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ABSTRACT

This article summarizes the main results of the statistical control carried out to the
production of poles for aerial networks in the Unidad Empresarial de Base Planta de
Impregnacion located in the Agroforestry Enterprise Macurije, in the province of Pinar
del Rio. In carrying out the investigation, the problem identified by customers related
to the low quality of the final product of the impregnation process of poles for aerial
networks was taken into account. Consequently, the objective of this article is to
identify the causes of the quality defects of the utility poles in the impregnation
process at the UEB Planta de Impregnacion. For the statistical control of quality
defects, control graphics were used for attributes, specifically the graphics for the
number of defects per unit and Poisson capacity analysis using Minitab 17.0 software,
as well as the Current Reality Tree for the identification of root causes. Based on the
diaghosis made, poles were identified that do not comply with the quality indicators
established in the labor standards; in addition to a failure to meet the demand for
these products, causing customer dissatisfaction. At the same time, the root cause
of the defects was identified as deficiencies in the production process.
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RESUMEN

En el presente articulo, se resumieron los principales resultados del control
estadistico realizado a la producciéon de postes para redes aéreas en la Unidad
Empresarial de Base Planta de Impregnacion ubicada en la Empresa Agroforestal
Macurije, en la provincia de Pinar del Rio. Para la realizacion de la investigacion se
tuvo en cuenta el problema identificado por los clientes relacionado con la baja
calidad del producto final del proceso de impregnacién de postes para redes aéreas.
En consecuencia, el objetivo de este articulo es identificar las causas de los defectos
de calidad de los postes de servicio publico en el proceso de impregnaciéon en la UEB
Planta de Impregnaciéon. Para el control estadistico de los defectos de calidad se
emplearon graficos de control, para atributos, especificamente los graficos para el
numero de defectos por unidad y analisis de capacidad Poisson mediante la utilizacién
del software Minitab 17.0, de igual forma se utilizé el Arbol de la Realidad Actual para
la identificacion de las causas raices. A partir del diagndstico realizado se identificaron
postes que incumplen con los indicadores de calidad establecidos en las normas de
trabajo; ademds de un incumplimiento de la demanda de estos productos,
provocando la insatisfaccion de los clientes. Se identifica a la vez que la causa raiz
de los defectos lo constituyen las deficiencias en el proceso productivo.

Palabras clave: control estadistico; defectos de calidad; graficos de control;
proceso de impregnacién; proceso productivo.

RESUMO

Este artigo resume os principais resultados do controle estatistico realizado para a
producdo de postes para redes aéreas na Unidade de Negdcios de Impregnagdo de
Base, localizada na Empresa Agroflorestal Macurije, na provincia de Pinar del Rio.
Para a realizacdo da investigacdo, foi considerado o problema identificado pelos
clientes relacionado com a baixa qualidade do produto final do processo de
impregnacdo de polos para redes aéreas. Consequentemente, o objectivo deste
artigo é identificar as causas dos defeitos de qualidade dos pdlos de servico publico
no processo de impregnacdo na Fabrica de Impregnacdao da UEB. Para o controle
estatistico dos defeitos de qualidade, foram usados graficos de controle, para os
atributos, especificamente os graficos para o nimero de defeitos por unidade e a
analise de capacidade de Poisson usando o software Minitab 17.0, da mesma forma
que a Arvore de Realidade Atual foi usada para a identificacdo das causas raiz. A
partir do diagndstico feito, foram identificados postos que ndo cumprem os
indicadores de qualidade estabelecidos nas regras de trabalho; além de ndo atender
a demanda por esses produtos, causando insatisfacao do cliente. Ao mesmo tempo,
a causa raiz dos defeitos foi identificada como deficiéncias no processo de produgao.

Palavras-chave: controle estatistico, defeitos de qualidade; cartas de controle;
processo de impregnagao; processo de producdo.
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INTRODUCTION

Wood has always occupied a prominent place among the various materials used by
man due to a wide spectrum of important physical and mechanical characteristics.
Its technology has been evolving and new products have emerged that have
extended its field of application; therefore, at present, there is a growing search to
know and improve the different processes that are linked to its industrialization, with
the purpose of improving its use and exploitation Berrocal (2008).

