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ABSTRACT AT @8 demronstrated, through a case snudy, how staristically designed experiments can help
i improving onfine process controd schemea remarkably The snudy wwas conducted tn the packing
plant of a company manufacturing urea, The packing machine had an tn-built compurerized conrol
mechansm thar was supposed 1o control the vardanion in packed bag weighm by auomanc
measurement and adiustment. However, despite folloeing the tnstruction manual rigovoushy, the
machine was wnable 1o deliver a sarsfacory pedormance from the potnr of view of vartarion. An
orthogonal array expertment conduced wwith some of the machine parameters could bring abour a
dramanc improvement  the effécriveness of the control scheme.

Introduction

In this age of automarion, there are many processes that boast of an in-built online control
mechanism. “The process takes care of irself’ is the common belief in such situatons.
Essentally, what these processes do is to check the outpur at predetermined time intervals,
measure the deviation from the targeted values and make adpstments with the objective of
minimizing the variation around the target. There are certain parameters associated with the
control system which can be pre-set by the user on the basis of his/her requirements, e.g. the
sampling frequency, amount of correction to be given, etc. Usually owners of such processes
tend to follow blindly the instructions of either their collabortors or the manufacmrers and
installers of the machines regarding set values of the parameters. In very few cases is there
an endeavour o find the opimum combinaton of these parameters that can enhance the
effectiveness of the control scheme. This reluctance often arises from: (i) acceptrance of the
current quality stams as ‘fate’; (i) fear of mking risk; or (iii) ignomance of modern conceprs
of experimentation.

In this article we demonstrare, through a case study, that modern conceprs of design of
experiments can be applied very successfully to enhance the effectiveness of a control scheme
in complicated simartions where a large number of pammeters are expected to affect the
efciency of the conrrol scheme. Each step taken during the course of experimentation is
discussed briefly. Ar the end we discuss the aspects which can make such experiments
successful and point out how each such aspect was taken into consideration in this study.
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Background

A reputable ferrilizer manufacturng company had been using a sophisticated compurerized
packing machine to pack urea into bags. The specification for weight of a packed bag was
50=0.150 kg. The packing machine was supposed to control the weight of the packed bags
within specified olerancesby measuring the weight of sampled bags and providing corrections
for discrepancies. The modus operandi of the machine was dependent on the values of several
machine parameters that could be set by the user. The manufacturer of the machine had
suggested some set values for the machine pammerters which the organization had been
following blindly. The packing performance was, however, far from satisfactory and highly
inconsistent. With the existing level of machine pammeters the extent of variation in weight
of packed bags was found to be very high, leading to a high percentage of non-conformities.
At the instance of company management, this study was taken up with the objective of
studving the effects of the controllable machine parameters on the weight of the packed bags
and optmizing their levels to get a robust packing performance.

The packing process and auromartic adjusmment mechanism

The packing process is represented in Fig. 1. The manufacrured urea used to be fed
continuously to the bagging plant through an overhead convevor. A hopper with a fixed
storage capacity of 40- 50 tons received the marterial. Just below the hopper was a sub-hopper
from which the marerial would flow into the packing machine through a Y-piece {used for
cleaning purposes and to ensure ease of flow). The material was fed in owo stages: main feed
and dribble feed (fine adjustment). At the botwom of the device was a weighpan.

The machine had a large number of control parameters, which could be set according
to the user’s requirement in order to get the desired packing performance. These paramerters
were broadly divided into two categories, viz. adjustable parameters that determine the
characreristics of the weighing system and weight programme pammeters or the marerial-
dependent parameters. In a nutshell, this computerized packing machine made use of an
online control scheme thar was somewhar similar to Taguchi’s f-correction technique
(Taguchi, 1981). It weighed sampled bags (the sampling proporrion was o be determined

———— Main hopper
- Dislance piece

B Sub hopper

- Y-pigce

+——— Maching lead
Waen gade & didsble gaty

= Weighpan

Figure 1. The paching process.
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by the user), compared them with the ser targer and gave corrections (the extent of correcrion
to be given was also o be decided by the user). A brief description of the overll funcrioning
of the system with respect to the impormant parameters is given in the Appendix.

