards zero pesiton
7 | Winder_Control SEQ1_Done
=
':_: oM
Bsy HomPos
0 | Waiting for SET to start -
1 | Bxecute BlockMove Pre-Setting
2 | Calculate Web_Length, Full_Roll_Weight, Inertia_Mazx
3| Connect Unwinder web with ReWinder whilst Speeding_Up oM =
4 | Query Flant start condition L
5 | End Plant HomPosRun oM
MANU
Start
STOP
‘ | ESC | MF%riu | Log In | SCADA | OEM P‘a”;mfn Pla”é iz HW Config FLT

The function copies the data written in SCADA into the provided process
memory DI OUT PO1.
Amongst others, the function calculates the web length, web weight, and
inertia of the Unwinder.
Further, the function creates a web connection between full roll Unwinder and
the Rewinder mandrel. In this case the web is traveling through the machine
starting off at the Unwinder, through Master Line drive roll, through dancer roll
ending up at the Rewinder mandrel. Before ending, the function checks
whether the intended calculation mode (0 to 4) has been applied.

e The default [-1] means no value has been set.
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17.  Running in Automatic Mode

FB MAIN PO1 calls FB SEQ1 P01 to run the plant process sequencer.

Note: in this very plant, the presented S120M Master Line velocity (ActVelo)
you are seeing on HMI is the velocity on the motor shaft side and does not

meet the load rotation. In other words, it is the velocity assigned to Winder

Control —i.e. 42.3 m/min times Gear Ratio.

The same applies to actual position - it is the position of at the load side i.e.
661.4, ranged: 0 — 1000.
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18. Physical Equation used in this Application

Web.Rest_Length := Pi * (Roll_Diameter”2 — Core_Diameter”2) / (4.0 * Web.Thickness);
Roll_Weight := Web.Rest_Length * Web.Width * Web.Thickness * Web.Densety;
Speed_At_Roll_Diameter := MasterLine_Velocity / (Roll_Diameter * Pi);

Inertia_Calculated := 0.5 * Roll_Weight * (0.25 * Roll_Diameter”2 + 0.25 * Core_Diameter”2);
Diameter_Ratio := Roll_Diameter / Full_Roll_Diameter;

Torque_Additive := Tension_SetPoint * 0.5 * Roll_Diameter * Diameter_Ratio;
Kp_Adaption_Value_1 := 100.0 * Diameter_Ratio;

Kp_Adaption_Value_2 :=100.0 * Inertia_Calculated / Inertia_Max;

Web_Target_Reached := MasterLine.Modulo_Lenght * Web.Revolution > Web.Target_Length;
Diameter_Target Reached := Roll_Diameter + Web.Thickness >= Target_Roll_Diameter;
WRITE.Velocity := Speed_At_Roll_Diameter * READ.Gear_Ratio;

19. Winder Control Sequencer

Network 1: Pre-Setting

"DI MAIN POL".MOO.RdyToStart := "DI MAIN GLB".MOO.HomPosAll AND WNOT "DI MAIN POL™.MOO.HomPosBun;

Network 2: Define last step

#35M(LAST_STEF := 7);

Network 3: Step Switching Mechanism (SSM)

CASE #55M.5.stepact OF
0: // Waiting for SEQ to start
"DI MAIN PO1".M00.SEQl_Busy := FALSE;
IF "DI MRIN PO1l".MOO.RdyToStart AND "DB HMI KEY".POl.Winder Control.F3_Jog slow WE THEN
#55M.5.stepd := #55M.5.steps AND "DI MATN GLB".MO0.ManuCmpltMa run AND "DI OUT B01™.Manual.Winder Control.CmdExe_S5M Mode;
ELSIF NOT "DI MAIN PO1™.M00.RdyToStart AND "DI MAIN GLB".M00.0M RUTO_ON AND DB HMI KEY".P00.GLB.F5_Start THEN

"DI QUI POl".Manual.Winder Control.CmdExe 55M Mode := "DI MAIN GLB".MOO0.ZutoCmpltMa run := FALSE;
#35M.5."1_FRULT_00_15".%X0 := TRUE;
ELSE
#55M.5.stepd := #55M.5.steps AND "DI MAIN PO1".MOO.RdyToStart AND "DI MAIN GLE".MO0.AutoCmpltMa run;
END IF;

