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Value Delivered by RA (IA+ GOTC) to OEM
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Typical Wind & UnWind Application in OEM
—
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Winding Overview

« Surface driven
— No diameter calculation needed, simpler to control
— May damage material surface

RIDER ROLL

WINDING — P
DRUM :

WINDING

\k<<RECﬂ0N

SPEED DRUM

WEB TORQUE DRUM
TENSION

o Center driven
— Most popular DIRECTION

Copyright © 2009 Rockwell Automation, Inc. All rights reserved. 10



Winding / Unwinding

*Winding

*Total Tension

*Surface Speed :

*Product Roll

*Unwinding

*Total Tension

: *Surface Speed

*Product Roll

/ *Torque
/

/
Copyright © 2009 Rockwell Adtomafi8R° Inc. All rights reserved. 11



Usage of Diameter
—

 Calculate and set motor speed to achieve given line speed

— Motor speed = Line speed / Radius x Gear Ratio (+ correction from tension
controller)

* Direct tension control
— Web tension (x cross section) = Motor Torque x Gear Ratio x Radius
— For low cost low specs winding tension control

Roll Dancer Nip rolls

Core dia.

1T
@

D
e

[y
¥

Max rall dia.
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Usage of Diameter

« Adaptive control
— Speed loop gain adaption

Dancer Position loop Velocity loop i Current loop
|
* Feedforward control vamater PR
Vel FF bt — I
Diametar A—| Inertia ey — i
Line wel BA 71 Line Accel [
B I
|
Integral Integral i
Lus] |
|
|
Frop. !
P Frop. i Motor
® e "
Cancer |
Fosition _ |
refersnce Diamneter — |
Dancer Tension | 4 e[ 1 | Current FB
Position I
Error Tension FF |
| Resolver or
. |
Dancer Velocity FBE I
“ | | Encoder O
Fosition FBE !
|

Copyright © 2009 Rockwell Automation, Inc. All rights reserved. 13



Usage of Diameter
—

 Taper tension
— Requirement and parameter from process engineering
— Linear, hyperbolic

tension .
tension

diameater
Linear taper profile Hyperbolic taper profile

diameter

 Roll change

Copyright © 2009 Rockwell Automatior



Methods: by Sensor

* By Sensor
— Non-Contact
« Ultrasonic: direct measurement, easy calculation/scaling
* Laser: higher accuracy, more expensive
— Contact
* Potentiometer with mechanical arm

-

EE:::}I_/_’{;L\:\\\\\ A
@ /RS N
1! vyl )
: / |||©I‘I:I Radius
o Dlsadvantage Potentio- :\:\I\\ ) increases
— Cost meter : :\ }: .;1_—_::/// ""
— Signal filtering . Web
— Reliability 77 material

Copyright © 2009 Rockwell Automation, Inc. All rights reserved. 15



Methods: by Film Thickness
—

e By Film Thickness
— Film thickness X accumulative revolutions X 2

 Advantage & Disadvantages
— Smooth
— Accurate only if thickness data is accurate, otherwise may cause accumulative error
 Material inconsistence
» Gap or air trapped in between layers

Copyright © 2009 Rockwell Automation, Inc. All rights reserved. 16



Methods: by Diameter Simulation
—

By Diameter Simulation
— Principle: the total mass of unwound, rewound, and in-machine material is constant

— If we know one diameter (either unwind or rewind), we can simulate the other by
some math

 Advantage & Disadvantages
— Still need to know one diameter
— Normally used as backup or cross-checking

Copyright © 2009 Rockwell Automation, Inc. All rights reserved. 17



Methods: by Line Speed / Roll Speed
—

By Line speed / Roll speed (V/N mode)
— Radius = Line Speed / Roll speed
— Line speed sources:
* Line encoder
— Real speed, slip dependent, could cause damage
 Draw axis actual speed
— Real speed, however slip dependent
 Machine line speed reference
— Not real speed, ,highly speed stability dependent

 Advantage & Disadvantages
— Reaction fast
— Not accurate when line accelerating or decelerating, or at slow speed
— Lots of noises, need good filtering

Copyright © 2009 Rockwell Automation, Inc. All rights reserved. 18



Preferred way for tension control:

Speed Correction
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Typical Wind & UnWind
—

