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One of the most important tasks of product development is to carry out process trials using new raw materials and new
processes and to transfer the experience of these trials into mass production. In knitwear factories this experimental work
is done in trial lots. The paper presents the methods used by technologists in one of the largest Hungarian knitwear fac-
tories, which make it possible to improve the reliability of transfer of trial results into mass production.

ABSELYEM Knitting Mill is one of

the largest Hungarian knitting com- &
panies, at present employing more than
4,000 people, with a yearly production of
about 20 million garment pieces. It was
originally founded in 1923 and its tradi-
tional product group is ladies’ underwear
made on warp knitting tricot machines
and on circular knitting machines, mainly
from synthetic filament, viscose rayon,
acetate and triacetate yarns and modal/
polyester blendings. During the last
decade leisurewear articles have come to
the front, made of cotton/polyester blen-
dings. Fabrics are dyed and finished by
the company’s own dyehouse or on com-
mission for Habselyem. The ready-made
garments are cut and sewn in the com-
pany’s big subsidiary works in different
parts of the country.

Aim And Tasks Of Process Trials

One of the most important tasks of pro-
duct development in the knitting industry
is to carry out process trials using new
materials and new processes and to
transfer the experience gained from these
trials into mass production. To ac-
complish this with good results it is vital to
arrange the trials in the right way, i.e. ina
way which leads to sufficient experience
for mass production. In knitting factories
the usual method for this is to produce
trial lots. In the course of these trials pro-
duction conditions are recorded, the
necessary measurements and tests are
made, and at the end of the trial the
finished product will be thoroughly ex-
amined in regard to technical and
economical factors in order to establish
technical specifications.

Thus, production of trial lots has to be
planned in the following way:

1. It has to ensure that both the
chosen machinery and process are

suitable to manufacture the product
in question.

2. Tests must verify that the product
will have the required substantial
functional properties.

3. Wearing and laboratory tests must
verify that the product really pro-
vides the required properties.

4. The process trial must disclose pro-
blems in the production process and
in the product itself which have to
be eliminated before starting mass
production.

Clearly it is advantageous if the process
trail can be carried out in this way but
there are some limits at the same time:

1. Process trials are always better con-
trolled and subject to less risks than
mass production.

2. For production or business reasons
sometimes the development period
of a new product has to be very
short. In this case it is not possible
to carry out process trials under op-
timal circumstances.

3. Process trials cost a lot, conse-
quently their quantity is less than
optimal.

The Problem

Both the requirements and limitations
listed above, require a careful analysis of
the results of process trials. Since the pro-
cess trial usually gives a number of pieces
of products, which generally have dif-
ferent statistical parameters. These can be
dealt with and analysed by statistical
methods. It provides a way to see some
tendencies from a limited number of
results.

In the following part of my paper [ am
giving an account of our initiative at
Habselyem Knitting Mill in the use of
statistical methods in our process trials in
knitted fabric production. Until recently it
has been confined practically to calcula-
tion of the arithmetical mean. Deviations

from the mean have been only
‘“‘surveyed’’ and we have only provided
comments without statistical background,
like: “‘results show a wide range’’ or ‘‘the
trial lot seems to be too small to enable us
to draw unambiguous conclusions’’.

It has become even more and more evi-
dent that this method was not satisfac-
tory. Sometimes during mass production
we have had unpleasant shocks when we
could not reliably reproduce the
parameters prescribed on the basis of the
process trial. In order to improve this
situation we have decided to use
mathematical statistical analysis of results
of process trials. This is especially impor-
tant in cases when we put into use a new
yarn type or a new technology which
results in a fabric with unknown proper-
ties.

One of the most important and most
characteristic parameters of our fabrics is
their area density (given in grams. per
square metre) which can be considered as
complex product of several different
parameters. It is, at the same time, one of
the basic data of calculation. This is,
therefore, the parameter which must be
and has been analysed most carefully by
statistical methods. I want to show you in
the following paragraphs the methods and
the main results of this analysis.

Statistical Formulae

After having measured the area density
*m’”> of fabrics in question we can
calculate and document the following

data:

arithmetical mean

range R=m -m
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standard deviation

coefficient V= —. 100 (7o)
of variation m
confidence limits q= t1t3

and level of

significance.

Let me give some comments on the
above calculations.

