Reducing manufacturing defect through statistical
investigation in an integrated aluminium industry

MNandini Das

Abstraet Modern philosophy of quality management
enhances thrust on customer satisfaction. Achieving
continuous improvement in quality is a way to reach the
ulimate goal of customer satisfaction. Statistical process
control technique is a well-known analytical technique,
which 5 used to solve quality problems m industry. In
this paper we present how this technique was used to
solve a quality problem through planned data collection
and the use of swatistical tool. This study was conducted in
an integrated aluminium industry in India who was facing
poor customer acceptance of one of ther high valued
product webstock, which was used o produce toothpaste
tubes. Pareto analysis showed that a8 dmgging problem,
which resulted in a shont length of the toothpaste tube,
was the most frequent problem. High and inconsistent
coclTicient of fmcetion (col) was wentified as the ool cause
of this dmgging problem through planned data collection.
A detailed and in depth study was mitiated to achieve low
and consistent coll Optimum conditons of the process
parameters were obtained using design of expenments viz
Taguchi’s orthogonal amay. The recommendations were
validated by confimmatory trals. The desired mnge of
output cof was achieved. The recommendations were
implemented as a standard operating practice. As a result
of implementation the occurrences of the dmgging
problem was substantially reduced.
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1 Introduction

Customer satisfaction s the key of success in business and
industry. The modem philosophy of quality management
suggests mtroducing continuous improvement in product
quality to achieve customer satisfaction. The present study
was carried out with the aim of achieving customer
satisfaction m an mtegrated aluminium industry in India.
The concerned management was facing a problem of poor
customer acceptance of one of their premier product,
webstock, which they developed recently with a view to
tap its mighty export potential. Webstock, which is essen-
tally a laminated alummum foil produced by a special
extruding technology, serves as the mw material for
toothpaste tube making in a highly automated plant of a
U S based client company.

Since Webstock was one of few high value added
product of the company and the referred client was the
only customer for them it was decided to address the
problem of poor customer acceptance of webstock.

2 Background of the problem
Data compiled on customer complaints were analyzed

cause-wise and Pareto analysis is shown i the following
figure. On an average 40% of the webstock supply was
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found as defective material in last three months, Parcto
chart is given m chart 1.

Chart 1 Pareto chart of rejection of webstock
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From Pareto analysis it was found that the most frequent
problem in webstock was dragging problem.

The dmgging problem occured in the customer end
while processing the material. While making toothpaste
tubes the webstock 15 fed to slitter with a fixed honzontal
speed and the slitter moved vertically. Both movements
were controlled separately. A mandrel 15 used to get tube
form.

Because of the dragging effect, the feed of webstock in
toothpaste tube making machines slowed down where as
slitting movement time remamed the same. This resulted in
short length of wothpaste tubes causing rejection. Hence
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the study was mitiated to reduce the mncidence of the
dragging problem.

3 Objective of the study

The objective of the study was to dentify the root causes of
the dmgging problem and 1o identify approprate remedial
action with a view to get nd of the problem.

4 Root cause identification

A brain storming session was held with technical personnel
of the concemed industry and the client company to
identify the root causes of dragging problem. The technical
personnel from client company, related the dragging
problem experienced in webstock supplied by concerned
industry to

() wide vanation in coelficient of fmceton (C.OF) of
webstock surface.

{n) Wide deviation from the target C.OF m the higher
side.

To wvalidate ot observations were taken on different
charactenstics of webstock from the concemed indusiry
and their competitor's product. According to the client the
competitor’s product was free from dragging effect. 300
observations on competitor's webstock were collected on
co-cificient of friction. Table 1 gives the comparison of
summary statistics of the concemed industry and their
competitor’s product.

Test of hyphothesis:-

HHI:'D_::'”_; Hy, ”_T:"'”_:
Hp cppy =2 Hiz i gy =g

Using a=0.05 we find F|]_|;5I1WI59=1.4215. Here,
Foy = 10,462 = 1426, hence we have enough evidence
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Table 1 Comparison of concerned industry & their competitor’s
product w.rt C.OF

Concerned industy'S Competitor™s
f 300 i)
Averape 0.69 0.32
St dev .04 0.013

to reject Hyy. That indicates that variation of C.OF for
concemed industry’s product 15 higher than that of their
competitor’s product

Using a=0.035, we find toos, 3sg=1.0498. Since =
122 397>1 6498, we can reject Hy: and we conclude that
there 5 strong statistical evidence o indicate that the
average and variation of C.OF of the concemed industry’s
product is greater than that of the competitor’s product.

