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COSTS DUE TO THE VARIATION IN WEIGHT OF ..CHOCOLATE-FILLED
WAFFLE* AND ,.CHOCOLATE FOR COOKING*
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Abstract

Modern approach to the cost of quality requires constant analysis in order to achieve
optimal quality, t.e. good quality at the lowest cost or better quality, but not spending too much.
Profited is defined as the difference between the open market price of the product and the
planned costs. Quality costs are divided in- costs for intemal flaws, external vulnerabilities,
assessment costs and prevention costs. According Taguchi method for calculating costs, any
deviation of product properties defined level causes expense although these dewiations are
sometimes prescribed tolerances. This method is applied in the confectionary industry in
production of , chocolate-filled waffle”and , chocolate for cooking™
Key words: control, quality, cosits

Anemparxm

CoOBpPEMEHHOT NPHCTAN KOH TPOWIOLMTE 38 KBATHTCTOT Dapa NOCTOJaHa AHAMHIA CO LIEn
14 ce MOCTHIHE ONTHMANCH KBAMHTET, T.€. A00ap KBAIHTET MPH HAJMAIH TPOLIOUH WIH nojodap
KBAIMHTET, HO HE co nperonemi Tpomonm. Ipoduror ce oapeayBa KAKO pasiHKa NOMEry LCHATA
HA NPOH3EO] HA OTBOPCH NA3EP H HA IVEAHHPAHHTE Tpowous. TPoounTe 3a KBAIHTeT Ce Qenar
HA: TPOWOUM 33 BHATPCIIHH NPONYCTH, TPOLIOUM 33 HANBOPCIUHM NPONYCTH,TPOIIOLH 33
OLCHYBAHE H TPOIWIOUM 33 npeecHTHBA. Cnopen Taryunesara MeTOgd 33 NPECMCTYBAlRC Ha
TPOLIOUKMTE, CCKOC OTCTANYBAKC HA CBOJCTBATA HA [POM3BOAOT 04 AcHHHPAHOTO HHBO
NPeAH3BHKYEE TPOIIOK HAKO THC OTCTANYBAHKGC NOHCKOTAIN CC¢ BO NPONHINAHHTE IPAHMLH HA
tonepanuuja. OBaa METONA ¢ NPHMCHETA BO KOHAMTOPCKA MHIYCTPHja OPH NPOM3BOACTBO HA
LponoeaH Baden NOMHET CO KPeM™H ,, YOKOTA0 38 IOTBeHEE™.
Kayunu stopoan Konmpoid, KEQIUMen, mpouoyu

Introduction

Quality costs are defined as a price that the manufacturer pays in order to ensure quality
that’s up to the buyer’s expectations. Therefore, it would logically follow that better quality costs
more. However, this is not always the case. Frequently, bad quality comes at a much higher cost
[1]. According to Juran, “quality costs are a gold mine and represent a significant reserve that
deserves attention and it’s beneficial to conduct research on them™ [2]. When defining the quality
level, it’s important to determine the optimal level that can be reached with the optimal level of

costs, takang in consideration all the types of costs and where they are generated [3].
195
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The overall manufacturing costs are mainly atiributed to the basic manufacturing costs (raw
materials, energy etc), quality control costs and the costs for comrection of defective products [4].
So that one can determine, analyze and compare a company’s costs to those of the competition,
the same definitions for the types of costs need to be used. The management of quality costs
needs to imcrease the understanding about the correlation between quality and economical
management, and the quality costs need to be viewed as especially important mformation about
quality [5]. An optimization of the manufacturing process, quality, price and costs needs to be
conducted, so that a high level of quality of a given product 15 achieved. This can be
accomplished with an analysis of the market needs, raising employee awareness about the
mmportance of quality in the manufactunng process, regular control and implementation of
corrective and preventive measurements, minimizing of the number of defective and low quality
products, achieving a standard quality of the product etc [6, 7].

Experimental part

The research was conducted at the confectionery factory in Stip, the Republic of
Macedonia. The object of observation was the deviation in weight outside of the specified range.
For that purpose, Taguchi’s formula for calculating of costs due to varation in weight of the
confectionary products “rolled waffles with hazelnut” and “cooking chocolate™ was applied.

Software used: Statistika StatSoft 0, Microsoft Office Excel 2007
Taguchi’s approach to costs

Quality 15 determined by the losses that a product inflicts to society by degrading the
environment, as well as the costs that cansed by the functions of the product in the process of its
application, as shovwn on figure 1:

MANUFACTURING o COSTS OF THE REAL FUNCTIONS
AND LOSSES TO SOCIETY Q

Figure 1. Taguchi's approach to costs

According to this approach, every deviation from the product’s properties increases costs, even if
the deviations are sometimes within the allowable tolerance. This method 15 used in large volume
production, because there it can give excellent results and a new approach [8,1].

