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Abstract. Buckles-free flatness is an essential requirerfansheet steels applied to long panels of whitedgo which
also demands for low thickness and relatively héglength. Batch annealed cold rolled steels repmesan option
within this market, although due to some naturahifations of the production processes, meeting fthmess
requirements are much of a challenge, mainly du¢h&ooccurrence of quarter buckles. This articla@dses the
correction of quarter buckles and the overall fledgs improvement of an ABNT NBR 5915 batch annesiéa
ranging from 0.50 to 0.60 mm in thickness and 1,000,550 mm in width, for application in refrigeéoa cabinets.
The selected technique involved the introductioatefidy and controlled center buckles of around-@6its into the
coils during cold rolling, and its correction dugnskin pass within a single stand temper mill. A cfeten coils
produced according to this method were evaluated Hreir flathess results were statistically comghre the
production records. Test results demonstrated that insertion of center buckles into the cold mlistrip was
effective to eliminate the quarter buckles but tiverall sheet flatness did not experience statfificsignificant
improvement.
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1. INTRODUCTION

The cold mill deforms metal strips in the rollingettion, thus can add shape defects. Mill stamdshe lack of
flatness by correcting center buckles, wavy edged, avith limited actuators, quarter-buckles. Buesklean be
understood as length increments throughout theiloé the material, with a corresponding reductiorthe local
thickness. Figure 1 shows a strip with occurrencquarter buckles and its representation, whéegg i6 the straight
length of a flat sheet fiberl{ + AL) is the deformed fiber wavelength arfg) (epresents the wave’s amplitude.

Figure 1. Quarter buckles in steel strip and igesentation. Adapted SMS-DEMAG (2003)

Buckles can be represented by a non-linear sinasombdified model (SMS-DEMAG, 2003) where the risiat
elongation AL/L) can be calculated by the Eq. (1).
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Flatness can be achieved by multiplying the redaéilongation by 10as in Eq. (2) (Theis and Hazen, 2009).
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i-units = (AL—L) -10° (2

A shapemeter roll is a device that estimates tmdkss of a strip, transforming tensioned and loed@reas of the
strip width into i-units measures. A flat strip fite is achieved when the measure approaches w izemits. The
bigger this measure, more wavy gets the strip. Colléd products of about 15 i-units are quite @table. Finished
products require smaller figures.

2. EXPERIMENTAL PROCEDURE
The experiment aims to eliminate quarter-bucklesinserting controlled central buckles to exceed dbarter-

buckle peaks during the cold rolling process amdtliis lack of flatness at the Temper Mill by agpty ordinary
techniques and actuators. Figure 2 shows the difter between these strip profiles at the exit@fctbid rolling mill.

Figure 2. Strip profiles. (a) Almost flat with qur-buckles peaks, (b) Heavy center buckles freguafter buckles’
peaks.

The original production flow and main process paetars were kept unchanged, except the cold mithdlss
profile that received an increment of at least -Umits as shown in Tab. 1. All coils were batch ealad and skin
passed at the same batch annealing and tempeshuijlls, according to the same process recipes aatheters. The
final flathess measurements were performed at spention line over a standstill strip. A set ofddils generated 90
data that were statistically compared to the prodnaecords of 441 data.

Table 1. Flatness outcoming the cold mill.

Historic Average (i-units) Experimental Averagaufiits)
<15 >30

For the evaluation of the experimental results eochparison with the historical batch, Minitab versilé was
adopted. A confidence interval of 95% was set,thechypothesis tests were formulated accordinbadrab. 2.

Table 2. Statistics for the Flatness Evaluation iifdomery and Runger, 2012).