The existng level of performance and need for experimentaton

As already mentioned, the set values for the machine parameters were selected as per the
recommendations of the user's manual and the manufacturer of the machine. This, however,
led to a rather unsatisfactory packing performance from the point of view of variation. Sample

dara on weights of packed urea bags collected over a period of 1 week were analysed to give
the following summary:

Number of observarions (n) = 280
Average weight (kg) = 50.05
Standard deviation =0.1205
Process capability index () = (0.4149
Process performance index {(C,) = 0.3873
Percentage of observarions below lower spec (49.85 kg) =3
Percentage of observarions above upper spec (50.15 kg) =14

Owverall percentage of non-conformiries (acrual) 17

Figure 2 shows the histogram construcred with the data.

A run chart of 100 consecutive bags is shown in Fig. 3. The run chart shows that the
control scheme of the machine was able to remove drifts quite effectively; but still the inherent
variation is quite high, resulting in abour 16% non-conformities, mostly above the USL.

The following points emerged from the preliminary analysis:

(1) The process was more or less stable—shifts and drifts were almost absent.

(2) The seming was always on the higher side, about 50 grams more than the nominal
value. This was done deliberately in order to avoid non-conformiries below LSL and
thereby reduce customer dissatisfaction. However, this could be taken care of easily
by selecting the targetr weight as 50.0 kg,

(3) The inherent variation was very high, resulting in a high percentage of non-

conformances.
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Figure 2. Histogram of bag weights.
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Figure 3. Run chart of bag weight.

It was thus evident that improvement of packing performance meant reduction of inherent
variation; which in turn calls for reduction of the impact of noise factors on the process. The
noise factors, which were believed to affect swrongly the packing process, were the density
and flowability of the material. The only option available was o conduct a designed
experiment with the vast multitude of parameters in order toidentify an optimum combination
of pammeters that would enhance the effectiveness of the control scheme.

Selection of factors and levels

After detailed brainstorming sessions and discussions with maintenance engineers, 16 factors
{both from adjustable parameters and weight programmes) were selected for experimentation;
while selection factors like ‘nominal value’, ‘overfill’, etc. which were meant only to set the
target were ignored. All factors that were thought to affect the process variation were chosen.

Three of these 16 factors were kept at three levels and the remaining 13 were kept at
two levels. The nature of impact of each factor on the process variarion was studied through
a few small one-factor-at-a-time pilot studies conducred ar the plant level for about a week
to obtain the proper direction. Too much flexibility could not be allowed during selection of
levels since this was a plant-level experiment. Further, there were certain parameters that
along with reduction of variation could adversely affect the production speed For example,
corresponding to a sample frequency of 20, if the sample number were changed from three
o five, it would mean thar the machine would have to check five instead of three bags among
every 20 bags filled. This would definitely slow down production and thereby reduce the
‘happing rate’. Such aspects had also to be taken into consideranion. Table 1 shows the
identified factors and their levels.

It was decided that along with the main effects, five interactions would be estimared.
These interactions were Ax B, B« D, G« ], G = M and H = L.

The experimental layout

The toral degrees of freedom associated with the experiment (to estimate 16 main effecrs
and five interactions) were 27. It was decided to use the L.; orthogonal array with an idle
column to design the experiment. The idle column method is a method of allocating three-
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Table 1. Factors and lewels

Levels
5l Mo. Mame of the factor Factor code 1 2 3
1 Sample frequency A 20" 1 —
2 Sample number B 3* 5 —
3 Sample frequency timer (5] [ 300+ 240 —
4 Auto compensation proportional constant D 0.3* 0.2 0.4
5 Main feed blanking timer (s) E 0.9* 0.5 —
G Dribble feed blanking tmer (5) F 0.9* 0.5 —
T Diischarge tmer (=) L& 0.3* 0.6 0.9
a2 Dwibble feed time correction constant () H 0.1 oa* —
k] Crate allowance timer (s) I 2.0 0.4 —
10 Feed delay dmer () 1 0.3* (L) —
11 In-flight material compensation (start) K 2.0 3.0 -
12 Diribble feed quantity (start) kgl L 12* 8 —
13 Discharge cut-off value (kg) M 30* 20 —
14 Owerweight tolerance (hg) N o 15* .20 —
15 Underweight tolerance (kg P 0. 15* o 10 —
16 Dribble feed time (5] (o] 1.2* 1.4 1.6

*Denotes the existng levels.

level factors in two-level orthogonal arrays and is discussed in detail by Taguchi (1987) and
Ross (1988).

