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CONTINUOUS IMPROVEMENTS IN PAPER MANUFACTURING
AUTOMATION AT TNPL

R. Rajalingam

ABSTRACT:

R. Murugavel Ananih

K. Kumaresan

The Technological Revolutions in the field of Automation & Digitization have benefitted the mamyfacturing industries in a huge way.
Adopiing the latest developmenis in the Technology paves the way io redefine the conventional methods which were adopted vight
Jrom manufacturing quality products to Marketing. Industry 4.0 is the next step in the ladder that everv manufacturing industry is

m the process of taking a leap into.

This Paper talks about the contimious measures taken to improve the safetv for Men and Machine, Enhance the productivity,
Improve the Quality, Reduce the cost of Production, Improve the overall Efficiency of the System, Ease the Process Operation and
addressing the Technological Obsolescence in a Smart way.

Kev Words: Technological Revolutions, Digitization, Industry 4.0, Sufety, Direct On-Line (DOL) Starter, Variable Frequency Drive

(VFD).

1. Introduction

Process Industries are moving to a culture
and Business model in which decisions
are based on credible & quantifiable
mformation and analysis of process
data. A modem approach based on data
collection andanalysis enables the process
mdustries to develop new techniques that
results in safety, greater efficiencies,
betrer yields and more consistent product
quality.

Any approach towards Optinizing
Process / Machine Performance / Product
quality follows the following sequence of

action,
iﬁ}
Analyze scope Implement Sustan on Inprove-
for optumization corrective Action ment realized

This article presents the necessity and
benefits of Process Automation executed
mn Paper Machine, Converting and
Finishing House areas under up-gradation
and improvement Projects. Automation
Is inevitable as the quality of Paper on a
high speed Paper Machine demands for
the critical parameters o be confinuously
monitored, maintained and controlled.

Improvement Projects on Automation are
being carried out continuously right from
the inception of the mill Paper Machine
and other related areas to improve the
overall Efficiency and for sustainable
operation. Some of the important projects
done are presented below. ..

1. Improvement in Machine Direction
Basis Weight Control

Preamble:

* MD Basis Weight Control Loop works
under Cascade Control in Paper Machine.

Level#1 1s Stock Flow Control Loop
and Level#2 is Basis Weight Control
Loop. Level#1 Process Variable (PV) is
collected from the Stock Flow Meter and
Level#2 PV is collected from the Reel
Scamner Basis Weight Sensor (Figure 1).

Problem:

« MD Basis Weight 2 sigma variation was
on higher side and it was around +2.5%.

+ Frequent Machine stoppage due to
Stock Flow hunting which was beyond
permissible limits.

Before Modification in PM#3
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Figure 1: P)#3 Basis Weight Control Loop before Modification
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Data Analysis & Root Cause

* Reliable measurement was a requirement for such critical
Control Loop for achieving better performance.

« The Variation in Stock Flow Measurement was on higher
side and if was malfimetioning often (>14000 TPM) due to air
entrapment which lead to unstable measurement.

* Electromagnetic Flow Meter performance is limited by
certain factors such as presence of air entrapment from the
process line, Electromagnetic Interference, Pulsating Flow,
Fluid conductivity etc.

= Hence for getting reliable PV measurement, it was decided
o use Stock feed pump actual Speed mstead of Stock Flow
measurement as the pump speed measurement was not
influenced by the above mentioned factors.

Action Taken:

* Loop was studied in detail and decided to modify the Stock
Feed Pump Actual Speed (Calculated value from the Drive) as
Process Variable for Level#1 Control Loop in PM#3 as below.

* Logic modifications were carried out accordingly (Figure 2).

After Madification in PMit3

LEVEL#2 LEWEL#1

Figure 2: PM#3 Basis Weight Control Loop after Modification

« Similarly for PM#1 & PM#2, Level#] Stock Flow controller
was replaced with Basis Weight Valve Position Confroller.
The PV of Stock Flow was replaced with Basis weight Valve
Position  (Figure 3).

-y,

Figine 3 PAI#1&2 Basis Weight Control Loop After Modification

Tangible Benefits:

« Elmninated Machine outage due to Stock Flow Meter
malfunctioning.