It is for that reason that dissimilar methods are used that contributes to the
preservation of the wood in order to prolong the useful life of the products elaborated
from this material, in this respect Cruz de Ledén (2010), states: "As preservation
techniques have been perfected, wood has become more usable. It is currently used
in very severe conditions, such as direct contact with the ground, immersed in water
in difficult tropical climates. As a result, preserved wood is now considered to be a
long-lasting material.

La Unidad Empresarial de Base (UEB) Planta de Impregnacion belonging to the
Agroforestry Enterprise Macurije in the province of Pinar del Rio is responsible for
producing and processing poles for aerial electricity and telecommunications
networks. The documentary review shows a significant increase in complaints
regarding the quality of the poles produced in this entity, as well as reports of their
falling down due to hydro-meteorological phenomena or their incorrect installation;
an exhaustive control of the quality of the raw materials, the quality of the process
and the final product is not carried out.

Based on the above, the following problem was formulated to be solved: deficiencies
in the production process of preserved poles destined for aerial networks, in the
Macurije Planta de Impregnacion, which cause low levels of quality in the final
product. Consequently, the objective of this article is: to identify the causes of quality
defects in public service poles in the impregnation process at the UEB Planta de
Impregnacién.

MATERIALS AND METHODS

The research is carried out in the *Macurije' Planta de Impregnacion, the only one of
its kind in the country, which started in 1962 and was installed with the purpose of
impregnating poles for aerial networks and railway sleepers. In its beginning it used
the creosote as persistent which has been historically the preservative by excellence
for these products, nevertheless, after being proven its carcinogenic potential its use
was prohibited in many countries including ours, reason why in 2009 a change of
technology (due to the instability of the productions) and impregnation is made. The
enterprise supplies annually 21 thousand poles to the National Electric Union and
nine thousand to the Cuban Telecommunications Company (ETECSA), being these
two companies its only clients due to the amount of products demanded. To
guarantee its production, it has a total of 130 workers, a staff composed of engineers,
technicians and workers.

http://cfores.upr.edu.cu/index.php/cfores/article/view/487
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The work focused on quality control, following the procedure proposed by Keil (2004),
which consists of two stages:

In the Quality Control stage of the raw material, the moisture content of each pole
was checked minutes before being introduced into the autoclave; for this purpose, a
hygrometer was used; those measurements expressed whether the moisture content
was acceptable, the range being between 20 and 30 %.

To examine the existence of knots and cracks, a check was made of each pole by
rolling it on its support bases. The following were considered defects: knots with a
diameter greater than 1,5 cm and cracks deeper than 2 cm according to the Quality
Control for Wood Preservation.

For the treatment quality control, a complete record was made for each operation
contained in the study sample, including the following data: number and date of
operation, volume of wood and forest species processed, volume or quantity of
preservative consumed by the wood, concentration and retention of the preservative
and treatment conditions such as values and times of vacuum and pressure applied.

The results obtained in the treatment were verified by verifying the penetration and
retention of preservative in the wood. These results were obtained from samples
collected from fragments left over from the poles once the cut was made, verifying
that all had the requested dimensions of 7,5 m or 9 m.

For penetration and retention studies, measurements were taken before and after
impregnation. Penetration is understood to be the depth at which the preservative
reaches the wood.

In the penetration test carried out on the poles, the change in color was observed
based on the expressed impregnated diameters (total diameter and the diameter
penetrated by the preservative). Regular Partial Penetration (RP), Partial Vascular
Penetration (PV) and Null Penetration (NP) were taken as defects according to the
classification proposed by the Board of the Cartagena Agreement for the Preservation
of Wood (1988):

TR: when the entire section is penetrated with uniform concentration.
TI: when there are very small gaps in the penetrated area with sections of
higher concentration.

e PR: when the penetrated zone is peripheral and more or less uniform.

e PV: when the penetration is made following the conduction elements of the
wood, it is a preferably longitudinal penetration.

e PN: when there is no significant penetration in the examined zone.

In soluble and hydrosoluble oil products such as the impregnant used in the plant
(MOQ-0X-50), the term retention is used to describe the amount of preservative left
in the wood and is obtained using the following formula (Equation 1) and (Equation
2).

¢ 100 (1)

Retencion =A 1V ——
Vmadera
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AV: Initial volume - Final volume of preservative in the tank;

C: solution concentration;

V wood: permeable wood volume.