Parameter Hypothesis Statistic Test A
X, —x, —A
1) Average flatness at the Cold | Ho: Pnist — Hexp = A Zy = 1z - 15
Mill exit Ha! st — Moo A 9’ , %" -
1- Mhist exp n, n,
2) Average wave amplitude at | Ho: Mhist— Hexp = O o
. I X, — X, —A 0
the inspection line H1: Ppist — Hexp > 0 Zpg = ——
2 2
3) Average wavelength at the | Ho: Phist— Hexp= 0 (i + SL)
ng Ny 0

inspection line Ha: Mnist — Hexp < O
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Ho represents the null hypothesis angtlie alternative hypothesigif) and {4y are the historic and experimental
averages,%) is the test statistic for the standard normairithistion, (,,) represents the random sample averaggeis(
the flatness variances is the sample’s flatness varianag,) (s the sample size arilis the difference between the
averages.

3. RESULTSAND DISCUSSION
Flatness measurements of the coils outcoming theé Kdl are shown in Tab. 3. Results matched thgureement
of the experiment, as shown in Figure 3. Normatlists were applied to the experimental lot (Tabar®) an historic

records random sample via Minitab 16 (Fig. 4).

Table 3. Flatness Outcoming the Cold Mill.

Coil Flatness [i-units]
25.1
29.3
33.7
38.5
30.4
28.7
30.4
26.4
30.2
31.6

Blo|o|~jo|oslwine

Statistics Before After Change
Mean | 14.47 I | 30.43 I 1596
Standard deviation E . -042330

Figure 3. Flatness Before (historic sample) angfexperimental lot).

a) Probability Plot of TCM_HIST b) Probability Plot of TCM EXPERIMENTO
Normal - 95% CI Normal - 95% CI

Mean 1447
StDev 4,167
N 10 951
AD 0,460
P-Value 0,203

Mean 3043
Sthev 3744
N 10
AD 0,361
P-Value 0,369
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g
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g
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Figure 4. Normality test. (a) Historic sample, BXperimental lot.

1) Average Flatness Statistic

_ 1447-3043-(-15) _
0~ (4.1672 3.7442> =—0.54 (3)

10 10

Becausea, = —0.54, P-value iP= 1-¢(2) = 1-0.29 = 0.71, so we cannot rejelgtat thea=0.05 level. We conclude
that the experiment’s average is >15 i-units highan the historic records and this is a stronglkmon.
The flatness final measurements are presentedeohath. 4.
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Table 4. Experimental lot final flathess measuretsien

Measures: Wavelength [mm] x Wave amplitude [mm]
1 2 3 4 5 6 7 8 9

Caoll

1000x0 280x2 290x3 230x3 1000x0 1000x0 230x3 1000x0 1000x0

1000x0 250x3 1000x0 | 1000x0 250x3 1000x0 | 1000x0 | 1000x0 | 1000x0

1000x0 | 1000x0 | 1000x0 | 1000x0 | 500x1.5 | 1000x0 | 1000X0 | 370X3 1000x0

1000x0 300x2 1000x0 | 1000x0 270x2 1000x0 | 1000x0 | 1000x0 1000x0

1000x0 | 1000x0 | 1000xO | 1000x0 | 1000x0 | 1000x0 | 1000x0 | 1000x0 | 1000x0

700x3 1000x0 | 1000x0 700x3 1000x0 420x2 650x3 1000x0 | 460x2.5

600x3 1000x0 | 1000x0 530x4 1000x0 500x3 1000x0 | 1000x0 700x3

1000x0 | 1000x0 | 1000x0 | 1000x0 1000x0 1000x0 | 1000x0 | 1000x0 1000x0

OO (N|O|O|A|W[IN|F

1000x0 | 1000x0 | 1000xO0 | 1000x0 | 1000x0 | 1000x0 | 1000x0 | 1000x0 | 1000x0

[N
o

1000x0 | 1000x0 | 1000x0 | 1000x0 1000x0 1000x0 | 1000x0 | 1000x0 1000x0

The reports for the (a) historic and (b) experirathtts are presented on Fig. 5 for wave amplitaraie on Fig. 6 for
wavelength.

