| ARTIFICIAL INTELLIGENCE (Al) IN TNPL
PAPER CONVERSION PROCESS

IPPTA - 60™ ANNUAL GENERAL MEETING & SEMINAR
IMPROVING PRODUCTIVITY AND QUALITY
THROUGH EMERGING Al TECHNOLOGY
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DEFINING THE PROBLEM

PROBLEM STATEMENT

Deckle Utilization of 534 CMS in Winder
against capacity of 544 CMS

GOAL STATEMENT

Increasing Deckle Utilization by 5 CMS

BUSINESS CASE

1 CM increase in Deckle Utilization will incur 1 MT of Paper
Production/day which intern Rs. 10 millions/Annum




MEASUREMENT OF LOSS - CASE EXAMPLE

Sale Order Details
RDP 57 GSM 88 CMS REEL 21 MT,
RDP 57 GSM 73 CMS REEL 42 MT

Available Deckle after Minimum Trim
of 3 CMS in both edges

539 CMS

1. 736+971 =37 MT

Size Combinations
2. 883+732+622=43 MT

Utilized Deckle CMS
Excess Quantity

Trim Loss %




) v YORBNBE MEASUREMENT OF DECKLE IN PARENT ROLL

[ Standardize " Fipoint I

Auto Edge Off Sheet Sheet Width Measurement &
Sensor Display in DCS Graphics







RISK PRIORITY NUMBERING

RISK PRIORITY NUMBERING (RPN)

Severity

Occurrence

Detection

Bow Spreader Roll Condition

Restriction in Number of Reels

Trim Chute Alignment

Lower Deckle Jumbo Roll

Poor Roll buildup at edges

Poor size Combination

Type of order (Reel/Sheet)

Edge cuts in Jumbo Rolls




BN') A JBEBE FACTORS TAKEN FOR NEXT LEVEL ANALYSIS




D M¥Y | BRAIN STORMING SESSIONS
FACTOR: 2 FACTOR:3

BASIS WEIGHT \ /» PROFILE OF
SIZE PRESS

METERING ROD

FACTOR:1
FURNISH RATIO

FACTOR: 4
JET WIRE SPEED
DIFFFERENCE

FACTORS
INFLUENZING
PARENT ROLL

DECKLE




D M¥P ! ¢ DECKLE MONITORING FOR 4 FACTORS

Table: 1 — Comparison between Table: 2 — Comparison between
Furnish & Deckle Basis Weight & Deckle
DECKLE DECKLE
HWP % CBP % DIP % BASIS WEIGHT GSM
METERS METERS
©.100. .. 0 0 ..5.49..5 54 5.44
75 20 5 5.48 60 5.44
55 35 10 5.46 64 5.45
50 40 10 5.44 70 5.47
45 45 10 5.42 80 | 5.48 "
Table: 3 — Comparison between Table: 4 — Comparison between
Sizer Metering Rod & Deckle Jet/Wire Speed Difference & Deckle
BOTTOM ROD TOP ROD DECKLE JET/WIRE SPEED DIFF. DECKLE
PROFILE NO PROFILE NO METERS MPM METERS
11 11 5.45 25 - ;. 5.495>
9 9 5.45 -15 5.490
8 8 5.46 5 5.485
7 7 5.46 15 5.480
""" 6 6 "'5.47 25 5.475

--------




BN') A JBEBE FACTORS TAKEN FOR NEXT LEVEL ANALYSIS

LOWER
DECKLE
PARENT

ROLL




') A XM DECKLE MATCHING PROCESS - MANUAL

Variety Details Variety Details With Total Nos. of Reels
With Basis Weight Basis Weight per Combination
Reel Size Size combinations for Total Quantity of
in CMS matching deckle Combination
b .
Order Quantity -e ckle Matching Quantity matching as | Total Deckle Width of
in MT using Spreadsheet er Sale order Combination
by Different types P .
Reel of Permutation & Size needed for
Diameter Combination operating winder

with Max. Trim

Reel Diameter -
Size needed for

Remarks operating winder
with Min. Trim




L MD I C DECKLE MATCHING PROCESS - MANUAL

H9-- &3 )+ Order Card BY RELPS TNPL - Microsoft Excel (Oa Ho-o-&Q )+ Order Card BY RBLPS TNPL - Microsoft Excel
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)D M An C DECKLE PREDICTION FROM FACTORS

Factor Deckle Proportionality

Higher Basis Weight Higher Deckle Directly Proportional

Lower Bagasse Pulp Higher Deckle | Inversely Proportional

Higher HWP Higher Deckle Directly Proportional

Lower Profile Metering Rods | Higher Deckle | Inversely Proportional

Higher Jet Speed Difference | Higher Deckle Directly Proportional

a B = [




DDV | Xl DECKLE MATCHING PROCESS - Al SOFTWARE

Variety Details
With Basis

Variety Details With Basis

Weight REIR I
.. Total Nos. of Reels per
Reel Size in CMS Al Automated Combination
... . | Deckle Matching
Order Ql\;ll_?“t'ty n using -NA- Total Quantity of Combination
: Algorithms & -
Reel Diameter erflee Reel Diameter