0.7854 (2)

Vim?*) = (d* + D*) - L -0.0001

V(m3) = volume of round piece;

d = diameter of piece minor area in centimeters;
D = diameter of piece larger area in centimeters;
L = piece length in meters.

The retention of preservative was measured in each treatment and this information
was filed in the treatment programme register. Retention values

(kg/m3): minimum (9,6), average (10,8) and maxim (12,0).

The embedment mark should be done taking into account the poles length. These
marks should be done with an engraving print tool (pyrographier), but the enterprise
doesn 't have this tool so the mark doesn't have required quality. For this purpose,
some paints are used, but after a while these paints lose their characteristics and it
is too difficult to read the data. It could be verified in some poles which are found in
the enterprise wood cemetery since 2009 when the technology was changed.

The embedment mark should be done, using the following formula (Equation 3).
Empotramiento = (0.1 - longitud nominal del poste) + 60 cm (3)

A revision of each pole was done and the embedment mark wasn 't, based on above
saying it was defined as variables to measure:

% of raw material humidity.

Bark presence.

Knots presence.

Cracks presence.

Penetration of preservative solution.
Retention of solution.

Embedment mark.

Control graphics U (control graphics for defect number per unit) were used to
represent defect number measures per unit.

The Poisson model was developed in order to represent error number in controlled
units and also an analysis of the process capacity, taking into account these errors.
For this purpose, it was taken some samples, obtaining from January to April 2019,
where quality indicators were analyzed according to preliminary norma ramal:
Preservacion de la Madera de Cuba, which should be presented in impregnated poles,
such us the knots and cracks numbers, bark presence, retention, penetration and
embedment mark.

http://cfores.upr.edu.cu/index.php/cfores/article/view/487
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This study was done to 300 poles, beginning from 43 observations in different time
during this period from January to April. In each observation, it was analyzed around
5 to 9 poles, and also added all defects in cases of non-fulfillment of some indicators.

A brainstorming with investigators and specialists was done with the objective to
identify and synthesize the nature of these quality defects of final product. To select
this expert group was established the following general requirements:

e To have interest for taking part in the study: the expert people should been
motivated, beforehand, to participate and to express a view without any
prejudice.

e To have a general enterprise formation, no matter specialization.

e To have a professional competence: They should be university graduated
(Except those people who are directly linked to the process) and they should
be related to theories and concepts as basis of the given problem.

e To have objectivity: They should be deep and objective during analysis and
judgments.

Taking into accounts the above criteria, it was calculated the index to be an expert
people from the following formula (Equation 4).

1

K =2(Ke+Ka) ()

Where:

Kc: is the knowledge or information coefficiency that expert has about the problem
upon his/her own appreciation in scale from 0 to 10 and multiplied by 0, 1.
Ka: is argument or ground-work of expert criteria, determined as a result of the
point's sum, reached from a pattern table (Table 1).

Table 1. - Pattern for argument sources

Argument sources Influence of sources in their criteria
about GCD

high Medium Low

Theoretical analysis done by you 0,30 0,20 0,10

Your reached experience 0,50 0,40 0,20

Mational authors works 0,05 0,05 0,05

Foreigner authors works 0,05 0,05 0,05

Your own knowledge about the problem 0,05 0,05 0,05
stage abroad

Your intuition 0,05 0,05 0,05

Total 1,00 0,80 0,50

http://cfores.upr.edu.cu/index.php/cfores/article/view/487
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1 - high influence of all sources.
0,8 - medium influence of all sources.
0,5 - low influence of all sources.

o K
o K
o K

People, who got equal index to 0, 8 or upper than 0, 8, were selected.

The specialist number determination was done through criteria based on binomial
distribution of probability, for this purpose the formula 5 (Lao-Ledn, 2017) was used
(Equation 5).

_Pd-PK (5)

1

M

Where:
M: Specialist quantity;
i: wanted precision level;

P: Estimated proportion of specialist s errors;
K: depend on the elected confidence level.

The K values were mentioned in the Table 6 as following (Table 2).