Wind & UnWind:
. Inertial compensation fixed part + variable part

. Diameter calculation

. RPM reference calculation

. Torgue reference calculation
. Torgue regulation

. Taper tension

Copyright © 2009 Rockwell Automation, Inc. All rights reserved. 20



Typical Wind & UnWind
—

Diatmeter Calculatar
A0
DiamiZalc_A0]
Diatneter Calculatar 201
DigmCalc_ad Top_DiamCalc
Zmd_CalcEnk Top_DiamCalc Cmd_CalcEnb
1 &
Inp_LineSpdRef WP vz _LineSpdRef WP
1524 &
Imp_MttrSpcF bk _RPM Top_Dry SpdFdkk_RPM
405 &
Zmd_PrezetDiam Top_DiamCalc.Cmd_PrezetDiam
0e
Inp_PreszetDiam®al_m Top_DiamCalc.Inp_PresetDiamal_m
019304 «
Par Top_Par
Ot _Diam_m Top_DiamCalc.Ouwt_Diam_m
0111655906
Diatm calc =can
counter
Top_Spn DiamCalcScanCtr
{REZ
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True Adaption capability for Dynamic Inertia:
On-line Torque/Force Scaling adjustment via MSG

If Ratio >> 1, thenthe T/Fis: T/F = 2007 'OH .D*=K-D*
aE
R

2007° pH
R

From the formula above, the T/F is in proportional to the diameter. Because the diameter
is smaller and smaller , so we must decrease the value of T/F during unwind.

HDDESIRA}‘/I@B“ Here we assume the
K is equal to different
value, then we can
simulate graph using
MATLAB.

For different axis, the
value of K is not the
same, so the slope of
graph is different.

)
=
=}

; i
0 200 400 1000

Dlameter of materlal (mm), 90<D<1200

Torque/Force Scaling(%Rated/(Position Unitslé)

Copyright © 2009 Rockwell Automation, Inc. All rights reserved. 22



Existing Motion Analyzer Templates
—

Existing templates from MA v4.1:

- Motion Analyzer

Toolbars

s

ons

Press Roll Feed (const time)
Press Roll Feed (const angle)
Carriage Cuk Qff
Cukker Knife Drive

i

Selection

Copyright © 2009 Rockwell Automation, Inc. All rights reserved. 23



New Motion Analyzer UDATSs
IIIlIllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

New UDATs automatically installed with MA v4.2

otion Analyzer

s Toolbars

FJ Standard Template » f N
o Syst |

. | L_Fank,

Inertia Calculator - Rotary Load
Inertia Calculator - Stand Alone
e ] = Mechanism | v Transmi:  “arriage Cut O UDAT
| Winder | Unwind

* iLinear ™~ Rota Manage Custorn Templake

..................

User Defined Application Templates

Copyright © 2009 Rockwell Automation, Inc. All rights reserved. 24



Winder/Unwinder Sizing

ie Centre diven

Fill in the blank format

" Surface Diriven

— Input D ata
Ermpty Diameter .36 m
Empty Inertia 27 kg.mé
Full Diarneter na 1]
M aterial Inertia 144 kg.mé
k axirum web tension 150 M
M irimurm web tengion * 15 M
 awirum web zpeed 6.33 M/ sec
Acceleration time 12 Sec
D eceleration time 9 Sec
[T 5 curve
o Wind (™ Urwwind [ Prafile Mirrar

Winder ¥0.33Beta C:\Documents and Settings\jbrown\Desktop\Projects'Wids_limii... E]E“E|
File ©ptions Help

— |nfarmation anly

Buildup R atio 222 ul
[nertia A atio (.33 a
Tenzion R atio 10 4
Tarque Ratio 22.2 4l

L ralsarE

— Motes
D ata taken from WIND UNWIAND CALCULATIOMN =LS

Apply i Cancel

Copyright © 2009 Rockwell Automation, Inc. All rights reserved.
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Value Delivered by RA (IA+ GOTC) to OEM
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Typical Printing
—

o L] Bl Rl
© HLGRET
o 7 EL

« B

« B5E, 5K

o EHY, HVJE L/

o BLY), TRIE.. .

- rE, AT, TE..