Total Deckle Width of
Combination

Remarks

Capable Deckle
width in Winder

Alternate Size Combination
With Excess production




DECKLE MATCHING PROCESS - Al

file Orders Machines Program Solution Tools Window Help

Q0GhoRrTYeRw

| ®Orders \&Solution Progress x|

@K + = ﬁ / Split \‘[5 Add help sizes |}/ f“ Pre-allocate Stock |/ Sensitivity O Al e

: g . i =
8 onet | ot | 2o et it | | | | o] el n | ot | g
2E g g < . - - . . - - - g - [ -
820220021586 :Mustmake kg | 3oor 0.7: ) 5.0? 1,055: oi ' 91999: 1,500: 1,500: 1,500: 152: G ' :KALRA PAPER|
80220030043 Mustmake |k 2600 2600 8 00 50l 5 0 99 15 150 1500 1R 6 KALRA PAPER |
(820220030041 Mustmake kg 300 300 4 00 s0 1ng 0 9% 15000 1500 150 12 76 'KALRA PAPERl
|eon22m030044 Mustmake kg 30 330 D T 6 KR PAPER
80220030048 Mustmake kg 3600 3600 9 00 s 60 0 9% 1500 1500 1500 1% G KALRA PAPER |
8202200300410 Mustmake kg 4000 4000 s 00  sol 7 0 99 150 1500 1500 1R 6 KALRA PAPER
B0220030046 Mustmake kg 400 4000 s1 000 ol esl 0 9mel 10 10 15w 1 6 TKALRA PAPER
JEZES :Must make :kg 4,400: 4,4ooi 5.6: 00] s.o: 7n: o: 9,999: 1,500: 1,500: 1.500‘. 152: rFG :KALRA PAPER%
82022000908-13 |Must make kg 4600 4600 46 00 s a0 0 o9 1500 150 1500 1% 6 METRO MERCA
» | 8202200090810 |Mustmake kg 5100 5100/ 390 00 5o 110 0 9% 150 1500 1500 132 'F6 ‘METROMERCA?
BT Mustmake kg 110 1100 4w 50 1 0 1 10 i 18 6 KCPAPERS P
02002784 Mustmake |k 10100 10100 00 00 50 910 0 9me 150 150 1500 1% 6 METRO MERCA
82022002732-4 :Mustmake jkg 10,1001 10,100: 14.4: 00) s.oj 635: o 9.999: 1‘500: 1,500: 1,500: 152: :FG :KCPAPERS p\}
802009762 Mustmake |k 10100 10100 00 00 500 910 0 9 150 150 1500 1% 6 METRO MERC/
: ' CI=T2800  I=T2800 ‘ ' ‘ ‘ ’ ' ' | ‘ ‘ |



p m AP C DECKLE MATCHING PROCESS — Al
SR Il 2 1)

@Orders X Y@Optimisation Parameters X \(\’:Machines x \ ¥ X-Trim Order Import x \@iSolution List x \BSolution - 1 >

H Save & Close | €} Save & Optimise H Save as Default e
Algorithm I Diameter I Parent Reels I Patterns I Stock] Configuration I Secondary Optimisation I

Algorithm

Solution Method Full Optimisation a4l
Maximum Number of Processor Cores Max. ~
Incremental Production Tolerance

Under Production Increment (26) 0.0
Over Production Increment (26) 0.0
Full Optimisation Parameters

Option Allow Under Production ~
Cost/Waste Model Waste Model ~
Market Conditions N/A