Table 2. - K values

Confidence level K Ceonfidence level K Confidence level K
(%) (%) (%)
99 6,6564 95 3,8416 2 11] 2,6896

That is, the probability method was used and was assumed a binominal law of
probability with a precision level of 10 %, an estimated proportion of errors (average)
of 1 % and for a confidence level of 95 %, was obtained a necessity of 7 specialists.
After specialists were selected, it was elaborated a final list (Table 3) and they were
informed about their selection, ending this work of specialist selection.

http://cfores.upr.edu.cu/index.php/cfores/article/view/487
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Table 3. - Expert Group

Name Profession Experience Responsibility K
years

Carlos Juan Sosa Ph. D on 47 Investigator of Mational 1 high

Suarez Forest Science Agroforestry Institute

Pedro Pablo Henry  Ph. D on 40 Investigator of Pinar del 1 high
Forest Science Rio University

Abelardo Ph. D on 32 Investigator of Planta de 1 high

Dominguez Forest Science Impregnacion

Gobiguet

Yadira Pérez Chemistry 11 Lab technician 0,95 high

Gonzalez Engineer.

Yosbel Pérez Industry 12 Maintenance head 0,95 high

Gonzélez Engineer

José Luis Technician 30 Operator of autoclave 0,8

Sotolongo Barret medium

Saray Nufiez Ph. D on 11 Investigator of Pinar del 0,80

Gonzdlez Forest Science Rio University medium

To weigh the causes which influence in defects of quality, was used the (AHP).
Analysis Hierachy Process
This process suggests doing the following steps:

a) To define decision criteria in a way of hierarchical objectives. The hierarchy process
is structured in different levels: beginning to define the main objective of this process
then is defined the intermediate levels (criteria and sub-criteria to evaluate) and
finally, in the lowest level it is described the alternative to be compare.

b) To evaluate (to weigh) different criteria, sub-criteria and alternative taking into
account their importance corresponding to each level. Quality and quantity could be
compared, using informal judgment to obtain weighs and priorities. For quality
criteria AHP technique uses simple comparison to determine weights and evaluate
them. In this way the analyst can concentrate only in two criteria at the same time.
The AHP technique is based on the supposition that the analyst can choose a
comparison value easier than absolute values. Oral judgments were placed in
punctuation scale (Table 4).

http://cfores.upr.edu.cu/index.php/cfores/article/view/487
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Table 4. - Evaluation of Saaty Scale

Rate Oral judgment
] Extremely more incident
8 From more powerfully to more extremely
7 Very powerfully more incident
6 From more powerfully to very more powerfully
5 Powerfully more incident
4 From more lowly to more powerfully
3 Lowly more incident
2 From equally to more lowly
1 Equally incident

Source: (Saaty, 1994).

Later, in a judgment matrix a priority vector is calculated and used to weigh
(compare) the matrix elements (Equation 6).

A is a paired comparison matrix of n causes, if

Gy Mz e My
a a we @
21 f2z 1n
A= HE ; H {5]
Ana Tz W apg

3

i, L
is the incidence measure of row

3 ;

cause i, when it is compared with the cause of column j. When is i = j the value
will be equal to one, because it is compared the cause with itself (Berumen et al.,
2007). It is fulfilled that: i =

To obtain the weighs of causes, it is suggested programming by goal (Equation 7).

Where:

MinZ=p;+n;+pa+nz+..+py+ny
Wi —aj Wi +p—n=0j=1.(n-1)

WE+WE+--dWi=1
Wiz0:j=1..n
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p: positive deviation of weighs;

n: negative deviation of weighs;

W
Multiplication of Saaty matrix by weighs vector It will be obtained the P values
for each j cause from multiplication of Saaty matrix by subjective weigh obtained
(Equation 8).

d3,1 d1,2 -+ F1p w3 Py
dz1 dz232 = d1n = P

e Tl Y B B I )
dni Fn2 .. Anad Lwi Pn

Later it will be found dominant self-value, by the following formula (Equation 9).

(9)

It should be fulfilled that, so much it will be alike to the number of causes (n) more
consistent will be the value judgment elaborated.

¢) The AHP technique allows the analyst to evaluate the judgment congruence with
inconsistency radius (IR). Before determining an inconsistency, it is necessary to
estimate the consistency index (CI) of an x n matrix of judgments, where CI is defined
by (Equation 10).