Copyright © 2009 Rockwell Automation, Inc. All rights reserved. 27



Flexo Printing Machine Structure

R 23
—
FIRERINLE RIS ERR. HAR. TER=MEH,

AL A T2 AR R ETRIL 2 B EE AP LA

P =Saw s iy AR e ATl I iy i s T PENNE LD

2 IR EN RN LA S o AR . A
S BN

HEHS SR, FTELEHREEMRK, N
A £0.5mm, ASEEH TR SRS B I BL R T

RN, ZaEM LR TR A, & PR70m/min,
I3 ML B 2L Bl g 2k 21 100m/min
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Flexo Printing Machine Structure
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Flexo Printing Machine Structure

HE

AR AR BRI i B R g 3 QA v 61 XN P A D i e B e g

DA SRR 2, BRITEERE R B IREEL RSk AEEIRR IR (bR
(st LS A AR KRR

& BETAREI RN E SRS

B NEI TR

| 38 I P RS Rl

EN S

| B[ & S T AR K Y
| T4 77 20

| B3 ol 33 5

| i SR
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Machine Structure

S

PRI EZE SRS

B NEI TR

| 38 P RIS Rl

| E[J Rl 5 i

| B[ 1 S TR AR K Y
| T4 77 20

ENIBES

| JH ST

| 757 5C

RRKHR OB IR B O SR, el DD, fee 10 G ETRIATEL, X T2
FRCETRIBLR Y, ARH 2, XA A ST LR o] LLETRIER, JEA
AT LLAE B SRR E I L ED R s BRI 58 B 48 12 1% 65 e st e R n] LLE R P 58 e v [
s BRI SCREAJZIEH, FEH2 %G b AR KT 1 s/ DB R . 38 HARAE R T2 5
TR ENRIHLYE FE AE300mm~1000mm. 2 [i) s 4505 30, ARPER I SERRi sk, mlRUER]: 4
PRI UV ENRIESE, w5 woas R BRI 2 il se2R MY, i weas i
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Typical Machine Specifications

e Max Speed: 100 ~ 250m/s
Registration accuracy: = 0.1mm
Tension Control: ~100kg, == 1kg
Max web width: narrow, wide
Plate roller diameter: 120mm ~ 260mm
Printing material: paper, BOPP, ...

Impression
cvlinder

Copyright © 2009 Rockwell Automation, Inc. All rights reserved. 32
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Integrated Architecture

s Motor Power
& Feedback
L L 1 1

Discrete IO

Exit Pacin
Section

Blower
Drive
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8 Color System Drawing
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Non-Shaft Inline Flexo Printing

Global

Virtual
Master

C )

= 29990 0@
S

Vst QD O0ODODOD OO
Master
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Virtual Master

Global
e Auto Stat/Stop: S-curveramp — Vigu;

« Manual: Jog Master

*  Normalization: 360 degree per revolution
—  One product per revolution

Electronic Line Shaft

Copyright © 2009 Rockwell Automation, Inc. All rights reserved. 37



Infeed / Outfeed Tension Control

Y

Speed
Gear A:360

Speed Offset

Tension Setting
with ramp profile

l

P

Infeed
Outfeed

Controller

|

Tension
Feedback

Special scenario: line speed
=0
— Speed offset scaled to line
speed

Paper break detection

Copyright © 2009 Rockwell Automation, Inc. All rights reserved. 38



Infeed / Outfeed Tension Control

Line Speed
(virtual master speed)
Tension setting Speed offset e !
— | Filter Tension P = > Speed P J Torque Motor+Load P >
! Controller . Controller ~ Loop Model +
current feedback
: Infeed: speed feedback
Filter Outfeed: +
Tension feedback Tension A~ Tension Speed difference
Feedback  [* < Model
Delay +

Tension disturbance

«  More compensation algorithm can be added

Copyright © 2009 Rockwell Automation, Inc. All rights reserved. 39



Printing Unit

Electronic Line Shaft
|

Position Gear
1:1

|

Local
Virtual

Master

y
Position Gear

111
1 y
Position Gear Gear ratio fine-tune:
Phase Shift with S-curve and 1:1xx Tension fine adjustment
speed limit; registration control l

Copyright © 2009 Rockwell Automation, Inc. All rights reserved. 40



Plate Roller Pre-Press Position

Plate Roller (Diameter= D)

Anilox Roller
(Diameter = d)

A\ 4

) A > Impression Roller (Diameter=d )

H = d/2 + SQRT( ((D+d)/2)"2 - (A/2)"2)

* Impression Roller diameter is almost equal to Anilox Roller diameter

Copyright © 2009 Rockwell Automation, Inc. All rights reserved. 41
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Auto Registration Control
—

 Registration Mark and Sensor — Photo Sensor e
oy \‘:‘\
— Very popular in flexo and rotogravure (AP RN
y pop g (AP) 2O
— Dual photo mark sensor Vil A xes
: . O\ (P =N
« Single photo mark sensor: lower accuracy ¥ | W
— One sensor for each press, except first color o
Zblue IR photoelectric eye
g 3.ored NN
. pe . a 4.greenilill
» Specifications e
— Measurement/correction resolution: 0.005mm ; e
(industry: 0.01mm) S oy

