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Streszczenie: Zarządzanie jakością w polskich zakładach produkujących meble z drewna 
litego - narzędzia, systemy, metody.  Celem niniejszej pracy było zaprezentowanie metod 
zarządzania jakością i narzędzi kontroli stosowanych w zakładach produkujących meble  
z drewna litego w Polsce. Badania przeprowadzono w małych (do 50 osób lub osiągających 
przychód netto 7 mln EUR/rok), średnich (50-250 osób i/lub osiągających przychód netto 7-
40 mln EUR/rok) oraz dużych (powyżej 250 osób i/lub mających przychód netto powyżej 40 
mln EUR/rok) przedsiębiorstwach. Okazało się, że wiodące metody zarządzania przez jakość 
(ISO, Lean, Six Sigma) nie są w pełni wykorzystywane przez producentów mebli, co można 
uznać za przyczynę znacznych strat. Za główne przyczyny takiego stanu rzeczy uznaje się 
specyfikę surowca oraz procesu produkcyjnego (wieloetapowość). Stwierdzono również, że 
czołowi polscy producenci mebli stosują podstawowe narzędzia zarządzania jakości (wykres 
Ishikawy, diagram Pareto, diagram procesu, histogram). Potencjał znanych rozwiązań w tym 
zakresie nie jest jednak w pełni wykorzystany. 
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Abstract: Analiza poziomu wadliwości produktów w polskich zakładach produkujących meble z drewna litego  
The aim of the study was to determine what the biggest challenges in quality assurance in polish factories 
specialized in solid wood furniture production are. The research was oriented on mapping non-conformities 
occurring on different production stages and reasons of Customer returns. The research was carried out in 10 
polish companies with main production profile of solid wood furniture, designed and constructed for customer 
assembly (“flat-paked”). 
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INTRODUCTION 
 
 In today’s world of growing Customers expectations towards product and services, 
quality is one of the factors which can lead the company to the success. According to ISO 
9001 definition: quality is the degree to which a set of inherent characteristics meet the 
requirements. From the other perspective, quality can be defined as “a total loss for society 
from the time the product is shipped to the Customer” [Taguchi, 1989]. In this term, the cost 
is closely dependent on the occurrence of deviations between intended function and life cycle, 
but also losses through harmful side effects [Taguchi, 1986]. Following ISO 9001 “Non-
conformity is a failure to meet the requirements” [ISO 9001:2005]. Depending on severity of 
issue: defect or small non-conformity (observation) can occur in the production process or on 
ready product. Defect is a variability from requirements resulting in total failure of product 
function (e.g. broken table top in the table) or safety (e.g. death, injure of the customer, 
environment pollution). It is strongly connected with product liability. Non-conformity is 
defined as deviation from the properties in use, which means that the product does not meet 
the established requirements and can result in limited usability – for instance: the colour of 
furniture does not meet requirement stated in the order. In accordance with the above, every 
defect is a non-conformity, but not every non-conformity is a defect.  
 In the solid wood furniture factories poor quality usually is measured in 2 ways: 
value of non-conformities in money (usually for Customers claims) or number of non-
confirming pieces, which have to be reworked or scraped. The exact definition of key 
performance indicators for quality differs between the companies. Generally, the cost of poor 
quality increases with the production process stage on which it’s found (the more advanced in 
the production process, the higher cost). The highest value of non-conformity is reached by 
the product returned by the Customer. Such cost includes not only the total production cost, 
transport and handling cost, advertising cost etc., but also “hidden costs” (e.g. an influence on 
the brand perception). To meet Customer’s expectations companies performs quality 
inspections, which should delimit internal cost of poor quality and the impact on the 
Customer.   
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 The aim of the study was to determine what the biggest challenges in quality 
assurance in polish factories specialized in solid wood furniture production are. The research 
was oriented on mapping non-conformities occurring on different production stages and 
reasons of Customer returns. 
 
METHODOLOGY OF RESEARCH PROCEDURE 
 The research was carried out in 10 polish companies with main production profile of 
solid wood furniture, designed and constructed for customer assembly (“flat-paked”). All 
companies were located in Poland. Small, medium and big (classification based on 
employment level and yearly turnover in EUR) companies were questioned. The level of non-
conformities occurring in the production process was analysed. Main quality issues and 
critical production operations were defined. Quality claims level (Customer returns) were 
analysed and the results were presented. All analysis were based on data from calendar year 
2014. 
 
RESULTS AND DISCUSSION 
 First stage of research was oriented on quality data gathering scale and methods in the 
production process of solid wood furniture. Results are presented in the form of graph in Fig. 
1. 
 