The assumption of normality was validated using the
normal probability plot given in Figs. 3 and 4.

The above analysis shows that co-elficient of fiction of
competitor’s product is better than that of concerned
industry’s product with respect to average and variation.
The average and wvanation of C.OF of competitor’s
product s significantly less than that of the concerned
industry. The other pammeters of webstock of the
concemed industry, e, bond strength, GSM, thickness
were well within specification.

Hence it was concluded that the high and inconsistent
C.OF concemed industry’s product was responsible for
the dragging problem. Hence the objective of the study
was boiled down o achieve low and consistent C.OF for
webstock.
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Fig. 3 Normal probability plot of cof of the webstock after slitting
(final) produced by concerned industry
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Fig. 4 Nomal probability plot of cof of the webstock produced by
competitor

5 Process

The process flow chant of webstock is given in chart 2.
Chart 2 Process flow chart

RAW
MATERIAL

LAMINATION

SLITTING

6 Approach

It was decided that the study would be mitiated from raw
matenal to slitting stage to identfy the problematic area so
as to evolve the remedial acton to achieve low and
e Naral:i
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The following steps were followed to get a conclusive
result for the present study.

—  Raw matenal (poly) C.OF analysis

—  Study on process variability wrt. C.OF at lamination
and slitting stage of webstock

—  Detailed smdy at lammation stage

—  Detailed smdy at shitting stage

—  Conclusion

—  Recommendation

—  Implementation

7 Detailed study
7.1 Data collection & analysis on raw matenal (poly) cofl

Concerned technicians felt that high and inconsistent C.O.F
of raw matenal (poly) may be responsible for high and
inconsistent C.OF at final produet.

Eighteen samples were collected along the length from
one roll of mw material. For each sample three observations
were taken on three different positions (lefi, middle, and
rght), and 54 observations were recorded.

Specification for raw material for C.OF was 03+0.1.

The overall average of C.OF of poly x = 0.299667
S5.085 = 0010095
#obsn = 54
%o Nonconformance = (0

Hence it was concluded that mw material C.OF were
not responsible for the high and inconsistent C.OF at final
output and all values were within specification.

7.2 Process variability analysis at lamination and slitting

Process variability analysis was camied out both at the
lamination stage and slitting stage to compare the slitting
performance of slitting and lamination stage wor.t average
and variation of C.OF

Data were collected on C.OF after lammation and
slitting. The Table 2 gives the comparative statistics of C.
OF afier the lamination and sliting stage.

The above statistices were compared with target (0.45)
and tolerance (£0.03).

Test of hypothesis: -

1.  After lamination:

Where oy = 0.016
Where py, = 0.45

rl pl
Hy :oy < gy

Hiyj oy = g

2 2
Hyp 1oy =y
Hoz @y = py

Using a=0.05, we find Y34 g9 = 77.046. Here,
N2 = 57797 < 77.046, hence we have enough evidence

to reject Hyp. That indicates that variation of C.OF afier
lamination was less than 0.016.

U!iiﬂg a=0.05, we hnd lpos, we= 1.66. Since
e = 49243 = 1.66, we can reject Hy: and we conclude
that there was strong statistical evidence to mdicate that
after lamination C.OF was greater than the target value
.45,

The assumption of nommality was validated using the
nommal probability plot given in Fig. 5.

2. Afier slitting:

Where oy = 0016
Where 1, = 0.45

Hyp :er_: }ﬂf’
Hiv oy = g

pl rl
Hy oy =g

He @ py = py

Using a=0.05, we find x3 ;5 200 = 340.328. Here,
¥o, = 693.58 = 340,328, hence we have enough evidence
to reject Hyp. That indicates that variation of C.OF after
shitting was significantly higher than 0.016.

U!iil.']g a=0.05, we lNnd to.os, 290= 1.65. Since
lea = 96725 = 1.65, we can reject Hy: and we conclude
that there was strong statistical evidence to mdicate that
after sliting C.O.F was very high compared to the target
value 0.45.

1. There was a shift in the average level of C.OF from
lamination o slitting.

1. Process vanability of C.OF of the lammation stage

was less than that of wlerance (H).3) whereas process

average was on the higher side (0.435).