— Max speed: 500m/min

H—ANE . WASES . A R
M. Kb, 7ERSTH EEREFEWAES, WA 2blue 1 black & light blue 4 green 3 red 2 blue 1 black
FE LR R R 20mm(tabRlE) R D) o FEIXPAS

e P E A A bR, PN A ,
RO AL, A v---—f\?gf A_A
/o —

BRI ICSE Fok, IR . B A A A
SRR AL I LW NP PRI, SRR —

Rktte TSR, PSR RO A S 2 blue 1 black _at/ 5 light blue 4 green 3 red 2 blue 1 black
R RN A N G 22 O . AEIN TR EAS | gate |
BB J7 o R AE IR R 22 AT AE o IEAS Sianal of 2U Sianal of 6U

INfIR) e, B2t 22 i
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Faster Time to Market, Lower Cost to Design&
Develop: Power Programming

| J J

Machine Level

S | Conitroller FlexSCalor_S00

Fyeau 11tinn
Fyeriitinn

Execution
Structure

Module Level

A Controller Tags
3 Controller Fault Handler
7 Power-Up Handler

=45 Tasks
A58 I0_COM_30ms

#- [ 10_com

|- & MainTask

- Ea; MainProgram

E‘ Program Tags

Eij MainR.oukine

RO0_Machine_Process

RO1_Machine_Conditions_Skate

ROZ2_Machine_Fault_Alarm

RO3_SpeedControl

RO4_VirtualMaster_Conkrol

. R11_PRollerPosRecord_PreReq

Ea; Data_Compute

% EM_PRS01

A Program Tags
B2 r10_Main
ROS_Axis_Fnable_Home
ROG_Axis_Prefleg
RO7_Axis_zear

% EM_PRS0Z

% EM_PRS03

(8 EM_PRSO4

I 15 1 )

+

+

+

+
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(3

@ UNITO1_ExampleMachine

E. Program Tags

B2 R00_MainRoutine

Bl R02_CPERATION_ local

Bl R04_PROCEDURE_Auto
RO7_COMNDITIONS Modules

Bl R13 MES_PackML

Bl 501_Initialize

i 0 1PHO1_Automatic_State_Machine

.I'F.!YIQ has: |:'|F'F'I'|
Slotd5_Moden _Con Faxis has been
or

3 Servodyis ServolctionStatus SectionConditions DisableDone
able= =305 NO1_Conveyor ServoActionStatus= <Sec1mncanveyorc0nditions.D\sableDone:

== =seclon.onyey or ondIons LIsanenones=
Fa
A

= Eﬁ; POZ_Conveyar_1

E. Program Tags

Eij RO0_MainFuoutine
RO1_AxisEnableAndReset
ROZ2_HomeRoutine
RO&_PCamRoutine
R12_AxisStatus
R13_AxisFaulksSERCOS
520_InitializeData

3 _Canveyar_#

W

JE
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Faster Time to Market, Lower Cost to
Design& Develop: Power Programming

||

[ Power-Up Handler

=] Tasks

-5 10_CoM_30ms
# [F 10_com
-8 MainTask
+ f:a; MainPrograrm
+ Ea; Data_Compute
- (% EM_PRSO1
A Program Tags
B3 rio_Main
ROS_Axis_Enable_Home
ROE_Axis_Prefeg
RO7_Axis_Gear
-5 EM_PRS02
A Program Tags
B r10_Main
ROS_Axis_Enable_Home
RO6_Axis_Prefeq
RO7_Axis_Gear
+- [ EM_PR503
¥[8 EM_PRS04
+- [ EM_PRS05
+- 8 EM_PRS0A
+- [ EM_PRS07
+- [ EM_PRS08
-1 3% PRS_REG_4ms
-8 PRS_REG
i Program Tags
B3 ros_Proller_Req

L

[E.1
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Value Delivered by RA (IA+ GOTC) to OEM
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Impact of Good Application Code

S

T « Original Profile
= T /\\ — Large inertia for load
B R Fo — Infinite jerk at corners
&\/ \ ‘H{ \\ — Machine “jumped” off the floor at high
1 ﬁ\ \ K\\ H speed
""""" 5 010_.% 0 {'iz'o'n""""z's'u""i a0 ‘ :;5:'
* Optimized Profile

— Same inertia
— Limited jerk through entire profile

— This axis was no longer a limiting factor for
machine speed

Mlaster

) )
200 360
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Ghost Writer Lite ©

S

 Open to use for everyone

 Simple interface of cam sections :