CI = }'“’:%_1“ (10)

Then, it will be proceeded to calculate the relation of consistency (RC) between
ratio of consistency (IC) of A and random IC by the following formula (Equation
11).

Ic
RC=— 11
1 (11)

It will be considered that the consistency of group, which takes parts in the decision
process, is acceptable when RC < 0,10 (Table 5).

http://cfores.upr.edu.cu/index.php/cfores/article/view/487




/N

ISSN: 2310-3469 RNPS: 2347 CFORES

Revista Cubana de Ciencias Forestales. 2020; January-April 8(1): 138-153  REVIsTa cUBANA DE

CIENCIAS FORESTALES

Table 5. - CIA Values according to criteria number

Number of compering 1 2 3 4 5 6 7 8 9 10
elements
IA 0 o0 o058 089 1,11 1,24 1,32 140 143 1,49

Source: (Berumen, 2007)

d) To rank the alternatives and to take concerning decisions. For each alternative
(options to rank), the choice level (rank) is calculated about in scale between 0,0000
1,000, obtaining as a result hierarchical alternatives according to decision criteria
evaluated see details in (Saaty, 1994).

The Current Reality Tree is used to explain the inter-dependence relation presented
among deficiencies and their causes. This method is formed by listing specific
problems observed in a process or connecting to it, and developing a chain of causes
and effects, which link problems with powerful sources. In this way it is identified the
problem or root conflict which originates other conflicts as no-wanted effects.

According to Mozart-da Silva, Silva y Deus (2014) in order to The Current Reality
Tree (ARA) is compact and suitable to the problem it is necessary some
considerations, which are used to validate and to conceive the ARA, as it is presented
on Table 6 which represents the entities flux.

http://cfores.upr.edu.cu/index.php/cfores/article/view/487
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Table 6. - The entities flux inside The Current Reality Tree (ARA)

lustracidn

Drescriptidn

Efecto

!

Causa

Efecto

[

Causa

Efecto

Causa

Causa

Efecto
s

Efecto

Efecto Efecto

Causa Causa

Causa Causa

verificar sila causa yio el efecto
axisien realmantes

Verificar si existe relacidn directa
entre el efecto cbservado y la
casusa afirmada

Tal tipo de situacion debe de ser
evitade, pues siendo asl, la causa
no producirla efecto

Utiizandose otro efecto Para
demostrar que [a causa no
produzca el efecto cbservado o
para deamostrar que la causa
gensra un &fecto gue apoya la
relacidn efecto-causa original

Este grafico debe de serleido de
la siguignte forma; Es causado y

luego élla causa

Este grafico debe de ser leido de
la sigulentes formma: Es causado o
lpego &l la causa

Efecto

Causa

Relacidn causa-efecio o la propia
existencia de entidades. 5ifuese
el caso, formular una explicacion
adicional de la relacldn causa-
efecto, de la relacidén o de ka
antidad

Source: Mozart-da Silva, Silva y Deus (2014).

RESULTS AND DISCUSION

In the Figure 1 it is shown the first 29 measures, corresponding to 203 poles, which
were used to fix the limits of the process. It is identified that all points are located
inside the control border, that s why it can be deduced that the process is under
control and the calculated limits can be used to monitor the process (Mallor, 2019).

e P o T |

Sample Count Per Unit
—

M A,

Figure 1. - Graphic U of defects

http://cfores.upr.edu.cu/index.php/cfores/article/view/487
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From Figure 2, where 43 observations are represented for a whole of 300 poles, it

can be observed a growing tendency in the last points represented. These points
correspond to understanding samples of 30 to 43 for a whole of 97 poles.

A e el e

U= 2477

Sample Count Per Uit

Figure 2. - Grafico U de defectos

From the points increasing between samples 29 and 43 in Figure 2, it was represented
each data group to observe its behavior and to explain the increase (Figure 3).

v

Sample Count Per Unit
|-
1?
(?
¥
=

Tizsts parormed with wneqeal sample sizes

Figure 3. - Grafico U de defectos para C3

In the Figure graphic shows an average increase of process defects, it can be
observed how limits have increased in relation to the first 29 samples. This average
increase of defects is due to provider change of raw materials. The poles from
Guanahacabibes Forest Reservation come to the Planta de Impregnaciéon with
indicators, which don 't fulfill the quality standard according to the norm for this
purpose. It is demonstrated that the row materials quality from Macurije Agroforest
Enterprise is superior and that is main cause of variation.