The linear grmph consructed o assign columns of the orthogonal army o different main
effects and interacrions is shown in Fig. 4. Column 1 is wreated as the idle column and the
three three-level factors 1D, G and Q are allocated o columns {16, 17), (2,3 and (20, 21),
respectively.

The orthogonal array lay outr of the experiment is shown in Table 2.

Figure 4. Lincar grapi.
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Table 2. The orthogonal array layvout

Expt Idle A B D E F G H 1 i) K L M N P 4]
MNo 1 13 14 25 1617 13 19 2,3 12 22 4 24 23 ] 26 2o 20,21
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 1 2 1 2 2 1 2 1 1 2 1 2 2 1 2 2 2
3 1 1 2 2 1 2 1 1 2 1 1 2 1 2 2 2 1
4 1 2 2 1 2 2 2 1 2 2 1 1 2 2 1 1 2
5 1 1 2 1 1 2 1 1 2 2 2 1 2 1 1 2 2
] 1 2 z 2 2 2 2 1 2 1 2 2 1 1 2 1 1
T 1 1 1 2 1 1 1 1 1 2 2 2 2 2 2 1 2
] 1 2 1 1 2 1 2 1 1 1 2 1 1 2 1 2 1
9 1 2 2 1 1 1 2 3 1 2 1 1 2 1 2 1 1
10 1 1 2 2 2 1 1 3 1 1 1 2 1 1 1 2 2
11 1 2 1 2 1 2 2 3 2 2 1 2 2 2 1 2 1
12 1 1 1 1 2 2 1 3 2 1 1 1 1 2 2 1 2
13 1 2 1 1 1 2 2 3 2 1 2 1 1 1 2 2 2
14 1 1 1 2 2 2 1 3 2 2 2 2 2 1 1 1 1
5 1 2 Z 2 1 1 2 3 1 1 2 2 1 2 1 1 2
5 1 1 2 1 2 1 1 3 1 2 2 1 2 2 2 2 1
T 2 1 1 2 1 2 2 2 1 1 1 1 2 1 1 2 1
3 2 2 1 1 3 2 1 2 1 2 1 2 1 1 2 1 3
a 2 1 2 1 1 1 2 2 2 1 1 2 2 2 2 1 1
o 2 2 z 2 3 1 1 2 2 2 1 1 1 2 1 2 3
1 2 1 2 2 1 1 2 2 2 2 2 1 1 1 1 1 3
2 2 2 Z 1 3 1 1 2 2 1 2 2 2 1 2 2 1
23 2 1 1 1 1 2 2 2 1 2 2 2 1 2 2 2 3
24 2 2 1 2 3 2 1 2 1 1 2 1 2 2 1 1 1
25 2 2 2 2 1 2 1 3 1 2 1 1 1 1 2 2 1
26 2 1 2 1 3 2 2 3 1 1 1 2 2 1 1 1 3
27 2 2 1 1 1 1 1 3 2 2 1 2 1 2 1 1 1
28 2 1 1 2 3 1 2 3 2 1 1 1 2 2 2 2 3
29 2 2 1 2 1 1 1 3 2 1 2 1 2 1 2 1 3
30 2 1 1 1 3 1 2 3 2 2 2 2 1 1 1 2 1
3l 2 2 2 1 1 2 1 3 1 1 2 2 2 2 2 2 3
32 2 1 2 2 3 2 2 3 1 2 2 1 1 2 1 1 1

Conducting the experiment
Replicarion and randoniizarion

It was decided thar the basic experiment would be replicated thrice, i.e. 96 trials would be
conducted in all. The trials were randomized as a safeguard against sysrematic bias. Although
in many situarions randomization is likely to increase the duration of the experiment, there
was no such fear in this particular experiment. The time required to change the parameter
serrings berween two successive trials was very small irrespective of whether a single factor
was changed or mulnple factors were changed, as it was a question of changing some
computerized setings only. In fact the time required to clean the chute and packer scale
berween two successive trials was much more compared to the time required to change the
SeTTINGS.