1: // Re-Read current diameter
IF #35M.5.steplo THEN

#RunTimeCounter := 07
"DB HMI KEY".POl.Winder Control.F23_ParaSet_l := TRUE;
ELSE
"DB HMI EEY".POl.Winder Contrcl.F23_ParaSet 1 := FALSE;
#55M.5.stepd := "DI OUT BO1".Winder_Control.ReWinder.Roll Diameter >= "DI OUT PO1".Winder Control.ReWinder.Core_Diameter

END "DI OUT POl".Winder_Control.UnWinder.Roll_Diameter »>= "DI QUT POl".Winder_Control.UnWinder.Core_Diamster
END "DI OUT POl".Winder Control.Web.Rest Length > 0.07
END_IF:

2: // Winder_Control.Enable MoveJogWP
IF #35M.5.steplo THEN
"DI OUT PO1"™.SpeedCntrl_PID.Mode := 3;
$#55M.5.cl.set := 107
#55M.5.cl.start := TRUE;
"DI OUT E0Ll".SpeedCntrl_PID.ModeActivate := "DB HMI KEY".P0l.Winder_Control.Fl2_Enable_ WE;

"DI MAIN PO1l™.MO0.5EQLl Busy := IRUE;
ELSE

"DI OUT POL".SpeedCntrl PID.ModeActivate := NOT #55M.5.cl.done AND #55M.5.stepar

"DI OUT POL™.Winder Control.Enable To_Start := "DB HMI KEY".P01.5120M.F12 Enable WF RND #55M.5.stepa;

#55M.5.5tepd := "DI OUT PO1".Winder Control.WIN OnOff AND "DI OUT PO1".S5SpeedCntrl PID.State = 3 AND #55M.5.cl.done;
END_IF;

3: // Winder_ Control.Spesding Up
"DI OUT PO1".5120M.DREV.Support.SetVelo := "DI OUT PBO1".Winder_ Control.Web.Master Speeding Up Velocity;
"DI OUT PFO1™.5120ReW.DRV.Support.S5etVelo "DI OUT BO1™.Winder Control.Interface.ReWinder.WRITE.Velocity;
"DI QUT PO1™.5120UnW.DRV.S5upport.SetVelo := "DI OUT POLl".Winder Control.Interface.UnWinder.WRITE.Velocitys
"DI OUT POl1".Winder_Control.Enable_To_Start :=
"DI OUT FO1™.5120M.DREV.Support.Cmd MoveJogWP := "DB HMI KEY".P01.5120M.F12_Ensble WP RND #55M.5.stepar
"DI QUT PO1™.5120ReW.DRV.Support.Cmd MoveJogWP DB HMI EKEY".P0l.5120ReW.Fl2 Enable WP AND "DI QUI POl1".5120M.DRV.Support.LampON AND #55M.S5.stepar
"DI OUT PO1".5120UnW.DRV.Support.Cmd_MoveJogWP "DB HMI EEY".P01.5120UnW.Fl2_Enable WP AND "DI OUT P01".5120M.DRV.Support.LampON AND #55M.5.stepas
"DI OUT PO1".Winder_ Control.Speeding Up := #55M.5.stepa;
IF "DI OUT PFOl".Dancer PEW.Support.PEW Scaled >= "DI OUI POLl".Winder Control.ReWinder.Dancer Position SetPoint THEN
"DI MAIN PO1™.MO0.5SEQL_DoWEL :=

"DI OUT PO1™.Winder_Control.Speeding Up Done := TRUE;
"DL QUI POL™.Winder Control.Speeding Up := FALSE;
#55M.5.3tepd := "E00 WebAwvailakle™;

END_IF:
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4: // Winder Control MC MoveJog.InVelocity
"DI OUT PO1™.S5120M.DRV.Support.SetVelo := "DI OUT POl".Winder Control.Web.Master Work Velocity;
"DI OUT PO1™.S5120ReW.DRV.Support.SetVelo := "DI OUT B0l ce.ReWinder .WRITE.Velocity;
"DI OUT PO1™.S5120UnW.DRV.Support.SetVele := "DI OUT PO1".Winder Control.Interface.UnWinder .WRITE.Velocity;
"DI OUT POl1".Winder Control.Enable To_Start :=
"DI QUT PO1™.5120M.DRV.Support.Cmd MoveJogWP := "DB HMI EKEY".P0l.S5120M.F12_Enable WP AND #55M.3.stepa;
"DI QUT PO1".5120ReW.DREV.MC TorquelAdditive.Enable :=

inder Control.Inte

"DI OUT PO1™.S5120ReW.DRV.Support.Cmd MoveJogWP := "DB HMI KEY".P01.5120ReW.F12_Enable WF AND "DI OUT PO1™.5120M.DRV.Support.lampON AND #55M.5.stepa;
"DI OUT PO1™.S5120UnW.DRV.MC TorqueRdditive.Enable :=
"DI OUT PO1™.S5120UnW.DRV.Support.Cmd MoveJogWP := "DB HMI KEY".P01.5120UnW.F12_Enable WF AND "DI OUT PO1™.5120M.DRV.Support.lampON AND #55M.5.stepa;