In order to calculate the costs, the following formula 13 used:

L_‘, = k[S? +(y—m)1] (1)
s = 2=V _ e
: n—1
-2 3)
(s,)

Where:
L, — the company’s costs, due to the variation of the parameter;

196
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5, — standard deviation of the parameter;

¥; - 1—value of the parameter;

;— arithmetic mean value of the parameter (v);
n - munber of measurements taken;

D - dispersion;

m — target (defined value of the parameter);

A — cost of remanufacturing;

k - proportionality constant.

Results and discussion

Costs due to the variation in weight of “chocolate - filled waffles” - A deviation of the
weight outside of the specified range of a confectionary product, chocolate - filled waffles, has
been observed. The declared weight of the product is 180 g and the standard deviation of weight
is = 4.5%. That means that the products that weigh less than the lower specified limit (172 g) are
recalled, and the products that weigh more than the upper specified limit (188 g) are approved
for sale. The fewer products are under the lower specified weight limit, the lower the
mamifacturing costs, and the product is more standardized. Out of 600 packages of waffles that
were weighed during 13 consecutive days, 93 packages were determined to weigh mere than 138
g (exhibit 1). Taguchi’s formula was applied in order to analyze the impact that the variation in
weight has on the company’s costs. By applying the formmlas (1), (2) and (3), the following
results were derved:

0.03 EUR. — the loss for a single package of chocolate - filled waffles
0.14 EUR. — the loss for a kilogram of chocolate - filled waffles

The derived results show that during the manufacturing of chocolate - filled waffles there are
great losses and that there is a serious problem with the increase of costs. If all the packages are
over the declared weight, the loss in a single day of manufacturing of 5000 packages would be
128 EUE, 1020 EUE. in a month and 12250 EUR in the course of a year.

Therefore, comrective measurements need to be applied so that the problem with precision is
decreased. In this way, a reduction of the defects and costs at an acceptable level for the
company can be achieved.

Cosis due fo variation in weight gf "chocelate for cooking™ - A deviation of weight
outside of the specified range has been determined in the confectionary product “chocolate for
cooking”. The declared weight of the product is 100 grams, and the standard deviation of weight
is + 2%. That means that the products that weigh less than the lower specified limit are recalled
as inadequate, and all the products that weigh more the upper specified limit (102 g) are
approved for sale. Out of 600 chocolate bars weighed during 20 consecutive days, 91 were
determined to weigh more than 102 g (exhibit 2). By applying Taguchi’s method, using formulas
(1). (2) and (3), it was determined that:

0.02 EUR. — the loss for a single bar of chocolate for cooling
0.21 EUR. — the loss for a kilogram of chocolate for cooling

From the derived results we can conclude that during the manufacturing of chocolate for cooking
there are great losses and the increase of costs is a serious problem. If all the chocolate bars are
over the declared weight, the loss in a single day of manufacturing of 2 000 bars would be 42
EUR, 447 EUR i a month and 3983 EUR in the course of a vear. Therefore, corrective
measures need to be applied so that the level of defects and costs 1s decreased to an acceptable
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level for the company.
Conclusion

By decreasing of the costs due to low quality, prevention of defects instead of their
correction and an optimization of the manufacturing process of the “chocolate - filled waffles”
and “chocolate for cooking™ products, the technological processes can be improved. The benefits
of the applied method are as follows:

By applying Taguchi’s method for calculating the manufacturing costs for the confectionary
product “chocolate - filled waffles”, it was determined that the loss for a single 180 g package 15
0.03 EUR. If all the packages are over the declared weight of 180 g + 4.5%, the loss in a single
day of manufactuning of 5 000 packages would be 128 EUR.

By applying Taguchi’s method for the confectionary product “chocolate for coolang™ it was
determined that the loss for a 100 g bar is 0.02 EUR. If all of the chocolate bars are over the
declared weight of 100 g + 2%, the loss in a day’s manufacturing of 2 000 chocelate bars would
amount to 42 EUR.
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exhibit 1. Values of the weight af .. chocolate - filled waffles