= 50% reduction in MD 2-sigma variation could be achieved
as the speed signal & valve position signals are stable and
reliable

= Improved Machine rummability.

« Improved Productivity.

2. Paper Machine#2 Blend Chest Level Control
Optimisation
Preamble:

= Blend Chest Level Control is a critical loop which plays an
important role in Stock Blending.

= Variety of Pulps as per firnish demand are mixed in a pre-
defined ratio along with fillers and additives in Mixing Box and
the mixed Stock is fed to the Blend Chest.

* Blend Chest Level Control Loop is cascaded with associated
Pulp Flow Control Loops in the desired Stock proportioning
ratio (Figure 4).

= According to the remote set point given from Blend Chest
Level Control Loop, Pulp Flows are maintained.
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Fisure 4: Stock Blending

Problems Faced:
* The Level variation in the Blend chest was around +/-2.5%.

= Associated Pulp Flow Control Loop performance was
unstable and oscillatory.

« Non-homogeneous Stock Blending caused Paper brealss.
Data Analysis & Root Cause

* Even, the smaller variation in the Blend Chest Level had a
larger impact in the respective Stock Flow and vice versa.

¢ The Flow variation in Pulp Flow Confrol Loops were as
follows;

»  Chemical Bagasse Pulp Flow—+14% from set value
*  Hardwood Pulp Flow=>£9% from set value

*  Broke Flow—=12% from set value

*  De-inking Pulp Flow—=8% from set value

« Individual Control Loops affecting Blend Chest Level had
been studied separately & deviation noted.

= Analog Input/output Channels of all associated Flow Control
Loops in DCS were checked & verified.
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« Transmitter and Valve healthiness, I/O channel damping
factor, Consistency varations were studied and found normal.

= It was mferred that the loop performance was Sluggish /
Aggressive and 1t required PID funing.

Action taken:

* Bump Tests were carried out to capture & calculate the PID
loop tuning parameters for Chemical Bagasse Pulp Flow,
Hardwood Pulp Flow, Broke Flow, De-inking Pulp Flow and
Blend Chest Level.

* The Bump Test data were collected in a real time, processed
m special software and the calculated PID parameters were fed
to the respective Control Loops.

* The results achieved Before and After Tuning are shown
below (Figure 5);

Betere Tuning &ftet Tursng
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Figre 3. LICA3095 - Blend Chest Level Contiol Loop before/after Tuning

Tangible Benefits:

«  70% reduction in Blend Chest Level variation.
+  Homogenous mixture of Furnish.

= Tmproved Maching runnabilty.

+  TImproved Productivity.

3. Life Cycle Enhancement of Bottom Wire Forward Dive
Roll / Wire

Preamble:

* Wire Part - Bottom Wire Forward Drive Roll was Rubber Imed
m Paper Machine#3.

* Knock off Shower (12 Kg/Cm’g) is available (Near Wire
Forward Drive Roll) for cleaning the Wire Fabric when Pickup
Roll goes to GAP position.

Problems Faced:

* Premature failure of Forward Drive Roll due to wear & tear at
Roll edges was noticed.

* Wire edges also got damaged due to the above problem.
« It necessitated frequent Wire / Roll replacement.
Data Analysis & Root Cause

* Due to non-availability of Lubrication Shower, Drive roll was
getting worn out at both edges.

» Forward Drive Roll was replaced with PU liner material which
was a suitable substimte to improve Roll life.

* Proper lubrication is essential for PU material too.

« It was not possible to introduce Lubrication shower due to
space constraint.

= Only option left out was to use the existing Knock off shower
as a Lubrication Shower for Forward Drive Roll when Pickup
Roll is in Run Position.

Action Taken:

= Pressure of the Water jet needs to be reduced when used for
lubrication purpose. Hence. Knock Off shower Pump - Direct on
Line (DOL) starter was replaced with Variable Frequency Drive
(VFD) for variable water pressure control (Figure 6).

= During 2016, necessary Logic modifications were carried out
to vary the Pump Speed based on requirement as below;

« If Pickup Roll is in GAP Position, Pump speed is set to
100% automatically. (Function as Knock Shower)

= If Pickup Roll is in RUN Position, Pump Speed is set by
the operation team as per Requirement between 10 & 20%
{Function as Lubrication Shower).