The number of specimens (n) is usually
small. Our trial lot in practice is normally
one dye lot i.e. about 150kg. This is the
normal capacity of a dyeing machine. Our
pieces taken from the knitting machine
weigh roughly 15kg each, a dye lot
therefore generally consists of ten pieces.
Fabric is expensive so we do not want to
use too much of it as a specimen. From
previous experience we know that the
specimen for measuring area density can
be taken out about at one third of the
fabric width and about at one meter
distance from the end of the piece. (Area
density of course, varies across the piece:
it is highest at the edges and lowest in the
middle of the knitted fabric and the func-
tion can be represented by a parabola). If
we take out the specimen from the place
mentioned it represents a good mean.

We take out, therefore, one specimen
from each piece, so we have usually ten
speciniens from one trial lot. This is the
reason why we have to use ‘‘n-1” when
calculating standard deviation. This
relatively small number of data will be us-
ed also in significance analysis.

QOur final aim is to give the tolerance
limit for the area density with a certain
statistical level. As statistical level we can
accept 99.9% because of the small
number of specimens. The result of our
calculation is the value of area density in
this form:

+ qfz'm2) with 99.9% probability.

Significance test is an important part of
our new concept. We use it when we want
to decide if the deviation between process
trial and mass production can be con-
sidered only o0 be transient or to be caus-
ed by a -zl difference between produc-
tion mez* ajs

Two of “he many types of significance
tests we umaally use:

1. Whez it is to be decided if the dif-
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and mass production (m) is significant or
(M) not, we use the formula

’

t= (my — mp)

9m+{n_

Where ““S_"" is the standard deviation
of specimens taken out from the mass lot.
The calculated value of “‘t’’ will be com-
pared with the standard t-chart at a degree
of freedom of “‘n-1"".

2. When it is to be decided if the dif-
ference of standard deviations between
process trail (°)) and mass production (5,)
is significant or not. ‘>’ is dealt with as
known value. The formula is:

X2=n (S + Sp?

Tadls 2/a - Data Pabriow A o C

And the value of X2 will be compared
with the appropriate chart, again at a
degree of freedom of ““n-1"’.

In a knitting factory area density is a
value which is very strongly influenced by
production circumstances. It is influenced
by machine setting parameters, yarn
quality parameters and other tech-
nological effects. Because of their com-
plexity it is very difficult to keep all the
circumstances on a constant level, always
and everywhere. Consequently, area den-
sity unavoidable, fluctuates, but this fluc-
tuation must be kept within a reasonable
range. At our company we allow a range
of *10% which means that