« Basic two aois (Velvel, Poscomp)
“elocity Velocity
Camn - Ghost Witer
Lite
A0 _Welvel V11
— Velocity Yelocty Cam - Ghost Writer Lite —
A0 Velvel WA A0 Welvel | L. Stz Enle==
Cam Cam_el E
Cam_P Catn_P_4el Stz D=
Par_Master_Distance Par_Master_Cyvcle
JE00€ Stz Ero—
Par_Criginal_“el Original_Welocity
0o«
Par_Target_“el Target_elocity
1.0
In_Master_Offzet_Start 1]
In_Slave_Offzet Start ]
Im_Cam_incex_Start 1]
Ot _Slave_Offzet_End 204 53195
Ot _haster_Offset_End 3600«
Out_Cam_Index_End 15 &

Position
Coampenzation Cam -
Ghost Whiter Lite
A0 _PosComp %1 _1
Position Compensation Cam - Ghast Writer Lite

AD_PosComp 1 _1 A0l _PosComp_1

Cam CAM_GLW

Cam_P CAaM_P_PosComp

Par_Maszter_Distance haster_Distance
235.50002

Par_Zlave_Distance Slave_Distance
323.09656 +

Par_Original el Par_Baze_Welocity
05553556 +

Par_Target el A0_RC.ou_Slave_Start _elociy
051555395 «
Par_Decel_Percertage 450 &
Par_Accel_Percertage 450

In_Master_Offzet_Start o

In_Slave_Offset_Start o

In_Cam_Index_Start 0
Out_Slave_Offset_End 323.09656 +
Out_Master_Offset_End 235.580002 &
Ot Cam_index_End Il

Copyright © 2009 Rockwell Automation, Inc. All rights reserved.
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VelVel Cam
—

Welocity Welocity
Cam - Ghost Wiiter
Lite

A0 MWelvel W11
— “elocity Yelocity Cam - Ghost Writer Lite —
A0 Melvel W11 A0 Melvel | L. Stz Enes=
Cam Catn_vel E
Cam_P Cam_P_wel Stz L =
Par_Mazster_Distance Par_Master_Cycle
IB00€ Stz Ero—

Par_Criginal el Criginal_elocity

0o«
Par_Target_“el Target_Welocity

1.0«
In_Master_Offzet_Start ]
In_Slave_Offzet_Start ]
In_Carm_inde:x_Start ]
out_Slave_Offzet_End 20459195 & PEI Tal'get HE-'].D':].‘I:F
Out_Master_Offset_End F60.0 & - -
Ot _Cam_Index_End 15 &

Par Original Velocits
-1I:IIIII

41

Par Master Distance
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PosComp Cam

Position
Caompenzsation Cam -
Fhost Whiter Lite

&0 _PosComp_ %1 _1

Position Compensation Cam - Ghost Writer Lite

A0 PosComp_%1 1 AC PosComp 1
CAM_GLWY

Cam
Cam_P Cab P PozComp
Par_Master Distance Mazter Distance
23580002 «
Par_Slave_Distance Slave_Distance
J23.09636 «
Par_Criginal_el Par_Baze Velocity
05555556 «

A0_RC.Out_Slave_Start_Welocity

Par_Target_ el
031585395 «

Par_Decel_Percentage 450 &
Par_Accel_Percentage 450 &
In_Maszter Offzet Start 0
In_Slave_Offzet_Start 0
In_Cam_|ndex_=tart 0
ot _Slave_Offset End 32309636 «
Ot _haster_Off=set_End 235.80002 «
e

Ot Cam_ndex_End

ESts_En
=tz Dn

—Ste Br o
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Divide Bottle:

e 2 servo motor
2 package per rotation
e 7200unit per rotation for 2 package

 Per package,divide servo motor 1 +
motor 2 = 1 package = 3600 unit

red + blue = 3600uni

« Start angle for synch with push bottle
axis

* Divide bottle basis(original to red
position)

« Divide bottle distance(red to blue
position) Motorl Motor2
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Divide bottle cam process

1. CamInlinear and guw

2~ Cam Continuous linear and guw

Cam In Guw
1\

Cam In liear Cam continuous
linear
Home position:decided by the product
length(Cam In AQI) Cam continuous Guw
Product Length

3. Cam Out linear and guw

Cam QOut
linear

/

Cam Out Guw

Chain Cycle
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6 Cams

1. Cam Out Guw 2. Cam In Guw

FELL N
& Bty

n
By

4. Cam In linear
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3. Cam Out linear
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6. Cam Continous Linear
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Master
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