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ABSTRACT

In today’s world of manufacturing competitiveneggality is a prerequisite and it is no longer afdikntiator.
Although people in developing countries have statederstanding the importance of quality in angtse but this
fact is still not clear to decision makers thatubstantial amount is lost in terms of cost of pgaality (COPQ).
Classically, it was considered poor quality, ev@npduct with at least one quality characteristiccegding the
tolerance limits. Consequently, the estimate ofPQCconsiders only products outside acceptance zafimed
according to the requirements specification. In aige, the conformity with specifications aims oalstomer
satisfaction; in other side, according to TAGUCIte COPQ should be calculated not only from comgdiraits
of tolerance but also with respect to the targetuea of each quality characteristics. Thus, thepose of
optimization is to respect the customer’'s needstrob of manufacturing processes and reducing tlst of
production. The TAGUCHI approach has demonstratiggh fefficiency in the uni-criterion optimization quess,
when it is based on a single quality characteristiut few studies have been conducted for multerdai
optimization. In this work, we propose an approdonh the COPQ calculation in Moroccan pharmaceutical
company by applying the TAGUCHI approach considgthree quality characteristics of a coated tabiamely:
Weight, Thickness and Hardness. We can arrive aiimal quality product with a rate of poor qualiteduction
of 0.1€/article. Furthermore, the paper discusgesresults and some advantages of this methodampdceutical
sector.

Keywords: Cost of poor quality, Optimization, TAGUCHI apch, Manufacturing, Pharmaceutical company.

INTRODUCTION

The Moroccan pharmaceuticals industry is a strategictor for the national economy and for the ragwafe
supply of drugs. The activities of this sector gatean annual turnover of around 1 billion euree Guality of the
drugs produced in Morocco is internationally redagd, and Morocco exports nearly 60% of its drugdpiction,
much of which goes to Europe and Africa [12]. Todagharmaceutical companies are internally facimg a
increasing pressure to manufacture complex produtiishigh quality, reduced lead times, low cost @t the same
time increase shareholders profitability.

The key factors, affecting the product quality drem of enterprise interior, including the entesgerilead’s
cognition, quality organization level, worker’s aat ability, high quality raw materials, advanceghnique and
equipments, reliable inspection [16].

Generally speaking, quality characteristics cardiveded into three types: nominal the best, larther better and

smaller the better. In the traditional concept loé tquality evaluation system, a product is deteechito be
nonconforming if the quality characteristic of aguct fails to meet the engineering specificatianits and then a
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certain amount of quality loss is incurred. On dtieer hand, believed that a poorly designed prodagses society
to incur losses from the initial design stage ® phoduct usage [9].

Therefore, Taguchi defined the loss function asdén@ation from the target/nominal quality charaistic. In other
words, the Taguchi’s quality loss is incurred whigrlity characteristics of a product deviates fiitsrtarget value
regardless how small the deviation is. Since thba, quality loss concept has been shifted from ifeef by
specification limits” to “define by user” and Taduis loss function has been extensively used faemheining the
engineering tolerance [5].

In this paper, we start with an overview of the degy Quality Loss Function (QLF); Followed by apply the
Taguchi approach in Moroccan pharmaceutical compahg purpose is to calculate the COPQ considehingg
quality characteristics of a coated tablet (weigiitkness and hardness). Finally the paper dissu$e results and
some advantages of this method.

THE TAGUCHI QUALITY LOSS FUNCTION

Taguchi Methods was developed by Dr. Genichi Taguchcombined engineering and statistical methdukst
achieve rapid improvements in cost and quality p§inoizing product design and manufacturing proces3éere
are three statements that apply for the methods [2]

- We cannot reduce cost without affecting quality;

- We can improve quality without increasing cost;

- We can reduce cost by reducing variation or by owjrg quality. Therefore, when we do so, perforneaand
quality will automatically improve.

Taguchi defined quality as “the loss imparted toiesty from the time the product is shipped” [10jpEamental to
this approach to quality engineering is this cona#fploss. He associated loss with every produat theets the
customer’s hand. This loss include, among othergti, consumer dissatisfaction, added warrantyscisthe
producer, and loss due to a company’s bad reputatidich leads to eventual loss of market share.