Apply Site Constraints to Machines O

¥ O Vvariable Diameter © Constant Diameter O Multi-Constant Metalliser



p m AP C DECKLE MATCHING PROCESS — Al

File Orders Machines Program Solution Tools Window Help

SIS A 2 1

®O0rders X% \(?X-Tn'm Order Import X \(-iiSolution List x \(HSOIuﬁon -1 x \(HSqution =20 \(RMachines x \<ESolution -3 x \(HSqution -4 x YBSqution -5 x \
3 | save & Close m' | o B @ ﬁ‘ Add help orders §# ::7 [E) &3 2nd optimisation 59 E ] f =g # Release g “1@
BW1 ~ Secondary Machine v == [} | &l | Displ -stc - [
i) KPI Value t ii g gb : + u 8 w Display 2 Stage | Report_Cutter - Stc g’@ |
| .
{ " Primary (kg) (mm) | Pattern = N
» | Total Waste (96) 0.230 = = = = = i) Machi... Stock ID X e e vy o) (R (mm) Diameter Duration
Run Length (kg) 66,497 mm v |
s gth (kg i @ » |BM1 5 11,465 3,670 980| 000:00:57
Se = BM1 3 6879] 3670 980] 000:00:34
Total Waste tkg) (] sl By rve 3 6879| 3665 980| 000:00:34
SlockiConsums 0 @ |BM1 2 4,586| 3,665 980, 000:00:22
Physlcal Pattems | 2 3 sl Py v 1 2293| 3,660 980| 000:00:11|
e (ke Y ] BM1 1 2,293| 3660 980| 000:00:11
Rrofit (X /1) ooof| ¥ 3 = iy v 2 2,586] 3,660 980] 000:0022
] Eriany: Wasteg: 153 @ |BM1 3 6879 3,660 980| 000:00:34
Rrimaty;Waste.. 0230 | @ 2* SBOTEOUD | Tamn 1 2.293| 3660 980| 000:00:11
Knife Changes 34 i —
2L 980/7610UD - g pisplay All Orders 2l Load Plan 0
=i —i
6 1» 980/76(0UT) I (mm) (mm) | (kg) Required | (kg) (Allo... (kg) (+/-) -
i ) 4 | omegtimber Width Length Quantity Quantity Quantity
= = = o = T _
N 2> 980/76(0UT) |=1 E 5 = =| =l &
| 82024001505-1 e 720 0 900 899
N — » [82024000049-4 i 1,200 0 10,497 10,497| 0"
L] 82024000861-11 A, 610 0 1,525 1,525 0
oy SeorBoUn 82024000861-3 a... 825 0 2,062 2,062 0
L] 82024001021-2 Bta 1,050 0 1312 1,312 0
— Ten 82024001268-1 A, 800 0 4,998 4,998 0
L 82024001301-3 a.. 1,050 0 15,745 15,745 0
ol Saer e 82024001360-1 P 930 0 5230 5230 0
82024001544-10 B 825 0 1,546 1,546 0
e — 82024001544-11 at 630 0 1,181 1,181 0
82024001544-4 N 645| 0 1,612 1,612 o
82024001544-5 TR 815 0 1,018 1,018 0
13] Lk gsoﬂe(ou-n OANANNACAA N - £an! n 1101 1104 N
| |
Total Waste = 0.230 % | Run Length = 66,497 kg | Sets = 29 | Total Waste = 153 kg | Stock Consumption = 0 kg | Physical Patterns = 10 | Predicted (ML) Pattern Count = 11.0

User[ [decklematching?2] tnpl Connection | TNPLLive System | Production Workarea J Production Run [TNPL240907 | 175.00 g/m? |AFS 175 [9.1 s |



p m aAfRc IMPLEMENTATION OF Al STRATEGIES

Case Example After Increasing 3 CMS Deckle in Parent roll

Sale Order Details
RDP 57 GSM 88 CMS REEL 21 MT,

Before Parent Roll

After Parent Roll

Deckle — 545 Deckle - 548
RDP 57 GSM 73 CMS REEL 42 MT
Available Deckle after Minimum
) ) 539 CMS 542 CMS
Trim of 3 CMS in Parent Roll
) - 1. 7364971
Size Combinations 882+735
2. 883+732+622
Utilized Decklecms |« 5358534 x| o 541
Excess Quantity 18.1 MT (97 & 62) 1.6 MT
Trim Loss % 193 .... 128




D M An C IMPLEMENTATION OF Al STRATEGIES

Average Deckle

Number of Size

ORDER
S.NO | QUANTITY Combinatio:ls Utilization CIXIIS
T MANUAL SOFTWARE MANUAL SOFTWARE
1 1254 17 22 538 540
2 1127 16 14 537 539
3 88 6 7 533 531
4 581 5 5 537 538
5 687 7 6 538 540




p m AJc VERIFICATION FOR IMPROVEMENT

MANUAL SIZE PROJECT MANUAL + Al
COMBINATION TRANSITION SIZE
PERIOD PERIOD COMBINATION

AVERAGE DECKLE IN CMS




AVERAGE DECKLE UTILIZATION

MANUAL SIZE PROJECT MANUAL + Al

COMBINATION TRANSITION SIZE
PERIOD PERIOD COMBINATION
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D M A I XD RESULTS & BENEFITS

TANGIBLE BENEFIT
Description 2022-2023 2023-2024 Difference
Avg. Deckle
Utilization in 535.9cms 537.8 cms 1.9 cms
Winder-3
Total Machine Production PM#3 (2023-2024) 168789 MT
.P.rojected 165971 166559 -
Utilized Deckle (535.9 CMS) (537.8 CMS) 388 Mt
Production
2.82

Total Cost Benefit for the year 2023-2024




D M A I XD RESULTS & BENEFITS

IN TANGIBLE BENEFITS
v’ Higher Number of Reels Per Combination Facilitation of
v' Reduction in Secondary processing of reels Last minute changes

v Elimination of Floor stock reels without order| ~ due to change in

v Lesser time consuming process Variety / Basis Weight

Size / Quantity

v’ Avoiding manual errors




2 o

WAY FORWARD IN
IMPLEMENTING Al

ONLINE PRODUCTION COST
EVALUATION & INDICATION
IN DCS INTERFACE
WITH EXISTING
INFRA STRUCTURE




CONCLUSION

v In early days Paper making was known as an “ART”

v Later it becomes SCIENCE & TECHNOLOGY during Industrial
Digitalization era

v' Now the complete process of papermaking will be driven by
Al & TNPL is fast embracing it through IIOT which is stepping

stone of Industry 4.0