Fig6: PAM#3 Wire Shower Valves Afier Modification.

Wire replacement details
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Figwre 7: PME3 Wire replacement details
Cost Workings:
» Wire Cost - Rs.10 Lakhs

* Wire replacement frequency reduced by 25% from average
of 8/Year to 6/Year (Figure 7).

* Machine stoppage time requirement for wire replacement- 4
Hrs (Wire

* Average production rate in PM#3-500 MTPD, For 8 Hrs ~
167 MT of production lost.

« Considering profit margin of Rs.10000 per MT of Paper.

+ Potential saving by increasing machine uptime.
=167%10000 ~ 2 * Wire cost
=Rs.36.7 Lalhs / year
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Tangible Benefits:

« Improved Roll life.

* Enhanced Wire Life due to Improved Wire Cleaning.
« TImproved Productivity

4. Replacement of Servo Valve in PM3#2

Preamble:

«  Conventional Electromechanical Hydraulic Servo Valves
were used for controlling all NIP movements / Loading
operations in Press, Calendar, Reel and Winder Rider Roll in
Paper Machine#2.

* 15 Nos. of Hydraulic Servo Valves were in service.
Problems Faced:

+  Frequent failure of Servo Valves resulted m Machine
stoppage (Figure 8).

« 5 Micron oil filter was inbuilt in the valve supply port
which got clogged frequently.

= Around 144 His. of downtime on account of Servo Valves
failure and the Production loss was around 2200 MT between
2000 and 2013.

*  Defective Servo Valves had to be sent to OEM works for
servicing as it was not field serviceable.

Mitigation Plan:

«  Replaced Servo Valves filters periodically.

*  Oaline oil Purification system was mntroduced to impiove
oil quality.

Data Analysis & Root Canse:

«  Servo valve failures persisted due to ageing of Internal
Electro Mechanical components such as Torque arm, Pressure
Transducer.

= Servicing of defective valves became cumbersome for
OEM because of its component level obsolescence & hence
suggested to upgrade the Servo Valves.

Action taken:

*  Old Servo Valves were replaced with the larest digitized
Servo Valves with advance diagnostic features during 2014
(Figure 9).

Tangible Benefits:

«  Eliminated Machme Stoppage on account of Servo Valve
failure (Figure 10).

«  Zero R&M Cost on Servo Valve.

«  Tmproved Productivity.

Figure & Old Serve Talve

Figure 9. New Senvo Tahe
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Figure 10: PM#? Servo Valve Fanlire Downtiine detalls
5. Winder#1 Auto Trim System (Slitter Positioning) -
Up-gradation
Preamble:

* Winder#1 converts Jumbo Rolls produced from Paper
Machine#1 into Reels.

« Slitter positioning 1s carried out automatically by using
Auto Trim position control system supplied by M/s. Rollteck,
Germany.

= It was commissioned durmg the year 1990 and it was
upgraded with Siemens S7-400 PLC during 2002 by Rollteck.

e The Operating System (0OS) used for Auto trim operatrion
mns on Windows 2000 Operating System with Rollteck
Control System (RCS) application software (Figure 11).

ﬁ] — PROFIDUS-DF |
| OPERATOR STATION IND ETHERNET |

57-400 PLC

SERVO
CONTROLLER

| SERVOMOTOR FOR l
SUITTER POSITIONING |

Figure 11: P\f£] Winder Auto Tiim Hmdware Architecture.

Problem faced:

= The OS Hardware & Software had become Obsolete: there
was 1o support from the market for Hardware and no service
support from OEM. M/s. Andritz who had raken over Ms.
Rollteck conveyed their inability to support as they had closed
this business line.

» In the mean time, the existing OS got failed and there was
no spare part available.

Data Analysis:

= Efforts were taken to restore the services of the failed
station OS and system was lmed up by 1eplacing the RAM
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for which refurbished item was fortunately available from the
local Market.

= Hardware and Software obsolescence is inevitable due to
continuous Technological Upgrade.

*« OEM could not be approached for upgrading our existing
system due to their unavailability. The only option left out was
to upgrade the complete system which was not a pragmatic
approach as it required a huge capital.