Quality costs or poor quality costs are usuallyrgifi@d in terms of scrap and rework, warranty,otiner tangible

costs. What about the hidden costs or long-ternselsrelated to engineering, management time, iowgent
customer dissatisfaction, and lost market share?v@aquantify these? [7] Perhaps, but not accyratetieed we

must find a way to approximate these hidden and-tenm losses, because they are the largest coturibto total

quality loss. Taguchi Methods uses the quality fasstion for this purpose.

QLF depends on the type of quality characteristiwived like [4]:

- Nominal-the-best (achieving a desired target valitk minima variation: dimension and output voltgge

- Smaller-the-better (minimizing a response: shrirkagd wear);

Larger-the-better (maximizing a response: pullfofte and tensile strength);

Attribute (classifying and/or counting data: appeae);

- Dynamic (response varies depending on input: speed fan drive should vary depending on the engine
temperature).

Loss can occur not only when a product is outside s$pecifications, but also when a product fallshwi
specifications. Further, it is reasonable to beligvat loss continually increases as a productatievifurther from

the target value, as the parabola (QLF) as showigare 3. The loss isn't linear. Taguchi theoritteat the loss is

proportional to the square of the distance fromtainget value [3].

L=k -T)7° @
With:

L : Financial loss in €

K : Cost coefficient

y :value of quality characteristic

T :Target value
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Figure 1. The Taguchi Quality Loss Function

From the quality cost perspective, the closer apamyg can get to its quality targets, the moreduoes quality
related costs. Theoretically, if a company can sbestly attain its quality targets, quality-reldteosts will be
minimized and will consist only of those costs imed to sustain the target quality level [1] .

EXPERIMENTAL APPROACH
In this study, a sample of 378 articles of the edatblet was studied. For every article we meassate¢he same

time the values of three quality characteristicseight, thickness and hardness. For each of themse th

characteristics, we defined the limits of specifimas to be respected and the target values tedshed:

Table 1. Specification Limits and the target Value®f quality characteristics of the coated tablet

Lower Upper
e Target value L
specification limits specification limits
Weight (grams) 0.729 0.759 0.789
Thickness(millimeters) 6.7 6.9 7.1
Hardness (Newton) 280 310 355

Seen the importance of three characteristics iptbeess of manufacturing, we attributed them #mescoefficient
of importance during the calculation of the COPQ.

We shall distinguish products according to theinfoomity compared with these requirements. Dependin the
case, we shall have a product:

Nomenclature

W  Conform to the weight

W' Not conform to the weight
T Conform to the thickness
T Not conform to the thickness
H Conform to the hardness
H Not conform to the hardness

1* category

2" category

3 category

4™ category

The three
characteristics
studied are
conform to the
specifications

The one of th
three characteristics
studied is conform
to the specificationg

Two of the thres
characteristics
studied are conform
to the specificationg

The three
characteristics
studied are not
conform to the
specifications: W', T'
and H

W, Tand H

W', T'and H W' TandH
W' T and H' W _T'and H
W, T'and H' W, T and H'

W', T'and H'

Figure 2. Categories of product according to the adormity or not compared with the specification
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3.1 Categories of products studied according to dege of conformity
We can define 4 categories of product accordintpéocconformity or not compared with the specifioat as shown
in Figure 2.

3.2 Determination of conformity and non-conformityrates
We have determined the number of articles amongchwlithe values of three quality characteristics: ghei
Thickness and Hardness, are conform to the spatdits.

The ratio between the numbers of conform artictes the total number of controlled articles conggisuthe rate of
conformity R..

_Zim(WHT) )

R, =
Where R : Rate of conformity
R.c: Rate of non conformity
n : Total number of controlledieles

By deduction, the total rate of non-conformity regenting the number of articles which have at least of the
three characteristics is not conform to the speatifons is defined as follows:

Rpe =1 —R, 3)

For each of three types of non-conformity listed, proceeded to determine the elementary rate of[@4g:
- Non conformity rate of articles (W', T' and H)
o ZLW T H) @
(W, T H) — n
- Non conformity rate of articles (W', T and H")
o EL W H) (5)
(W,TH) ~ n
- Non conformity rate of articles (W, T' and H")
_ 2is(W, T H) (6)
Rwruy = — 5
- Non conformity rate of articles (W', T and H)
o ELW T H) 7)
(W, TH) — f
- Non conformity rate of articles (W, T' and H)
i=1(W, T, H) (8

R , =
(W, T H) n

- Non conformity rate of articles (W, T and H')
i=1(W, T, H") 9

R N =
(W, T,H") n

- Non conformity rate of articles (W', T' and H")
i= (W, T, H) (10)