Mpax ~-M%Z 0land M — Mqin< 0,1

M M

Zabri ‘6 29 = -
e i T ( M is the prescribed value of area
Yame D,-bol‘krun- ::-.T?rmcfz;:7.>:: Zase densny)'
el On the one hand we have examined
Wam| 4 ! { 6 | . . . .
frrrr e SR M i e o whether our real fabrics remain in this
3 3 ) 18- 11 uc . o . = i
o T [-lor e e {10 range in mass production, i.e. we have
osy, : ! 5
o= 5 | 1A gerus AT O | 1 checked whether area density, when tested
Prescrided ! . . . .
iy, . 125 mo | 1 in mass production, scatters within the
=1 < o o7 e
L:r- oL i B range *q with minimum 99% probabili
& ! T — ty.
7 wwembiie | ¢ bonis DN Reie o Ososi) suis On the other hand, we want to know if
our technical data, given by the process
Feroantile { .
anritensy ¢ {29 wma s laolos e trials, are trustworthy enough. We have
<
Standard - A 4
:/-:}.nn. . S =5, 23,7 | 24,3 2,0 23,
Coefficient N T
of variatiom, | v | 3.2 3.4 3,7 40[ 1,1 ° 3,6
- TASLE 2/4 - Dats of fahrice J %o L
Ctatistical . W[— ) 2nbria
aharscteristics g T . T A
e cDaty of Vabriee 20 R Yame [symbol | Provess tazs rn-n:'.'u- Pro-  iase
K = i | trial prod.| irial prod. cess prod.
3 1 Zabric i trial
sharscraristics f > T s 1 iRt 4
- T e et fa lwjaim o juwsie o
T ! 555 d | | 6850 | T, 173560 |70, 178 T
:::" ot N 3 2@ 122 [7m3 | 1w | is? ‘/:r ! B ol e
Lo | = 2 z
_1Ite = Tog. 1= oy i 3 64,0 64,5 | 86,5 55,1 70,2 67,8
o (PR T M - S L CN C
;;: 3 3l 10 M,3 19 1 07,4 as J 51:;:? | = 55 85 70
: 4 R L e
ﬁ.\;‘,‘b‘ n 15 50 i) Zolerance | !
& NS U Liagte at slosy $8,5-71,5 | 38,5-71,5 6377
‘ol a:
u:;a at s10%, ,5-115,5 12-38 8377 ot | T T T
e 1 | |
¢ 4 9;;';::“::1-‘ Q| 22,8 24,2 s 208 28 2]
395 prenatii- | o s2,1 20,5 24,1 a4 U8l su6 2 ! | | |
1% T T
41 | |
ﬁ-m. E?:,%E;‘: @ | 44219 | 261 1209 (15,2 22,0
byerchy g 20 5 G 65 el e Sl “r .
L " ;
- -— 5t |
Standard . ui’::::m, . | st2 js2,7 1 24,3 22,4 23,8 3,7
devistion, O B N S RE U LRI &/ . S| L {
. B S e 5 f i, R, o ” [ r T {
et s VT BRSO T R T R O R 0?:::‘:::::"\. JLv 11 49 | 4,14 5,5 l 36 s,2] 5.4
h i S il 3
AxLa 2/ ; TABLE 2/e - Data of fadrios ¥ to O
L ‘s - Data of fabriocs & to - 4 e TS |
st cal Fofese e Statiatical [ _Padric
c:::::n-uu — SR I 1 & [ T s |
Nase Tagute xro«uf [ emu-t Yese |7ro- |vass Taze T..y-m Process| ¥ass | Process ¥ass | fro- | ¥ass
trial prod. trisl prod. cess |prod. } | vrial |prod. trial | Prod. cess prod.
trial i | i risl,
i —_ O
1n 2o, ) 12 | e E:::x-:t : ® , 1o :,‘5,6 A Lad B ‘._.’u__
762 79-al las-94 DX 52-77196-54 o o | & | 69-62 | 72-54] 7873 | ss-scai {ﬁ; 15
e N = i - NS TN e e S
_“"l‘__” I‘X: 410 9‘79 W9 5)4, ’:y- of . [ a 84,8 th ,2 F'Y‘S,/l ) 7‘77’—\2 o5 12,2
Prescrided |
70 104 i 80 be o, | ® 69 70 125
&/ i | B, S =
2 i R S Tol
i/L:;u at 210%, 0377 9),6-114,4/ T2-88 ix:;u at .1061 82,1-75,9¢ 58,4-83,8 112,5-1375
Tmaeme 1 | | | g T [T T
St Trehabil. @ 25,2 50,9 26,1 20,8 [21,9 (08 Warebedls @ a5 (a6 a6 jae st 07
P4 | | b il A [ 1# L S
rasandre | . | T { | ‘ famentile r | | i
Saiciaonan QT4 2,0 33 (20,6 a2, 508 :_“.;:::' TP Y {zz,, 22 (a9 [ 0,5
e b SR S % i e
~ swiast T Standard { T | }
deviatiom, . 25,5 238 25,1 23,8 21,9 24 :;:}.n- o | s2,5 24,5 | 21,6 :;;4.0 i;‘.s .5
¥ e e e ol s SRR B o Ao
Coefficient | | , c-tnu-l | 2.2 | s.al 3.6 { 3.9
of variatiom, | ¥ 9 s %0 a6 252 of tiom, | ¥ BY W] BB § S0 | 2ok De
__‘ S | J 1 4 A e s RSNG| (SRR R L S S
95



prescribed, for instance, a value of area
density which has to be kept, but we have
to know with how much probability it can
be kept in mass production. In cases when
the average values and standard deviation
of area density are different in trial lot and
in mass production — and this is prac-
tically always the case — we make a
significance test. This shows whether the
difference was given by different machine
settings or other technological parameters
or it is only an accidental difference which
can be explained by statistical reasons.
This is very important to know because in
the first case we, as technologists, have to
take steps to correct the possible fault,
whereas the latter case requires no in-
tervention.

The investigation has been made on 19
warp knitted fabrics as shown in Table 1.
The results are summed up in Tables 2/a
and 2/g.

In the assesment of the range (R) we
have set out from the requirement that it
must not be more than *10% of the
prescribed value. We have ascertained
that ten of the tested fabrcs in the trial lot
have a smaller range in area density than
allowed, nine of them have a larger devia-
tion at least in one direction.