At shitting stage average C.OF was {ar from the target

and vanance was also very high.
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Table 2 Comparison of slitting and lamination stape

Table 4 Factors and levels of the experiment at slilting stape

Statistics After lamination After slitting Factor Level-1 Level-2 Level-3

Average 051 0.69 Input COLF LOW (0.38-0.42) HIGH (0.48-052) ——

Std. Dev. 0.012 004 Gear matio 7.5:11 11:7.5 —_—
Unwind tension 10 25 40
Spead 50 100 150

Hence it was decided to study the lamination stage to
identify the ot cause for off centering and to study the
slitting stage to identify the contributing process pammeters
for high variability and off centening.

The assumption of normality was validated using the
normal probability plot given n Fig. 3 smee the same data
were used in both Table 1 (first-column) and Table 2
{second column).

7.3 Study at lamination stage to idennfy the factors
affecting off centering of c.o.f values

Discussion with technical personnel revealed that smee the
webstock was passing through g number of rollers at the
lamination stage the eflfect of wller at the lamination stage
on C.OF must be studied. All the rollers at the lamination
stage, which were in contact with nawral poly, were
identified. Samples were collected before and afier each
identified roller and the C.O.F value was recorded. The C.
OF values were plotted agamst the roller number. In Fig. 1
the plots are shown. It was observed that afier 29 roller
there was a significant shift in average C.O.F value as well
as varation of C.OF value before and afier 29 woller
From the Fig. 1 it was clear that after 29 roller the
average and variation of C.OF was increased. This result
was discussed with the concerned technical personnel.
Discussion revealed that 29 roller was a drum type roller.
lts role was o give support for the web. It was not moving
properly. As a result friction was generated which resulied
in an merease of C.OF value. A brainstorming session was
armnged to get rid of this problem and all possible
alternatives were thought of. A new web path was selected
where natural poly was not coming into contact with this 29
roller. Data were collected after each roller in the new web
path, which were coming in contact with natural poly. The
following table shows the avemage & sd of C.OF value
after 29 roller between old web path and new web path.

Table 3 Comparison of performance of old and new web path

Slatistics Old web path Mew web path
Averape 0.52 46
5 0.0029 000097

It was observed that in the new web path the average
value of C.OF after 29 roller was 0.46, which was
significantly less than that of old web path.

Test of hypothesis: (comparison of average and variation
of new and old webpath after 29 roller, Table 3)

2 2 2
Hp:oy=03 Hin:o >m

Hop gy = pa Hpp tpy > pis

Using a=0.05 we hnd F|;|_|;|_-=I'.r|1ﬁ_1= 1.504. Here,
Feoy = 3.027 = 1.504, hence we have enough evidence to
say that variance of C.OF of webstock afier roller 29 in old
web path was higher than that of in new web path.

Using a=0.05, we find ty4s 7=1.658. Since
lea = 7.6 = 1.658, we can reject Hyy and we conclude that
there was strong statistical evidence to indicate that average
C.OF of webstock after roller-29 in the old web path was
greater than that of the new web path.

Sice it was shown earlier that the cof afier lamination
stage follows nommal distribution (Fig. 3) the test was not
repeated here.

It was concluded from the above analysis that in the new
web path the average C.OF and vanation in C.OF was less
than that of the old web path.

Confirmatory rials were run with the new web path and
the average C.OF after lamination was observed as 0.46
and vanability was 0.028. With the new web path data on
C.OF were collected after shitting. The average was found
to be 049 and standard deviation was 0.032. As the
average and variability was sull high it was thought of to
study at shitting stage (1) to validate the effectiveness of the
new web path, and (1) to obtain the optimum combination
of process parameters at sliting o achieve low average and
variation in C.OUF afier slitting.

Table 5 Column assignment

Column Factor

1 Idle

1,283 Unwind tension
1. 4&5 Speed

[ Ciear ratio

7 Input C.OF
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Table 6 Experimental lay out

Trial Idle Unwinding Speed Gear Inprut
na column lension ratio cof

1 | 1 | | 1

2 1 2 2 1 1

3 2 2 2 | 2

4 2 3 3 1 2

5 1 1 2 2 2

[ 1 2 | 2 2

7 2 2 3 2 |

B 2 3 2 2 |

7.4 Study on idennfying optimum combination of process
parameters at slitting stage o get low and consistent C.OF

Afier implementation of corrective action in the lamination
stage it was noticed that the average and vadability of C. O,
F of the final metal was still high. Since afier the lamination
stage the material was passed through the sliting stage it
was decided to initiate a experimental study at the slitting
stage.