R(Wr’Tr’Hr) = n

3.3 Average values of the weight, thickness and tdmess
For every category of the studied article, we deieed the average value of three characteristiegyh, thickness
and hardness:
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Table 2: Formula for calculating the average valu®f the weight, thickness and hardness

Weight
n

Thickness

Hardness

Wowrh) = Z(W, T,H)i/n
i=1

n
Towrm = Z(W. T,H)i/n
i=1

n
Hwrm = Z(W. T,H)i/n
i=1

Ww' rn) = Z(W’, T, H)i/n

i=1

Towrm) = Z(W', T, H)i/n
i1

Hw rm) = Z(W',T', H)i/n
i=1

Wiw' ) = Z(W’. T,H"i /n
i=1

Tw rw) = Z(W', T,H)i/n
i1

Hew'rw) = Z(W', T,H)i/n
i=1

Wwrw) = Z(W, T',HYi/n
i1

Twrw) = Z(W, T, H)i/n
i=1

Howrw) = Z(W,T’,H’)i/n
i=1

Ww'rh) = Z(W', T,H)i/n
i1

Tow ) = Z(W', T,H)i/n
i

Hew rw) = Z(W', T,H)i/n
i=

Wwrn) = Z(W,T’, H)i /n
i=1

Towrw) = Z(W, T',H)i/n
i=1

Hwrn) = Z(W,T', H)i/n
i=1

n
Wow,rmy = Z(W, T,H)i /n
i=1

n
Twrm) = Z(w, T,H)i/n
i=1

n
Hwrmy = Z(W, T,H)i /n
i=1

Wwrm) = Z(W’, T, H)i/n
i=1

Twrm) = Z(W',T',H’)i /n
i=1

How ) = Z(W’,T',H’)i/n
i=1

For the calculation of the weight, thickness andlhass averages of a production constituted bysan®les. We
need to calculate two elements [8], namely:

-The average values of the quality characteristaigit, thickness and hardness of every categocpatied tablet;

- The rate of conformity and non-conformity of eveategory.

Consequently, the average weigh{,Juaverage thickness {fuand average hardnesg)jof the studied population
are calculated According to following both formulae

(Uw) = [WawrmX R + [W(w',T',H)X R(w',T',H)] + [W(w',T,H')X R(w',T,H')] + [W(W,T’,H') X R(W,T’,H')] (16)
+ [W(w',T,H) X R(w',T,H)] + [W(W,T',H)X R(W,T',H)] + [W(W,T,H')X R(W,T,H')]
+ W rm)X Rew rm)
(“T)' = [T(W,T,H)X RC] + [T(W,T',H)X R(w',T',H)] + [T(w',T,H')X R(w',T,H')] + [T(W,T',H') X R(W,T',H')] (12)
+ [ Towmm X Rowim] + [Tawrmx R | + [Wownayx Rownan)
+ [Tw v 1) Row' )]
(13)

(“H) = [HwrmxRe] + [H(w',T',H)X R(w',T',H)] + [H(W',T,H')X R(w',T,H')] + [H(W,T',H') X R(W,T',H')]
+ [How ) X Row | + [Howatmx Reworn | + [How % R
+ [How v w)X Row r'm)]

3.4 Estimation of Taguchi loss function

For the calculation of the financial losses acangdio the Taguchi approach in the case of only dreacteristic
Quality, we need to apply the following formulasl3]:

L = k(c®+ (un — T)?) (14)
Where L : Financial loss

K : Loss coefficient

o? : Variance

B : Average

T :Target value
K = Cost of each unit / [(USL - LSL)/2]? (15)

LSL and USL are respectively the lower and the ugpecification limit
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Therefore, the cost lost in weight is estimatedatiog to the formula below:
Ly = Kw(0®w + (Ky — Tw)") (16)
= Ky (GZW + WwrmxRe + W(w',T',H)X R(w',T',H) + W(w',T,H')X R(w',T,H') + W(W,T',H') X R(W,T',H')
+ Ww th) XRw e T Wwr )X Rwrn) + W)X Rwrw)
+ Ww rn)XRw ruy — Tw )2)