a) Summary for Flecha_HIST b) Summary for Flecha_EXP

Anderson-Darling Normality Test Anderson-Darling Normality Test

A-Squared 104,90 A-Squared 21,52

P-Value < 0,005 P-Value < 0,005

Mean 0,50295 Mean 0,57778

StDev 1,12086 StDev 1,15367

Variance 1,25633 Variance 1,33096

Skewness 2,16976 Skewness 1,61888

Kurtosis 3,79079 Kurtosis 0,89194

N 441 N 90

Minimum 0,00000 Minimur m 0,00000

1st Quartile  0,00000 1st Quartile  0,00000

edial Median 0,00000

1 0, 3rd Quartile  0,00000

00 08 16 24 32 40 48 Maximum 5,00000 0,00 075 150 225 3,00 375 Maximum 4,00000

95% Confidence Interval for Mean
| ) . [EEY BT » 0,39805 0,60785 | ® ) ® ] *
95% Confidence Interval for Median

95% Confidence Interval for Mean
0,33615 0,81941
95% Confidence Interval for Median

0,00000 0,00000 0,00000 0,00000

95% Confidence Interval for StDev 95% Confidence Interval for StDev
95% Confidence Intervals 1,05145 1,20016 95% Confidence Intervals 1,00625 1,35211
Mean P Mean P
Medand & Mediand &
00 o1 02 03 04 05 06 00 02 04 06 08

Figure 5. Wave amplitude summary showing (a) Histdb) Experimental lots.

a) Summary for CORDA HIST b) Summary for CORDA EXPERIMENTO
Anderson-Darfing Normality Test Anderson-Darfing Normality Test
A-Squared 109,19 A-Squared 20,77
P-Value < 0,005 P-Value < 0,005
Mean 895,99 Mean 880,33
StDev 228,41 StDev 245,54
Variance  52169,08 Variance  60288,65
Skewness  -1,93674 Skewness  -1,77286
Kurtosis 2,13185 Kurtosis 1,54096
N 441 N
Minimum 210,00 Minimum 230,00
1st Quartie  1000,00 1st Quartie  1000,00
Median 1000,00 Median 1000,00
— 3rd Quartie 100,00 3rd Quartie 100,00
o =D G =D & Maximum ___1000,00 & =D G =D & Maximum ___1000,00
95% Confidence Interval for Mean 95% Confidence Interval for Mean
L B ST LY B BN TR T | 874,61 917,36 AERR® R R R RR X X W | 828,91 931,76
95% Confidence Interval for Median 95% Confidence Interval for Median
1000,00 1000,00 1000,00 1000,00
95% Confidence Interval for StDev 95% Confidence Interval for StDev
95% Confidence Interval 21426 204,57 95% Confidence Intervals 214,16 267,77
Mean| F———e— Mear
Median:- L] Median:- L]
880 900 920 940 960 980 1000 850 900 950 1000

Figure 6. Wavelength summary showing (a) Histdbg,Experimental lots.

2) Average Wave Amplitude Statistic

Zy = 0.50295-0.57778-0 =—-056 (4)

(1.25633 1.33096)
441 90

Because, = —0.56, P-value iB=1-@(2) = 1-0.28 = 0.72, so we cannot rejelgtat thea=0.05 level. We conclude that
the wave amplitude averages have no differenceatasds a strong conclusion.
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3) Average Wavelength Statistic

895.99-880.33-0

(52,169.08+60,288.65)
441 90

= 0.56 5)

ZO =

Becausey, = 0.56, P-value i®= 1-@(7) = 1-0.72 = 0.28, so we cannot rejelgtat thea=0.05 level. We conclude
that the wavelength averages experience no signifidifference.
4. CONCLUSIONS

The flatness averages change from 14.47 to 30uBts- confirmed the effectiveness of the insertidrcentre
buckles into the strip at the Cold Mill. The Inspien Line results showed that there wasn’t staa#lii significant
flatness difference between historical records #rel experimental lot, but the quarter-buckles wsuecessfully
eliminated by the technique. The Temper Mill wakedb correct the lack of flathess purposely iregiinto the strip,
which did not cause any additional damage to ttaitguof the product.
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