Afier discussing with concerned technical personnel the
followmg factors at the slitting stage were dentified for
further reducing the average and vanance of C.OF
{Table 4).

Input C.OF ( e, C.OF afier lammation stage)
Gear ratio (which controls rewind tension)
Unwind tension

Speed

In statistical design of expenment it is essential o fix the
number of levels of the factors before choosing the design.
Generally the number of levels do not exceed three because
of the following fact. An increase in the number of levels
will increase the number of trials and possibility of
inroducing higher order mteraction which are generally

Bold b —

difficult to explain in a practical situation. Again there were
constraints of practical difficulties of conducting the
expeniment with a greater number of levels. Hence taking

Table 7 ANOVA table

Table 8 Avempe table for usnal ANOVA

Significant factor Level 1 Level 2
Input COLF. 044 0.473
Gear mtio 0468 445
Unwind tension 0445 48

technical matters into consideranon and discussing with
concerned technical personnel the following factor level
combination was selected.

The experiment was conducted with first two factors
varying at two levels and last two varying at three levels.
The following table gives the level of each factor.

Ly orthogonal aray [3] was selected for expenmenta-
tion. The following table gives assignment of column of Ly
for different factors (Table 5).

Linear graph [3] was given in Fig. 2.

Experimental lay out was given in Table 6.

Analysis of vanance or ANOVA |2, 3] of the experi-
mented data was given m Table 7.

From analysis of varance (ANOWVA) it can be concluded
that the following factors were significantly affecting the
average and dispersion of C.OF afier slitting.

lnput C.OF
—  Gear ratio
Unwind tension (level 1 & level 2)

The optimum combination was obtamed from average
table. Table 8 gives the average table for significant factor
mn usual ANOVA,

8§ Conclusions

{13 Highand inconsistent C.OF was the root cause {or the
dragging problem.

{2) C.OF of mw material (poly) was not responsible for
high and inconsistent C.OF of webstock.

{3} Atthe lamination stage the average C.O.F was higher than
the desired level but the vanaton well within tolerance.

Parameter I or2 2or3 dr mse F I

il le 3700 3.a00 ool 1 0.001 1 Bob 0.209

unwinding 1-2 1780 1.920 0.002 1 0.002 1306 0.027
2-3 1.B13 1.787 L0040 1 0.000 0266 0.620

speed 1-2 1.BR3 1.817 .00l 1 .00 1651 0.235
2-3 1.547 1.753 .00l 1 0.0 3263 0.108

gear ratio 3743 3557 0.002 | 0.002 f499 0.034

input cof 3517 3783 0.004 | 0.0 13286 0.007

Errar 0.003 8 0.000

Total 3345 7.300 0014 15 0.001
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{4) Roller 29 was having a significant effect in resulting
shift of average of C.OF after the lamination stage.

(5) The sliting process was not capable of meeting target
and tolerance for C.OF with old web path.

(6) Input C.OF of sliting process (C.OF afier lamina-
tion), gear ratio and unwind tension was a significant
factor affecting high average and high variation of C.
OF after slitting.

9 Recommendation

1. The new web path at lamination stage was recommen-
ded for standard operating practice.

2. Ap sliting stage optimum combination obtained from
the experiment was recommended.

A Input C.OF C.O.Fafter lamination) = Low
B. Gearratio = 1175
. Unwind tension = 10

The expected average C.OF afier sliting=0417.

1 Confirmatory trial

Confirmatory trials were made with the recommended web
path at the laminaton stage and recommended levels at the
sliting stage. The data on C.OF along with the other

product charactenstic viz. bond swength, gsm, thickness
were collected. It was observed that bond strength, gsm,
thickness were well within the spec and the values of cof
were within 0.40-0.45. It was quite clear that after
implementing the recommendations low C.OF has been
achieved and the other charactenstics did not detenorate.

11 Implementation

The results were discussed with concerned management.
The recommendations were implemented as standard
operating practice and as a result of implementation the
amount of dragging problem was substantially reduced.
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