Dwurarion

In all, 96 trials were to be conducted It was decided thar 60 observarions on weight would
be recorded corresponding to each trial. The duration of a particular trial would depend on
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the sampling frequency and sampling number for thar experimental combination. An
experimental combination having sample frequency 20 and sample number 3 would require
400 bags o be filled before collection of 60 weight observarions, whereas that with a (12,5)
combinarion would require only 144 bags to be filled to obtain the required dara. Considering
the fact that around 6000 bags could be filled in a shift under normal conditions, it was
decided to conduct seven trials per shift, which would require a maximum production of
2800 bags and allow sugcient time for process setting and cleaning after every trial. Since
controlled conditions (as described in the following sub-secrion) could be guaranteed only in
the general shift, it took 14 general shifts, i.e. 2 weeks, o complete the 96 trials at the rate
of seven trials per shift {dav).

Controlled condittons for the experiment
Dwuring each wial, the following aspects were ensured:

« The inlet chute was clean.

« The packer scale was washed and dried (by blowing air).

+ The packer scale was properly calibrared.

« The material flow rate was more or less constant.

« Any disturbance or abnormality was recorded.

« The parameters that were not considered as control factors in the experiment were
kept constant at specified levels.

Data generarion

The data generated during the experiment were available in the form of computer printouts
The following informarion was made available for each experimental combination:

(1) The values of all the control factors for that combination (o cross check whether
the proper combination has been run).

(2) The 60 individual bag weighrs.

(3) Starstcal informartion like average weight and standard deviarion.

Analysis of experimental data
Selecrion and compurarion of signal-to-noise ratio

Asdescribed in the previous section, 60 observarions were obtained against each experimental
combination in a single replicare.

Denoting these weights as W,3:,....Vw, the signal-to-noise (S/N) rato given by
— 10 log V. was chosen for analysis, where I, = Ly, — ¥7°/59 is the sample variance compured
from these 60 observations. — 10log V. was chosen since the current experiment did not
involve a two-step optimization and was solely intended for reduction of variation. The
parameter used o adpst the nominal weight was known; and was not used as a control factor
in the experiment.

The log rransformarion of the sample variance was originally recommended by Bartlen
(1937). In the context of Taguchi methods, the S/N mto given by — 10log IV, is also
recommended by Hunter (1987), although for nominally the best charmcteristics the more
popular and widely used expression for S/N ratio is

10 log [(S,, — V.o /ml,]
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Table 3. 5/ rarios for the 32 frials

S ratio for S/ ratio for
Expt MNo. Bep 1 Rep 11 Rep 111 Expt Mo. Bep 1 Bep 11 Bep 111
1 22110 31.3727 28 4043 17 15.28094 35.9176 26.0206
2 18.2019 19.1721 253521 18 19.1721 281787 193449
3 17.6546 17.5230 16.1934 19 244249 18.3443 10 22040
4 41.9382 251927 331515 20 40,9151 35.0176 39.1721
5 20 80910 32.0412 33.5536 21 35.0176 33.5556 35.9176
G 37.0774 26.5580 37.0774 22 209151 37.0774 41.9382
7 21.5144 17.6546 160269 23 16.5948 16.0269 16.7726
a8 20.1186 33.5556 20,4570 24 33.5556 32.3058 32.0412
k] 32.0412 33.1515 30.1721 25 2g.1186 30.1721 19.8424
10 220748 17.5230 16.9542 26 16.8328 14.0229 I7.0774
11 194939 104123 18.6363 27 184164 18.5624 19.2515
12 27.0133 28.1787 37.7211 28 34,4249 32.0412 39.1721
13 31.0568 35.3910 39.1721 29 34.4249 35.3010 30.1721
14 16.7726 16.5948 16.5948 30 16.4205 16.4205 17.6546
15 39.1721 16.8328 37.0774 31 37.7211 27.5230 37.0774
16 33.1515 34 42409 206297 3z 33.55506 37.0774 331515

where 5, = (£v)* M and » is the total number of observations.
Table 3 shows the summarized experimental data.