When comparing range in the trial lot
with that in mass production we can ascer-
tain that it is wider in every case in mass
production. It means that we could not
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control the production circumstances in
mass production as well as in process
trials.

In accordance with this, standard devia-
tion (s) in mass production is, in most
cases, bigger than it was in process trials.
Exceptions seem to be only fabrics E, G,
H, J and K but differences in these cases
are only partly proved by significance test
to be significant. Only fabrics G and K
show significant difference between mass
production and process trial: standard
deviation in mass production is
significantly smaller in these cases than it
was in process trial. This is very important
because we definitely know that both the
process trial and the mass production had
been made on the same machine and pro-
duced by exactly the same technology
which is a determining factor. Unfor-
tunately, it is not always possible to keep
this optimal circumstance in mass produc-
tion. Our machines are of different ages
and types and it is not always possible to
produce the total quantity of the ordered
lots on the same machines. This is the
reason — and it is also proved by the
above calculations — why it is so difficult
to maintain good uniformity of produc-
tion lots.

Process Trial

In case of fabrics C, F, I, N and S stan-
dard deviation of area density had been
significantly less at process trial than it
was in mass production. The reliability of
mass production was, consequently, not
good enough. The reasons are: manufac-
turing on different machine types, delicate
finishing process (e.g. brushing in case of
fabric S) which is difficult to control and
use of yarns from different producers
which is also a very critical factor.

For the rest of the fabrics significance
test does not show significant differences
between process trial and mass production
so we can state for these fabrics that stan-
dard deviation of trial lots and mass pro-
duction are statistically not different.

We have paid great attention to the dif-
ference between calculated mean value
and prescribed value of area density. In
each case analysed the stipulation that

ZALLE § - Teeults of Signifigence Teets

- — ’ =

Pdrie| Sigmificasce test of Jeans| Sismificanse teet of stan
of process trial tard 2 tions of process

Aars productios “rial and of sase produc-
tlom

UKL NO WK E SN U G W
O/ Y T 1O S REY T O TR VI O VA 0 i L L YO

TR I I T R A BT 7S e o O WO ]

lsmarke:
= Oifferemce 1s net signifilonat

itandard deviatioa af process trial ls signifiesntly
Sigger than that of mass productios

% Standard deviation of procees trial is sisnificastly
ssaller than that of zass produciios

their difference must not exceed 10% has
been realised. We have also found that
confidence limits (q) make, even at 99%
statistical reliability, narrower interval
than the one which could be allowed by
the prescribed * 10% tolerance limit. This
means that our mass production has suffi-
cient reliability, because less than 1% of
the measured data are out of the * q limit.
(To facilitate the comparison we have
calculated q also in percentage of the
mean; in the Tables this is given as g’).
This is in accordance with our practical
experience because there are relatively on-
ly a few fabrics in our production the area
density of which deviates by more than
10% from the prescribed value.

It would be advantageous if data
analysis of process trial could make it
possible to sift out occasional uncertain-
ties before starting mass production. To
examine this possibility we have made a
comparison between average area density
of trial lots and that of mass production.
Calculations have showed that the dif-
ference is never significant (Table 3), i.e.
standard deviation of area density at pro-
cess trial is with good statistical reliability
the area density developing during mass
production. It means that process trials
had been well performed, and the data
can be repeated.

Prescribed area density is fixed on the
basis of the process trial. As mentioned
previously, our trial lots consist usually 10
pieces (n = 10). If we want to achieve a
statistical reliability of 99.9% and a
percentage value of standard deviation (v)
of 5%, accuracy (h) of area density of
mass production can be estimated as
follows:

h=t.v _ 33.5 =t 5.2%

W e

This is acceptable for production.

It often happens that we have only a
small quantity of yarn for trials or time is
very short — and we make less pieces in a
trial lot. Supposing that number of pieces
(n) is only 5, estimated accuracy for mass
production is 7.4% on 99.9% statistical
reliability. It means — and it is very well
confirmed in practice — that lower
numbers of pieces in trial lots strongly
reduce reliability.

Conclusions

Our investigation has given a good basis
for improving the estimation of area den-
sity value in mass production. The
previously established statistical formulae
had been used at our company only in
laboratories (in evaluation of yarn or
fabric breaking tests etc) but not in
evaluation of process trials. This is signifi-
cant not only for our company but for
other Hungarian knitwear factories, too.
We do hope that this method, put recently
into practice, will improve the reliability
of our process trials and that of mass pro-
duction.
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