= Possibilities were analyzed to use Virtual OS as a substitute
for the existing OS. VMware Technology was found suitable to
cater our requirement.

Action taken:

«  Complete system backup from the existing OS of Auto trim
system was archived using VMware toollait.

¢ Anew PC station running on Windows-7 Professional 64
bit operating system was chosen and archived back-up was
successfully extracted i the new PC station.

= PC ON board Local Area Network card was used for
establishing communication with the Programmable Logic
Controller (PLC).

« VMware starion was put in service and working
satisfactorily.

Cost Workings:

e Offer received from freclancer (Ex-Employee of M/s.
Rollteck) for up-gradation was around Rs.60 Lakhs.

= PC station + VM Ware cost: Rs.2 Lakhs,

= Potential Savings of around Rs.58 Lakhs was realized.
Tangible Benefits:

« Ensured availability of the Machine.

« Obsolescence is managed effectively.

= Smooth Size Change operation.

= Reduced Downtime

« Improved Productivity.

6. Safety
Operation
Preamble:
« In Winder#2, Core Chuck / Unchuck operation 1s carried

out by an Electric Motor and its position is captured by an
Incremental Encoder.

» Encoder sends Core Chuck position feedback to PLC
through Profibus-DP communication (Figure 12).

Problems Faced:

*« The Core Cluck Motor continuously operated fowards
Unchuek position and got mechanically locked due to Encoder
last position value disturbance.

Improvement on Winder#2 Core Chuck

+ Manual intervention was required to de-couple the
gear mechanism to bring the Core Chuck shaft to operating
position.

« Winder had to be stopped until Core Chuck position
resumed back. Considerable timne was consumed which was not
affordable when Paper machine was running at high speed.

Core chuck Encoder (FS)

|

Figure 12: Core Chuck Encoder

Data Analysis & Root Cause

* Possible reasons for Core Chuck Motor continuous
operation towards Unchuck position during problem was
analysed and found Encoder value disturbance was the root
cause:

* Encoder values might get disnwbed due to Profibus Slave
failure / PLC Bus fanlt / Cable & Connector issues.

= No control logic was programmed to identify and locate
the Profibus device/Network fault so as to eliminate the above
problem.

= Hence, it was decided to program new Safety logics to
address this failure.
Action Taken:

* Complete program logic for Core-Chuck operation was
studied.

= It was searched and identified that Profibus diagnostic
block was available which could be incorporated in our control
system application software to detect failure of Profibus devices
which idemtifies and generates “Slave fault error bit™.

» Logic functioning was tested in offline with Profibus device
installed in a test kit.

* The same was programmed in Winder PLC. The “Slave
fault error bit™ was used as an interlock for the operation of
Core Chuck Motor Chuck / Unchuck permissive.

Tangible Benefifs:
*  Elminated Core Chuck over travel 1ssue.
*  Tmproved Machine availability.
= Improved Productivity.

7. Finishing Loss Accounting at Winders / Rewinders /
Cutters

Preamble:

* The Winding process conveits the large parent Jumbo Roll
produced on the Paper Machine into customer-sized reels.

* During this process, Finishing Loss is a key parameter to
be monitored and controlled to improve the overall Efficiency
of the System.
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» Reducing/Re-using the Broke is TNPL's core EMS policy.

« Accounting for TFinishing Loss gives opportunity to
optimize the process.

Problem Faced:

¢ Stage wise Finishing loss was on an increasing trend and
needed to be curtailed in Winder#1, Winder#2, Rewinders and
Sheeters.

= Calculated Reel Weight data was only available after
conversiontill 2017 and it has certain limitations against actual
reel weight.

= Limnitations such as variations in Basis Weight. Length.
Width and Caliper were not considered while deriving
calcnlated Reel Weight data.

Data Analysis & Root Cause

* The variable costs for the paper production had gone up
and so, there was a need to optimize the process in such a way
to increase the contribution per ton of paper.

« There was no provision to account actual finishing loss due
to unavailability of actual recl weighing system.

= It was planned to install online reel weighing system so as
o captire the actual reel weight and make them available in
ERP to determine actual Finishing loss.