Similarly for the thickness, the lost cost is cédted according to the formula:
Ly = Kp(o?r + (i — Tr) ") (17)
= T(c*r + (Twrmx R + Tow 7 mXRw rn) + Tw rm)X Rw rw) + Twrw) X Rowr m)
+ Towrw) X Rew'ta) + Twrm)X Rwrm) + Twrw)X Rowr )
+ Tw rw)XRew rwy — Tr )

Similarly for the hardness, the lost cost is calted according to the formula:
Ly = Ky(o?y + (1 — T) ") (18)
= Ky(c®u+ (HwrmxRe + H(W',T',H)X R(w',T',H) + H(w’,T,H’)X R(w’,T,H’) + H(W,T’,H') X R(W,T’,H')
+ Hew mi) X Row rn) T Hewrm)X Rowrmy + Hewer )X Row, i
+ Hw )X Rw rw) — Tu )

3.5 Taguchi loss function of multi-criteria averge

Given that the quality of a product is the restilthe satisfaction degree of all its characterssti specifications. In
another hand, the cost of its non quality is als® esultant of the sum of costs generated by al#wiv of each
characteristic at even specifications. The ovesatrage loss ly 1 4 is by definition the sum of the relative
elementary losses in Every quality characteristithe coated tablet [6]. For the calculation of thesrall average
quality loss function of three characteristics: gij thickness and hardness{(lr, ), we need of:

- Loss Function elementary of the three charasties

- Importance coefficient of the three charactasst,,, ar andoy

LW,T,H = awLW + (XTLT + (XH L]—[ (19)
2 2
= awKw(c®w + (Hw - Tw)") + orKr(o?r + (UT —Tr)") + oKy (c?y
2
+(p'1-[ - TH) )

= awKw (GZW + (Wew X Re + Wi v )X Riw ) + Wow' mw)X Rw' o)
T Wwrn) XRwre) + Ww e XRw e +WwrmXRwr
+ Wwrw)XRwrw) + Wwrw)XRwre) — Tw )2>

+arKr(o®r + (TwrmX Re + TowrmX Rw ) + Tw )X Rw ) + Twrw) X Rowrw)
+ Tow rw) XRwra) + Twrw)X Rwrn) + Twre)X Rwrw)
+ T(w',T',H')X R(w',T',H') — Tr)?)

+ ouKy (0% + (HwvrmX Re + How r X Row' o) + How mnyX Row' )
+ How,rw) XRw,r i) + Hw ru) XRw rn)  + HowrnX Rwr m)
+Hwra)XRwrw) tHwroXRwrw)— Ta )

RESULTS AND DISCUSSION

4.1 Workforce of every category of conformity
The table 3 recapitulates the results of workfatetermination of every coated tablet category thdisd and based

to the conformity or non conformity of three chdeaistics "weight”, "thickness" and "hardness" peSifications:
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Table 3: Determination of the rate of conformity ofdifferent categories (W, T, H)

Product Controlled effectives | Rate of conformity
W, T and H 395 0.829
W', T and H 7 0.014
W', T and H' 9 0.018
W, T and H' 12 0.018
W', T and H 4 0.008
W, T"and H 6 0.012
W, T and H' 41 0.086
W, T"and H' 2 0.004

4.2 Calculation of average values of quality charaeristics

For each of the categories of conformity of pogatastudied made up of n=378, we have calculatedatrerage
values of three quality characteristics: weighickhess and hardness. These values are recapitulateables
below:

Table 4: Determination of the average values for v@us categories of weight conformity

Product Contro_lled Rate o_f Average Valye o_f

effectives | conformity | weight values| contribution
W,Tand H 395 0.829 0.759 0.629
W'.T" and H 7 0.014 0.756 0.010
W', Tand H' 9 0.018 0.755 0.013
W, T and H' 12 0.025 0.757 0.018
W', T and H 4 0.008 0.761 0.006
W, T'and H 6 0.012 0.758 0.009
W,T and H' 41 0.086 0.760 0.065
W', T and H' 2 0.004 0.762 0.003

Table 5. Determination of the average values for vaus categories of thickness conformity

Product Controlled Rate of Average Value of

effectives | conformity | thickness values| contribution
W,T and H 395 0.829 6.9 5.720
W', T and H 7 0.014 6.88 0.096
W', T and H' 9 0.018 6.7 0.120
W, T and H' 12 0.025 6.92 0.173
W', T and H 4 0.008 6.86 0.054
W, T"and H 6 0.012 6.91 0.082
W, T and H' 41 0.086 6.93 0.595
W', T'and H' 2 0.004 6.87 0.027