mmmber of | weight v ({z) ¥i. ¥ s number of weight v;{z) |v.¥ ¥ r
measiremen measurement
ts 5
1 202 0.5 025 48 205 25 6,25
2 200 =15 625 49 205 25 6,25
3 203 0.5 025 50 205 25 6,25
4 203 0.5 025 51 206 35 12 25
5 201 -15 225 52 205 25 625
6 203 0.5 025 53 205 25 6,25
7 201 -15 225 54 07 45 2025
3 201 -1.5 225 55 208 35 3025
9 199 -315 1225 56 208 55 3025
10 199 -3.5 1225 57 205 25 6,25
11 206 15 12 25 58 205 25 6.25
12 206 35 1225 59 205 25 6,25
13 206 15 12 25 &0 206 35 12 25
14 207 4.5 2025 61 205 25 6,25
15 207 4.3 2025 62 200 -23 6.25
16 208 5.5 3025 63 200 225 6,25
17 193 -4.5 2025 64 197 ] 3025
18 199 -3.5 1225 65 195 =15 5625
19 193 -4.5 2025 66 95 -1.3 3625
0 208 5.5 3025 &7 210 7.5 5625
21 209 6,5 4225 68 210 7.5 36,25
3 209 6.5 4225 69 203 0.5 0,25
3 208 5.5 30,25 i) 203 05 0,25
24 210 7.5 5625 71 202 0.5 0,25
25 210 7.5 36,25 72 200 -2.3 6.25
26 207 4.5 2025 73 200 -25 6,25
7 200 =15 6.25 74 199 -33 1225
] 200 -15 625 75 198 4.5 2025
) 202 0.5 025 76 199 -35 12 25
0 203 0.5 025 77 199 -15 12 25
31 203 0.5 025 78 200 -2.5 6,25
32 193 -4.5 2025 79 198 4.5 2025
i3 197 -5.5 3025 80 205 25 6,25
34 205 25 625 81 203 05 0,25
35 205 25 625 82 202 0.5 0,25
36 205 25 625 83 197 -5.5 30,25
37 205 25 625 84 200 223 6,25
38 200 -15 625 85 193 9.5 9025
39 195 -7.5 3625 86 205 25 6,23
40 200 -15 625 87 a0l -1.5 225
41 200 =15 625 88 207 45 20,25
42 207 45 2025 89 201 -15 225
43 203 0.5 025 90 195 =15 3625
H 195 -7.5 36,25 91 202 0.5 0,25
5 201 -1.3 225 92 198 -4.5 2025
25 202 0.3 025 93 198 -45 20,23
47 205 15 6325

Average werght 15 § = 202, 5g
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exhibit 2. Values of the weight of ,.chocolate for cooking™

pum. of meas. | weight v, (g) Vi ¥ i 7V mmm of meas. | weight v, (g) b 7F

1 120 -6.76 45 6976 46 129

2 120 -, 76 45 6976 47 124

3 125 -1 76 30976 45 130

4 120 -6, 76 45 6976 40 130

5 120 -6, 76 45 6976 30 130

[:] 130 324 104276 51 129

T 120 -6, 76 45 6976 52 129

B 120 -6, 76 45 6976 33 128

2 130 324 104276 4 128

10 125 -1.76 3.0976 35 128

11 125 -1.76 3.0976 6 125

12 127 0.24 0.0576 57 125

13 127 024 0.0576 38 125

14 130 324 104976 0 123 14 1376
15 130 324 104276 60 123 141376
14 120 -, 76 45 6976 Gl 120 ] 45 6076
17 129 s 30176 62 120 -6.76 45 GOTE
18 129 124 50176 63 120 -6,78 45 6076
19 125 -1.76 30976 54 130 324 10,4976
20 125 -1,76 3.0976 63 125 -1.74 30076
21 120 -6, 76 45 6976 G 125 -1.7 300978
22 120 -6, 76 45 6976 a7 124 124 50178
23 120 6,76 456076 68 129 2 50176
24 129 124 30176 Ge 130 3, 104976
25 120 124 30176 T0 130 3, 104076
28 129 124 50176 71 130 3.24 104076
27 125 -1.76 30976 72 122 -4.74 22 G576
28 125 -1.76 3.0976 73 125 -1.74 3,0078
29 129 124 50176 T4 125 -1,74 30076
30 129 124 50176 75 130 324 10,4976
31 130 324 104976 76 130 324 10 4076
32 130 324 104976 77 130 3 10 4976
33 125 -1.76 30976 T8 130 3, 10,4976
34 125 -1,76 3.0976 e 129 2 50176
35 127 024 0.0576 &0 129 2 30176
£l 127 024 00576 gl 130 3 10,4976
37 125 -1,76 3.0976 B2 130 3, 104076
38 130 324 1049746 E3 125 -1.74 3,0078
EL) 130 324 104976 24 125 -1.74 3,0076
40 130 324 104276 g5 130 324 104076
41 125 -1.76 30976 26 124 124 30176
42 125 -1.76 3.0976 &7 120 124 50178
43 129 124 50176 BE 130 324 104076
24 130 104876 20 125 -1.74 30076
45 130 10,4076 o0 130 324 104076
448 130 104978 o1 130 324 104976

Arerage weight 1s §=202,5g
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