Analysiz of vartance and idennficanon of siewificant factors

The results obtained from the analysis of variance (ANOVA) carried out with the S/N ratio
are presented in the ANOVA table (Table 4).

S main effects A, B, I, [, K, Q and two interactions A« B and G = M were found tw
be statistically significant from the analysis. The fact that Q, Q, was significant but Q, Q. was
not indicared some differences in average S5/N ratios from condition Q, w Q,, but no
detectable difference in avemge S/N rarios from Q| to Q,.

Selecting the oprimiwm combina non

Response graphs (Fig. 5(a-f)) for the significant main effects and interactions helped two
identify the following levels of these factors giving higher S/N rarios:

A=A3!B=BE!I=I]!_T=.TE! K:K;,G:G:,M:M],Q=Q;

Thus, the oprimum combination of significant factors was 4B, G, I, L Ky M, Q..

Predicrion of performance ar the opringen combinarion

The predicted S/N ratio ar the oprimum combination was obtained as
Mo = A, B, + G,M, +1, + L, + K, +Q, - 5T

where X, denotes the average S/N ratio corresponding to level j of factor X, XY, denotes
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Table 4. ANCHA table for SN ratio
Source df 85 M5 E 8 A%
Idle 1 26.265 26.265 1.050 1.240 0.02
A 1 701 001 T01.001 28.012* 675.976 9.55
B 1 526,501 526.501 21.030* S01.476 7.09
C 1 12.250 12.250 — — —
D, I, 1 0.0006 0.0006 ik —
D, Dy, 1 69.580 6. 580 2,780 44.555 0.63
E 1 11.581 11.581 — - —
F 1 0.570 0.579 o s —
G, G, 1 15.574 15.574 = e =
GG, 1 1.297 1.207 s o —
H 1 52.577 52.577 2,101 27.552 0.39
1 1 126725 126.725 5.064% 101,700 1.44
1 1 208574 208.574 11.931* 273.549 3.86
K 1 2604 326 2604, 326 104.068* 2579.301 36.44
L 1 5.754 5.754 g £t =
M 1 0.045 0.045 = A =i
N 1 41.661 41.661 1.665 16.635 0.24
P 1 8.505 8.595 i Eag —
0,0 1 27.887 27.887 1.114 2.861 0.04
hin 1 152560 152560 6,006 127.535 1.80
Ax B 1 119240 119.240 4.765* 094.215 1.33
BxD 2 10.882 5.441 i B =
Gx] 2 7.109 3.555 = e =
GxM 2 303783 151.801 6.070 253.732 3.58
HxL 1 16.005 16.005 L 2 —
e 3 40.816 13.605 s i —
e 64 1806 464 20.632 e s —
e (pooled)81 2027 051 25.025 — 2377406 33.50
Total: a5 7077731 74.502 i Bt =

the average S/N mrtio corresponding to level § of factor X and level & of factor ¥ and T
denotes the average of all the 32 = 3 = 06 §/N rarios. Thus

Moge = 33535 + 29371 + 28.525 + 29140 + 32.585 + 29.6069 - 5 = 27.376

= 45045 (dB)

The predicted S/N ratio at the existing combinarion [A, B, G, I, ], K, M, Q,] was obtained as

Nexzmng

Thus

Expected gain = 45.945 — 16.402 = 20543 (dB)

AB+GM+I+3+RK,+0,-5T

23446 + 27 426 + 28525 + 25613 + 22168 + 26104 — 5= 27.376

16.402 (dB)

It may be noted thar i, = 45945 gives 5, = 0.005 whereas ..., = 16,402 gives 5., =

0.1517.
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Results of trial runs and the improve ment

Trial runs were conducted with the optimum combination derived in the previous section
The eight other insignificant factors were kept at the more practicable and economical levels
as follows:

C=C,=240, D=D, =03, E=E =09, F=F, =05,

H-H,=-01, L=1,-8 N-=N,=015 P=P, =0.15
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Table 5. Fesulr of trial riuns

A B [
Time
point 4 5 % off spec £ 5 % off spec 2 5 % off spec
1 50.01 0.015 il 50003 0.023 il 50002 0.013 il
2 S0.00 0.022 il 50001 0014 il 50001 0.026 Mil
3 S0 00 0o.0l4 il 50,00 0.014 il 50001 0.008 Mil
4 50,02 0.013 il 50.01 0.085 1 5000 00010 il

This combinarion was run for three shifts and weight measurements of 50 bags were collected
at an interval of 2 hours in each shift. The targer weight was set at 50.0 kg. Table 5 presents
the summary of the results.

It can be seen clearly from Table 5 thar the maximum and minimum standard deviations
among the 12 sets of observations were 0.085 and 0.008, respectvely, and only one non-
conformance was observed our of the 600 sampled bags. This was a remarkable improvement
over the existing situarion.

One more imporant aspect, of course, had o be seen. Logically, it was clear that the
recommended levels of some of the factors, parallel to reducing varation, would reduce the
production speed. For example, in the opumum combination, the values of the sample
frequency and sample number were 10 and 5, respecrtively, as compared to the existing levels
of 20 and 3. This meant that to improve accuracy significantly, the machine would have o
check five our of 10 bags, whereas eadier three our of 20 were checked. Although all this
checking was automatic, the impact of this change on bagging rate had to be seen and agreed
upon by the management.

It was found that the new combinarion resulted in an average bagging mte of 11.7 bags
per minute as compared o 12.5 obtained with the existing combinartion. This was equivalent
o the reduction of production rate by 1152 bags per day, which was considered o be
acceptable by the management from the point of view of the large volume of production
(nearly 20000 bags per day) and the massive reduction of variation in packed bag weighrs.

The recommended levels of the significant control factors were implemented promptly
in the organizanon.

Concluding remarks

This smdy s an example of designing and conducting complex plant-level experiments
involving several factors with the objective of improving upon a control scheme. The
remarkable improvements achieved can be seen in Table 6, which shows the comparative
quality status before and afrer the study. Some of the facrors that contributed to the success

Table 6. Comparison of results bafore and after study

Sample se/statistic Betore sudy After study
MNumber of observations (n) 280 GO0
Average weight 50005 5001
Stmandard deviation 0.1205 0031
Below lower spec 14% il

Above upper spec 17% 0.17%
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of this experiment and are also likely to help others o conduc similar successful experiments
are discussed below.

The support and tmvolvement of the top management

Since the current study was taken up on the basis of the top management’s concern regarding
weight variation, there was no dearth of support, thereby ensuring adequate resources and
smooth execution at every stage.

Urnambipuows and well-defined objective

The sole objective of the experiment was to increase the efficiency of the existing control
system by selecting an optimum combination of control parameters which would reduce the
variation in packed bag weights.

Proper selection of factors and levels

It is evident that lack of adequate knowledge abour the control scheme is likely to result in
improper selection of factors and levels and consequently result in all the efforts ending in
smoke. In this study, several days were spent in plain discussion with the process engineers,
opermtors and supervisors regarding the funcrioning of the machine. The manual descrbing
each and every aspect of the operation was read thoroughly. The supplier was even conracted
whenever some points were not satisfactonly understood A few small pilot studies were also
conducted prior to selection of factors and levels.

Proper selection of response

The considerations from which the S/N mro — 10log F, was chosen as the response has
already been discussed

Adegquare rime for each triad and replicarion of the basic experiment

Here, as discussed earlier, each experimental combination was conducted until 60 bags were
sampled and weighed. Normally it is extrremely dificult to conduc three replications of an
L. experiment, i.e. 96 experimental runs in any kind of industey. This was possible here for
mwo reasons (a) very high production speed; and (b) availability of response dara in the form
of compurter printours. No physical measurement was involved in the experiment.