 
Fig.1. Data about defect and non-conformities gathering in polish solid wood furniture factories 
 
 The performed analysis shown that data about the non-conformities and defect level in 
the production process of furniture is gathered by almost all questioned companies. All 
measurement are oriented on the product and components. The working methods including 
the details level, number of controls and production phase differed depending on the 
manufacturer. Only 10 % of respondents claimed not having real data or KPIs (Key 
Performance Indicators) on production quality. Nevertheless, they were able to give indication 
about defectiveness based on experience. The defectiveness on the general level for the whole 
factory is used as an indicator by 30 % of furniture producers. In this case, the non-
conformities and defects are calculated as a difference between production input and output 
(by analysing ready-product availability in accordance to production plan). More detailed data 
about non-conforming pieces is collected by 40 % of respondents for most critical processes. 
Some of those companies claimed using more than one forms of data gathering (e.g. general 
company level and data gathering for crucial process). Those factories are usually able to have 
more reliable data about cost of poor quality and main quality issues. Quality data gathering 
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on all working stations in the whole production process (complex approach to cost toward 
production) was claimed only by 10 % of solid wood furniture manufacturers in Poland. 
 
 The data obtained and analysed also allowed to conclude that the level of waste 
generation in the surveyed plants ranged from 2 % to 20 %, while the level of customer 
returns of 0.7 % to 2 %. Details are shown in the Fig.2. The below data about defects level are 
not comparable in value because of differences in range (furniture offer), technology, 
machinery set-up and material (wood species) between manufacturers.  
 

 
Fig.2. The level of production waste (scrap and rework) caused by non-conforming pieces production and the 
Customer claims in solid wood production plants located in Poland 
 
 It was found, that a structure of problems reported by customers differs from the 
problems prevailing in the production process. For production process, further data analyses 
shown that non-conformity level is the highest in the stage of planning, drilling and 
lacquering. Most of the respondents claimed planning as the biggest contributor to total waste 
level connected to production process. Material chip outs and so-called „under-planned 
pieces” (some part of the element surface not planned, rough) are a common issue. High 
defectiveness level was claimed also for drilling process, where cracks, delamination of raw 
material or glueboard on the gluing line occur. For furniture with surface treatment, defects 
are often formed during lacquering process in a form of e.g. sanding through, partly missing 
surface treatment/not fully covered surface. Examples of defect are presented in Fig. 3. 
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Fig. 3. Examples of defects occurring in different production stage of solid wood furniture 
 
 The structure of Customer returns reasons differs from problems occurring in the 
production process. 3 main issues were claimed by solid wood furniture manufacturers:  

- packaging errors – wrong component (e.g. 2 identical components instead of left and 
right one), missing component, missing fittings; 

- drilling errors – missing holes, displaced holes; 
- visual defects – surface treatment quality, wood features, dents, scratches and cracks.   

 
 The data gathered and analysed further confirmed above statements. Visual 
imperfections (dents, scratches, and cracking of knots) together with surface treatment issues 
represents 34% of all customer complaints reasons. 19 % of furniture is returned due to 
packaging errors – missing or wrong components (including wrong size of element). Cracks 
are reported by 17 % of Customers as main reason of claim. The data confirmed also the scale 
of drilling errors claimed by manufacturers – 17% quality claims. Only this 4 issues generate 
80 % of the claims cost. The detailed data are presented on Fig. 4.  
 
 

 
Fig.4. Pareto diagram of customer claims reasons for solid wood furniture 
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 The differences in the structure of waste reasons in the production process and 
customer claims reasons may be indicated as a result of efficient quality inspection in the 
production on stages defined as crucial. Planning defects with waste level reaching even 20-
30% are not observed in articles returned by customers. However, the scale of production 
non-conformities (both in ready-made article and on single processes) generate a high cost of 
poor quality. High cost development potential is foreseen in this field. 
  
CONCLUSION 
 The data presented and analysed led to the following conclusions: 

 Quality data are gathered and analysed by leaders on polish market of solid wood 
furniture, but the details level differs depending on the manufacturer. 

 Structure of problems reported by customers differs from the problems prevailing in 
the production process.  

 Highest waste level is observed by most of the companies after planning, lacquering 
and drilling operations.  

 Surface imperfection, mixed or missing components and drilling errors are defined as 
main reasons of claims from Customers. 