Action Taken:

» Barcode scanner, Online Reel Weighing system and
Personal Computer with ERP connectivity was mstalled in the
area near steel slat conveyor before Hydraulic Lowerators of
Winder#1 & Winder#2 to account Finishing Loss during 2017
(Figure 13).

@ s
Indicater, Barenda
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Figure 13: Winder #1&2 Reel Transportation.

«  Existing Siemens S7 PLC was used to transport Reels from
Winder 7 Meter Floor to Reel Wrapping. This CPU was not
compatible to communicate over TCP/IP with PC Station.
Hence, a separate PLC was installed (Figure 14).

= Hardwired Signals were exchanged between old and new
PLC in such a way to position the Reel on the slat conveyor
)

* Collect Reel ID from the Barcode
= Collect Reel weight data from the Weigh Scale and
= Attach the collected data with respect to its Reel ID

= Application software was developed to fetch & validate the
reel data from mill ERP system for the scanned barcode:

* Reel weight data available in ERP system is arrived via
calculation based on the Caliper data, GSM, Reel length and
width.

= Actual Reel weight is compared with the calculated weight
available in the ERP data base and is checked for a given
tolerance.

ERP Server

PC
-
$S«'¢n.l Exchange T TOR /B

. T ‘

Barcode Scanner

Mew PLC

PLC for Rewl
Transportation

Loadg Cellindicator

Figure 14: PLC Architecture.

= Upon successful verification PC station commands the
PLC over TCP/IP protocol.

* The Command received in the new PLC is transferred to
the existing PLC in Reel Wrapping through hardwired signals
to allow the reel for fiurther transportation.

¢ Similar Weigh Scales, Barcode Scanners and PC
Station with ERP connectivity have also been installed and
commissioned in Rewinder#2, Rewinder#3, Rewinder#4,
Rewinder#5, Cutter#1, Cutter#2 & Cutter#3 and Cutter#4 to
account Finishing Loss at each stage.

* Right measures are being taken to reduce the Finishing
Loss by (Ref: Figure 15 & Figure 16).

= Trim Optimisation
*  Deckle Optimisation
* Reducing spool end wasitages.

PM#1 FINISHING LOSS ANALYSIS
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Figure 15: PAf&£]I Finishing Loss Analysis.

PMi#2 FINISHING LOSS ANALYSIS

® Finshing less % before Automation  Finishing loss % After Avtomation
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Figure 16. PM#?2 Finishing Loss Analysis.

Cost Workings:

* The whole project 1s comnussioned by using in-house resources.

* The total expenditure for the project worlked out to be Rs 18, 83,000/~
Tangible Benefits:

®  Stags wise Fimshing Loss 15 being accounted properly.

*  Average reduction of 0.7% & 1.31 % Finishing Loss is achieved i PM#HL
and PM#2 respectively.

* Improved Productivity.
*  The approximate cost saving works out to be more than Rs. 2 Crore.

® Increase m Contribution per ton of paper.
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8. Improvement in Sheeters/ Cut Pack Lines Speed Efficiency
Preamble:

*  Finishing House area comprises of 4 Nos. of Sheet Cuiters and 3 Nos.
of Cut Pack lmes for converting Reels into varions sizes such as A4 A3
& Folio. These Sheeters & Cut Pack Lines are automated with stand alone
Control Systems like Schneider, Siemens — 85 & 57 Proprammable Logie
Controllers.

Requirements:

* Fealtime Spead Efficiency monitoring for Sheeters / Cut Pack Lines was
not available.

* So, there was a need for Speed Efficiency monitoring of all Sheeters / Cut
Pack Lines to improve the Overall Efficiency.

Action Taken:

*  Existing Sheeters / Cut Pack Lines PLCs are stand alone so there was a
requirement for new PLC to collect data from existmg standalone PLCs A
separate Programmable Logic Controller Control system and Hardware were

mstalled for data acqusition (Figurs 17)
[B855]

@

FC STATION

SIGNALISOLATOR/CONVERTER —

Figure 17: Data Acquisifion System Architecture.