Conducring the experiment in controllad condinions

The same set of conditions was maintained during each trial so that the comparisons berween
factor levels were proper and not distorted by any unforeseen disturbances

Generation of reliable dara

The reliability of data was easy to check as all the data were available in the form of compurter
printours coming out from the machine directly. In addition to the 60 individual bag weights,
the printout for each trial also contained the values of all the control factors for thar trial so
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that it was possible to cross check whether the proper combinarion had been run. In fact, a
few trials had to be repeated on the basis of this scruriny.
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Appendix: The overall functioning of the packing machine and the weight
adjustmment mechanism—a brief description

The two parameters that determine the target weight are nominal weight and overfill value.
The target weight is the sum of the set nominal weight and the overfill value.

The material flows into the bags in two stages—the first stage is the main feed when the
material flows in a thick srream and fills the bag fast, the second stage is the dribble feed
during which the urea trickles down to ensure fine adjustment of weight. The dribble feed
guantity and the dribble feed time both can be pre-set The period of dribble feed must be
long enough to ensure settling of the weighpan after the main feed is cut off, but must not
be so long as o slow down the overall machine cycle time.

The main feed cur-off point is determined by three things—the target weight, the dribble
feed quantity and a parameter called the in-flight material compensarion. In fact, main feed
cut off point = target weight — {dribble feed quantity + in-flight mareral compensartion). The
in-flight marerial compensation is a very important parameter, and although pre-ser, can be
automartically corrected by the machine depending on the weight error.

The control mechanism of the machine depends on three important parameters—the
sample frequency, sample number and the auro compensation proportional constant. The
sample frequency and the sample number decide at what interval the sample weight checking
will be done and how many bags will be checked in a cycle. On the basis of the checked
weights, the average weight error is calculated by subtacting the target weight from the
average actual weight. This avemge weight error is multplied by the auro compensation
woportional constant to determine how much correction should be given. This correction is
ziven to the in-flight marerial compensation value.

Underweight and overweight tolemances are also parameters that can be specified.
Whenever the weight of a sampled bag falls bevond either of these rwo limits, a warning
signal is given and the bag has to be removed manually. In case the actual weights of all the
sampled bags in a cvcle are bevond these limits, then after giving the correction the next
filled bag will be sampled. If this falls within the tolerance then from the next bag onwards
the machine enters in unsample mode; otherwise auto zeroing takes place and again the same
number of bags {as specified by the sample number) is taken for further corrections

It is understood that the less the checking of filled bag weights, the more the weigher
throughput. The user may select any proportion of sampling, from every bag being checked
o one bag checked our of 50. The later achieves the highest throughpur, bur relies on
excellent product consistency.

There is a large number of timers which derermine the time of various acrivities. For
example, the sample frequency timer determines up to how much stwoppage time of the
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packer scale (due o power failure or any other reason) will be allowed before weight samples
will restart. This is necessary because if the machine remains stopped for a long period,
weight variation may be large due to higher hopper level or vacuum created or any other
reason.

The weight adjustment mechanism of the machine is illustrated here with an example
with some arbitrary values of the related pammeters.

Suppose,

Nominal weight = 50 kg, overfill = (L05 kg and hence targer weight = 50.05 kg

Sample frequency = 20, Sample number =4, Auto proporional correction
constant = (.5

Drribble feed quantity = 12 kg, In-flight material compensation = 3.5 kg

Owverweight tolerance = 0.1 kg, Underweight tolerance = 0.1 kg

Thus, the main feed will be curt off at 50.05 — (12 + 3.5) = 34.45 kg.

The first four our of 20 filled bags will be sampled. Let the weights of the sampled bags
be 50.10, 50.05, 50.10, 50.10 {(all in kilograms). Then the average weight emor =
50.0875 — 50.05 = 0.0375 kg.

Thus the amount of correcion w  be given to  the in-flight marerial
compensation = L0375 = 0.5 = 0.01875 kg. Consequently, the new value of in-flight marerial
compensation becomes 3.5 4+ 0.01875 = 3.520 kg (approximately), ie. a correction of
+ 20 grams is given.
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