#35M.3.stepd := "DI OUT PO1™.5120M.DRV.MC MoveJdog.InVelocity AND "DI OUT PO1l™.S5120ReW.DRV.MC MoveJog.InVelocity AND "DI OUT POL1".5120UnW.DRV.MC MovedJog.InVelocity:
/ Winder_Control Production waiting for Target_Reached

"DI OUT PO1™.5120M.DRV.Support.SetVelo "DI QUT POL" 'nder_:‘cm:x::l.'n'elxl'_'aster_'ﬂ:x:k_'\r'elccltyl;

"DI QUT PO1™.5120ReW.DRV.Support.SetVele := "DI OUT POl".Winder_Control.Interface.ReWinder.WRITE.Velocity;

"DI QUT PO1™.5120UnW.DRV.Support.SetVele := "DI OUT POl".Winder_Control.Interface.UnWinder.WRITE.Velocity;

"DI QUT POl™.Winder Control.Enable_To_Start :=

"DI QUT P01™.5120M.DRV.Support.Cmd MoveJogWP := "DB HMI EKEY".P0l.5120M.F12_Enable WP AND #355M.3.stepa;

"DI QUT P01™.5120ReW.DRV.MC TorquelAdditive.Enable :=

"DI QUT P01™.5120ReW.DRV.Support.Cmd MoveJogWP "DB HMI KEY".P0l.S5120ReW.Fl2_Enable WP AZND "DI OUT PO1l™.S5120M.DRV.Support.LampON AND #55M.3.stepa;
"DI QUT PO1™.5120UnW.DRV.MC TorquelAdditive.Enable :=

"DI QUI PO1™.5120UnW.DRV.Support.Cmd MoveJogWP := "DB HMI KEY™.P01.5120UnW.Fl2 Enable WP AND "DI QUT POL1™.5120M.DRV.Support.larplN AND #55M.5.stepa;
#55M.5.8tepd := "DI QUT PO1™.Winder_ Control.Web_Target Reached AND "DI OUT POL".Winder Control.Diameter_Target Reached;

Y

// Dancer travels towards zero positon

IF #55M.5.stepfc THEN
"DI OUT POL™.S120ReW.DRV.MC TorqueRdditive.Enable :=
"DI OUT POLl™.S120UnW.DRV.MC TorqueRdditive.Enable :=
"DI OUT
"DI OUT

Winder Control.Enable_To_Start :=

.5120M.DRV. Support.Cmd_MoveJogWP :
"DI OUT S5120ReW.DRV. Support.Cmd_MoveJogWP
"DI OUT 5120UnW.DRV. Support.Cmd_MoveJogWP FALSE;

ELSIF "DI OUT POl™.Dancer_ PEW.Support.PEW_Scaled <= "DI OUT P0l".Winder Control.ReWinder.Dancer Position Min + 4.0 THEN
#35M.5.5tepd := NOT "E00 WebAvailable";

END_IF;

"DI QUI POl".Winder Control.Speeding Up_Done := FALSE;

// Winder Contrcl SEQL_Done
IF #55M.5.stepfc THEN
"DI .M00.5EQ]1_WP1_DnOK := TRUE;
"DI .M00.ProductCounter.GoodParts := "DI MAIN PO1™.M0O.ProductCounter.GoodParts + 17
"DI OUT PO1™.Manual.Winder Control.CmdExe SSM Mode := FALSE;
ELSE
"DI OUT PO1™.SpeedCntrl PID.Setpoint := 0.0;
"DI MAIN PO1™.MO0.SEQ]_Done := NOT $#55M.5.steplo;
END_IF;
END CASE;

20. Learning from - and about

e SSD Drives, Inc. USA — Speed calculation of speed below or above speed
at roll diameter, speed at speeding up phase, inertia calculation

e CAC Wind Cap. USA - Tension control webinar

e ABB Oy Finland — Technological assembly

e Siemens AG Germany — Torque Additive, Kp_Adaption, Motion Control V8

See also mp4 videos..
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