* Machme Rated Speed data was collected with respect to the Chopping
size.
* Speed Efficiency caleulation was programmed i Standalone PLCs for
all the Cutters / Sheeters by obtaining machine speed in real-time using the
formula;
1) Speed Efficiency % = (Actual Machine runnimng speed/Design speed
for the respective choppmg Size)* 100

*  Calculated Speed Efficiency value 1n %0 was displayed m Mega sized LED
display nnit (Figire 18) at Sheeters / Cut Pack Lmes

Wega Size LED Display Unit Installed at PASABAN Cutter

Figure I8 Laree Size LED display.

*  Hardwired Speed Efficiency signals from the Shesters / Cul Pack Limes
Control Systems are connectad with Master PLC.

* Day Average Overall Speed Efficiency of Cutters / Shesters are
programmed 1 Master PLC nsing the followmg formula;
1) Day Average Speed Efficiency = f Speed Efficiency (%)
time (1)

f‘ lapsed

* Calculated Sgeed Efficiency values m % and the dayA\!eraﬁe Efﬁment)r
values were displayed 1n a Operator Station installed at the Shaft In charge’s
office (Figuie 19 & Figure 20).

*  ThisProject was mnstalled and commissioned durmg March 2018.

| SpeedCificiency % & Presert Day Average Speed Cfficiency % |
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Figure 70 S}teete}'s & Cuiters Speed Eﬁcre}ral Day Average.

* Trend collection was also made available to analyze past machine
perfonmance (Figure 21).

| Real Time Trending tor the Speed Efficiency %
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Figure 21: Sheeters & Cutters Speed Effictency Real-time Trend Display.

*  Cutter Machine Speed Efﬁciemg Data 1s readily available in Excel spread
sheet to share with ERP (Figure 22). The information can be made available
11 the Mill ERP network and Target Benchmark index could clearly be set by
referring to historeal Maclhine Utilization daita.

Figure 22:
Sheeaters &

i Cutters Speed
Efficiency
Real-time

data on Excel
Spireadsheet.
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Cost Working:

*  Budgetary offer recerved from a system tegrator to develop the above
project-Rs 50 Lakhs.

®  Cost Incurred to complete the project nsing In-House resources-Rs 11
Lakhs.

Potential Savings realized-Rs.39 Lakhs.
Tangible Benefits:

* Improved Productivity.

* Continuous Speed Efficiency momitoring led to idenfification and
elmmination of unnoticed 1ss3ues such as;

*  Wrapper feeting problem at Bielomatik?
* Cutter#3 cross cutter knife rough cutting issues at high speed.
*  Biclomatik#2 slitter knife reduced life.

*  Speed Efficiency of Sheeter and Cut Pack Lme are imncreased as follows
(Figure 23);

*  Cutter#l by 0 %,

*  Cutter#2by 9%,

*  Cutter#3 by 13%,

*  Passban Cutter by 12%

*  Bislomatik#l by 14%,

* Wil Cutter by 7% &

*  Biclomatil#? by 11%

* Reduced Fiishing Loss by elimnating Core end wastages.
*  75% reduction m Contract Sheeters dependenecy.

*  Reduced Cost of Production.

Improvement in Average Overall Speed Effciency of Sheeters &
Cut PackLines
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Figure 23: Overall Average Speed Efficiency improvements i
Sheeters & Cut Pack Lines

9. Reduction of Sheet Counting Tape Strip Length in
Pasaban Cutter

Preamble:

= Pasaban Cutteris a high speed sheet cutter with an installed
production capacity of 200 TPD.

* Cut sheets are piled in a pallet with a tape strip inserted for
separating 500 sheets so as to avord manual counting operation
(Figure 25).

* 5 Nos. of Tape Inserters are used for automatic fape strip
insertion (Figure 24).

Problem Faced:

* Tape Strip Length of 190 nun was found to be more and
there was a scope for reduction m Tape Roll consumption.

Wi of Tdpe Itserve:

Plligof sheetswith Tapo Strips

Fligure 24:
Pasaban Cuiter Tape Inserter

Data Analysis

Figure 23:
Tape Strips for 300 Sheets

* Tapeinsertion is carried out by an Electric Motor. The Tape
Insert Start / Stop pulse for the motor operation is sent from
PLC.

» Tape strip length could be reduced by modifying the
existing PLC logic.

= Ideal length for tape strip was determined and finalized as
110 .

Actions taken:

Logic modifications was done to reduce the Tape strip
length from 190 mm to 110 mm optimally.