Table 6. Determination of the average values for vaus categories of hardness conformity

Product Controlled Rate of Average Value of
effectives | conformity | hardness values| contribution
W, T and H 395 0.829 310 256.99
W', T and H 7 0.014 299 4.186
W, T and H' 9 0.018 303 5.454

W, T and H' 12 0.025 308 7.7
W', T and H 4 0.008 323 2.584
W, T"and H 6 0.012 312 3.744
W,T and H' 41 0.086 315 27.09

W, T"and H' 2 0.004 295 1.18

4.3 Total average values of quality characteristics

The average elementary values of every listed oayegnd by application of the formulas (11, 12, d&), we
estimated the total average values of three charaiits: weight, thickness and hardness of thelevistudied
population.

Table 7. Total average values of quality charactestics

Total average weight| Total average Thickness Totalverage Hardness
0.753 6.867 308.928

These three values constitute the average valudsaple at achieve while taking into account thebphility of
appearance of every category. These values arg tmiallow us to estimate the average loss oweleatleviation
of every characteristic studied from the specifaa and target values.
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In this sense, by application of the formula (18, 18,19), we can calculate the economic lossesatle for three
quality characteristics.

Table 8. Taguchi loss function of quality charactdstics

Weight | Thickness | Hardness
Total average values of the Taguchi loss function .05@ 0.16 € 0.06 €
Total value averages multi-criteria of the Taguobs functionL wrn 0.1€

The figures 3, 4 and 5 show a three-dimensionadgmtation of the evolution of the Taguchi (QLF) tnatiteria
according to the evolution of:

-The hardness and the weight of the coated tablet.

-The hardness and the thickness of the coated tablet

- The weight and the thickness of the coated tablet.

The Taguchi loss function takes the minimal vatlughie interval [0-1 €] and this for optimal intectien values of:

- Weight values and hardness placing in the interVillsight = [0.74, 0.78], Hardness = [280,340].

- Hardness values and thickness placing in the iatertHardness = [280,340], Thickness = [6.8, 7.1].

- Weight values and thickness placing in the intexvalVeight = [0.74, 0.78], Thickness = [6.8,7.1].

20
20
Hardness (N) 065 Weight (g)

Hardness (N}

290¢

20

27%

071072 073 014 078

Weight (g)

076 077 078 079 08

Figure 3. Evolution of QLF cost in function of thevariation of hardness and weight
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Hardness (N Thickness (]
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360
350
340
330

320

Hardness (N)

310

300

280

280

A i o P
6.4 6.6 6.8 7 7.2 74

Thickness {mm)
Figure 4. Evolution of QLF cost in function of thevariation of hardness and thickness
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Yveight (g)

55 BE BF BB D 7 Moom
Thickness (mm)

Figure 5. Evolution of QLF cost in function of thevariation of weight and thickness

CONCLUSION

Financial analysts have estimated that COPQ tylgiahounts to 5 percent to 30 percent of grosssséde
manufacturing and service companies [13]. Even profit organizations have similar numbers as a pétheir
bottom-line operations. Reducing COPQ may haveptheer to transform marginally successful compairigs
profitable ones.

In our case, we proceeded to calculate overall CO€QIting from variations of three quality chasaidtics:
weight, thickness and hardness compared with tlgettavalues, by exploiting the Taguchi quality Idaaction.
This determination constitutes an essential stagoré® engage in an approach of manufacturing psoces
optimization.

Based on the assumption that overall QLF of thrgaity characteristics studied is the sum of threahelementary
QLF of each characteristic, we estimated the i@ali COPQ for these characteristics. This relatias presented
well in the form of a three-dimensional graph, whadlowed us to determine the rate of optimizatibthe quality
of the finished product and the cost saved furthehis approach. We can arrive at a product ahugdtquality with
a rate of poor quality reduction of the order of & / article (0.5 % of selling price). Given thefsetors the
application of Taguchi loss function can be an #&oetool when faced with determining the utilitf competing
scheduling policies or practices [15].

All levels of management, however, recognize thatlity is an absolute necessity to survive and eeddn today’s
pharmaceutical companies. Therefore, understanaiimgdetermining COPQ are imperative to the sucoéss
organization. In addition, COPQ provides qualityn@gement teams with the leverage necessary to dujbyedr
process improvement efforts in the absence of Gard and/or easily quantifiable financial calcuas [11].
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