 High cost development potential is foreseen by production non-conformities reduction 
by better control of the manufacturing process.  
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Streszczenie: Analiza poziomu wadliwości produktów w polskich zakładach produkujących 
meble z drewna litego. Celem przeprowadzonych badań była analiza problem jakości w 
wybranych zakładach produkujących meble z drewna litego. Przeanalizowano poziom 
niezgodności występujących na  różnych etapach procesu produkcyjnego oraz wadliwość 
będąca przyczyna zwrotów produktów przez klientów. Dane liczbowe do przeprowadzenia 
analizy uzyskano z ankiet przeprowadzonych wśród 10 wiodących na rynku polskim 
przedsiębiorstw produkujących meble z drewna litego. Badania przeprowadzono w 10 
wiodących polskich zakładach produkujących meble  z drewna litego (do samodzielnego 
montażu). 
 
 
Corresponding authors: 
 
Natalia Polewska 
e-mail: n_polewska@o2.pl 
Katarzyna Śmietańska 
e-mail: katarzyna_laszewicz@sggw.pl 
Jarosław Górski 
e-mail: jaroslaw_gorski@sggw.pl 
Radosław Morek 
e-mail: radoslaw_morek@sggw.pl 
Jacek Wilkowski 
e-mail: jacek_wilkowski@sggw.pl 
Piotr Podziewski 
e-mail: piotr_podziewski@sggw.pl 
 
Warsaw University of Life Sciences - SGGW 
Faculty of Wood Technology 
159 Nowoursynowska St. 
02-776 Warsaw, Poland 
 
 
 

351 

Annals of Warsaw University of Life Sciences - SGGW 
Forestry and Wood Technology № 92, 2015: 351-354 
(Ann. WULS - SGGW, For. and Wood Technol. 92, 2015) 
 
Papermaking potential of poplar pulps reinforced with pine fibers 
 
PIOTR PRZYBYSZ, KUCNER MARTA, DUBOWIK MARCIN, MAŁACHOWSKA 
EDYTA, BUZAŁA KAMILA 
Institute of Papermaking and Printing, Technical University of Lodz, Poland 
 
Abstract: The paper presents tensile properties of paper produced from mixure of poplar and pine cellulosic pulps. 
Pine cellulosic pulp was delivered by one of domestic paper mills and is mainly used for production of fine graphic 
paper. Poplar pulp was produced at Institute of Papermaking and Printing. The produced paper was thoroughly 
investigated and structural, tensile and optical properties were measured. This work presents just the most crucial 
properties like breaking length and tear resistance.  
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INTRODUCTION  

Paper is a versatile material used in everyday life, industry and economy. Global 
production and consumption of paper products amount for 400 million metric tons and shows 
constant growing trend [1,2]. Apart from functionality and relatively low price, paper products 
belong to environmental friendly materials produced from fibrous crops, mainly wood, and 
secondary raw materials – recovered paper[3,4]. Recently, there is an emerging trend to apply 
fast growing plants as raw material for production of paper. One of the most promising are fast-
growing poplar trees, which are expected to be used as hardwood feedstock and can be 
competitive to birch wood. There is many research done concerning this topic. Currently in 
Institute of Papermaking and Printing there is conducted project PBS1/A8/16/2013 which aim 
to apply pulps produced from fast-growing trees in paper production. The initial results 
suggested that due to very short fibers application of poplar pulps as standalone pulp is very 
difficult. Therefore, an attempt to produced paper from mixture of poplar and pine pulps were 
performed. 
 
METHODS/ MATERIALS 

The research material used in the work was bleached pine sulfate pulp in form of sheets 
of dryness equal to 93%. This was a commercially available pulp delivered by one of domestic 
paper mills. Generally, this pulp is used for production of high quality graphic paper. The next 
pulp was poplar pulps produced from two lines of poplar ie. Populus Maximowiczii and Populus 
Trichocarpa. Poplar timber from these lines was chopped into woodchips and then digested by 
sulphate method into pulp. The digestion conditions were as following: digestion temperature: 
160°C, digestion time 2h, cooking liquor modulus 4, active alkali 26%. The obtained pulps 
were screened and undigested elements were removed.  
Both of these pulps were then refined in PFI mill until freeness of 30°SR was obtained. For 
pine pulp refining time was 3 minutes for poplar pulps it was 1 minute. Suspensions of these 
pulps were prepared in separate mixing chambers and appropriate samples of each pulp were 
taken and poured into Rapid-Koethen class device so as to form laboratory hand sheets.  
Proportions of poplar to pine pulp were as following: 
 10:90 
 15:85 
 25:75 
 50:50 
 75:25 