Control graphics U showed in the Figures 1, 2, 3; despite the results seem that the
process is under statistical control, they are not the final results, which allow the
customers to take decisions about the quality of final product. To support customers'

http://cfores.upr.edu.cu/index.php/cfores/article/view/487
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decision criteria, it was done analysis of process capacity, which is shown in the
Figure 4.

The analysis of poisson capacity, showed in Figure 4, provides a capacity report,
created from the Poisson distribution. In this way the graphic U is integrated to verify
the process is under control while is doing the capacity analysis, the graphic with
accumulated average of DPU (defects per unit) to verify that there are enough
samples to obtain stable estimator of average. The histogram of DPU shows the
distribution of defects per inspection unit among different samples and the graphic
of defects rate (when the simple size is not constant) allows to verify the supposition
of the DPU value is not influenced by the simple size.

U Chart Deotact Rate

s A -
i e B e e e T 1 [ o B PSS - -
=] 30 - -
é 20 2 - - - -
H Dm2a7 7 Bl e H
& * - - ]
s I g
i g - 20 - -
et N DY g e W) W o BNl ) -
& - L

i £ 9 13 17 2 2% 29 as 37 M 50 s 2.0
Sample Sampk Size

Cumulative DPU Histo gram

Summary Stats ST
2m [95,0% cantidanca)
Mean DPU: 24767

Lower €It 2,3018 12

UpperCl 2,6613

5 Min DPU: 1,6000

E Max DPLL  3,3333

Targ DPU: o0,0000

Frocpney

"
“
2.4
«l
Al
o 0 I 17 an a0
Sample

o5 18 15 20 25 30
(=121]

Figure 4. - Analysis of Poison capacity for defects

This analysis showed that 2, 477 defects as average per pole are producing in the
process. These defects are in the rank of 2,477-2, 6613, showing non-fulfillment with
customer's specifications, because ETECSA or Electric Company does not accept
defects in poles, which do not fulfill quality indicator.

Verification of causes

As result of a review and evaluation of all causes, the expert group summarized and
weighed them as following (Table 7).

http://cfores.upr.edu.cu/index.php/cfores/article/view/487
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Table 7. - Results: (hierarchy software output)

Deficient process of providers evaluation 0.37
Insufficient capacity of people related directly with the process. 0.20
Deficient process of dried 0.11
Inadequate means and measure equipment 0.10
Scarcity of supplies 0.10
Mo realization of statistical control process 0.09
Mon-fulfillment of production cycle time 0.01

Determination of root causes

Once it is weighed every cause given by the expert group, it was done The Current
Reality Tree (ARA) as it is shown in Figure 5 to determine their interrelation.

From this analysis it was resulted that the root cause associated to the appearance
of quality defects and finally the nonfulfillment of established requirements by the
customers are the deficiencies of the own impregnate process. This is a non-resulted
problem yet and it affects directly the indicators of process and customer's
satisfaction. Emphasizing as more influent causes the deficient process of provider
evaluation, insufficient personal capacity and deficient process of dried. This
technique coincides with the results obtained from Analysis Hierarchical Process
(AHP) (Figure 5).

NON-FULFILLMENT OF REQUIEREMNTS ESTABLISED BY THE
CUSTOHEIE

//

Non-fulfilment in the

No realization of

cycle time of production
(0.01) process control
statistic (0.09)
Scarcities of supplies
(0.10)
Deficient Insufficient means and
process of measure equipment
dried (0.11) (0.10)
Insufficient capacity of

people directly linked to

impregnation process (0.20) Ueisial] i

providers ‘evaluation
(0.37)

Figure 5. - The Current Reality Tree (ARA) of deficiencies in preservation process
in la Planta de Impregnacion de Macurije
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In the Planta de Impregnacién Macurije, there is not carried out a severity quality. It
is produced as average 2,477 defects per pole, emphasizing as more significant
defects absence of embedment mark and preserving penetration.

It was identified deficiencies in preserving process of public service poles in la Planta
de Impregnacion, which limit the quality of final product, it is determined as more
influent causes the deficient process of provider evaluation, insufficient people
training and deficient dried process.
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