Cost Workings:
Consumption per day = 7 Rolls of Tape Strip
Unit Cost for a Tape Strip = Rs. 400/-
Per day constumption cost=Rs.2800/-
Net Saving per day = 40% x Rs. 200 =Rs. 1120/-
Tangible Benefits:
*  40% Reduction in Tape roll consumption.
» Rs. 4, 08,800/- Net saving per annuin.

»  Optimal usage of Resources.

10. Bielomatik#2 PLC Profibus Network Modification:
Preamble:

* Bielomatils#2 is a High Speed Cut Pack line which cuts and
packs Copier Grade Reels into A4 reams at a rated production
capacity of 200 TPD.

» Process is fully automated with Siemens S7-400 series
PLCs and Simotion D445 Drive Controller.

= The Cut Pack action is carried out in three areas in tandem
namely Sheeter, Wrapper and Cartonizer.

» The Control Network for data transfer between PLCs and
Drive controllers is with Profibus-DP protocol atl2 MBPS
baud rate.

Problems Faced:

* The Original Global Profibus Network archifecture as
supplied by M/s. Bielomatik, Germany was in a single stream
originating from Sheeter PLC CPU at Node#5 and ending at
Cartonizer PLC CPU as Node#12 with 8 devices as shown
below (Figure 26).

* Spurious stoppage of Machine occurred due to data
collision in one or more devices connected over Profibus DP
network
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« There was around 228 Hrs of Down time on account of
Profibus communication failure in the last 5 years.

Data Analysis & Root Cause

»  Diagnosing through Profitrace tool revealed that the Node
voltage levels of the devices were below safe operating level
(2.5 VDC) which caused slave failure/misbehave.

* The Profibus cable length per network should not exceed
100 Meters as per networking standard at 12 MBPS baud rate
which might lead to data loss due to drop in voltage levels.

* Profibus Repeaters were introduced after Node#6 and after
Node#1 to improve the node voltage levels.

* Voltage levels of Profibus devices connected in the
downstream segment of repeaters were still operating below
recommended voltage level. (Figure 27).

« The grounding and shielding were checked and found
mtact.

= The entire Profibus cable and connectors were replaced.

= The entire Profibus devices power supplies were paralleled
to have the same voltage reference level. There was no
appreciable improvement in voltage levels.

= Root cause for the drop in voltage levels was because of the
network cable length.

Action taken:

» Global Profibus network architecture was modified by
making the Sheeter PLC (Node#3) as the central node thereby
reducing the farthest node distance from the master to 50 Mus
(Figure 26).

* Voltage level of all the nodes got increased (Figure 28).

* Later, concwrence was obtained from the OEM and
mplemented the same.
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Figure 26: Profibus Architecture of Bielomatik+#2 Before
and After Modification
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F.'gm'e 27: Bielomatik#2 Pmﬁbm Slaves Diﬁ"eremfal Foltage
Before Modification
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Figure 28: Bielomatik#2 Profibus Slaves Differential Toltage
after Modification

Sov
4.0v
3ov
2.0V
10V
0.0V

Bus Fault Downtime

o

B0

]
a

B Powrtime in Aing

5000

4000

3000

Minutes

i

1dow

5 A & T o Nl
(a) O 5] O
+ R % »

Figure 29: Bielomatik#2 Downiime detail due to Profibus fault.

Tangible Benefits:

»  Eliminated Machine Outage on account of PLC Profibus
Network Communication failure (Figure 29).

*  Smooth Runnability.

* Improved Productivity.

CONCLUSION:

Continuous improvement is the most effective way for
manufacturing organization to improve Safety, Quality,
Productivity, Overall Efficiency and Competitiveness.
Developing rigorous, quantitative and practical scientific
solutions 1s of significant importance and becomes the key
for success. By implementing innovative/creative controls,
enormous benefits are attained and are achieved by reducing
Process variability. Hence, the Plant can be operated with the
designed capacity.

The Automation level in a Paper Machine shall distinguish the
product quality from one mill to the other. TNPL Automation
Team continuously improves / upgrades with the state of the
art Automation Systems to enhance the Automation Level for
improving overall Efficiency and to cope up with the future
Industrial Revolution 4.0.
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